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PIt 

The Papers on which this Thesis is based have not been 

submitted for any other degree. 

The Papers record and discuss the results of an original 

research programme which was planned and initiated by the 

candidate. 

The experimental work involved was carried out within the 

period 1957 - 19 67 by the candidate, or by post-graduate 

research workers studying for the degree of Doctor of 

Philosophy under the candidate's direct supervision. The only 

exception to this involves Papers 42 and 44, for which the 

light-scattering measurements were made in the University of 

Leeds under the supervision of Dr. G. Stainsby. 

D.1.W. Anderson 
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.nilvt.ci •tuics on 1olysaccharies, with particulrr reference 

t 	um exueates from the runus .caca 

.3. In this section of the Thesis, arabic numbers in the text 

refer to the publications already listed on pp. 2 -7. 

1eferences to other publications are given thus (Jürst and 

Jones, 1955), and these are listed at the end of this 

section( p. 33). 

?his Thesis is based on four inter-related Series of 

Studies:- 

A. 	:nalytical Applications of Infrared Spectroscopy. 

(15 Papers). 

. Analytical Applications of Chromatographic ::ethods. 

(5 tapers). 

Polysacciiarides of the Characeae, (4 Papers). 

Studies on Uronic Acid aterials. (32 Papers). 

These Series of Studies represent (a) attempts to develop 

new methods of analysis, or to improve some of the analytical 

methods available generally in 1957 for polysaccharide materials 

(Anderson and Sands, 1945; Hirst and Jones, 1955);  and (b) 

subsequently to use these improved techniques as part of an 
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attempt to introduce a more strongly based analytical. approach 

than had been adopted by earlier investigators in studying 

polysaccharide materials. 

flne of the shortest - and best - of thc definitions of 

"Analytical Chemistry" is that it is "The science of chemical 

characterisation and measurement" (Leinen, 1966). 	Analytical 

chemistry, which is concerned with the determination of the 

composition and structure of all matter, is therefore basic and 

fundamental to all chemistry and is required (Taylor, 1963) to answer 

questions such as:- 

'hat is present? 
	

qualitative 

Ho;-; much? 
	

quantitative 
Analysis 

In what fragments? 
	

Functional group 

How arranged? 
	

Structural 

In 1957, the writer tried to assess which of the many 

specialised topics within the broad field of polysaccharide 

chemistry offered the most attractive prospects for a more 

fundamental analytical approach. It 'was particularly desirable, 

furthermore, that this should supplement, and 	compete with 

nor duplicate, the approaches of the established workers. A 

broad survey indicated that the period 1945 - 1957 had seen 

significant developments and progress in studies dealing with 

starches, glycogens, dextrans, cellulose, hemicelluloses, 

fructosans, pectic materials, marine polysaccharides, and algal, 



bctral, and muco-poly,accharides.iax1y of the advances in 

these fields had resulted from the comparatively recent introduction 

of methods such as periodate oxidation, paper and column 

chromatography, enzymic degradation and syntheses, electrophoresis, 

and methods for investigating the molecular size and shape, and 

the homogeneity or heterogeneity, of polymers. 	To the writer, 

it appeared clearly that the aspect of polysaccharide chemistry 

that had not advance. at a commensurate pace involved the plant 

gum exudites. Although several authoritative reviews 
O&W" 

and Skn A l  194: Hirst, 1951; Hirst and Jones, 1951; Hirst anci 

Jones, 1955)  had been published within the period under 

c3nsiderationwith further reviews appearing soon after (Hirst, 

1958: Hirst and Jones, 1958),  the number of Papers on gum 

chemistry was comparatively small in the period 1950 - 55, and 

even appeared to decrease in 1956  and 1957. 	It had been 

recognised (Hirst, 1951)  that "The problems involved were among 

the most difficult and complicated in the whole field of 

carbohydrate chemistry" and, later, that the study of plant gums 

"poses the most formidable problems in present-day carbohydrate 

ciemistry" (Hirst, 1956):  by  1959 it was obvious that newer 

methods of investigation would be required for the elucidation 

of detailed structural features (Hirst, 1959). 

hat further challenge was there to seek? To a new 

investigator, seeking to find the particular polysaccharide 



-Il- 

2roblem calling out most for a fresh analytical approach, the 

Cum exudates stood out clearly as oferang the strongest practical 

challenge. 	How frcouently does ft cur that the most 

perplexing problem at one particular time turns out to be the 

simplest in the end? The plant guinsparacloxically, through 

their uronic carboxyl groups, offered the most attractive 

possibilities of applying the various spectroscopic and chromato-

graphic methods Of analysis which, in 1957, obviously still h..d 

;reat l..tent analytical potential within the polysacchariue 

field. 

ne further point deserves comment. 	To the writer, in 

1957, it apoared that too great emphasis was possibly being put 

on work which investigators at that time chose to describe as 

"structural studies". With hinesight, the writer is now convinced 

that this was so. 	uch of the difficulty - and many of the 

doubts - had arisen because of a strange bias against basic 

analytical chemistry, with the resultant lack of appreciation 

that the correct elucidation of complex structures can only come 

as the final stage of a very carefully conducted, dctailcci, serio 

of chemical analyses. The doubts and confusion had arisen - in 

at least several instances - because the final, most complex 

analyses were being attempted on materials for which the more 

preliminary essential analytical stages had been neglected or 

omitted. 	requently the overall task had not been seen as one of 
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the most complex problems in an.iyical chemistry that require 

to be underta.en, with the result that the basic aproaches 

inherent in goo analytical practice had not been employed. 

There are, or instance, no standard methods for the i:urificatiorl 

of polysaccharides (Louveng and Lindberg, 1960) - each biological 

material presents its own specific problems. 	The disastrous 

repercussions of neglecting the analytical chemists' proper 

attention to control of sampling, particularly with natural 

products, has received comment 27; the importance of much early 

work is unfortunately considerably diminished. (Hirst and Jones, 

1953). ';hen it is considered that all the analytical stages 

involved in a full structural investigation of a new polysaccharide 

material may take a few years, doubts regarding its authenticity, 

homogeneity and purity, or the correct botanical identification of 

its sourcecannot be entertained. 

The structural studies presented in this Thesis were 

accordingly approached from the view-point that their immediate 

importance and interest would arise from the new analytical 

difficulties presented. Whenever an analytical problem was 

encountered, its solution was given priority; after it was 

overcome, the sequence of analyses was either resumed as originally 

planned or amended if necessary. 

The writer's earliest experiences in polysacchari:ie chemistry 

had indicated that the most unsatisfactory of the essential 
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ialytical procedures used at that time (1950 - 55) were the 

methods for the quantitative determination of methoxyl groups 

and uronic acid residues. Fundamental studies of these analyses 

ere therefore planned. 	'2he use of both vapour-phase infrared 

sectroscopy and gas-liquid chromatography was invoked, and it 

was soon realized  that the conjoint use of these techniques 

provided an extremely powerful analytical weapon. Other workers 

and commercial instrument makers quickly realised the importance 

of this; during the past ten years the development of ancillary 

instrumentation 6 110  has led to great increases in the sensitivity 

of the technique, and it seems likely that the ultimate has not 

yet been reached. 

A number of the variable reaction conditions in the Zeisel 

alkoxyl determination were exanined, and it was concluded  that 

several faulty recommendations had been proposed by earlier 

investigators of this classical method of analysis. 	It was also 

found that the degradation products of sugars and polyhydric 

alcohols include furan derivatives; these lead to analytical 

eriors if the non-specific iodornetric finish to the analysis is 

used. A further development was also possible; the determination 

of methoxyl groups in the presence of ethoxyl3  and other alkoxyl 

groups13  is difficult - if possible at all - when titrimetric or 

gravinietric methods are used for materials containing mixed 

alkoxyl groups. After gum purification processes - or extraction 
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st- L,ges with the carbohydrate-resin type exudates 3  - it is 

extremely difficult to remove the final traces of ethanol; it 

'as recognized (!Iirzt and Jones, 1955) that, as a precaution, 

both the crude and purified gums should be analysed. 

Calculations, from ravmetric or titrimetric measurements, of 

the apparent methoxyl content of a polysaccharide containing 

even traces of higher alkoxyl groups 13  leads to an erroneous 

result, but this danger had not been recognised 
33 

The extent to which a number of polysaccharides retained 

'oath moisture and organic solvents was also investigated 5 : the 

possibility of inaccurate results and misleading artifacts 

arising from such retentions was stressed. 	In due course, the 

availability of a sensitive, specific analytical method 35  for 

rethoxyl groups enabled a significant structural feature 

involving the aldobiouronic acids of gums from the Acaci genus 

to be racognised. 

Thioalkyl7  and tertiary butoxyl11  functional groups are 

involved in some aspects of natural products chemistry; the 

applications of Zeisel-type reactions to these groups were 

investiated, and some anomalies and potential sources of 

analytical error were found. Further investigations of modified 

Zeisei rtactions,involving HC1 and HBr in place of HI, led to 

the description of methods for the differentiation of esters, 

acetals, and alcohols from ethers 9 , for the determination of 



-15- 

zmall a:.iouns of aicohol3 in auu)us solution, and for the 

determination 
12  of I ,2-diol3. 	The latter method was 

subsequently useful for exa:iining some of the cleavage products 

from Smith degradations, and the products from reduction 

experiments with hydroxyethyl and hydroxypropyl esters of acidic 

polysaccharides. 

The presence of rhannose37  is a useful structural feature 

of Acacia gums. The earliest species studied fortuitously 

contained similar molar proportions of rhamnose and uronic acid, 

although it is now quite comon 37  for the rhamnose content to be 

low ( 	1%) in some species, with no unit molar correspondence to  

tcie uronic acid content. Then this was first encountered, the 

deieinination of mnethylpentose in the 0 - 2 range was not 

possible with the degree of reliability required, and a simple, 

accurate, vapour-phase infrared method 15  was therefore developed. 

Following the rapid development of gas chromatographic 

methods for investigating carbohydrate materials, thin-layer 

	

I 	/ 
chromatography17  and molecular-sieve chromatography (originally 

called "gel filtration") began to offer analytical advantages. 

The development of molecular-sieve chromatography was so rapid 

that, by 1966, several sources of confusion and apparent 

contradictions clouded the literature. The situation was 

therefore reviewedlO critically. The theories proposed for the 

mechanism of separation, and the bases for effecting the 
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calibration of columns in terms of molecular weight, were also 

cussed 20 . 	Gret caution must be exercised at present when 

interpretin the behaviour of polymer moLcu1os on 

noLcular-sieve columns, but once a wider range of fully 

characterised fractions suitable for effecting valid calibrations 

bocmes available, this new technique will undoubtedly facilitate 

physico-chemical studies of all types of polysaccharide molecules 

and their degradation products. To date, the molecular-sieve 

technique has provided interesting results in structural studies 

of the gums from Acacia senegal191, A.arabica 5 , A.laeta53 , 

and A.seyal5 , 	The recent introduction 

of molecular-sieves based on porous glass and on agarose 

preparations has extended. the upper molecular-weight range (M) of 

the technique from approx. 0.5 x 106 to 15 x 106 ; at the lower 

molecular-weight range monosaccharides can be separated from 

di,saccharides, and de-salting and other processes previously 

effected by dialysis can nov; be effected alternatively. 

olccular-sieve chromatography also gives an additional technique 

to those available previously for assessing molecular-weight 

distributions and for determining whether a polymer is hetero- 

or homogeneous. Aegretably, molecular-sieve chromatography is 

still not being used as extensively in polysaccharide chemistry 

as it is with other natural products. 

The other major analytical series of investigations 
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iincei'ten involved ali aspects of the quantitative determination 

of uronic acid groups. The sources of error inherent 25  in the 

classical method of Lef'evre and Tollens were explored fully, and 

an apparatus and procedure facilitating routine estimations on 

the semi-micro scale was developed 2° . Earlier investigators had 

disagreed considerably regarding the reaction-time necessary for 

complete decarboxylation since amounts of carbon dioxide - 

comparatively small but significant— are given linearly with 

time by non-acidic sugar residues, it follows that a high result 

is obtained if the reaction is allowed to proceed for the full 

tame required for complete decarboxylation of the uronic acid 

units present. There are two solutions to this difficulty: 

tbr a reaction-time slightly less than theoretical is allowed, 

so that the correct result is given by a compensation of errors, 

or the amount of carbon dioxide evolved in the reaction-time from 

the particular combination of other non-acidic sugar residues 

present is calculated and deducted - as a"blank" value - from the 

total. 	In an attempt to resolve these difficulties, the correct 

reaction-time for quantitative decarboxylation of uronic acids 

was found 
28  by experiments with carbon-111 labelled carboxyl groups, 

and the mechanism and kinetics of the aciciic clecarboxylation of 

uronic acids was investigated32 . in analytical method based on 

thermal aecarboxyataon in the solidstate was assessed
30 
 and 

found to have no advantages over the acidic reaction in solution. 



For many purposes, particulrly for comparative analyses - 

or "screening" - of large numbers of sampLs and for routine 

investigations of well-charactorisecl materials, colorinetric 

methods of analysis are useful. 	any such methods33  had been 

proposed for colorimetric estimations of uronic acii 

and there were conflicting reports 33  regarding their specificity 

and validity. A comparative study33  of the results given for 

a range of polysaccharides by some of the more commonly used 

colorimetric methods was therefore undertaken. For some 

classes of polysaccharide, surprisingly good agreement with the 

acidic decarboxylation value was obtained; for other polysaccharides 

the discrepancies were alarmingly large, with an unpredictable 

positive or negative bias. 

Previous work  involving the Zeisel reaction of hydriodic 

acid with methoxyl groups had shown that carbon dioxide was a 

reaction product from acidic, methylated sugars. The conditions 

for obtaining quantitative recoveries of carbon dioxide from 

uronic acids were therefore investigatd, and it was found 3  that 

simultaneous determinations of the methoxyl and carboxyl contents 

were possible on one sample, if the ratio of methoxyl:carboxyl 

groups fell within a certain favourable range. Decarboxylation 

with hydriodic acid is still the method of choice; an exhaustive 

list3  of the amounts of carbon dioxide evolved from neutral 

sugars in side-reactions was also prepared. 
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ethylation is still a vital procedure in the structural 

analysis of polysacchrides, and recently there have been 

attem;)Ls to improve yields and also to reduce the number of 

repetitive stages required with the classical metlods of Purdie 

and Haworth. 	Dimethyl suiphoxide and t'i,N-dimethylforrnaraicie have 

become fashionable as solvents, and recent developments involvinf; 

these have been reviewed 39.  A useful methylation system 

involving sodium hydride-methyl iodide-dimethylsulphoxide, which 

gives good yielis after very few additions of reagents has been 

proposed39 . The method may not be applicable to the complete 

railge i :olysaccharides; for example it gives excellent results 

for Acacia gums containing small amounts of rhamnose, but 

degradation occurs 47  for these species containing amounts of 

rhamnose that correspond, on a molar ratio basis, with the 

uronic acid content. 

The ways in which these analytical developments were applied 

to polysaccharide problems can now be considered. 

Fresh-water green algae of the Characeae family have ion 0 , 

filainentous, internodal cells which facilitate biochemical and 

physiological experiments. Little was known of their chemical 

constitution. 	In a series of experiments the carbohydrate 

constitutions of Nitella. translucons 22  and Chara australis 23  

were examined; Nitella translucens was found to contain a 

starch-type polysaccharide 
2j  and an interesting non-esterified 
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pctic acid. 24  

In polysaccharide chemistry there are frequently difficulties 

concerned with extracting or purifying the natural product 

without simultaneously causingme modification or degradation 29 

this is equally true for both land and marine sources (Hirst, 

1958a). 	It has been all too common practice merely to extract 

a polysaccharide under what is considered to be the mildest 

convenient conditions without subsequently testing - possibly by 

putirig part of the material isolated through the same  extraction 

process for a second time - that modification or degradation had 

not indeed been caused. 	The labile nature of some of the uronic 

acid groups in pectic materials, and in polyuronicies, was not 

fully appreciated until it was shown 
29 

 that decarboxylation occurs 

during extraction with hot water; drastic chemical modification, 

and/or physical degradation, was found under some of the 

extraction procedures employed by previous investigators. 

iai interesting class of acidic polysaccharirle can be 

obtained by solvent extraction procedures from the oleoresin-type 

exudates given by species of the Posvrellia and Cor'imiphora genera. 

such polysaccharides have not been studied extensively in the 

past, and several conflicting statements occur 6  in the few 

references that deal with exudates from Boswellia serrata and 

Hoawellia carteri. 	For the latter exunate, Jones and Nunn (1955) 

f-und that 4-O-methylglucuronic acid was present; in contrast, 
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:hom d egahed (195 6 ) reported that galacturonic acid 

was present, and that the polysaccharide contained acid.ic and 

soutral components. The sample studied by El Khadem and 

:.eahed was of commercial origin. 	investigation 6  revealed 

that the commercial samples of gum Frankincense (Bosweflia spp.) 

and gum V.yrrh (Commiphora app.) are liable to be heavily 

adulterated with other gum species. A sample of ioswellia 

apifera, collected personally by the Sudanese Gum iesearch 

Officer, was found 
36 to contain large amounts of 4-0-methyl-

glucuronic acid, but no ga.lacturonic acid, and the attempts to 

fractionate the gum polysaccharide were unsuccessful 6 . 	Th 

further studies of these types of gum exudate it is obvious that 

comercial samples must be avoided; if samples cannot be verified 

authoritatively during collection, their identity ought t be 

substantiated subsequently by expert examination of botanical 

specimens of the leaves and inflorescence 
36  collected for this 

purpose at the same time as the gum resin. 

IL further gum-bearing genus regarding which contradictory 

statements have appeared in the literature is the genus iibizia. 

I ' t uch of the difficulty was found to have reulted from the 

confusion that exists regarding the botanical nomenclature of 

species in this genus, and the situation required clarification. 

This, has been d3ne 8 . 	It is particularly important to realise 

that  in the pastgum exudates from the Acacia genus were 
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frequently ascribed to the Albzia genus. 	Samples of the gums 

from Jizia sericocerhal.a and 1bizia loerrima were secured 

3S 
for s;udy, and the results indicated that aspects of the 

earlier work on the exudates from ibizia rrocera and Albizia 

labcrrima require re-investigation. 

By 1957 it was apparent in certain fields of carbohydrate 

chemistry e.g. those dealing with starch and glycogen, that 

sampiin procedures and botanical verification of the specimens 

cquii'e strict attention if results of any permanent significance 

are to be obtained. iven if strict control of botanical species 

or variety proves possible, variations caused by seasonal effects 

occur in complex natural products; wide variations in chemical 

composition had been found in seaweeds, cereal crops, grasses, 

and clovers. Although it had become widely recognised (Hirst 

and Jones, 1953)  that confusion had arisen in early studies of 

gum arabic because commercial samples, suspected to be mixtures 

o 

 

Acacia species, had been used, it was not known "whether one 

tree produces gum with identical analysis from year to year" 

(hirst and Jones, 1955).  Although it had been found (Jones and 

Smith, 1949)  that there was a "striking uniformity in the 

structure of gums isolated from different trees of the same 

type e.g. damson trees and gum arabic from Acacia trees", it was 

later (Hirst and Jones, 1955)  recorded that "there are £everal 

varieties of damson, and it is possible that the gums exuded may 
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vary in composition between varieties and perhaps from tree to 

ti'ec". Very few earlier invetiators had taken the trouble to 

c:ino individual nodules of aiim: for aara xanth:::J ' 41 ,,  es and 

ahvchiton dversifolium (cf. ref. 27)  it was concluded that 

the nodules showed no significant variations. To the writer it 

appuared that these exe.mirrntions had been too superficial, and 

that, for a natural product as complex as a gum polysaccharide, 

some differences, either in chemical or physical properties, 

could well exist. 	If this were indeed so, structural studies 

made on a bulk samile of many nodules from many trees - as was 

the custom - would be expected to lead to analytical difficulties 

in aodition to this important factor, it was clear that the 

nature of any variation from, tree to tree - and eventually, from 

noule to nodule on a single tree - might provide useful evidence 

regarding the precursors, biosynthetic processes, and reasons for 

um exudation by certain botanical genera. 

Inter-nodule experiments are difficult with several gum-

forming genera because the gum either forms in small nodules or 

does not form discrete nodules at all. 	It was observed, however, 

that the gum from Cornbretum leonense existed in discrete, large, 

nodules weighing 8 - 12 grams. An analytical study of six such 

nodules was undertaken 27; by every analytical test made, on both 

the crude and purified forms of the gum, analytical differences 

much greater than could arise from analytical error were found. 
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It became became essential to study inter-nodule differences of gums 

from other genra, and to secure for exauination several nodules 

exuded simultaneously from different parts of one tree. After 

considerable difficulty, particularly over the latter requirement, 

the soecimens nccesary were secured, and the results of these 

studies are surnoariseci below. 

The remainder of this part of the thesis summarises results 

from studies of gum exudates from the commercially important 

Genus Acacia, which contains many botanically distinguishable 

species, estimated by one botanical authority (j.p.. Brenan, 

private communication) to number 750 - 850. 

By 1957, only seven species of Acacia gums had been studied 

to any great extent 37 . Analytical studies of a further seven 

species revealed that the atypical features of one of the species 

studied earlier (Acacia karroo; positive optical rotation and low 

rhamnose content) also occurred37  in other species quite 

frequently. 	For one of these new species, Icacia seyal Del., 

eight separate nodules were analysed 31 together with a 

representative bulk sample from many trees. As found for 

Cmbrütum leononse, the chemical composition and physical behaviour 

of 2.seyal gum differed from nodule to nodule by amounts greater 

than could be asaioed to analytical error31 . A similar analytical 

sLudy was made 0  of ten separate nodules of gum from Acacia 

nilotica; ntne nodules differed from each other by amounts similar 
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t thoce found fOr C.leor 	and .seyal sums, but one nooule 

ddc'n to such an extent thai i, i ivoy belon: to some other 

S;ecie& - not so far studied - even although each nodule 

analysed had been collected by the most authoritative fieldsman 

in Sudanese Acac i as. 	Only future studies of new speLes can 

clear up this doubt. The fact gives, houever, an illustration 

of how apparent heterogeneity can arise when studies are based 

on bulk samples obtained from many nodules. 

:'urther studies on A.nilotica revealed 40 that it contained 

four aldobiouronic acids, only two of which had been detected 

Dreviously in Aoci exudates. The relative amounts of these 

acids differed from nodule to nodule, and this gave an indication 

of the occurrence and extent of some fine structural differences. 

Studies of the aldobiouronic acids present in the gums 

from a further seventeen Acacia species showed50  that species 

having positive optical rotations contained all four acids; 

species with negative rotations do not appear, so far, to contain 

move than two acids. 	It is unlikely,, however, that this 

structural difference alone can account for the wide range of 

optical rotation (-490 	+1080)  that occurs 37 with the species 

studied to date. 

urther inter nodule studies were made 3  on the gum from 

cacia Laeta var. Tiashab. 	The specimens available facilitated 

a study of the seasonal variation and of the variation between six 
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flDciUlS 3uta:nea simultaneously from a single tret.. 	.ighteen 

3;les in all ?re analysed: calculation3 ave avcrae values 

for the analytical parameters expressing the compositicn and 

properties of A.laeta gum. 	For the eighteen sarnples, the 

extent of the variations from the calculated average values for 

..laeta were similar to the variations found for A.seyal 31 , but 

were more marked than for A.ri.lotica ° . 	The variation between 

the six nodules from one tree was considerably less than that 

between samples from different trees. 

The final experiments on inter-nodule variation were made 48 

on Icacia seneai gum. 	In an extensive study, twelve samples 

of tapped gum from three different districts of the Sudan (chosen 

for their different soil profiles) were compared with thirteen 

dferent nodules of natural exudate gum. 	In addition, three 

nodules from one tree (A) were compared with two nodules from 

tree (B) and two from tree (C). 	Average values for the 

analytical parameters of A.senegal gum were calculated; the 

variations from the average value were, similar in extent to 

27,31 ,40,43 those found previously .or other gums ' ' ' . 	2urthermore, 

in support of the results for A.laeta gum 43  the three nodules 

from .seneal tree A  were very closely alike; the same effect 

was shown by the two nodules from tree B, and by the two nodules 

from tree C. There is no doubt that whilst gum exudates are 

characteristic of the species, they are in turn much more 
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caracteristic of particular trees of that species. 

It is clear from these inter-nodule studies, which involved 

ruch analytical effort, that structural studies should preferably 

be made on one large nocule of a gum; for species exuding small 

nodules, the total gum collected from one tree should be used. 

an either case, several similar samples from other trees of the 

same species should be analysed to an extent sufficient to 

ascertain that the structural studies are being made on a 

specimen that is acceptably typical of the species; this 

simultaneously establishes the extent of the variat.on liable to 

be found in other specimens. 

Interesting atypical variants of A.senegal were also 

48 studied . These included gum exuded at holes made by wood 

boring beetles; this gum was closely similar, after purification, 

to typical samples of natural exudate or tapped gum. 	In contrast, 

a aark-colored, sweet-tasting gum that exudes from the lower, 

main stem of A.senegal trees differed in two respects from gums 

obtained by normal tapping of the upper branches. The ash 

content of a clean sample of gum (pH of solution = 6) was much 

higher than usual, and few, if any, of its uronic carboxyl groups 

could have been in the free acid form. 	Secondly, the rhamnose 

content was only 5010 of that present in typical forms of the 

gum. 

Thus authentic nodules of .seneal gum can contain different 
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amcuns of rhainnose; furthermore the gum from some Acacia 

secics contains 12 - 101.1 of rhamnose, others 6 - 7,, and 

some less than 1% of rhannose. 	?uch of the early evidence 

for chemical heterogeneity of gum arabic was based on the 

depleted rhainnose content of certain fractions obtained from 

cocrcial samlC8: the classical work of Heideiberger should 

be repeated (Whistler, 1959) on specimens from one variety of 

:cacia or, prefersbly, from a single tree. 

?he gum from Acacia dreanolobium is not completely 

water-soluble, giving about 2 of an insoluble gel. A graded 

extraction procedure gave three gum fractions, and an analytical 

study did not reveal any significant differences in their 

chemical composition. 	It was found 
54  that dissolution of the 

water-insoluble gel could be achieved in cold 1 sodium 

borohydrido solution, and Smith-degradation and methylation 

analyses showed5  the water-soluble fraction to be very similar 

structurally to the borohyd.ride-solubilised eel. 	?olecular-sievc 

chromatography  subsequently indicated that the borohydride-

solubilised gel had a much higher molecular weight than the 

water-soluble gum,ancl this was confirmed5  by light-scattering 

measurements. 

It was found 
19  that precipitation with nearly saturated 

solutions of sodium sulphate gave molecular-weight fractions from 

.cacia senegal gum; molecular-sieve chromatography was used to 
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estimate their values of Tn . 	Light-scattering measurements /.2 

zubse:ently showed that the whole gum had 	= 530,GLC, 	th a -'  

very broad molecular weight distribution; the fractions had 

= ii.85 x 10, 3.56 x I05 , 3.20 x I0, and 1.00 x 10 

respectively. The viscosity-molecular weight relationship was 

then investigated, and the constants in the ,1ark-Eouwink 

modification of the Staudinger equation were found to be 

IC" = 1.3 x 102 and c( = 0.51 for A.seneal gum. 	A.nubic and 

•..arabica gums had M = 8.71 x 10 and 13.9 x I0 5  respectively, 

and it was shown that the values of K' and for A.sena:l gum 

are not applicable to all species of caca gum. 	A number oi 

A.senegal gum specimens were subsequently shown, however, to 

have values of 	ranging from 0.26 - 1.16 x 106 ; this explained 

the lack of pereument in previous investigations which had 

reported i1 for A.senejal gum to be 0.58 x 10
6 
 and 1.00 x 106 

respectively: both results were quite possibly correct for the 

particular samples studied. 

There only re:rAains to summarise the full structural studies 

,41 made on the gums from Acacia senegal199,  .a2oica 5 , 

51 	 5255 	53 	 56 
.nuoica , .arepanoloium ' , .laeta , and .seyal • 	The 

conventional structural investigations involving partial hydrolyses, 

linkage analyses, and methylation analyses of the whole and 

degraded gums were carried out; in addition, a feature of these 

studies has been the introduction of a procedure involvinj several 
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cnsocuUve mith-6e,i'acatianc. 	A ortion of th cegration 

proctuct at each stage is subjected to structural analysis, nd 

iiecre;e :.n molecular :eight 	lzo ostimatoG. 	ho 

sequence O dcgracations is continued until all the rhamnso, 

uronic acia, :nd arabinose residues, together with some of the 

galactose, are removed, leaving a residual, poriodate-resistant, 

branched galactan core.'-'his pattern of events occurred with 

and .laeta 3 . 	'or A.arabca45 , A.nubca51 , 

..repanolobium 52 ' 55 , and 	a periodate-resistant 

galactan core is never attained; for these species, the degree 

of branching of the galactan framework is greater than for 

.sciie:al and A.laeta. 	The number of Smith degradations 

riccessaxy to remove all of the arabinose residues was four for 

A.auyai 6 , four for A.ceneF;a1 41 , and five for A.laeta53 : an 

arabinose-frec degradation product is not given by  

after four treatments, nor for A.nubica 5  and A.drepano lob ium 55  

after five treatments. The minimum length of the longest 

arabinose chains is therefore 5 units for .arabica, at least 6 

units for ..nubca, and - by calculation 55  - at least B units for 

:.c.repanolobium. 	Th structural and physico-chemical evidence 

sugests that the most compact structures are given by A,laeta 

and .senegal. 	There is no evidence for a galactan "back-bone"; 

the cores are branched galactan frameworks, the degree of 

branching varying from species to species. 
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.; ,.n 	statement (JonLs and Smith, 194.9) that "it is 

not unlikely that while plant gums differ in detail, they may 

be assembled on one or perhaps two common structural frameworks 

which are relatively simple" therefore appears to be an 

oversimrlif±cation. 	Structural variations between gums of 

dferent species within the Acacia genus are certainly more 

pronounced than was at one time supposed. 	It is particularly 

important that concepts that such gums are based on "a stable 

bacibone to which is attached side-chains" (Hirst, 195 6 ) 
or on a 

"main-chain" (Hirst, 1962)  should be superceded. 	Acacia gums 

are of relatively low viscosity (Stoloff, 1952)  and the concept 
6 

of a main-chain or "backbone", which suggeslinearity, is rather 

asleading. 	.n early review (Jones and Smith, 1949)  suested 

that 	gum arabic had "a highly branched chain structure", but 

the writer considers the most appropriate deocrpion to be 

"branched galactan frame-work", or "branched core". 

The essential features and differences between the gum 

structures studied are most conveniently conveyed by the diaams 

for A.sena gal and A.seyal shown on pages 34. - 37. 	It is essential 

to realise the limitations of these models: they merely represent 

ono possible assemblage of 100 sugar units that would satisfy the 

structural evidence available. For clarity in the 

three-dimensional models all of the short chains attached to the 

core rise upwards, and the actual galactose residue in the 
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rChCL core to vhh any particular short chain is attached i, 

f course, arbitrary. In the aiarrons that depict the sequence 

of events in successive smith aegracLations, the models are shorn 

as flat, two-dimensional arrays. 

It is believed that these structural studies have lcd to 

the most detailed elucidations of structure achieved to date for 

any plant gums. Despite the rapid progress that these models 

repre3ent, a long programme of work remain3 before our knowledge 

of the structure, function, and biosynthesis of these complex 

natural products could be regarded as adequate. 
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icacia Senegal gum 

Colour Code 

Colour 	I 	Sugars 	 molar proportions 

C) 

J) C) 

27 
0 

5 

13 0 

7 
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Black D-galactose 

Red L-arabofuranose 

Green L-arabopyranose 

Yellow L-rhamnose 

Blue D-glucuronic acid 

Purple 4-2-methyl-1'-glucuronio acid 
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Black 

ied 	 al ,S- 

G-recn 	 P1 ,6- 

Yellow 
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::oLtr ratios: Galactose 	 42 
rabofuranose 	 27 
rabopyranose 	 5 
thnmnose 	 13 
Glucuronic acid 	13 
4-me thylgiucuroflic I 

acid 

(_'st dereciation product 

	

Galactose 	 34 
:rabofuranose 	17 
Glucuronic acid 	2 

;econcI c1eradation product 

c7alactose/arabinose = 32/5 

:ird ceradaton product 

G.alactose/arabinose = 25/1 

degradation product 

A branched galactan 

Colour Code 

Colour 	Suars 

Black D-gaictose 

Red L-arabofuranose 

Green L-arabopyranose 

Yellow P-rh amno se 

Blue D-lucuronic acid 
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Purple -glucuronic acid 

Colour 1inkes 
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Yellow 
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Acaca seval urn 

Colour Code 

Colour Sugars 	 tolar proortionz 

Black -alactose 	 38 

Aed L-arabofuranose 	 50 

Green L-arabopyranse 	 7 

Yellow L-rhamnoze 	 4 

Flue D-lucuronic acid 	 6 

Lrown 4-0-methyllucuronic acid 	 5 

Colour 

Black B1,3- 

Red 

Green 13 1 ,6- 

Yellow 1,2- 
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Srnit,h PernJatin emence 

h - Jc rUfll 

r rtios:- 

-aiactose 	 38 
rabofuranose 	 50 
rabopyranose 	 7 
thamnose 
C-lucuronic acid 	 6 
4-0-methylglucuronic acid 	5 

derdation product 

G.alactose/arabinose = 33/19 

econc derac1ation product 

Gala ctose/arabino se = 19/3 

hird derr6ation product 

-alactose/arabinose = 1 611 

'ourth de,- rdation product 

. branched gala ctan 

- ;oiour Code 

(" 01-our 	 flF 

Black T--"lactose 

Red L-rtbofuranose 

Green L-arabopyranoso 

Yellow L-rhamnose 

Blue L-glucuronic 	cid 

Purple 4-0-methyl- 
glucuronic acid 

Colour Linkes 

Black 1 ,3 - 

±ed 

Green 

Yellow I ,2- 
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In conclusion I must record the tolerance and uncierstarn1in 

shown by my wife, who has hRd to endure, for ten years, a person 

obsessed v;ith the complexity of thc challenge to chemical analysis 

presented by plant gums. There are still suficicnt po'olems 

left to form Lhe basis for a life-time of chemical investigation. 
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Applications of Infra-red Spectroscopy: The Identification 
and Determination of Gas-chromatographic Fractions 

By D. M. W. ANDERSON 
(Department of Chemistry, The University, West Mains Road, Edinburgh 9) 

The desirability of identifying products by a method other than com-
parison of retention times is stressed. Details of a simple method of collecting 
products separated from mixtures by gas chromatography are given, and the 
technique subsequently used for their identification and quantitative deter-
mination by vapour-phase infra-red spectroscopy is described. The many 
advantages of infra-red examination of vapours rather than liquids, when only 
fractional milligram amounts are available, are outlined. Amounts of about 
5 jAmole of all vapours or liquids having a boiling-point of up to about 175° C 
can be identified and quantitatively determined to within -±2  per cent. 
without difficulty. Experiments are in progress to increase the sensitivity 
and applicability of the method. 

IN routine analyses of products from well characterised reaction systems, and possibly for 
research investigations in certain fields,' it is often possible to obtain quantitative and 
qualitative results of acceptable accuracy from relative retention times on a carefully controlled 
column. For many purposes, however, identification of separated components on gas-
chromatographic evidence alone is inadequate. 

Column-retention times are purely relative and not always exactly reproducible; even 
when the chemical class (e.g., ketone, hydrocarbon etc.) of the expected reaction products 
is known, identification by comparison of the retention time of the unknown with those of 
standards requires exact reproduction of column operating conditions. 2  

Difficulty can also arise when non-symmetrical peaks are produced 3 ; the peak-maximum 
retention time of a component then depends on concentration. Peaks can also overlap, 4 ' 5  

and certain combinations of substances are often difficult to separate. 5  Chromatographically, 
a single peak is no criterion of purity, since more than one substance may be present 6 ; the 
components present could often be resolved if their presence was suspected and alternative 
column operating conditions were selected. 

Confirmation of homogeneity of fractions is therefore required, together with unequivocal 
identification and accurate quantitative determination of the product. The analytical 
method used should involve some property of the molecule other than boiling-point. Often, 
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only fractional milligram amounts of material can be recovçred from a column; few methods 
therefore remain applicable. Mass-spectroscopic examination of fractions on this scale has 
been described, 4 ' 7 ' 8 ' 9  but instances have been reported'° in which infra-red spectroscopy 
was also required. 

The tremendously powerful technique of coupling gas-chromatographic separation with 
subsequent infra-red identification has long been recognised and advocated." 112,13,14,16  Greater 
use of the combined techniques has not so far been made because samples for gas chromato-
graphy are normally smaller by a factor of about 102  than are those required for spectroscopy. 
However, attention is now being given commercially to production of infra-red cells and 
accessories for micro-analysis; for instance, a liquid cell of capacity 80 td has been described. 16  
Progress is also being made with scale-expansion techniques and development of infra-red 
microscopes, by which single fibres and crystals may be examined. 

This paper describes a technique that has been used in this department during the past 
2 years for, e.g., the identification of gas-chromatographically fractionated products from the 
following investigations- 

Reactions of methylene radicles with propylene and cyclopropane,' 7  isobutene' 8  and 
acetylenes and allenes. 19  
High-temperature oxidation of propane. 20  
Photolysis of cyciopentanone. 2 ' 

Irradiation of organic chioro compounds with cobalt-60. 22  
Retention of solvents and moisture by carbohydrates. 23  

Acidic decomposition products of carbohydrates. 24  

Gas - liquid chromatography has been used throughout for separation, but the technique 
is applicable to products separated by gas - solid chromatography. In addition, it has been 
used for the collection and infra-red examination (without prior separation by gas - liquid 
chromatography) of mixtures of reaction products, such as methyl and ethyl iodides from 
semi-micro alkoxyl determinations 25  and carbon dioxide and furan from uronic acid deter-
minations. 26  

The method has the advantages of (a) ease of handling, particularly of volatile liquids, 
(b) greatly increased sensitivity, (c) increased accuracy of quantitative determination, and 
(d) ease of quantitative recovery of all samples. No originality is claimed for the technique; 
it is described in the belief that its simplicity, scope and advantages may not be fully recog-
nised. No expensive ancillary infra-red equipment is required. 

EXPERIMENTAL 

APPARATUS AND PROCEDURE- 

Fig. 1 (b) shows the dimensions of the trap used. The exit of the gas-chromatographic 
column is connected (via an anhydrone tube if necessary) by a BlO ground-glass joint to A 
(traps made more recently have hemispherical joints). With an anitydrone guard-tube 
fitted to B, trap XY is immersed in a flask of liquid nitrogen. Any carrier gas can be used, 
although carbon dioxide, if used, must be removed before passage through the trap. At 
flow rates of 15 to 20 ml per minute, milligram amounts of vapours and liquids having 
boiling-points greater than about —120° C are quantitatively trapped with no retention of 
carrier gas. Under these conditions, the trap appears to have an adequate safety factor, 
and discrete frozen droplets, which could be swept as such through the trap, do not form. 27  
Should, however, this simple trap prove to be inadequate under certain conditions, a trap for 
recovery of extremely small fractions has been described. 28  A simple 3-way stopcock junction 
system similar to that already described' has been used to facilitate collection, in separate 
traps, of fractions emerging from a column in close succession. 

The trapped samples, stoppered at A and with tap T closed, are kept in liquid nitrogen 
until required. The BlO cone of an evacuated gas-cell is inserted into A, shown in Fig 1 (b), 
tap T 2  being closed. The cone B is then attached to a vacuum-line, with trap XY still 
immersed in liquid nitrogen. Taps 1, and T 2  are then opened and the whole system is 
evacuated to a pressure of between 05 and 1 mm of mercury. Tap T 1  is then closed, the 
assembly is removed from the vacuum-line and an anhydrone guard-tube is fitted to B. 
Trap XY is then withdrawn from the liquid nitrogen and immersed in boiling water or warmed 
gently in a bunsen flame. The former method of heating is preferred, but the latter was 
found to be necessary for higher-boiling liquids. When the trapped substance has completely 
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Fig. 1. Apparatus used for collecting separated products: (a) gas-cell, (6) trap 

vaporised, tap T 1  is quickly opened so that the residual vapour in trap XV is swept into the 
gas-cell; the contents are then at atmospheric pressure. This serves as a standard condition 
'for the examination; daily variations in atmospheric pressure are insignificant and the 
conditions for automatic double-beam compensation for atmospheric carbon dioxide and 
water vapour are not upset. The procedure also gives increased sensitivity; when the total 
pressure is made atmospheric by adding infra-red inactive gases to a gas-cell containing a 
compound at a partial pressure of 1 mm, the peak height is greater than that produced when 
the total pressure is allowed to remain at 1 mm. "Pressure broadening" effects are considered 
later. 

RECOVERY OF SAMPLES— 
Replace the cone of the gas-cell in socket A, and attach B to the vacuum-line. With 

tap 12  closed, evacuate trap XV and immerse it in liquid nitrogen. Close tap T, and open tap 
1 2. Close tap T 2, and, after 10 to 20 seconds, open tap T and re-evacuate trap XY. Repeat 
this cycle several times, then finally evacuate completely with taps T and 12  both open. 
Quantitative recovery has been repeatedly proved by returning the recovered product to 
the gas-cell in the usual way and re-running the spectrogram; the peak heights previously 
obtained are duplicated. When it is found that insufficient material has been available for 
analysis, recovery of the sample into the trap and collection therein of the identical peak from. 
a second chromatographic separation generally permits sufficient material to be collected. 
No undesirable retention of products in the traps or gas-cells has been observed if continuous 
evacuation for 10 to 15 minutes is carried out between analyses. The amount of Apiezon 
or silicone grease on taps and ground-glass joints should, however, be kept to a minimum. 

DISCUSSION OF THE METHOD 
ATTIICABILITY- 

When conventional infra-red unheated gas-cells fitted with sodium chloride end-plates 
secured by Bedacryl 122X resin (kindly supplied by Imperial Chemical Industries Ltd., 
Dyestuffs Division) are used, the method is applicable to all vapours and liquids of low or 
medium boiling-point. Generally, partial pressures of I to 2 mm admitted to a cell of 
volume 64 ml (the pressure subsequently being made atmospheric in the way already 
described) give satisfactory spectra. No condensation of the substance occurs during the 
period of examination (usually 10 to 15 minutes) if the boiling-point is not too high. Spectra 
for 'furfuryl alcohol (boiling-point 170° C) and for benzaldehyde (boiling-point 179 °  C) have 
been obtained in this way, but boiling-points of 175° to 180° C probably represent the upper 
limit for unheated cells. The use of heated cells is well known, 29 ' 30  however, and experiments 
are in progress to discover how far their use will extend the applicability of this technique. 
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SENSITIVITY— 

The infra-red absorption of different compounds varies widely, and the method has 
maximum sensitivity for compounds (a) of a polar character, and (b) of low molecular weight. 
The data in Table I, however, are representative; for predominantly non-polar compounds, 
the sensitivity will only decrease by a factor of about 2. When a gas-cell of length approxi-
mately 125 cm, internal diameter approximately 25 cm and measured internal volume 
64 ml is used, the sensitivity shown in Table I is attainable. 

TABLE I 

SENSITIVITY OF THE METHOD 

l'vlininlulTl 1\'lininiuni 
amount of amount of Partial pressure required 
compound compound e--  ----., 

Compound detectable, detectable, Minimum, Maximum, 
jmole mm of mercury mm of mercury 

Methanol 	.. 	 .. .. 	 130 
Ethanol.. 	.. 	 .. .. 	 190 
Acetone. . 	 .. 	 . . . . 	 240 
isoPropyl alcohol 	.. .. 	 250 4 to 5 10 2'0 
Diethyl ether 	. . 	 . . . . 	 300 
Chlorinated solvents  
Benzene 	.. 	 . . . . 	 470 
Furan 	.. 	 .. 	 .. .. 	 410 6 to 7 1•5 2•5 
Dioxan .. 	 .. 	 .. .. 	 530 J 

Use of the partial pressures shown in Table I gives satisfactory spectra and permits 
positive identification of the compound; possible information regarding freedom from con-
taminants is also provided. In certain limited instances, when the reaction product is almost 
certainly known, confirmation of identity and an estimate of the amount present can be made 
on much smaller amounts (about 10 per cent, of those in Table I) by referring only to the 
most intense absorptions in the spectrum. 

QUANTITATIVE DETERMINATIONS— 

Spectra for the liquid and vapour forms of a compound usually differ. Identification 
must therefore be made by comparison with spectra for standard vapours. A series of 
standard spectra can be obtained over as wide a concentration range as is desired for each 
compound under investigation by using a simple manometer system, the essential features 
of which are shown in Fig. 2. Initially, a partial pressure of the vapour under test equal 
to 16 mm of mercury is admitted to the 64-ml gas-cell, this pressure being read from the 
scale (graduated in millimetres) attached to the manometer limb. With care, satisfactory 

To 

Fig. 2. Manometer system used for determinations 
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reproducibility in this operation was possible. Accurate dilutions in the gas-cell, which, 
in turn, give partial pressures of 8, 4, 2, 1 and 05 mm of mercury, are subsequently con-
veniently made by using the manometer, which can readily be constructed by successive 
glass-working refinements so that its internal volume, when a pressure equal to 50 per cent. 
of atmospheric is being indicated, is equal to that of the gas-cell. This is easily checked 
experimentally. The gas-cell, with contents at atmospheric pressure and tap 12  closed, is 
fitted to the manifold, as shown in Fig. 2. The manifold system is completely evacuated 
with tap T 3  open; mercury rises to level b. The correct internal volume of the manifold is 
attained when opening tap T 2  causes the mercury level to drop from b to c, where ac = ab/2. 
Construction of a manifold satisfying this condition to within 3 mm of mercury was easily 
achieved; this was considered to be adequate, as daily variations in atmospheric pressure 
were not taken into account. 

When the partial pressure of the gas under examination has been halved in this way, 
air is admitted to restore atmospheric pressure in the gas-cell; the infra-red spectrum for this 
concentration is then recorded. 

The method described is considered to permit determination of concentrations to within 
±2 per cent. Standardisation need not be tedious, since, for any vapour under test, calibra-
tion on any one carefully selected characteristic absorption in the spectrum is usually adequate. 
Peak areas, not peak heights, are proportional to concentration. 11,32  The relationship 
between peak height and concentration is not linear, and care should be taken to compare 
peak areas when comparisons are made with spectra representing standard concentrations. 

Obvious refinements to the apparatus can be introduced should increased accuracy of 
determination be desired. Consideration would then have to be given to the effect of 
"pressure broadening"; in a gaseous mixture, each gas (even homopolar diatomic gases that 
have no infra-red absorption) affects the optical density of the others, thereby causing devia-
tions from Beer's law. Calibration curves for correcting these deviations can be experimentally 
plotted and applied, so permitting concentrations to be measured to within ±01 per cent .33 

DETAILS OF INFRA-RED SPECTROMETER— 
A Huger H800 double-beam instrument was used; it has a large area available for the 

introduction of sample cells and can accommodate cells up to 60 cm in length. Experi-
ments are in progress to evaulate the ultimate sensitivity of this method without recourse 
to the use of optical cells of multiple path length.' 35  For instance, recent work has shown 
that a gas-cell (length 32 cm, internal diameter 15 cm and volume 51 ml) constructed by 
fusing together the non-flange ends of two ground-glass flanges (Quickfit and Quartz type 
FG15) increases the sensitivity shown in Table I by a factor of 40 to 50. The use of a gas-cell 
of this length introduces appreciable energy losses in the sample beam (an effect not caused 
by a 125-cm cell) and it is necessary to insert a compensating cell of similar dimensions 
in the reference beam. Further work is in progress, however, and will be reported elsewhere 
at an early date. 

I thank Professor E. L. Hirst, C.B.E., F.R.S., for his interest in this work, and acknow-
ledge valuable discussions with Dr. J. Haslam (Chief Analyst, Imperial Chemical Industries 
Ltd., Plastics Division), Dr. S. F. D. Orr (Perkin - Elmer Ltd.), Dr. R. L. Williams (Ministry 
of Supply, Waltham Abbey) and with my colleague, Dr. J. H. Knox. 

REFERENCES 
Cox, J. S. G., High, L. B., and Jones, E. R. H., Proc. Chem. Soc., 1958, 234. 
Hoare, M. R., and Purnell, J. H., Trans. Faraday Soc., 1956, 52, 222. 
Porter, P. E., Deal, C. H., and Stross, F. H., j.  Amer. Chem. Soc., 1956, 78, 2999. 
Callear, A. B., and Cvetanovic, R. J., Canad.  J. Chem., 1955, 33, 1256. 
Haslam, J., and Jeffs, A. R., Analyst, 1958, 83, 455. 

, -, J. .4ppl. Chem., 1957, 7, 24. 
Bradford, B. W., Harvey, D., and Chalkley, D. E., J. Inst. Petrol., 1955, 41, 80. 
Sato, S., and Cvetanovic, R. J., Cunad.  J. Chem., 1958, 36, 970. 
Eggertsen, F. T., and Groennings, S., Anal. Chem., 1958, 30, 20. 
Whitham, B. T., in Desty, D. H., Editor, "Vapour Phase Chromatography," Butterwurths Scientific 

Publications, London, 1957, p. 194. 
Haslam, J., Soppet. W., and Willis, H A., J. App!. Chem., 1951, 1, 112. 
Liberti, A., Costa, G., and Pauluzzi, E., C/tint. é Ind., 1956, 38, 674. 
Kendall, D. N., .4ppl. Spectroscopy, 1953, 7, 179. 
Cachia, M., Southwart, D. W., and Davison, W. H. T., J. App!. Chem., 1958, 8, 291. 



January, 1959] 	AND DETERMINATION OF GAS-CHROMATOGRAPHIC FRACTIONS 	 55 

Bellamy, L. J., and Williams, R. L., Paper presented at International Symposium on Microchemistry 
Birmingham, August, 1958. 

Gallaway, W. S., Johns, T., Tipotsch, D. G., and Ulrich, W. F., Paper presented at Conference 
on Analytical Chemistry and Applied Spectroscopy, Pittsburgh, March, 1958. 

Knox, J. H., and Trotman-Dickenson, A. F., Chem. & I nd., 1957, 1039. 
Knox, J. H., Trotman-Dickenson, A. F., and Wells, C. J., J. Chem. Soc., 1958, 2897. 
Knox, J. H., and McGillivray, I., in preparation. 
Knox, J. H., and Falconer, J., Proc. Roy. Soc., in the press. 
Knox, J. H., and Nelson, R. L., Trans. Faraday Soc., in the press. 
Stafford, W. H. (the late), Miller, W., and Taylor, \V., Ph.D. Theses, Edinburgh, and forthcoming 

publications. 
Anderson, D. M. W., and King, N. J., in preparation. 
Anderson, I). M. W., and Carbutt, S., in preparation. 
Anderson, J). M. \V., and Duncan, J. L., in preparation. 

28. Anderson, D. M. \V., Talania, 1958, 1, 283; 1959, 2, in the press. 
Desty, D. H., Editor, op. cit., p.  210. 
-, Editor, op. cit., p.  216. 
Olsen, A. L., Anal. Chem., 1958, 30, 158. 
Mattraw, H. C., Appi. Spectroscopy, 1955, 9, 177, 
Bellamy, L. J., Research, 1956, 9, 147. 
Thompson, H. W., Paper presented at Institute of Petroleum Conference on Molecular Spectro-

scopy, London, February, 1958. 
Cumming, A. P. C., J. AppI. Chem., 1954, 4, 561. 

34, Pilston, R. G., and White, J. U., J. Opt. Soc. Amer., 1954, 44, 572. 
35. White, J. U., Alpert, N. L., Weiner, S., Ward, W. M., and Gallaway, W. S., Paper presented at 

Conference on Analytical Chemistry and Applied Spectroscopy, Pittsburgh, March, 1958. 

Received September 2nd, 1958 



2. 
falanta. 1950, W. 7. pp. 70 to 79. Pergarnon Press Ltd. Printed in Northern Ireland 

APPLICATIONS OF INFRARED SPECTROSCOPY_II* 

OBSERVATIONS ON SOME ASPECTS OF THE 

ZEISEL ALKOXYL DETERMINATION 
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(Received 30 June 1960) 

Summary—A sensitive infrared method for quantitative determination of vapours has been used to 
study some of the reaction variables in the Zeisel alkoxyl determination. Several conflicting reports 
in the literature have been clarified. Reaction conditions giving rapid and accurate determinations on 
solids and volatile liquids, even in presence of large sulphur concentrations, are described: for deter-
minations on vanillin the standard deviation is 016?. Interaction between alkyl iodides and sul-
phuretted hydrogen has been found to occur only in aqueous solutions; the use of soda-asbestos as a 
solid scrubber therefore has fundamental advantages over aqueous solutions, and gives excellent 
results. 

ALTHOUGH the determination of alkoxyl groups is still based on Zeisel's classical 
method,' an iodometric procedure 2  has largely superseded the original gravimetric 
technique. in addition, an almost Continuous catalogue of modifications to procedure, 
reagents, scrubber composition and apparatus design has been published. (See, for 
instance, references 3, 4, 5, 6, 7, 8, 9 and 10.) Since conflicting recommendations and 
statements still exist in the literature, an attempt to clarify the present position seemed 
desirable. 

METHOD OF INVESTIGATION 

A sensitive infrared technique, 11 " 2  developed recently for the quantitative deter-
mination of substances in the vapour phase, has been used to study certain stages of 
the alkoxyl determination. Milligram-quantities of the lower alkyl iodides can be 
trapped quantitatively in liquid nitrogen" and can subsequently be determined by 
referring the heights of selected characteristic peaks in their infrared spectrum to a 
carefully constructed calibration curve. This is previously obtained under carefully 
standardised spectroscopic conditions by quantitatively volatilising weighed amounts 
of purified alkyl iodides into the infrared gas-cell. (Experimental details of the 
procedures involved will be given in a subsequent paper 35  describing an infrared 
method for the simultaneous determination of methoxyl and ethoxyl groups.) Other 
vapours, e.g. hydrogen sulphide, hydrogen iodide and iodine, do not interfere with 
the determination since there is (a) no reaction between these and alkyl iodides in the 
vapour phase. and (b) no overlapping of peaks in their infrared spectra. 

Since it is necessary in infrared spectroscopy to exclude water-vapour, the volatile 
reaction products are trapped after passage through Anhydrone; an Anhydrone 
guard-tube must be fitted to the trap, as shown in Fig. I. Careful preliminary tests 
showed that, of the normal volatile reaction products, Anhydrone retained only 
water-vapour. 

* Part I: D. Ni. W. Anderson, Analyst, 1959, 84, 50. 

70 
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FIG. I. Assembled apparatus. 

The reaction products could therefore be trapped either before or after passage 
through scrubbers or absorbers of the type normally used in Zeisel determinations. 
The subsequent spectroscopic examination not only revealed which alkyl iodide had 
been produced and permitted simultaneous measurement of its concentration, but 
also revealed if any other volatile product affecting the validity of the result had been 
produced. The high sensitivity and adequate accuracy of this infrared technique 
conveniently gave information on (a) efficiency of removal of hydrogen sulphide 
by scrubbers (h) sources of loss of alkyl iodide, and (c) anomalous reaction of certain 
compounds. 

EXPERIMENTAL 
Reagents 

Hydriodic acid: MAR., sp. gr. 17 (6-ml ampoules). 
Phenol: AnalaR. 
Anhydrone: M,A.R., 14-22 mesh. 
Soda-asbestos: M . A . R. 
Alkyl iodides: for calibration purposes, the reagent grade was re-distilled three times; the still-

head was packed with Anhydrone and the middle fraction collected each time. 

Standard compounds 

a-Meihyl-D-glucoside 
Vanillin 

organic analytical standards. Phenacetin 
In addition, vanillin (microanalytical standard grade) purified by zone-melting was used. 
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Apparatus 

This was assembled as shown in Fig. 1, and consisted of: 
the combined reaction-flask and condenser described in B.S. 1428: part C 1:9154 (type-2 

apparatus). 
a delivery-tube, which could be packed with Anhydrone and soda-asbestos. Ground-glass 

joints were lightly coated with silicone grease. 
a trap, similar to that previously described, Recent traps have been made with Vigreux-type 

indentations in the inner absorption tube, as shown in Fig. I. 
the design of scrubber described in B.S. 1428: part C 1:1954 was used to investigate the 

efficiency of aqueous scrubbing solutions. 

Calibration curves 

Fig. 2 shows a typical calibration curve, constructed by making about 5 different measurements per 
5-mg range of alkyl iodide using a Hilger double-beam infrared spectrometer. The gas-cells described 

60 
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Fin. 2. Calibration curve for determination of methyl iodide. 

in references II and 12 were used: gas-cells "A" (length 125 cm) and "B" (length 31-5 cm) respectively 
permitted determination of 4- 10 mg and 1-4 mg quantities of methyl iodide. 

Wei.ln,' of samples 

For solids, a long-handled weighing-spoon 13  was used. Volatile Liquids were conveniently weighed 
in a long-handled micro weighing-bottle 13  fitted with a leak-proof ground-glass stopper. 

Flow-gas 

The infrared technique required nitrogen to be used. Nitrogen ("N.O.F." grade) was passed 
through soda-asbestos, silica gel and Anhydrone. The flow-rate, stabilised by needle-valves and 
passage through a large reservoir fitted with capillary outlet, was adjusted by a Rotameter, Type 704. 
calibrated over the range 4-25 ml per mm. 

Heatin' of reaction-Jlask 

An elect rothermal flexible heating mantle, Type MBJ 1822, gave very steady ebullition. Recent 
papers" still report difficulty with ''bumping", althoLigh electrical heating was earlier reported to be 
advantageous." 

Preliminary determinanons ,,sim, standards 

(a) Conditioniqt' oJ acid and apparatus: The contents of one (-ml ampoule of hydriodic acid was 
added to the reaction flask and refluxed for 30 miii under a steady flow of nitrogen (6-8 ml per mm), 
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This procedure is advisable: it conditions the apparatus, ensures that the acid is constant-boiling, and 
decomposes any excess hypophosphorous acid which may have been added. (In any infrared investi-
gations, all traces of phosphine must be removed, since its absorption peaks overlap the particular 
alkyl iodide peaks used for determination). 

Determination of reaction-times and optimum fib u-rate: Recommended flow-rates have varied 
between 41 - 11  and 25 ml per mm. For 2-5 mg samples and a flow-rate of 6-8 ml per mm, we obtained 
quantitative recovery of methyl iodide from vanillin in 10-15 min and of ethyl iodide from phcnacctin 
in 15-20 min from start ofreflux. These times vary little from those found by Kirsten 8  (25 ml per nun) 
and by Inglis 9  (12-15 ml per mm). Since some compounds could possibly react more slowly than these 
standards, a reflux period of 30 min was adopted for methoxyl and ethoxyl compounds, and has since 
proved adequate for many organic compounds containing a wide range of other functional groups and 
analysed as "unknowns" by one of us (J. L. D.) 

Although Inglis used carbon dioxide flow-gas at 12-15 ml per min with one scrubber (to minimise 
the tendency for methyl iodide to dissolve in aqueous solution), it had earlier been established' 0  that a 
flow-rate of 6 ml per min caused high results if a second scrubber was not used. Pending investigation 
of these conflicting reports of scrubber efficiency, we considered that, since the reaction-times quoted 
above were sufficiently short for routine analyses, and were not in any case decreased appreciably by 
using faster flow-rates, the use of a slow flow-rate was fundamentally correct experimentally in mini-
mising tendencies towards (a) inadequate gas scrubbing, and (b) incomplete alkyl iodide retention in the 
final stage. Any scrubber solution in which alkyl iodides react or are appreciably soluble at low flow-
rates is unsatisfactory in any event. A flow-rate of 6-8 ml per min was therefore adopted as standard. 

Results: Table I shows the results obtained for standard compounds. This gives a true 
representation of the poorest results that may be expected, since none of the results obtained was 
rejected; the standard deviation is also shown. 

TABLE I. RESULTS OF ALKOXYL DETERMINATIONS ON STANDARD COMPOUNDS 

I 
Alkoxyl content 

Max. d ivergence 
Range of sample Stand, from theory 

Compound weights taken, 
No. of 

Devn., - 	-- - 	- 
detns. 

Theory, 
- 	

- 

Av. found, 
0/ 

° I  

028 028 Vanillin 184-339 	I 15 2040 	I 2039 016 
a-Methyl-D- 238-436 5 1599 1599 0.08* 011 007 

glucoside I 

Phenacetin 2'82-3'67 6 2515 2518 0.17* 020 023 

* Calculated by the range method. 

Having established that the reaction conditions described and the spectroscopic method of deter-
mining alkyl iodides gave satisfactory analyses of pure reference compounds, the following investiga-
lions were made. 

INVESTIGATIONS 

1. Concentration and colour of' hrdriothc acid 

Most analysts have found constant-boiling hydriodic acid adequate, but the use of 
more concentrated acid (sp. gr . 196) has been proposed,"" and the addition of a few 
drops of this concentration to the constant-boiling acid suggested.-` Refiux for 30 min 

over red phosphorus before use has been recommended. 6 " 7  We have found the 
M.A.R. constant-boiling acid, conditioned as already described, to be satisfactory; 

tests showed that, at 6-8 ml per mm, only trace amounts, if any, of hydriodic acid 
vapour were volatilised. The use of more concentrated acid would give increased 
amounts of distilling acid vapour, so introducing a possible source of error. 
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Furter4  stated that the use of fresh colourless acid was essential. Steyermark,' 8  
however, found that the colour was not critical if the acid was refluxed before use: 
more recently it was observed" that the presence of free iodine in the hydriodic acid 
was in fact advantageous. Belcher -,  obtained acceptable results titrimctrically in the 
presence of 20 mg added iodine, although an increased blank was observed. Our 
experiments confirm that the acid colour has no effect on the yield of alkyl iodide. 
Appreciable volatilisation of iodine does, however, occur from very dark mixtures, 
particularly if the compound tinder analysis contains sulphur or strong reducing 
groups, or, as can occur with carbohydrate materials, is readily decomposed to give 
carbon. As Kirsten pointed out,-' this may impose an additional test on the scrubber 
efficiency, although much of the iodine condenses out before reaching the scrubber. 

Repeated use of acid in routine anal rses 

In routine analyses when compounds are known to decompose quantitatively in the 
normal reaction-time, one charge of acid can safely he used for 8 determinations 
(av. sample weight = 5 mg) if the mixture is relluxed between each determination: 
to allow a safety margin, we have always used a reflux period of 30 mm, but a 
shorter period may be found adequate. In one series of experiments. 14 successive 
determinations were satisfactorily made without change of acid. Care must always 
be exercised, however: we have found certain compounds 21  which liberate alkyl 
iodides continuously for several hours. 

Determinations on volatile liquids 

Earlier investigations found double distillations,Ts,al  or the use of modified 
apparatus 8  necessary for quantitative results. Double distillation is not essential when 
the following procedure is used:— 

Weigh the sample as already described. Transfer to a reaction flask charged with a mixture of 
hydriodic acid (6 ml) + phenol (approximately 0-25 g) which has been conditioned as described for 
30 nun, then allowed to cool completely. The small stoppered weighing-bottle must submerge 
completely in the phenol-hydriodic acid mixture. Shake the reaction flask to loosen the weighing-
bottle stopper. Using a nitrogen flow-rate of 2-4 ml per mm, heat gently so that reflux begins after 
8 to 10 mm, then increase the flow-rate to 6 to 8 ml per minute and retlux for 30 minutes. 

Compounds such as methanol, anisolc, 1:1- and I :2-dimethoxyethanes, and 
ethyl orthoformate have been analysed without difficulty in this way. Infrared 
experiments with anisole revealed that no detectable traces of unreacted anisole were 
volatilised together with the methyl iodide unless the t10-rate was increased to 
>15 ml per IT)ifl. 

Effl'ci of presence of sulphur 

The presence of sulphur has long been l.nown to complicate alkoxyl analyses, 
causing low results. Sulphur present in organic functional groups is usually reduced 
to hydrogen sulphide by reflux with hydriodic acid: inorganic sulphate reacts 
similarly. Commonly only 1 sulphur atom is present, but the ratio of sulphur atoms 
to alkoxyl groups in compounds can exceed 1:1. It is of importance that the analysis 
of compounds mixed with relatively large amounts of inorganic sulphate has caused 
particular difficult y . 2 ' 23  

An interaction between hydrogen sulphide and alkyl iodides, resulting in mercaptan 
formation, 1,21  is considered to cause the low results; Bethge and Carlson 25  suggested 
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that this reaction is favoured in alkaline solution. The infrared technique has shown 
that no reaction between hydrogen sulphide and alkyl iodides occurs in the vapour 
phase: alkoxyl compounds containing sulphur, or to which had been added sodium 
sulphate. gave theoretical yields of alkyl iodide in presence of the evolved hydrogen 
sulphide. The undesired interaction must therefore occur only in aqueous solution. 

Mere absorption of hydrogen sulphide by scrubbing solutions is therefore 
insufficient; quantitative removal of sulphide ions from solution in a rapid reaction is 
essential. Scrubbers must also effectively remove iodine and hydrogen iodide vapours: 
although the use of (a) low flow-rates, and (b) pre-conditioning of the hydriodic 
acid should ensure that the amounts of these involved are normally very small, there 
will be a tendency for increased volatilisation of iodine when much hydrogen sulphide 
is released. Thus any scrubber able to remove satisfactorily the large amounts of 
hydrogen sulphide liberated when excess inorganic sulphate is present will have a 
safety-factor when sulphur-containing organic compounds are analysed. The 
following investigation of scrubber efficiency was made from this viewpoint. 

5. The efficiency of aqueous scrubbing so/ti/ions 

The functional efficiency of the design of scrubber used must also be considered 
here; the volume of scrubbing solution and the flow-rate used will be contributing 
factors. The efficiencies of some scrubbing solutions were therefore initially compared 
at a flow-rate of 6-8 ml per mm, 4 ml of the solution being used in the B.S. (1954) 
design spiral scrubber. 

Our results confirmed"' that aqueous sodium thiosulphate is unsatisfactory because 
of reaction with methyl iodide. 26 ' 27  Table It summarises the other results obtained. 
For each solution tested, several determinations were made under the conditions 
shown; the range of recoveries obtained is quoted, since averaged results at the lOO° 
level can be misleading. 

(a) In absence of sulphur, all the solutions listed were satisfactory. Water itself, 
however, gave slightly low results; this is in agreement with Heron et al.,° who 
reported 94-98recovery. These negative errors are undoubtedly due to the 
solubility of methyl iodide in water; the effect can be minimised by keeping the 
scrubber temperature at 42 °  ± 1 ° , but this adds a complicating factor to the scrubber 
design. Moreover, whilst heated scrubbing solutions have been recommended,' , ", 211  

Colson 21  has pointed out that the increased possibility of hydrolysis of methyl iodide 
may lead to low results. As shown in Table 11, the negative error was dependent on the 
volume of water used, and large errors were introduced when sulphur was present 
(cf. the results obtained with water saturated with hydrogen sulphide). 

(h) In presence of 3-4 ing of added sothwn sulphate (equivalent to I sulphur atom 
per methoxyl group for 3 mg samples of vanillin) only sodium acetate and sodium 
bicarbonate of the solutions tested were clearly unsatisfactory (cf ref. 25). 

(c) In presence of larger amounts of sulphur, both sodium antimonyl tartrate 
and the sodium thiosuiphate + cadmium sulphate mixture began to give low results. 
This finding explains the differing. opinions expressed regarding their efficiency 
(cf. 7 and 25, 8, 10 and 27). In agreement with earlier investigators , 23 ' 29  cadmium 
sulphate gave good results; it was the only satisfactory solution when a large excess 
of sulphur was present. The formation of heavy cadmium sulphide precipitates did 
not influence its efficiency, as has been suggested .30 
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TABLE II. EFFICIENCY OF SOME SCRUBBING SOLUTIONS*  IN MFTIIOXYL DETERMINATIONS IN THE 

PRESENCE AND ABSENCE OF SULPHUR 

Range of weight of vanillin, 2-92--339 mg, .. methoxyl present approx 0-2 mEquivs. 

Composition of scrubbing 
Wt. of sodium .. Sulphur Ranoe of 

tiquidt 
sulphate added, present, methoxyl 

niEquit's recovery, 

5' 0 aq. sodium bicarbonate 0 	I  0 99-4-100-4 
3 02 951-953 

10 07 92-5-92-7 
27 1-9 90-0-90-4 

25 	aq. sodium acetate 0 0 100-0-100-5 
4 0-3 98-1-98-5 

30 2-I 911-91-2 

10 0 0  aq. sodium antimony! 
tartrate 

0 
3 

10 
15 

0 
0-2 

I 	 07 
1-0 

99-5-100-2 
996-1000 
951-95-3 
941-942 

5"o'aq. sodium thiosulphate 0 0 100-0-100-5 
-L 5 	aq. cadmium sul- 3 0-2 100-0-100-I 
phatc (I 	I V/V) 10 0-7 991-995 

18 1-3 977-980 

5 	a. cadmium sulphate 0 0 1 0. 
3 998-100-6 

10 0-7 
IS 1-0 
32 22 99-0-992 

Water 	2 ml 0 0 99-5-997 
4 ml 0 0 98-8 99-2 
2 ml 4 0-3 97-5-97-9 
4m1 4 0-3 96-8-971 

Water said. with 	2 nil 0 0 952 
hydrogen sulphide 	3 ml 0 0 940 

4m1 0 0 91-3 
Sm! 0 0 90-7 

* Used in the spiral scrubber described in BS1428 C I 1954. Flow-rate = 6-8 nil per mm. Temp. 
of solutions 	20 	V. 

t Volume used = 4 ml, unless otherwise stated. 

With high concentrations of hydrogen sulphide, the decreased efficiency of sodium 
antimonyl tartrate may he caused by complex thio-anion formation from the original 

Sb 2 S 3  precipitate, and subsequent interaction between the thio-anion and alkyl iodide. * 

For cadmium sulphate the concentration of hydrogen sulphide is apparently not so 
critical since cadmium sulphide does not form complex sulphides. 

In earlier experiments. Gran 3 ° found a preliminary water scrubber essential (to 
remove hydrogen iodide vapour), since otherwise the scrubber acidity increased 

* We are grateful to one of the referees for this suggestion. 



Infrared spectroscopy and the Zeisel alkoxyl determination 	 77 

sufficiently to cause some dissolution of the cadmium sulphide precipitate. This 
effect, however, resulted from his use of acid more concentrated than the azeotrope. 
Although the introduction of a water scrubber removed one source of error, another 
was simultaneously introduced, as already described; Gran found that this in turn 
could be minimised by increasing the flow-rate to 40 ml per mm. Experiments at this 
very high flow-rate revealed that the absorption of hydrogen sulphide by water is 
indeed much less than at 6-8 ml per min; the high flow-rate either decreases the 
efficiency of scrubbing, or creates a superior competitive "degassing" effect. 

In solutions containing sodium thiosufphate + cadmium sulphate, complexing 
of thiosuiphate ions by cadmium will undoubtedly occur. The decreased efficiency of 
this scrubbing mixture at high sulphur concentrations (at which cadmium sulphate 
itself remains efficient) is probably due to removal from solution of cadmium as 
cadmium sulphide. Some of the previously complexed thiosulphate is therefore 
liberated, so increasing its possibility of reaction with alkyl iodide.' 27  

Many other aqueous scrubbers have been proposed, e.g. red phosphorus suspen-
sions, 1 ' 2 ' 4 ' 28  solutions of organic compounds, 27  acetic acid" and hydrochloric acid. 25  
The efficiency of these was not investigated. 

The B.S. design spiral scrubber gives adequate scrubbing efficiency under the 
experimental conditions described, but not at greatly increased flow-rates. When 
aqueous cadmium sulphate was used in two spiral scrubbers joined in series, no 
detectable leakage of hydrogen sulphide to the second scrubber occurred at a flow-rate 
of 10 nil per min; slight leakage occurred at 15-20 ml per min. This supports the 
earlier warning by Heron ci al. 10  regarding scrubbing efficiency. 

6. The use of a solid scrubber 

Having established that reaction between hydrogen sulphide and alkyl iodides 
occurred only in aqueous solution, it appeared that the use of a suitable solid scrubber 
would eliminate several possible sources of error. The use of solid scrubbers was 
apparently first suggested by Fierz-David ci al.,3 ' but their use in alkoxyl determina-
tions attracted little attention until recently. 13132,33,34 

We have found soda-asbestos (MAR.) to be a very efficient solid scrubber, 
although Veea and Spvák 34  apparently rejected it after trial experiments. It 
quantitatively absorbs and firmly retains hydrogen iodide, iodine, hydrogen sulphide 

TABLE ill. EFFICIENCY OF A SODA-ASBESTOS SOLID SCRUBBER 

Flow-rate = 6-8 ml/min  

Range of 	:. Alkoxyl 	Wt. of sodium.. Sulphur 
Compound 	weights taken, I 	present, 	sulphate 	present, 

rnEquivs 	added, nig 

Range of alkoxyl 
recovery, 

Vanillin 	2736-301 	approx. 02 C) 0 996-1005 
10 07 997-1005 
30 21 997-1005 
60 42 997-1001 

Phenacetin 	298-361 	approx. 02 0 0 995-1004 

30 21 998-1006 
60 42 1000-1006 
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and carbon dioxide; even when quantities of these vapours have been absorbed there 
is no retention of alkyl iodides. Table III shows its high efficiency under testing 
conditions. In addition, when 40 mg of sodium sulphate was remixed for 3 hr, using a 
flow-rate of 40 ml per mm, no hydrogen sulphide passed the scrubber. 

Experimentally, the use of a solid scrubber simplifies the apparatus and procedure. 
The use of nitrogen as flow-gas is, of course, essential. The spiral liquid scrubber is 
replaced by a straight connecting tube, as shown in Fig. 1; a packing of soda-asbestos 
2 inches long is adequate, and is renewed for each analysis. 

The reaction conditions described in this paper and the results presented on 
scrubbers are totally applicable to alkoxyl determinations in which the standard 
gravilnetric or iodometric finish is employed. 

Details of the investigation of reaction conditions for determination of propoxyl 
and butoxyl groups, of the differentiation of ester frorn ether groups, and of the infra-
red method for analysis of compounds containing methoxyl and ethoxyl groups will be 
given shortly in further parts of this series. 
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Zusammenfassung —Eine ernpfindt iche Infrarotmethode zur quantitativen Bcstirnmung von Dampfen 
wurde verwendet urn die Reakationsvariablen der Alkoxylbcstinirnung nach Zeisel zu studieren. 
Verschiedene Widerspruche in der Literatur wurden klargestelit. Die Raktionsbedingungen zur 
raschen Erzielung gcnauer Resultate hci der Analyse von festen Korpern und verdampfbaren Flussig-
keiten, selbst in Gegenwart grosser Mcngen an Schwefel, werden beschrieben. Es wurde gefunden, 
class die Reaktion zwischen Alkyijodid und Schwefelwasserstoff nur in wassriger Losung stattflndet; 
die Anwendung von Soda-Asbest als festes Absorptionsmittel hat daher fundamentalen Vorteil 
gegenuber einer wassrigcn LOsung und gibt exellente Resultate. MIt Vanillin ausgefuhrte Testbestim-
mungen zeigen eine Standardabweichung von 016. 

Résumé—Une niéthode infra-rouge sensible pour in determination quantitative des vapeurs a été 
utilisCc pour retude des variables de la reaction dans Ic dosage des alkoxyl de Zeisel. DiffCrents 
rapports contradictoires dans la littCrature ont èté clarifies. Les conditions de reaction, donnant des 
dosages rapides et précis pour des solides et des liqiiides volatils, rnCnie en presence d'une grande 
concentration de soufre, sont décrites; pour des dosages de vanilline, l'Ccart standard est 
Les auteurs ont trouvé ciue  linteraction entre les iodures d'alkyl et l'hydrogene sulfuré se produisait 
seulement en solutions aqueuses; lutilisation d'amiante sodée comme laveur solide a cependant des 
avantages fondanientaux sur les solutions aqueuses, et donne d'excellents rCsultats. 
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AND ETHOXYL GROUPS 
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Summary—Quantitative vapour-phase infrared spectroscopy permits the simultaneous determination 
of methoxyl and ethoxyl groups as alkyl iodides or bromides: when the methoxylicthoxyl  ratio 
exceeds 4 : I, determinations are only possible as bromides. The reaction-time involved is 30 mm. 
Results, correct to within +1 for each alkoxyl group, can be obtained on the micro-scale. The 
presence of sulphur does not interfere. 

PART 111 of this series described a spectroscopic investigation of some of the reaction 
variables of the Zeisel determination, and results were reported for micro alkoxyl 
determinations on reference compounds. These showed that the spectroscopic 
method of determining the liberated alkyl iodides not only gave results comparable 
in accuracy and reproducibility with those obtainable by the more conventional 
methods, but also distinguished in the same analysis between different alkoxyl groups. 
On unknown compounds, this selective information cannot be obtained directly if the 
conventional iodometric or gravimetric finishes are used .1,3 

Gran2  reviewed the techniques available for the simultaneous determination of 
methoxyl and ethoxyl groups; the majority require time-consuming modification or 
extension to the standard Zeisel method. Techniques based on Martin and Vertalier's 4  
use of gas chromatography were later introduced 5 '6  which, although not comparable 
in accuracy with the more conventional methods, offered possibilities for future 
development. More recent publications, however, have merely reverted to modifying" ,  
the Willstätter and Utzinger 8  technique or to describing modifications 9" 0  of the 
combustion method." 

This paper describes how the quantitative infrared technique' 2  can be extended, 
without modification or loss in accuracy, to the simultaneous determination of both 
methoxyl and ethoxyl groups. Results, correct to within ± I` ,' for both groups, can be 
obtained on the microscale. The reaction-time is 30 mm, and only one weighing of the 
sample is involved. The presence of excess sulphur (which continues to cause 
difficulty' 3) in any form or quantity does not interfere. 

EXPERIMENTAL 
Gas-cells 

Descriptions of the gas-cells used, and data giving their useful concentration range and sensitivity 
have been given.' '  

* Part It—see ref. 1. 
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Spectrometer 

The spectrometer used was a Huger 11800 double-beam instrument, which has the following 
advantages: (a) accommodation of gas-cells up to 56 cm long, (h) linear recording of percentage 
absorption, with an accuracy of ±05%. This fixes the limiting accuracy of the method, and obviates 
the necessity of weighing 2-5 mg samples to the nearest microgram. (By adjustment of tares, all 
weighings were made within the range of the 0-30 mg graticule scale of an aperiodic direct-reading 
balance having an accuracy of ±10ug.) 

Spectrometer conditions 

For the calibration curve to be of maximum accuracy, the standard operating conditions (slit-
width, scan speed, electronic gain etc.) must be carefully selected initially and subsequently rigorously 
controlled during determinations. The gas-cell carrier must be rigidly fixed, or fitted with some simple 

Ooss wool 71 

Ahydrone ED 

610 	

BlO 

13  

Calibration trap 

(0) 

0 

061 

Guard 
tube 

Scale, 	cm 	Assembled apparatus 

FIG. l.—(a) Calibration trap. (b) Assembled apparatus. 

locating device ensuring replacement each time in identical position with respect to the infrared 
beams. 

Reproducibility of percentage absorption for a given concentration depends on the recorder zero-
stability; any peak height must always be measured with respect to some arbitrarily fixed base-line or 
zero associated with the wave-length involved. All other conditions being constant, the 
base-line may be affected by small energy losses caused by fogged or scratched cell-windows, which 
must therefore be kept in good condition. Small local variations in base-line caused by such factors 
may, however, be satisfactorily compensated by adjustment of some auxiliary compensating device 
interposed in the reference beam. 

co,,struction of calibration curves 

Weigh the required amount of alkyl iodide in a micro weighing-bottle (12 x 4mm) fitted with a 
leak-proof ground-glass stopper. Via A, place the bottle in the trap shown in Fig. 1(a), then immerse 
the limb of the trap in liquid nitrogen. Insert the requisite evacuated gas-cells at A, connect B to a 
suitable vacuum-line,' 2  and evacuate the system with the trap still in coolant. 

Vaporise the trapped alkyl iodide into the gas-cell, making the total pressure equal to atmospheric, 
by the technique already described. 12  Quantitative transfer, within the experimental limits of :)-1%, 
is easily achieved. Record the particular absorption peak selected for calibration (see below) six times, 
then calculate the mean peak height: this minimises any error in the peak heights drawn by the pen 
recorder, the reproducibility of which is *025%. 

Fundamentally, peak areas are proportional to concentration, but at the partial pressures used 
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peak heights are sensitive to concentration changes and are, under standard conditions, much easier 
to measure. "Pressure-broadening" effects do not cause complications.' 2  Consequently, calibration 
curves can be constructed with reference to peak heights. Fig. 2 shows typical curves obtained. 

Efficiency of trapping 

Various weights of alkyl iodides were added to the reaction-flask and volatilised using flow-rates 
between 4 and 20 ml per mm. At each flow-rate, recoveries ranged from 99-0-101 .0%with an equal 
distribution of high and low results. In several experiments, two absorption traps were connected in 
series: in no case was alkyl iodide detectable in the second trap. These experiments led to *1 % 

EthyIde 
1215c,'i') 

Methyl *dide 

6 	 2-0 	24 	 28 	 3-2 	 36 

mg Alkyl iodide 

Fin. 2.—Calibration curves for methyl iodide and ethyl iodide. 

being claimed as the accuracy of the method. In practice, results better than these limits can be 
expected (see Table I). 

A ikoxyl deter,ninations 

Details of the apparatus, reagents, flow-gas, heating, reaction-time, and weighing of samples 
have been described.' For volatile samples, the described technique obviating use of double distilla-
tion' is used; it may also be applied to non-volatile and solid samples. The following technique, 
however, has been successfully used for solids: weigh the sample in a long-handled weighing spoon.' 
Add 20-40 mg phenol to the spoon, and warm gently over a hot-plate to form a homogeneous melt 
at as low a temperature as possible. Place the spoon in a reaction-flask to which 6 ml of hydriodic 
acid had been added, pre-conditioned as described,' and cooled. 

Procedure 

Attach the delivery tube (Fig. 1(b)), packed with fresh Anhydrone, to a clean trap fitted with an 
Anhydrone guard-tube: immerse the trap in liquid nitrogen. (This order of assembly minimises 
collection of atmospheric water-vapour in the trap.) Attach the B14 cone of the delivery tube to the 
reaction condenser, so assembling the apparatus as shown in Fig. 1(b). Adjust the nitrogen flow-rate 
to 6-8 ml per mm, and begin heating the reaction-flask. 

After 30 min reflux, remove and stopper the trap, keeping it immersed in coolant. When con-
venient, volatilise the trapped reaction products into the appropriate gas-cell. Draw the spectrum of 
the products—this reveals immediately which iodides are present. Then re-draw 6 times (ensuring 
that the correct base-line is given) the characteristic peak on which calibration of each iodide is based. 
Refer the average peak height for each iodide to the appropriate calibration curve, and hence deter-
mine the weight of alkyl iodides liberated. 

60 

75 50 
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RESULTS 

Interferences 

Since iodine, hydrogen sulphide and hydrogen iodide vapours do not interfere 
with the spectroscopic determination, conventional Zeisel scrubbers are not necessary. 
Phosphine, however, does interfere; preconditioning of the hydriodic acid as described' 
is required, and subsequent addition of hypophosphites to decolourise dark reaction 
mixtures should be avoided. The use of colourless hydriodic acid is not necessary for 
quantitative results. Since water vapour must be excluded in spectroscopic deter-
minations, the reaction products are trapped after passage through Anhydrone 1 . 

Choice of calibration peaks 

Fig. 3 diagramatically represents the spectra given in the 800-1500 cm -1  region, 
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0 	 I 	I 
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Fin. 3.—Rcpresentation of spectra given by methyl iodide, ethyl iodide, methyl bromide and 
ethyl bromide. 

at a scan speed of 127 cm -' per mm, by methyl iodide, ethyl iodide, and by a mixture 
of the two. If a vapour contains only one component, calibration can be based on any 
convenient absorption peak in the spectrum, although maximum sensitivity and 
accuracy will clearly be obtained if calibration is based on the most intense absorption. 
In mixtures, however, over-lapping or coincidence of peaks can occur. Calibration for 
a particular component must then be based on the most intense absorption which is 
not masked or reinforced by peaks given by the other components present. 

In the composite spectrum (Fig. 3) given by a mixture of methyl + ethyl iodides, 
very slight overlapping of peaks occurs at the normal scanning speed, so that the 
1244 cm' peak of methyl iodide fractionally increases the height of the 1215 cm -' 
ethyl iodide peak. The 1265 cm methyl iodide peak is not masked, and so calibrations 
based on it give correct methoxyl values as shown by the typical results given in Table 1. 
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Calibrations based on the 1215 cm -1  ethyl iodide peak, however, lead in this circum-
stance to high ethoxyl values: the more minor peaks given by ethyl iodide at 1450 cm-1  
and 950 cm are also subject to overlapping with minor methyl iodide peaks and so 
cannot be used. 

Fortunately, this positive ethoxyl error was found to be a linear function of the 

TABLE 1. SIMULTANEOUS METHOXYL/ETHOXYL DETERMINATIONS 

I 

Compound 	I 
or 

mixture 

	

1 Wt. alkyl iodide 	Corr. wt. 
Weight 	found Ell taken, 	 -- 	- found, 

n - 	 Mel, 	Et!. 
MX 

	

ng 	n' 

Methoxyl 

I 	
I found, 	theory, 
I  

Ethoxyl 

I 

found, 	theory, 
% 

Vanillini 741 	694 204 	204 
Phenacetin 329 	 300 	286 252 251 

Vani1Iin 1024 	952 203 	204 
Phenacetini 302 	 282 	263 253 251 

Vanillinl 203 	190 	1 1 	205 	204 I 
Phenacetin 428 	1 	375 	371 251 251 

Anisic acid 943 	872 	i 202 	204 
Cmpd Xt I 720 	 315 	298 120 120 

Cmpd Y  1 260 	626 527 	523 
240 	228 258 253 

Cmpd Z 	I 142 	098 151 	150 I 

I 1 	322 	320 651 655 

* Corrected weight Eti = (wt. Eti found) - (0019)(wt. ML found). 
t Origin of samples: 

Cmpd X: 4-chloro-2-ethoxy-p.tosyl-1-naphthylamine (Prof. F. Bell) 
Cmpd Y: 
Cmpd Z: 

1:1 :3.trimethoxy-3.ethoxypropane 
1:1 :3-triethoxy-3-methoxypropanej L. Light and Co. Ltd. (redistilled). 

weight of methyl iodide present, and a correction factor (0019), applicable to a 
particular set of standard spectrometer conditions, was calculable. When 

(0019) 	(weight of methyl iodide found) 

was subtracted from the actual weight of ethyl iodide found, the results shown in 
Table I were obtained for methoxyl-ethoxyl compounds or for synthetic mixtures 
ranging in composition frorn methoxyl/ethoxyl = 3:1 to 1:3. 

At low ethoxyl contents, the 1215 cm-1  ethyl iodide absorption occurs as a 
shoulder on the 1244 cm-1  methyl iodide peak and determinations become inaccurate: 
at methoxyl/ethoxyl ratios > 4:1, there is no measurable ethyl iodide peak height 
and the method fails. Although such combinations must be rare in actual chemical 
compounds, they could readily be met in determinations on mixtures of methoxyl and 
ethoxyl compounds. Such mixtures can be analysed by using hydrobromic acid in 
place of hydriodic acid during reflux. 
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A lkoxil determinations using hydrobromic acid 

Constant-boiling hydrobromic acid (sp. gr . 147) is effective in cleaving alkoxyl 
groups: it produces alkyl bromides quantitatively from esters and ethers almost as 
quickly (15-20 min for methyl and ethyl) as hydriodic acid forms the corresponding 
iodides. Alkyl bromides are as conveniently estimated as alkyl iodides by the infra-
red technique if the required calibration curves are constructed (the manometric 
technique 12  must be used for methyl bromide, b.p.....). Moreover, Fig. 3 shows 
that the 1320 cm -' absorption of methyl bromide is so widely separated from the 
1250 cm-1  peak of ethyl bromide that calibrations based on each of these are valid for 
the analysis of all possible methoxyl/ethoxyl percentage compositions. The only 
slight disadvantage in the use of the bromides is a small decrease in sensitivity. 
Gas-cell "13" 4  permits determination of approximately 2-6 mg of alkyl bromide as 
opposed to 1-4 mg of alkyl iodide; this requires that sample weights of alkoxyl 
compounds must be approximately doubled when determination as the bromide is 
used. Results equal in accuracy to those shown in Table I are, however, obtainable 
without the necessity of using a correction factor. 

CONCLUSIONS 

The method described permits satisfactory simultaneous determinations of 
methoxyl and ethoxyl groups on the micro scale. Although Table I shows only a few 
typical results, many determinations have been made during the past 18 months on a 
wide range of polyfunctional compounds, each of which contained, in addition to 
alkoxyl, one or more of the following groups: —F, —Cl, —Br, —I, —NO. —NO2, 
—NH 21  =NH, —N=N—, ==S, —S0 3 H, -iPO.1 , —PS, =Se. Satisfactory results 
were obtained on pure samples; in our experience, some organic compounds are 
surprisingly difficult to purify sufficiently for satisfactory results to be obtained in the 
alkoxyl determination, which is a rigorous functional group analysis. 

The accuracy obtainable, small samples required, short reaction time, elimination 
of conventional scrubbers, and absence of interference from sulphur combine to make 
this spectroscopic method undoubtedly superior to any method previously described 
for simultaneous determination of alkoxyl groups. At the present time, when ever-
increasing numbers of chemists have access to an infrared spectrometer, this method 
should be of general interest. 

Acknowledgements—We thank Professor E. L. Hirst, C.B.E., F.R.S., for his interest in this work, and 
the Carnegie Trust for the award of a Scholarship (to J. L. D.). 

Zusammenfassung—Quantitative liifrarotspectroskopic in der Gasphase erlaubt die gleichzeitige 
Bestimmung von Methoxyl- und Athoxyigruppen als Alkalijodide oder Bromide. Wenn das Ver-
hältnis Methoxyl:Athoxyl den Betrag von 4:1 überschreitet kaun die Bestimmung nur Ubcr die 
Bromide durchgefuhrt werden. Die bcnotigte Reaktionszeit ist 30 Miiiuten. Die Resultate, innhalb 
von l genau, können für Proben im Mikrobereich erhalten werdcn. Gegenwart von Schwefel 
start nicht. 

Résumé—La spectroscopic infra-rouge quantitative en phase vapeur permet Ic dosage sirnultané des 
groupements méthoxy et éthoxy a lCtat d'iodures ou de bromures d'alkyl: quand le rapport mCthoxy/ 
éthoxy depasse 4/i, les dosages ne sont possibles que pour les bromiires. Le temps de reaction 
nécessaire est de 30 minutes. Les résultats, corrects dans l'intervaile de H I pour cent pour chaque 
groupement alkoxyl, peuvent être obtenus t l'Cchelle microscopique. La presence de soufre ne 
gene pas. 



Simultaneous determination of methoxyl and ethoxyl groups 

REFERENCES 
1  D. M. W. Anderson and J. L. Duncan, Talanta, 1960, 7, 70. 

G. Gran, Srensk Papperstidn., 1954, 57, 702 
M. Fukuda and T. Sal, J. Pliarm. Soc. Japan, 1958, 78, 83. 
F. Martin and S. Vertalier, Intl. Microchem. Symp., Lisbon, 1956,; C/un,. anal)-t,, 1958, 40, 80. 
J. Haslam, J. B. Hamilton and A. R. Jeffs, Analyst, 1958, 83, 66. 

6  K. Kratzl and K. Gruber, Monaisli., 1958, 89, 618. 
R. F. Makens, R. L. Lothringer and R. A. Donia, Analyt. Che,n., 1959, 31, 1265. 

8  R. Willstätter and M. Utzinger, Ann., 1911, 382, 129. 
° M. Fukuda, J. Pharin. Soc. Japan, 1960, 80, 25. 

"K. Hozumi, ibid.. 1959, 79, 237. 
1 A. Friedrich, Mikrochen,., 1929, 7, 185. 

12  D. M. W. Anderson, Anal vst, 1959, 84, 50. 
13  H. Sobue, A. Hatano and T. Arai, J. Soc. Text. Cellulose hid., Japan, 1959, 15, 21. 
14  D. M. W. Anderson and J. L. Duncan, (7iem. and Ind., 1958, 1662. 



I alatitu. l)I 	'I. 	:41 1 	4. Ic.tnn !'s I id. Prw(cd in No,i her n IreIan1 	 4 
APPLICATIONS OF INFRARED SPECTROSCOPY_1V* 

THE CAUSES OF ANOMALOUS ALKOXYL DETERMINATIONS 
GIVEN BY SUGARS AND POLYHYDRIC ALCOHOLS 

D. M. W. ANDERSON and J. L. DUNCAN 
Department of Chemistry, The University, Edinburgh 9, Scotland 

(Received 4 October 1960: Accepted 5 December 1960) 

Summary—The volatile reaction products from Zeisel determinations on sugars and related com-
pounds have been identified. One of the products from certain common sugars is 2,5 dimethylfuran, 
which interferes with the Viebock iodometric determination of alkyl iodide, and has been shown to be 
a contributing cause of apparent alkoxyl values. Suggestions that hexyl iodide is evolved from sugars 
and that vinyl iodide is a product from polyhydric alcohols have been disproved. 

ZEISEL determinations on uniethylated sugars and polysaccharides have been 
reported" 2  to give small apparent alkoxyl values. This implied that all carbohydrate 
materials would give slightly high analytical results, and made particularly difficult the 
interpretation of analyses of polysaccharide functions having a small but real methoxyl 
content. 

In contrast, Goldstein and Smith' found that certain periodate oxidation products 
gave very high results. They proposed that the liberation of "extra" alkyl iodide 
from polyhydric alcohols such as glycerol was responsible. Von Rudloff 4  had earlier 
reported that polyhydric alcohols gave anomalous alkoxyl values. Strangely, he also 
obtained very unsatisfactory results for x-methyl-D-glucoside, a recommended 
reference standard 5  which gives excellent results. 6-9  Although it had been clearly 
established that the volatile products from ethylene glycol were ethylene ethyl 
iodide, von Rudloff claimed that vinyl iodide -H- ethyl iodide were formed. 

It is significant that the apparent methoxyl values quoted for standard compounds 
e.g. glucose and sucrose, ranged from zero to 04 (cf. refs. 1 and 2). Modification of 
Willstätter and Utzinger's trimethylarnine technique" was found' -' to give results 
more satisfactory (although still high) than were obtained by the more convenient 
Vieböck iodonietric titration. Recently, in a paper' 3  which apparently repeats the 
published description"' of a combustion method for alkoxyl determinations, Fukuda 
states that the method is not applicable to carbohydrates or related substances; the 
combustion method fails, in fact, for compounds liberating any non-acidic organic 
vapour in addition to alkyl iodides. 

The identity of the volatile products from carbohydrate materials, and the sources 
of error contributing to the anomalous results, have hitherto not been clearly 
established. For simple sugars, Gran' showed that the apparent methoxyl content 
was not caused by traces of contaminating alcohols etc. He suggested that the 
formation of volatile hexyl iodides was responsible, although he could not identify or 
isolate such products. 

Part 111—D. M. W. Anderson and J. L. Duncan, Talanta, 1961, 8, 1. 
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The proposals of von RudlolT and Grail were clearly based on inadequate experi-
mental evidence: further investigation was desirable. Following our studies' , " 
of certain aspects of the Zeisel determination, it appeared that vapour-phase infrared 
spectroscopy could be applied to identify the volatile products from sugars and 
related compounds. 

EXPERIMENTAL 
Apparatus 

The reagents, reaction conditions, and apparatus used for alkoxyl determinations were as 
described.' The technique for trapping volatile products, and details of the infrared method for their 
subsequent identification, have been given.' 6 t 7  

Reagents 

Glucose, sucrose, mannitol—all M.A.R. 
5-Hydroxymethylfurfural was prepared by I-laworth's method.' 
5-Methylfurfural, furan, 2-mcthylluran, 2,5-dimethylfuran and compounds not described in 

footnotes to Table I were commercial samples which conformed, after purification where necessary, 
to literature description. 

Procedure 

Samples (30-60 mg) of the compounds listed in Tables I and 11 were refluxed for 1 hr with 
hydriodic acid (6 ml, constant-boiling, pre-conditioned') using nitrogen as flow-gas (6-8 ml per mm.). 
The mixture of volatile products was collected, after passage through Anhydrone, in a trap immersed 
in liquid nitrogen. The components of each mixture were subsequently identified and quantitatively 
determined by vapour-phase spectroscopy" , ": since 2-iodohexane (b.p. 165) was insufficiently 
volatile, it was identified as a pure liquid. All components were identified without difficulty; none of 
the mixtures was sufficiently complex for prior separation of the components by vapour-phase 
chromatography to be necessary. 

RESULTS 

Table I shows the products liberated in 1 hr from 30-mg to 60-mg samples of 
sugars and polysaccharide materials. The products from polyhydric alcohols are 
shown in Table 11. 

Effect of uarvinç reaction-time and sample weights 

The results obtained from experiments with glucose are shown in Table Ill. 

Volatilisation of iodine 

With 60 mg of glucose, only small amounts of iodine were released, insufficient to 
form a sublimate on the condenser walls: iodine did not pass the condenser. With 
250-mg and 500-mg samples, however, extensive volatilisation occurred. 9  Although 
most of this condensed, some iodine reached the cold trap in which the volatile 
products were collected. The efficiency of removal of such quantities of iodine by 
10% aq. sodium antimony tartrate in the B.S. design of scrubber 9  was therefore 
tested. When 100 mg of iodine were refluxed with pre-conditioned hydriodic acid, the 
amount of iodine passing the scrubber increased the reagent blank from 003 ml of 
001N sodium thiosulphate to 006 ml (ef. ref. 8). When 500 mg of glucose was 
refluxed, the apparent methoxyl content found iodometrically was exactly equivalent 
to the amount of methyl iodide found by the infrared method in a duplicate run. 
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TABLE I 

Yield of volatile productst 

Compound* 

n-Hexane n-Pentane n-Butane 2,5 Dimethyl- Acetone 
furan 

Glucoheptose 	 tr - 	- - - 	- 
2-Deoxyglucose 	 - tr 	- - - 
5-Hydroxymethylfurfural 	- tr 	I -  - - 	- 
Glucose, hexoses 	 - tr 	- - 2% 	- 
Fructose, sorbose 	 - 1% 	- - 2% 	- 
Rhamnose, fucose -  1% 	- 2% 
Glucosamine UCI 	 - tr 	- - tr 	tr 
Sucrose 	 - tr 	- - 2% 	1% 
Glucurone 	 - - 	tr - - 	- 
Xylose, pentoses 	 - - 	tr - - 	- 
Furfural 	 I 	- - 	tr - - 	- 
5_Ketogluconolactoneb - 	tr - - 	tr 
Galactono-y-lactone 	- - 	tr - - 	t  
Erythrose 	 - - 	- tr - 	1 / 
Glyceraldehyde 	 - - - - 	1 % 
Oat starch" 	 - tr 	- - I % 	- 
Waxy maize starch 	- tr 	- - 3% 	tr 
Glycogene 	 - tr 	- - 35% 	tr 
lnulinr 	 - tr 	- - 45% 	tr 
Agart 	 - tr 	- - 2% 	tr 
Cellulose 	 - - 	- - 2% 	tr 
Araboxylan 5 	 - - 	tr - - 	- 

* 30-60 mg in 6 ml of H! under reflux for 1 hr. 
'P expressed as % of wt. of sample taken; tr denotes 	002%. 

In addition to the products shown, all compounds in this table gave a trace of CO 2 , except for a, band c 
which gave approx. 075 mole of CO 2  per mole of compound. 

Anderson and Greenwood, J. Sci. Food Agric., 1955, 6, 587. 
ex Mussel; L. Light and Co. Ltd. 
B.D.H. Ltd. 

g. ex Niit'lIa franslucens: Anderson and King, in preparation. 
ex Rye flour; Aspinal! and Sturgeon, J. Chem. Soc., 1957, 4469. 

1ABLE Il 

Compound* Volatile productst 

Sorbitol, mannitol CO 2  (tr) - H n-hexane (tr) + 2-iodohexane 
Ribitol CO 2  (tr) -F n-pentane (tr) + 2-iodopentane 
Erythritol CO 2  (tr) H- 2-iodobutane 
Glycerol isopropyl iodide 
Ethylene glycol ethylene -F ethyl iodide 
Allyl alcohol isopropyl iodide 
Vinyl ethyl ether ethyl iodide 

* Reaction details as in Table I. footnote 'P. 
'P For yields of alkyl iodides. see Discussion: tr denotes fr  0'02 
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DISCUSSION 

When a carbohydrate material is suspected to have a low methoxyl content, large 
sample weights must be employed if the methyl iodide released is to be determined 
accurately. There is also a tendency for reflux periods longer than normal to be used 
(cf. ref. 2). Table lii shows that up to a certain ratio (100 nig of sample per 6 ml of 
hydriodic acid) the volatile products from sugars are independent of the sample 
weight taken: for larger samples, different decomposition mechanisms are clearly 

TABLE III 

Wt. of glucose, 	Reflux Volatile productsl period, 1r  

20-100 I 	 CO 2  (tr n-hexane (Er) 	i 	2.5-dimethylfuran (2%) 
20-100 4 	CO (tr) n-hexane (tr) - 	2,5-diniethylfuran (4%) 

250 1 	CO2  (Er) 
500 I 	 CO 2  (Er) -F- methyl iodide (012%) 
500 3 	1 	CO2  (tr) + methyl iodide (04%) 

* treated with 6 ml of I-Il under reflux. 	t yields expressed as in Table 1. 

involved. Hexyl or other iodides are only liberated, however, when hexahydric 
alcohols are present. This, therefore, refutes the suggestion made by Gran .2  Table Ill 
shows that methyl iodide is only formed when exceptionally large weights of sugars 
are reacted the very small amount liberated (equivalent to 003 and 0- 1 of 
methoxyl after I and 3 hours respectively) does not explain in full the anomalous 
results previously reported. 

Alternative possible sources of error were therefore investigated. Those included 
(a) volatilisation of iodine, (h) formation of 2,5-di methylfuran and of hydrocarbons and 
acetone, (c) retention by polysaccharides of organic solvents used in their preparation. 

Volatilisation of iodine 

Previous workers 7 ' 8  have commented on the volatilisation of small but significant 
quantities of iodine. In particular. Belcher 8  showed that volatilisation could occur, 
although correct results were obtainable if the appropriate increased "blank" value 
was taken into account. This, however, indicates that iodine vapour, when liberated 
in quantity, is not total/v retained by aqueous scrubbers. Our results are in agreement. 
but the amounts of iodine passing the scrubber are very small, even under testing 
conditions. 

Volatilisation of iodine is therefore not the only possible source of error, although 
it may well have made a major contribution to some of the high results reported by 
previous workers, particularly when very large sample weights, fast flow rates and long 
reflux periods were used. Any tendency for errors to arise through volatilisation of 
iodine can be rnininiised by use of the solid scrubber, soda-asbestos. 19  

Result offormation of 2,5-dirnethyl/iiraii 

The observation that 2,5-dimethylfuran is one of the volatile reaction products 
from certain sugars permits a new explanation of anomalous high results to be given. 
Soda-asbestos and the scrubbing solutions normally used in the Zeisel determination 
do not absorb 2,5-dimethylfuran. 
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When 100 mg of this compound were added to 10 ml of the conventional oxidising 
solution (glacial acetic acid/bromine/potassium acetate) used in the iodometric 
determination of alkyl iodides '12  a reaction, clearly involving bromine, took place. A 
precipitate, found to he potassium bromide, was produced. When the determination 
was completed in the usual way, the thiosulphate titre indicated, when carried out 
immediately, an apparent addition of 09 mg of methyl iodide. If 10 min were allowed 
to elapse before titrating, 6  the titre was equivalent to 18 mg of methyl iodide, indicat-
ing 04% ofmethoxyl. Slow liberation of iodine continued for 5 hours, when the apparent 
methoxyl content was l2%. Furan and 2-methylfuran reacted similarly, but liberated 
smaller quantities of iodine than 2,5-diniethylfuran. The effect of 2,5-dimethylfuran 

Glucose, 
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HI 
4-41 

1-4- 	-OF-I 	HcO 
11 	 1 
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was not associated with addition of excess formic acid 20  or excess sodium acetate and 
sulphuric acid, 21  and clearly contributes to the anomalous Zeisel reactions of sugars. 

When furan is added to a cold solution of bromine in acetic acid containing potas-
sium acetate, potassium bromide is precipitated and 2,5-diacetoxy-2, 5-dihydrofuran. 
which is hydrolysed to malealdehyde, is produced in good yield .22  Our experiments 
show that both 2-methyl- and 2,5-dimethylfuran react analogously to furan, although 
2,5-diacetoxy-2-methyl-5-hydrofuran was too unstable' 24  to be isolated from the 
2-methylfuran reaction mixture. The following facts suggest that the hydrolysis 
products are involved in the liberation of titratable iodine: (a) iodine is released 
continuously for 4-5 hour, (b) the relative instabilities of thediacetoxy addition products 
increase in the order, furan, 2-methy1furan, 2,5-dimethylluran, which is the order of 
increasing yields of iodine by these substances. 

Pathway A in Fig. I shows a possible reaction mechanism for the unexpected 
formation of 2,5-dimethylfuran. When 5-methylfurfural was refluxed with hydriodic 
acid, extensive resinification and polymer formation occurred; negligible amounts of 
2,5-dimethylluran were produced. Pathway B is therefore not operative. From 
Tables I and 11, it is also apparent that reaction of glucose with hydriodic acid does 
not involve the intermediate formation of sorbitol. 
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Quantitative infrared experiments showed that 100 rng of glucose retluxed with 
hydriodic acid (6 nil) for 1 hour liberated 2 mg of 2.5-dimethylfuran. This, it can be 
calculated from the results already given, would liberate iodine equivalent to an 
apparent methoxyl content of 0'01 The yields of 2.5-diniethylfuran that are found 
explain positive errors of the magnitude reported by Adams and Castagne,t whose 
results have been duplicated in experiments using the Vieböck titration. 

Result of liberation of hi'drocarhons and acetone 

The n-hydrocarbons liberated (see Table I) are, like 2.5-dimethylfuran, not retained 
by the scrubbers normally employed. Pentane, hexane and heptane did not interfere 
with the Vieböck determination, although a sluggish starch/iodine end-point, caused 
presumably by slight solvent-extraction of the iodine, was observed. 

Table I shows that certain substances liberate small amounts of acetone. Morgan" 
considered that acetone might interfere in Vieböck determinations. The blank values 
found in experiments using 100 mg of acetone were, however, negligible. 

Products from polvhvdric alcohols 

Table II shows the volatile products given by polyhydric alcohols. Propylene was 
not produced from glycerol (ef. ref. 10). We confirm, however, that the relative 
amounts of ethylene and ethyl iodide produced from ethylene glycol are affected by 
several factors; 10  we found that the concentration of phenol used as solubiliser was 
also critical, and this effect is under investigation. For the present purpose, one mole 
of ethylene glycol gives 0'4-06 mole of ethyl iodide. 

In 1 hour, 1 mole of glycerol liberates 0'9-1'0 mole of iso-propyl iodide. The 
relative involatility ascribed 7 ' 10  to iso-propyl iodide is difficult to understand; even 
2-iodohuiane is sufficiently volatile for approximately 0'8 mole to be given by 1 mole 
of erythritol in 1 hour. 2-Iodopenrane and 2-iodohexane are less volatile, but the 
amounts volatilised in 1 hour indicated apparent methoxyl contents of 40',, for 
ribitol and 15 for mannitol. ((f. ref. 4). 

Formation of vinyl iodide 

Von Rudloff's proposal that vinyl iodide was formed from ethylene glycol in the 
Zeisel reaction was not substantiated. Allyl alcohol gives I mole of iso-propyl 
iodide, whilst vinyl ethyl ether gives 1 mole of ethyl iodide as the only volatile product 
(see Table II). Vinyl propionate gives no volatile products. The reaction 

R0'CH:CH 2  " 	R'OH CH 3CHO 

(which represents the essential reaction involved in the standard method 25 for analysis 
of vinyl ethers) explains our findings. Vinyl groups are converted to acetaldehyde, 
which immediately polymerises so that no volatile products result. Vinyl iodide is 
therefore not a possible volatile reaction product in Zeisel determinations. 

Von Rudloff's proposal 4  was based on the detection of formaldehyde after passage 
of the volatile products from the reaction of ethylene glycol with HI (i.e., ethylene and 
ethyl iodide) through a permanganate-periodate reagent. Tests show that this 
oxidising reagent produces some formaldehyde from ethylene; there is therefore no 
need to postulate formation of vinyl iodide in order to explain the production of 
formaldehyde. 
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CONCLUSIONS 

It is evident that several factors can contribute to cause anomalous results. Samples 
should not be larger than required to give the minimal amount of methyl iodide 
determinable. The reflux period should not be longer than normal; true methoxyl 
compounds react within 8-12 minutes, 7 ' 9 1 13 ' 28  and it is suggested that refiux of carbo-
hydrate materials for longer than 1 hour leads only to increased error. High results 
from volatilisation of iodine can be eliminated by using the soda-asbestos scrubber. 9"9  

Small positive errors of the magnitude reported by Adams and Castagne' are given in 
the Vieböck procedure; these are caused by the production of 2,5-dimethylfuran. 

The larger errors reported by certain authors (cf. refs. 1,2) cannot be explained by 
the 2,5-dimethylfuran contribution alone; two suggestions can be offered. Firstly, 
that abnormally large samples were allowed to react for excessive periods, so creating 
errors through liberation of 2,5-dimethylfuran and volatilisation of iodine; and 
possibly also, in extreme cases, through formation of methyl iodide. Secondly, that 
the polysaccharide samples concerned retained small amounts of organic solvents, 
particularly alcohols, ethers or esters used in their preparation or isolation. Jansen 27  
warned that pectic materials were particularly liable to give this effect; the warning 
has been repeated more recently 28  with regard to wood products. Experiments 20  have 
shown that organic solvents used to dc-fat or dehydrate polysaccharide materials are 
retained, up to temperatures at which the materials begin to decompose, despite oven 
and high-vacuum drying at temperatures much higher than the boiling-point of the 
solvents involved (cf. ref. 27). Although pectic materials and plant gums gave the 
greatest retention, starches retained smaller but easily measurable quantities (cf. 
ref. 30). 

Polysaccharide materials isolated with the aid of organic solvents should therefore 
be re-dissolved, dialysed and freeze-dried wherever possible, otherwise misleading 
results will be given in alkoxyl and other analyses: care should still be taken with 
freeze-dried samples, which can retain solvents .31  When freeze-drying is not possible, 
the use of methanol and methoxy compounds should be avoided; analysis by one of 
the valid niethods15 ' 32  for methoxyl in presence of ethoxyl can then be used. For 
materials suspected to contain both methoxyl and ethoxyl groups, the use of iso-
propanol or acetone during preparation will allow the infrared method" to give the 
true content of both alkoxyl groups: methoxyl determinations may also be made in 
the presence of polyhydric alcohols, since none of these (see Table 11) liberate methyl 
iodide. Indeed, examination of the spectrum of the mixture of volatile reaction 
products would also reveal which polyhydric alcohols, or mixtures thereof, were 
present, if this were not otherwise known. Valuable evidence in structural studies, in 
the detection of anomalous linkages, and in the examination of products obtained by 
periodate oxidation  or hydrogenolysis' may thus be given by the infrared method, 
which also offers a rapid method for "difficult" analyses such as the determination of 
glycerol in presence of residual sugar substrates and 2,3-butanediol. 34  

Acknowledt'ernents—We thank Professor E. L. Hirst, C.B.E., F.R.S., for his interest in this work, and 
the Carnegie Trust for the award of a Scholarship (to J. L. D.) 

Zusammenfassung—Die fluchtigen Reaktionsprodukte, die wahrend der Zeiselbestimmung von 
Zuckern und ähnlichen Substanzen entstehen, wurden identifiziert. Ein Produkt aus gewohnlichen 
Zuckern ist 2,5-Dimethylfuran, weiches die Bestimmung von Alkyijodid nach Vieböck stört. Es 
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wurdc gezeigt, dass these Substanz dazu beitragt, dass scheinbare Atkoxyiwerte erhalten werde,i. Die 
Annahmen, dass Hexyijodid gebildet wird und dass Vinyljodid als Produkte aus Polyalkoholen 
enstehen, wurde als unzutreffend bewiesen. 

Résumé.—Les produits de reaction volatiles obtenus dans les dosages de sucres et de composes 
apparentes par Ia méthode de Zeisel ont Cte identiulés. Un de ces produits obtenu a partir de certains 
sucres courants est Ic 2,5-dimethylfuranne, qui gene dans Ic dosage de I'iodure d'aikyle par Ia inéthode 
de Viebock; les auteurs ont montrC que cc produit était Ia cause des valeurs apparentes d'alkoxyle. 
Les suggestions suivantes ont etC rCfutCcs: de l'iodurc d'hexyle se degage a partir des sucres, l'iodure 
de vinyle est un produit obtenu a partir des alcools polyhydriques. 
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APPLICATIONS OF INFRARED SPECTROSCOPY_V* 

THE RETENTION OF WATER AND ORGANIC SOLVENTS BY 

CARBOHYDRATE MATERIALS 

D. M. W. ANDERSON® and N. J. KING 

Department of Chemistry, The University, Edinburgh 9, Scotland 

(Received 6 February 1961. Accepted 2 March 1961) 

Summary—Studies have been made of the extent to which some carbohydrate materials retain water 
and organic solvents. The water evolved was determined gravimetrically, the solvents by an infrared 
method. 'Drying to constant weight" in an oven at 103°, or in vacua at 80°, does not give true 
"moisture" contents. Both water and organic solvents are retained up to temperatures at which the 
carbohydrate materials begin to decompose: the polarity and boiling point of the solvent do not 
determine the extent to which it is retained. Freeze-dried samples can retain organic solvents, and have 
significant moisture contents. The possibility of inaccurate results and misleading artefacts arising 
from such retentions or from interaction with solvents is stressed. 

ORGANIC solvents are generally employed at some stage in the extraction or purifica-

tion of carbohydrate materials. Thus, water-soluble polysaccharides are isolated, and 

plant gums purified, by precipitation from aqueous solution; Soxhlet extraction or 

retluxing with solvents removes plant pigments and soluble sugars, and inactivates 

enzymes; starches are "defatted" with 80% methanol or methanol-benzene, and are 

subsequently fractionated by the use of butan-l-ol or other polar organic solvents. 

The purified material is often "dried" by successive immersion in acetone, ethanol and 

ether, with final oven drying at temperatures slightly above the boiling points of the 

solvents used. Since such treatment may irreversibly decrease the solubility of some 

materials, e.g. starches, these are often stored under methanol or toluene until required. 

The retention of moisture and organic solvents by pectins,' cellulose,' starches, 34  

gum arabic 5  and biological polymers6  has been reported: a mathematical treatment of 

moisture desorption isotherms has been given. 7  For cereals, "free water" (i.e. water 

lost at a stated drying temperature) has been distinguished' from "bound water", which 

is difficult to remove and is considered to be associated with the protein content. The 

effect of bound water has been considered in ultrasonic studies of hydration effects in 

sugars. 9  

In this paper we report quantitative observations on some polysaccharide materials 

in the belief that the extent to which retention of moisture and solvents can occur is not 

widely appreciated. The experiments were based on the use of a micro-scale, vapour-

phase, quantitative infrared technique, developed recently 10  for the examination of 

fractions separated by GLC and used" for a study of the Zeisel alkoxyl reaction. 

EXPERIMENTAL 
Drying ,ne1/zo/s 

Method!: Oven drying; temperatures and periods as stated. 
Method H: Drying over phosphorus pentoxide in a conventional pistol-dryer, heated by refluxing 

organic solvent and evacuated by a water-pump. 

Part IV: D. M. W. Anderson and J. L. Duncan, Talanta, 1961, 8, 241. 
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Method III: Vacuum drying (usually at 80) in a small electrically heated, thermostatted, glass 

drying chamber attached to a suitable high vacuum line (. 002 mm mercury pressure). 
Method IV: Heating in a stream of dry nitrogen. The sample was weighed in a small 3-necked 

flask, which was then placed in a temperature-controlled oil-bath. The central neck of the flask 

carried a mercury thermometer pocket which was in contact with the sample. One of the two outer 

necks served as an inlet for CO,-free nitrogen, dried by passage through Anhydrone; the third neck 

served as the outlet, to which was connected a tared Anhydrone absorption tube. This served in turn 

as the inlet to a cold trap immersed in liquid nitrogen. The outlet of the trap was fitted with an 
Anhydrone guard-tube (cf ref. II). The nitrogen flow-rate was 15 ml per mm. 
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FIG. I.—Infrared calibration curves for determination of solvents 
Ethanol (1070 cm 1) 

Ether 	(1140cm 1 ) 

Acetone (1740 cm 1 ) 

A Methanol (1040 cm -1 ) 

Determination / tvater released 

The Anhydrone absorption tube was weighed at intervals. Anhydrone (B.D.I-l.. MAR.) does 
not retain any of the solvents involved in these experiments. 

Determination of or'anic co/vents released 

These were quantitatively retained in the cold-trap, and were subsequently determined by a 
quantitative vapour-phase infrared technique. This has been described,"' together with details of 

the design of trap, method of quantitative transfer from trap to gas-cell, and methods of constructing 
calibration curves for each solvent involved (cf. ref. II). The absorption peaks given by acetone at 
1740 cm', ethanol at 1070 cm - ', methanol at 1040 cm', and ether at 1140cm - ' were used for 
calibration; the calibration curves obtained are shown in Fig. 1. (It is, of course, fortuitous that the 
sensitivity of detection of acetone, methanol and ether were all identical, as shown by their sharing 

a common calibration curve). No overlap or interaction occurred for the absorption peaks chosen, 

so that all four solvents could be determined simultaneously. The results from some typical experi-
ments are reported below. 
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RESULTS 

I. A sample of the gum from Combrelum leonense 12  was precipitated with acidified 
acetone (0 IN with respect to 1-ICI) and dried with S changes of acetone (each in contact 
for 2 days, the powder being progressively ground as it dried). The powder was stored 
in a desiccator (continuously evacuated) for 2 weeks at room temperature, and was then 
dried for 1 hr at 600  by method II. A weighed sample (554 mg) was then treated by 
method IV at various temperatures for lengths of time as shown in Table I. The total 

55- 	 75• 	 H5.l' 	
04' 	- 	23' 	I37 '  

OB 

00 	 200 	 300 	 400 	 500 

Time, 	hr 

FIG. 2.—Release of water and acetone from a sample of C. leonense gum. 
Curve OA—water 
Curve OB—acetone 

amounts of water and acetone evolved were found gravimetrically and spectronietrically 
respectively. Several measurements were made within each of the periods quoted in 
Table I: the results are shown graphically in Fig. 2. After heating for 525 hr, weight 
of gum recovered = 469 mg, i.e., loss in weight = 85 mg. The weights of water 

TABLE I 

Total weight released 

Period of heating, 	Temp., 	
from 554-mg sample.

___________  
hr 	 °C 

water, 	acetone, 
tog 	tog 

	

1-20 	 55 	79 	22 

	

20-264 	 75 	292 	98 

	

264-288 	 95 	330 	100 

	

288-406 	104 	385 	123 

	

406-454 	123 	463 	131 

	

454-525 	 137 	600 	143 

+ acetone found total only 743 mg. Very slight decomposition of the gum began at 
123°  and was significant at 137° ; in the period 430-525 hr (Fig. 2) 6 m of CO2  were 
evolved. This evolution of CO 2  would be accompanied by water produced in the 
decomposition, and this explains the sharp rise in the amount of total water released 
between 430 hr and 525 hr in Fig. 2. 
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2. Crude C. leonense gum was precipitated with acidified ethanol, dehydrated with 
5 changes of acetone (as in 1 above) and finally washed with ether. After preliminary 
drying by method II for 6 hr at 60° , a weighed sample (474 mg) was dried by method IV 
at 70°  for the period 1-5 hr, at 90 °  for 5-68 hr. at 105 °  for 68-116 hr, at 130 °  for 116- 
164 hr,  at 140°  for 164-188 hr. at 150°  for 188-236 fir, and at 155 °  for 236-260 hr. 
The total weights of water, ether, ethanol and acetone liberated are shown graphically 
in Fig. 3. Decomposition of the gum was slight at 130°  and pronounced at 140° : 
the graphs show that evolution of organic solvents continued steadily after the onset of 
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FIG. 3—Release of water, ether, ethanol, and acetone from a sample of C. lemlense gum. 
Curve OA--water 
Curve OB—ether 
Curve OC—ethanol 
Curve OD—acetone 

decomposition. It is noteworthy that, of the three solvents involved, ether was the 
most strongly retained: this is surprising, since (a) its boiling point is the lowest, (h) it is 
the least polar, (c) it was used in smallest amount for the shortest contact time and only 
for superficial washing. Apparently the ethanol (used in the precipitation process) and 
the acetone (used in the dehydration procedure) are accessible to and extracted by the 
ether used in the final washing stage. This effect was verified in the next experiment. 

3. A further sample of crude C. leonense gum was precipitated with acidified ethanol, 
dehydrated with absolute ethanol (5 changes, each in contact with the gum for 2 
days), progressively ground to a powder, and finally washed with ether. After air 
drying, a weighed sample (845 mg) was dried by method 11 at 60' for 24 hr. when the 
total loss in weight (i.e., water solvents) was 3'5, as represented by the curve OA 
given in Fig. 4. The sample was then quickly transferred and dried by method IV at 
78°  for a further 138 hr, i.e., for the composite drying period of 24-162 hr. This gave 
part AB of the dehydration curve. Further drying at 108 °  for the period 162-234 hr 
gave curve BC; drying at 120< for period 234-258 hr gave curve CD. The dotted 
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curves AE. AF and AG give the weights evolved of water, ether and ethanol 
respectively; curve ABCD gives the sum of AE + AF  + AG. The curves clearly show 
that solvents are still being liberated after drying for 280 hr, and confirm that the ether 
used as a final wash is more strongly retained than the ethanol used for both precipi-
tation and dehydration. 
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Fiu. 4.— Release of water, ether, and ethanol from a sample of C. leonense gum. 
Curve OABCD--total % loss in weight 
Curve AE—water contributing to total AD 
Curve AF—ether contributing to total AD 
Curve AG—ethanol contributing to total AD 

To test the effect of particle size on the retention, a sample of crude C. leonense 
gum was precipitated and dehydrated with methanol (6 changes, each in contact for 2 
days). After air-drying, the sample was ground finely and sieved. Two fractions (a) 
passing 200 mesh and (h) passing 100 mesh were retained, and dried by method II at 
600 for 9 hr. Weighed samples were then dried by method IV at 65°  for the period 
0-365 hr, at 950  for 365-437 hr, at 98 °  for 437-509 hr, and at 101 °  for 509-629 hr. For 
the 200-mesh sample, the weights of water and methanol evolved are given in Fig. 5 
by curves A and B respectively, and for the 100-mesh sample by curves C and D 
respectively. These curves again emphasise that the drying temperature is more 
effective than the period of drying; methanol was still being released at the end of the 
experiment. 

Parallel experiments to those described for C. leonense gum were made on 
samples of gum ghatti; 13  the retention of water and solvents by the two gums was 
very similar. 

Further experiments were made with gum gliatti to test whether (a) solvents less 
polar than ethanol, methanol, acetone and ether e.g., carbon disulphide and dioxan, 
or (h) solvents containing bulkier functional groups e.g., isopropanol would be less 
strongly retained. For all of these solvents, however, retentions similar to those for 
acetone, ethanol, methanol and ether were given. 

The retention of methanol by some starches was investigated. (a) A sample of 
potato starch (500 mg) was refluxed with methanol for 4 hr. After heating by method 
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Ill at 80°  for 24 hr, it was then dried by method IV at 98 °  for 0-18 hr. at 102 °  for 
18-40 hr, at 108°  for 40-64 hr, at 112 °  for 64-84 hr and at 134 °  for 84-88 hr. As much 
methanol was evolved in the final 4-hr period of heating at 134 ° , after steady evolution 
for 84 hr, as was evolved in the 18-hr initial period at 98 ° . (b) Rye starch, which had 
been stored under methanol at 0 °  for 2 years, was treated by method II at 61 °  for 24 hr. 
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Flo. 5.—Effect of particle size on release of water and methanol from a sample of C. leonense gum. 

Curve A—water } from 200-mesh 
Curve B—methanol 
Curve C—water 
Curve D—methanol) from 100-mesh 

A sample (500 mg) was then dried by method IV, the evolution of methanol being 
reported in Table 11 (-F  and H --f - indicate0l - 0-5','and05 - I wJwrespective1y). 
Similar results were obtained with other starch samples. 

8. A sample of C. leonense gum which had been purified by ethanol precipitation, 
dialysed, and freeze-dried for 4 days was found to lose 1by weight after heating at 

TABLE II 

Temperature, 78 	 92 	98 	115 128 140 

18 	182 	42-66 	690 	9106 	10154 
Period of heating, 

15178 178-202 
hr I  

Methanol evolved + + ++ -F ++ + ++ + + 

103 °  for 5 hr, and a further 1 % on raising the temperature until decomposition began. 
Similar experiments with a freeze-dried sample of a pectic acid isolated from Nitella 

translucenst4  gave a loss in weight of 64 (duplicate runs) when the sample was taken 
direct from the freeze-drier; samples stored in a desiccator overnight after freeze-
drying gave 8'5% loss in weight when treated by method III. 
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DISCUSSION 

The results show that both water and organic solvents are retained tenaciously, 
even on prolonged drying under vacuum at temperatures much higher than the boiling 
point of the solvents concerned. Indeed, retention continues up to the temperature 
at which the polysaccharide material begins to decompose, as revealed by yellowing in 
colour and the starting of the evolution of CO G . Furthermore, although apparent 
"constant weight" is reached after drying at a certain temperature for a determinable 
number of hours, continued drying at a slightly increased temperature gives further 
liberation of water and solvents, until eventually "constant weight" is again reached. 
This cycle can be repeated many times, by raising the temperature in small increments, 
until eventually the decomposition temperature ofthe carbohydrate material is reached. 

Freeze-dried samples also retain moisture tenaciously, although in smaller amount; 
this agrees with Robson '15  who found that a solution containing 16 glucose - 3 
gelatin required freeze-drying for 500 hr at room temperature for all moisture to be 
removed. In practice, freeze-drying is not normally continued for longer than about 
100 hr, and it is often assumed that samples so treated have a negligible moisture 
content: many quantitative inaccuracies must arise in this way. Freeze-dried samples 
may also retain organic solvents: cellulose retains 15(w/w) of benzene on freeze-
drying.' 6  

Water and vapours can be occluded 17  in crystalline sugars; indeed, it was found 
recently18  that when phenylboronate ester derivatives of methyl glycopyranosides were 
recrystallised from benzene, significant amounts of solvent were retained unless special 
care was taken to ensure its complete removal. Other authors 19  have recently reported 
similar solvent occlusion effects. 

To obtain accurate quantitative results with carbohydrate materials, it is clear that 
great attention must be paid to drying procedures. Furthermore, any previous treat-
ment of  sample with organic solvents must be considered if inaccurate and misleading 
functional group analyses e.g., methoxyl, acetyl are to be avoided (cf. ref. 20). Applica-
tion of the infrared alkoxyl method" has shown that mere reflux with ethanol can 
create artefacts e.g., ethoxylation of the fructose from lucerne 2' and of certain plant 
gum components: 22  we are grateful to Dr. R. J. Ferrier for the information' 8  that a 
dry, powdery xylan of normal appearance prepared by him contained 70'/0 of ethanol. 
These findings serve to support the timely warning given by Bel1 23  regarding the 
possibility of formation of non-reducing ethyl glycosides when plant materials are 
treated with hot 80-95 ethanol. It now appears likely that the occurrence of an ethyl 
rihoside,24  so far unconfirmed, 2' also arose in this way. 
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for examination, and for providing experimental details. 

Zusammenfassung—Es wurde untersucht. bis zu welehem Ausmasse einige Kohlenwasserstoffe Wasser 

und organische Lösemittel festhalten. Das Wasser wurde gravimetrisch und die Solventien mittels 

einer Infrarotmethode bestimmt. "Trocknen zu konstantem Gewicht" bei 103°C im Ofen oder bei 

80°C im Vakuum gibt nicht den "wahren Feuchtigkeitsgehalt". Wasser sowohl als auch organische 

Lösemittel werden his hinauf zu Temperaturen festgehalten, wo bereits Zersetzung der Kohlen-

asscrstoffe stattflndet. Polarität und Siedepunkt sind für das Ausmass der Retention iiicht 

hestimmend. Frostgetrocknete Proben kdnnen organische Lösemittel zurUckhalten und zeigen 
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signifikante Gehalte und Feuchtigkeit. Die Moglichkeit ungenauer Ergebuisse und irreführenden 
Verhaltens, die durch these Art von Retention hervorgerufen werden können, werden betont. 

Résumé—Les auteurs ont étudié I'importance avec laquelle les hydrates de carbone retiennent l'eau 
et les solvants organiques. Ueau fixée était dosée par gravimétrie, les solvants par une méthode 
infra-rouge. Le "sechage a poids constant" dans un four a 103 ou sous vide a 80 ne donne pas des 
"teneurs en humidité" recites. L'eau et les solvants organiques sont retenus tous les deux jusqu'a 
des temperatures auxqueltes les hydrates de carbone comnieneent a se dCcomposer; la polarité et 
Ic point d'Cbullition du solvant tie détermuient pas I'importance de sa liaison. Des échantillons 
séchés a froid peuvent retenir des solvants organiques et ont des teneurs en eau importantes. La 
possibititC de résultats inexacts et de produits aberrants provenant de fixation ou d'intCractton avec tes 
solvants est soulignee. 
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Applications of infra-red spectroscopy_Vt* 

Recent developments in techniques of increased sensitivity for the analysis of CLC fractions and other 
small scale samples—a brief review 

(Received 23 August 1961. Accepted 30 August 1961) 

THE relative cost of acquiring the appropriate apparatus has probably contributed significantly to the 
unfortunate fact that, of absorption spectroscopic methods, colorimetry and ultraviolet have been 
more frequently applied to analytical problems than infrared. Recently, however, the availability of 
less expensive equipment has fostered greatly increased interest in the analytical uses of infrared 
spectroscopy. The emphasis, however, has been on qualitative applications; the tremendous poten-
tial which infrared offers to quantitative analysis does not appear to have been adequately appreciated. 
Infrared not only identifies unequivocally, but simultaneously gives a basis for accurate quantitative 
analysis if the appropriate calibration curves on standards are constructed. Moreover, the sample is 
not destroyed, and the nature of any contaminants is revealed. Generally, contaminants rarely 
interfere with quantitative determination of the desired compound if the operating conditions are 
carefully chosen, but if interference does occur, adequate warning is given by the appearance of the 
spectrum. The literature continues to describe analytical procedures which could be carried out more 
rapidly and accurately, with decreased interference from other components, by infrared methods. 

General interest in the analysis of smaller and smaller amounts of material continues, and has 
naturally stimulated efforts to increase the sensitivity of all spectroscopic techniques. For infrared 
this can be approached by the use of auxiliary instrumentation such as scale-expansion,' multi-
pathlcngth cells, 2  or beam condensers—all of which are relatively expensive—or by improving the 
design of single-pass cells. Techniques are now clearly established' for the quantitative analysis of 
20-100 jig of material in solution or in the liquid, solid, or gas phase; various techniques and acces-
sories permitting the examination of 1 1d of some samples have also been described' or com-
mercially advertised. 

The greatest stimulus to the development of increased sensitivity has doubtless come from the 
challenge for spectroscopists to approach the sensitivity attainable in chromatographic separations. 
This challenge has been invaluable, since the resulting spectroscopic developments are equally 
applicable to samples which are not of chromatographic origin. Throughout the development of both 
techniques, samples obtained as GLC fractions have always tested the minimum limits detectable by 
infrared; it now appears that spectroscopic techniques may never match the chromatographic 
sensitivity attained recently through the development of capillary columns. 

Indeed, some authorities' consider that the identification of GLC fractions may have to be based 
solely on the use of retention-volume characteristics. Although this is doubtless satisfactory for routine 
applications, its serious deficiencies when applied to entirely unknown mixtures from research 
investigations, or to systems which have not been completely characterised, have already received 
comment. 6  A triangulation method using three stationary phases of differing polarities has been 
proposed' for the positive identification of GLC components, but many investigators are agreed" 6 '

810 
 

that identification based solely on retention characteristics is inadequate. Compounds can have 
closely similar retention volumes, even on different column materials; components may only be 
separable 9  as "shoulders": and mixtures of similar hydrocarbons" or of members of different homo-
logous series' may be found under a single chromatographic peak. The collection of fractions and 
subsequent examination by infrared.-" or mass spectroscopy 1,10  is therefore desirable; continuous 
infrared detection of functional groups has also been proposed.' 2  If spectroscopic equipment is not 
available, then functional group analysis 9"3  of the eluted fractions is desirable, and can be operated 
at the 20-gig level. 

Considering now only infrared techniques, it is clear that the dominant difficulty lies in matching 
the sensitivity of GLC. When co-operation between the two techniques is essential, a possible solution 
is to operate below maximum GLC sensitivity; this, however, could only be taken a certain length 
before leading to column overloading or to decreased chromatographic resolution. All too frequently, 
the particular component to be studied is present in trace amount in a mixture: even although an 

* Part V: D. M. W. Anderson and N. J. King, Talanga, 1961, 8, 497. 
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adequate supply of the mixture is available, insufficient amounts of the required fraction for infrared 

examination may be given by each chromatographic fractionation. It appears, therefore, that there 
will always be a demand for the technique of trapping the appropriate peak from a number of 
consecutive GLC runs, so that eventually a quantity sufficient for spectroscopic identification is 

collected.' Techniques involving collection in liquid nitrogen traps are now frequently used. 414  Other 
methods, such as mixing the eluted fraction with a vapour solvent introduced na a side-arm to the 
trap,' 1  or depositing the desired component at room temperature on finely ground potassium bromide, 
which is subsequently pressed to form a disc, 16  have also been described. 

Although it has clear limitations 6  (cf. ref. 4), the vapour-phase technique remains invaluable for 

certain types of sample, and any increase in its sensitivity" would be advantageous. Although metal 

ceHs of uniform rectangular cross-section' can increase the sensitivity given by circular glass-cells," they 

do not, however, give the maximum sensitivity attainable with single-pass cells. Metal cells having 

tapered bores of rectangular cross-section, such that all essential rays of the energy beam are exactly 

enclosed, became available commercially for certain spectrometers during 1960: tapered cells made 

here for use with the Hilger H800 instrument were shown to visitors to this department during the 3rd 

International Gas Chromatography Symposium. It is of interest that the asymmetrically placed focus 
of the H800 spectrometer gives some advantage in designing such a tapered cell for insertion in the 

energy beam between the point of focus and the spectrometer entrance slit, rather than (a) between the 

energy source and the point of focus or (b) symmetrically about the focus. 
That such rectangular tapered cells are more conveniently constructed of metal rather than of 

glass introduces no disadvantages; the examination of corrosive or reactive compounds merely 

requires the surfaces of the cell to be thinly covered with an epoxy or other coating suitably inert to 
the compound being examined. Indeed there now appears to be a distinct advantage in also con-

structing the trap and stop-cocks of metal; when trap dimensions are reduced, the increasing 
fragility of glass is off-set. A trapping device employing hypodermic needle tubing has been described.' 7  

Suitably small vacuum-tight metal stop-cocks are now available commercially; these facilitate 

all-metal construction, although there is no difficulty in incorporating glass stop-cocks' in an otherwise 
metal assembly. It has long been known, however, that the presence of stop-cock grease is un-
desirable." The importance of using minimal amounts of lubricants was stressed earlier.' but in 
working with ever decreasing amounts of material, there are now distinct indications that all traces 
of lubricants must be eliminated. High-vac greaseless taps are now offered commercially, and 
greaseless laboratory devices have been described. 18" 

The future development of minimum volume, all-metal, greaseless trap-cells may also simultane-
ously assist the incorporation of heating devices so that the applicability of the vapour-phase technique 

may be extended above its present limit of about 125 (cf refs. 4 and II). Development of heated 
cells' suitable for accurate quantitative work has proved troublesome; difficulty has also been reported 
by other investigators.' Nevertheless a vapour cell operating at 1 tip to 180 has been developed." ,  
The results of continued efforts in this laboratory will be published in due course. 

Finally, the development of new infrared transmitting glass such as lrtran-2" (Eastman-Kodak Ltd.) 
which gives;:. 70% transmission from 2-10 It, decreasing to 40' at 14 It, and which has good thermal 

shock properties, may facilitate the development of a single unit trap-cell which could be cooled 
directly to trapping temperature, then heated to volatilise the sample. Such cells may also be suitable 
for aqueous systems. The technique of trapping directly in evacuated gas-cells has recently been 

used. 

.4cknowlet/eme,,r—L am grateful to Dr. W. Zehdcn (Messrs. Hilger and Watts) for helpful discussions, 

in November last year, regarding the design of single-pass gas-cells of maximum sensitivity for use in 
Hilger H800 spectrophotometers. 

Department of Chemistry 	
D. M. W. ANDERSON 

The University 
Edfnbur'-h, 9, Scotland 

Summary—The advantages of quantitative infrared spectroscopy recommend the technique for wider 
application to analytical procedures than at present. Micro-scale samples can already be dealt with, 
and recent developments leading to increased sensitivity are briefly reviewed, with particular reference 
to the examination of samples in the vapour phase. 
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Zusamnienfassung-.--Die sehr Vorteilhafte quantitativer IR-Spectroskopie wird zur ausgedehnteren 
Anwendungemplohien. Es ist bereits moglich mit Mikroproben zu arbeiten; jUngste Entwicklungcn 
führten zu erhöhter Enipfindlichkeit, was im Hinblick auf die Untersuchung von Proben in der 
Dampfphase behandelt wird. 

Résumé—L'auteur recommande les avantages de Ia spectroscopie infrarouge quantitative pour unc 
application plus importante aux méthodes analyliqucs. Des échantillons miscroscopiques peuvent 
déjà étre traités; les développements récents conduisant a une sensibitité accrue sont brièvement 
passes en revue, avec une référence particuliere pour l'étude des échantillons en phase vapeur. 
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APPLICATIONS OF INFRARED SPECTROSCOPY_VII* 

THE BEHAVIOUR OF T}-IIOALKYL COMPOUNDS UNDER 
ZETSEL REACTION CONDITIONS. 

D. M. W. ANDERSONa and S. S. H. ZAIDI, 
Department of Chemistry, The University, Edinburgh 9, Scotland 

(Received 13 February 1962. Accepted 28 February 1962) 

Summary—Vapour-phase infrared spectroscopy has been used to study the behaviour of a wide 
range of thioalkyl compounds when refluxed with constant-boiling hydriodic acid. A very wide range 
of reactivity has been observed. Unusually labile compounds exist which react quantitatively in 
less than 3 hr; the kinetics of the decomposition of such compounds must be investigated individually, 
since over-production of methyl iodide can occur. Many thiomethyl compounds, however, do not 
yield methyl iodide, and others react very slowly, giving variable non-quantitative yields of methyl 
iodide after reflux for 16-20 hr. It is therefore concluded that the mere extension of Zeisel reaction 
conditions for prolonged reflux periods does not usefully provide a general method for the functional 
group analysis of thioalkyl compounds. 

THIOALKYL compounds, which are of current interest in sugar chemistry,' yeast 
metabolism,2  choline-esterase inhibition, 3  and the chemistry of food-stuffs,' have 
received considerable attention in recent years. 

A modified Zeisel reaction' has long been used in protein studies to determine the 
thiolnethyl group in methionine. Kassel and Brand 6  suggested improvements* mprovement to 
Baernstein's method, 5  and the method of Kuhn, Birkofer and Quackenbush -,  was 
mod1fied 8  so that both alkoxyl and thiomethyl groups could be determined. 

Much is known of the chemistry of thioethers. 9" 0" The analytical methods 
applicable to mercapto groups, disulphides and sulphides (thioethers) have been 
reviewed, 1213 ' 14 " 5  and special methods continue to be described, 16,17,18 particularly 
for biological materials. Many thioethers are cleaved at pH 8-10 by silver or mercury 
salts;'° fission of the carbon-sulphur bond has been more extensively studied in 
alkaline solution 19  than in acids. 20  In general, thioethers and thiolesters react much 
more slowly in aqueous acids than do their oxygen analogues, 20 ' 2 ' although tile ease 
of cleavage of carbon-sulphur bonds is influenced by the presence of substitution 22  
and fi-unsaturation" in the molecule. 

Early investigators 3,24  reported applications of a modified Zeisel reaction to 
aromatic thiomethyl compounds, in which a longer reaction period (which was not 
specified) was required (cf. ref. 25). It has been observed, 26  however, that some 
compounds do not give quantitative results: S-methylthiamin 27  gives only 33" , of 
the theoretical yield of methyl iodide. It is apparent that early investigators were 
involved in considerable experimental diffictilties, 23 - 24  particularly when gravimetric 
methods were used. A wide range of thioethers and thiolesters has therefore been 
studied by the infrared method in an attempt to clarify some of the reported 
anomalies. 

* Part VI: D. M. W. Anderson, Talanta, 1961, 8, 832 
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EXPERIMENTAL 
Apparatus 

The apparatus has been described elsewhere, 28  together with the technique for trapping volatile 
reaction products and the infrared method for their subsequent identification and estimation. 

Compounds 
The majority of compounds investigated were reagent-grade commercial samples which conformed, 

after recrystallisation or distillation where necessary, to literature description. The other compounds 
investigated were research specimens (kindly provided by Dr. D. Leaver of this department and by 
Dyestuffs Division, Messrs. I.C.I. Ltd.) for which satisfactory elemental analyses existed or were 
obtained (Messrs. Weiler and Strauss, Oxford, England). 

Procedure 
Samples of the compounds listed in Table I were refluxed, for the periods indicated, with hydriodic 

acid (6 mi of constant-boiling azeotrope, pre-conditioned 21)using cylinder nitrogen ("N.O.F." grade) 
as flow-gas (6-8 ml per mm). Sample weights giving 1-4 mg of methyl iodide were normally taken: 
larger samples were used to permit the identification of minor reaction products. The compounds 
were dissolved with care in molten phenol" before addition to the reaction-flask; a recent report 2  
has confirmed the effectiveness of this technique. The mixture of volatile products was collected, 
after passage through Anhydrone, in a trap immersed in liquid nitrogen. The components of each 
mixture were subsequently identified by vapour-phase infrared spectroscopy by reference to spectra 
obtained from authentic compounds. None of the mixtures was sufficiently complex for prior 
sepration of the components by G. L. C. to be necessary, and the presence of other components did 
not interfere with the determination of methyl iodide. 

RESULTS 

All compounds containing sulphur produce some hydrogen sulphide on reflux 
with hydriodic acid; only volatile products other than hydrogen sulphide are reported 

below. 

• Compounds giiing no reaction 

The following thiolesters and thioethers gave no volatile products under Zeisel 
reaction conditions for reflux periods of 18 hr: methylchlorothiolforniate, ethyl-
chiorothiolformate, methyl phenyl sulphide (thioanisole), methyl--naphthyl sulphide. 
2-thiomethyl- 1 ,4-naphthoquinone, 3-methyl-2-thiomethyl- 1,4-naphthoqu i none. 

The following compounds were partially volatilised, without reaction, from the 
reaction-flask: methyl and ethyl mercaptan, dimethyl and diethyl suiphide, dimethyl 
and diethyl disuiphide. 

Compounds li/lie/I react but do not yield alkyl iodide 
Dimethyl sulphide was produced from dimethylsulphoxide (fast) and from di-

methylsulphone (slow), whilst compounds of the type 

R ' 

S - NS09 .C6 H 51  

where R', R" 	methyl or ethyl, liberated the corresponding dialkyl sulphide. Phen- 
acyl methyl trithiocarhonate gave carbon dioxide, carbon monoxide, and methyl 

mercaptan. 

Compounds iihich react, yielding a/k))l iodide and oilier rolatile products 

Thiodiglycol and compounds containing the —S(CH 2 .CH 20H ) grouping gave 
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ethyl iodide ± ethylene in 1-2 hr. Such compounds therefore react similarly to glycols 
and glycol ethers. 30  

Thiocyanato-methane gave 1 mole of methyl iodide in 25 hr, together with some 
thiocyanogen. The same product was also given by (I) which gives 1 mole of methyl 
iodide (from the alkoxyl group) in 05 hr; the total yield of methyl iodide reached 2 
moles after retlux for 20 hr. 

HO 
, NHi-fl 	

\_N 
NH-C 	

( 

OCH, 	
SCH3 

HO 

(I) 	 (11) 

4. Compounds n-/tic/i y ield only methyl iodide 

Table I lists the kinetic results obtained. 

TABLE 1.—THE RATE OF PRODUCTION OF METHYL IODIDE FROM SOME THIOMETHYL COMPOUNDS 

Compound Moles of methyl iodide produced per mole of compound 

2-(Methylthio)benzo- 0-44 (05 hr); 	0-76(1 hr); 	0-87(2 hr); 0-99(3 hr); 	1-12(4 hr) 
thiazole 

S-Methylthiouronium 
sulphate 0-35(2 hr); 	0-60(3 hr); 	0-98(4 hr); 	1-05 (4.5 hr) 

II 0-30(1 hr); 	0-45 (2 hr); 	0-55 (2-5 hr); 0-76 (3-4 hr, const.) 
111 0-50(16hr); 	0-52 (20 hr) 
IV 0-49 (20 hr) 
V 0-25 (12 hi); 	0-30 (18 hr) 

Methyl-p-tolyl sulphide 0-25 (16 hr) 
Methyl-p-nitrophenyl 

sulphide 0-15 (17 hr) 
Methionine 0 - 86(0 - 5 hr); 	0-96(1 hr); 	0-99(2 hr); 	1-15 (2-5 hr); 	1-25(3 hr) 
N-Acctyl-in-mcth ion ine 0-86(1 hr); 	1-00 (1-5 hr); 	1-22(2 hr) 
Glycyl-DL-methionine 0-1(15 hi) 
S-Methyl-o( -) cysteine 0-15 (2 hr); 0-36(4 hr); 0-60(8 hr); 0-70 (16 hr); 0-76 (22-40 hr. const.) 
S-Methylglutathione 0- 14 (2 hr); 0-46 (8 hi); 0-57 (12 hr); 0-66(18 hr); 0-75 (22-40 hr.const. 

	

,NH.H1 	 NH.CN  

a\_~ 
NH-C 	 C 

- 

	

sCH, 	 SCH3 

(III) 	 (IV) 

~_,
NH —

N 

SCH 3  

(V) 

5. Inrestigation of amino-acids 

Table I shows the rate of production of methyl iodide from methionine and S-
methyl derivatives of amino acids. In connection with the possible over-production 
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of methyl iodide, it was observed that Baernstein had found" all samples ofleucine to 
give small amounts of methyl iodide. Whilst Baernstein considered that this indicated 
the presence of methionine, the methyl iodide could have arisen from general de-
composition of the amino-acid molecules. Whilst one sample of L-leucine (shown by 
paper chromatography to contain some methionine) did give approximately 0- 1 mole 
of methyl iodide, no methyl iodide was given by two different commercial samples of 
DL-Ieucine which gave only one spot when examined by paper chromatography. 
Similarly no methyl iodide was evolved from the following: cystine, hornocystine, 
djenkolic acid, glutathione (reduced), taurine, glycine, alaninc, DL-i-amino-n-butyric 
acid. DL--amino-iso-butyric acid. DL-fl-anlino-iso-butyric acid. L-valine, DL-valine, 
DL-nor-valine, DL-nor-leucine, DL-iSo-leucine. 

DISCUSSION 

The results quoted show that, under the conditions of the Zeisel alkoxyl deter-
mination, the behaviour of thioalkyl groups is extremely variable. It would he mis-
leading to suggest that the determination of S-methyl groups generally follows the 
procedure for 0-methyl groups, even if the time of reaction be extended by several 
hours (cf. ref. 25 and 32). Indeed, as might be expected from the known stability of 
the sulphur-carbon bond, 1011 ' 2021  the few labile compounds which do give quanti-
tative yields of methyl iodide can be regarded as exceptions to the general rule; those 
compounds which react rapidly must be considered as possible sources of anomalous 
alkoxyl determinations. No generalisations regarding reaction conditions or reflux 
period required can be made; obviously, the kinetics of decomposition of each thio-
methyl compound must be investigated individually (ef. ref. 33). 

The observed rate of formation of methyl iodide from methionine agrees with that 
reported by previous workers, who observed" that small differences in reaction rate 
can be attributed to variations in the design of apparatus. Baernstein's earliest 
procedure 5  (1932) recommended a reaction period of 15 hr, but this was later (1934) 
amended to 3 hr. Our results show the possibility (which does not appear to have 
been appreciated previously) of over-production of methyl iodide from those thio-
methyl compounds which are sufficiently labile to react in short periods. 

Theoretical reasons for the failure of aqueous halogen acids to cleave carbon-
sulphur bonds as effectively as carbon-oxygen bonds have been discussed ((f refs. II, 
p. 36, and 21, p.  677). The very wide range of reactivitics observed in tliioethers is 
not unique: a remarkable range of reactivity is also to he found in their oxygen 
analogues.:' -' it is of interest that compound II is not particularly labile, whereas 
methoxy compounds of this type were found 34  to be unusually reactive in acid solution. 

The behaviour of thionlethyl compounds in Herzig and Meyer's pyrolytic pro-
cedure35  for alkiniide groups has not been studied. Experiments were made, however, 
with acid more concentrated (67 	HI, sp. gr . 1-94) than the constant-boiling azeo- 
trope (55 	HI, sp. gr. 1 70). In agreement with previous reports, 23  the more con- 
centrated acid did not cause appreciably faster liberation of methyl iodide. The 
addition of large amounts of phenol, propionic anhydride, or mercuric chloride to the 
reaction mixture 24  ((f ref. II, p.39) did not influence the kinetic results. 

AeknowIedeme,;is—We thank Dr. D. Leaver and Messrs. I.C.I. (Dyestufl's Division) Ltd.. for 
providing samples, and the P.C.S.1.R., Karachi, for granting study leave to S. S. H. Z. 
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Zusammenfassung—Infrarotspectroskopie in der Gasphase wurde angewandt urn das Verhalten von 
Thioalkylverbindungen zu studieren, wenn sie unter RUckfluss mit konstant siedender Jodwasserstoff-
säure behandelt werden. Ungewohnhich labile Komponenten existieren, weiche weniger als 3 Stunden 
zur quantitativen reaktion benotigen. Die Kinetik der Zersetzung soicher Komponenten muss 
individuell studiert werden, da Oberproduktion von Methyijodid auftreten kann. Viele Verbiridungen 
jedoch geben kein Methyljodid, ander reagieren sehr langsarn, sodass die Ausbeute selbst nach 
16-20 Stunden nicht quantitativ ist. Es wird daher geschlossen, dass die blosse zeitliche Ausdehnung 
der Zeiselniethode keine allgemeine Methode zur Analyse funktioneller Gruppen in Thioalkyl-
verbindungen ergeben kann. 

Résumé—Les auteurs ont utilisé la spectroscopie infra-rouge en phase vapeur pour l'Ctude du corn-
portement d'un grand nornbre de composes thioalcoylés chauffCs au reflux avec de l'acide iodhydrique 
bouillant constamment. us ont observe un dornaine de réactivité trés large. II existe des composes 
inhabituetlement labiles qui reagissent quantitativernent en moms de trois heures; Ia cinetique de la 
decomposition de tels corps doit être étudiée individuellernent, car it peut y  avoir surproduction 
d'iodurc de mCthyle. Cependant, de nombreux composes thiométhylés ne donnent pas d'iodure de 
mCthyle et d'autres réagissent trés lentement en donnant des rendements variables non quantitatifs en 
iodure de méthyle apres reflux pendant 16-20 heures. On peut done conclure que le simple développe-
ment des conditions de la reaction de Zeisel pour des pCriodes de reflux prolongees n'apporte pas de 
méthode generale danalyse du groupernent fonctionnel des composes thioalcoylCs. 

REFERENCES 

M. L. Wolfrom, W. Von Bebenburg and A. Thompson, J. Org. Ch m., 1961, 26, 4151. 
A. Maw, Proc. Bioclien:. Soc., 1960, 80 9  28P. 

R. 1. Volkova, N. N. Godovikov ci al., Voprosy Med. Khim., 1961, 7, 250, 
T. Hasselstrom, R. C. Clapp, L. T. Mann and L. 1.ong, J. Org . ('hem., 1961, 26, 3026. 

D. Baernstein, J. Rio!. ('/2cm., 1932, 97, 663; 1934, 106, 451. 
6  B. Kassel and E. Brand, ibid.. 1938, 125, 145. 

R. Kuhn, L. Birkofer and F. W. Quackenbush, Ber., 1939, 72, 407. 
A. Holasek, H. Licb and W. Merz, Mikrochi,n. Ada, 1956, 1216. 
E. E. Reid, Or anic Chemistry of Bivalent Sulphur. Chemical Pub. Co., Inc., New York. 

'° R. Cecil and J. R. McPhee, Advances in Protein Chemistry, 1959, 14, 225. 
15 D. S. Tarbell and D. P. Harnish, Chcn,. Revs., 1951, 49, 1. 
12  H. Roth, Mikrochim. Ada, 1958, 76b. 
13 W. Schoniger, Chimia, 1959. 220. 
14  S. Dal Nogare, Organic Analysis. lnterscience Pub. Inc., New York, Vol. 1, p.  329 1953. 
15  A. Steyerrnark, Quantitative Organic Microanalysis. Academic Press Inc., New York, 1961. 
26  1. M. Kolthoff and J. Eisenstädter, Analyt. ('him. Ada, 1961, 24, 83, 280. 
17  T. Goa, Acta ('hem. Scant!., 1961, 15, 853. 
11  J. C. Fletcher and A. Robson, Proc. Biochem. Soc., 1961, 80, 37P. 
19  Y. Iskander and R. Tewlik, J. ('hem. Soc., 1961, 223, 2402. 
° D. P. Harnish and D. S. Tarbell, J. Amer. Chem. Soc., 1948, 70, 4123. 

21  R. L. Burwell, ('hem. Revs., 1954, 54 9  677. 
22  J Gierer and B. Alfredson, ('hem. Ber., 1957, 90, 1240. 
23 J. Pollak and A. Spitzer, Monaish., 1922, 43, 113. 
24 G. Sachs and M. Ott, ibid., 1926, 47, 415. 
25 A. Elek, Organic Analysis, Vol. 1, p.  92. 
16  F. Arndt, L. Loewe and M. Ozansoy, Ber., 1939, 72, 1860. 
" E. P. Dikella and D. J. Hennessy, J. Org.  ('hem., 1961, 26, 2017, 
28 D. M. W. Anderson and J. L. Duncan, Talanta, 1960, 7, 70. 
29  D. L. Miller, E. P. Samsel and J. G. Cobler. Analyt. ('hen:., 1961, 33, 677. 
30  P. W. Morgan, Ind. Et. ('hen,., Analvi., 1946, 18, 500. 
' H. D. Baernstein, J. Biol. Chem., 1936, 115, 25, 33. 

32 R. H. Cundiff and P. C. Markunas, Analyt. ('hem., 1961, 33, 1028. 
31  F. G. Arndt, Organic Anal vsis, Vol. 1, p.  197. 
' D. M. W. Anderson and J. L. Duncan, Talania, 1962, in press. 

11  J. Herzig and H. Meyer, Ber., 1894, 27, 319. 



ri 
962. VI. 9. pp , 620 	I 	Pei2m.!1 Press Ltd. Irintd in Noidicin Ireland 

Applications of infrared spectro scopy_V1H* :  Investigation of a 
reported anomalous Zeisel alkoxyl reaction 

(Received 23 February 1962. Accepted 28 February 1962) 

SEVERAL examples of molecules which react anomalously in the Zeisel alkoxyl reaction have been re-
ported,'-' , ' and solvent retention is known 4 ' 3 . 6  to be a potential source of error in alkoxyl determina-
tions. 

Huang and Morsinght reported that 2,3-dimethyl-2,3-diphenylbutane (I, X - H) and certain of 

CH, CH, 	 CH 3  CH. 

X_ 0 —C -  cQ-x HO-01 C - c—Q—oH 

CH, CH, 	 CH, H 
I 	 11 

its derivatives (I, X 	OH, NO 2) reacted anomalously in the Zeisel reaction, giving an apparent 
niethoxyl content of 33. Such a result appeared surprising; when it was observed that the experi-
mental results quoted  were some hat variable, and that the specimen used -,  had been prepared by a 
method' involving crystallisation from ethanol, it appeared that the reported anomaly might be, in 
effect, a further example of solvent retention. If so, application of the infrared alkoxyl method' would 
reveal that ethyl iodide, and not methyl iodide, was the reaction product. 

2,3-Dimethyl-2,3-diphenylbutane, prepared by Farmer and Moore's method,' was re-crystallised 
from ethanol. After drying in the normal way, the product had m.p. 118' (lit., 118-119°). Analysis 
(Weiler and Strauss, Oxford,) England gave ° C = 90'51 0,,H =, 934; required, %C = 9075, H 
- -9-25. When treated with constant-boilinghydrio dic acid, under the conditions described by Anderson 
and Duncan,' this compound gave no volatile reaction products, even after prolonged reflux overnight. 
Indeed, so stable is this hydrocarbon that it was recovered unchanged (identity of infrared spectrum) 
from the hydriodic acid reaction medium. This compound therefore neither retains solvent of cry-
stallisation nor reacts anomalously under normal Zeisel conditions. 

It is perhaps significant that Huang and Morsingh reported' that neither the dimethoxy derivative 
(I, X = OCH 3) nor compound 11 reacted anomalously, and that drastic conditions, normally reserved 
for the analysis of N-methyl groups, were used" in their analyses. Thus the sample was dissolved in 
phenol and acetic anhydride and relluxed with hydriodic acid; after evaporation to dryness, the 
residue was heated above 300. It is quite unreasonable for results obtained by such a procedure to be 
described' 9  as anomalous Zeisel methoxyl determinations. 

Acknowledgement—Financial support from the Sudanese Government (for M. A. H.) and from the 
P.C.S.I.R., Pakistan (for S. S. H. Z.) is gratefully acknowledged. 
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The Unim'ersigv, Edinburgh 9 	 M. A. HERBIcH 
Scotland 	 S. S. H. ZAini 

Summary-2 :3-dimethyl-2 :3-diphcnylbutane is stable to reflux with constant-boilin g  hydriodic acid 
under standard Zeisel alkoxyl reaction conditions. A previous report that this compound reacts 
anomalously is therefore incorrect. 

Zusammenfassung —2.3-Dimethyl-2.3-diphenylbutan ist stabil, wenn es unter Ruckfluss mit konstant-
siedender Salzsaure gemfiss den Bedingungen einer Alkoxylbestimmuhg nach Zeisef gekocht wird. 
Eine frtihere Mitteilung, dass die Verbindung abnormales Verhalten zeigt, ist daher unrichtig. 

Résumé Le 2-3-diméthvl-2-3-dipbenylbutane est stable quand ii est chauffC au reflux avéc de l'acidc 
iodhydrie1ue bouillant constamment duos les conditions de Ia reaction standard tie Zeisel pour les 
alcoyles. Un rapport antéricur prevoyant que cc compose rCagit de facon anormale est done incorrect. 

* Part VII: Talania, 1962 9, 611. 
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APPLICATIONS OF INFRARED SPECTROSCOPY_IX* 

THE DIFFERENTIATION OF ESTERS AND ACETALS FROM ETHERS 
IN THE ZEISEL ALKOXYL REACTION 

D. M. W. ANDERSON® and J. L. DUNCANt 
Department of Chemistry, The University, Edinburgh 9, Scotland 

(Received 30 January 1962; Accepted 5 February 1962) 

Summary—After determination of the total alkoxyl content (ester - 
ether groups) by reflux with hydriodic acid, the contribution from 
methyl and ethyl ester groups is found by refluxing a second sample of 
the compound in constant-boiling hydrochloric acid for 3 hr. Acetals 
cannot be distinguished from esters; the yields of alkyl chloride from 
propyl and butyl esters are diagnostic, although not quantitative. 
Certain classes of compounds, which have unusually labile ether 
linkages, restrict the general applicability of the method: examples of 
such compounds are given. 

THE Zeisel alkoxyl determination gives the total alkoxyl content of a compound, and 
does not differentiate' between esters, acetals, alcohols and ethers; such information 
would be useful in structural studies on complex molecules. 

Analytical methods for esters 2  and acetals3  have been reviewed: colorimetric 4  and 
methods for determining acetals, ketals and vinyl ethers continue to be 

described. Differences in reaction-rate can sometimes be used to analyse mixtures of 
organic compounds containing the same functional group. 67  The Zeisel reaction-
time for quantitative yields of alkyl iodide from methoxy and ethoxy compounds is so 
rapid, however (approx. 15 min for methyl iodide) that kinetic differentiation between 
esters and ethers is not feasible (ef ref. 8). 

Methods for the determination of methanol, methyl esters and methyl ethers were 
considered in an early review, 9  and the determination of glycosidic methoxyl was 
investigated by Hoffpanir and Reeves. 10  The use of hydrobrornic acid as a demethyl-
ating agent is well known; 11,12  when it was found" that constant-boiling hydrobromic 
acid produced alkyl bromides quantitatively from esters and ethers almost as quickly 
as hydriodic acid formed the corresponding iodides (cf. refs. 12 and 14), the rates of 
reaction in constant-boiling hydrochloric acid were investigated. Quantitative yields 
of the corresponding alkyl chloride were obtained from methyl or ethyl esters and 
acetals in 3 hours; in that time, only trace amounts of alkyl chloride were produced 
from true ethers (e.g., 005 moles from vanillin, 012 moles from 2,3-dimethoxybenz-
aldehyde, 002 moles from phenacetin) (cf. ref. 15). This modification to the Zeisel 
reaction therefore gives the possibility of differentiating between esters and ethers. 

EXPERIMENTAL 

The reagents, reaction conditions and apparatus used for determination of total alkoxyl, using 
constant-boiling hydriodic acid, were as described elsewhere. 16  The ester content is found by retluxing 
a sample (sufficient to yield 1-4 mg of alkyl chloride) for 3 hr with constant-boiling hydrochloric acid 
(6 ml) to which approx. 025 g  of phenol has been added. 

* Part VIII: D. M. W. Anderson, M. A. Herbich and S. S. H. Zaidi, Ta/ama. 1962, 9,620. 
t Present address: Dept. of Chemistry, The University, Reading, England. 

661 



662 	 D. M. W. ANDERSON and J. L. DUNCAN 

The alkyl chloride evolved is determined by the infrared method, using the manometric method of 
calibration:" laboratories not equipped with an infrared spectrometer can use a modified Fujiwara 
method.' 8  

No difficulty was experienced with volatile alcohols, acetals and esters when the reaction condi-
tions proposed by Anderson and Duncan" were used (cf. refs. 19 and 20). 

RESULTS 

The method has been applied to a wide range of methoxy and ethoxy compounds 
having (a) ether groups only, (b) ester groups only, and (c) ether and ester groups in 
various combinations. Some typical results are shown in Tables I and 11, together 
with the structural deductions possible had only the molecular weight of the compound 
been known. 

Whilst the method is clearly applicable to many compounds, it is not of general 
applicability. Several classes of compound contain abnormally reactive ether groups, 
which are labile in constant-boiling hydrochloric acid. The following examples of 
these have been encountered in this work, and others doubtless exist (f ref. 12): 

(I) Substituted urea salts, such as X and XE. 

C6 H 5 N1+C=NH2+C1' C6F1 5 NHC=NH I C6H5 Cl' 

OCH3 	 OC,H 5  

X 	 XI 

Certain ne1lio.vy-pyrinuthnes 21  and -1) 1.1-idines. 22  
Flar'one derirative.Y23  containing alkoxyl substituents at position 5. Thus 3,5,7, 

3',4'-pentaethoxy-6-methoxyflavone (Xli) gives I mole of ethyl chloride (from posi-
tion 5) when treated with hydrochloric acid, and 1 mole of methyl iodide 	5 moles 
of ethyl iodide on reflux with hydriodic acid. 

OC,ll, 

o / 
HC,O 0 0 

0c2u 3  0 

Xl' 

Reaction with constant-boiling hydrochloric acid is therefore a diagnostic test for 
alkoxyl substituents at position 5 in flavones if it is known (infrared spectroscopy) 
that ester groups are not also present in the molecule. 

Certain dunetl,o.vv compounds, 24  such as the N-benzene-sulphonyl derivative 
of XIII. 

NH, 

90CH, 

0C11 3  

XIII 



TABLE I. 

Reflux with hydriodic acid 	Reflux with hydrochloric acid 
Compound 	total methoxyl, % total ethoxyl, % ester methoxyl, % ester ethoxyl, % 	 Deductions 

Theory Found Theory Found Theory Found Theory Found 

Vanillin 204 204 - - 0 09 - - 

ether groups only. Phenacetin - - 252 251 - - 0 05 
Yohimbine HCl 7.94 792 - - 7.94 767 - - 

Ethyl -p-nitrobenzoate - - 231 229 - - 231 227 
"Ruelene" (I) 107 105 - - 107 105 - - 

ester groups only. "Ronnel" (II) 193 193 - - 193 190 - 
- 

"Menazon" (111) 221 214 - - 221 212 - - 

"Mecarbam" (IV) - - 410 406 - - 410 401 
Methyl anisate 374 374 - - 187 192 - - methyl ether and ester groups, ratio 1:1 
Methyl-3 : 4-dimethoxy- 

benzoate 474 473 - - 158 161 - - methyl ether and ester groups, ratio 2:1 
Reserpine 306 304 - - 510 536 - - methyl ether and ester groups, ratio 5:1 
Methyl mangifate 297 293 - - 743 771 - - methyl ether and ester groups, ratio 3:1 

trimethyl ether (V) 
Ethyl.t-ethoxy- 

propionate - - 616 612 - - 308 317 ethyl ether and ester groups, ratio 1:1 

kM 
Cl 

C—N 	 0CM 
OCH3 	

i'7 ''c- 
CM 3 	 0CM 3  

C 0—P—OCH 3 	
/ CH—S—ps 

CM3 	 0 

H3C—C— --OPNHCH3 	 11 	 CN 

H2N7 	
0CM 3 

 CL 

I 	 II 	 Ill 

OCH 3  

H 5CO\

11  

H3 C 

HSC2 	 OH 

) P - S -CH2 -00-N (C H 3 ) -  COO C2 I-1 5 	 H 3 CO 	 COOCH 3   

IV 	 V 

W 

-3 



z 

0 z 

c. 

C) 

z 

TABLE II 

	

Reflux with hydriodic acid 	Refiux with hydrochloric acid 
Compound 	total methoxyl, 	total ethoxyl, 	ester methoxyl, % ester ethoxyl, % 	 Deductions 

Theory Found Theory Found Theory Found Theory Found 

Methyl-3-ethoxy- 	 295 	293 214 211 	147 150 	- 	 - 	 methyl ester, methyl and ethyl ether, ratio 1:1:1. 
4-methoxybenzoate 

Ethyl-3:4-dimethoxy 	29-5 	293 214 216 	- - 	 214 	208 	all ethoxyl present as ester, all methoxyl as ether. 
-benzoate Ratio of methoxy/ethoxy = 2/1. 

100 	103 14-5 14-1 	- - 	 145 	139 	all ethoxyl present as ester, all methoxyl as ether. 
Ratio of methoxy/ethoxy = 1/I. 

26-0 	260 - - 	 133 13-0 	- 	 - 	 methoxy only; ratio of ester/ether = 1/I. 
2-hydroxy-5-methoxy 
-w4:6-triethoxy- 	10-4 	106 453 44•7 	- - 	 - 	 - 	 niethoxy and ethoxy, present as ethers only. 
acetophenone (VIII) Ratio = 1/3. 
Ethyl angolensin (IX) 	103 	100 15-0 148 	- - 	 - 	 - 	 methoxy and ethoxy, present as ethers only. 

Ratio = 1/1. 

CO (CH2)2 - CO - CH z-  COOC2H5  
H,C,O:]~ 	OH 

HCO 
H,C0 0H 

0C2 H 

(VI)  

- COOCH. 
	 H 5 C 2 0 

	

_ 	-D-- 0 C H 

H 3 CO - OH 	
OH 

(VII) 
	

(IX) 
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Compounds containing tertiary buty1 25  groups. Two effects must be distin-
guished: (a) non-alkoxy tert-butylated compounds yield alkyl halide, so giving an 
anomalous reaction; (b) in certain alkoxy tert-butylated compounds, such as tert-
butylated-p-hydroxyanisole, both the tert-butyl and alkoxyl groups are labile so that 
the compound does not react like a true ether. In addition, high alkoxyl results are 
given if a method which does not differentiate between methyl and tert-butyl halides 
is used (cf. refs. 8 and 26). 

Methyl glycosides and O-nethyl carbohydrate derivatives. A method for differ-
entiating between methyl ester groups at C6  and methyl linkages at C91  C. and C4  
would be of great value in investigations of plant gums27  and pectins; investigations 
of mild de-alkylating reagents 22  are in progress. 

Propyl and butyl esters give non-quantitative yields of the corresponding alkyl 
chloride (approx. 70 for propyl, 30" for butyl chloride) even when zinc chloride is 
added to the reaction mixture. It is well-known, however, that propyl and butyl ethers 
react much more slowly in acid solutions than methyl or ethyl ethers. Small yields of 
propyl and butyl chlorides on reflux with constant-boiling hydrochloric acid therefore 
indicate the presence of the corresponding ester groups. (The exceptional case of 
tert-butyl groups has already been mentioned.) 
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(compounds land II); Plant Protection Ltd. (Ill); Murphy Chem. Co., St. Albans (IV); Miss D. A. 
Thomson, University of Aberdeen (VI and VII); Dr. R. A. Laidlaw and Dr. J. Morgan, Forest 
Products Research Laboratory, D.S.I.R., Princes Risborough (V, VII, IX, XII). We thank the 
Carnegie Trust for the award of a scholarship (to J. L. D.). 

Zusammenfassung—Nach Bestimmung des geamten Alkoxylgehaltes 
(Ester- und Atherguppen) mittels Rückflussdestillation mit lod-
wasserstoffsaure, wird der Anteil der Methyl- und Athyigruppen 
durch Rückflussdestillation (3 Stunden) mit konstant siedender 
Salzsäure bestimmt. Acetale kdnnen von Athern nicht differeriziert 
werden. Die Ausbeuten der Alkyichloride von Propyl- und Butylestern 
sind nicht quantitativ, haben aber diagnostischen Wert. Gewisse 
Klassen von Komponenten mit besonders labilen Atherbindungen 
bcgrenzen die ailgemeine Anwendbarkeit der Methode. Beispiele für 
solche sind mitgeteilt. 

Resumé—Aprês dosage de Ia teneur totale en alcoyle (groupes ester 
+ ether-oxyde) par reflux avec I'acide iodhydrique, Ia contribution 
des groupes esters methylique et othylique est déterminée en chauffant 
au refiux un deuxième échantillon du compose dans de lacide chlor-
hydrique bouillant constamment pendant trois heures. Les acétals ne 
peuvent pas être distingues des ether-oxydes; les rendements en 
chlorure d'alcoyle a partir des esters propylique et butyrique sont 
dCterminés, bien que non quantitatifs. Certaines categories de corn-
poses, qui possédent des liaisons etheroxyde inhabituellement labiles, 
restreignent l'application generale de la mCthode; des exemples de 
tels composes sont donnés. 
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It has been said' that it is very unusual to find a spectroscopist who is familiar with 
the complete range of spectroscopic methods. This is not Surprising when one con-
siders that nowadays the entire electromagnetic spectrum is used, ranging from the 
'er' short wavelengths of X-rays, through the ultraviolet, visible, and infrared 

regions, up to the long wavelengths of microwave spectroscopy: furthermore, the 
techniques at any wavelength may involve measurements based on emission, absorp-
tion, polarisation, reflection or fluorescence. Since the word '' spectroscopy" is involv-
ed, we must also mention the techniques of mass, atomic absorption, nuclear 
magnetic resonance, and electron spin resonance spectroscopy. None of these spectro-
scopic techniques is all-powerful or of universal applicability: there will always 
he some need for basic chemical skills in chemical analysis. Nevertheless, within 
its own sphere of applicability, each of the spectroscopic methods offers such power 
to the analyst in terms of speed, accuracy, and micro-scale capability, that today 

chemist cheist who does not have access to the entire range is working at a distinct 
disadvantage. The main difficulties are, of course, the capital cost of acquiring the 
necessary instruments and problems of their subsequent maintenance. Some techni-
ques are still prohibitively expensive to all but the largest laboratories, but most 
laboratories can now afford apparatus for measurements in the visible and ultra-
violet regions. It has been said 2  that with the recent advent of low-cost recording 
infrared spectrometers, infrared techniques are now practical for even the most 
modest laboratories, but it does seem that analytical chemists are still insufficiently 
aware of the advantages of infrared analysis. 

Infrared spectroscopy can be applied in some way to the analysis of almost all 
chemicals, pure or in admixture, be they vapours or solids, liquids or solutions. 
There may, of course, he some disadvantage if an examination must be made in a 
certain phase, but there can be few chemists who cannot utilise infrared spectroscopy 
whatever their field of activity, be it fundamental or applied, involving pigments 
and paints 3 , pohishes 4 , pharmaceuticals, polypropylene 6 , copolymers 7 , polvure-
thanes 8 , rubbers:, , proteins 9 , nucleic acids'°, textiles", wool 12 , or explosives '. 

To date, the emphasis in infrared spectroscopy has been on structural diagnosis 
and qualitative applications in organic chemistry. It is true that the major use of 
infrared spectroscopy in the everyday 2.5-16 p region (4000-050 cm -1 ) lies in the 
provision of a unique ''finger-print" of a molecule together with certain information 
concerning the presence or absence of important functional groups. The interpreta-
tion of the infrared spectrum of a complex molecule is a skilled job which demands 

A',y,,scs P. 343 
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considerable experielice. Bcginncr call do no b0 ter, after reading sonic basic intro-
duction such as that of D.\vin s N, tiiini base their approach on the books of ('iwss' 5  
and RELJ.AMY 1 An excellent review of the trends in infrared structural diagnosis 
\VagiVefl 17  by BELLAMY AND \\llLrAls , who indicated the Importance of absolute 
intensity measurements. Intensity studies Of anilvtica1 importance continue to be 
published I  an ii a possible i nteii sit v standard Ii as been poj iosed 

In a short review, no author could do justice to all possildc analytical applications 
Of infrared spectroscopv. Some restricted Selection of topics must he made: the present 
review is intended for the general chemist, not for the specialist, and emphasis is 
laid on several quantitative topics and techniques which deserve to be better known. 

Quantitative in fraud analysis can be carried out in any of the physical phases, 
and we shall consider liquids, sohds, and vapours in turn. Accuracies of 	2 )  can 
generally be achieved, with 	I or better often attainable. As usual in spectroscopv, 
analysis is based on the Lambert-Beer Law, with the particular set of spectroscopic 
conditions imposed or selected for use being care!ullv stiiii€lardis'cl. Sljpl.\\,SBj7Ry20  

has described it procedure for clocking the linearity of the percentage transmission 
scale. iManv individual sources of error call arise, and these were particularly well 
reviewed by PHILPOTTS 

 
AND MAF(l)Ans°, who also discussed the reasims 'liv spectros-

copists prefer to examine solids ill solution. 

Altl`1011911 C('l 1 , CS2, (' FICI 3  and CHAT' are the solvents of choice, many other 
solvents can be used, as shown in it pper by Finri..i v cI (11.22. 1 )imethivlsnlplioxide 
I ,; a solvent currently fashionable ni several fields of study. Solute solvent interac-
tions are a well-known source of quantitative error- 4 , but these same interactions 
can often he turned to good use as it means of identifying unusual or anomalous 
qualitative group lreqiteiicies. ( )ften , of course, it suitable solvent may be ihifficult 
to find; many compounds do not dissolve satisfactorily in the preferable solvents. 
Sulphonicac ids give trouble in tills way, hut treatment of such compounds with a 
liquid anion exchanger gives a salt which is sohibie in carbon disulpinde 2 '. Sometimes 
it is necessary to use unusual solvents, such as liquid sulphur dioxidc" or intinonv 
trichloricle, \vlli(-Il melts at 73  and is a good spcct roscopic solvent for vater and 
D-10. 

Mention of water leads to it consideration of the examination of aqueous solutions. 
Water absorbs strongly at certain infrared va velengtlis, and it has lit immidt.'sirahle 
effect on the usual, but not inexpensive. alkali halide window materials. This does 
not meal] that it is impossible to exainnie aqueous solutions. LlthioiIgh it is certainly 
less convenient to do so. Aqueous solutions were, in fact, first examined ill I qo5 by 

COBLENTZ, and the use of optical silver chhr Ic cells Vit5 described in 1940'9.  the 
ted in ique has been used un Ire fre j  inn tI \° since I 5(),  becoming almost corn muon-
place around 1q5q 10 . The studies by ( ;Oi'l.I)LNO  and 1 1 .-noun are worthy of note. 
Barium fluoride, calcium Ihioride, and thallium hromiioiodide (N R1-5) are all suitable 
window materials for aqueous solutions, and special glass, such as Ii - tram-2, has 
recently become available. This glass is also useful when reactive conipounds such 
as sulphur trioxide are being exal1lim'C1 1 . 

An interesting application is thi' determination of active hivdrogen' 35  ill solids 
and liquids by exchange with deuteriimn on treatment with D-4). Determinations 
can he completed ill 30 mimi with an ,ucnracy of 2. 

As distinct from aqueous solution work, determinations of trace amounts of water 
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can be made conveniently by 'near' infrared spectrometrv 36. The near infrared 
region extends from I to 2.5 ii (10000-4000 cm -1 ); the spectra arise from overtone 
and combination bands. Although such spectra were first observed photographically 
in 18I, the analytical advantages of this region have not vet been fully appreciated. 
Excellent reviews have been published 37 . 38 , and the near infrared has been used for 
determinations of unsaturation 34 , terminal epoxides 40, aldehvdes 41 , and moisture 
determinations on solvents 4 . 

At this point the far infrared region, nominally covering iG to 100 I.t, should also 
be mentioned. The analytical applications of this region have been adequately treated 
in a review listing over 500 references 43 . The availability of low-cost spectrometers 
fitted with K Hr prisms should stimulate exploitation of at least part of the far region. 

To return to the 2.5-16 It region, recent papers have described studies made on 
water-soluble inorganic carbonates 44, and on the simultaneous determination of 
sulphate, nitrate and nitrite in water samples 45 . So many papers dealing with the 
study of organic molecules by infrared methods appear nowadays that the appli-
capilitv to inorganic compounds is often overlooked. Any attempt to utilise infra-
red spectroscopy for the study or analysis of inorganic molecules is therefore wel-
come 46 . Recent inorganic applications have included the determination of traces of 
sulphate 47  and the identification of niobium and tantalum phosphates 48 . Structural 
information on oxinates and other diva.Ient metal chelates has been obtained, and 
the number of molecules of water of hydration can be deterniined 4 . G1EHousE 

observed that reaction occurred between rock-salt windows and reactive inorganic 
materials such as nitrato coordination compounds; the difficulty was overcome 50  by 
coating the windows with thin films of polystyrene. It has now been suggested' 
that thin plastic foil can, with certain advantages, replace rock-salt windows for 
more general purposes. 

For fundamental reasons it is preferable to examine solids in solution, and good 
quantitative results are most readily obtained in this way. Sometimes, however, 
there may he good reasons why an examination cannot he made in solution. The 
alternative methods of preparing samples have been reviewed 52 ; the same paper also 
describes the use of synthetic diamond and sapphire as window materials. 

The method of mulling (i.e. suspending the solid as a finely ground dispersion in 
an inert liquid) can be applied on the micro scale 53 , and the addition of an internal 
standard gives the basis for a quantitative method, which is probably accurate to 
about :E5o.  Calcium carbonate, potassium and lead thiocvanates, and sodium 
azide 54  are suitable internal standards. 

Agar films have been proposed as specimen carriers for biological materials. 
Porous Vvcor glass 56  is useful for studies of adsorption phenomena and catalytic 
processes, and the behaviour of carbon monoxide and carbon dioxide on zinc 57 , 

nickel 58  and titanium dioxide 58  surfaces has been investigated. Supplementary optics 
for such studies have been described 60 . 

The KBr disk method is widely used for the examination of solids; from the point 
of view of reproducibility and precision in quantitative analysis it is preferable to 
the use of mulls. Unfortunately, many serious difficulties and sources of error can 
arise, and the analyst must constantly be on the alert if misleading results are to 
he avoided. The advantages and limitations of the method have been reviewed', 
and DUYcKAERTS 62  has discussed the sources of the anomalies which can occur. So 
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many reports of anoinalote result have heel) published that there is little excuse 
for underestimating the possibk dangers of the disk method papers continue to 
draw attention 3  to the influence of iiioistuit. 

IKBr disks are being increasingly used in t lie st udv of polymeric materials and 
fibres, both natural and svnth etic65.067. Singlc fibres can be studied with the aid 

of beam condensing optics' and a recent paper (lescrihes the examination Of samples 

as small as 0(5 The fact that infrared niieiospcctrophotometiv has not vet 
been used to full ulvantage in the analysis of tiace coiistitueiits and biological 
materials is largely due to the expensive nature of the allXilial - V optical systems 

Which are required. The application of polarised radiation is an established tech-
mqU" which has been little used in recent years. 

The use of anion- or eation-ex hiange before pressing the disk can lead to in-

creased selectivitv 4  and sensitivity 70 . \queois stiples can be examined by a corn-
biied freeze-drying  disk technique , and substantially the same technique can be 

applied to non-aqueous SVstcil1s 1  Care is required-'l  to prevent the contamination 

of freeze-dried specimens by high -vacuum lubricaii ts Aromatic solvents have been 

collected 72  on finely ground K Br vin'hi is then pressed to lorni it disk for examina-

tion 
ihie applications of v4.l)oUr-PlIas( speetroscopv should also be considered. '['hose, 

naturally, are limited in scope 74 , but a uirprisinglv large range of compounds can 
be exammed, and, by proper choice of instrumental and operating variables, vapour-
phase spectroscopy is adaptable to a wide variety of analytical prohlenis 4  \Vhiere 

it is practicable, examination in the vapour nhase is the quickest, cleanest and 
most generally satisfactory technique of all, from which samples arc most easily 
recovered if required. Calibration cuir\'es can l'o' Coll structecl by both weighing and 

manometric 11ethods 7 , and quantitative results are usuiillv accurate and repro-

ducible to within 
For everyday use, rng quantities can be andvsed in inexpensive cells of simple 

construction''''t'. For particular purposes, niinimuim volume cells of long path-

length 77  and cells of special construction 78  continue to be described. It is often of 

interest to study reactions at low temperatures' 9  or to study tletoinpositioiis, t'.i. 

of plastics, at high temperatures 10 ' 81  , and there are many examples of cells specially 
designed for these purposes, and for the collection of eluates troll) gas liquid 
chromatographic columns. Recent advances in the application of vapour phase 
spectroscopv to the identification of components ill gas chn)matograpllv fractions 
have been reviewed. The danger of relying solely on retention data for the idemitilica-
tion of compounds in eluates has been pointed out and authorities on gas 
chromatography continue to stress the dangers and thiflicultics. Errors arising from 
non-resolution of comliponents within single peaks cont IUUC to ('(ilne to notice 84 , 

and the importance of combining gas chromatography with infrared spectroscopy 
has been (hjsc1issed. It is unfortunate that the spectroscopic sensitivity available 
is several po\Vel's of tell less than that how given by capillary chromatography 
coInmns this discrepancy is likely to remain, and it appears that the repetitive 

trapping of fractions -': 1  ill remain a useful technique. 
The tremendous analytical advani age of infrared spectroScop\' is due to the fact 

that, in a determination, the spectrum reveals exactly what is being measured. Ihe 
presence of inipurities, or the occurrence of an ii nwanted decomposition in an anal t- 
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i('al procedure, is inimediatelv revealed. The vapour-phase technique can be applied 
to investigate undesirable side-reactions in analytical procedures such as the ZEISEL 

reaction 5785 , and it is also a powerful method of investigating anomalous analytical 

reactions 8 " ". Furthermore, in simple mixtures of known components there is 
generally no diffit'ultv in determining all the components simultaneously. Thus the 
infrared method is undoubtedly the most conveoient of the available methods for 
the simultaneous determination of mixed alkoxvl groups"', or for investigations of 
the physical retention of organic solvents" 3 , a process which can cause inaccurate 
anal tical results in natural product chemistry. 
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Applications of Infrared Spectroscopy 
Part X.*  The Zeisel Determination of t-Butoxyl Groups, and the Anomalous 

Reactions of t-Butyiphenols 

By U. M. W. ANDERSON, I. L. I)[NCAN, M. A. HERBICH 
AND S. S. H. ZAII:)1 

(Department of Chemistry, The Uidie;si/v, IVe/ Mains Road, Edinburi,'J, I)) 

Zeisel cleteniiinations on t-hutoxvl compounds give non-quantitative 
and vans ble results. t-Butyl iodide decomposes thermally to isobutene, 
the equilibrium involved being attected by the reaction variables and by 
the addition of phenolic compounds. The over-all effect is therefore particu-
larly complex for aromatic t-butoxvl compounds, since phenolic compounds 
are formed within the reaction medium as de-alkylation occurs. 

Results are presented showing that more satisfactory analyses can be 
obtained when livdrobronuc acid is used in place of hydriodic acid. t-Butyl 
bromide suffers ->2 per cent. decomposition to isobutene when boiled 
under reflux with constant-boiling hvdrobromic acid moreover, this decom-
position is reproducible under given reaction conditions, and correction 
factors can therefore be applied. Since t-hutoxvl compounds are de-
alkylated almost as (luickly in hvdrobromic acid as in hydriodic acid, the 
reaction periods required are not significantly longer; the period required 
varies from 2 to 3 hours, and is dependent on the nature of the sample. 

Boiling under refiux with constant-boiling hydrochloric acid offers a 
method of differentiating between true t-butoxvl compounds and those 
t-butyl compounds that react anomalously in ]ivdriodic and livdrobromic acids. 

IFIE ittilisation of t-1)UtV1 and t-btitoxyl compounds has increased greatly in recent years, 
e.g., in antioxidants,'' 2  perfumery chemicals, 3  free-radical reactions, 45  graded oxidants 6 ' 7  

and in chromatographic separations. 8  The relatively easy removal 9 '' 0  of t-butvl and t-btitoxvl 
groups makes them useful in reaction intennediates" and as protective groups in syntheses, 
e.g., of peptides. 12  Steric effects," rearrangements" and instability 14 15  are factors that 
combine with the property of ease of removal to complicate the functional analysis of t-butoxvl 
groups. t-Butvlphenols react anomalously in Zeisel deterniinations, 16 "' and some of the 
attendant analytical difficulties have been indiCate(l. 18  

()nix- it few papers have discussed the application of the Zeisel reaction to butoxvl 
compounds in general. Of these, only two—so far as we are aware—have quoted results 
for the tertiary isomer. Houghton and \Vilson' 9  reported, without comment, a recovery 
of only 188 per cent. of the theoretical yield of t-hutvl iodide from t-hutvl alcohol; under 
different reaction conditions, Kirsten and Niisson 20  Obtained 60 to 70 per cent. recoveries, and 
stated that tertiar- butanol appears to give a fairly stable volatile iodide, although the repro-
ducibility of recovery is not good." 

It has long been known that t-butyl iodide is unstable at its boiling-point (103 °  C), the 
equilibrium- 

C,H 9t1 	CH 8 H  HI 

being established. 2 ' Some decomposition must therefore occur in Zeisel determinations 
(compare Campbell and ('hettleburgh 16), in which the reaction temperature is 127° C. In 
view of the discrepancies between the recoveries reported, 19 ' 20  a spectroscopic 22  study of the 
recovery of t-butvl iodide from reflux in hvdriodic acid was undertaken in an attempt to 
improve the accuracy of determining t-butoxvl groups. 

It became clear that the use of hydriodic acid was analytically unsatisfactory when it 
was found that: (i) variation of the reaction conditions gave recoveries of t-butyl iodide 
ranging from 19 to 80 per cent.: (ii) under standardised reaction conditions, the yields of 
t-butvl iodide were affected by the presence of phenolic compounds in the reaction medium. 

* Part IX appeared in Ta/auto. 1962, 9, 661 

f Presented at the Joint Meeting of the Scottish and North of England Sections in Belfast, June 
28th and 29th, 1962. 
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t-Butoxyl compounds react rapidly 23,24  with aqueous hydrobromic and hydrochloric acids, 
and t-butyl bromide and chloride are more stable thermally than is the iodide; the possibility 
of basing analytical reactions on boiling under reflux with those acids was therefore investi-
gated. 

EXPERIMENTAL 
COMPOUNDS— 

Samples of t-butvl alcohol 25  and t-butvl halides conforming to literature description 
were obtained by redistillation under reduced pressure of reagent-grade commercial samples. 
Since t-butyl iodide quickly develops a dark colour, small amounts were redistilled daily. 
Isobutene was prepared by dehydration (with concentrated sulphuric acid) of purified 
t-butyl alcohol. 

1-Butyl ester—t-Butyl 3,5-dinitrohenzoate was prepared; the specimen conformed to 
literature description. 

1-Butvi ethers—t-Butyl phenvl ether, t-butyl-p-tolvl ether and t-butvl-1-naphthyl 
ether were prepared by Grignard reactions with t-butyl perbenzoate 26 ' 27 ; the specimens gave 
satisfactory elemental analyses (Weiler and Strauss, Oxford). Dark colours developed on 
storage, and these specimens were redistilled under reduced pressure as required. 

t-Rittvlpheuols---Sam pIes were supplied by Dr. R. L. Williams, Messrs. Kodak Ltd. 
and Messrs. I.C.I. (Dyestuffs Division) Ltd. Liquids were purified by redistillation. Most 
of the samples, however, were low-melting solids not readily purified by recrvstallisation; 
these were purified by zone-melting. 

APPARATUS, REAGENTS AND PROCEDURE— 

These have been described, 28 . 29  together with details of (i) the technique for trapping 
volatile reaction products and (ii) the infrared vapour-phase method for their subsequent 
identification and determination. Particular care is necessary when transferring the contents 
of the trap to the gas-cell; t-butyl iodide decomposes so readily that direct warming of the 
trap over a flame is inadvisable. Satisfactory results were obtained by immersing the trap 
in water at 80 to 90 C, the sodium chloride cell windows being suitably protected (with 
plastic covers) during this operation. 

A slight reaction occurred between t-butyl halides (particularly the iodide) and the 
sodium chloride cell windows, so that the windows ''fogged" much more quickly than usual. 
The validity of calibration curves had therefore to be checked more frequently than in 
previous investigations. 

USE OF SOLID SCRUBBERS— 

Aqueous solutions hvdrolyse t-butyl halides to t-butvl alcohol; hydrolysis of the iodide 
occurs extremely rapidly.o It is therefore essential (compare Campbell and Chettleburgh 16 ) 

to use a solid scrubber in determinations of t-butyl halides. Soda asbestos 3' has given 
satisfactory results throughout our studies. 

RESULTS 

EXPEnIMENTS WITH CONSTANT-BOILING HYI)RIODIC ACID— 

Rate of reaction of t-butoxyl compounds—Zeisel determinations were conducted on 
t-but'l alcohol, t-butvl 3,5-dinitrobenzoIte and t-butyl-1-naphthvl ether under standard 
((all litions. The conditions were: volume of hvdriodic acid, 6 ml (sp.gr . 1-70, pre-condi-
ti)1lcd) nitrogen flow rate, 6 to 8 ml per minute; weight of phenol added, 30 mg. Sample 
weights yielding 2 to 4 mg of t-butyl iodide were taken. The yields of t-hutvl iodide at the 
reaction times stated were as shown in Table I. Burwell, Elkin and Maurv 32  have already 
commented on the fact that ethers are not always less reactive than alcohols. 

Recovery of 1-butyl iodide—Samples of t-butyl iodide (in small weighing bottles fitted 
with ground-glass stoppers—see Anderson and Duncan 211)  were placed in the Zeisel reaction 
flask; the recovery from boiling under reflux in hvdriodic acid was investigated, the reaction 
conditions being the same as those outlined in (a) above. The maximum recovery varied 
from 58 to SO per cent.; about 80 per cent. of the total recovery in each determination distilled 
within 20 minutes. For fixed weights of samples of t-hutvl iodide, small variations in recovery 
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TABLE I: YIELD OF t-BUTYL IODIDE FIIi)M DIFFERENT COMPOUNDS 

Yield of t-butyl iodide (as percentage of theoretical) 

Compound 	 After reflux for After reflux for After retlux for 
I hour 	 2 hours 	 3 hours 

t-Butyl 3,5-dinitrohenzoate 	. 	. . 	760 	808 (max.) 
t-Butyl-l-naplithvl ether 	.. 	 . . 	405 	666 (max.) 

t-Butvl alcohol < 1 1st determination 	425 	 48'7 	566 (max.) 
L 2nd determination 	.39' 	 45 '0 	 hOt) (max.) 

resulted when: (i) the volume of hvdriodic acid was decreased from 6 to 1 ml, (ii) the flow rate 
was varied from 4 to 12 ml per minute and (iii) the weight of phenol was varied from 0 to 
100 fig. Little variation in the rate of recovery was found when the temperature of the 
condenser water was increased (compare Belcher, hides and -Nutten 3l and Inglis34). 

Production of isobutene—In all these determinations some isobutene was produced, 
the sum of the molar recoveries of t-I)Utvl iodide and isobutene accounting for the t-butyl 
iodide taken. 

A time - recovery experiment with 2,6-di-t-butv1-4-niethoxvphenol in which Campbell 
and Chettleburgh's 16  experimental conditions were used gave results agreeing well with those 
reported"; boiling under reflux for 1 hour gave the theoretical yield of methyl iodide, together 
with isobutene and a yield of t-butyl iodide that, calculated as methyl iodide, gave an apparent 
methoxvl content of 21 to 22 per cent. The ratio of the molar yields of isohutene and t-butyl 
iodide was, however, constant over the whole reaction period, e.g., boiling under reilux for 10 
minutes gave approximately 7)) per cent. of the total yield of isohutene and also approximately 
7)) per cent. of the total yield of t-butyl iodide. This (toes not Support Campbell and Chettle-
burgh's implication 16  that the isobutene results from decomposition of some t-butvl iodide 
that does not distil in the earlier stages of the reflux period. 

The molar ratio of isobutene to t-butyl iodide (i.e., the extent of decomposition of the 
t-butyl iodide) was also much greater than in any of our previous experiments. It was 
suspected that this resulted from the changes made in the reaction conditions in order to 
duplicate Campbell and (hettleburgh's experiments. 16  These workers, in testing scrubber 
effects, determined the total apparent methoxvl content of 2-t-butyl-4- net lioxvplienol under 
four different reaction conditions, and found four different values ranging from 1806 to 
2256 per cent. This range was confirmed when these experiments were repeated with a solid 
scrubber. Changes in reaction conditions, and not scrubber hydrolysis effects, therefore 
cause the variable results. This effect was further investigated as described below. 

Variation in yield of 1-but vi iodide ici/li reaction conditions—In a series of experiments, 
a constant weight of t-butvl-4-hydroxyanisole (mixed 2 and 3 isomers) was allowed to react 
under different conditions; these are shown, together with the yields of t-butyl iodide obtained, 
in Table II. Further experiments showed that cresols and other phenolic compounds caused 
similar variations in the results. The conjoint addition of other solubilisers, such as propionic 
anitvdride and hvpophiosphorous acid, further complicated the effect. 

Other experiments indicated that phenolic compounds, formed in the reaction medium 
during the de-alkvlation reaction, contributed to the decomposition of t-butyl iodide. 
(1) t-Butvl4-hivdroxyanisole (5 mg) was allowed to react in hvdriodic acid (6 ml), with no 
added phenol. The recovers' of t-butvl iodide was 80 per cent., in agreement with the result 

TABLE II: 'I1O.I) OF t-BUTYI. IODIDE FROM 5-mg SAMPLES OF BUTYLATED 
HVDROXVANISOLE UNDER DIFFERENT REACTION CONDITIONS 

Nitrogen I-I vdriodic acid 
flow rate. (.p.gr. 	170) used, Phenol added, Yield (as percentage 

ml per minute ml mg of theoretical) 
3 1 30 19 
4 6 30 5! 
to 8 1 10 .53 

6 to S 6 0 8)) 
6 to 5 6 10 72 
6 to 5 1 1 30 62 
6 to 8 6 60 50 

12to15 I 30 45 
12 to IS 6 30 73 



356 	 ANDERSON, DUNCAN, HERBICH AND ZAIDI: 	[Analyst, Vol. 88 

in Table II. (2) The reaction medium was boiled for a further 4 hours to eliminate all traces 
of alkyl iodides, and the mixture was then cooled. A further 5 mg of sample and 30 mg of 
phenol were added; the recovery of t-butvlphenol was 52 per cent., compared with 62 per 
cent. (see Table II) for the corresponding "straight" reaction with 30 rng of phenol. (3) The 
reaction medium was again boiled for 4 hours, and then cooled; a further 5 mg of sample 
and 30 ing of phenol were added. The recovery of t-butyl iodide was then only 42 per cent., 
compared with 50 per cent. for 60 mg of phenol in Table II. Thus the effect of the total 
phenol added (60 mg) was apparently augmented by the sum (approximately 6 mg) of the 
weights of phenolic compounds formed in determinations (1) and (2). 

EXPERIMENTS WITH CONSTANT-BOILING HYI)ROBROMJC ACID— 

Recovery of t-butyl bromide—When 6 ml of hydrobronsic acid, 30 mg of phenol and 
a nitrogen flow rate of 6 to S ml per minute were used, the recovery of samples (2 to 5 mg) of 
t-butyl bromide after boiling under reflux for 1 hour was 90'7 per Cent. and, after 2 hours, 
984 per cent. (maximum 	An equilibrium of the form 

C 4 H 9tBr C 4 H 8  + HBr 
must exist,35  but under the stated reaction conditions (rellux temperature 115' C) the extent 
of decomposition to isobutene does not exceed 2 per cent. Indeed, only traces of isobutenc 
were detectable in the infrared spectrum of the reaction products; some polvmerisation 35  of 
isobutene may occur. The recoveries of t-butyl bromide were reproducible and were not 
strongly influenced by small changes in reaction conditions or in the amounts of phenol added. 

Rate of reaction of t-butoxyl compounds—With use of the same reaction conditions 
as in (a) above, the rate of evolution of t-butyl bromide from some t-butoxvl compounds was 
determined. The results are shown in Table III. The reaction time required varies from 
2 to 3 hours, depending on the compound being analysed. When these results are corrected 
by +16 per cent. (the percentage loss of t-butyl bromide during recovery), only the results 
for two of the ethers are slightly low; this may well reflect the state of purity of these 
specimens. 

The anomalous reaction of t-bulvlphenols-----Sorne t-butvlphe.nols were boiled under 
reflux in constant-boiling hiydrobromic acid for 2 to 3 hours. Nearly quantitative yields of 
t-butyl bromide were produced. Such compounds cannot therefore be distinguished from 
t-butoxyl compounds by this reaction. 

TABLE III: YIELD OF t-BUTYL BROMIDE FROM t-BUTOXYL COMPOUNDS 

Yield of t-butyl broiuide (as percentage of theoretical) 

Compound After rcflux for After reflux for After reflux for 
1 hour 2 hours 3 hours 

t-Butyl alcohol. . 	 . 	 . . . 	 95•4 983 (max.) - 

t-Butyl 3.5-dinitrobcnzoate 	. . 	 970 986 (max.) - 

t-Butyl phenyl ether 	. . 	 . . 	 865 911 962 (max.) 
t-Butyl-p-tolvl ether 	. . 	 . . 	 868 933 956 (max.) 
t-Butyl-1-naphthvl ether . . 	 90'8 936 975 (max.) 

EXPERIMENTS WITH CONSTANT-BOILING HYDROCHLORIC ACID— 

Under the reaction conditions specified in "(a) Recovery of t-butyl bromide" above 
boiling under reflux with constant-boiling hydrochloric acid for 2 hours gave the results listed 
below. 

Recovery of added t-butyl chloride was nearly quantitative (>98 per cent.) (compare 
Kistiakowsky and Stauffer"').,  

t-Butyl alcohol and t-butyl :3,5-dinitrohenzoate gave 08 per cent. of the theoretical 
yields of t-butyl chloride. 

t-Butyl ethers gave 60 to 65 per cent. of the theoretical yield of t-butyl chloride. 

The reactions of the t-butylphenols were— 

(1) No t-butyl chloride formed- 
24-di-t-butvlphenol; 
5-methy1-2-t-butyl-4,6-dinitroanisole; 
4-t-butylphenol. 
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:10 per cent. of t-hutvl chloride formed- 
5-methvl-2-t-butv11)henol; 
t-hutvlated-4-hydroxyanisole (fluxed 2 and 3 isomers); 
2,6-di-t-butvlphenol. 

20 per cent. of t-butyl chloride formed-
2,4-dirnethvl-5-t-butvlphenol; 
3-niet hvl-4 ,(-di-t-hut vipI ienol. 

CONCLUSIONS 

Roiling under retlux with constant-boiling hycirobromic acid is a satisfactory method of 
analysis for t-hutoxvl groups. Under the reaction conditions described, decomposition of 
t-but vl bromide does not exceed 2 per cent., and the appropriate correction factor can be 
applied to the analytical results. The reaction period vanes from 2 to 3 hours, depending on 
the compound being analysed. When the infrared method of determination 22  is being used, 
prolongation of the reaction period is not critical, although this might be inadvisable for 
volumetric or gravimetric determinations of the t-butyl bromide. Roiling under reflux with 
constant-boiling hvdrobromic acid does not distinguish between true I -hiitoxvl compounds 
and t-butvtated phenols. 

Roiling under reflux with constant-boiling hydrochloric acid, however, offers a method of 
making this distinction. The yields of t-butvl chloride vary from 60 to 9S per cent. for 
t-hutoxvl compounds, and from (ito 20 per cent. for the range of t-butvlplienols studied. It is 
possible that a rearrangement 27  of the form 

0)-I 	 OCHt 

)j4 

€4 H 

occurs in acid solution, the extent of the rearrangement depending on the concentration of 
acid and the nature of the substituent groups and substitution pattern in the phenolic 
compound. 

The results presented show clearly that boiling under reflux with hvdriodic acid does not 
give a satisfactory analytical reaction for t-butoxyl groups. The equilibrium- 

C 4H 9tI —_ C 4H 8  + HI 

is clearly dependent on the ratio of sample weight to volume of acid used, on the flow rate 
of scavenging gas and on the amounts of phenolic compounds added as solubilisers or formed 
within the reaction medium during the de-alkylation reaction. 

Our results indicate that production of isobutene does not increase markedly in the 
latter stages of a determination: there is no extensive decomposition of undistiiled portions 
of t-hutvl iodide. Two effects must he distinguished. In the recovery of t-butyl iodide, 
the yield varied from 58 to 80 per cent. and was not strongly dependent on changes in how 
rate or on the addition of phenolic compounds. The rate of distillation was rapid (approxi-
mately 80 per cent. in 15 minutes), and the recovery of added t-butyl iodide appears to he 
mainly dependent on the thermal decomposition equilibrium. In the formation of t-hutvl 
iodide from t-butoxvl compounds, however, several striking differences are apparent. 
(a) The relative viekls of t-butyl iodide vary much more widely (19 to 81 per cent.); (b) the 
rate of distillation (now dependent on the rate of formation) is much slower (approximately 
50 per cent. in 1 hour) ; (c) the relative amounts of t-but vl iodide and isobutene formed are 
strongly dependent on the reaction conditions, and, particularly, on the presence of added 
compounds. 

Mechanisms of the reactions of t-butyl compounds have been extensively studied, 37 '38  
and the relative stability of the t-butvl carbonium ion is well known. Olefine-forming 
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elimination reactions involving butyl compounds proceed via competitive S 5 1 and El uni-
molecular reactions, in which the rate of formation of the carbonium ion (step (a) below) 
is rate-determining. 

CH, 	 CH, 
I 	(a) 

CH3—C—R 	 R + CH3 C 
slow 

H3   

fast, El (b) 	(fast, S1 

CF! 3 	 CH, 
I 	—I - 	I 

Hi- + CH = C =-== CH 3—C—I 

Cl-I 3  

It appears that the relative extent to which reactions (b) and (c) occur in Zeisel deter-
minations is dependent on the reaction conditions and additives employed. 

We are grateful to Dr. R. L. Williams, Ministry of Aviation, Waltham Abbey, Essex, 
Messrs. Kodak Ltd., Kirkhv, Lancs., and Messrs. I.C.I. (Dyestuffs Division) Ltd. for providing 
specimens of t-butvlphenols. We thank the P.C.S.I.R., Karachi, for granting study leave 
and financial assistance to one of us (S.S.H.Z.). 
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Applications of infra-red spectroscopy_XI* 

The determination of 1,2-diols by modified Zeisel reactions 

(Received I I February 1963. Accepted 12 February 1963) 

DERIVATIVES of 1,2-diols, and compounds made by condensations with ethylene or propylene oxides, 
are becoming increasingly important as solvents, plasticisers, detergents and emulsifiers. 

Specialised methods have been developed for the analysis of ethylene oxide condensates,' and for 
the separation, by azeotropic distillation  and by chromatographic methods,' 5  of aqueous solutions 
of simple glycols and their derivatives. For quantitative determinations, the Malaprade" periodate 
oxidation involves the determination of formaldehyde' , ' or silver iodate.' Other investigators have 
used an acetylation method," cerate oxidation" (which releases formic acid), and dichromate oxida-
tion' 2  (which produces carbon dioxide). 

A more general method, however, involves the well-known Zeisel reaction, in which I ,2-diols yield 
an olefirie and an alkyl iodide. The method has been used on the micro scale.' 3  Although early 
attempts to use this reaction quantitatively were unsuccessful, it has been claimed' 4- ' 6  that reasonable 
results are obtained if the sum of the molar yields of both the volatile products is taken: the relative 
yields of the two reaction products appear to be dependent on the compound under study and on the 
precise reaction conditions. Although Etienne' 6  found that iodine chloride was more satisfactory than 
bromine as an absorbant for ethylene, all attempts" to simplify the analysis, by introducing a single 
chemical absorption system for both volatile products, have failed. A method" based oil determin-
ation of the iodine liberated in the reaction medium through decomposition of the primarily formed 
di-iodo alkanes has been adapted to the micro scale." 

Vapour-phase infra-red spectroscopy gives a simple, sensitive and specific method for the simul-
taneous determination of ethylene, or propylene, together with alkyl iodides. For ethane-diol, 
calibration is based on the absorption by ethylene at 955 cm' and by ethyl iodide at 1215 cm -1 . 

Routine analyses can be made without difficulty on 5-mg samples. The analytical apparatus required 
has been described (see Fig. 1, ref. 19): details of the simple gas-cells," construction of calibration 
curves, 2 ' and a procedure for the measurement of infra-red absorptions" have been given. 

Part X.' D. M. W. Anderson, S. Garbutt, M. A. Herbich and S. S. H. Zaidi Analyst, 1963, 88, in press. 

Under our standard conditions 22  for Zeisel determinations, [i.e., 5-mg samples refluxed with 6 ml 
of hydriodic acid (55% .) using nitrogen as flow-gas at 6-8 ml per mini ethanediol gives 85 moles per 
cent of ethylene and 15 moles per cent of ethyl iodide. This agrees well with the observations of 
Kaintz" but not with those of Morgan." The evolution of ethylene is extremely rapid. From start of 
reflux, the evolution of ethylene is complete within 10 nun; evolution of ethyl iodide is slower, being 
complete in 30 mm, a time slightly less than is usual in determinations on ethoxy compounds 
(cf ref. 13). 

A pure sample of 1,2-di-iodoethane decomposed rapidly (a) in boiling water, giving a quantitative 
molar yield of ethylene, (h) in hydriodic acid, giving 90 moles per cent of ethylene and 10 moles per 
cent of ethyl iodide. In agreement with Etienne," the formation of 1,2-di-iodoethane may therefore be 
the essential reaction intermediate (cf ref. 14). The suggestion" that low results may be caused by the 
loss of traces of] ,2-di-iodoethane fi om the reaction flask must he questioned, however; the decompo-
sition of 1,2-di-iodoethane in boiling aqueous solutions is so rapid that its existence as a reaction 
intermediate must be very short under the analytical reaction conditions. Further experiments are in 
progress to investigate all aspects of the determination of 1,2-diols and their derivatives in an attempt 
to improve the sensitivity, reproducibility and accuracy of this modified Zcisel method: the results 
will be published in due course. 

Recently, constant-boiling hydrochloric 23  and hydrobromic' 4  acids have been used to advantage in 
modified Zeise! reactions. Because both 1,2-dibronio- and 1,2-dichloroethane are relatively more 
stable than 1,2-di-iodoethane, it was suggested" that reaction of 1,2-diols with hydrochloric or hydro-
bromic acids might lead to the formation of a single volatile reaction product. Unfortunately, this does 
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not occur. Ethanediol does not react to any significant extent with constant-boiling hydrochloric acid. 
Reaction with constant-boiling hydrobromic acid gives l,2-dibromoethane, ethyl bromide and ethy-
lene: furthermore, the total molar yield of these products is only about 50 (, after reflux for 2 hr. 
Hydrobromic acid is therefore less satisfactory than hydriodic acid as an analytical reagent. When 
1,2-dibromoethane is treated with constant-boiling hydrobroniic acid, some dibromoethanc distils 
unchanged, and some is decomposed to ethylene, a small proportion of which (as shown in separate 
experiments) is converted to ethyl bromide. 

Department of C/,emistr 
The University 
EdinburI: 9, Scotland 

D. M. W. ANDERSON 
S. S. H. ZAIDI 

Summary—Vapour-phase infrared spectroscopy offers a simple, 
sensitive and specific method for simultaneous determinations of the 
olefines and alkyl iodides liberated in Zeisel determinations on 
1 ,2-diols. 

Zusanunenfassung—Die I nfrarotspektroskopie in der Dampfphase 
bietet eine einfache, empflndliche und speziflsche Methode für die 
gleichzeii ige Bestimmung der bci Zeisel-Bestimmungen an 1 ,2-Diolen 
gebildeten Olefine und Alkyljodide. 

Résumé—La spectroscopic infra-rouge en phase vapeur constitue une 
méthode simple, sensible et spécifique du dosage simultané des oléfincs 
et des iodures d'alcoyle formés dans le dosage des diols-I,2 par la 
méthode de Zeisel. 
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THE BEHAVIOUR OF PROPDXYL AND BUTOXYL GROUPS 

IN THE ZEISEL REACTIONt 

D. M. W. ANDERSON and S. S. H. ZAIDI 
Department of Chemistry. The University, Edinburgh 9, Scotland 
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Summary—Vapour-phase infrared spectroscopy has been used to study 
the behaviour of n-propoxy, iso-propoxy, n-butoxy, iso-butoxy and see-
butoxy groups in Zeisels reaction. Within each group, the reaction rate 
varies with the compound under study. The equilibrium iso-C3 H 7 1 
HI + C3 H 6  is involved in the determination of iso-propoxy compounds 
with hydriodic acid: low recoveries of iso-propyl iodide therefore 
result. Reflux with hydrobromic acid gives a more nearly quantitative 
analytical reaction, since iso-propyl bromide is more stable to retlux 
with hydrobromic acid than iso-propyl iodide is to reflux with 
hydriodic acid. n-Propoxy, n-butoxy and sec-butoxy groups can be 
determined successfully with hydriodic acid; in the determination of 
iso-butoxy groups a rearrangement occurs, and the reaction product 
is a mixture of iso-butyl and sec-butyl iodides. 

ALTHOUGH there have been many investigations of Zeisel's reaction (see, for example, 
literature cited in ref. I) very few of these have considered its application to the deter-
mination of propoxyl and butoxyl groups. In continuation of our previous investi-
gations of aspects of the Zeisel reaction (see earlier parts of this series) we have 
therefore studied the behaviour of propoxy and butoxy compounds, which are now 
very frequently used, e.g., in plastics, resins, paints and agricultural chemicals, and 
also as anticholinesterases and solvent extractants. 2  

Problems encountered in the analysis of the tertiary butoxyl isomer were found to 
merit individual attention: a method of analysis, involving the use of hydrobromic 
acid, has been published. 3  

In an extensive study, Kirsten and Nilsson 4  confirmed (cf. ref. 5) that iso-propoxyl 
groups gave low results, but these authors did not establish the cause clearly and did 
not suggest a remedy. They did observe, however, that reaction rates for propoxyl 
and for hutoxyl compounds varied 4  from compound to compound; previously Inglis 6  
had reported a similar effect for methoxyl compounds, which, comparatively, react 
much more quickly. 

Several previous papers on propoxyl and butoxyl compounds can therefore be 
criticised on the grounds that only a few (<3) compounds were studied, or that no 
analytical results were quoted (cf refs. 5-9). Furthermore, although these investi-
gations used the Vieböck titrimetric finish, the other reaction conditions employed 
varied so widely that it is difficult to draw any critical conclusions; for example, the 
reaction-time recommended for n-butoxy groups varied from 7 mm 6  to 3 hr.' This 

* Part XI: D. M. W. Anderson and S. S. H. Zaidi, Talanta, 1963, 10, 691. 
Presented at a Joint Meeting of the Scottish and North of England Sections of the Society 

for Analytical Chemistry, held in Belfast on 28/29 June, 1962. 
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lack of agreement has been maintained in more recent papers in which non-aqueous 
titrationt° and gas chromatography" have been used to determine the alkyl iodides 
formed in Zeisel reactions; reaction periods of 1 hr 11  (at N, flow-rate of 1-2 bubbles 
per sec) and 2 hr'° (at 2-3 bubbles per sec) were proposed for iso-propoxy groups. 

Rearrangements and decompositions of alkyl groups are known to be caused by 
the action of hydriodic acid '12-16  but the extent to which these effects occur under the 
conditions operative in a Zeisel determination had not been investigated. Since 
standard analytical reference compounds for propoxyl and butoxyl groups have not 
yet been proposed, the present study was based on an investigation of as wide a range 
of compounds as could conveniently be obtained. 

EXPERIMENTAL 

Apparatus and general reaction conditions 

These hive been describeJ, 1  together with details of the techniques for trapping volatile products 
and for their determination by vapour-phase infrared spectroscopy. 17.11  

Reagents 

flydriodic acid, phenol, Anhvdrone and soda asbestos were all as previously described. 
!-fvdrobromic acid: AnalaR, about 48%, sp. gr . 146-149 (B. ft H. Ltd.) 

Reference compounds 

Specimens of propane and propylene (purity > 99% by vapour phase chromatography) were kindly 
provided by Dr J. H. Knox. 

Prop vi and but vl alcohols, iodides: Reagent grade (B.D.H. Ltd.) samples were re-distilled, then 
re-distilled immediately before use. Sec-butyl iodide was particularly difficult to obtain sufficiently 
dry (infrared spectroscopy) for calibration purposes; distillation of the vapour through a packing of 
Anhydrone was required. 

Compounds incest ated 

The range of compounds investigated included alcohols, esters and ethers; their origin is shown 
in footnotes to the Tables. The research specimens kindly given by Messrs. I.C.I. (Dyestuffs 
Division) Ltd., by Dr. W. J. Kirsten, and by Dr. E. S. Lane were used as received. Commercial 
samples were recrystallised or redistilled carefully before use. 

Procedure 

Samples (2-6 11g.) were refluxed with 6 nil of hydriodic acid (constant-boiling azeotrope, pre-
conditioned as described,' or with hydrobroniic acid (48% w/w). The flow-gas was nitrogen (N. 0. F. 
grade) at 6-8 nil per mm. Crystalline samples were added to the reaction-flask after care//dissolution 
in molten phenol;' for liquid samples, phenol (200 mg) was added to the reaction acid before the 
addition of the sample. For some samples (e.g., di-n-propyl ether, tri-iso-propyl phosphate, di-n-
butyl ether, tri-sec-butyl phosphate) the addition of a few drops of propionic anhydride was also 
required to prevent their distillation, unreacted, from the reaction-flask. 

In all the experiments, kinetic runs were timed from the start of ebullition of the reaction mixture 
and a steady flow of cold water was passed through the reaction flask condenser. The volatile reaction 
products were collected in a cold-trap after passage through soda asbestos and Anhydrone.' 

RESULTS 
1. Iso-propoxy compounds 

(a) Recovery of iso-propyl iodide from refiux with hydriodic acid: When iso-propyl 
iodide (freshly redistilled, 2-5 mg) was refluxed with constant boiling hydriodic acid, 
the recovery of iso-propyl iodide was 76 after 30 min and 92 %., after 1 hr (averages of 
several runs). The use of (1) reflux for longer periods, (ii) increasing the nitrogen 
flow-rate to 15 ml per mm (iii) passing warm water through the condenser jacket 
(cf. refs. 8. 19). and (iv) adding xylene'° to the reaction-flask as a "carrier" did not in 
separate experiments, increase the percentage recovery. 
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Reaction of iso-propoxy compounds with hvdriodic acid: In experiments with 
iso-propanol, the molar recovery of iso-propyl iodide did not exceed 92, and the 
infrared spectrum of the vapour products showed that iso-propanol had not distilled 
unchanged from the reaction-flask. Similar results were obtained from experiments 
with the esters and ethers listed in Table I. 

This low but constant recovery of iso-propyl iodide indicated that some decomposi-
tion or rearrangement was involved, rather than incomplete reaction of the compounds 
with hydriodic acid. To facilitate the detection and identification of any decomposition 
product, experiments involving larger samples (50-60 mg) of iso-propyl iodide were 
carried out; small amounts of propylene were indicated in the infrared spectrum of 
the reaction products, and this was confirmed independently by vapour phase chroma-
tography (experiments by courtesy of Dr. J. H. Knox). (En order to eliminate the 
possibility of thermal decomposition of iso-propyl iodide to propylene in the chroma-
tography column, the propylene was separated from the iso-propyl iodide in the 
Zeisel reaction products before the chromatographic examination). 

Recorery of iso-propyl bromidefi-oni reflux with hydrobromic acid: Kinetic 
experiments showed that the recovery of iso-propyl bromide when refluxed with hydro-
bromic acid (48, w/w) was quantitative in 1 hr. The recovery was 99'2 % (average of 
several runs). 

The reaction of iso-propoxy compounds tt'it/i &vdrobromic acid: A number of 
iso-propoxy compounds were refluxed with constant-boiling hydrobromic acid. As 
shown in Table I, quantitative recovery of iso-propyl bromide was given in 1 hr for 
many of the compounds studied, although iso-propanol required a reaction period of 
3 hr and di-iso-propyl ether required 4 hr. Analysis of the last compound was achieved 
by the procedure already described' for analysis of volatile compounds; the addition 
of a few drops of propionic anhydride to the reaction mixture eliminated the tendency 
for traces of di-iso-propyl ether to distil unreacted. 

TABLE 1.—YIELDS OF iSO-PROPYL BROMIDE (As PERCENTAGE OF THEORETICAL) FROM REFLUX OF ISO- 

PROPDXY COMPOUNDS WITH 4V1.AQ. HYDROHROMIC ACID 

Compounds 
Reaction period. hr  

3 	4 

I. Propan-2-ol 907 94.5 	996 
(max.) 

2. iso-Propyl-ç-glucoside tetra-acetate 100-2 
3. Tri-iso-propyl phosphite 995 
4. Tri-iso-propvl phosphate 994 
5. iso-Propyl-N-(x-napht hyl)-carbamate 996 
6. iso-Propyl-( 2,4,5-trichiorophenyl) acetate 1002 
7. iso-Propyl-N.phenyl-carbamate 974 
8. iso-Propyl-(2,4-dichlorophenyl) acetate 100-2 
9. 2-iso-Propoxyethanol 983 

10. p-iso-Propoxydiphcnyl 1002 
II. 2-iso-Propoxybenzthiazole 100-2 
12. Di-iso-propyl ether 778 894 	95-6 	98-0 

(max.) 

Orin of samples: Commercial samples—I. 3. 4, 6, 8, 12. 
Research specimens—S. 7, 10. 
Given by Messrs. I.C.I. Ltd.-9, II. 
Given by Dr. W. Kirsten-2. 
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2. n-Propoxy compounds 

The recovery of n-prop vi iodide from reflux uitli h ydriodic acid: Kinetic experi-
ments showed the recovery of n-propyl iodide to he 835% (05 hr); 895% (1 hr); 

95% (2 hr); 98O °/ (3 hr. max.) 
Reaction of n-propoxy compounds with hydriodic acid: The recoveries of n-

propyl iodide from several compounds are shown in Table 11. 

TABLE II.—YIELDS OF fl-PROFYL IODIDE (AS PERCENTAGE OF THEORETICAL) FROM REFLUX OF fl-PROPDXY 
COMPOUNDS WITH 55 aq. HYDRIODIC ACID 

Reaction period, hr 
Compound 

Propan-l-ol 
n-Propyl-2-chloro-3.5-dinit robenzoate 
p-n-Propoxydiphenyt 

Origin o/ samples: Commercial samples—i. 
Research specimens-2, 3. 

2 	3 	4 	5 

928 	955 	994(max.) 
996 
99.4 

Recovery of n-propylbromidefrom rejiux with hydrobromic acid: The recoveries 
of n-propyl bromide from reflux with hydrobromic acid were:- 835% (I hr); 926% 
(2 hr); 98O% (3 hr, max.) 

Reaction of n-propoxv compounds with hydrobromic acid: The recoveries of 
n-propyl bromide from the compounds studied are shown in Table Ill. 

TABLE 111.—YIELDS OF n-PROPVL BROMIDE (AS PERCENTAGE OF THEORETICAL) FROM REFLUX OF 
n-PROPDXY COMPOUNDS WITH 48% aq. HYDROBROMIC ACID 

Compound 

I. Propan- l -oI 
Di-n-propyl ether 
p-n-Propoxydiphenyl 
n-Propoxyacetic acid 
n-Propyl-c-naphthylurethane 
n-Propyl-3,5-dinitrobenzoate 
n-Propyl-2-ch!oro-3.5-dinitrobenzoate 
2-n-Propoxybenzthiazole 
Di-n-piopoxypentaerythritol  

Reaction period, hr 

2 	3 	 4 	5 

698 765 882 	945 	998 
576 689 775 	868 	937 
822 893 996(max.) 
900 940 1002(max.) 
840 903 993(max.) 

97 6(max.) 
997(max.) 
995(max.) 

100 O(niax.) 

Origin of samples: Commercial samples—I, 2. 
Given by Messrs. I.C.I. Ltd.-4, 8, 9. 
Research samples-3, 5, 6, 7. 

3. Butoxy compounds 
(a) Recovery of the isomeric butyl bromides when rejiuxed with hydrobromic acid: 

The recoveries obtained were:- 
n-butyl bromide: 865% (O5 hr); 902 % (1 hr); 955% (2 hr); 982% (3 hr. max.) 
iso-butyl bromide: 963% (1 hr, max.) 
sec-butyl bromide: 966%(l hr, max.) 
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Reaction of buivi alcohols wit/i hydrobrornic acid: The recoveries of butyl 
bromides (as percentage of theoretical yield) were: -  

n-butyl bromide from n-butanol: 688%(l hr); 705%(2hr); 756%(3 hr, max.) 
sec-butyl bromide from sec-butanol: 7754 (1 hr); 833% (2 hr, max.) 
iso-butyl bromide from iso-butanol: 665 (1 hr); 677% (2 hr, max.) 

These low recoveries indicated that reflux with hydrobromic acid does not give 
quantitative analytical reactions for n-, iso- and sec-butyl compounds. There was no 
increase in yield in experiments in which small amounts of the catalysts 14  zinc chloride 
and sulphuric acid were added to the reaction mixture. Further experiments using 
the "carrier" technique 10  were also made; toluene, mesitylene, -methylnaphthalene, 
nitrobenzene and carbon tetrachloride were all tested for carrier activity, but with no 
significant success. 

Reaction of butyl alcohols wit/i phosphoric acid + potassium iodide: A mixture 
of ortho-phosphoric acid + potassium halide is well-known 20  as a reagent for con-
verting ethers into the corresponding halide: the use of this reagent was proposed 
recently2' for the determination of methoxyl and ethoxyl groups. This reaction mix-
ture gives a much higher reflux temperature than HI or HBr, and it appeared that its 
use might lead to quantitative recoveries of the butyl bromides. This was found not 
to be the case. It is noteworthy that Stone and Shechter'° also reported yields of 
only 80-90 	for the conversion of dibutyl ether and di-iso-propyl ether to the 
corresponding iodides. 

Recovery of butyl iodides from refiux with hydriodic acid: The recoveries 
obtained were:- 

n-butyl iodide: 741 	(05 hr); 8O3 (1 hr); 9I2 (2 hr); 964 (3 hr, max.) 
iso-butyl iodide: 9O2% (05 hr); 945% (1 hr, max.) 
sec-butyl iodide: 813% (05 hr); 855% (1 hr); 941 % (2 hr, max.) 

Reaction of n-butoxy compounds with hydriodic acid: The recoveries of n-butyl 
iodide from a number of compounds are recorded in Table IV, which shows that the 
reaction-time required for maximum recovery of iodine depends on the compound 
under study and varies from 1-4 hr. 

Reaction of' iso-butoxy compounds with hydriodic acid: When iso-butoxy com-
pounds were refluxed with hydriodic acid it was observed that reaction was complete 
in 1 hr and that the volatile reaction product was a mixture of iso-butyl and sec-butyl 
iodides. The relative yields varied with the compound studied, as shown in Table V. 
Since iso-butyl iodide can be recovered unchanged from reflux with hydriodic acid, 
partial rearrangement involving a carbonium ion probably occurs during a step-wise 
reaction mechanism with the formation of a mixture of iso- and sec-butyl iodides, 
which then distil unchanged. 

Reaction of sec-butyl compounds with hydriodic acid: Only two compounds 
of sufficient purity were available for study. The molar yields of sec-butyl iodide 
were as follows:- 

tri-sec-butyl phosphate: 857% (I hr); 898% (2 hr); 967% (3 hr): 
sec-butanol: 	 897% (I hr); 95'8% (2 hr); 97.9°/ (3 hr). 

A rearrangement of sec-butyl groups to tert-butyl has been reported to occur, 16  but 
it was not observed to take place to any significant extent in the present study. The 
sec-butanol used was purified according to Failes and Stimson.22 
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TABLE IV.—YIELDS Of n-}1IJrYL IODIDE (AS PERCFNIAGE OF THEORETICAL) FROM REFLUX 01 fl-BUTOXY 

COMPOUNDS WITH 55' ac]. HYDRIODIC ACID 

Compound 

1 

Reaction period. hr  

2 	 3 	 4 

I. Piperonyl butoxide 986 (max.) 
2-Butoxvethano 97-4 (max.) 
Tri-butyl phosphite 93-9 (max.) 
Allyl dibutyl phosphat e * 95-5 (max.) 

Diethyl dibutyl ether 935 95-6 (max.) 
Dihutyl hydrogen phosphonate 968 97-7 (max.) 
Dibutyl butyl phosphonate 95-7 988 (max.) 

S. Butyl lactate 72-8 92-9 (max.) 
Butyl salicylatc 724 932 (max.) 
Butyl vinyl ethert 85-2 928 (max.) 

H. I -Butoxy-3-N,N-dicthylcarbamoylbenzene 84-3 962 (max.) 
Butyl phenyl ether 866 990 (max.) 

Butyl chloromethyl ether 827 936 97-5 (max.) 
Butan-1-oI 78-6 9I3 97-6 (max.) 
2_Amino-2'-butoxydiethyl ethert 71-5 913 972 (max.) 
Titanium tetra-butoxide 656 820 932 (max.) 
NN'-Bisbutoxymethylurea 661 886 978 (max.) 

1,1'-Dibutoxy-n-butane 565 63-5 78'2 	926 (max.) 

* Also gives iso-propyl iodide. 
Also gives ethylene 	ethyl iodide. 

Origin of samples: Commercial samples—I, 2, 3, 8, 9, 	10, 	14. 
Research samples— 12. 
Given by Messrs. I.C.I. Ltd--I I, 	13, 	IS, 16, 	17. 
Given by U.K.A.E. A.. llarwell--4, 5. 6, 7. 

TABLE V.—YIELDS OF BUTYL IODIDES (As PERCENTAGE OF THEORETICAL) FROM REFLUX OF ISO-BUTOXY 
COMPOUNDS FOR I FIR WITH 55 aq. FIYDRIOI)IC ACID 

Compound 	
Recovery, % 

As iso-butyl iodide 	As sec-butyl iodide 

I. Vinyl i o-bulyl ether 	 63 	 35 
iso-Butyl-chloromethyl ether 	 54 	 45 
Boron- tri-iso-bu(oxide 	 58 	 42 
iso-Butanol 	 86 	 12 
Tri-iso-butyl phosphate 	 60 	 38 

Orjin oJ swnples: Commercial samples—I. 2, 3, 4. 
Given by U.K.A.E.A., Harwell-5. 

DISCUSSION 

These studies have confirmed earlier evidence4,6  that reaction rates in the Zeisel 

reaction vary considerably from compound to compound: for a particular a!-

koxyl group, no single reference compound can be taken as a standard. This is partic-

ularly important for propoxyl and butoxyl groups: for methoxyl and ethoxyl groups 

the reaction rates involved are very much faster, and the effect is therefore not of such 

great practical significance. The lack of agreement in earlier papers" regarding the 
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reaction-periods required can now be ascribed, at least in part, to the fact that the 
range of samples studied in each case was too restricted. 

The thermal decomposition of iso-propyl iodide to propylene has been extensively 
studied' 24  in the gas phase, but the reaction conditions involved are not directly 
applicable to the comparatively low temperature of the Zeisel reaction. Evidence has 
been obtained that under our Zeisel reaction conditions the equilibrium 

iso-propyl iodide ~_ HI + propylene 

exists to a small extent which is, however, sufficient to cause low analytical recoveries 
of iso-propyl iodide. The molar amount of propylene present is equivalent to 
6-8 moles per cent of iso-propyl iodide, and this small amount of propylene could 
only be detected and estimated satisfactorily when the weight of iso-propyl iodide 
taken was increased from 5 to 50 mg. [This is unlikely to cause any significant change 
in the reaction mechanism since this range of sample weights is small compared with 
the large excess of hydriodic acid used (6 ml of 55 % w/w).] 

The increased thermal stability of iso-propyl bromide permits nearly quantitative 
recoveries from refluxing hydrobromic acid azeotrope. This constitutes the third 
important application of hydrobromic acid in modified Zeisel reactions—earlier papers 
have outlined its use in simultaneous determinations of mixed ethoxyl-methoxyl 
groups' and in the determination of tert-butoxyl groups. 3  Unfortunately, the com-
parative thermal stability of iso-butyl bromide cannot be invoked—because of the 
inadequate reactivity of hydrobromic acid—to give an alternative method of analysis 
for iso-butoxyl groups. The rearrangement to sec-butoxyl which occurs in hydriodic 
acid would not, of course, cause any difficulty in a determination using the Vieböck 
iodometric finish; the rearrangement would, however, invalidate an attempted 
determination, by the vapour phase infrared method, of a mixture of iso-butoxy and 
sec-butoxy compounds. 

The difficulty of securing pure commercial samples of propyl and butyl halides, 
and of avoiding thermal and acidic rearrangements to other isomeric forms during 
purification, has recently received attention. 25 ' 26  The standard samples used for cali-
bration purposes in this study were probably of 98-99% purity: a paper 27  on the 
purification of propyl and butyl alcohols was published as this report was being 
prepared for publication. Many of the compounds studied were probably of 9499 % 
purity, as indicated by the maximum recoveries of alkyl halides recorded in the 
Tables; this is not considered to effect the validity of the conclusions which have been 
reached. 

Acknoivled'e,nents—We are grateful to Professor E. L. Hirst, C.B.E.. F.R.S., for his interest in 
these analytical studies, and we thank the P.C.S.1.R.. Karachi, for awarding study leave and finan-
cial support (to S. S. H. Z.). Assistance in some of the preliminary experiments, on which this work 
was based, was given by J. L. Duncan, B.Sc., Ph.D., and (the late) J. F. Smith, B.Sc. We offer 
grateful thanks to Dr. W. J. Kirsten (Sweden), Dr. E. S. Lane (U.K.A.F.A., Harell) and Messrs. 
ICE. Ltd. (Dyestuffs Divn.) for providing suitable specimens for examination. 

Résumé—La spectroscopie infra-rouge en phase vapeur a été utilisée 
pour étudier Ic comportement des groupes n -propoxy, iso -propoxy, 
n-butoxy, iso-butoxy et sec-butoxy, dans Ia reaction de Zeisel. Pour 
chaque groupe, le taux de reaction vane avec le compose étudié. 
L'equilibre iso CH 7 1 z± HI + C3H6  est compris dans la determination 
des composes iso-propoxy avec l'acide iodhydrique; par consequent, 
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ii en résulte un taux de récupération assez bas d'iodure d'isopropyle. 
Le reulux avec de l'acidc bromhydrique donne tine reaction analytiquc 
Plus quantitative, car Ic bromure d'isopropyle est plus stable au 
reflux avec l'acide bromhydrique, que ne l'est l'iodurc d'isopropyle 
avec l'acide iodhydrique. Les groupes n-propoxy, n-butoxy et see-
butoxy peuvent être doses avec succès au moyen d'acide iodhydrique; 
dans Ic dosage du groupe iso-butoxy, ii apparait un rearrangement 
et Ic produit de reaction est un mélange d'iodure d'isobutyte et d'iodure 
de butyle secondaire. 

Zusammenfassung—Das Verhalten von n-Propoxy-, iso-Propoxy-, 
n-Butoxy-, iso-Butoxy- und sek-Butoxygruppen bei der Zeisel-Rcaktion 
wurde mitteLs Dampfphasen-lnfrarotspektroskopie untersucht. Inner-
hatb jeder Gruppe hangt die Reaktionsgeschwindigkeit von der 
untersuchten Verbindung ab. Bei der Bestimmung von Isopropoxy -
verbindungen mit NJ spielt das Gleichgewicht C,l-1 7J C3Hb - Hi 
eine Rolle, daher 1st die Ausbeute an Isopropyliodid zu klein. Der 
Ruckfiul.t mit HBr gibt bessere quantitative Ergebnisse. dz Isopropyl-
bromid tinter RuckflulJ mit H13r stabiler 1st als das lodid mit NJ. 
n-Propoxy-, n-Butoxy- und sek-Butoxygruppen kdnnen mit NJ 
bestimmt werden. Bci der Bestimmung von iso-Butoxygruppen 
lIndet Umlagerung staR: es resultiert ein Gemisch von Isobutyliodid 
und sek-Butyliodid. 
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APPLICATIONS OF INFRARED SPECTROSCOI'V 

PART Xliii. THE DETERMINATION OF SMALL AMOUNTS OF ALCOHOLS 
IN AQUEOUS SOLUTION 
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A simple method was required for the identification and determination of small 
concentrations (Ca. 0.05%) of lower alcohols in aqueous solution. Since simple mixtures 
of alcohols were liable to be present, many of the standard methods of analvis were 
inapplicable. 

A literature survey indicated that methanol and ethanol are still most frequently 
determined by distillation or diffusion 2 , followed by oxidation with permanganate 3  
or dichromate 4  Although such methods can be extended to hutan-i-o1 5  and to second-
ary alcohols"', errors are liable to occur through incomplete reaction or over-oxida-
tion 8 . Some investigators prefer to determine the alclehvdic or acidic oxidation 
products 4 . 6 ." ; others deterniine the excess dichromate electrometricall' 0  or spec-
troscopically". 

Considerable attention has been devoted in recent years to the development of 
new methods of analysis, including those based on the use of acetylation' , colon-
metry 12.13,  chemiluminescence 14 , reaction with vinyl cyanidela, conversion to nitrite' 
formation of vanadium - oxinate complexes'' .18,  and gas -liquid chromatography 1 9 - 21 .  

For mixtures of alcohols, differential rates of reaction can be used 22 , but -as -_liquid 
chromatography 23  undoubtedly provides an extremely sensitive method (a detection 
limit 24  of o.i% in water for a 5-/il sample). For positive identification of the chroniato-
graphic peaks, a non-aqueous solvent extraction method 25  and a combined infrared--
GLC technique. 26  have been described. 

\Vlien only a small number of determinations are required, however, it is not always 
economic in time and cost to prepare a special gas chromatography column and to 
carry out the modifications necessary for the analysis of aqueous solutions. This paper 
describes a simple modification of the Zeisel reaction which has been found to give 
satisfactory results for the analysis of aqueous solutions containing low concentra-
tions of alcohols. 

EXPERIMENTAL ,N1) RESULTS 

Compounds 

For development of the method, dilute solutions (i ml of alcohol per I of distilled 
water, i.e. Ca. 0.079%, wv) were prepared from methanol and ethanol (B.D.H. Ltd.; 
"special for spectroscopy''). In later work, similar dilutions of the propanols and 
hutanols were prepared from reagent-grade samples after redistillation. Finally, 

-1 nal. Chin,. ....to, 30 (1 964) 303-307 
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independent test solutions were 	both on a 'eight voliiiiie and voluiiie cot- 

mile basis, the concentration being calculated from the density of the alcohol used. 

Zetscl apparatus and reagents 

These have been described, together vitli details of the technique for trapping 
volatile reaction products and of the infrared vapour-phase method for their sub-

Sequent identification and determination. 

Procedure for deterni i, lions as iodides 

An aliquot (Iou ml) of the sample solUtion is pipetted into the reaction flask of the 

micro Zeisel apparatus. A few crystals of phenol (about 25 ing) are added Followed 

by 3  ml of hvdriodic acid (Analak, about (Th° 0 , sp. gr. 1(14).  The reaction flask con-

sequently contains the unknown aniount of alcohol(s) dissolved in 4  ml of hivdriodic 

acidofspecihcgravitv i.o, i.e. closelvapproximating totlie constant-boiling azeotrope. 

Small differences from the azeotropic composition are not critical when the liberated 

alkyl iodides arc determined spectroscopically in (leternlinati( 115 where a volunietnc 

or gravimetrie finish is used, the specific gravity must not exceed 1.70, so thiitt water, 

and not liV(lriodic tci(l, (histils with the volatile reaction poalnets. (In this connection 
it has been found advisable to determine the density of the eoiniiicreial acid, soc 
this is frequently lower than i 

The reflux periods required are. methanol and ethanol, I hi: n-propanol and n-
butanol, h. If the alcohd(s) present are nt known, a preliminary qualitative analysis 
should be based on the prodicts from a 3 -11  react li 

The sensitivity depends on the gas-cell Use d2M.  The pr 'edure described here can 

be carried out adequately with the aid oF the less expensive, bench-type spectrometers 
now available conunereiallv. Such instruments can usually accommodate a gas-cell 
of about io cm length. With a simple, conventional cell of this length I 5 111 9 of methyl 

iodide can be determined to within I ,. Recause of the very favourable factor 
incurred through conversion to the iodide, methanol concentrations within the range 

02-1.1 g  can be determined. The ranges for ethanol, pro )anols and hutanols are 
slightly less sensitive, since the conversion factors are pr gressivelv less favourable 
(4.4 for methanol, 2.5 for butan Is). 

Ii niilation.s on delerini un/ions as judo/es 

When determined as ii nudes tal-lnitanod& and isopropanoll give I )\V results as a 

result of olefine formati in. Determinations as bnniides vereome this (lift ieultv 
Any of the lower alcohols can of course, be determined as 1 roniides, althoilgh some 
loss of sensitivity results. This is because (a) the conversion factor For bromides is less 

favourable than for iodides, and (/) the intensity of absorption is less For alkyl 
bromides than For iodides. Thus 2-6 mg Q  mn'tlivl hronnde, fir example, can be 

determined in it i0-cm gas-cell taking i-nil aliquots, methanol concentration'.) in the 

range 0.5-2 g,1 can therefore he determined. 

i-rocedn re using /ivdro Ivo in Ic acid 

The procedure using hvdrohromi acid is similar to that described fir hvdriodic 

acid, except that 4  ml of hydribi-omic acid (66°, sp.gr 1.70) is added to a i-ml 

iOu. (Il/Il .I(IU. 3) (ma.j) 3°3-3"7 
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aliquot of the unknown aqueous solution. This gives a reaction mixture (5 nil) which 
is virtually azeotr( IpiC in Composition (sp. gr . 1.48). 

The possible binary mixtures of the C 1 —C 4  alcohols are shown in Table I: in only  
a few mixtures is a component not determinable. 

TABLE I 

DETERMINACY OF BINARY COMBINATIONS OF THE LOWER ALCOHOLS AS BROMIDES 

Bromides liberated 

alcohols 	Methyl Ethyl 	n-Prop vi Isopropyl n-Ho/ri Isohutyl sec.- Hulvi tert-Butyl 

Mc Ft 	I) 	I) 
\lcii-t 'r 	1) 1) 
Ie,i1'r 	I) I) 

1) 1) 

\IeiiItii 	I) 
\Iej- Itu 	I) 

1) 
Eto-1'r 	 NI) I)(MP) 

It/iPr 	 I )(F) I) (NI I) 
Et,fn-Bu 	 NI) Ni) 
FtjiE3u 	 l))(I) 
Etis-1311 	 NI) 

lTt,/ItL) 	 I) 
n _1irJiIir  I)(\1 I') L)(3It) 
'1- ['1/hi- [Iii I)(\l l) I 	(NI I') 
n-Prjil)u I )(\l 	i)  

n-Pr/I-ill F) 
illy/11-1311 I) i)(\II) 
iPr/iBu I)(\11') 

iI'r/s-Bu D(MP) 
il'r/I-Hu I) 
n-liu/iBu I) 
ii.Bu/s-Bu D(NIP) 

n-IIu/t-13u I) 
iflu/s-Bu 
iflu//-i)u 
s- Ru/I-flu 

I): 	I )cterminatile. 
ND: Not determinable, 
I)(( F) : Determinable using correction factor 

see ref. 	27. 
D(M P): Determinable using minor peak 

DISCUSSION 

The simple modifications described allow the Zeisel reaction to be applied to the 
analysis of dilute aqueous solutions of the lower alcohols. Results accurate to within 
+ i% were obtained for test solutions. Analyses of solutions containing only one 
component can, of course, be made using any of the conventional finishes to the 
Zeisel reaction; for mixtures of alcohols, the spectroscopic method undoubtedly offers 
great advantages. Determination as iodides is not satisfactory for isopropanol and 

Anal, c:i. A da, 30 (19(W 303-307 
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led.-hutanol, which require the use 01 h 	m vdrohroie acid.
Concentrations greater than about o.i°, can readily he ,leteriiiined by making 

an appropriate dilution; concentrations greater than about 10,, can he found by 
normal Zil determinations. Concentrations less than ab (Ut 0.02',, can be aiialvsecl 
(r) by using longer conventional gas-cells, minimum volume gas-cells, or scale-expan-
sion devices, etc., (2) by taking larger aliquots and scaling tip the volumes of reactants 
proportionately, using a larger reaction-vessel, (fl by adding a known weight of the 
alcohol under test to the unknown sdution, snbse uentiv calculatnig the weight 
present in the unknown solution from the total weight recovered". Concentrations ,  
down to about 0.002 °  can be determined 1w careful choice of the weight of alcohol 
added so that the most sensitive portion of the calibration curve for the gas-cell is 
mvolved. 

The method is limited to systems known to contain alcohol ,  only.. At the low con-
centrations involved, ethers, esters and acetals may he sufficiently water-soluble to 
interfere. Ethylene glycol and its derivatives also interfere, but their pi'su'mice is 
revealed by the formation of ethylene on i'eaction° with liydriodic acid. 

We thank Professor E. L. HuRsT for his interest in these studies, and the P.C.S. I 
Karachi, for granting study leave and financial support (to S.S. HZ.) 

StMM.\R \ 

Recent. (levclopmrut.s in methods of aitaivsoig ,tit>ik' s,,luti,ns of alo,tiols arc lri&'lIv n'vit'c,t. 

and a simple modification to the Zei set reaction IS dcsk rita', I '['his permits I he a nat vsis tn it 1 -in 

aliqtiot, of dilute aqueous solutions of alcohols alone or in idonxttin', 

i.e' aillcurs passetit ('11 levItt Ies reettt (lcvc'Io)il)tIlteItts tans k's Illcllll',tt's tI itttalvsc (IC ',,)ltitioit,, 

(IjilteeS d'?IICOOIS. Its (ie(rivcnt title niodifii alion simple tie Ia r action dc Zeisel le (105,151.' pent s> 

faire stir line prise (IC i tnt. 

Z USAMM EN I.\SSi 'Nt; 

I) her die neucren Ent sviu kin ttgt'tt zur Analyse von verdii it nt"n Alkoholl6stingvii svi rd ku r/. heric Ott 

und dC i'm facto' M> ati fikat ion >k'r Zcio'I - Reakt jot? 1 s's hriel ,eit Sic crmogttcltt die Analyse von 

1-1111 venlillutten \vassrigi'n .\IkohotiOsungiit. 
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An Infrared Method for the Determination of Small 

Amounts of Acetaldehyde in Aqueous Solution* 

By D. M. W. ANDERSON AND J. F. STODDART 
(Department of Chemistry, The University, Edinburgh 9) 

A specific and accurate method is described for determining acetalde-
hyde in aqueous solutions on the microgram scale. After quantitative 
aspiration from solution with a rapid flow of nitrogen, the acetaldehyde is 
determined by vapour-phase infrared spectroscopy. Other lower alde-
hydes, acids and alcohols in the aqueous solution do not interfere. The 
method is therefore particularly useful when used in conjunction with 
analytical procedures involving periodate oxidation, e.g., the determination 
of methyl pentoses in carbohydrates, and of threonine in proteins. 

As knowledge of the chemistry of natural products increases, there is always a need 
for more accurate and specific methods of analysis, so that consolidation, correction 
and refinement of earlier studies, often exploratory, can be made.' 

For polysaccharides of both land and aquatic origin, investigations centred 
upon the methyl pentose sugars have given useful information about the presence 
of heterogeneity2  and the nature of structural fragments. 3  Although several 
methods, e.g., distillation as methyl furfural, 4  colorimetric' and titrimetric, 6  for 
determining methyl pentoses have been proposed, each has been deficient in either 
sensitivity, specificity or accuracy, with the result that some doubt has existed 7  
about the significance of some observations. 8 ' 9  Our immediate requirement, for 
studies on Acacia gum exudates, was for a method giving results to within ±01 
per cent. absolute at the 0 to 1 per cent. level of rhamnose, and ±02 per cent. 
at the 1 to 15 per cent. level. 

A review of the procedures available indicated that a method based on the 
periodate-oxidation release of acetaldehyde 1° offered the greatest chance of success. 
The task therefore involved finding a method for improving the existing methods 
for determining small amounts of acetaldehyde in complex aqueous reaction 
mixtures. The necessity for a more selective and sensitive method to be found has 
already received comment, 11  and several investigations with this aim have been 
reported recently. 12 1 13,14  Gas chromatography has also been used in a more original 
approach," although the more specific (if slightly less sensitive) technique of infrared 
spectroscopy was, whenever possible, preferred for the present study. When it was 
realised that the accurate determination of rhamnose was also required in studies 
of bacterial metabolism,' 6 " 7  and that the determination of threonine, as acetaldehyde, 
is of current importance in studies of proteins 18  and lipids, 19  it was decided to investi- 
gate the determination of acetaldehyde from a more general analytical viewpoint. 

The method proposed involves the production of acetaldehyde from the protein 
or carbohydrate hvdrolysate by periodate oxidation at pH 70, the removal of 

* Part XIV of the series, "Applications of Infrared Spectroscopy." 



the acetaldehyde from the aqueous solution by an aspiration technique (apparently 
first used by Clausen, 20  and subsequently used frequently10'21 ,.23)  and the deter-
mination of the acetaldehyde by the specific method of vapour-phase infrared 
spectroscopy. The flow-gas emerging from the reaction vessel is passed through 
a preliminary cold-trap (acetone - solid carbon dioxide) to remove water vapour; 
the acetaldehyde is then collected quantitatively in a trap immersed in liquid nitrogen 
and is subsequently transferred 24  as a vapour to a gas-cell for quantitative deter-
mination. 

EXPERIMENTAL 
APPARATUS— 

The apparatus required for aspirating acetaldehyde from aqueous reaction 
mixtures at room temperature is shown in Fig. 1. The outlet from the three-necked 
flask (100-ml capacity) is connected, via a wide-bore U-tube, to a liquid-nitrogen 
trap, details of which have already been described.za The U-tube is immersed in a 

Nitrogen 

A 	Inlet for hydrolysate 

B 	Tap to start reaction 

C = Nitrogen inlet 

P 	Pro-trap for water vapour 

T = Trap for acetaldehyde 

Fig. 1. The assembled apparatus 

Dewar flask (I-pint capacity) containing solid carbon dioxide in acetone; this serves 
to trap the water vapour without retaining any of the acetaldehyde. Cylinder 
nitrogen, at a flow-rate of 300 to 350 ml per minute, is used for aspirating the 
acetaldehyde. The inlet tube reaches to the bottom ofthe flask, and carries a dropping 
funnel (25-ml capacity); at the start of a reaction, the perioclate solution is introduced 
from this dropping funnel under pressure from the nitrogen. 

REAGENTS— 

Sodium m-periodate solution, 05 m. 
Potassium arsenite solution, N. 

Phosphate buffer solution, PH 7•0—A solution 00906 Ni with respect to disodium 
hydrogen phosphate and 00426 r'i with respect to potassium clihvdrogen phosphate 
was used. 

Acetaldehyde, twice redistilled. 
Rhamnose monohydrate—Ohtained from T. Kerfoot and Co. Ltd., Vale of Bards-

icy, Lancs. 
DL--Alanine--M.A.R. grade. 
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SPECTROSCOPIC DETERMINATION OF ACETALDEHYDE— 

Acetaldehyde was transferred quantitatively from the liquid-nitrogen trap to 
a gas-cell of suitable sensitivity," by the technique previously described. 24  
Immersion of the cold-trap in hot water was sufficient to effect conversion of the 
acetaldehyde to the vapour-phase. The calibration is based on the strong carbonyl 
absorption given by acetaldehyde vapour at 1750 cm', A typical calibration curve 
is shown in Fig. 2, and was constructed, under standardised spectrometer operating 

4C 

P. 
0 
.0 

20 

Acetaldehyde present, mg 

0 	0 	20 	30 	40 

Rhamnose present, mg 

Fig. 2. Calibration curve for rhamnose in 
terms of acctaldchvdc absorption at 1750 cm - ' 

conditions, by using the stoppered weighing-bottle technique already described 25  for 
volatile liquids. During this investigation, it was necessary to use two gas-cells of 
different sensitivities, each having their respective calibration curves; a relatively 
insensitive cell was used when experiments (rate of aspiration, etc.) directly involving 
weighed amounts of acetaldehyde were in progress, and a cell of standard sensitivity 
(length, 12•5 cm; internal volume, 31 ml) was used for experiments with the much 
smaller amounts of acetaldehyde evolved from suitable weights of rhamnose and 
polysaccharides. 

RATE OF ASPIRATION OF ACETALDEHYDE 

Preliminary experiments showed that amounts of acetaldehyde of up to 1 mg 
were quantitatively aspirated within I hours at nitrogen flow-rates of 300 to 350 ml 
per minute. In routine determinations, an aspiration period of 2 hours is allowed, 
and this time is in good agreement with that found by other investigators.' 

RECOVERY OF ACETALDEHYDE AFTER PERIODATE OXIDATION OF RFIAMNOSE- 

A standard solution, made by dissolving 400 mg of rhamnose monohydrate 
in 500 ml of water, was used in preliminary experiments to establish the reaction 
conditions for quantitative periodate oxidation, volumes of this solution ranging 
from 0•50 to 5•00 ml being used. Considerable amounts of formic acid are usually 
released in periodate oxidations of carbohydrate materials, and the reaction medium 
must be adequately buffered to prevent an increase in acidity as the oxidation 
proceeds. The most satisfactory results were obtained when a pH of 70 was main-
tained with the phosphate buffer system described above. For individual weights 
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of rhamnose monohvdrate in the range 1-5 to 60 rng, weights of acetaldehyde corre-
sponding to recoveries of rhamnose rnonohvdrate of between 96 and 104 per cent. 
were obtained by the procedure given below. Similar recoveries were obtained 
for fucose and for rhamnose, to which was added equal weights of arabinose, 
galactose and glucuronic acid. 

METHOD 

The apparatus and reagents are as described under Experimental." 

PROCEDURE— 

Transfer the standard rhamnose solution, or the weighed sample of rhamnose, 
to the three-necked flask via neck A (see Fig. 1). Add 1 ml of potassium arsenite 
solution, 5 ml of phosphate buffer solution and sufficient water to make the final 
volume up to 17 ml. Place in the dropping funnel, by pipette, 3 ml of sodium 
m-penodate solution. Assemble the apparatus as shown in Fig. 1, immersing the 
pre-trap, P, in an acetone - solid carbon dioxide mixture, and trap T in a flask 
of liquid nitrogen. Start the reaction by opening tap B, simultaneously inserting 
the nitrogen-delivery tube into socket C. Maintain a nitrogen flow-rate of 300 to 
350 ml per minute for 2 hours. During this time a considerable amount of ice is 
deposited in pre-trap P, but there is no retention of acetaldehvde, which is collected 
in trap T. The wide-bore entry shown for pre-trap P is necessary to prevent the 
deposition of ice from blocking the flow system. 

When the reaction is completed, transfer the acetaldehvde quantitatively 24  from 
trap T to a gas-cell of suitable sensitivity, previously calibrated (under standardised 
instrumental conditions) with known weights of acetaldehyde. 

SPECTROSCOPIC CONDITIONS FOR CALIBRATION 

Under the conditions described above, infrared spectroscopy showed that 
formaldehyde and formic acid were not present in admixture with the acetaldehyde. 
The strong carbonyl absorption by acetaldehyde vapour at 1750 cm can therefore 
be used for calibration purposes. In unusual reactions, however, other carbonyl 
compounds could conceivably be trapped together with the acetaldehyde; under 
such circumstances (which should always be tested for) the choice for calibration 
purposes of suitable individually separated peaks in the infrared absorption spectrum 
of each of the components present in the mixture will permit their individual concen-
trations to be determined simultaneously. 27  

Traces of carbon dioxide and water vapour will not interfere with normal 
determinations of acetaldehvde the function of the pre-trap, P, is to reduce the 
water vapour collected in trap T to a minimum, so that the sodium chloride windows 
usually fitted to gas-cells will not become fogged more quickly than can be avoided, 
with resulting invalidation of the calibration curve being used. Recently, we have 
used windows of "Irtran-4" glass for our infrared cells, and traces of water vapour 
are then entirely without effect, and calibration curves remain valid much longer. 
The sole disadvantage is the high cost of this type of optical glass. 

THE FFFECT OF ADDING ALANINE TO TIlE REACTION MIXTURE 

In the method described by Nicolet and Shinn,'° the addition of 200 mg of 
alanine to all reaction mixtures was recommended, presumably to react with any 
formaldehyde produced and thus eliminate the possibility of its being aspirated 
together with the acetaldehvde. Under the reaction conditions given above, the 
volatilisation of formaldehyde does not occur, and the addition of alanine is not 
necessary. The effect of the addition of alanine was, however, investigated, and it 
was found, unexpectedly, that the addition introduces a source of error that leads 
to high results. Nicolet and Shinn'° reported that alanine undergoes reaction with 
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periodate at a rate which is one-thousandth of that of the h ydroxy amino-acids, 
serine and threonine. Other authors have reported' 8  that the oxidation of alanine 
with periodate at room temperature is negligible at pH 76, the optimum pH being 8.0. 

In experiments with threonine and alanine (micro-analytical reagent grade) under 
the reaction conditions given above, it was found that threonine is quantitatively 
oxidised to acetaldehyde. In contrast, alanine undergoes slow oxidation, resulting 
in the production of 030 mg of acetaldehyde (average of five determinations) from 
200-mg samples of alanine in 2 hours. A similar result was obtained with two other 
specimens of alanine from other sources. (Although an aspiration period of 2 hours 
was allowed, the effective duration of the periodate-oxidation reaction, which is 
arsenite controlled, is much less.) 

The implication of these results is that, if 200 rng of alanine are added to 164 mg 
of rhamnose, the recovery of acetaldehyde after aspiration for 2 hours will be 0•44 mg 
(from the rhamnose) plus 030 mg (from the alanine). The addition of alanine should 
therefore not he made, since high recoveries will be obtained. 

THE HYDROLYSIS STAGE FOR POLYSACCHARIDES BEFORE 

PERIODATE OXIDATION 

Polvsaccharides containing rhamnose must be completely hydrolysed, so that 
all the rhamnose is available in the free form for the perioclate-reaction stage. The 
hydrolysis conditions required by two gum exudates, differing widely in their 
rhamnose content, were investigated; the samples used had been carefully purified 
by electrodialysis, since it is known29  that traces of heavy-metal ions can cause 
decomposition of acetaldehyde. It was found that hydrolysis under reflux in N sul-
phuric acid and in 2 N sulphuric acid followed first-order kinetics; the times required 
for complete hydrolysis were 6 hours and 2 hours, respectively. The decomposition 
of rhamnose was studied under these conditions, and although no detectable decom-
position occurred with either system in the times stated, the hydrolysis with 2 N acid 
for 21 hours was preferred for the Acacia specimens. For different polysaccharide 
materials, however, the hydrolysis conditions required would have to be established 
before the remainder of the analytical procedure can be carried out. 

After the hydrolysis stage, the strongly acidic hydrolvsate must be neutralised 
before the start of the periodate oxidation, and the procedure described below is 
proposed. 

Hydrolysis with 2 N sulphuric acid is carried out in a 50-ml flask fitted with a 
short water-condenser, the flask being heated in a water-bath at 1000 C for 2.1 hours. 
A suitable weight of the polysaccharide (approximately 200 mg for a rhamnose 
content of 1 per cent., and approximately 50 mg for a rhamnose content of 10 per 
cent.) is placed in the flask, and dissolved in 12 ml of 2 N sulphuric acid before the 
heating is started. After it has been heated for 2J hours at 100° C, the hydrolysate 
is transferred with careful rinsing to a 25-ml calibrated flask. The hvdrolysate is 
then made neutral to methyl orange indicator by the addition of the required volume 
of 5 N sodium hydroxide, the volume being finally adjusted to 25 ml with water. 
Portions (3, 4 or 5 ml) are then placed in the three-necked reaction flask (Fig. 1) 
for periodate oxidation. (If desired, smaller samples of polysaccharide, e.g., 5 to 10 mg 
for a rhamnose content of 10 per cent., can be hydrolvsed, neutralised and transferred 
directly to the three-necked flask for single determinations.) 

When the amount of rhamnose present is extremely small, however, a useful 
technique is to transfer a known weight of rhamnose to the periodate-oxidation flask 
with the portion of polysaccharide hydrolysate. The rhamnose content of the 
polysaccharide can then be calculated from the apparent excess in the recovery 
of the added rhamnose. This technique allows the spectroscopic measurement to 
be made with respect to the most sensitive portion of a calibration curve, and its 
use has already been described in greater detail. 30  
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RESULTS 

Determinations on samples of A. senegal (gum arabic) gave a rhamnose content 
of 130 per cent., a value in excellent agreement with that commonly accepted for 
this polysaccharide. Determinations on the exudate from A. 1?arrou gave a rhamnose 
content of 205 per cent., a result that substantiates the provisional value reported 
by Charison, Nunn and Stephen,° who found this amount "too small to estimate 
with accuracy." Results obtained by the proposed method for some other Acacia 
specimens, hitherto unstudied, are given in Table I the replicates indicate the 
confidence that can be shown in determinations of extremely low rhamnose contents. 

TABLE I 

THE RHAMNOSE CONTENT OF SOME Acacia SPECIES 

Weight of Weight of Total Weight of 
gum Weight of acet- recovery of rharnnose 

sample rhamnose aldehyde rhamnase in gum 
in p1w1 added found (c = S x sample Rhamnose 

taken. (a), (b), 164/44), (c—a), present, 

Acacia species mg mg mg mg,  mg % 

404 038 0.148 055 017 04 
.-1. 	;ololica 	. . . 	49.4 038 0.145 0.54 016 04 

416 038 0.148 0•55 017 04 
A. arabica 	. . 41'6 038 0150 0'56 018 04 

400 038 0166 062 024 06 
A. nubmca 	. . 400 038 0169 063 0.2.5 06 

483 Nil 0'129 048 048 lU 
A. drepanolobmum 483 Nil 0.137 051 051 1.1 

12-5 Nil 0'236 088 0.88 70 
A. campylacantha 125 Nil 0.231 086 086 69 

CONCLUSIONS 

The method described has proved to be straightforward and has given satis-
factory results in routine use in this laboratory during the past 6 months. Although 
it has been used specifically to investigate samples of gum exudates, it is clear that 
the method is of general application for methyl pentose determinations in the Poly-
saccharide group, provided that the hydrolysis conditions required are established 
for each material under examination. The method gives an over-all accuracy greater 
than has been available to date; further, the method gives reliable results at lower 
levels of rhamnose than could previously he determined. 

The procedure described gives quantitative recovery of threonine, and the 
method outlined should facilitate determinations of this amino-acid in proteins. 
Other analytical reactions that can he based on a conversion to acetaldehyde include 
the determination of lactic acid,". 20 .31  and that of alanine after reaction with 
ninhydrin u 
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The Use of "Biogel-P" in the Gel Filtration of Polysaccharides 
By D. M. W. ANDERSON, I. C. M. DEA, S. RAHMAN, and J. F. STODDART 

(Department of Chemistry, The University, Edinburgh 9) 

LATHE and RUTHVEN' suggested that columns of 
swollen starch might provide a simple chromato-
graphic method for determining the molecular size 
of proteins and polysaccharides. Gel filtration on 
cross-linled dextrans (' Sephadex") has, however, 
been much more successful, particularly for 
proteihs, 2 ' and molecular weights of up to 225,000 
can now be determined. 6  Cross-linked polyacryl-
amide gels have been used for gel-filtration studies 
cn proteins. 7  These are now available com-
mercially ("Bin-Gel P") and they offer the oppor-
tunity of studying the gel-filtration behaviour of 
polysaccharides on noncarhohydrate material. 

Accordingly, we have examined different grades 
of "Biogcl-P" for their possible application to the 
estimation of the molecular size of polysaccharides. 
For "Bio-Gel P 300" the empirical relationship 

between log M and elution volume2 ' 8  is linear for 

values of M,, between 5000 and 125,000; although 
the useful working range extends slightly beyond 
these values (cf. ref. 9) the exclusion limit of 
"Biogel-P 300" for polysaccharides appears to fall 
considerably below the value of 300,000 quoted 
commercially and found, presumably, for proteins. 
We have used columns measuring 2'5 x 50 cm.  

and 50 x 50 cm. at a loading of 2-10 mg. of 
polysaccharide. Calibration can be effected with 

dextran fractions having known values of M and, 
when molar sodium chloride is used as eluant, we 
have found such a calibration to be valid for acidic 
polysaccharides. Thus two gum fractions (ob-
tained'0  from Acacia senegal gum), for which 
osmotic-pressure measurement had indicated 

M 105,000 and 37,000, respectively, gave M = 

99,000 ± 10,000 and M = 35,000 ± 3,000 by 
gel filtration. A sample of the degraded (auto-

hydrolysis) gum, having M = 4400 (periodate end-

group analysis, as formaldehyde) gave M = 
4800 ± 500 by gel filtration. The elution pattern 
of a de-ionised sample of the whole gum indicated 
that the molecular-weight distribution extended 
over a very wide range. 

More experiments with "Bio-Gel P" materials 
are necessary to assess the importance of their 
application in fractionation and degradative studies 
and to establish their validity, applicability, and 
useful working range for molecular-weight esti-
mations of polysaccharides. 
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Separations of Sugars on "Chromagrams" 

Recently, "Chromagram" sheets for thin-layer chromatography have become 
available commercially (Messrs. Kodak Ltd., Kirkby, Liverpool). We have examined 
the polycarbonate and silica-gel forms of these, and have obtained very rapid, 
good separations of many sugars, without the tedium of plate preparation. The 
uniformity of coating allows reproducible RF values to be obtained without difficulty; 
moreover, the solvent front runs evenly, and the absence of "edge-effect" facilitates 
comparison of RF values of unknown sugars with those of standards on the same 
chromagram. 

EXPERIMENTAL 

Chromagrams were developed by the ascending technique in a small tank 
(Shandon, for thin-layer chromatography) lined with filter sheet to assist vapour-
phase equilibration. 

The polycarbonate coating was pre-treated by immersion in phosphate buffer 
(o.mi, pH 6.8). After the chromagram had been air-dried, 0.5 pl of a 5% aqueous 
solution of sample was applied. The solvent system, propan-i-ol--ethyl acetate—water 
(10:3:1), recommended by Messrs. Kodak, Harrow Division, was used; development 
for 5  h was required. The chromagrams were sprayed with (a) saturated ethanolic 
aniline oxalate (followed by heating in an oven at 140 °  for 2-3 mm), to detect 
reducing sugars, or (b) an aqueous solution of periodate and alkaline permanganate 1  
to detect sugar alcohols. Table I gives the Rp values obtained. 

TABLE I 

Rp VALUES OF SOME SUGARS ON POLYCARRONATE (0.2M PHOSPHATE BUFFER, pH 6.8) CHROMAGRAMS 
USING PROPAN- I -OL—ETHYL ACETATE—WATER (10:3:1) 

u-Galactose 0.13 o-Xylose 0.44 
D-MannOSe 0.31 o-Ribose 0.49 
o-Glucose 0.18 L-Arabinose 0.29 
L-RhamnOse 0.58 Maltose 0.10 
L-FucOse 0.49 Lactose 0.05 
o-Glucuronic acid 0.03 D-Arabinitol 0.37 
D-Galacturonic acid 0.03 Erythritol 0.48 
D-Fructose 0.28 

Carbohydrate Res., 1 (166) 417-418 
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The behaviour of some sugars on the silica-gel chromagrams, pre-treated 
with 0.1 N boric acid, was examined in two different solve nt-systems 2: solvent 1, 

butan- i-ol-acetone-water (4:5:1); solvent 2, hutanone-acetic acid-water (3: 1 : 1 ). 
For these solvents, development of to cm required only i Ii. The chromagrams were 
sprayed with the same reagents as before. The Rj.' values observed are given in 

Table II. 

TABLE 11 

Rp VALUES OF SOME SUGARS ON SILICA-GEL (o. IN BORIC ACID) CHROMAGRAMS 

Solvent 1a 	Solvent 2U 

D-Galactose 0.32 0.36 

D-Mannose 0.43 0.46 

D-GIUCOSC 0.41 0.41 

L-Rhamnose o.61 0.58 

L-Fucose 0.50 0,48 

D-Glucuronic acid 0.05 0.34 

D-Galacturonic acid 0.06 0.42 

D-Fructose 0.31 0.43 

n-Xylose 0.47 0.54 

o-Ribose 0.45 0.57 

L-Arabinose 0.43 0.48 

Maltose 0.29 0.30 

Lactose 0.20 0.25 

Galactitol 0.14 0.43 

D-Arabinitol 0.28 0.47 

Erythritol 0.44 0.52 

Glycerol 0.49 0.56 

"Solvent : Butan-i-ol-acetone-water (4:5:1). Solvent 2: Butanone-acetic acid-water (3:1:I). 

The speed and ease with which good separations of sugars can be achieved, 
especially on the silica-gel chromagrams, make these analytical aids attractive to 
the carbohydrate investigator. 
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Use 01 the so-called 'gel filtration" technique for separating substances on a 
molecular size basis is increasing rapidly. "Gel I itration columns can also be cali-
brated for direct molecular weight estimations of polystyrenes', proteins , peptides 7 , 

and polysaccharides" if suitable molecular-sieves and valid standards of known mole-
cular weight are available. 

Unfortunately, several sources of confusion exist in the literature. Many of the 
papers concerned have been published in either remote or applied biological journals; 
we choose to draw attention to these in an international analytical journal in the hope 
that increased fundamental interest in some of the present sources of difficulty will 
result. 

The validity of PoR/vru AND i'LODIN's term' ''gel filtration" as a suitable 
description of the essential process(es) involved has been questioned legitimatelvio -14 . 

The discussion regarding the relative merits of the alternatives ''exclusion clirornato-
grapliv', ''restricted diffusion chroniatographv'', and ''gel permeation chromato-
graphy" has been reviewed by I)icrEuu\xN who proposed a differentiation between 
"gel filtration" and ''gel chromatography". The term ''molecular-sieve filtration" has 
also been used". 

ACKERS' suggested that ''molecular exclusion" and ''restricted diffusion" arc.-
distinguishable primar y molecular-sieving effects, the relative importance of which 
varies with the type of molecular-sieve used. Almost sins tilt aneouslv, and in direct 
contrast, L.uuExT AND KILLANDER10 concluded that the ''decreased diffusion rate' 
was not a contributory process on the basis of the insensitivity of elution position to 
rate of flow. l.'ntil this disagreement is resolved—and, moreover, since gel-formers are 
not the only tvjx' of bed materials that can give the essential molecular-sieving 
effect'' '''it appears that none of the teruis referred to above is generally accept-
able. Although TI5ELIt's, PORATH AND ALHERTSSON 2° stated (cf. ref. 15) that the 
technique ''differs basically from common chromatography", some of their supple-
mentarv remarks support the •çy\c,' that the essential process is described more 
appropriately as ''chromatography" than as ''filtration''. Assuming, however, that 
the term ''molecular-sieve" is accepted to have the physico-chemical significance 
required to describe those porous column-packing materials which allow large mole-
cules to be eluted faster than small molecules, the name ''molecular-sieve chromato-
graphv" (M-SC) 1  appears to be the most appropriate of those suggested to date. 
Perhaps it is not yet too late for the adoption of this term in preference to ''gel 
filtration". 

Anal. Chin,. ..... 1(1, 34 00(l) 410 --406 
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' 1 iifush n ills irise at present from the lack of agreement regarding the best 
method Of relating elUtion Volume-, to molecular weights. lW.VFSU110 AND ('cRuEL 22  

plotted elution volume directly against molecular weight, and obtained it smooth 
curve. In order to obtain linear relationships, several authors 2 ' 2 ''' 3 ' 24  have each 
elected to plot some different function of the elution volume against the logarithm of 
the molecular weight, whilst others have related the cube root of the "distribution 
coefficient, Kd, linearly to the square root of the molecular weight 211 . In contrast, 
SN1'ELt1'I'o AND SUR,\K 27  observed a linear relationship between K 1  and the red-

roc'a/ Of the logarithm of the molecular weight for In )rtnonallv-active proteins and 
peptides on cross-linked dextran gels. 

Defining K as the fraction of the internal volume, I ', that is accessible to the 
solute, then 

Ti -  e 0 
= (i) 

1 I 

where Vo  is the void volume of the c lumn and V, is the elution volume 2 " AcKFRS 17  

has interpreted —molecular—sieve— processes in terms of a restricted diffusion mechan-
isiti in which he relates K, 1  to the Stokes' radius, a. of a macromolecule that is diffusing 
within a restrictive barrier of effective pore radius, r, by the RENKIN 2 " equation 

K t =(x —air) 2  [I -2.Io4a!r+2.oq (a/r) 2 —o.q5 (a /r) 5 1 	 (2) 

From this, A KERS computed theoretical values for K,1 for known values of a/r 
plotting these values of K, 1  direct/i 'against air gave gold agreement with the experi-
mental values. By plotting all AcKERS' coniputed values of K, against the logarithm 
of aIr, we obtain curve A in Fig. i. 

An alternative approach follows from l' RATH's thiel rv-1 " on the assumption 

B 16 

14 

-12 

\10 

08 

I,J 	
A 

-2: 	-18 	-I 	-10 	D6 	-? 
log 

Fig. i 1'1t of !, versus log a/r. Curve A: from .\eNERs' theory; curve B: from l'ORATn's theory. 
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that gel pores are conical in shape, PORATH derived, for the exclusion process, a 
theoretical formula which, in terms of the symbols already introduced here, is 
equivalent to 

kd=k(I—a/r)3 	 () 

where k is a constant, equal to 1.64 for dextran fractions on "Sephadex" gels. For this 
value of k, we have calculated values of K,, for known values of air; a plot of K,, 
against log air gives curve B in Fig. i. 

These theoretical treatments can be used in a qualitative way to account for 
the empirical correlations of other investigators. For either curve A or B in Fig. i, any 
restricted central portion that can be considered essentially linear is of the general 
form 

K,, 	—/' i log a/r—/'i 	 (4) 

where ki and k2 are constants. Since a is proportional to some fractional power of the 
molecular weight M, eqn. (4) can be expressed as 

K= —b log M+c 	 (5) 

where h and c are constants A plot of Kd against log Al is therefore linear 24  over a 
restricted range which is dependent on the nature of the solute molecules and on thu 
type of molecular-sieve. Departures from linearity 25  for solutes which can penetrate 
the molecular-sieve pores to only a very small extent are predicted by either curve A 
or B in Fig. i. 

Since 1 0  and Fi are constants for a particular column, cqn. (i) can be re-
written as 

Ve = — b' log M+c' 	 (6) 

where b' and c' are constants. This form of plot, used by ANDRE\V5 2 , is the simplest 
possible correlation between the elution volume and log M; we have found it the most 
convenient and reliable plot for routine use. The introduction of other constants, 
such as V, may facilitate comparison of solute behaviour on dimensionally different 
columns of the same gel-former, but this is not necessary for calibration purposes. 

Almost all the other logarithmic forms of plot to which reference has been 
made2.3.5,23.30 may be regarded as variants (merely involving changes in the associated 
constants) of eqn. (5).  The equation 

log M= —a(V0/Vo  — i)+b 	 (7) 

published (xvith an incorrect sign) b WHITAKE 5 ,  and subsequently used correctly by  
LEACH .•ND OS1IEA, appears to be needlessly complex. The relationship of SN- 
FELIPPO AX I) SURAE 27  is exceptional in that it does not follow directly from eqn. (5). 

Values of K,,, as defined by eqn. (i), are dependent on the values found for 17 1 , 

and there is disagreement regarding how this can best be determined experimentally. 
Values for V, have been determined (a) from expressions using the water regain of the 
gel' .G,23-25, and (b) from the difference between the elution volumes of tritiateci water 
and some substance that is completely excluded from the molecular-sieve Such 
determinations of 1/, include, with the internal volume, the water of hydration which 
is associated with the gel and is generally inaccessible to polymer solute molecules 28 . 

Anal. Chim. Ac/a, 34  (1966) 101-406 



404 	 1). M. W. ANDERSON, J. I. STOI)1)AIIT 

Iii addition to the poor theoretical justification for deterni ill iig I from an eXj)rCSSiofl 

using the water regain, there are experimental dillirultics the internal volume of a gel 
packed in a colunin may ililicr trOnl that determined eXpe1iiiiei1ttIl\' under centri-

fugal free 24 . 

It is therefore suggested that K it  be defined according to the practice intro-

duced 1w ANnnE\vs 2  I - is defined as the difference between the elution volume at 

which molecular-sieving ceases to i he operative for small nii >lecuk's (of tile polymer 

sstem under test) and the void volume, 1 7 0 , of the ci lumii. this poit becomes more 

important in the light of a recent theoretical treatment of ''Sephadex gel filtration 

by SiIIuE 31 , who claims that his equations might apply throughout the entire range 
of molecular weights, even for very small mi ilecules. the molecular-sieve process 
breaks clown for relatively small m Iccules; on a liio-( ;el Poo ci ilunui capable of 

molecular weight estimations of polvsac'harides in the range ,000 125,000, the 

eluti in volumes of gluci se and suer sc are identical. On AN I )iUYVS basis 2  this elution 

yi ilunie equals 1 + I'i, and K it  is therefore unity for both glucose and sucrose. The 

introduction of constant k into eqn. (3) is necessary to account for the experimental 

observation'' 2 ' 24' that, Ili a linear plot of K,,t against ii , the iuterei'/i( on the K,, 1  
axis is greater than unity. This fact was not realised, apparently, in earlier paperO- 1 -5  

in which the straight line drawn through a number of observations would have 
represented the experimental data better had it ilot been made to pass throUgh unit 

value for K,,t at Al =(.i. 

L.inoxr AND Kii.LANI)E0 ° have pointed out that R)RAi,lsdssIiiliption_ 

that a is directly proportional to hi is ti-uc for flexible macromolecules on l v 22. Ji 

contrast, SOi•iRE 3  assumed a to he (hirerl. lv prop irto inal to .11 4 , and he deduced a 

linear relationship between (I /I ') and .1P for proteins and dextran fractions. Both 

P0RATH and Sominn claim good agreement with the experimental data, although 
('ARNEGIe has found that Sot IRE's relati inslnp is not as satisfact rv as P4 )I(vrn 's for 

Peptides on columns of 'Sephiadex (,2,5" with phenol acetic aid water (1:1:1, 

w/v/v) as solvent. At present, however, practical tests of such theories are not very 

sensitive (cf. ref. io). In contrast, the relationship between K, and log 11 has the merit 

of holdiig regardless of the value of the fro-tional p wer to \N.Iiicii .11 has to he raised 

so as to be proportional to a, provided that the fractional p  wer is constant to" the 

polymer series under ulvestigatTloll.  
A1,BE1Tssox 33  has shown that the Bi'ixsrEn rel-itiomiship 34  between the 

partition coefficient and the molecular weight of gl ()1 )ular pr o t e ins applies to 4 their ieir 

distribution in certain two-phase aqueolis systems. If such a rclatii insltip holds in 

molecular-sieve chromatography, h g K 1  would be expected to he pri portionml to 

M (ci'. ref. 21) if the temperature is constant. 
Thin-layer ('hir( mat grapl i of pu teins on 	 eph iadex ' has also been used for 

molecular weight estimations 2 - 3 , and this technique has sonic features ill ( , ()trillion 

with molecular-sieve ('hri imati igraphv. ihus 'qn. (m) can he \vri tten 

= 	 N) 
1 	- I 

where 

l - i'= 1'i+ 1i 

Now the elution volume for a solute molecule is inversely proportional irtional to the distance 

•iiial. (1)0?) Jr/a, 34 19(10) 401-40( 
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moved by that molecule down a column in a given time. Comparing the migration 
distances on a thin-layer chromatogram with those on a column, eqn. (8) may be re-
written in the form 

(do_de)di' 
=  , (io) 

(d0 d 1  )de 

where d0 , d and d are the migration distances corresponding to the elution volumes 
1 0 , F, and J'I' respectively. This relationship is similar to that used by CARNEGIE 7  in 
his peptide mapping technique. Since d 1 '/(d0  - d 1 ') is a constant, it follows from ecjn. 
(10) that 

= Ci(do/de - i) 	 (ii) 

where c1 is a constant. If the R 0  value be defined by de/do, then 

= ci(I/Ro— I) 	 (12) 

so that a plot of Kd against the reciprocal of R 0  should be linear. In contrast, MORRIS 3 ° 

has found that a plot of Kd against RHi) (which corresponds directly to R o ) is linear for 
proteins on Sephadex" (iIOO and G200, and CARNEGIE found  in approximately 
linear relationship between de  and log 111 for peptides on 'Sephaclex" G25. 

These comparatively new analytical techniques for estimating molecular 
weights are clearly in their infancy. The potential applications are so wide that it is 
important for the fundamental difficulties referred to here to he resolved, if progress 
is to be made on other than an empirical basis. 

We thank Professor Sir EOMIJND HIE5T for his interest in this work, Dr. . H. 
KNox for helpful discussion on some aspects of chromatography, and the Science 
Research Council for a maintenance grant (to J.F.S.). 

Si \IMAR\ 

A critical review is given of theoretical aspects of the quantitative application 
of molecular-sieve chromatography to the estimation of molecular weights of macro-
molecules. Particular reference is made to some of the inconsistencies, controversies, 
and sources of confusion which exist in the literature at present. 

RESUMJ 

line revue critique est pr(sentee sur les aspects theoriques de l'application 
quantitative (IC la chroniatographie sur colonne avec remplissage dc tamis mole-
culaire, en vue dune estimation de poids molcculaires. Les auteurs se sont référs 
spcialement controverses et sources de confusion existant actuellement 
clans la 1itt6rature. 

ZUSAMMENFASSU NG 

Es wirci Ciii kritischer therblick gegehen fiber tlieoretische Aspekte der quan-
titativen Anwendung der Molekularsieh-('hromatographie auf die Abschitzung von 
Molekulargewichten von Makroniolekiilen. Besonders werclen einige kontroversen und 
Unstimmigkeiten in der gegenwartigen Literatur berucksichtigt. 

Anal. Chimn ......la, 34  (1906) 401-406 
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STUDIES ON URONIC ACID MATERIALS 
PART XV'1'. THE USE OF MOLECULAR-SIEVE CHROMATOGRAPHY IN STUDIES ON 

Acacia senegal GUM (GUM ARABIC) 

D. M. W. ANDERSON AND J. F. STODDART 

Department of Chemistry, The University, Edinburgh 9 (Great Britain) 

(Received December 1st, 1965) 

INTRODUCTION 

Lathe and Ruthven 2, and Andrews and Roberts 3, have suggested the possibility 
of applying molecular-sieve chromatography (gel "filtration") to molecular-weight 
estimations on polysaccharides. Some of the experiments described in this paper on 
the application of this technique to Acacia senegal gum have been reported in a 
preliminary communication 4 . 

MATERIALS AND METHODS 

The nodules of A. senegal (syn. verek) were collected by (the late) Mr. M. P. 
Vidal-Hall, Gum Research Officer, Republic of the Sudan, at Qala en Nahal, Kassala 
Province, as the first collection of the 1960 gum season. 

Nitrogen, ash, and moisture determinations 
Nitrogen was determined by a semi-micro Kjeldahl method, moisture by heating 

to constant weight at 105 ° , and ash by heating (muffle furnace) to constant weight at 
550° . 

Viscosity measurements 
Determinations were made in M sodium chloride, in a suspended-level, dilution 

viscometer at 25 °  (flow time for M sodium chloride, 189.9 sec). 

Uronic acid determinations 
Uronic acid content was determined by a vapour-phase, i.r. method after 

decarboxylation with hydriodic acid 5 . 

Methoxyl determinations 
A vapour-phase, i.r. method was used 5 . 

*For Part XIV see ref. x. 

Carbohydrate Res., 2 (1966) 104-114 
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Polysaccharide hydrolyses 
Polysaccharides were hydrolysed with N sulphuric acid for 7  h at wo° . These 

conditions do not cause any extensive hydrolysis of the uronic acid linkages in 
A. senegal gum; this was taken into account when determining proportions of galactose. 
Hydrolysates were neutralised with barium carbonate, filtered, treated with Amberlite 
resin IR-I20 (H+ form) and concentrated at ca. 350  on a rotary evaporator. 

Sugar ratios 
These were determined by chromatographic separation on Whatman 3MM 

paper, followed by elution and colorimetric estimation by the phenol—sulphuric acid 
method 6 . After periodate oxidation, rhamnose was also determined, as acetaldehyde, 
by a vapour-phase, i.r. method 7 . Sugar compositions were calculated as anhydro-sugar 
residues. 

Pet-iodate oxidations 
Unless otherwise stated, these were carried out at room temperature in darkness 

using excess of sodium metaperiodate. Formic acid was estimated potentiometrically 8 . 

Formaldehyde was estimated colori metrically with chromotropic acid 9 . 

Paper chromatography of sugars 
Whatman No. I and 3MM papers were used with the following solvent systems 

(v/v): (a) benzene—butan-i-oI—pyridine—water (1:5:3:3, upper layer); (b) ethyl acetate—
acetic acid—formic acid—water (18:3:1:4); (c) butan- i -ol—ethanol—water (4:1:5, upper 
layer); (d) butan- i-ol--acetic acid—water (4:1:5, upper layer); (e) ethyl acetate—pyridine-
water (10:4:3); (J) butanone—acetic acid—water (9:1:1, saturated with boric acid). 
Chromatograms were developed with aniline oxalate, p-anisidine hydrochloride, 
alkaline silver nitrate, or the periodate—permanganate reagent. 

Thin-layer chromatography of sugars 
This was carried out on "Chromagram" sheets (Kodak Ltd., Kirkby, Liverpool) 

of polycarbonate or silica gel'°, using the following solvent systems (v/v): (g) propan-I-
ol—ethyl acetate—water 00:3:0  with polycarbonate sheets; and (h) butan-I-ol—acetone-
water (4:5:0, or (i) butanone—acetic acid—water (3:1:1) with silica-gel sheets. 

Molecular-sieve chromatography 
This was carried out on columns (6.o x 50 cm) of "Bio-Gel P300" (Bio-Rad 

Laboratories, Richmond, California) using M sodium chloride as eluant 4 . To prevent 
deformation by "wall effects " , columns were pre-treated with i % dichlorodimethyl-
silane in benzene at 6o°. After oven-drying, columns were packed with gel that had 
been allowed to swell in M sodium chloride for 2 days. The gel slurry was added 
continuously to the column; a thin layer of glass beads supported the gel and kept the 
"dead space" to a minimum. To stabilise the soft top-surface of the P300 gel, I-cm 

Carbohydrate Res., 2 (1 966) 104-114 
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layers of "Bio-Gel P200" and "Bio-Gel Pio" were applied successively to the column. 
Eluant was allowed to flow for 2 days before the columns were calibrated with dextran 
fractions (Pharmacia Ltd., Uppsala) of known, number-average, molecular weight 
(Mn). Polysaccharide (ca. 10 mg), dissolved in I.5M sodium chloride (i ml), was 
applied to the column by careful layering beneath the M sodium chloride. Fractions, 
collected from a 2-1111 siphon by an automatic collector, were screened by the phenol—
sulphuric acid method 6. Elution volumes (V e) were estimated to the nearest ml 
from peak maxima. 

RESULTS 

Fractional precipitation of A. senegal gum with sodium sulphate 

The gum (40 g) was dissolved in water (800 ml), filtered, and electrodialysed. 
Analyses on the freeze-dried product are shown in Table I. 

A solution of the purified gum (25.4 g) in water (500 ml) was maintained at 28°. 
Anhydrous sodium sulphate was added in small portions with constant stirring. 
Precipitation commenced at concentrations approaching 40% (w/v): at 40%, a pale-
brown material rose to the surface and was removed (Fraction 1). Two further fractions, 
II and Ill, much lighter in colour, were obtained on continued, slow, stepwise addition 
of very small portions of sodium sulphate: eventually, the supernatant solution 
contained polysaccharide material which was not precipitated from a saturated solution 
of sodium sulphate, and this yielded Fraction IV. The fractions were dialysed against 
tap water until free of sulphate and were then electrodialysed to ensure complete 
removal of inorganic ions. Analytical data for the freeze-dried fractions are given 
in Table I. 

A utchydrolysis of A. senegal gum 
A sample (4 g) of electrodialysed gum was dissolved in water to give a 2% 

solution (pH, 2.8). Autohydrolysis on a boiling water-bath was followed polari-
metrically' 1 . After 50 h, the solution was cooled, filtered (to remove denatured protein), 
and dialysed against water (3 x 2 1). Dialysis was completed against running tap-
water, and freeze-drying gave the degraded gum (2 g), []o - 11 °  (e 1.0, water) (Found: 
moisture, 9.7; uronic acid, 19.2; galactose, 68; arabinose, 2%). Hydrolysis of the 
degraded gum indicated the presence of two aldobiouronic acids, which had Rcai 
values of 0.22 (major component) and 0.59 (minor component) in solvent (b), and 
were chromatographically identical with 6-0-(/9-D-glucopyranosyluronic acid)-D-
galactose and 6- O-(4- O-methyl-9-D-glucopyranosyluronic acid)-D-galactose, respect-
ively. Chromatographic examination of the diffusate from the degraded gum showed 
it to contain galactose, arabinose, rhamnose, three (major) neutral disaccharides, 
traces of the two aldobiouronic acids, and oligosaccharide material. Further hydrolysis 
of a portion of the diffusate yielded more of the same aldobiouronic acids found for 
the degraded gum. 
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TABLE I 

ANALYTICAL DATA FOR ELECTRODIALYSED A. senegal GUM AND FRACTIONS OBTAINED BY 

PRECIPITATION WITH SODIUM SULPHATE 

A. senegal gum 
Fractions 

1 11 III 	IV 

Yield, % - 23.6 29.5 33.7 	1.2 

Moisture, % 11.0 14.7 7.3 8.6 	- 
Ash, % 0.01 0.01 0.02 0.01 	- 
N, 0.33 1.01 0.12 0.02 	- 
Protein, % IN % X 6.251 2.1 6.3 0.75 0.13 	- 
[jl, crn3g' 20.0 33.5 14.8 10.8 	- 
Rhamnose, %a  12(14) 10(13) 12(13) 12(13) 	- 
Arabinose, 0/,a 25(28) 24(30) 26(28) 23(25) 	- 
Galactose, 34(39) 29(37) 37(40) 40(44) 	- 
Uronic acid, %' 16.7(19) 16.0(20) 17.5(19) 16.7(18) 	15.5 
Methoxyl, % 0.23 0.23 0.23 0.23 	0.22 

UXID (c r.o, water) -31.5 °  -32.7° 32.70 -31.5 ° 	- 
Equiv. Wt.c 1290 - - - 	- 
Formic acid released On 1.58 1.56 1.59 1.60 	- 

periodate oxidation 
(mole/g) x io 

Ratio of galactose/arabinose" 1.40 1.23 1.43 1.76 	- 

aValues in parentheses are corrected for all non-carbohydrate material. 
bCalculated as the anhydride of glucuronic acid. 
CBy direct titration (potent iometric) with 0.02N sodium hydroxide. 
dCalculated from the values corrected for non-carbohydrate material. 

Borohydride reduction of degraded gum 

Degraded gum (500 mg) was dissolved in water (1 00 ml), and sodium borohydride 

(400 mg) was added. The solution was kept for 24 h at room temperature before further 

sodium borohydride (100 mg) was added. After the solution had been stirred for 

6 h, it was dialysed against running tap-water for 2 days. The freeze-dried product 
was hydrolysed to yield the same aldobiouronic acids and neutral disaccharides found 

in the degraded gum. In addition, paper chromatography in solvent (f), and t.I.c. on 
silica gel with solvent (h) indicated the presence of galactitol. No arabinitol was 

detected. 

Pet-iodate oxidation of degraded and reduced, degraded gum 
Degraded gum did not give detectable amounts of formaldehyde on periodate 

oxidation. The production of formaldehyde with time from reduced, degraded gum 
(34.32 mg, dry wt.) was as follows: 0.25 h, 16o sg; 0.5 h, 200 g; I h, 215 pg; 2 Ii, 

220 pg; 6 h, 220 pg; 24 h, 235 pg. Assuming production of one formaldehyde molecule 

per average polymer unit, a value for M of 4,400 was calculated for the degraded 

gum. Taking into account its composition, this corresponds to a number-average 
degree of polymerisation (Ps) of 27. 
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Controlled Smith-degradation 12  of degraded gum 
Periodate oxidation was carried out at 20.  Degraded gum (i g) was dissolved in 

water (25 ml), o% (w/w) periodic acid ( 1  .75 ml) was added. and the solution made up 
to 50 ml. After 2 days, the reaction was stopped by addition of excess of ethylene 
glycol. Following dialysis against running tap-water for 2 days, the solution was 
treated with sodium borohydride (250 mg) for 36 h. Further dialysis for 2 days was 
followed by hydrolysis of the acetal linkages with N sulphuric acid for 2 days at 18°. 

The acidic solution was neutralised with barium carbonate, filtered, treated with 
Amberlite resin I R- 120 (H + form), and concentrated on a rotary evaporator. Chromato-
graphic examination revealed the presence of glycerol and glycolic aldehyde. Molecular-
sieve chromatography on a column (2.5 X 75 cm) of "Bio-Gel Pio" was used to 
separate such low molecular-weight materials from the Smith-degraded product 
(180 mg). Hydrolysis of a small portion of the latter product, with examination by 
paper chromatography, gave galactose, arabinose (a trace) and arabinitol [solvent 
(f)], but no galactitol or erythritol. 

Molecular-sieve chromatography 
Figure t shows the calibration plot of elation volume (I") against log M 

obtained with dextran fractions of known M. For "Bio-Gel P300", this relation-
ship13-15  is approximately linear for values of M from 5,000 to 125,000;  although the 
useful working range may extend slightly beyond these values, the exclusion limit 
of "Bio-Gel P300- for the polysaccharides investigated is apparently less than 300,000 

Ve(mI) 

Fig. I. Plot of elution volume (V i) against log IWn  for dextran fractions of known Mn values. ["Bio-
Gel P300" column (.o x 50 cm), elution with M sodium chloride]. The arrows shown correspond 
with those on Fig. 2. 

Sucrose and glucose have the same elution volume, which is defined as being 
equal to V0  + Vj, where V 0  is the void volume and V1 the internal volume 14"6  

The elution volume of "blue dextran" (Pharmacia Ltd., Uppsala) was taken as the 
void volume, and values for the distribution coefficient (Kit) were calculated from the 
relationship", Kd = (Ve  - V0)/V1. Figure 2 shows the elution patterns for A. senegal 
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gum, for the fractions (l—IV) precipitated by sodium sulphate, and for the degraded 
gum obtained by autohydrolysis of A. senegal gum. Table 11 gives the values found for 
Kdand M.,; estimation of M for the whole gum was rendered difficult by theasymmet-
nc nature of its elution curve. 

TABLE U 

ESTIMATION OF Rn  BY MOLECULAR-SIEVE CHROMATOGRAPHY 

A. senegal gum (276) - - 

Fraction 1 270 0.00 - 

Fraction II 294 0.04 140,000+20,000 
Fraction 111 351 0.12 99,000+10,000 (105,000)a 

Fraction IV 532 0.40 35,000+ 3,000 (37,000)a 

Degraded gum 6  884 0.92 4,800+ 	500 (4,400)c 

aBy osmometry; the authors thank Mr. S. Rahman for these determinations. 
bObtajned by autohydrolysis. 
Cperiodate end-group analysis, as formaldehyde. 

1 	 4 	 4 

o 
Whale gum 

H 
Fraction I 

0.5- 

 

Fraction 11 
05f__________  

	

I 	 I 
8 	F 	i 	

Fraction E 

Fraction 

	

I 	 I 
I 

o,5L 	

I 

Autohydrolysed gum 

0.5 	 I 
I _ 

o 	206 	466 	600 	Boo 	I 1000 
Eluont volume V  (ml) 

-V.54n, 

Fig. 2. Elution patterns for A. senegal gum, sodium sulphate fractions, and autohydrolysed gum. 
["Bio-Gel P300" column (6.0 X 50 cm), elution with M sodium chloride]. 
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DISCUSSION 

Fractional precipitation of gum arabic with propan-2-01 18  and acetone' 9  has 
been reported. Van Beek 19  has suggested that there is a correlation between the 
limiting-viscosity numbers of the fractions precipitated by acetone and their content of 
divalent cation. In spite of the fact that metal ions were reported 20  to cause aggrega-
tion of complex acidic polysaccharides in solution, all attempts in this laboratory to 
repeat the experiments of Van Beek have failed. 

Prolonged contact of A. senegal gum with organic solvents leads to insolubility 
difficulties, and the possibility of using salt as a fractional precipitant was therefore 
examined. Since the feasibility of fractional precipitation depends upon the poly-
saccharide in question having a broad molecular-weight distribution. A. senegal gum, 
and fractions obtained by fractional precipitation with sodium sulphate, were studied 
by molecular-sieve chromatography. With such fractional precipitations, the number of 
fractions isolated is arbitrary and is usually governed by the amount of material 
required for the analyses necessary to characterise the fractions. The elution patterns 
obtained on molecular-sieve chromatography (Fig. 2), and the limiting-viscosity 
numbers (Table 1) of the fractions, clearly demonstrate that fractionation by "molec-
ular" size was effected. Careful electrodialysis eliminated the possibility of traces of 
di- and poly-valent cations causing aggregation. Molecular-sieve chromatography and 
viscosity measurements were carried out in solutions having a constant concentration 
of univalent cations (i.e., M sodium chloride). Aggregation by metal ions cannot, 
therefore, explain our results. Aggregation of the polysaccharide by protein is also 
unlikely to occur in M sodium chloride, since coacervates are broken down on addition 
of simple electrolytes 21 . Our results can, however, be explained by fractionation 
according to the molecular size of the polysaccharide. 

The chemical composition of the fractions was investigated, and the results are 
summarised in Table 1. The similar yields of formic acid released on periodate oxida-
tion indicate that there is little variation in the degree of branching of the polysaccha-
rides in the fractions, but the varying proportions of galactose to arabinose indicate 
that the gum is chemically heterogeneous. Previous evidence of chemical heterogeneity 
in commercial gum arabic was obtained by Heidelberger and Adams 22 ; the small 
fraction of gum precipitated by Type 11 antipneumococcal horse-serum was depleted 
in rhamnose. 

Confusion has arisen over the use of the terms homogeneous and heterogeneous 
in relation to plant gums and other polysaccharides. Smith and Lewis 23  claimed that 
the heterogeneity of A. senegal gum is revealed by electrophoresis on glass-fibre 
paper, whilst Jermyn 24  observed no sharp discontinuity in the properties of the molec-
ular species after chromatography on DEAE-cellulose. Conthretuni leonense gum 
has been described by Aspinall and Bhavanandan 25  as micro-heterogeneous, i.e., 
"a mixture of polysaccharides composed of the same structural units, which are 
linked in a similar manner, but are in slightly differing proportions". Norman 26  has 
stated that A. senegal gum is "not a substance of constant composition, but is con- 
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structed in a particular pattern from varying amounts of constituent units", and Hirst 27  
has referred to it as "a mixture of closely related, molecular species". Other terms, 
such as grossly heterogeneous 25 , poiydisperse3' 28,  and polymolecular 29 , have also been 
employed. Unfortunately, their usage has not always been in accordance with their 
accepted definitions; polj'disperse describes polymer systems containing more than 
one component; polymolecular denotes a homogeneous polymer having a variation 
in molecular weight (cf. ref. 20). 

There is no evidence from our present investigations, nor from those of Jermyn 24 , 

that A. senegal gum is polydisperse. On the other hand, if the gum is claimed to be 
po!vmolecular, the above definition of this term implies that it is a homogeneous 
polymer. The term homogeneous has been used 30 ' 3 ' to indicate that polysaccharides 
are not polydisperse, even although, chemically, they are undoubtedly heterogeneous. 
To avoid this ambiguity, it is suggested that the term polyinolecular be reserved for the 
description of those polymer systems having only a distribution in molecular weight, 
and the term heteropoly,nolecular be used to describe polymer systems having either 
a variation in monomer composition and/or a variation in the mode of linking and 
branching of the monomer units, in addition to a distribution in molecular weight. 
Defined in this way, the term heteropolymolecular conveys a more comprehensive 
description of the spectrum of related polysaccharides that comprise A. senegal gum. 

Molecular-sieve chromatography of the degraded gum obtained on auto-
hydrolysis (Fig. 2) indicates that M n = 4,800 (Table II). Degradation of the whole 
gum to produce units of this small size is much greater than would be expected to 
result from removal of labile sugar-residues (such as L-arabinofuranose and L-

rhamnopyranose) from the periphery of the molecule. This observation was made by 
Smith and Montgomery 32 , and it led them to suggest that some labile sugarresidues 
were present in the interior of the gum molecule. They postulated that blocks of 
degraded units might have been interconnected by labile residues of arabinofuranose. 
If this were so, it should be possible to show that some, if not all, of this arabinose 
is sited at the reducing end of the degraded molecules resulting from autohydrolysis. 
Arabinose was not, however, reported by Smith 11  to be present in the degraded gum. 

This investigation shows that autohydrolysis of A. senegal gum results in the 
release of galactose residues, in addition to arabi nose and rhamnose residues, with the 
formation of a degraded gum containing 2% of arabinose. Although autohydrolysis 
is sufficient to break galactopyranosidic bonds to give galactose, arabinose was not 
completely removed from the degraded portion that remained behind after dialysis 
(cf. ref. 33).  In order to discover whether arabinose was present as the reducing end-
group, the autohydrolysed, degraded gum was reduced with borohydride. The presence 
of galactitol, and the absence of arabinitol, in the hydrolysate of this reduced material 
shows that galactose occupies the reducing end-group. The 2% of arabinose in the 
degraded gum appears, therefore, to be sited other than at the reducing end. 

Autohydrolysis is not very selective as a means of degradation. In our autohydrol-
ysis experiments, traces of aldobiouronic acids are released, together with oligo-
saccharides which are small enough to pass through cellophane dialysis-tubing 
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(Kalle Aktiengesellschaft, Wiesbaden). Acidic material of low molecular-weight 
has also been obtained from autohydrolysis of gums from A. karroo 34  and 
A. cyanophvlla 35 , and this led Hirst 36  to suggest that acidic residues may occur in 
labile side-chains. 

The methoxyl content of A. senegal gum has already received comment in a 
preliminary communication 37 . The methoxyl group is not present as the ester of 
D-glucuronic acid, since the methoxyl content does not decrease on treatment with 
N sodium hydroxide. Methoxyl groups are now known to occur commonly in plant 
gums in residues of 4-0-methyl-D-glucopyranosyluronic acid. A careful, chromato-
graphic re-examination of the degraded gum from A. senegal resulted in the detection 
of the aldobiouronic acid, 6-0-(4-0-methyl-fi-D-glucopyranosyluronic acid)-D-
galactose, the presence of which had not been recognised by earlier investigators. 
The sample of A. senegal gum used in the present study has a methoxyl content of 
0.23%; this corresponds to a content of 1.4% of 4-0-methyl-D-glucopyranosyluronic 
acid. The presence of this residue in A. senegal gum accounts for some of the 2,34-

tri-0-methyl-D-glucuronic acid obtained after hydrolysis of the methylated whole-
gum38 . 

Periodate oxidation of the degraded gum produces no formaldehyde, so it may 
be concluded, in conjunction with methylation evidence 39, that the reducing galactose 
residue is substituted at C-6. As a result, horohydride-reduced, degraded gum was 
assumed to produce one formaldehyde molecule per average unit on periodate oxida-
tion. On this basis, a value of 4,400 for M. was calculated for the degraded gum. 

No HCRO 	 HCHO 

1801 IO, 	 1801 

CH2OR' 	 CH20R' 	 CH20H 

HO 	

H 	

HO OR_OH 	 J—OH 
_ 	 _ HO 
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OH 	 OH 
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2 1  IO 
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Fig. 3.  Scheme of reactions carried out on autohydrolysed gum from A. senegal. R' and R" represent 
the remainder of the degraded gum. 

The reactions carried out on the degraded gum are summarised in Fig. 3. 
A controlled Smith-degradation (cf. ref. 40) carried out at 2 °  provides additional 
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information that galactose constitutes the reducing end-group. The series of reactions 
proposed 32  to account for the appearance of arabinitol is evidence that the reducing 
galactose residues are also substituted at C-3. 

If the extensive degradation of the macromolecule observed on autohydrolysis 
is not due to the presence of internal, labile, arabinofuranosidic bonds, certain 
galactopyranosidic bonds must be unusually reactive towards very mild conditions of 
hydrolysis, which would not normally be expected to cleave such bonds. As a result 
of studies on Virgilia oroboides gum, Stephen 41 ' 42  has suggested that the carboxyl 
groups of the uronic acid residues may be responsible for "deep-seated decomposi-
tion ". This fact, and the overall geometry of the A. senegal gum molecule, may provide 
the explanation for the unexpected lability of some pyranosidic bonds. More know-
ledge is required on the degree of branching within the molecular framework of 
A. senegal gum before a theory of more heuristic value may be advanced. 
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SUMMARY 

Investigations involving fractional precipitation of A. senegal gum by sodium 
sulphate lead to a discussion on the type of heterogeneity exhibited by the gum. 
Molecular-sieve chromatography is used to estimate number-average molecular 
weights. Results obtained using this chromatographic technique on the degraded gum 
produced on autohydrolysis indicate that such mild conditions of hydrolysis are not 
always very selective as a means of degradation. The degraded gum is shown to have 
galactose residues as reducing end-groups. There is no evidence for labile, internal, 
arabinofuranosyl linkages in the whole gum. In addition, chromatographic evidence is 
obtained for the presence of 6-0-(4-0-methyl--D-glucopyranosyluronic acid)-D-
galactose residues in A. senegal gum. 
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Theories of Molecular Sieve 	20 
Chromatography 

by D. M. W. Anderson and J. F. Stoddart, 
Department of Chemistry, The University, West Mains Road, Edinburgh 9 

Abstract 

Two aspects of tile theory of molecular sieving are 
distinguished: (a) a thermodynamic aspect, Ithich 
relates to the differential partition of solute ,,iole-
cu/es between porous materials and interstitial 
solvent, and (b) a hydrodynamic aspect, vvhich 
concerns the restricted diffusion of solute mole-
cules within porous particles. These aspects are 
discussed, together with related facts concerning 
the molecular sieving method of molecular weight 
estimation, and the effects of temperature, flow-
rate and column parameters on elution patterns 
from molecular sieve columns. 

Theories de Ia chromatographie sur les 
tamis moléculaires 

On distingue deux aspects c/c la théorie du 
tainisage moléculaire: (a) un aspect thermo-
dynamique, qui a rapport a la repartition ditfér-
entidle des niolécules dissoutes c/lire des inatéri -
aux poreux et le solvant interstitiel. et  (h) un 
aspect hydrodvnamique qui concerne la diffusion 
restreinte des molecules dissoutes dans les 
particules poreuses. Ces aspects sont discutés avec 
les faits qui s'y rapportent, et qui concernment la 
inéthode de tam isage moléculaire de l'estimation 
A poids molCculaire, et les effers de la tempera-
lure, du faux d'écoulement, des paramètres de 
colonnes sur la formation des dessins a 1cztir 
des collonnes de lain is ,nolCculaires. 

Theorien Ober die Molekularsieb-
Chromatographie 

Es it-ire/ :wisc/ien :lt'ei Gesic/ztspunk ten der 
Theorie der Molekularsiebung unterschieden und 
:war (a) einemn thermodvna,nischen Gesieht-
spunkt, der sic/i auf die dffferentielle Teilung 
geloster Moleküle :wischen porösen Materialien 
und nichtstoc/ziometrischen Losungsmitteln 
hetrifft, und (b) einem hydrodvnamischen Gesicht-
spunkt, der the heschränkte Diffusion geloster 
Moleküle innerhalb poroser Teilchen hetriffi. 
Diese Gesic/ztspunkte iverden :usainmen nut 
:ugehorigen Gegehenheiten üher die molek ulare 
Siebniethode tier nwlek ularen Gewichisermit tlung 
hesproc/wo. und :var unter Berucksichtigung tier 
A uswirkung von Temperaturen. DurchfluJimengen 
tind Säu/enkenngrOjien mi Zusaininenhang mu 
Eluierung aus Molekularsiehsäulen. 

Introduction 

Molecular sieve chromatography is a form of partition 
chromatography, which utilizes the distribution be-
haviour of solutes between solvent phases in two 
physically distinguishable environments. If solvent is 
allowed to flow through a column packed with porous 
particles, the proportion of unbound solvent imbibed 
within the pores constitutes the stationary phase and the 
proportion of unbound solvent occupying the interstices 
between the porous particles constitutes the mobile 
phase. The remainder of the solvent is strongly bound 
to the porous particles and is inaccessible to the solute. 
Therefore the total volume V t  of the column is given by 

VtVg+Vo+Vi 	 ... (1) 
where Vg  is the volume of the solvated porous particles, 
V0  is the volume of the unbound solvent in the inter-
stices between the solvated porous particles (i.e. the 
volume of the mobile phase), and V1 is the volume of the 
unbound solvent inside the solvated porous particles 
(i.e. the volume of the stationary phase). 

The distribution coefficient 

The behaviour of a solute passing through a molecular 
sieve column is described by a distribution coefficient 
Kd, which is defined (Wheaton & Bauman. 1953; 
Gelotte, 1960) as the fraction of the internal volume V 1  
that is accessible to the solute. Thus it follows that 

ye—V0 
Kd= 	 . . . (2) 

V1   
where V is the elution volume of the solute and V. is the 
so-called void volume or exclusion volume of the 
column. For large solute molecules which cannot enter 
the stationary phase V=V., and so Kd=O. For small 
solute molecules, which can distribute themselves 
equally between the two phases, Kd= I because 
V=V0+V1. Molecular sieving occurs for solute mole-
cules which obey the condition, 0<Kd<l. Clearly the 
partitioning of solute molecules between the mobile and 
stationary phases will be influenced to some extent by 
adsorption of solute molecules to the solvated porous 
particles (i.e. the support phase). Preferential adsorption 
of certain solute molecules may result in Kd>l. 

The distribution coefficient is a useful quantity for 
comparing solute behaviour on molecular sieve columns 
of different dimensions packed with the same porous 
material. The difficulties involved in obtaining experi-
mental values for Kd have been discussed by Anderson & 
Stoddart (1966a), who recommended that values for Kd 
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(a) be obtained from Equation (2), according to the practice 
introduced by Andrews (1964). Thus, the void volume V. 
of a molecular sieve column is taken as the elution 
volume at which molecular sieving ceases to be operative 
for large solute molecules of the homologous series of 
macromolecules under test. Likewise, the internal 
volume V1 is taken as the difference between the elution 
volume at which molecular sieving ceases to be operative 
for small molecules and the elution volume corresponding 
to the void volume of the column. 

The distance moved by a solute down a column in a 
given time is inversely proportional to the elution 
volume of the solute. Writing Equation (2) in the form 

VV0 
(3) 

V —V0 

where V'1=V0+Vi, we have 

Kd= 
(do d 	 . . . (4) 
(d0d'1)d 

where d., de, and d1 are the migration distances corres-
ponding to the elution volumes V., Ve, and V1 respec-
tively. This relationship may be used to obtain values 
for Kd from thin layer chromatograms. 

The formulation of a theory of molecular sieve 
chromatography is dependent on the interpretation of 
Kd, or some related quantity, in terms of the mechanisms 
of interactions of solute molecules with porous materials 
(Ackers, 1964). Two aspects of the interaction of solute 
molecules with porous materials need to be distinguished 
(Ogston, 1966): (a) there is a thermodynamic aspect, 
which relates to the differential partition of solute 
molecules between porous materials and interstitial 
solvent, and (b) there is a hydrodynamic aspect, which 
leads to restricted diffusion of solute molecules within 
porous particles. 

The thermodynamic aspect 

A general phenomenon exhibited by aqueous polymer 
mixtures in phase separation (Albertsson, 1958 and 
1960). Aqueous two-phase systems may be obtained by 
mixing small amounts of two water-soluble polymers in 
water. The partition behaviour of isochemical substances 
in two-phase systems has been studied by Brønsted 
(1931), who found that for large solute molecules the 
partition behaviour could be described approximately 
by the relationship 

K =e AMIPST 	 . . . (5) 

where K is the partition coefficient, M is the molecular 
weight of the solute, R is the gas constant, T is the 
absolute temperature, and A is a constant, the sign and 
magnitude of which is dependent on the nature of the 
solute and of the solvent phases. Albertsson (1958) has 
shown that the distribution behaviour of different 
globular proteins in certain two-phase aqueous systems 
obeys approximately the above relationship if M is 
replaced by M 2 ' 3 . The exclusion properties of solutions 
of hyaluronic acid have also been examined (Ogston & 
Phelps, 1961) in a two-phase system, and a simple 
steric theory has been put forward to explain the ex-
clusion of large solute molecules from hyaluronic acid 
solutions. Several authors (Hjertén & Mosbach, 1962; 
Tiselius, Porath & Albertsson, 1953: Ogston, 1966) have 
suggested that the mobile and stationary support phases 

(b) 
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S..' 
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phase 

•lorqe solute molecules 

• Smoll solute molecules 

Fig. I. The separation of large from small solute molecules on 
molecular sieve columns. 

a.Before chromatography commences. 
b. During chromatography. 

Note that the volume of the mobile phase is given by V, and the 
volume of the stationary support phase by V - V. 

in molecular sieve chromatography constitute the two 
phases of a system in which large solute molecules are 
excluded from one phase, namely the stationary support 
phase, to a greater extent than small solute molecules. 
Columns of cross-linked dextran gels (Laurent & 
Killander, 1964) and of cross-linked hyaluronic acid gels 
(Laurent, 1964) have been compared to two-phase 
systems exhibiting these exclusion properties. If the 
solute molecules in the mobile phase are in equilibrium 
with those in the stationary support phase, the exclusion 
mechanism forms the basis for a chromatographic 
separation of solutes according to molecular size, with 
large solute molecules being eluted from columns in 
advance of small solute molecules. This concept is 
illustrated diagrammatically in Figure 1. The distribution 
behaviour of solutes in this kind of system may be 
described (Laurent & Killander, 1964) by the relation- 
ship 

Ve V. 
Kav . 	 . . . (

6) 
Vg +  

This equation relates the partition coefficient of a solute 
to the volume fraction of the cross-linked dextran gel 
available to the solute. 

Several attempts have been made to explain molecular 
exclusion processes in terms of steric models which 
describe the behaviour of solute molecules interacting 
with porous materials. Laurent & Killander (1964) have 

. 5..  

Direction 
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flow 
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assumed that cross-linked dextran gels are composed of 
straight, rigid polysaccharide chains of infinite length 
and of random distribution within the gel particles. 
According to Ogston (1958) the volume fraction available 
to a spherical solute molecule in a network composed of 
randomly oriented straight rods of infinite length is given 
by the expression 

[L(a+ r') 2] K=e 	 ... (7) 

where L is the concentration of rods expressed in cm 
rod per cm 3, a is the Stokes radius of the solute molecule, 
and r' is the radius of the rods. Laurent & Killander 
(1964) have shown that the calculated values obtained 
for K from Equation (7) for a large number of proteins 
and for dextran fractions are in good agreement with 
those determined using Equation (6) from a knowledge 
of the elution volume of the solute, and the void volume 
and the total volume of the gel column. These authors 
have also shown that the volumes available to proteins 
in cross-linked dextran gels are approximately the same 
as those available in dextran solutions of the same 
concentrations as the gels. 

Porath (1963) has derived a theoretical formula 
relating Kd to the Stokes radius a of a solute molecule on 
the assumption that the pores in cross-linked dextran gel 
particles are conical in shape. The cones are assumed to 
have an average radius r and an average height h'. A 
solute molecule with an effective radius a is assumed to 
penetrate to within a volume represented by a cone of 
average radius, r—a, and of average height h". This 
steric model is represented diagrammatically in Figure 2. 
The total volume, v', of the cone is given by 

v'=r2h' 	 . . . (8) 

and the volume, v, of the cone available to the solute 
molecule by 

Tr 
v"=(r_a)2h" 	 . . . (9) 

Thus 
V h r—a 2 

(10) 
V h' ( r 

and as 
h" r—a 

.(ll) 

it follows that 
v" .  (r—a) 3 

(12) 

If Kd is assumed (Porath, 1963) to be proportional to 
the ratio between v" and v', then 

Kd:=k(I_ar) 3 	 . . . ( 13) 

where k is a constant. For flexible macromolecules 
Zimm & Stockmeyer (1949) have shown that a is pro-
portional to M" 2, and so it follows from Equation (13) 
that should be proportional to Mu 2  for such mole-
cules. Porath (1963) has shown that this relationship 
holds for dextran fractions eluted from columns of cross-
linked dextran gels (Granath & Rodin, 1961). Several 
authors (Wieland, Duesberg & Determann, 1963: 

F-a 

a 

Fig. 2. The conical pores in gel particles. This steric model was 
proposed by Porath (1963). 

Andrews, 1964; Determann, 1964; Auricchio & Bruni, 
1964) have also found the K' 3  is proportional to M'/ 2  
for globular proteins. Theoretically this relationship 
should hold for flexible macromolecules only, and not 
for globular proteins (Laurent & Killander, 1964). 

The steric model used by Porath (1963) has been 
extended by Squire (1964) to include cylinders and 
"crevices" as well as cones. The mathematical treatment 
of this more sophisticated steric model yields the 
equation 

"!= [I +g(l —a/r)] 	 (14) 

which relates Ye to a, where g is a constant. Following 
the assumption that a is proportional to M" 3, Squire 
(1964) has proposed a linear relationship between 
(VV0)" and M" 3, and claims good support for his 
theory from empirical data for globular proteins and for 
dextran fractions on columns of cross-linked dextran gels. 

The hydrodynamic aspect 

Pedersen (1962) has drawn attention to the enhanced 
migration of large with respect to small solute molecules 
in capillaries of diameters about 10 times those of the 
solute molecules. Provided solution flow is optimal, the 
capillary volume for solute molecules is reduced by a 
layer on the surface of the capillary, the thickness of 
which is approximately proportional to the diameters of 
the solute molecules. Thus large solute molecules are 
confined to smaller volumes within a capillary than are 
small solute molecules. This results in enhanced move-
ment of large with respect to small solute molecules. 
This effect, which is illustrated diagrammatically in 
Figure 3, means that separation of solute molecules in 
very long capillaries with diameters of macromolecular 
dimensions is theoretically feasible. Indeed Pedersen 
(1962) has noted that blood corpuscles move faster than 
the surrounding plasma in blood capillaries (cf. Deter-
mann. 1964), and has shown that large protein molecules 
experience enhanced movement with respect to small 
protein molecules in columns packed with glass spheres 
of diameters between 20 and 351i. These experimental 
observations have led Pedersen (1962) to suggest that 
separations of solute molecules according to size by 
molecular sieve chromatography may be related to the 
enhanced movement of large with respect to small solute 
molecules in capillaries. 



Direction of flow 

• Large solute molecules 

Small solute molecules  

Fig. 3. The separation of large from small solute molecules in a 
capillary. 

A mixture of large and small solute molecules in a capillary. 
Separation of large from small solute molecules during 
solution flow in the capillary. 
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Ackers (1964) has shown that a process of simple 
molecular exclusion by itself does not explain the 
properties of columns packed with loosely cross-linked 
dextran gels, and has interpreted Kd for these columns 
in terms of steric hindrance (molecular exclusion) and 
hydrodynamic resistance to molecular diffusion within 
the gel matrix. The pores within the gel particles are 
represented by uniform capillaries, which act as diffusion 
barriers to solute molecules in the mobile phase. Two 
kinds of interactions of solute molecules with capillary-
like pores of gel particles must be distinquished. The 
first is a simple molecular exclusion effect. The probability 
that a solute molecule in the mobile phase will enter a 
capillary (stationary phase) is less for a large than for a 
small solute molecule. The second kind of interaction is 
experienced by those solute molecules which enter the 
capillaries. On account of increased hydrodynamic 
resistance to diffusion, the movement of large solute 
molecules is enhanced with respect to the movement of 
small solute molecules. (Pedersen, 1962). This means 
that large solute molecules diffuse through gel particles 
faster than small solute molecules. The two kinds of 
interactions of solute molecules with gel particles are 
illustrated diagrammatically in Figure 4. Ackers (1964) 
has interpreted these interactions by equating Kd to the 
ratio of restricted to free areas for diffusion in the Renkin 
(1955) equation to yield the expression 

Kd=(1 —a/r)2[l-2.104(a1r)+ 
2.09(a/r)3 -0.95(a/r)] . . . (15) 

where a is the Stokes' radius of a solute molecule 
diffusing within a capillary of pore radius r. The first 
term on the right hand side of Equation (15) is a mole-
cular exclusion term. The second term accounts for the 
increased hydrodynamic interactions experienced by 
solute molecules within the capillaries of the gel particles. 
Ackers (1964) has obtained good support for his theory 
from empirical data for globular proteins on cross-
linked dextran gels. 

Successful correlation of empirical data with different 
theoretical equations probably reflects the insensitivity 
of the practical measurements (Laurent & Killander, 
1964; Porath, 1964: Anderson & Stoddart, 1966a) as 
well as the inadequacies of the theories. This criticism is 
not intended to detract from the attempts that have been 
made to formulate theories of molecular sieve chromato-
graphy in terms of steric models. Progress towards an 
understanding of the mechanisms of interactions of 
solute molecules with porous materials at a molecular 
level is fraught with formidable problems (Ogston, 1966). 

The effect of temperature, flow-rate and column 
parameters on the elution pattern 

Those who have based theories of molecular sieve 
chromatography on steric models have usually recognized 
the idealized nature of the models in relation to the 
actual structures of the porous materials, in this con-
nection Ogston (1966) has pointed out that fibres of 
molecular dimensions in gel particles must be subject to 
thermal disturbances. It follows that some allowance 
should he made in theoretical treatments of molecular 
sieve chromatography for the temperature dependence 
Of elution volumes of solutes from gel columns (Leach & 
O'Shea, 1965). 

The elution volumes of solutes from molecular sieve 
columns do not vary appreciably with the rate of flow 
of the eluent (Porath & Flodin, 1959: Flodin, 1962; 
Tiselius el al., 1963; Laurent & Killander, 1964; Moore 
& Hendrickson, 1965). This independence of elution 
volumes on the rate of flow is strong evidence that 
molecular sieve chromatography is a steady-state 
process, and that the diffusion of solute molecules 
between the mobile and stationary phases is a near-
equilibrium controlled mechanism. Whilst changes in 
the rate of flow may affect the diffusion of solute mole-
cules in the mobile phase, differences in the flow rate 
are not expected to influence the diffusion of solute 
molecules within the stationary phase (Ackers. 1964; 
Cazes, 1966). Moreover, the restricted diffusion mecha-
nism (Ackers, 1964), operative on solute molecules 
within the stationary phase, needs to be distinguished 
from the diffusion process governing the transfer of 
solute molecules across the hypothetical membrane 
between the mobile and stationary phases. 

From the preparative point of view, zone spreading 
during molecular sieve chromatography is as important 
as elution volume in obtaining good resolution between 
different components. Giddings & Mallick (1966) have 
characterized zone spreading in terms of a general plate-
height equation and have suggested how separations on 
molecular sieve columns may be improved. In particular 
they recommend a reduction in column diameter 
(Stouffer. Oakes & Schlatter, 1966; Nystrom & Sjovall, 
1966) as an aid to more efficient separations but recognize 
that this may involve a compromise with a reduction in 
sample capacity. 

Molecular weight estimation 

The possibility of estimating the dimensions or the 
molecular weights of proteins, polysaccharides, and a 
variety of other polymers from their elution behaviour 
on molecular sieve columns has been realized by a 
number of authors (see P. Andrews, p.851 of this issue). 
Approximately linear relationships between the loga-
rithms of the molecular weights M and the elution 
volumes V have reported. Using either Equations (13) 
or (15), it has been shown (Anderson & Stoddart, 1966a) 
that theoretical plots of K1 against log aIr give S-shaped 
curves, restricted central portions of which are essentially 
linear. These linear portions may be described by 
equations of the general form 

Kd=—k L  log a/r—k 2 	 . . . ( 16) 
where k 1  and k 2  are constants. If a is assumed to be 
proportional to M, where x is some constant fractional 
power, then Equation (16) may be expressed as 

Kd=---b log M+c 	. . .(17) 

where b and c are constants. Thus a linear correlation 
will exist between Kd (and hence V) and log M for a 
homologous series of macromolecules over a restricted 
range of M. provided the proportionality between a and 
M is obeyed. This latter condition may not hold 
strictly for a series of globular proteins which differ in 
shape as well as in size. This may be the reason why 
Ackers (1964) obtained better agreement between theory 
and practice by plotting Kd against a/r, rather than 
against log M. Nevertheless, Squire (1964) has shown 
that differences in the shape of globular proteins may 



have little effect on the elution volume, whilst Andrews 
(1965) has suggested that the close linear conformity of 
Ve with log M for a large number of globular proteins is 
in accord with the view that the majority are almost 
alike in both shape and density in solution. Squire (1964) 
has also drawn attention to the effect of the density of the 
macromolecule on V. This factor no doubt accounts 
for the elution behaviour of polysaccharides in relation 
to that of globular proteins. Polysaccharides have more 
expanded structures (Andrews, 1964; Anderson & 
Stoddart, 1966b), probably on account of their greater 
hydration, than globular proteins of approximately the 
same molecular weight. For this reason polysaccharides 
are eluted from molecular sieve columns in advance of 
proteins of comparable molecular weights. This means 
that a simple linear correlation between Ye and log M 
would not be expected to hold for glycoproteins, where 
the carbohydrate to protein content is variable (Ward & 
Arnott, 1965). Indeed Andrews (1965) has found this to 
be the case, and has shown that elution volumes corre-
late better with the diffusion constants of glycopro-
teins (Ackers, 1964). Clearly, linear relationships between 
Ve  and log M or between K and M'/ 2  are only ex- 

pected to hold for a homologous series of macromole-
cules (Meyerhoff. 1965, a and h). Provided this criterion 
is fulfilled, the above relationships are useful and easy 
to apply in practice. Nevertheless it should always be 
borne in mind that the technique only provides a means 
of estimating molecular weights and should not be 
looked upon as a method for determining molecular 
weights, as it may be impossible to ascertain whether a 
macromolecule is behaving typically or atypically during 
molecular sieve chromatography. 

Conclusions 
It is to be hoped that advances in the application of 
molecular sieve chromatography to studies on proteins, 
polysaccharides, nucleic acids, and synthetic polymers 
will proceed on a co-operative basis. Unfortunately 
some synthetic polymer chemists have appeared to 
convey the impression that they have been developing a 
new technique under the synonym of gel permeation 
chromatography. Mention of this term raises the vexed 
problem of nomenclature. Clearly there will continue 
to be dispute on this question for some time to come, 

because it is so strongly associated with attempts to 
achieve an understanding of the fundamental processes 
involved. 
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Examination of a Starch-type Poiysaccliar,cic from Nitella translucens. 
By D. M. W. ANDERSON and N. J. KING. 

The fresh-water green alga, Ni/ella Ira nslucens, gives an iodophihc glucan 
in 4 1 ,1 0  yield (dry-weight basis). This material, which is very difficult to 
extract and purify satisfactorily, has been examined by chemical, enzymic, 
and physical methods. 

Extraction by chloral hydrate yields a severely degraded product which 
has an abnormal potentiometric iodine-titration curve. Extraction by 
pc'rchloric acid gives a more satisfactory product having a limiting viscosity 
number of 40; the amylose content is l2' ) , and the amylopectin component, 
which has an average chain length of 19 glucose units, appears to be similar 
in structural properties to plant amylopectins. 

IHE fresh-water green alga, Ni/ella. translucens (class, Chlorophvceae; order, Charales; 
family, Characeae) is of current interest since its long, filamentous, internodal cells (up to 
40 cm. long) facilitate certain biophysical and physiological experiments. 1 ' 2  Little is 
known of the chemical constitution of the Characeae; at the request of the Biophysics 
Department of this University, the polysaccharide components of both Nitella transiucens 
and Cliara aus/ralis have been studied. This paper reports a preliminary study of the 
iodophilic glucan isolated from Ni/ella /ranslucens. 

Both salt-water and fresh-water green algae are included in the Chlorophyceae, and 
authorities 3 consider species of protozoa, such as Poly/oma, Poly/ornella, and Protothaca, 
to be colourless members of the Chlorophyceae Although much is known of the meta-
bolism of algae, 3  few studies of the carbohydrate systems in such materials have been 
reported. 4 ' 5  Investigations of algal cell components 5,6  must be distinguished from 
studies of the soluble extracellular materials exuded by some algae .7 

According to Fogg, 3  the Clilorophyceae tend to be ancestral to land flora, having starch 
and fat as reserve materials; the starch is considered to be essentially similar to that from 
land plants (Fogg, p.  93). Although it is clear that the " paramvlon granules " 8 reported 
in early studies may be starch-like (e.g., for Pob'toma uvella 9  and Polytonia obtusun 10), 

recent work has shown that the " paramvlon " from Ochromonas inalharnensis 11 and 
from Euglena species 12  (which do not belong to the Chlorophyceae) resemble laminarin. 
Recent chemical investigations on Poly/omella coeca 13 and Dunaliella bioculata 5  however 
support Fogg's statements, but it must not be presumed that the polysaccharide systems 
of all members of the Chlorophyceac will be similar to those of land plants. Indeed, 
Cladophora rupestris 6.14  is reported to contain laminarin rather than starch. This is of 
interest since Cronshaw et al.15  found, by X-ray and electron-microscopical studies, that 
C/adophora rupestris and Chael.omorpha melagon i urn , from four green marine algae examined, 
had cell-wall structures resembling those of land plants: it was also observed that chemically 
differing carbohydrates can give the same X-ray diffractogram. 15  Recent X-ray 
evidence 16.17  has suggested the presence of differing " degrees of order "in tuber and algal 
starches, including an unidentified species of Ni/ella. 

An early study 18  of an un-named species of Ni/ella showed a cellulose-type polvglucan 
to be present; tests for starch were negative. However, ioclophilic starch-like granules, 
enclosed within a membrane, were later observed 1  in Ni/ella species. 

LXI'ERIMENIAI. AND RESULTS 

A nal lical Methods--Conventional carbohydrate techniques were used throughout. 
Collection of Material—Ni/ella Ira nslucens (authenticated by Dr. A. J. Brook) was collected 

on May 19th, 1959, from Loch Cardney, Dunkeld, Perthshire. The filamentous algal cells 
were easily snapped, with resultant loss of the cell inclusions, and were therefore handled as 
carefully as possible during collection. The cells were individually freed by hand from traces 



ol debris and other pond-weeds. The raw material contained: N 23, 2.1% ash 141, 137% 
uronic anhvclride 241, 244%. A methoxyl content of <. 02 1/may arise from the chlorophyll 
present. 

Preparation of Crude Starch—The cells were homogenised in water chilled to 0 by brief 
treatments in an Atomix '' homogeniser. The turbid fluid was poured through a double 
layer 01 muslin. The combined residues were re-honiogenised with chilled water; this extrac- 
tion process was carried out 4 times in all 

The dark-green sediment was exhaustively defatted (Soxlilet), giving material which was 
stained blue-black with iodine solution (yield, 2101, dry-weight basis) (Found: N, 40; uronic 
anhydride, 130; ash, 244; SO 4 ", 0•8%). Paper chromatography of a hydrolysate showed that 
galactose, glucose, arabinose •. mannose, and xylose were present in the ratio 1-5: 92 55 
cuprimetric determinations ii  of the total reducing power after hydrolysis indicated 21% of free 
sugar (as glucose) Calculation therefore shows that the total amount of starch present 
was :1:4% (dry weight basis). 

Attempted  1)eproieinisation..—The action of (a) protcolytic enzymes, (5) trichloroacetic acid, 
and (c) a modified Sevag denaturation process, previously found effective in freeing cereal 
starches from protein, 20  failed to reduce the nitrogen content significantly. Since other protein 
precipitants had been ineffective on material of somewhat similar origin, 6  methods of extracting 
the glucan preferentially from the inorganic and proteinaceol.is material were applied. 

Alkali-swelling and leaching with hot water. These gave a cream-coloured powder (Found: 
N, 18%). An aqueous solution was stained blue with iodine 	585 m)L). Hydrolysis gave 
glucose with very small amounts of xylosc and arahinose; cuprimetric titration showed that 
the glucan was 76% pure. On a-amylolvsis, 21  conversion into maltose (Ph ,) = 60% in 6 hr., 
76% in 24 hr., and addition of iodine–potassium iodide solution then gave no reaction. On 
It-amylolysis, PM  = 54 (24 hr.), 59 (48 hr.). 115 mol. of periodatc were reduced 22  per anhydro- 
glucose unit after 190 hr. 

Extraction b' r/iiorol hydrate. Exhaustive extraction 23  with 33% aqueous chloral 
hydrate at 70' under nitrogen gave a pale cream-c Inured product (26 11 ,,). A solution in hot 
water did not reduce Fehlings solution, had HI,16 I  163' ( 10",, in water), and gave a blue 
colour with i'nlj,ie solution (Found: N, 0-8''). I-Iydr'lvsis and paper chromatography gave 
only glucose and xvlose (98 : 2). Cupriinctric determinations," with correction for the trace 
of xylose prcent, gave the purity of the gluran as 91, 90, 92, 92% (control determinations on 
purified oat starch 20  gave 96, 99, 97, 96",,), On r-amvlolvsis, PM 	70% (4 hr.), 820',, (24 hr.), 
83% (48 hr.). On -amylolvsis at pH 46, P,\l = 56% (24 hr.), 62% (48 hr.). Viscosity 
measurements were made 21  in 0-IM-potassium chloride solution in a modified Ubbelohde 
viscometer. Extrapolation to zero concentration of the usual viscosity graph gives [] = 244. 

The glucan (51.2 iiig.) was oxidised at II w ithi so,llutii nictaperiodate ' in a total volume of 
50 ml. with I lie follo ing results: 

Time of ,,xi,lai.ioo hbv) .................................................. .... 	I 	3 	6 	9 	ii 
Periodate (mol .) reduced per a.nlivdrogl ucose unit (ref. 26) ......... 09 I 	095 	099 	101 	1 03 
0'00714-Formic acid (ml.) released per 5 ml. (ref. 27) ...............025 	029 	030 	030 	031 

Hence the average chain length = 15 anhydro-glucose units, if no atnylose was present. 
The '' blue-value " 28 (By.) of the glucan and of ten starches (whose amylose content had 

earlier been found by the poteiitioiiictric method 2) ) was determined. The values found are 
shown in Table 1. 

TABLE I. 

Source of starch * Amylose (%) * Blue value 	Source of starch * Amylose (",,) 	Blue value 
Oat .....................260 	0365 	Pearl manioc 	 157 	0241 
Barley .................. 220 	0.370 	Parsnip ...............111 	0. 159 
Potato I ............... 204 	0372 	Oat amvlopcctin 	32 	0071 
Sweet potato 	 178 	0287 	\Vaxv maize 	 14 	0044 
Banana ............... 168 	0294 	.Vi(elia translucen ... 	 0161 
Tapioca ............... 167 	0270 

* Origin of samples and amylose contents as quoted in ref. 29. 

The graph of 	against amylose content (see Fig. 1) indicated that the Nitella starch con- 
tained 10-11% of amylose. Although there is no simple general relation between blue value 



FIG. 2. 1-'otentwmetrie iodine-titration curves 
(standard conditions as in ref. 29) for: A, N. 
trausiiicens glucan (chloral hydrate). B, N. 
translucens glucan (perchioric acid), C, Proto-
zoal glucan (chloral hydrate) (see ref. 36). 
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and amylose content, an approximately linear relation apparently holds for amylose contents 
of <18%. 

Potentiometric iodine titrations 29  of the glucan gave curve A in Fig. 2, from which it was 
not possible to obtain the amylose content by extrapolation. The glucan gave no reaction 
with ' concanavalin A " (result by courtesy of Dr. D. J. Manners and Dr. A. Wright). 

(3) Exhaustive extraction with 30% aqueous perchioric acid. Such extraction at room 
temperature 30  gave a product which was precipitated and purified as iodine complex. The 
final product was freeze-dried (yield, 5%); it had 585 ms, [] 16 -F 170° (c 1% in water) 
(Found: N = 08%). After hydrolysis, glucose + xylose (98: 2) were detected by paper 
chromatography; cuprimetric determination 10  showed that the glucan was 90% pure. On 

-amyloIysis, P 1  = 53 0//0  (3 hr.), 77% (24 hr.); 3-amylolysis at pH 4'6 gave P5 1 = 50 0/0  (24 hr.), 
61% (48 hr.). From viscosity measurements, extrapolation of the graph gave [] = 40. 
Viscosity determinations on parsnip starch 31 and on a commercial sample of waxy maize starch 
gave [] = 44 and 40 respectively. 

FIG. 1. Plot of amy/use content (potenhio-
metric titration) against " blue value " for 
materials of low amylose content. 
0- 
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1, oat starch; 2, barley starch; 3, potato 
starch; 4, banana starch; 5, sweet 
potato starch; 6, tapioca; 7, pearl 
manioc starch; 8, parsnip starch 
9, oat amylopectin; 10, waxy maize 
starch: origins as quoted in ref. 29. 

The glucan (1012 mg.) was oxidised 27  at room temperature with potassium metaperiodate 
(final vol. 50 ml.) with the following results: 

Time of oxidation ((lays) ............................................................... 3 	11 	9 	11 
Periodate (nsol.) reduced per anhydroglucose unit (ref. 26) .................. 060 	076 	095 	097 
000714N-Formic acid (ml.) released per 5 ml. (ref. 27) ........................ 028 	038 	042 	0-43 

Hence the average chain length is 21 units, and that of the amylopectin component (if the 
glucan contains 12% of amylose) is 19 glucose units. The product resulting from periodate 
oxidation for 11 days was isolated, dialysed, and hydrolysed. Paper chromatography revealed 
a small amount of xylose but no glucose. 

I'otentiometric iodine titration 29  of the glucan (20.02 mg.) gave curve B in Fig. 2. This 
curve is of similar shape to that given by plant starches and indicates the presence of 12% of 
amylose. 

DiscussIoN 

The crude material extracted as a cold-water sediment was very difficult to purify. 
Initial attempts to deproteinise the starch consumed considerable amounts of material 
without success (cf. ref. 6). Extraction with cold alkali and hot water gave, in poor yield, 
a glucan of 76 0/, purity, a result similar to that (69%) reported 5  for D, bioculata, 



Choral hydrate gave a relatively pure glucan (90%; cf. ref. 32) which was severely 
degraded (periodate oxidation and viscosity results) and gave an abnormal potentiometric 
iodine titration curve (see below). 

Although the yield was poor, the glucan extracted by perchloric acid was, comparatively, 
much less degraded. Indeed, its limiting viscosity number and anivlose content were 
similar to that of parsnip starch which is therefore included in Table 2, together with the 
present results and the values reported for commercial waxy maize starch, a salt-water 
alga," and a green seaweed. 33  The properties of algal starches can now be compared 32,33,34 

with those of glycogens and floridean, plant, and protozoal starches, though only a 
preliminary investigation of our glucan could he made with the material available. 

TABLE 2 
D. bio- C. Jili- 
cu,'ak, form is " Waxy 

Source of N. translucens * (salt-water (green Parsnip maize 
glucan (fresh-water alga) alga) seaweed) starch 	' starch ¶ 

Method of perchloric 	chloral perchloric cold commercial 
extraction acid 	hydrate acid see ref. 33 water sample 

[a],, (c 1% in H(i)) +170- 	-1-1631 + 169 1  154° -(- 166° 41700 
of 1 2  complex 

(MIA) 	..... .. ...... .. . .. 585 	590 60(1 540 59() 555 
Blue value 	............ 016 	016 - - 016 004 
Amylose 	(%) 	(1 

titrn.) 	............... 12 	 ? 12-14 0 11 20 1 29 
-Amvlolvsis limit 61 	62 62 57 721 5434 

a-Amvlolysis limit 77 	82 85 90 85 88 t 
1O 	reduction (mole 

per anhydro- 
glucose unit) 	...... 097 	103 — 095 1.0311 105" 

Av. 	chain 	length 
(CL.) 	............... 21 	 15 18 21 2327 20" 

Hence 	amylopectin 
19 	13 15-16 21 204" 20" 

Limiting 	viscosity 
no. 	[, J 	............... 40 	24 — 15 44 40 

Av. internal C,J.. 	... 5-6 	3-4 3-4 6-7 6-7 6– 7  ' 
Av. external C.L. 	... 13-14 	9-10 12 14-15 13-14 14--15 84  

* Analytical values are based on the determined glucose content (cf. ref. 32). 	f Data from I., 1956, 2831. 	1 Data from Shlrhe, 1960 12, 169. 	§ As calculated in 	ref. 	21. 11 	D. M. W. Anderson, 
Ph.D. Thesis, Edinburgh, 1956. 	¶ Same sample as used in refs. 27 and 29. 	A different 	sample, 
having [a]D  212°, [] 150, is presumably referred to in refs. 33 and 34. 

The differences between the products obtained by use of chloral hydrate and l)er(hloric 
acid suggest that the amvlose-tvpe component in algal starches may he highly labile and 
very easily degraded. Although chloral hydrate was stated 13  to be the best extractaut 
for similar materials, it was later found to cause more extensive degradation (cf. ref. 32) 
than perchioric acid. 

Abnormal iodine-titration curves, similar in shape to that given by the chloral hydrate 
product, have been noted prev ious ly  35 for proteinaceous, floridean, and Protozoal starches, 
for degraded samples, and for certain amylopectins obtained by fractionation; degradation, 
contamination with protein or waxy materials (cf. ref. 29) and possibly also the presence 
of abnormal linkages can all distort the normal shape of the titration curve. A value for 
the amylose content, in good agreement with that found by iodine titration for the 
perchloric acid product, was, however, deduced from the blue-value " of the chloral 
hydrate material. This suggests that the degradation, although severe, had not proceeded 
below the achroic limit. Since both glucans had very similar nitrogen contents, it is 
possible that in this instance the abnormal curve resulted primarily from the degradation 
caused during extraction. The iodine-titration curve (Fig. 2, curve C) given by a 
protozoal starch 36  is strikingly similar in shape; since the amylose content was stated—on 
the basis of a low 13.V,—to be negligible, 36  re-examination of protozoal starches extracted 37 



with chloral hydrate may now be desirable. It is unusual for no amvlose to be detectable 
in amvlopectin-type glucans, e.g., in the waxy " starches or in fractionation products. 

On this basis, the results quoted for an aniylopectin-type glucan 33  may also bear 
re-investigation since the mode of extraction involved addition of a quaternary ammonium 
salt. mlose is precipitatc(l by such reagents, 38  and some fractionation may inadvertently 
have been effected. 
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POLYSACCHARIDES OF THE CHARACEAE* 

II. THE CARBOHYDRATE CONTENT OF NITELLA TRANSLUCENS 

D. M. W. ANDERSON AND N. J. KING 

Department of Chemistry, The University, Edinburgh (Great Britain) 

(Received March 15th, 1961) 

SUMMARY 

The chemical constitution of cells of Nitella translucens has been studied. A graded 
extraction procedure gave 22 fractions, which have been analysed. The free sugars 
include galacturonic acid, galactose, glucose, arabinose, sucrose and fructose; a small 
amount (%) of an iodophilic, starch-type, glucan is present. The pectic fractions 
have a very small methoxyl content. The uronic acid content of the cells accounts 
for the ion-exchange capacity previously reported for the cell walls. The outer cell 
wall appears to contain an almost pure cellulose as well as hemicellulosic materials. 

INTRODUCTION 

The fresh-water alga, Nitella translucens (Class, Chlorophyceae; order, Charales; 
family, Characeae) is of current interest since its long, filamentous internodal cells 
facilitate biophysical' - , physiological5-7  and metabolic8  experiments. 

Little is known of the chemical constitution of the genus Nitella, other than an 
investigations of the lipid and sterol content of N. opaca and a report'° that the 
polysaccharide content of an unidentified species of Nitella was composed largely 
of a cellulose-type glucan. Indeed, only rarely have complete investigations of plant 
cells from any source been made" ,  12 . The aim of the present work, undertaken at 
the request of the Biophysics Department of this University, was to investigate 
the carbohydrate components of N. translucens and to determine the nature of any 
acidic polysaccharide systems which could contribute to the ion-exchange properties 3  
of the cell wall. 

Because of the diversity of plant materials, no single extraction scheme is of 
general application for fractionating the polysaccharides in plant cells. It is therefore 
customary to devise a scheme applicable to the particular material under study 1315 ; 

the scheme may require refinements or revision once some indication of the nature 
of the materials actually present becomes known. The extraction scheme used here 
was based on the methods of SINCLAIR AND CRANDALL' 6  and of WILLIAMS AND 
BEVENUE 17 ; separation of (a) cell inclusions, (b) waxy, fatty and pigment materials, 
(c) cold water soluble materials, (d) hot water soluble materials, (e) pectic substances, 
(f) oxidised lignin, (g) hemicellulosic substances and (h) cellulose was achieved. From 

* Part I: D. M. W. ANDERSON AND N. J. KING,  J. Chem. Soc., in the press. 

Biochlm. B,ophys. Ada, 52 (1963) 441-449 



442 
	 D. M. W. ANDERSON, N. J. KING 

the 'cell inclusions" fraction a starch-rich sediment was obtained, and the studies 
made on this material have been reported". 

MATERIALS AND METHODS 

Details of the source, collection and authentication of the alga, and the results of 
analyses made on the dried starting material, have been given 18 . The standard 

analytical methods used for determining free sugars, nitrogen, uronic acid anhydride 
and methoxyl contents have been indicated"; conventional carbohydrate techniques 
were used for hydrolyses, paper chromatography and the subsequent cuprimetric 

estimation of free sugars. 

Extraction and fractionation 
The composite scheme used is shown diagrainatically in Fig. I. The algal cells 

(estimated dry wt., 23.6 g) were homogenised in portions by treatment for 2-3 mm 

SM 

a 

F 

add to N2 	N3 

ER 

N 

add to N2 

ER 

F 	I' 

N7 	N6 

F —J---PCC 

Fig. 2 

Nio 	No 

Fig. i Schemee for extraction of N. Ivanslucens fractions. SM, starting material; F, filtrate; 
R, residue; E, extract; P, precipitate; S, supernatant; I), deposit given on centrifugation. a, 
Homogenised then filtered; h, centrifuged; c, extracted with hot water; d, extracted with benzene– 
methanol; e, reduced in volume, then centrifuged; I, freeze-dried, g, extracted with cold oxalate; 
h, stood overnight; j, extracted with hot oxalate; k, divided into 2 parts, I and II; 1, precipitated 

by addition of ethanol. 

in an "Atomix" blender, each portion (approx. 3  g) being treated with 500 ml chilled 

water (o°). The turbid fluid passing through a double layer of muslin after homogenisa-
tion was added to a fresh portion of weed which was then homogenised. The combined 
residues were re-homogenised with a fresh 500-ml portion of chilled water. This 
homogenisation and extraction process was carried out 4 times in all. Finally, the 
combined residues were mechanically shaken with z portions (each i 1) of cold water, 
each extraction lasting 2 h. The total extract was filtered through a double layer of 

Bsochim. Biophys. Ada, 52 (1961) 441-449 
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muslin, then centrifuged. As far as possible (cold room and refrigerated centrifuge) 
these extractions were made at o. 

The dark-green sediment obtained from the centrifugation was extracted 
exhaustively (Soxhiet) with methanol, then methanol-benzene (1: 1, v/v). After 
extraction it was ground to a coarse powder as it dried (Fraction Ni). The combined 
methanol and methanol-benzene extracts were taken to near dr yness under reduced 
pressure (Fraction N2). When the greenish-yellow centrifugate from the cold-water 
extractions was reduced in volume at 300  to 500 ml, a dark green precipitate appeared; 
this was removed by centrifuge, then treated as for Ni, giving N3. The supernatant, 
now amber in colour, was freeze-dried (N4). 

The residue from the cold-water extractions consisted of ruptured cell fragments 
which were pale green-brown in colour; most of the chloroplasts appeared to have 
been removed by the cold-water treatment. This residue was extracted (Soxhlet) for 
6 h with ôoo ml water. This hot-water extract (approx. 85°) was filtered free of small 
debris (which was returned to the main residue) and freeze-dried, giving fraction N5. 
The main residue was then extracted for 6 h with 90 % aqueous methanol then with 
methanol-benzene (i :i, v/v); these extracts were taken to near dryness and added 
to fraction N2. 

A solution (r. 1) of 0.25 % ammonium oxalate + 0.25 % oxalic acid was used to 
extract the pectic fractions" from the main residue by shaking overnight at room 
temperature. The extraction was repeated with 2 further portions (i I each) of the 
oxalate solution, and the extracts pooled. After standing for 24 h at 00, this extract 
gave a greenish-grey precipitate and a pale-yellow opalescent solution. The precipitate 
was collected at the centrifuge, washed with water, 70 ethanol, absolute ethanol, 
and ether and then dried in vacuo, giving fraction N6. After the clear solution was 
reduced in volume, fractionation was attempted by stepwise additions of alcohol 
(0.05 N with respect to HQ. Only one fraction (N7) was obtained (with 0.5 volume 
ethanol) although up to 4 volumes ethanol were added. Additions of cetavlon and 
borate' 9  to the alcoholic solution gave a very slight precipitate (< 20 mg) which was 
not considered significant and was discarded. Fraction N7 was re-dissolved and 
re-precipitated twice with acidified ethanol, dialysed for 3 days against tap water 
and freeze-dried. 

The residue from the cold-oxalate extraction was heated to 900 with 1.5 1 of the 
oxalate-oxalic acid solution and was maintained at this temperature for 30 min with 
frequent stirring. The mixture was kept at room temperature for 2 h, and was then 
poured through muslin. This extraction was repeated with two further portions 
(i I each) of oxalate solution. The residue was washed with hot water, and the extracts 
and washings pooled. On being kept overnight at 0 ° , a greenish-grey precipitate 
appeared; this was removed, washed, and dried (as for fraction N6) giving fraction N8. 
The clarified extract was reduced in volume to about i I: acidified ethanol was then 
added stepwise as in the isolation of N7. A bulky gelatinous precipitate, obtained 
with o.5 volume ethanol, was removed by centrifuge and isolated by the procedure 
used for N7, giving fraction Ng. A further bulky fraction, obtained on addition of 
1-2 volumes ethanol was isolated as for N7, giving fraction Nxo. The mother liquor 
from these precipitations was reduced in volume, dialysed against tap water and 
treated with borate and cetavlon' 9 . Only a slight precipitate resulted (< 20 mg), 
which was not considered significant and was discarded. 

Biochim. Biophys. Ada, 52 (1961) 441-449 
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The residue from the hot oxalate extractions was divided into 2 approximately 
equal parts, referred to below as part I and part II, Fig. 2 shows their subsequent 

treatments. 
I 	 II 

a 
E 	R 	 b 

1 1h 

	

R(N14) (N17)R 	E 
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Fig. 2. Scheme for extraction of lignin, hemicellulose and cellulose fractions from N. franslucens. 
I and II, see Fig. i; E, extract; R, residue; S. supernatant: P, precipitate. a, Chlorite treatment; 
b, extracted with cold 5.5%  aqueous potassium hydroxide; c, acidified; d, extracted with hot 
5.5% aqueous potassium hydroxide; e, extracted with cold 24 % aqueous potassium hydroxide; 

f, freeze-dried. 

Part I was stirred into cold distilled water (250 ml) containing glacial acetic 
acid (i ml). The mixture was heated to 700  and four i-g portions of sodium chlorite 
added")  at hourly intervals with stirring. The mixture was then cooled and centrifuged. 
After washing the residue thoroughly with water, the mother liquor and washings 
were dialysed for 3  days against tap water, reduced in volume and freeze-dried, 
giving fraction Nii. 

The chlorite treated material was extracted with 250 ml 5.5 % aqueous potassium 
hydroxide by shaking for 18 h at room temperature. The extract was centrifuged 
oft, and the extraction repeated with a fresh portion of alkali. The combined extracts 
were acidified with glacial acetic acid, and the gelatinous precipitate which formed 
was removed by centrifuge. This fraction was re-dissolved in alkali and re-precipitated 
twice with acid, washed with 8o % ethanol, absolute ethanol, and ether, powdered, 
and dried in vacuo, giving fraction N12. The mother liquor from this precipitation 
was dialysed for 3  days against tap water, reduced in volume, and freeze-dried, giving 
fraction N13. The residue from the alkaline extraction was washed with water, 8o % 
ethanol, absolute ethanol, and ether, and dried in vacuo, giving fraction N14. 

Part II was treated similarly to part I, except that the chlorite oxidation was 
omitted. Fractions N15, N16 and N17 therefore correspond to N12, N13 and N14. 

Fractions N14 and N17 still contained a fairly high percentage of uronic acid 
(see Table I), and they were therefore combined and extracted with zoo ml of 5.5% 
aqueous potassium hydroxide at ioo° for 2 h. After cooling, the extract was removed 
by centrifuge. The extraction was repeated with fresh alkali, the residue washed 
with hot water, and the extracts and washings combined. This extract was acidified 
with glacial acetic acid; fraction N18 was centrifuged off, purified and dried as for N12. 
The mother liquor was reduced in volume, dialysed for 4 days, then freeze-dried, 
giving fraction N19. 
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The residue was extracted twice at room temperature by shaking for 6 h with 

24'o aqueous potassium hydroxide. The residue was washed with warm water, and 
the extracts and washings combined, Fractions N2o and N21 were isolated in the 
same way as were Ni8 and Ni9 respectively. The final residue was washed with 
alcohol and ether, then dried in vacuo, giving fraction N22. 

RESULTS 

Table I shows the yields obtained for fractions Ni to Nr7, together with their ash, 
protein, and uronic acid anhydride contents. Table II shows the yields and uronic 
acid contents for fractions Ni8 to N22. Table III shows the carbohydrate content of 
the fractions and gives the molar ratios of the sugars present, as found by standard 
paper chromatography procedures. Rhamnose was also present in fractions N12, 

N13, N16, N17 and N22 in small amounts which were not estimated. 

TABLE I 

YIELDS AND ANALYSES OF FRACTIONS FOi Nilella translucens 

Yield 
Ah Yield 	corrected 

Fraction
(g) 	for Ins ws 

. Weight slash 

fraction (g) 

weighs of 
 

('ron,,; 
ac Weight of 

fraction (g) 
hydride

' 
 

(00) 

Ni 	 430 	21.2 	24.4 5.17 13.0 3.76 28.5 604 
N2 	1.19 	5.9 	41.2 2.43 7.3 0.43 13.1 077 
N3 	1.22 	6.0 	20.1 1.21 7.6 0.46 51.3 3.08 
N4 	1.70 	8.4 	48.9 4.11 4.7 0.39 15.5 1.30 
N5 	0,52 	2.5 	26.4 0.66 10.6 0.25 18.4 0.46 
N6 	0.42 	2.1 12.8 027 18,2 038 
N7 	0.53 	2 6 34.0 o.88 4.6 0.12 

N8 	0.25 	I 2 39.3 0.47 18.0 0.22 
No 	1.75 	86 62.7 5 , 39 1.0 0.09 

Nio 	0.09 	0.4 65.8 0.26 4.7 0.02 
Nit 	0.27 	1.3 13.2 0.17 35.0 0.45 
N12 	0.03 	0.1 32.6 0.03 0.2 0.00 

N 1 	0.36 	1,8 190 0.34 7.9 0.14 
Ni4 	3.39 	16.7 20.2 3.38 1.7 0.28 
N15 	0,05 	0.2 18. j 0.04 19.1 0.04 
N16 	0.20 	1.0 30.0 0.30 63 000 

N17 	4.06 	20.0 22.3 4.46 1.6 0.32 

Totals 	20.35 	100.0 13.55 21.28 1377 

Starting * * 
material 	23.6 g 13.6 0 0' 24.0% 14.6 010  

recovery 	8 5 boo 8g 94 

Based on 6.25 X %N (Kjeldahl). 
Analysis of starting material (see ref. 18) gave 13.6% 	ash, 24.0% uronic acid anhydride. 

14.6% protein, < 0.5% methoxvl. 

Fractions N9 and Nio contained galacturonic acid; fractions N12, N13 and N16 
contained galacturonic and glucuronic acids (solvent system: pyridine-ethyl acetate- 
acetic acid-water, 	::i:, v/v). 

Fractions N17 and N22 gave an insoluble cellulosic residue even after prolonged 
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TABLE 11 

FURTHER EXTRACTION OF FRACTIONS NI.1 + N17 WITH HOT DILUTE AND COLD CONC. ALKALI 

coo/ed 	[Ironic 	Weight of 

	

Fraction 	 Kriraction procedure 	 I Old 	 j, of 	total tAAyield 
I 	 anhydride 	present 

	

( 0,0 ) 	 (g) 

	

Ni $ 	Hot dilute alkali extract 
precipitate given on acidification 

	

N'9 	As above, acid soluble fraction 

	

N2o 	Cold cone, alkali extract; 
precipitate given on acidification 

	

N21 	As for Nfo ; acid soluble fractions 

	

N22 	Final residue 

Totals 
Weight of Nil + N17 taken 
Recovery 

hydrolysis with sulphuric acid (2 N) at 102-105 ° . These 'fractions were therefore 
hydrolysed on a larger scale" (approx. 200 mg).The finely divided material was added 
in small amounts to 4  ml of chilled (o°) 72 sulphuric acid. After 8 days at room 
temperature, the mixture was diluted to 100 ml (i.e. I N) and heated at ioo° for 8 h. 
After cooling, the hydrolysate was neutralised with barium carbonate, then filtered. 
The filtrate was concentrated to small volume at 30 ° , and investigated by paper 
chromatography for neutral and acidic sugars. 

Fraction N17 contained glucose, xylose, rhamnose and arabinose in the ratio 
10:3: 1: i glucuronic acid (possibly also galacturonic acid) was also present. Fraction 
N22 contained glucose and trace amounts of xylose, rhamnose, and mannose. On 
addition of alcohol to the hydrolysate, a precipitate formed which, after re-crystallisa-
tion, had a melting point and mixed melting point with authentic n-glucose = 143 ° ; 

[] = + 52 °  (equilibrium; concn. 0.5% in water). The infrared spectrum was also 
identical to that of D-glucose. From fraction N22 was obtained' 2  cellobiose octa-
acetate, having a melting point and mixed melting point, 224-226 ° , and having the 
same infrared spectrum as an authentic sample. 

TABLE III 

CARBOHYDRATE CONTENT AND MOLAR RATIOS OF SUGARS OBTAINED ON 

HYDROLYSIS OF Ni/ella FRACTIONS 

Ralw.c of sugars contributing to 
Carbohydrate 	 carbohydrate content 

Fraction 	present 	 - 

	

tlronw 	
Galactose 	Glucose 	Arahsnose 

	

acid 	 + manna, 	A ylose ,,  

N  49 20 1 74 4 
N3 14 34 14 20 21 	 5 
N4 38 II 19 34 31 	 5 
N5 56 16 19 37 23 	 5 
NO 56 19 3 53 22 	 4 
N7 21 00 8 15 9 	 9 
N9 23 74 6 7 6 	 7 
Nio 31 68 7 12 10 	 3 
N 12 (12 31 9 22 7 	 31 
N13 So 19 10 35 27 	 to 
Ni6 75 29 8 37 21 	 5 

0.33 (LI iSO 1.12 

('.07 12.4 30.3 4.8(1 

0.30 56 27.1 152 
0.64 11.8 34.4 4 0 7 
3.47 04.1 7 0 4.49 

I 100.0 i6.o6 

6-509 21.3% 
5 	0, 

.1,0 
-, 	0/ 
1)10 
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Examination of fraction N4 

This fraction could not be examined directly for free sugars because of the large 
amount of inorganic salts present, and a charcoal column 23  packed with a mixture 
of charcoal (ultrasorb-ZF grade)-Hyflo-supercel (i : i) was used to fractionate the 
sugars present. Elution with water, gradient elution with ethanol (0.2-15 %) and 
gradient elution with pyridine were used in turn: ioo-ml fractions were collected, 
taken to near dryness, re-dissolved in water and examined by paper chromatography 
for acidic sugars, aldoses and ketoses. The presence of galacturonic acid, sucrose, 
fructose, glucose, arabinose, galactose, hexose oligosaccharides (having RG = 0.00, 

0.13-0.18 and 0.23-0.26) hexose and pentose disaccharides (having Ra  = 0.68-0.86) 
was indicated. 

DISCUSSION 

The extraction scheme separated the material into the following broad fractions: 
(a) Starchy sediment from cold-water extraction (Ni + N3). (b) Fatty, waxy and 
pigment materials (N2). (c) Cold water soluble materials (N4). (d) Hot water soluble 
materials (N5). (e) Pectic substances (N6, N7, N8, N9 and Nxo). (f) Oxidised lignin 
(Nix). (g) Hemicellulosic materials (N12, N13, N15, N16, N18, N19 and N20). 
(h) Cellulose (N22). 

Based on the weight of starting material (23.6 g, estimated by drying two aliquots 
(see ref. 18)), the weight of the 22 fractions isolated accounted for 85 % of the original 
material. Yields of 85-90% are usual in this type of studyTM; manipulative losses 
occur in the early stages of the extraction process when large volumes of material 
are submitted to mechanical processes, and loss of some volatile components may also 
occur. At later stages, degradation of polymeric material to small molecular weight 
species, which are either water-soluble or able to pass through dialysis membranes, 
can occur. 

Fractions Ni and N3 contained large amounts of protein and inorganic salts, 
and had a significant uronic acid content. These fractions also contained about 20 % 
of a starch-type glucan, and studies on this have been reported' 8. The cold-water 
extracts (N4) contained 49 % of inorganic material, 15 % protein and 36 % of water-
soluble sugars and oligosaccharides. 

The hot-water extracts (N5) contained large amounts of ash and protein, about 
50% carbohydrate material being present. On hydrolysis the major sugar component 
was glucose; this was shown to come mainly from an a,I-4'-hinked glucan by detecting 
maltose as the major sugar present in a 24-h digest with salivary a-amylase, and also 
by the bluish colour given by solutions of this fraction on addition of iodine solution. 
It is well-known 25  that complete extraction of starch from plant tissues by cold water 
is difficult to achieve. Although galacturonic acid was present, the amount involved 
was relatively small and the methoxyl content (shown by the infrared method to 
be real 26) was also very small (< 0.5 0)  Since water-soluble pectic materials usually 
have relatively high Inethoxyl contents 27 , it is clear that only insignificant amounts 
of water-soluble pectic materials are present in the Nitella cells. 

The results indicate that fractions N6, N7, N9 and Nro are pectic materials. 
None of these fractions had any true methoxyl content 26, but all had [a] 0  < +2000. 

A detailed study of a pectic acid isolated from these fractions has been made and 
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will be reported as a subsequent part of this series. Since it is unlikely that the extrac-
tion conditions used would completely de-csterifv pectins, it must be concluded that 
these pectic fractions were not estentied: this appears to be the first iinmethvlated 
pectic acid to he reported. The small metlioxvl content (approx. (1.5 of the cells 
as collected probably arose from the chlorophyll present which has a methyl ester 
group. The pectic fractions therefore probably exist in the plant as calcium and mag-
nesium salts of pectic acid; on the basis that all the uronic acid groups present can 
participate in salt formation, calculation' has shown that the uronic acid content is 
sufficient to account for the ion-exchange capacity of the Nilel/a cell walls. It is 
significant that the Nitellae are not influenced by plant hormones of the auxin 
tvpc, which are believed to act upon the pectic substances of plants liv affecting 
the mechanism causing esterification and de-esturification of the galacturmiic acid 
groups present 29 . 

The hernicellulose fractions (N12-N20) were not investigated further than as 
shown in the Tables of results: from the relative amounts of the sugars present on 
hydrolysis, they appear to be typical plant hieinicelluloses. Since ghiicuronic acid 
occurs COM1110111N ,  in such materials, it is probable that the galacturonic acid detected 
arose from residual traces of pectic materials which were not extracted by the oxalate 
treatments. 

The cell wall appeared to he a cellulosic material as shown by its conversion to 
cellobiose octaacetate etc. The presence in hvdrolvsates of small amounts of other 
sugars in addition to glucose is commonly found with cellulosic materials. 

The present work shows that Xitcllct resembles land plants in containing fatty 
material, starch and cellulose; the starch and lignin contents are very low, however, 
and the pectic content (which is non-metlivlated) is high, so that some differences 
from land plants are apparent. 
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POLYSACCHARIDES OF THE CHARACEAE t  

III. THE CARBOHYDRATE CONTENT OF CHARA AUSTRALIS 
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Department of Chemistry, The University, Edinburgh (Great Britain) 

(Received March 15th, 1961) 

SUMMARY 

The chemical constitution of cells of the fresh-water green alga C/iara australis has 
been studied; analyses of 12 fractions, obtained by a graded extraction procedure, 
are reported. The uronic acid content, largely present as a non-methylated pectic 
acid, accounts for the ion-exchange capacity of the cell wall. The results show that 
Ch. australis and Nitella translucens are very similar in chemical constitution; the 
chemical composition of their cell walls is compared with that of some typical 
land plants. 

INTRODUCTION 

In the preceding paper we reported' the results of an investigation of the polysac-
charide systems in Nitella translucens. We now give the results of a similar investiga-
tion made on cells of the fresh-water alga Chara australis R.Br.var. nobilis (Class, 
Chlorophyceae; order, Charales; family, Characeae), which has been used recently 
in studies2-4  of the ionic relations in plant cell walls. 

In very early work, ZACHARIAS5  concluded that Ch. foetida contained cellulose; 
a proximate analysis of dried cells of Ch. lispida has been published6. More recently, 
the cellulose and hemicellulose fractions from an unidentified species of Chara were 
found' to resemble the corresponding polysaccharide fractions obtained from land 
plants. The object of the present work was to investigate the carbohydrate components 
of Ch. aust rails, to determine the nature of any acidic polysaccharide systems which 

* Part II: see ref. i. 
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could contribute to the ion-exchange properties of the cell wall, and to compare the 
results with those already obtained' for the related alga, Nitella translucens. 

The comparatively small quantity of dried cells of Ch. australis available 
necessitated some simplification of the detailed extraction scheme used' for the 
study of N. translucens, Fortunately, the experience and knowledge gained in 
investigating the Nitella allowed the number of fractions to be reduced from 22 to 
12 for Ch. australis without invalidating any of the possible bases for comparison 
with the results obtained for N. translucens. 

MATERIALS AND METHODS 

Cells of Ch. australis, authenticated and collected in Australia, were available by 
courtesy of Dr. J. DAINTY. After collection, the cells had been freed from foreign 
matter by hand, rinsed, washed with ethanol, and dried in an oven at ho° before 
being sent to this laboratory in a sealed cellophane package. 

The analytical methods and all procedures used were as described' previously. 
Analysis of the starting material as received gave the following results: 10.1% 
moisture, 14.9 % ash, 2.78 % N, hence 17.4 % protein, 16.4 % uronic acid anhydride, 
<0.5 % methoxyl. There was no sulphate present in the ash. 

Extraction and fractionation 

The algal cells (dry weight estimated at 29.3 g) were submitted to the extraction 
scheme shown in Fig. I. Homogenisation, exhaustive cold-water extraction, filtration 

SM 

F__I  

C2 	 CI 	 d 	 C3 

C6 	 C5 

E 	C7 

C12 	 C8 	 C19 

I,  
CIO 	 Cii 

Fig. I. Scheme for extraction of C. australis fractions. SM, starting material: F, filtrate R, residue: 
D, deposit on centrifugation; S. supernatant; E, extract; P, precipitate. a, Homogenised and 
filtered; b, extracted with hot water; c, centrifuged; d, extracted with benzene-methanol; 
extracted with hot oxalate; f, addition of 0.5 volume ethanol: g, chlorite treated; h, extracted with 

cold 6% aqueous KOH; j, acidified; k, extracted with cold 24% aqueous KOH. 
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through layers of muslin, centrifugation, and reduction in volume at 300  under 
reduced pressure followed by further centrifugation gave two fractions: Ci (clear 
supernatant), Cz (combined residues from the centrifugation). Both fractions were 
freeze-dried. Exhaustive hot-water extraction gave C3; the residual cellular material 
was extracted with benzene-methanol giving C4 on removal of solvent. Hot-oxalate 
extractions gave C5 when acidified ethanol (0.5 volume) was added: addition of 
smaller or larger volumes of ethanol gave no fractionation effect. Fraction C6 was 
obtained when the supernatant frorn the oxalate extractions was dialysed and 
freeze-dried. The supernatant from chlorite treatment gave C7 after dialysis and 
freeze-drying. Acidification of the cold 611 ," aqueous potassium hydroxide extracts 
gave C8; the supernatant from this precipitation gave C9 after dialysis and freeze-
drying. Acidification of the cold 24 aqueous potassium hydroxide extracts gave 
Cio and the supernatant from this fraction gave Cii after dialysis and freeze-drying. 
The final residue gave fraction C12. 

RESULTS 

Table I shows the yields obtained for fractions Ci to C12, together with their ash, 
protein and uronic acid anhydride contents. Table II shows the sugars detected by 
paper chromatography when the fractions were hydrolysed [2 N HC1, sealed tube, 
105 °  (oven) for 6 h]. 

DISCUSSION 

The extraction scheme gave fractionation into (a) cell inclusions, including cold water 
soluble material but excluding fatty materials (fractions Cr, C2); (b) hot water 
soluble material (C3); fatty substances (C4); pectic substances (C5, C6); oxidised 
lignin (C7); hemicellulosic materials (0-Cii); cellulose (C12). As shown in Table I, 
the recovery of material as isolated fractions was 75 %, a satisfactory result considering 
the small amount of material available. 

Examination of fraction Cz under the microscope showed that granules staining 
blue with iodine were present. Comparison with the corresponding fraction isolated 
from N. translucens 8  indicated that the amounts, and granular size, of the starch 
present were very similar. The amount of material available was insufficient to allow 
the isolation of any starch. As found previously', the hot-water extract (C3) also 
contained some starch. 

Of the pectic fractions, C5 had a very high uronic acid content: neither C5 nor 
C6 had any methoxyl content. It appears, therefore, that Chara resembles Nitella in 
containing a non-esterified pectic acid which accounts for about 40 % of the total 
uronic acid content. Since the methoxyl content of the whole cells was almost 
negligible, the results shown in Table I indicate that non-methylated uronic acid 
groups occur in all the carbohydrate fractions of the cells, including the water-
soluble polysaccharides and those systems which are closely associated with, and 
difficultly separable from, the cellulose of the cell wall. Assuming that these un-
methylated uronic acid groups act as the indiffusible anions of the Chara cell wall, 
calculation has shown 3  that the uronic acid content of the cells is sufficient to account 
for their high ion-exchange capacity. 
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TABLE 1 

YIELDS AND ANALYSES OF FRACTIONS FROM Char,, au.clr,,1,s 

Yield 
Yield 	

A h 
Weight of ash Uronic acid 	Height of Protein* 

height of 
bract ion corrected in fraction 	anhydride 	('.l.4 in , protein in 

for losses ("a) (g) (°) 	fracoon (g) fraction (g) 

C  4.17 18,8 8.34 10.4 15.7 2.94 
C2 2.34 10.5 	24.0 2.52 14.1 	1.48 22.8 2.38 
C3 o.98 4.4 	27.2 1.19 12.5 	0.55 14.0 0.63 
C4 1.02 4.() 	39.8 1,83 11.8 	0.54 8,9 0.44 

2.44 11,0 52.0 	5.72 1 16 1.25 
Co 1.84 8.3 16.2 	1.35 10.7 0.94 
C7 1.44 6.5 10.4 	0.08 45.4 2.94 
(8 0.32 1.4 10.5 	0.15 0.5 0.13 
Co 0.85 3.8 21.2 	0.81 (i,6 0.25 
CIO 0.41 1,8 11.8 	0,21 5.) 0.13 

C,' 0.41 1.8 42.8 	0.77 9.5 0.19 

(12 6.00 26.9 11.5 	3.05 94 2.50 

Totals 22.22 g 100 0 , '3.9% 17.2% 14,7% 
Starting 

material 29-39 14.9% 16.4% 17.4% 
Recoveries 75% 93% 105% 8% 

* 
Based on 6.25 x %N (Kjeldahl). 

TABLE II 

SUGARS DETECTED AFTER HYDROLYSIS OF Chara FRACTIONS 

In addition to the sugars listed, all fractions contained a trace of rhamnose. Key: tr, < 5%; 
+. 	5-10%; ++, 10-20%; 	+++, 20-30%; 	++++, 30-40%:  +++++, 40-50%; 

++++++ 50-60%. 

Fraction tironw acid 	Galactose Glucose A rn/Il nose 	Manna,, Xy/ose 

C2 ++ t + ? tr 
C3 ++ + ++ +++ + t  

C 5 	++++++ + + + 
C6 ++ +++ +++ + tr 
C7 + ++++ +++ + t  
CS + +++ ++++ t  
C9 ++ + +++ + t  +++ 
CIO + ++ ++++ ++ + 
CII ++++ t  ++ + + ++ 

TABLE III 

THE CHEMICAL CONSTITUTION OF Ch. australis AND N. translucens 

Ch. ausiralis N. Ira nst ucens 

Total 	i . 
isronw acid 	Total 

Total Total uronic acid 
Fractions 	°, anhydride Fractions ",, 	an*vdr'&d.e 	oansthe " 

content 	' 	, content 
( ':0) 

Cell contents Cu + C2 	29.3 20 	73 Ni +N3 + N4 35.6 22 	77 
Fatty materials C.4 	4.0 3 	13 N2 5.9 2 	18 
Hot-water solubles C3 	4.4 3 	9 N5 2.5 1 	5 
Pectic fractions C5 + Co 	19.3 40 Nb - N,o 14.9 34 
Oxidised lignin C7 	6.5 4 Ni' 2.6 1 

Hemicelluloses C8 - Cii 	8.8 12 Nis - Nw I5.0 °  32 
Cellulose C12 	26.9 is N22 23.4 8 

1.3% added to the value for Nir to allow for the material not treated with chlorite 
1,3% subtracted from totals of these fractions. 
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The ratio of sugars found on hydrolysis and the iodine-staining properties of a 
hemicellulose fraction from a species of Chara studied by AMIN 7  suggest that his prepa-
ration was heavily contaminated with starch. If it is assumed that 90 of the glucose 
reported arose from this starch, then the uronic acid content of the true hemi cellulose 
increases from 2 ° to 12 , a value similar to that found in the present work for the 
materials extracted by dilute alkali. 

Fraction C12 contained fibrous fragments, an infrared spectrum of which was 
very similar to that of the corresponding fraction isolated from N. translucens and 
to that of a thin piece of transparent paper. 

Table III compares the chemical constitution of Ch. australis and N. translucens. 
Because of the pretreatment given to the Chara cells (washed with ethanol then dried 
at 6o°), the fat and ash contents may have been reduced. Some denaturation of 
protein may also have been caused, since the protein was not almost completely 
extracted by cold and hot water (as in the case of Ni/ella) but appeared in appreciable 
amounts in all the fractions isolated. However, not only do the two algae have 
remarkbaly similar chemical constitutions but also very similar distributions of their 
total uronic acid and ash contents. 

TABLE IV 

THE CHEMICAL COMPOSITION OF CELL WALLS (%) 

Fresh-smUe, algae 

Nitelta' * 	Chara" 
Iranslucens 	austraiss 

Oat 
coteoplsles 

Land pl4,..ts* 

Oat 	 Wheat 
straw 	straw 

Cons 
cob 

Protein 4 	11 12 2 	 1 3 
Pectic substances 26 	 28 8 i 	 1 0.5 
Lignin 4 	 9 0 19 	19 17 
Hemicellulose 26 	 13 38 32 	35 42 
Cellulose 40 	39 42 44 	43 37 
TOTALS 100 	 tOO 100 98 	99 99.5 

* Results quoted in refs. 9  and to 
Data from ref. i. 

* * * Data from this paper. 

Table IV shows results (calculated from the analytical data obtained for the 
relevant fractions) for the chemical constitution of the cell walls only (as distinct 
from the overall composition of the cell walls + cell contents). Once again Chara 
and Ni/ella are distinctly similar. When compared with results for the cell-walls of 
a number of land plants (as quoted by BONNER 9  and N0RTi-rCOTE'°) it is clear that 
the major differences lie in the percentages of lignin and pectic substances present. 
In land plants, the highest pectic contents are usually found in the roots, but even 
the values reported for these (5-13 depending on the plant") do not approach 
the values found in C/zara and Ni/ella. 

CONCLUSIONS 

It is almost certain that these Charaphytes, like other algae, obtain their nutrients 
through the cell walls, their basal rhizoids acting merely as organs of attachment. 
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Thus it seems reasonable to conclude that the pectic materials found in the walls 
perform ion-exchange functions similar to those found in the roots of higher terrestrial 
plants. 

The cylindrical internodal cell walls of Chara and Nitella are from this study 
envisaged as consisting primarily of a semi-permeable cellulosic sheath, embedded 
in which are layers of acidic polysaccharide systems. These act as ion-exchange 
membranes by virtue of their uronic acid groups which are non-methylated and 
therefore free to participate in salt formation. The cell vacuoles contain proteinaceous 
and fatty materials, free sugars, oligosaccharides and considerable accumulations 
of inorganic salts. In addition, iodophilic starch-like granules have been found 
associated with the chioroplasts. Indeed, from a chemical standpoint these Chara-
phytes show distinct affinities with higher terrestrial plants. However, the relative 
proportions and fine structure of some of the components (e.g. starch, non-methylated 
pectic acid) show interesting differences. 

In view of the debatable systematic position of the Charaphytae in relation to 
the Chlorophytae on the one hand, and to the higher terrestrial plants on the other, 
the similarity of their chemical systems with those of the latter is of considerable 
interest, especially when PRESTON et al.'2 , in cell-wall studies of marine algae, have 
shown that of four members of the Chlorophyceae examined, only two, Cladophora 
rupestris and Cha&oniorpha melagonium showed any resemblance in chemical compo-
sition to the higher terrestrial plants. The similarities shown were, moreover, only 
slight. 
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1052. Polysaccharides of the C/iaraceae. Part I V.' A Non- 
estenjied Pectic Acid from Nitella translucens. 

By D. M. W. ANDERSON and N. J. KING. 

The pectic complex extractable from the fresh-water green alga Nitella 
traiislucens contains a non-esterified pectic acid. This is best purified by 
precipitation as the copper complex, followed by incubation with -amylase 
to remove contaminating glucans. The pectic acid had [lD  +245' and 
contained 74% of uronic anhydride; hydrolysis gave galacturonic acid, 
with galactose, arabinose, xvlose, and rhamnose in the ratio 4: 6: 3: 1. 
Partial hydrolysis indicated that a high proportion of the arabinose and 
xylose residues were labile, the galactose being resistant to hydrolysis. 
Passage through diethylaininoethylcellulose gave one main fraction only. 
Methylation studies established the presence of chains of 1,4'-linked-a-u-
galacturonic acid. This pectic acid is of interest in studies of the ion-
exchange capacity of the algal cell-wall. 

RECENT studies' revealed that the fresh-water green aigm Nilella Iranslucens and Chara 
austrctlis have clear similarities to higher terrestrial plants on the basis of their carbo-
hydrate content. This is of interest since the botanical relationship of the Charaphytac 
to (a) Chlorophyfae and (b) higher terrestrial plants is debated.' 

The cell-walls of ('hara and Niteila contain significant quantities of pectic materials; 
these appear to i'inii  ion-exchange functions similar to those of pectins in the roots of 
higher terrestrial plants.' Pectin has so far not been isolated from marine sources. 2  
The precise function of pectic materials in plant cells has long been in question.' When 
it was found that the lx'ctic  acid in these Characeae was non-esteritied, it became important 
to establish the extent of its differences from the known plant pectic acids. Algal poly -
saccharides have previously provided many novel structural features: 3.4  indeed, 
N. transiucens contains also an interesting labile starch-type glucan.' 

The origin and collection of the alga, analyses of the dried cells (MeO J> 0'1%), and 
the extraction procedures have been described.' Although the material extracted by 
water at 90° (fraction N5, ref. I) contained 106°/ of galacturonic acid and had no methoxyl 
content, it was shown (Table 1, ref. 1) that this fraction accounted for only 1 % of the total 
uronic anhydride content of the cells. Negligible amounts of Pectic substances were 
therefore extracted in the hot-water and other preliminary treatments. In general, the 
lower the methoxvl content, the more difficult is the hot-water extraction of pectic 
substances from plant tissues.° 

Extraction of the algal residues with hot aqueous ammonium oxalate-oxalic acid 
solution 7 gave ammonium pectate. Paper chromatography of a hydrolysate showed 
that galacturonic acid, galactose, glucose, arabinose, xylose, and rhamnose were present 
(Found: 1D +205° ; uronic anhvdricle, 51°/s ; Ac, SO4 , and OMe, 0). Despite attempted 
purification by precipitation with organic solvents, cetylpyridinium bromide, ammonium 
sulphate, as the calcium salt, and as the copper complex, no fractionation was achieved 
and none of the neutral sugars originally present was eliminated. Regeneration from the 
copper complex gave the best product, having ti +240 ° , ,ironic anhydride 72% (both as 
free pectic acid). Subsequent incubation with salivary c-amylase removed the glucose-
containing contaminant; the incomplete extraction of starch by cold and hot water 8  and 
the contamination of pectin by starch are well known.9 10  The glucose-free pectic acid, 
which contained 74% of tironic anhydride, together with galactose, arabinose, xylose, 
and rhaninose in the ratio 4: 6 : 3 : I, was used in the experiments reported in this paper. 
I)ecarboxylation studies made later indicated 11 that this material had probably under- 



gone about S",, of decarboxvlation during its extraction (these studies assumed that all 
the carbon dioxide evolved came from 6-carboxyl groups). 

Fractionation on it column of (liethvlamiuoethvlcelluIose 12 gave one major component 
(see Table) which accounted for 74% of the material recovered from the column and for 

Fractionation of pectic acid on diet hylaminoethylceilulose. 

Total vol. 
eluted 

Wt. of 
fraction Sugars identified I?r ,n ,rne  of Un- 

identified sugars 
Fraction (nil.) (mg.) 	Gal 	Acid Gal 	Ara 	X 	Rha (solvent C) 

1 40 2 	++ -f+ 	++ 	 + 
2 220 7 	+ ++ 	++ 	+ 
3 420 7 	+ ++ 	++ 	+ 
4 670 4 	+ ++ 	++ 	+ 
5 690 3 	+ ++ 	++  
6 830 5 	-F ++ 	+± 	 - 124(f-) 
7 960 6 	+ + 	+ 
8 1130 7 	+ + 	+ 	± 174(4) 
9 1150 3 	+ ++± 	+ 

Elution by sodium hydroxide begun. 
10 1350 10 	* --++ 	+ 	+ 122)-F) 
11 1410 I 1  + 	H- 	- oligos. + + 
12 1560 3 ++ 	+ 	+ OligOs. ++ 

13 1610 9 	-F H -  ± + 	H- oligos. + 
14 1840 295 	71% + 	-i- oligos. + -F + 
15 1931) 9 	-F + + + 	- uligos. H- 
16 2 15 8 	+ +++ 
17 225)) 9 ++± 
18 2400 3 	- 

401 

which the optical rotation, uronic anhydride, and proportions of neutral sugars were 
almost identical with those of the tinfractionated material. Seventeen other fractions, 
none of which accounted for more than 250/ 0  of the material recovered, were also 
investigated. The significance of these must await further investigation with larger 
quantities of material; however, hydrolysis of some of the fractions eluted before the main 
peak gave two sugars of high chromatographic mobility (cf. refs. 13 and 14), and one of 
the fractions eluted after the main peak gave only galactose on hydrolysis, indicating 
that minor quantities of a galactan were present in the pectic complex (cf. ref. 2). 

Hydrolysis at ph 50 with fungal pectinase gave the crystalline sodium-calcium 
double salt ' of galactiironic acid in good yield. Partial hydrolysis (0.1 N-hydrochloric 
acid, 2 hr., 100 - ) gave an insoluble, degraded polysaccharide having 83% of itronic 
anhvdride; the sugars in the hydrolysate were galactose, arabinose, xvlose, and rhaninose 
(3 : 10 : 6 1), with galacturonic acid also present. The pectic acid therefore contained 
labile arabinose and xvlose. Further hydrolysis (2N-sulphuric acid, 6 hr., 100) of the 
degraded polysaccharide gave galacturonic acid, and galactose, arabinose, xvlose, and 
rhamnose (3 1 : I : 1), but hydrolysis was incomplete. Hydrolysis with 90 1)/' formic acid 
was also incomplete. 

Periociate oxidation of the ammonium pectate required I 115 moles of perioktte per 
anhvdrogalacturonic acid unit. The oxidised polysaccharide was reduced with sodium 
horohydricle ; chromatography of the hvdrolysecl product gave arabinose, xv!ose, and 
small amounts of galacturonic acid in addition to the expected threonic acid. The presence 
of arabinose and absence of galactose is in agreement with the structures proposed 2  for 
the araban and galactan components of pectic complexes. The unoxiclised galacturonic 
acid may equally have arisen from incomplete periodate oxidation or from some galact-
uronic acid residues linked other than in the x-1,4'-manner commonly found in pectic acids. 

Methylation of the pectic acid was difficult and was accompanied by extensive 
degradation: similar difficulties have been encountered prcviousl °' v. 2 ' 7  Reasonable 
yields and methoxvl contents greater than 37-3tJ% appear to be difficult to achieve with 



poetic materials (cf. refs. 13 and 16). After successive repeated treatments with thallium 
hydroxide-methyl iodide, dimethvl sulphate-sodium hydroxide, silver oxide-methyl 
iodide, a product having :37•4% of methoxyl (88% of the theoretical) was eventually 
obtained. After methanolvsis, the product was reduced with lithium aluminium hydride, 
and the reduction product was hydrolysed. Chromatographic separation of the resultant 
mixture of sugars gave 7 fractions; from the two major fractions, crystals of the aniline 
derivative of 2,3-di-O-methvl-u-galactose were prepared. 

Supplies of the authenticated alga are difficult to procure; only a limited amount of 
information could be obtained with the amount of material available, and it is hoped to 
obtain a larger supply in due course. it is apparent, however, that the pectic complex 
in Ni/ella translucens is similar in many respects to that from land plants, containing 
a poetic acid which has chains of 1,4'-linked a-n-galacturonic acid residues; these are 
not, however, present as methyl esters. This is clearly not the result of inadvertent 
demetlivlation or de-esterification during extraction, since the methoxyl content of the 
dried alga was >O- I%. The significance of this interesting poetic acid has been discussed 
in relation to the lack of auxin-type hormonal activity in the Ni/el/ac and to the possible 
ion-exchange function of these materials in the algal cell. The material may be of interest 
in investigations of the validity of current theories which relate the stability of pectins 
to their ester content. 1819  

EXPERIMENTAL 

Paper partition chromatography was carried out on \Vhatman No. 1 paper with the following 
solvent systems (v/v) : (A) butari-1-ol-benzene-py rid ine-water (5: I : 3: 3, upper layer); 
(H) pyridine-ethyl acetate-acetic acid-water (5: 3 :1: 3); (C) butan-1-ol-ethanol-water 
(4 : 1: 5, upper layer); (I)) butan-2-one, half saturated with water containing 1% of ammonia. 
Optical rotations were measured at 18° + 2°. Vronic anhydride was found by Anderson's 
decarboxylation apparatus; 20 methoxyl by the vapour-phase infrared method: 21 nitrogen by 
Kjelclahl sernimicro-determinations; ash by heating to constant weight at 550-600° (muffle). 

Isolation and Examination of the Water-soluble Polvsaecharides.—The origin and pre-treat-
ment of the algal cells have been described, and the extraction scheme used has been detailed.' 
The yields and analytical results obtained for the cold- and hot-water extracts i  show that 
insignificant amounts, if any, of the pectic content were extracted in these pre-treatments. 

Isolation and Examination of the Pectic Substances—The poetic substances were extracted 
from the cold- and hot-water residues by aqueous oxalate solution (025 0/'0 

 with respect to both 
oxalic acid and ammonium oxalate 7)  at 80-90°  for 1 hr. (three treatments) [yield, 31 g. of 
ammonium pectate from a batch of algal cells (dry wt. estimated at 320 g.)]. This crude 
product had [ai r  +205°  (c 02 in H 20), uronic anhydride 51% After hydrolysis, chromato-
graphy showed that galacturonic acid was present, and also galactose, glucose, arabinose, 
xylose, and rhamnose (3: 45: 3: 3: 1). 

Purification and Attempted Fractionation of Ammonium Peclate,—(l) The crude product 
(5 g.) was dissolved in water (400 ml.); ethanol, acidified with acetic acid (5 nil, per 1.), was 
slowly added with stirring. Two fractions, which were not sharp, were collected: (A) at 40% 
ethanol, 37 g., [ +220° (uronic anhydride, 60 0/,); (B) at 60% ethanol, 08 g., xi, +220° 
(uronic anhydride, 65%). Reprecipitation failed to increase the uronic acid content sig-
nificantly. Hydrolysis gave the same sugars as had been found in the crude product; the 
two fractions were therefore combined in view of their similarity. 

(2) These combined fractions (3'8 g.) were dissolved in water, and 10 1/ '
o' 

calcium chloride 
solution was added until precipitation of calcium pectate was complete. The precipitate was 
heated in water at 80 for 30 mm. with a slight excess of ammonium oxalate; calcium oxalate 
was removed by filtration and the solution dialysed against distilled water. Poetic acid was 
precipitated by addition of acidified ethanol, isolated, then re-dissolved and re-precipitated 
a further three times. The product (3.4 g.; uronic anhydride, 64%) gave a cloudy solution, 
even after filtration through Celite on a No. 2 glass sinter. This was probably due to colloidal 
calcium oxalate; clarification was achieved by making the solution slightly alkaline, then 
adding sufficient ethylenediaminetetra-acetic acid to make the solution 005N in it. The 
aninionmuni pectate was precipitated after 30 mm. by addition of ethanol, isolated, redissolved 



and reprecipitated. This material had [al l, - 240 (c 0-3% in ILO) (uronic anhydride, 69%) 
hydrolysis gave galacturonic acid, with galactose, glucose, arahinose, xylose, and rhamnose 
(4:1: 5 : 4:1). 

Pectic acid (5 g.), a product of procedures I and 2 above, was dissolved in water and 
Fehling's solution added until precipitation of the copper complex was complete Attempted 
decomposition of this complex, by adding it to 50% aqueous ethanol which was 4N with respect 
to acetic acid, removed only a little of the copper. The complex was therefore re-dispersed 
in water which was made just alkaline by sodium hydroxide; clisodium ethylenediarninetetra-
acetate was added and the mixture stirred at room temperature until the copper complex 
dissolved. The sodium pectate was precipitate(] with ethanol, redissolved, and reprecipit-
ated twice. The pectic acid (4-6 g.) finally isolated had Jm1 r, F 240 (c 0.3 1%. in H 20) (uronic 
anhydride, 72; N, 0-16 0%). 

Ammonium sulphate (100 g.) was stirred into an aqueous solution (lot) nil.) of a portion 
(2 g.) of the product from procedure (3) above. The solution was kept at 0' for 3 days. The 
precipitate was isolated, dissolved in water, and dialysed till free from salts. The pectic acid 
1-6 g.), isolated in the usual way, had L1 0  +238' (c 02% in F1,O) (uronic anhydride, 68%). 

Cetylpyridinium bromide (1% aqueous solution) was added to a solution of ammonium 
pectate (a product of treatments 1 + 2) until precipitation was complete. This complex 
was very stable. Attempted regeneration of the pectic material by stirring it with 4N-acetic 
acid (400 ml,) for 1 hr. (three treatments) or 151" 0  aqueous sodium chloride failed to dissolve 
the complex. Heating it at 60° with 0-5 0% aqueous ammonium oxalate was finally successful. 
The pectic acid finally obtained had [a] +205' (c 04% in 1-1,0) (uronic anhydride, 54%). 

Removal of Gluco.ce.—Each of the purified products described above gave a positive reaction 
with iodine solution and gave, on hydrolysis, galacturonic acid with galactose, g lucose, arabinose', 
xylose, and rhamnose. Only the amounts of glucose present were variable. Digestion with 
salivary -amylase, followed by dialysis, removed all the glucose-containing contaminant,8' 10 

leaving the amounts of other sugars unchanged. The polysaccharide having the highest uronic 
anhydride content was obtained by treatment with a-amylase of the product from procedure 
(3) above. This pectic acid had LJ 0  -f -  245° (c 0.3 11, ,0  in 1-1,0) (umonic anhydride, 74%); hydrolysis 
and paper chromatography gave galactose, aral)jnose, xvl,'se, and rliamiiose (4: 0: 3: 1), and 
galacturonic acid. The subsequent experiments were made on this material. 

Chromalogiaphv on l)ieMvlaminoeIhvlceilidose. 1 ......pcctic acid (421) mg.) was treated on a 
column (22 x 3 cm.) of diethylaminoethylcellulose, with gradient elution with phosphate 
buffer (pH 6, 0-5M, 750 ml, siphoning into 500 ml. of water, flow-rate 40 ml. per min.) followed 
by gradient clution with aqueous sodium hydroxide. The fractions (20 ml.) were screened for 
uronic anhydride content by the carbazole niethod. 22  The Table shows the sugars found in 
each fraction after dialysis, freeze-drying, hydrolysis, and chromatography: 401 mg. of material 
were recovered. 

Enzymic Hydrolysis.__Crude fungal pectinase (50 mg.) was shaken with acetate buffer 
(0-1 M, pH 5-0, 50 mi.); the filtrate was added to an aqueous solution of ammonium pectate 
(300 111g. in 100 ml.). After incubation at 37° for 2 days, the solution was concentrated to 
about 30 ml., then fractionated on a cliarcoal–Celite column 23 [2 ' 30 cm.; ('elite + ultrasorb 
ZF charcoal (1: 1)]. Gradient elution was by aqueous ethanol (0-5-15 0%: total vol. 1-25 1. in 
150 ml. fractions), then by aqueous pyridine (0-5-3%). The pyridine fractions were found 
to contain only galacturonic acid and were therefore combined and reduced in volume. After 
addition of sodium hydrogen carbonate (to pH 4-0) and calcium carbonate (1 g.), the mixture 
was heated at 80 0  for 10 mm. Reduction in volume after filtration gave a thin syrup which 
crystallised (92 mg. of sodium calcium galacturonate hexahydrate 15) From the free acid, the 
2,5-dichloropheiiylhydrazone m. p. 179°, and mucic acid, in. p. 205°, were prepared: these 
derivatives had infrared spectra identical with those of authentic specimens. 

Periodale Oxidation.—Ammonium pectate (190 111g.: 1a1 1 , + 240° , uronic anhydride, 69%) 
was oxidised at 2 0  in darkness with 0-025n-sodium metaperiodate (100 ml.). The reduction 
of periodate 24  (mol. per uronic anhydride unit) was: 032 (17 hr.); 0-47 (42 hr.); 0-77 (95 hr.); 
094 (138 hr.); 105 (173 hr.); 1-06 (320 hr.). The periodate oxidation was repeated on a 
larger sample of pectate (490 mg). Ethylene glycol (5 ml.) was added after 320 hr, and the 
oxidised polysaccharide was then treated with sodium borohydride (08 g.) overnight. The 
product was precipitated with ethanol, reprecipitated.l twice, then taken to dryness several 
times with small portions of methanol to remove borate (yield, 520 mg., [ +36 °  (c 1-2% in 



11 20) ) . Dialysis against distilled water gave a dialysable fraction { 160 mg., Fal + 18 (c 16 0 ' 

in H 20)} and a non-dialysable fraction (140 mg., [a] + 100 (c 1.0% in H 20)}. On hydrolysis 
by 05N-hydrochloric acid for 4 hr. at 1000  each fraction gave the same products (paper chromato-
graphy; solvents A, B, and C)—galacturonic acid, arabinose, and xylose (galactose absent). 
With solvent C, the presence of threonic acid (R r;innit<r  1.27) was indicated. 

Methylation of A mmoniu;n Peclale.—Complete inethylation was difficult to achieve and 
several experiments were conducted with little success. Eight treatments with dimethyl 
sulphate and sodium hydroxide gave, in 26% yield, a product having 14-6 1/,, of niethoxyl 
three treatments with silver oxide and methyl iodide then gave, in 15% yield, a product having 
32.3% of methoxyl. The best result (OMe, 374%; yield, 8%) was obtained by a procedure 
involving the use in turn of repeated treatments with thallium hydroxide-methyl iodide, 
dimcthyl sulphate-sodium hydroxide, and silver oxide-methyl iodide. 

Fractionation of Methylated Methyl Pectate.—Light petroleum (b. p.  40-60°) was added to 
a solution of the methylated polysaccharide (380 mg.) dissolved in chloroform (20 ml.), giving 
the following fractions: 

Ratio of chloroform Fraction Wt. of fraction 
to light petroleum no. (mg.) 1ii) 

2:! 1 33 +180°  
1:1 II 57 - 

1:2 III 154 ±186 
Unprecipitatecl IV 110 123 

A!eihanolvsis of Meth vialed Methyl Pectate; Reduction, Hydrolysis, and Separation of 
Mel/i vialed Sugars.—Fraction 111 (154 mg.) was heated in a sealed tIil)e with methanolic (1% 
hydrogen chloride (3 nil.) at l00 for 12 hr. After neutralisation (silver carbonate) and removal 
of solvent, the residue was extracted several times with chloroform. The resulting syrup was 
dissolved in dry tetrahvdrofuran (15 ml.), and lithium aluminium hydride in tetrahydrofuran 
(02 g. in 10 ml.) was added dropwise to the boiling Solution. After refiuxing for 30 mm., the 
solution was cooled and the excess of hydride destroyed by addition of ethyl acetate and water. 
The mixture was taken to dryness under reduced pressure, and the residue extracted with 
acetone and ethanol. The extracts were diluted with water, de-ionised, and reduced in volume 
to a syrup (107 mg). This was hydrolysed with N-hydrochloric acid (5 ml.) at 1000  for 4 hr. 
Neutralisation by silver carbonate, filtration, and evaporation gave a syrupy mixture of sugars 
(89 rug.). This was chromatographed on thick paper (50 x 15 cm., Whatman seed-test grade), 
upward development with solvent B being used to give seven fractions After elution with 
hot 7: 3 aqueous methanol, these fractions were reduced in volume and examined by paper 
chromatography and solvent B: two of the fractions contained three components and the 
remainder contained two components (cf. ref. 13) as shown below: 

Fraction 	 Th,. 0., colour with aniline oxalate, and intensity 
a 	062 R-B H- -H 	081) V-B + 
ii 	063 H--B 	 (is! H-B + -I- 
c 	063 H-B - 	080 H-B 
d 	 083 H-B - i- . - 	1- 14 O-R +++ 
C 	060 H-B H- 	((86 R-B -i- 	1. 17 O-R + + + + 

086 H-B + 	110 0-H + 	 145 O-R +++ 
g 	 082 H-B + 	 1760-R +++ 

H-B. red-brown; V-B, yellow-brown; )-R, orange-red. 

The largest individual fractions were f and g. These were combined (total 35 mg.) and refiuxed 
with aniline (05 ml.) in methanol (5 nil.) in darkness. From this, crystals, m. p. 1510 (20 mg), 
were obtained which were identical (infrared spectroscopy) with the aniline derivative of 
2,3-di-0-methyl-n-galactose. 

We are grateful to Professor E. L. Hirst, C.B.E., F.R.S., for his interest and for discussion 
of this manuscript. We thank the Department of Scientific and Industrial Research for a 
maintenance grant (to N. J. K.). 
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PRELIMINARY COMMUNICATION 

Elimination of errors in uronic acid determinations 

(Received 29 August 1958) 

DURING the past two years a systematic study of the Lefêvre and Tollens' decarboxylation method 
has been made. The form of apparatus described by McCready, Swenson and Maclay 2  has been 
extensively modified for use on the semi-micro scale. All unnecessary traps and joints have been 
eliminated; there is no apparatus or reagent "blank", and reproducible results are obtained using 
10-15 mg samples of a pure uronic acid, or 20-30 mg of heterogeneous carbohydrate fractions 
containing 10-50% uronic acid. The CO 2  liberated in the decarboxylation reaction is determined 
titrimetrically in an absorption trap of special design. The entire apparatus was designed for ease of 
use in routine analyses, and has been widely used for analysis of carbohydrate fractions isolated by 
several workers in this department.' The apparatus, together with some of the results obtained, will be 
described fully in a forthcoming issue of this journal. 

Using 19% (w/v) aqueous HCl, kinetic studies have shown that, under the experimental con-
tions used, quantitative decarboxylation is not complete in less than 2J. hours. Deviation from the 
kinetic values of Huber' have been found, and decarboxylation using metal ions' was not successful. 
It has been found, however, that traces of metals' do have a catalytic effect on decomposition of the 
non-acidic carbohydrates generally present in a complex uronic acid containing polysaccharide. 

It has been reported 7  that amino-sugars and proteins interfere in uronic acid estimations, and also 
that, in acidic hydrolysis of protein/carbohydrate materials, by-product 5-hydroxyniethylfurfural 
reacts with the protein present.' This may be important in analysis of mucopolysaccharides. To date, 
no interference in uronic acid estimations caused by presence of protein or amino-sugars'has been 
found. 

The nature of (a) volatile decomposition products from the reaction and (b) the solid polymeric 
materials which form in the reaction flask have been investigated by infra-red spectroscopy and gas 
chromatography. Contrary to the findings of Bowman and McKinnis, 9  small quantities of carbon 
monoxide have been found, and the decarboxylation reaction shown to be oxygen-sensitive; further 
work on this aspect is in progress. 

Under the analytical conditions used, the volatile decomposition products from non-methylated 
acidic and non-acidic carbohydrates, either simple sugars or polymers, have been shown to be furan 
(not furfural) and CO.,; the molar ratio of CO 2  to furan produced is dependent on internal configura-
tion. The quantities of CO, reported in earlier investigations'° to be evolved from simple sugars have 
been generally confirmed. It has been found possible, however, to decrease in some instances the 
amount of CO, evolved by non-acidic substances, by the addition of complex-forming reagents. It is 
hoped that further work will lead to the general suppression of evolution of CO, from undesirable 
side-reactions to some extent, so making the analytical reaction more specific. 

The volatile decomposition products from methyl sugars and from acidic and non-acidic methy-
lated polysaccharides have been shown to include CO, methyl chloride, methyl formate, 2-methyl-
furan and dirnethylformal. In analysis of pectins, etc.. precautions are therefore necessary to ensure 
that such substances capable of acidic reaction are not determined together with CO 2. It is hoped that 
further investigations into these volatile decomposition products will provide some evidence regarding 
the decarboxylation mechanism. 

Full details of the investigations outlined here will be published elsewhere in due course. 

The author thanks Professor E. L. Hirst, C.B.E., F.R.S., for his encouragement and interest in 
this work. 
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STUDIES ON MATERIALS CONTAINING URONIC ACID-] 

AN APPARATUS FOR ROUTINE SEMI-MICRO ESTIMATIONS 
OF URONIC ACID CONTENT 

D. M. W. ANDERSON 
Department of Chemistry, The University, Edinburgh, 9, Scotland 

(Received 17 September 1958) 

Suninisry—The design features of some of the many forms of apparatus previously proposed for the 
estimation of uronic acids using the Lefèvre and Tollens decarboxylation reaction have been critically 
examined. Several sources of error have been eliminated, and a simple, yet reliable, apparatus 
facilitating routine estimations on a semi-micro scale has been developed. Details of the experimental 
procedure and apparatus finally devised are given. 

IN recent years, carbohydrate chemists have shown an ever-increasing interest in 
polyuronides and acidic polysaccharides of plant and animal origin. Having carried 
out during previous investigations many uronic acid estimations on a wide variety of 
polysaccharide fractions, 1 ' 2" the author found, in common with several other workers 
in this department, that reasonably reproducible results were not easily obtained, 
even when 250 to 500 mg samples were taken and a facsimile of the apparatus 
described 4  by McCready, Swenson and Maclay was used (cf. ref. 5). Non-homogeneity 
of samples was ruled out since the same difficulty was found with pure standards. 
As the method also gave an unsatisfactorily large and variable "blank", it was 
considered that, in addition to the well-known sources of error arising from lack of 
specificity of the reaction, certain errors were present in the experimental procedure. 
A critical study of some of the many forms of apparatus previously published was 
therefore made with the intention of devising a simplified apparatus having the 
following fundamental features: (a) no unnecessary joints and traps. (b) no "blank". 
(c) reproducible results from semi-micro samples, (d) ease of use for routine analyses 
and for kinetic studies of the decarboxylation reaction. 

It was found that more than 100 papers on the decarboxylation reaction have 
been published. No recent critical review appears to be available. Several analytical 
methods other than that based on the classical decarboxylation reaction exist; these, 
and the reasons why there is often lack of agreement between the values they give, 
have been discussed. 5,6,7,29 

A multiplicity of colorimetric methods has been described, based on such 
reagents as (a) naphthoresorcinol 8 . 9 " 0  (b) anthrone" 2  (c " ) carbazole''' 5  (d) thio-
glycollic acid"and (e) alkaline hydroxylaniine. 17  Very recently, a method based on 
ultra-violet estimation of the degradation products resulting from heating with 
concentrated H 2SO4  has been proposed. 18  Such colorimetric methods are often 
useful in micro-scale analyses, although they are not based on quantitative reactions, 29 "0  

and many conflicting reports regarding their specificity and validity exist. 8 ' 9"2  
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In addition the accuracy obtainable, detailed procedures involved, and time required 
per analysis make these methods no more advantageous for routine determinations 
than the classical decarboxylation reaction, several adaptations of which for micro-
scale analyses have been described.' 9,20,21,22  No known method for determination of 
uronic acids is entirely selective ;23  21  estimations only are possible at present. Neverthe-
less, it was considered that elimination of all apparatus errors, subsequent critical study 
of the reaction kinetics and mechanism, and an investigation into possible methods of 
minimising the amounts of CO 2  evolved from (a) undesirable side reactions (h) non-
uronic acid materials, could increase the accuracy and specificity of the decarboxylation 
method. A preliminary note 25  has indicated the extent of the investigations already 
carried out: various aspects will he reported as subsequent parts of this series else-
where in due course. This paper deals only with the description of the apparatus and 
analytical method evolved, a preliminary account of which was given during its 
development.'-'6  

EXPERIMENTAL 

Choice of decarbo.vylation Igent 

The use of 19% (w/w) aqueous HCI as decarboxylating agent was introduced' with the claim that 

decarboxylation was complete in 1l-2  hours at an oil-bath temperature of 145 . as opposed to the 

4-5 hours required with 12% HCI. Since a method suitable for routine analyses was under develop-

ment, the use of 19°,, 1-ICI was retained. (The claims of several authors"- 2 " that use of 19% HCI 

leads to less accurate estimations is now being investigated.) 

Choice of scavenging, with introduction of by-pass system 
The apparatus was designed for scavenging by a slow stream (pressure stabilised. at 15 ml/min) 

of CO 2-freed "spot" nitrogen, rather than by sucking through CO 2 -free air. (Recently, indications 

that the small content of oxygen in "spot" nitrogen may affect the course of the reaction in certain 

cases have been obtained. A study of this effect is in progress.) A scavenging by-pass system, operated 

by two 2-way taps, was designed: this greatly facilitates routine operation. 

Desi?n of titratio,i cell fir CO 2  absorption 

Choice of method for estimating the CO 2  evolved was difficult. The iodometric method" (which 

is insensitive to traces of HCl retained by the carrier-gas), potent iometric titration," and gravi-

metric"' 32, " 3  methods were all considered, but the titrimetric method, which is the most convenient 

for routine use, was retained. A trap permitting addition of all reagents directly into a nitrogen 

atmosphere was designed. Quantitative absorption of CO 2  at twice the flow-role ,zoroial/y used in 
analyses was proved (a) by fitting a similar cell to the exit as a guard-tube (h) by trapping the exit 

gas at —180 and testing for CO., by an infra-red technique which has been desc4ed. 3" 

Elimination of all unnecessary traps and joints 

Zinc dust," mossy zinc," aq. AgNO 3 ." Ag.,SO I  paste," and v ater"'"° traps have been used to 

remove traces of HCI carried over by the scavenging-gas. Maher.' however, found such traps 

unnecessary if a long reflux condenser was used. This was confirmed, provided (a) low flow-rates 

were used (10-15 ml/min), (b) the carrier-gas inlet did not reach below reflux level in the reaction 

flask. To keep the overall size and internal volume of the apparatus small, further experiments were 

conducted using a fairly short ether-type condenser. Blank determinations and infra-red analyses 

showed no escape of HCI even at flow-rates twice that normally used. The same infra-red analyses 

showed that ,ion-niethylated uronic-acids, hexoses, pentoses and polysaccharides gave CO 2  furan 

as the volatile reaction products. Pure furfural was refluxed under the analytical conditions used; 

only traces of furan (no furfural) were detected in the scavenging-gas. It hasbeenstated"" that refluxing 

furfural for 2 hout s in 19% HCI destroys 60%. whilst steam distillation gives 99°,, recovery of the 

furfural: under the conditions of low flow-rate, non-aeration of reaction mixture, and high reflux 

efficiency used in this analytical method no furfural is volatilised. Furan gives no reaction in the 
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CO 2  absorption trap. The aniline or phloroglucinol scrubber included in previous methods was thus 
eliminated, and the design of a compact, single-unit, apparatus having only one critical joint was 
possible. 

(5) Heafi, of reaction-flask 

In numerous previous methods, heating by oil-bath maintained at 135-145, or even higher, was 
used. 19° c  HCI refluxes at about 109 and bath temperatures much in excess of this were found to 
produce charring on the reaction-flask walls, with resultant evolution of spurious and non-reproducible 
quantities of CO 2 . This effect also results if heat is directly applied to a level higher than that of the 
refluxing liquid inside the flask. Complete elimination of such charring was achieved by heating the 
100-ml flask with an electrothermal mantle designed for 50-ml flasks. The heat available just maintains 
reflux, and the flask area to which heat is applied is suitably limited. 

Construction of apparatus 

The apparatus is shown to scale in Fig. I. It is readily constructed by a competent glass-blower. 
The ether-type condenser has two concentric coils wound closely round a central vertical conductor. 
The outer coil is a sliding fit inside the outer wall, and the concentric coils fit closely inside each other. 

~nt level 

Grade 2 
sinter 

Sccle: - 
4cm 

B19 

N2 $rlet 	levell 

, 	 Liqu id le,'eI 
Heat ing level - 

FIG. 1. 

The condenser jacket is virtually filled with cooling coils, and the internal volume of condenser and 
absorption trap is only ISO ml. Since decarhoxylation requires about 24 hr for completion, a flow-
rate faster than 15 ml/min is unnecessary. The absorption-trap is constructed from a B34 cone and 
socket. About 50% of the ground-glass cone is cut off; this permits a closer fit of the baffle plates 
inside the absorption-tube. Baffles can be made either of glass (the Q. and Q. "Disc Distributor 
EXI0/20" supplied with Soxhlet extractors is easily adaptable), or of thin polythene discs, in which a 
central hole and radial slot are cut to permit a tight fit on the delivery tube, which ends in a I-cm 
diameter sinter-disc. A space left between this disc and the bottom of the tube allows the coagulated 
BaCO 3  ppt. to settle. Grade 2 porosity is the most suitable; a stream of fine bubbles is desired 
without creation of a back-pressure great enough to test either the B 1 joint on the reaction-flask or 
the taps T 1  and 1 2 . Several discs may have to be made before one fulfilling these conditions is 
obtained: the average pole-size usually decreases with heating and annealing. For kinetic measure-
ments, a two-way junction stop-cock system is introduced at x in Fig. I, so that the gas stream can 
be switched through different traps. A pair of traps fitted with closely matched sinter-discs is then 
essential, otherwise differing back-pressures are created, which, it was found, alter the reflux tempera-
ture sufficiently to affect reaction rates. 
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At the start of an analysis, sufficient time is allowed for nitrogen to scavenge the apparatus and 

trap. 1500 ml of 005N Ba(OH) 2  is then added at [from it CO-free storage system, and the delivery-

tube [washed down until the absorbent level in the trap is just below the third baffle. The baffles 

create turbulence, so that quantitative absorption of CO, is achieved and the absorbent concentration 

remains uniform. A slight pumping action develops and the third baffle is kept awash. The top 

baffle acts as an anti-spray device. When absorption is complete, back-titration of excess 13a(Ol-I) 1  to 

phenolphthalein end-point is possible by addition of 005N HCI from a burette i'iaf Adequate trap 

volume remains if care is taken with the quantity of wash-water used. Turbulence inside the trap 

produces homogeneity within about 1 minute. Excellent end-points are obtainable with it little care: 

should the end-point he exceeded, direct titration of the slight excess of acid can in turn he made. 

Ro,.nine operation sequence 

The apparatus is permanently held by clamps round the B34 socket of the absorption-cell and 

round the condenser. The pressure-stabilised flow of carefully purified '*spot" nitrogen, regulated by 

needle valves and rotameter at 15 mI/mm, enters the apparatus at i. The reaction-flask containing 

the weighed sample and 35 ml of 19"'.HCI is placed in position. A trace of silicone grease is used; 

a good joint is essential. T 1  and T 2  are positioned so that nitrogen flows through a and out at e. 

After 10 minutes (or longer as considered necessary if carbonate is suspected in the sample) the 

condenser will have been swept out, and T 2  is turned so that the nitrogen flows through d. Heating of 

the reaction-flask is begun. When reflux begins (after about 10 minutes) the trap will have been 

swept out (with no stopper in position at, /). IS ml of 005 Ba(OH) 2  etc. are now added as already 

described; the first traces of CO 2  from the dccarboxylation will not reach the trap until 10 minutes 

later. When clecarboxylation is complete, 1 is turned so that nitrogen flows through Li and through 

the trap. T 2  is turned to release the slight pressure inside the reaction-flask and condenser through e. 

The heating-mantle and flask are removed, and it second flask containing sample If positioned. The 

absorption trap contents are now back-titrated, and T 1  is then turned so that nitrogen flows through 

a to c. Whilst the reaction-flask and condenser are thus being swept, the absorption trap is lowered, 

thoroughly rinsed and replaced. T 2  is then turned to position d, heating is begun, and the cycle of 

operations completed as already described. 

The by-pass system therefore ensures that the steady flow-rate need never be interrupted (important 

in kinetic studies) and that the minimum time is lost between analyses. Three analyses can be com-

pleted in 8 hours, and the apparatus needs no attention during each 2) hours decarboxylation period. 

RESULTS 

CO 2-free distilled water and .4,ialaR grade chemicals are used: reagents are stored in vessels 

protected with Sofnolite guard-tubes. The standard analytical conditions are:— Flow-rate 	15 
ml/min: Vol. of 19° 0  (w/w) HCI used -: 35 ml: reflux temp. 	108-109 : decarhoxylation time = 

21 firs from start of reflux: sample weights sufficient to liberate 1-5 mg CO 2  are preferable, but 

05 mg CO 2  can he determined without loss of accuracy (see Table II). 

"Blank" determinations 

(a) No blank is given under standard analytical conditions. 

(6) 50 ml 19° HO refluxed continuously fuìr 96 Ins at 25 nil/min flow-rate gave: 	(1) acidity 

absorbed in Ba(OH) 2 	002 nil 0'05N. (2) CO 2 free distilled water, initially colourless to phenolph- 

thalein, turned very faint pink. (3) alkalinity absorbed in HCI :- 002 ml 0'05N. 

Determination on National Bureau of Standards 'Doloniite $8" (0,,  CO 2  4725) 

A reaction flask fitted with a side-arm dropping-funnel for addition of acid was used. Wt. of 

sample taken 1248 mg. CO 2  found - 471 O,  First traces of cloudiness in Ba(OH) 2  trap appeared 

12 minutes after first addition of acid. Liberation of CO 2  was fast, but infra-red analysis (sensitive" 

to 02 mg CO..) showed that absorption of CO 2  ssas complete. 

Determinations on standards 

(ironic acid standards of 100 0 ,,  purity are difficult to obtain. Glucurone (American Corn Products 

Refining Co. Ltd.) once recrystalfised, and having Neutralisation Equivalent - 171 (mean of 5 

dctns.), and galacturonic acid monohydrate (Roche Chemicals Ltd.), were used to obtain the results 

shown in Table I. 
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TABLE I 

Apparent % uronic acid found, 

% purity found 	 Decarboxylation time, mins 
Sample 	from neut. 	 - 	 - 	-- - 

equivt. 
20 1  40 	60 	90 	120 	150 	240 	480 

Glucurone 	 972* 	I 570 802 867 943 956 967 983 1015 
972 
97.4 
968 

Galacturonic acid 	96Ot 	730 890 921 	938 950 958 985 1030 
monohydrate 	 954 

956 

* Calculated as uronic acid anhydride. 
t Calculated as monohydrate. 

A decarboxylation period of 2 hours is therefore used in routine analyses. In this time, the CO 2  
evolved from non-uronic materials varies from apparent uronic acid anhydride contents of 35 for 
pure L(+)rhamnose and D(+)mannose to 18 % for D(+)glucose and D(+)xylose. A full account of 
the kinetic results obtained and their detailed application to the method of analysis wil be given as a 
later part of this series. 

4. Results obtained for Hakea guii samples* 

TABLE It 

	

Wt. taken I CO 2  found 	? Uronic 
'ng 	 acid anhydride 

Crystalline Hakea gum. 	Detn. 1 	11685 	335 114 

	

2 	11071 	306 	 Ill 

	

3 	10320 	288 	 112 

	

4 	707 	198 	 112 

	

5 	4823 	135 	 114 

	

6 	2100 	059 	 112 
Fractionated Hakea gum. 	Detn. It 	3505 	473 	 562 

	

2 	2361 	331 	 560 

	

3 	1163 	164 	 564 

Prepared by Dr. A. M. Stephen, Univ. of Cape Town. 
t Neut. Equivt. subsequently found (by Dr. A. M. Stephen) = 315, i.e. 	Uronic acid anhydride = 558. 

AcknowIedement—The author thanks Prof. E. L. Hirst, C.B.E., F.R.S., for his encouragement and 
interest in this work. He also thanks Dr. G. 0. Aspinall, Dr. E. E. Percival and Dr. A. M. Stephen 
for supply of materials for examination. 

Zusammenfassung—Die Eigentunilichkeiten von elnigen der vielen zur Bestimmung der Uronsäure 
motels der Lèfevre und Tollens-Dckarboxylation-Reaktion schon vorgeschlagenen Apparat-Typen 
werden kritisch untersucht. Mehrere Fchlerquellen sind eliminiert worden und ein einfacher, 
zuverlassiger Apparat, der Normal-Bestimniung auf einer Halb-mikroskala erleichert, wurdc ent-
wickelt. Die Ncbenumstände des experimentellen Verfahrens und des vorgeschlagenen Apparats 
werden angegeben. 
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Résumé—Les caractéristiques de quelques tins des nombreux appareils proposes jusqu'ici pour la 
determination des acides uroniques en utilisant la reaction dc decarboxylation de LefCvre et Tollens 
ont Cté examines d'un point de vue critique. Plusieurs sources d'erreur ont été éliminées et un appareil 
simple, cependant hdèle, permettant les determinations de routine a l'Cchelle semi-micro a été 
propose. On donne Ic detail des conditions expérinientales et de 'apparell tel qu'iI a etC concu 
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STUDIES ON URONIC ACID MATERIALS-11 1  

THE VARIATION IN COMPOSITION OF GUM 

NODULES FROM COMBRETUM LEONENSE 

D. M. W. ANDERSON, F. L. HIRsT and N. J. KING 
Department of Chemistry, The University, Edinburgh 9, Scotland 

(Received 16 May 1959) 

Summary—Several gum nodules from the Nigerian tree Combretion leonense have been individually 
investigated. The amount of material present in each nodule has permitted a study of the variation 
in constitution of both crude and purified forms of the gum. The variations found are much greater 
than can be explained by analytical error. They are considered to indicate that inter-nodule differences 
in fine structure exist. 

IN certain fields of carbohydrate chemistry, e.g. those dealing with starch 2 ' 34  and 
with glycogen , 5  sampling procedures require strict attention when material for 
investigation of fine structure is being selected. Even if strict control of botanical 
variety and strain proves possible, variations in growth and maturity caused by seasonal 
effects are difficult to control, and wide variation in chemical composition can occur. 6  
Several extensive studies of such effects, e.g. in some varieties of seaweed,' barley, 8  
grasses and clovers 9 ' 10  have now been reported. 

Severe sampling difficulties exist in the study of plant gums. Usually the gum is 
taken from the tree bark in small nodules which can vary greatly in colour and general 
appearance. Any guarantee of constancy of originating botanical species is difficult 
to obtain, particularly when collection overseas is arranged. Furthermore, gum is 
normally exuded to minimise bacterial attack at localised sites where superficial 
injury from a variety of possible causes has been sustained at some unknown time. 
Thus nodules from the barks of a number of trees may possibly vary greatly in maturity 
and chemical composition, even although each of the trees was authentically of the 
same botanical species)t 

Consequently, when a batch of nodules collected in such a way is purified by 
precipitation in acidified alcohol from aqueous solution, a complex mixture of 
different polymeric carbohydrate systems may result. Although early studies' 2  
showed that damson gum from several trees grown in different districts was "essentially 
a homogeneous chemical entity," recent work has suggested that gum ghatti may be 
heterogeneous 13  and that sisal pectic acid 14  may contain a series of closely related 
molecular species. 

There have been few investigations of inter-nodule variation. Tortot 5  analysed one 
nodule of gum from Fagara Xant/wxi'/oia'es for acetyl and methoxyl content, and 
stated that specimens prepared from nodules from different trees did not show signi-
ficant variations in optical rotations and equivalent weights; this was claimed to 
indicate the essential homogeneity of the gum. In a study of the gum from 
Brachychiton dit'ersfo1ium, three separate nodules were powdered, dried, and analysed 
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for ash, nitrogen, methoxyl and acetyl content: it was deduced that the nodules were 
"not significantly different in composition".'6  

A sample of the gum from Combreiwn leonense* was observed to contain a 
number of unusually large clean nodules, each approximately the size of a walnut. 
This appeared to make possible a study of the composition of each nodule.t This 
paper gives the results of an attempt to investigate the composition of each nodule as 
fully as the amount of material available permitted. 

Initially, the six largest, whole nodules, whose weight varied from 8-12 grams, were 
selected for study. They were alike in appearance, being dark brown in colour with 
characteristic surface markings, and had a marked odour of acetic acid. The nodules, 
numbered 1—VI, were individually ground to a coarse powder. It was immediately 
observed that nodules I, Ill and V gave a pale yellow powder, whilst that from the 
others was a dark reddish-brown. 

EXPERIMENTAL 
Analytical methods 

Moisture contents were found by heating to constant weight at 103. 
% ash was found by heating in a muffle at 550'; constant weight was reached in 4 hours. 
% nitrogen was found by a semi-micro Kjeldahl method. 

(ci) Acetyl contents were determined by the Weisenberger method. 22  
(e) Anderson's apparatus' was used to determine uronic acid contents. 
f) Free titratable acidity was found by direct titration with 00247N sodium hydroxide to phenol-

phthalein end-point in a stream of C0 0-free nitrogen. 
(g) Viscosity measurements were made using a suspended-level dilution viscometer (Polymer 

Consultants Ltd; water = 184 sees) in a thermostat constant to 0.010;  results are expressed using 
g/ml as concentration units. 23  

Auto/zvdroiysis experiments 

The quantity (calculated on an ash-free, dry weight basis) of each nodule to give 100 ml of a 1% 
(w/v) solution was dissolved in a standard flask. The solutions were transferred to clean, dry flasks 
which were placed in a boiling water bath after being fitted with short reflux condensers. Aliquots 
(2 ml) were withdrawn at intervals by pipette (considerably lengthened above the graduation mark) 
introduced via the reflux condenser, which was fitted with an anhydrone guard-tube except when 
withdrawals were being made. 

Paper partition chromatography 

This was carried out on Whatman No. I paper at 20' with the upper layers of the following 
systems (v/v): (A) butan-l-ol-benzene-pyridine-water(5 : I : 3: 3); (B) pyridine/ethyl acetate/acetic 
acid/water (5 : 5 : I : 3)24 Sugars were located by heating after spraying with either saturated aqueous 
aniline oxalate solution or with a solution ofp-anisidine hydrochloride in butan-1-ol. All sugars were 
identified by comparison with reference sugars run on the same chrornatograms. 

Quantitative estimation of sugars 

This was by the Somogyi method; 25  n-ribose was used as reference sugar after being shown absent 
in the gum. In the autohydrolysis experiments, total free reducing sugars were calculated as arabinose, 
which was the main sugar liberated. 

Electrophoresis 

The electrophoresis of neutralised solutions of purified nodules VII and VIII was attempted 
(Shandon Universal Filter Electrophoresis Apparatus) using 300 volts for 2-6 hours in 005M borate 

* Collected in Nigeria in 1952, and kindly provided by Dr. R. J. Mcllroy. 
t Dr. G. 0. Aspinall kindly provided several nodules for this purpose, although the total weight of gum 

available was not large. 
The structure of the gum is now being studied in this Department by Dr. Aspinall. 
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buffer at p1-1 S on (u) 20 	5 cm paper strips (Whatman No. 1), (6) glass-fibre paper. No movement 

was observed on the paper strips: small mobilities ( 05 cm after 6 hours) were obtained on the glass-

fibre paper, but no separation of components could be detected. Electrophoresis for 6-18 hours on 

glass-fibre paper in 2M alkali' resulted in movements of 3-4 cm as it continuous smear, from which 

no conclusive result could be obtained. 

Studies on crude material 

Table I shows the results of duplicate determinations of the moisture, ash, nitrogen, methoxyl, 

acetyl and uronic acid content of the crude powdered material from each nodule. Results of analyses 

of the ash are also shown.* Chloride, sulphate and phosphate were all absent; carbonate, formed 

during ashing, was found to account For 55 of the ash from nodule VI. 

Table 11 shows the values for pH, free titratable acidity, total free reducing sugars, and flow-time 

number obtained from aliquots of aqueous solutions (1 ,, w/v, corrected for moisture and ash content) 

of each powdered nodule. Each I solution was then autohydrolysed at 98 . At intervals, up to a 

TABLE 1.—DETERMINATIONS ON CRUDE POWDERED MATERIAL 

Nodule 

I II III IV V VI 

% Moisture 149 153 140 155 171 149 

149 156 140 156 169 149 

% nitrogen 013 006 016 005 011 012 
014 007 016 005 013 012 

% methoxyl nil nil nil nil nil nil 

%acetyl 5I 62 44 59 63 30 

52 62 44 59 62 30 
3 , 1 

% Uronic acid anhydride 154 187 159 189 177 151 

157 190 160 190 178 154 

7 	Ash 2'56 403 238 379 302 171 

254 396 243 383 312 169 

Composition of (25/i 
I 

(as parts per million) 

Ca 235,000 235.000 205,000 257,000 257,000 	270,000 

N  5.200 1  5.200 4,700 3,700 3,000 I 4.400 

K 136,000 91,000 180.000 127,000 136,000 37,400 

Mg nd. n.d. nd. nd. n.d. 84,000 

Cu 160 	I 59 538 56 82 272 

Mn 25,000 11.400 17.400 17,100 13.400 18,400 

Fe 4,800 1.240 1  2.310 1  1,200 1 1,200 1,540 

Ba 680 590 620 630 550 540 

Sr 1,590 1.290 1,490 1 1 560 1,170 1,060 

* We are greatly indebted to Dr. R. L. Mitchell, Macauley Institute for Soil Research, Aberdeen, who 
obtained from the small quantities of ash available the values for Cu. Mn. Fe, Ba and Sr. 
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TABLE II.—DETERMINATIONS ON 1 % AQ. SOLUTIONS OF CRUDE MATERIAL 

Nodule 

I II III IV V VI 

% cold water insoluble 0'3 05 06 02 02 03 

pH 425 430 410 425 420 410 

Free titratable acidity 0378 0374 0.324 0426 0398 0354 
(ml IN NaOH per gram) I 0.374 0384 0330 0404 
Hence apparent equiv. wt. 2645 2645 3125 2380 2500 2820 

°/ Free reducing sugars 074 102 072 210 0'74 090 
(Somogyi, 25  as arabinose) 102 084 216 

Flow-time at 264 468 491 425 620 449 366 
(water = 184 sees) I 466 491 429 618 451 364 

Hence (I 	t)/t fl  152 173 132 241 145 100 

total of 360 hours, aliquots were withdrawn for determination of total reducing power and total free 
acidity; the values found are shown in Figs. I and 2 respectively. Table III shows the ratios of free 
sugars present after 70 and 168 hours' autohydrolysis; values of the flow-time number were also 
found at 70 hours. Hydrolysis with H 2S0 I  (2N) at 100 for 24 hours was incomplete, but formic acid 
(90%) in a sealed tube at 100 for 5 hours gave complete hydrolysis. Within the limits of experimental 
error, the ratios of the sugars found were the same for each of the samples, vi-n arabinose/galactose/ 
rhamnose = 9/10/I. 

Studies on purfied material 

Preliminary purification experiments were carried out on nodules I and V, which were the largest 
samples remaining. After dissolution in cold distilled water, the solutions were poured into 3 volumes 
of acidified ethanol (0 IN with respect to HCI). The white curdy gum precipitate was removed by 
centrifuge. After one such precipitation, the material from nodule I contained 004%N  and 011% 
ash; two precipitations of the material from nodule V gave purified gum having 003 %N and 002 Y. 
ash. Since re-precipitations and ash determinations at this level consume considerable quantities of 
material, it was decided to accept this as a reasonable standard of purification. Each of the remaining 
nodules was therefore precipitated twice, and, to conserve material, it was assumed that their values of 
%N and % ash would be similar to those found for V. 

After removal by centrifugation, the precipitated material was dried by immersion in acetone for 
10 days: the acetone was changed daily and the gum was progressively ground to a fine powder. 
Samples I and V were then placed in a vacuum pistol at 60 over P00 for I hour, then stored in a 
vacuum desiccator for 14 days. After this treatment, oven drying to constant weight at 103 showed 
683% "moisture" in sample land 4-64' " in V. Purified samples II. III. IV and VI were dried, after 
acetone dehydration as before, under vacuo at 80 for 48 hours in an attempt to decrease the moisture 
content; oven drying to constant weight at lO3, however, showed 525%, 486%, 5.73% and 620% 
"moisture" for these samples respectively. Since these values were surprisingly high, further drying 
experiments were carried out on small quantities of each sample. Using an infra-red quantitativ6 
technique," it was found that both water and acetone (or any other organic solvent used for precipi-
tation or preliminary dehydration) were retained up to temperatures at which decomposition of the 
gum began (about 1350)  as indicated by slight browning and the start of evolution of CO 2 . To augment 
the material available, a further two nodules (numbers VII and VIII) were obtained; after two 
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TABLE III.—DETERMINATIONS ON I AQ. SOLUTIONS AFTER AUTOHYDROLYSIS 

Nodule 

1 11 III 	IV V VI 

After 70 hours: 
(t - t)110 004 002 007 	n.d. 010 006 

hexose disacch. I 1 I 	nd. I I 
pentose disacch. 1 1 I 	nd. I 1 

ratio of sugars galactose 16 12 15 	nd. 15 1-6 
arabinose 12 10 20 	ii.d. 15 20 
rhamnose 1 1 I 	nd. I 

After 168 hours: 

hexose disacch. I I I 	I 1 
pentose disacch. 1 1 I 	I I I 

ratio of sugars galactose 2 2 2 	2 2 2 
arabinose IS 12 14 	10 13 13 
rhansnose I I I 	I I 1 
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TABLE IV.—DgrEtusIr-JATIoNs ON PURIFIED MATERIAL 

Nodule 

J I 	H 	III 	IV 	V 	VI 	VII 	VIII 

% nitrogen 	 004 	n.d. 	n.d. 	n.d. 	003 	n.d. 	004 	0-06 
0-03 	 I 	 003 	 0-07 

acetyl 	 2-9 	34 	33 	29 	43 	17 	30 	36 
2-8 	33 	 2-9 	4-4 	17 	2-9 

uronic acid 	153 	1  192 	15-2 	197 	181 	149 	192 	201 
anhydride 	 155 	193 	154 	196 	184 	149 	194 	199 

Results from I % aq. 	 I 

solutions: 

Free reducing 	021 	n.d. I nd. 	nd. 	0-28 	nd. 	n.d. 	nd. 
sugars 

Free titratable acidity* 	0882 	1-058 	0868 	1106 	1-060 	0856 	1072 	1-149 

Hence equivalent 'Vt. 	1133 	945 	1152 	904 	943 	1168 	933 	870 

Hence 	uronict acid 	15-5 	18-6 	153 	194 	186 I 151 	189 	202 
anhydride 

Limiting flow-time 	0-63 	0-76 	n.d. 	0-98 	0-68 	nd. 	0-61 	0-67 
number 

* as mIs. 1-ON NaOH per gm 
t if all acidity due to uronic acid groups 

at 25O in 	NaCI solution. 

precipitations in acidic ethanol, the purified material was redissolved, dialysed against distilled water 
for 3 days, then isolated by freeze drying. The resultant material was found (a) to lose I of water on 
drying to constant weight at 103, and (b) to retain a further I ° of water up to the temperature at 
which decomposition began. Robson" has reported that freeze drying for 500 hours is required to 
remove all traces of moisture from glucose-gelatine solutions. A full account of the dehydration and 
solvent retention studies made will be given in a later communication. 

Determinations of nitrogen, acetyl, and uronic acid content were made on the purified samples, 
the results (corrected for the moisture contents reported above) being shown in Table IV, which also 
gives the results of determinations of free reducing sugars and free titratable acidity made on I ' 
(w/v) aqueous solutions. Calculation of the equivalent weight of the gum acid, based on the free 
titratable acidity value, shows that, in each case, the uronic acid content accounts for the total acidity 
found. 

Before studying the viscosity behaviour of each purified sample, the polyclectrolyte effect was 
investigated. Fig. 3 shows that I ? salt solution gives adequate suppression of the polyelectrolyte 
effect. The limiting flow-time number of the purified samples was subsequently found at 25-0 in 
1 sodium chloride solution; the viscosity curves obtained are shown in Fig. 4. Use of a 7ero shear 
viscometer (Polymer Consultants Ltd.) showed that Newtonian behaviour was given by an 0 - 5',,,'  
solution of sample VIII in I % sodium chloride. 
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When a plant gum is purified by acidic ethanol precipitation from aqueous solution (which may, 

as in this case, have ph  4) some form of auto-degradation or fractionation could possibly occur. 

Such an effect would become increasingly serious as the number of re-precipitations—and conse-

quently the percentage of free-acid groups—was increased. To investigate this possibility, the twice 

precipitated material from nodule VII (curve Vll(a), Fig. 4) was given two further purifications. 

During each of these, the possibility for degradation to occur was increased by storing the aqueous 

solution at 40 for 1 hour before precipitation in ethanol. (In the original precipitations no heating 

was employed, and addition to ethanol was made as soon as solution was achieved). Since the material 

recovered from these treatments gave viscosity curve V11(h) in Fig. 4, no degradation of thisgum 

apparently occurs whilst it is in the free acid form during purification processes. The eirect of dilute 

alkali was also tested. An aqueous solution (I % w/s') of the gum was neutralised to phenolphthalein 

end-point; a calculated excess of alkali was then added to make the solution 0-IN with respect to 
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NaOH. The limiting flow-time number of this solution was determined at 250 on portions of the 
solution (a) in:mediate/v, (b) after .tora'-e at 250 for 72 hours. No difference in viscosity behaviour, 
before and after storage, was detectable. 

No tendency for fractionation to occur was observed when the ethanol used in precipitations was 
varied from 2 to 5 volumes. After centrifugation of the main precipitate, the supernatants were 
stored at 0 for several days; no further material precipitated. No precipitation of neutral material 
was given on addition to the supernatants of borate "cetavlon".'° Electrophoresis experiments 
on nodules VII and VIII were inconclusive. (see above). 

DISCUSSION 

The available material was used to obtain, as far as possible, information supple-
mentary to that which will be obtained in the structural study now in progress on the 
bulk material. Each of the samples was remarkably homogeneous; good replicates, 
as shown in the tables, being obtainable without difficulty. Each nodule, however, 
differed strikingly in composition from each of the others. In view of the reproducibility 
of results obtained in each of the analytical procedures used, the internodule differences 
are greater than could be ascribed to any possible experimental error, and are con-
sidered to be significant. In only one procedure—determination of the ratio of sugars 
liberated on complete hydrolysis—was it not possible to distinguish between each 
nodule; the error involved in such a determination is, however, at best 1-5 and 
is more probably ±lO'. 

Correlations between the properties of the nodules are difficult. The nodules cannot 
easily be assigned to sub-groups; a gradation between the maximum and minimum 
values of each analysis appears to be given. That the nodules are broadly similar in 
essential detail is not surprising, considering the care with which they were selected 
for study from a batch. Yet, in the crude material, lOO/ variation occurred in the 
nitrogen, ash, and acetyl contents. Calculation shows that, in the crude material, 
about 50 of the uronic acid carboxyl groups are in the free acid form. 

In the purified samples, considerable variations occur in the acetyl and uronic acid 
anhydride contents, and in the viscosity behaviour. The acetyl contents shown in 
Table IV are stable in solution under the precipitation conditions used; when stored 
in the solid state, however, the purified mateial develops a strong odour of acetic acid, 
a behaviour reminiscent of the original nodules. The nitrogen content of the crude 
material was reduced, but not completely eliminated, by the purification process used. 
Re-precipitations were found to reduce ash contents significantly, but little reduction 
in residual nitrogen content was achieved. Small residual nitrogen contents persist in 
other carbohydrate systems 2° despite extensive attempts at purification; their 
significance remains in doubt.t 

In only one case (nodule III) is the uronic acid content of the purified sample 
significantly smaller than that of the crude material. This is difficult to explain since, 
on a dry weight basis, purification should lead to increased uronic acid content unless 
some sort of fractionation has occurred. Agreement between the uronic acid values 
found directly and by calculation from the neutralisation equivalent is good, and 
strengthens the evidence that the variation from 149% to 201% is real. Such a 
variation must reflect fine structural differences; the inter-nodule variation in 
viscosity and acetyl content, and the kinetic differences found in the autohydrolysis 
experiments support this indication. 

The variations found are sufficiently great to emphasise the need for more careful 
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sampling procedures than have generally been used in the past. It is hoped at an 
early date to extend the present investigation by securing for study*  a number of gum 
nodules obtained (a) from the bark of one tree as a result of several injuries made 
simultaneously and (b) from the barks of a number of trees, all of the same species, 
as the result of one similar injury inflicted simultaneously on each of them. 

Ackno:cledçinents—We thank the Rockefeller Foundation and Messrs Imperial Chemical Industries 
Ltd. for grants, and the Department of Scientific and Industrial Research fora maintenance allowance 
(to N. J. K.). 

Zusamnienfassung—Gummitropfen vom Baume Combretum leonense aus Nigeria wurden individuell 
untersucht. Die Mengen verschiedener Substanzen in einzelnen Troplen wurden als stark variierend 
gefunden und gestatteten RuckschlUsse auf Verschiedenheiten in der Zusammensetzung sowohl von 
Roh- als auch gereinigtem Latex. Verschiedenheiten der Zusummensetzung waren weitaus grOsser 
als dass sic hätten durch Schwankungen der Analysenwerte erklärt werden kOnnen. Der Schiuss 
wurde gezogen, dass sic durch Unterschiede in der feineren Stuktur der Tropfen verursactit werden. 

Résumé—Les auteurs ont étudié individueliement différents nodules de gomme provenant de i'arbre 
nIgerien, Combretum leonense. La quantite de matière présentc dans chaquc nodule a permis une 
étude de la variation de la constitution des deux formes: brute et purifiée de la gommc. On trouve 
des variations beaucoup plus grandes que ne I'expliquerait l'erreur analytique. On considére que ces 
variations indiquent qu'il existc des differences internodules dans la structure line. 
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Summary—The reaction-times for complete (i.e. 99%) decarboxylation of glucuronic acid labelled 
at C6 with "Care respectively 200 min and 360 mm, from start of reflux, for 19% and 12% (w/w) aq. 
hydrochloric acid. The corresponding first-order rate constants are 74 X 10 -1  sec -1  and 16 :< 
10 sec'. Because of the simultaneous production of carbon dioxide from side reactions, however, 
analytically correct results are given, by compensation of errors, in shorter times, i.e. in 140-160 mm 
for 19% acid and in 270-290 mm for 12% acid. The results also indicate that the use of 19% acid 
minimises the error arising from spurious production of carbon dioxide in side reactions: this is 
contrary to some published opinions. 

THE quantitative analysis of uronic acid groups is of great importance in investigations 

of plant gums' and other carbohydrate materials, in the analysis of foodstuffs and 

of organic matter in soils, and in animal 2  and plant3  biochemistry. The analytical prob- 

lems presented by uronic acid materials offer a considerable challenge to the chemist. 

Let'èvre and Tollen's classical decarboxylation me thodt was based on Mann and 
Tollen's earlier experiments 5  with glucuronic acid and 12 % (w/w) aq. hydrochloric acid. 

Although the reaction was formulated as 

C6 H 1007  - C 5 H 402  + CO2 -f  31­120 
a hexuronic acid 	furfurai 

the yield of furfural is always much less than theoretical" at the reaction-time giving 

I mole of carbon dioxide. Side-reactions, which are complex, 7 ' 8 ' 9  therefore take place; 

they begin as soon as decarboxylation of a uronic acid molecule, resulting in the forma-

tion of an acid-labile decomposition product, is first achieved. Since carbon dioxide is 

liberated from these side-reactions slowly and approximately linearly with time, yields 

in excess of! mole must result'° if the reflux period necessary for 100% decarboxyla-

tion is used4 There is no known method of eliminating these side-reactions. The 

analytically correct time, even for pure reference uronic acids, is therefore, by com-

pensation of errors, less than the full time required for complete decarboxylation. 

The complex system of reaction products cannot readily be reconstructed for study 

as a synthetic mixture; the uronic acid and its successive reaction products form a 

dynamic, integrated system which at present can only be studied as a whole. Conse-

quently, it is not surprising that widely differing times for complete decarboxylation 

have been proposed. Thus for 12-13 hydrochloric acid the literature includes such 

* Part 11—see ref. 1. 
t Present address: Dept. of Chemistry, Cornell University, Ithaca, New York, U.S.A. 

Since first-order reactions are never absolutely complete, > 99% decarboxylamion is here referred to 
as "complete" or "total" decarboxylation. 
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periods as 3 to 4 hr, 46 ' 11 ' 8 hr" "3  and 15 hr;'' 70 mm 15  and 3-4 hr '6  have been proposed 
for 12-13% hydrochloric acid saturated with sodium chloride. A reaction period of 

4 hr was suggested  17  for both 13% and 18% hydrochloric acid. For 19% acid, reflux 

for 1-5 hr was first proposed ;' ,' this has been increased in more recent papers to 2 hr 19  

and to 2'5 hr .20 

A study of the analytical chemistry of uronic acids has been made over the past 

5 years .21 Comparison of the results given by the classical decarboxylation reaction 
with those obtained by (a) thermal decarboxylation 22  and (b) colorimetric methods 

(cf. ref. 20) indicated that the decarboxylation method was by far the most reliable. 
It was therefore important to verify the correct reaction-time for a given set of con-
ditions. This was facilitated when pot assium-D-glucuronate, labelled at C6  (the 

carboxyl group) with "C, became available. 

EXPERIMENTAL 

"C-labelled compounds 

Barium carbonate- 14C and potassium-D-g1ucurOnate-6-C were purchased from the Radiochemical 

Centre, Amersham, England. The certificated radiochemical purity of the glucuronate at the time 

of purchase was quoted as 101 
%, but this material was kept in storage for 2 yr, and its purity was 

only 92-93 at the time of use in these experiments. (cf. ref. 23). 

Countii 
The carbon dioxide evolved from labelled compounds was swept by the nitrogen scrubbing gas 

through a scintillation cell [Nuclear Enterprises (GB.) Ltd.] mounted in a photomultiplier: the cell 

was designed for high efficiency counting of 11C labelled vapours. The photomultiplier was attached 

to a probe unit (Type 1014A) whose pulse output was counted on a two-decade fast scaler (Type 

1009B) fitted with a three-decade electronic register. Preliminary experiments showed, however, that 

absorption of carbon dioxide occurred on the plastic surfaces of the scintillation cell, giving a large 

residual count which persisted for several hours. The small amountsof furan,etc.,evolved 21  as reaction 

products from uronic acids may have had a slight solubilising effect on the plastic surfaces, leading 

to some entrainment of carbon dioxide. The scintillation cell was therefore replaced by a flow-cell 

of special design* the mica end-window 0F9 mg/cm2  window density) of a Geiger tube acted as one 

wall of the cell. The Geiger tube (fed from a power unit, Type 1007 with a suitable potentiometer) 

was not so efficient as the photoniultiplier, but showed much better response to changes in the 'C 

concentration. It was therefore used in all the experiments reported. 

Preliminary experiments with labelled barium carbonate 

The decarboxylation apparatus used was originally designed 9° to facilitate both analytical deter-

minations and kinetic studies. The amount of "dead-space" had been minimised, but a potential 

source of error lay in the possible absorption of carbon dioxide in droplets of water adhering to the 

cold condenser surfaces. At the outset it appeared that this effect was unlikely to be significant, 

since the total volume of carbon dioxide liberated in any determination (e.g. from 30 mg of a pure 

uronic acid) does not exceed 4 ml with a steady nitrogen flow-rate of 15 ml per mm through an 

apparatus of internal volume 150 ml, the partial pressure of carbon dioxide, even at the time of 

maximum rate of production, is very small. Although the recovery of all carbon dioxide liberated 

from a carbonate had been carefully verified 21 during the development of the apparatus, the extent of 

the retention of carbon dioxide by the apparatus was nevertheless investigated. 

Labelled barium carbonate was weighed in a small glass bucket and placed in a special reaction 

flask fitted with a side-arm dropping-funnel for addition of acid ((f. ref. 20). The ground-glass joint 

of this flask was joined to that of a standard decarboxylation apparatus 20  which, immediately 

previously, had been used in a routine determination so that the surfaces of its cooling coils were 

coated with the normal equilibrium amount of water. After scavenging the assembled apparatus 

* We are grateful to Dr. R. Scott, Biophysics Dept.. University of Edinburgh, for making this cell and 
for placing at our disposal the counting equipment used in these experiments (see J. Sci. Instr., 1961, 38, 31). 
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with nitrogen in the usual way. 20  acid was added from the dropping funnel. The experimental 
conditions were therefore reproduced in all respects except that more dilute acid was used. The 
stream of flow-gas -F reaction products was passed through the counting cell into the standard 
titration-cell 20  charged with baryta. Table I shows the results of a typical experiment in which the 

TABLE I. RECOVERY OF CO2  FROM BaCOr' 1 C 

Time, Total Count Dead-timet Corrected True 
Total 

mm count per mm correction count count 
corrected 

count 
per min per mm 

0 47 (background) 
5 3.400 3,539 	1 85 3,624 3.577 3,871 

10 40,000 9,900 701 10,601 10.554 42,373 
20 196,500 21,000 4,454 25,454 25.407 223,139 
30 331,600 8,300 487 8.787 8,740 327,341 
40 380,000 2,700 49 2,749 2.702 422,070 
60 398,980 300 1 301 251 440,265 
90 - 72 - 72 25 - 

* Measured from time of switching on heater; retlux began 10 min later. 
t From tables. 

weight of labelled barium carbonate taken was 734 mg, and the weight of carbon dioxide found, 
as determined by the usual titration-cell procedure, was equivalent to 741 mg of barium carbonate. 
In another experiment, 326 mg of labelled barium carbonate were mixed with 1050 mg of AnalaR 
barium carbonate; the cell titration gave carbon dioxide equivalent to 1394 mg of barium carbonate; 
the initial background count was 54 and the true count per mm, after 1 hr, was II. 

Procedure for decarboxylation experiments 

The labelled uronic acid was weighed in a small glass bucket and added to the reaction-flask. 

(0) 

80 160 240 4r 

Time, 	mm 

Fm. 1.—Rate of liberation of radioactive CO 2  from glucurona(c. 
Curve (a): 19, (wlw) aq. hydrochloric acid 
Curve (h): 12- (w/w) aq. hydrochloric acid 
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The apparatus, reaction conditions, and reagents were all as previously descrlbed.zo The stream of 

carrier-gas 1  reaction products was passed via the counting cell into the standard tit ration -ccll. 2  
Experiments were made with both 12 and 19, (w/w) aq. hydrochloric acid. For convenience, the 
time at which the heater was switched on was taken as arbitrary zero. 

RESULTS 

Typical results for the decarboxylation of potassium-D-glucuronate-6- 11C (NO mg) 
in 19% (w/w) hydrochloric acid are shown in Table II; the counts quoted are 
corrected for initial background and for detector dead-time. Table 111 shows the 
results obtained when a sample (605 mg) was decarboxylated in 12% (w/w) aq. hydro-
chloric acid. 

When the total corrected counts given in Tables 11 and 111 are plotted against the 
quoted values for time, (see Fig. 1) extrapolation of the reaction-curves shows the 
true zero-time of the reactions to occur at 14 and 18 min respectively. (This arises 
from two factors: (a) Refiux began about 10 min after the heater was switched on; 
evolution of carbon dioxide begins, ho\ever, before reflux temperature is reached. 
(b) For a flow rate of 15 ml per min and a decarboxylation apparatus of volume 
approx. 150 ml. about 10 min must elapse before the first traces of carbon dioxide 
liberated are swept through the counting apparatus.) 

TABLE 11. DECARBOXYLATION IN 19° (wJw) HYDROCHLORIC ACID 

Time,* 
nm 

True countt 
per min 

54 (background) 

I 	Total corrected 
count 

0 

I 	0'  moles CO 2  per 
mole glucuronate 

0 

10 150 455 

15 6,960 15,472 

20 r 	14,301 76,061 

30 13,821 225,346 45 

40 10,089 341793 

50 6,741 420,687 

60 1,161 470.760 

70 2.176 501.370 86 

80 1,064 516.229 

90 518 523.367 90 

120 173 532,227 

150 96 536.038 92 

180 86 538,698 

210 56 540,660 93 

240 52 541442 

270 54 1 	544,220 - 

* As in Table I. 
t Deduced as shown in Table I. 

After correction of the times shown in Table 11 to the true zero-time of the reaction, 
calculation of the rate constant by Guggenheim's method 15  gave k 1  = 74 x 10 sec 
for 19% acid. After corresponding correction of the times shown in Table Ill, 
subsequent calculation 25  gives the rate constant for 12% acid as k 1  = 16 	10 1  sec'. 
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DISCUSSION 

The barium carbonate experiments indicated that recovery of the carbon dioxide 
liberated in a rapid reaction is quantitative, to within 1 %, in I hr. This period was 

TABLE III. DECARBOXYLATION IN 12"'. (w/w) HYDROCHLORIC ACID 

Time,* 
min 

True countt 
per mm 

Total corrected 
countt 

moles CO 2  per 
mole glucuronate 

0 70 (background) 0 
15 291 1,599 
30 3,724 36,680 
45 3,409 88,128 
60 3,204 137,183 40 
90 2,472 221.931 

120 2.163 289,088 
150 1,752 344,723 
180 1,140 387,774 
210 421 1 	407,041 
240 623 1 	427,498 88 
270 482 444,000 91 
300 361 456.309 93 
330 220 464,885 
360 180 470,887 97 
390 80 473,653 

, , As in Table LI. 

independent of the sample-weight, and there was no prolonged retention of carbon 
dioxide in the apparatus. 

Table II shows that, for 19% acid, the true count per minute reaches a low 
steady value after 210 mm (200 min from start of reflux). This is therefore the time 
required for complete decarhovi'lation with the present apparatus and reaction 
conditions. In terms of the total carbon dioxide evolved, however, (i.e. labelled + 
unlabelled) the yield equivalent to the percentage purity of the labelled material is 
obtained in 140-160 min from start of reflux (cf. ref. 20). This is the correct analytical 
reaction time; although decarboxylation is only 98-99 °/0 complete, the total yield of 
carbon dioxide includes >I % from side reactions. Generally, the correct reaction-
time may vary within small limits (say ± 10 mm) depending on the apparatus design 
and also, to a small extent, on the flow-rate. 

This may explain small differences from the reaction-times quoted by certain 
previous workers. It will not, however, explain the wide range of reaction-times 
covered when all previous recommendations are considered. The undesirable use of 
an oil-bath, maintained at 145 ° , to sustain a reflux temperature of 109 °  has already 
received comment. 20  

A similar consideration of the results in Table Ill shows that, under our conditions, 
the analytically correct time with 12 acid is 270-290 mm from start of reflux. At 
that time, which agrees well with that proposed by several previous authors, 18,26,27 970/s 
of the total carbon dioxide comes from decarboxylation and 3 °' from side-reactions. 
It now appears that the widely differing times proposed by other authors" , 2 "4 ' 28  
must be regarded as being in error. 
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Although the rate of decarboxylation is much slower in 12% than in 19% acid, 
the rate of evolution of carbon dioxide from the side-reactions involving decarboxy -

lation by-products is little altered (cf. ref. 18). Since the reflux period for 19% acid is 
only half that for 12%, the amount of spurious carbon dioxide formed is propor-
tionately less. This finding is supported by results obtained 21  for the decomposition of 
non-uronic acid carbohydrate materials. It has been suggested' that the use of 19% 
acid introduces errors by increasing the amount of carbon dioxide produced in side-
reactions: our results directly oppose these opinions. 

In carbohydrate materials, uronic acid groups are generally present in the form of 
aldobiuronic acids. In these the glycosidic linkage is particularly stable to hydrolysis; 
a similar effect occurs in polyuronides. Experiments with 2-Y.-D-galacturonosido-L-
rhamnose (isolated 31) from Plantago arnaria) and with trigalacturonic acid and 
alginic acid showed, however, that their decarboxylation curves in 19% hydrochloric 
acid were closely similar to that of the labelled glucuronate. It is therefore believed 
that the reaction-times established in this work are generally applicable to hetero-
geneous polysaccharide systems. 

Acknowledements—We thank Professor E. L. Hirst. C.B.E., F.R.S.. for his interest in these studies. 
and the Department of Scientific and Industrial Research for a maintenance grant (to S. G.). We are 
grateful to Dr. R. Scott for valuable discussions. Financial support (for the purchase of "C com-
pounds) from the Rockefeller Foundation is acknowledged. 

Zusammenfassung—Dic Rcaktionszeiten zur vollstbndi gen (99 °) Decarboxylierung von Glucuroii-

säure, die am C mitC-14 markiert ist sind 200 and 360 Minuteniml9bzw.12/0  ige(Gewichtsprozent) 

Salzsäure. vom Beginn des RUckflusses gerechnet. Die entsprechenden Gcschwindigkeitskonstanten 
erster Ordnung sind 74 10 und 16 > 10 sec - '. Da jcdoch Kohiendioxyd durch gleichzeitig 
ablaufende Nebenreaktionen erzeugt wird, werden analytisch korrekte Ergebnisse (durch Fehier-
kompensation) in kflrzerer Zeit erhalten. nämlich 140-160 und 270-290 Minuten für die beiden oben 
genannteri Säurekonzentrationen. Die in 19°. iger Säure erhaltenen Resultate sind zuverlassiger. 
da Kohiendioxyd aus unkontrollierbaren Nebenreaktionen iu geringerem Grade entwickelt wird. 
Dies ist in Gegensatz zu manchen Publikationen. 

Résumé—Les temps de reaction, pour la décarboxylation complete (99) de l'acide glucoronique 
marqué en C. avec du carbone 14, sont respectivement 200 et 360 minutes, au commencement du 
reflux, pour des solutions aqueuscs d'acide chlorhydrique a 19', eta l2°• en poids. Les constantes 
de vitesse du premier ordre correspondantes sont 7,4 x 10 1  sec I et 1,6 x 10 sec'. A cause de 
la reduction simultanCe de l'anhydride carhonique par reactions secondaires, des rCsultats analytiques 
corrects sont donnCs, par compensation des erreurs, dans des temps plus courts: 140-160 minutes 

pour l'acide a 19° et 270-290 minutes pour I'acide a 12. Les résultats indiquent aussi clue 

l'utilisation de l'acide a 19. réduit au minimum rerreur provenant de la production d'anhydride 
carbonique dans les reactions secondaires, contra irement aux opinions publiCes. 
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1033. Studies on Uronic Acid Materials. Part 117 . 1  Aqueous Decarb-
oxylation of Uronic Acids, and the Decarboxylation of Pectic Materials 
during Extraction. 

By D. M. W. ANDERSON, A. M. BEWS, S. GARBUTT, and N. J. KING. 

Rate-constants for the decarboxylation of some uronic acids in de-ionised 
water have been determined. The extent of the decarboxylation of pectic 
materials when heated with (a) aqueous 70% ethanol, (b) water, (c) aqueous 
ammonium oxalate and (d) aqueous ammonium oxalate-oxalic acid has been 
investigated. The results are discussed with respect to the extraction 
procedures now used in structural studies; in particular, extraction with 
ammonium oxalate-oxalic acid solutions at 85--90 0  should be avoided. 

EXTRACTION is an all-important step in structural studies of polysaccharides: fraction-
ation, degradation, chemical modification, and the creation of artefacts 2 are possible 
consequences of carelessly designed extraction schemes. In initial investigations, one can 
only use extraction conditions which are, on the basis of previous experience with some 
similar material, apparently the mildest available, consistent with extraction of the desired 
polysaccharide in reasonable yield. Poor yields may imply that only a non-representative 
fraction has been obtained. 3  Preliminary studies establishing an approximation to the 
composition of a new material may therefore be necessary before the optimum method of 
extracting a particular component can be devised; 4  even the cation composition can be 
important. 5  Often, however, as in starch chemistry (cf. ref. 6), less degraded. products 
of higher molecular weight are obtained only after a continued series of studies has refined 
the method of extraction. 

Studies assessing the degradation suffered by the product during extraction should be 
complementary to structural studies. All too often, structural studies reported on 
materials claimed to have been extracted by the mildest possible means " when, in fact, 
no experiments were carried out to establish the validity of this statement. 

Some polvsaccharides, e.g., pectic materials, can at present only be extracted or sub-
sequently purified by methods which degrade and/or chemically modify the material 
present in the plant. It is then even more important to assess the extent of (a) the de-
gradation and (b) the modification, such as demethvlation and decarboxylation; degrad-
ation and chemical modification may be quite independent effects for some polysaccharides. 
Much is known of the degradation of pectic materials, which can occur in cold alkaline 
solution, 7 ' 8  buffered (pH 7) " Versene " solution, or, at elevated temperatures, in weakly 
acidic solution (cf. ref. 9). Vollmert 7  concluded that depolymerisation of pectic materials 
in alkali ceased when concurrent de-esterification became complete; recent work 10  has 
shown that only about one de-esterification in 80 leads to cleavage of a glycosidic linkage. 

Less is known, however, of the possible modification suffered by pectic materials 
during extraction. Exhaustive extraction with hot 70% aqueous ethanol 11  and hot 
water usually precede the extraction of the pectic complex with hot oxalate solutions. 
This paper shows that some clecarboxylation occurs during each of these stages. 

In studies of the various methods of clecarboxvlating uronic acids, 12  refluxing with 
de-ionised water caused complete decarboxylation of galacturonic acid in about 80 hours 
in a vessel continuously swept with carbon dioxide-free nitrogen. Kinetic studies of the 
evolution of carbon dioxide from some uronic acids were then made; these gave the results 
in Table 1 (it is there assumed that 1 mole of carbon dioxide resulted from decarboxylation 
of 1 mole of uronic acid and that all the carbon dioxide evolved came from carboxyl 
groups; under the experimental conditions the amounts of carbon dioxide liberated in 



TABLE 1. 

Decarboxylation (%) of uronic acids in boiling conductivity-grade water. 

Time Galact- Trigalact- Ca Alginic 
(103  sec.) Glucurone uronic acid uronic acid [-sorburonate acid 

10 56 78 128 350 37 
20 111 15- t 242 509 73 
30 166 219 336 602 110 
40 218 283 414 664 146 
60 315 39'8 542 733 217 
80 404 500 64•1 783 285 

100 487 592 722 874 351 
150 663 782 872 902 507 
200 79•4 91'4 960 964 656 
250 884 978 994 983 794 

Hence 106k, (sec:') = 	518 656 125 576 142 

side reactions or from general degradation or decomposition would be expected to be very 
small; cf. ref. 1). 

The rate constants (k 1 ) were calculated by Guggenheim's method. 13  (The results 
reported were obtained by using conductivity-grade water; traces of metal ions catalyse 
decarboxylation," and results obtained by adding salts 4nd other substances will be given 
elsewhere.) 

Alginic acid was the most stable of the materials refluxed with water, yet 7% de-
carboxylation occurred in 5 hours (i.e., the original iironic anhvdride content was reduced 
from 97 to 90%). A total reflux period of 5 hours would not be excessive if exhaustive 
aqueous extraction were required; it is difficult to remove starch completely by aqueous 
extraction, 15  and the contamination of pectins by starch is well known. 16  The study of 
aqueous decarboxylation was therefore extended to a commercial apple pectin, pectic 
acids from N. translucens 11  and C. auslralis,18  ammonium pectates from N. translucens,'7  
and lucerne. 19  Reflux in aqueous solution for several hours caused significant decarboxyl-
ation, as shown by the percentages quoted in Table 2. The same Table shows also that 
some decarboxylation occurs on prolonged refluxing with 70% aqueous ethanol. 

After exhaustive extraction with 70% ethanol and with hot water, pectic substances 
are usually extracted by repeated treatments at 80-90° with 0.5% aqueous ammonium 
oxalate. 11,19 ' 20  The percentage clecarboxvlation caused by this reagent is shown in Table 2. 
In recent years, extraction with hot water containing 025% of oxalic acid and 0.25% of 
ammonium oxalate has been preferred for certain materials. 11 ' 2 ' Our experiments have 
shown, however (see Table 2), that this extractant causes extensive decarboxylation. 
(Control determinations showed that the carbon dioxide evolved did not result from 
decomposition of the oxalate solution.) 

The pectic acid and ammonium pectate samples studied had all been isolated b' hot 
oxalate extraction of material which had been pretreated with 70% ethanol and with 
hot water, vet carbon dioxide was evolved from each sample on further treatment with 
these extractants. In view of the experimental conditions, it seems reasonable to postulate 
that this carbon dioxide arose from decarboxvlation, although there may be a small 
contribution from general decomposition or degradation. Clearly, the samples must 
therefore have undergone decarboxvlation to at least a similar extent (luring their original 
extraction from the plant material. The present results indicate that the customary 
extraction solutions cause decarboxylation of pectic materials to the following extent: 
(a) —02% per hr. in refluxing 70% aqueous ethanol; (b) 04-06% per hr. in refluxing 
hot water; (c) 0'3-019% per hr. on extraction at 85-90° with 0'5% aqueous ammonium 
oxalate; (d) 1.4% per hr. on extraction with water containin .g 0.25% each of ammonium 
oxalate and oxalic acid at 85-90° for three laboratory-prepared Specimens and 06-0'7% 
per hr. for commercial apple pectin. Contact with each hot extractant for 4 hours in the 
presence of nitrogen will cause a total of 3-6% decarboxvlation if 0.5% aqueous ammonium 



TABLE 2. 

The apparent percentage of decarboxylation * of some pectic materials when 
treated with aqueous solutions used in extraction. 

Samples 1 Extractant 
decarb- and Period of extraction f (hours) 

oxvlatcd temperature 	2 4 5 	10 	12 	20 	24 	32 	40 	50 	60 
1 De-ionised 	1 	27 41 So 	 61 	-- 	 - 	- 
2 j 	water, I, 	18 26 - - 	51 	 76 	 -. 	 - 	- 

b. p. 	09 16 - 	- 	42 	9.4 	-- 	 - 	- 	- 
4 1. 	 J 	14 32 -- 	69 	- 	109 	- 	- 	- 	- 
2 70 0/aq. 	- 10 - 	-- 	 -- 	 15 	- 	- 	- 	30 	- 
3 I 	ethanol, 	- 15 - 	-- 	 - 	- 	41 
5 1 	b. p. 	-- 1. 6 - 	24 	- 	45 	-- 	70 	-- 	119 	- 
6 I 	 I 	--- is -- 	34 	- 	02 	-- 	91 	-. 	1.1.6 	-- 
7 1. 	 i 	- 19 - 	39 	68 	-- 	96 	-- 	152 	- 
1 0.25% aq. - 49 - 	- 	-. 	 - 	280 	342 	- 	- 
2 I ammonium 59 79 - 	- 	- 	--- 	31O 	360 	- 	-- - 

3 oxalate 27 38 - 	59 	-- 	 - 	144 	-- 	240 	280 	- 
4 -' 	+ 22 60 - 	- 	-- 	39.0 	384 	- 
5 0.25% aq. -- 46 	7.5 	- 	143 	- 	266 	- 	362 
6 oxalic acid - 50 	5-4 	- 	15-9 	- 	- 	292 	402 
7 L 	85-90° 	j - 58 	101 	194 	- 	- 	361 	488 

1 05% aq. 	1 	1.0 - - 	48 	5.7 	- 	115 	- 	- 	- 	- 
2 ammonium L 	50 66 - 	- 	100 	120 
3 oxalate, 14 
4 1. 	85-90° 	J 16 2-0 - 	- 	61 	- 	96 	- 	- 
* Values shown are the average of duplicate determinations made on each material under the 

stated conditions; agreement in the duplicate determinations was within ± 10%. 
t In presence of nitrogen. 

Origin of samples: 	I, ammonium pectate from N. iranslucens; 17 	2, pectic acid from C. aus. 
tralis; 18  3, commercial apple pectin; 4, ammonium pectate from lucerne; 19 	5, alginic acid; 23 

6, glucurone; 	7, galacturonic acid. 

oxalate is used; the total may reach 8% if the ammonium oxalate-oxalic acid treatment 
is employed. Increasing the extraction times increases the extent of the decarboxylation. 

It is of interest that, in both the oxalate extractants, the commercial apple pectin 
(MeO = 5.1%) was more stable than the laboratory-prepared pectic acids, which contained 
no methoxyl. The closely related behaviour of the products from lucerne, N. tra-nslucens, 
and C. australis is interesting since the absence of methoxyl groups in the lucerne product 
was a consequence of de-esterification during isolation; 19  the products from Nitelia and 
Chara came from algae whose cells contained no methoxvl. 17 ' 18  

Previous workers 9.10  have established that the alkali-sensitivity of the 1,4-bonds in 
pectic materials depends on the presence of ester groups at position 6, the de-esterified 
product being practically stable to further degradation. 7 . 10  A second effect can now 
apparently be distinguished; de-esterified or initially non-esterified pectic materials are 
less stable to chemical modification than are esterified products. 

Clearly, contact with any hot extractant must be as brief as possible if significant 
decarboxvlation of pectic materials is to be avoided: in particular, hot oxalate-oxalic 
acid solutions cause considerable decarboxvlation. If use of hot extraction solutions is un-
avoidable, the extent of the chemical modification suffered by the pectic material should 
be assessed, before structural studies, by decarboxylation experiments on the extracted 
material. 

EXPERIMENTAL AND RESULTS 

Origin of Sarnples.—(a) D(+)-Galacturonic acid monohydrate (Roche Biochemicals Ltd.) 
(Found: C, 34'8; H, 57. C 6 H 120 9  requires C, 34'0; H, 5'7%) had 96% purity [decarboxyl 
ation 22  in 19% (w/w) hydrochloric acid for 2 hr.]; paper chromatography showed a 
trace of galactose. (b) D-Glucurone (Roche Biochemicals Ltd.) (Found: C, 408, 40'7; H, 



46, 46. C 6 H 806  requires C, 409; l{, 46%) had 97.2% purity. (c) Alginic acid was the 
sample prepared by cold extraction by Chanda ci al., 23  which had 974% purity. (d) Tn-
galacturonic acid and calcium 5-oxo-D-gluconate (calcium c-sorburonate) were kindly provided 
by Dr. W. W. Reid. 24  The former was free from mono- and di-galacturonic acid but contained 
a small quantity of a polygalacturonic acid (detected by chromatography); it had 950% 
purity. The 5-oxo-D-gluconate was 93% pure. (e) Commercial apple pectin (B.D.H. Ltd.. 
240 grade) had uronic anhydride 22  58%, OMe 25  5- 10, 0

. 
( f) Ammonium pectate from Nitella 

translucens 11  had no methoxyl content, 25  uronic anhydride 22  51%. (g) Ammoniumpectate from 
lucerne ii  had no methoxyl and 51 0/ of uronic anhydride. (i) Poetic acid from Chara australis 
had no methoxyl and 52% of uronic anhydride. 

Apparatus—Anderson's decarboxylation apparatus and reaction conditions 22  were used. 
A reaction flask, having a thermometer-pocket sealed into the flask-wall, was used in experi-
ments where temperatures other than reflux temperature were used. Kinetic measurements 
were facilitated by fitting a two-way stop-cock after T 2  (see ref. 22) so that the gas stream 
could be switched from one absorption trap to a second identical trap. A matched pair of 
traps was used; in these, the sintered discs had closely matching porosity so that identical 
hack pressures, and hence constant reflux temperatures, were maintained. The nitrogen 
flow-rate was stabilised by a capillary-buffer system, needle valves, and a Rotameter. 

Decarboxylation of LTronic Acids in Water—Conductivity-grade water from a laboratory 
de-ioniser was refluxed in the decarboxvlation apparatus, then allowed to cool in an atmosphere 
of carbon dioxide-free nitrogen. The weighed sample of uronic acid was added to the reaction 
flask. The carbon dioxide evolved was determined at intervals during the refluxing; the 
results are shown in Table 1, Control experiments confirmed that carbon dioxide was not 
evolved when water alone was refluxed. The decarboxylation of uronic acids in acid solution 
has been shown to be of the first order; 12  on the assumption that this applies also to aqueous 
solutions, the rate constants shown in Table 1 were calculated by Guggenheim's method, 13  
which does not require a knowledge of the precise purity of the substrates. 

Decarboxylalion of Pectic Materials in hot Water—Samples (110-190 mg.) of commercial 
apple pectin, ammonium pectates from N. translucens and lucerne, and pectic acid from C. 
australz.s were refluxed with conductivity-grade water; the carbon dioxide evolved was deter-
mined at intervals up to 24 hr. from the start of refluxing. it has been shown I  that 98% of 
the carbon dioxide liberated when uronic acid materials are refluxed in acid solution comes 
from the carboxyl groups. On the assumption that this will also hold for aqueous solutions, 
yields of carbon dioxide were expressed as percentage decarboxylation. The results from the 
hot-water experiments are shown in Table 2. Each result is the average of duplicate runs 
made with the substance named; agreement to within ± 10% was always obtained. 

Decarboxvlation in Aqueous 70% Ethanol. —Samples (120-200 mg.) of galacturonic acid, 
glucurone, alginic acid, commercial apple pectin, and pectic acid from C. auslralis were refluxed 
with 70% aqueous ethanol, and the carbon dioxide liberated was determined at intervals up to 
50 hr. from the start of refluxing. Avery small amount of carbon dioxide was evolved when 70% 
aqueous ethanol was refluxed alone (5 1)1 of that evolved when substrates were present) and 
the yields of carbon dioxide obtained were corrected for this. On the assumption that the 
corrected yield of carbon dioxide came from carboxyl groups, the results are shown in Table 2. 

Decarboxylation in 0.25 1A, Aqueous Aninionium Oxalate + 025% Oxalic Acid Solution at 
85-90° —Samples (100—I50 mg.) of galacturonic acid, glucurone, alginic acid, commercial 
pectin, pectic acid from C. auslralis, and ammonium pectates from lucerne and N. lranslucens 
were treated with water containing 025% each of ammonium oxalate and oxalic acid, main-
tained at 85-90 ° . The carbon dioxide liberated was determined at intervals up to 60 hr. 
The yields of carbon dioxide were corrected for the very small amounts of carbon dioxide 
detected when the hot oxalate solution alone was maintained at 90°. The percentages shown 
in Table 2 were obtained from calculations based on the corrected yields of carbon dioxide. 

Decarbox-ylation with Aqueous 0.5% Ammonium Oxalate at 85-90°—Samples (100-150 mg.) 
of commercial apple pectin, ammonium pectate from lucerne and N. lranslu.cens, and pectic 
acid from C. australis were treated at 85-90° with 0.15% aqueous ammonium oxalate. The 
carbon dioxide evolved was determined at intervals up to 24 hr. from the start of refluxing. 
Very small amounts of carbon dioxide were detected when the ammonium oxalate solution 
alone was kept at 90°. The percentages shown in Table 2 were calculated from the corrected 
yields of carbon dioxide. 
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Summary—The thermal decarboxylation method of determining 
uronic acids, proposed by Perlin, has been investigated. A specially 
designed oven, having good temperature stability, enabled the thermal 
decomposition of various compounds to be studied kinetically, with 
good reproducibility. Comparatively large errors can arise in the 
determination of the carbon dioxide evolved; these errors originate in 
the nature of the other volatile reaction products. Typical results are 
presented, and it is concluded that thermal decarboxylation does not 
compare favourably with the 150-min acid decarboxylation as a general 
analytical method. 

VARIOUS aspects of the acid decarboxylation of uronic acid groups have been in-
vestigatedt' 23  in attempts to improve the accuracy and reliability of this analytical 
reaction,' which is important in carbohydrate chemistry. The formation of potentially 
acidic vapours, such as methyl chloride and methyl formate, gives a source of error; 
a knowledge of these products is also important in studies of the reaction mechanism. 
A comprehensive study 5  was therefore made of the volatile reaction products from 
some 80 carbohydrate materials and related compounds: a vapour-phase infrared 
method6  showed that the products included furan, 2-methy1furan, acetone, methyl-
ethylketone, diethylketone, acetaldehyde, propionaldehyde, chloral, methyl formate, 
methyl chloride and diniethylformal, although not all of these are formed from any one 
sugar residue. Acetone was known to be an acid decomposition product of rhamnose 7  
and other sugars,' but the formation of some of the other compounds was unexpected. 
They have, however, been found subsequently' as products of the thermal decom-
position of various carbohydrate materials. Under other experimental conditions the 
formation of other volatiles has also been reported, e.g., methyl glyoxal, acetol and 
diacetyl from reducing sugars, 10  maltol and isomaltol't from the pyrolysis of starch. 

There have been many studies of the formation of pyrodextrins 1213  and the pro-
duction of volatile organic compounds during thermal decomposition is, of course, 
well known 14  ((j: ref. 9). This formation of organic vapours by chemical reaction 
must be distinguished from the desorption of physically retained organic solvents. 
Although the latter effect has long been recognised, 15  and further examples continue 
to be reported,' 8  it is now known" that solvent-retention continues up to the tem-
perature at which the carbohydrate concerned begins to decompose. A knowledge of 
the pretreatment of the sample is therefore important in thermal decomposition 
studies. 

Differential thermal analysis has been applied to starches'' and other polysac- 
charides: 19  it has been suggested that decarboxylation causes a small endothermic 

*Part IV: D. M. W. Anderson, A. M. Bews, S. Garbutt and N. J. King,J. Chem. Soc., 1961, 5230. 
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reaction observed for uronic acid materials at 145-155. Although these temperatures 
are only slightly higher than those at which carbohydrate decomposition was observed 
to begin,' 7  they are some 100 0  lower than the decomposition temperatures proposed 
for the thermal decarboxylation method 2° of estimating uronic acids. 

Since it appeared that Perlin's method 20  has not been widely adopted or studied 
further (cf. ref. 20), an examination of its applicability appeared to be a logical ex-
tension of our studies. This paper presents some results which show that thermal 
decarboxylation is inferior, for several practical reasons, to the acid decarboxylation 
reaction as a quantitative method 2.3  for the analysis of uronic acid contents. 

EXPERIMENTAL 
Desn of apparatus 

In Perlin's experiments. 20  the method of heating involved the refluxing of vapours. Whilst this 
method offers the advantage that over-heating cannot possibly occur, it is restrictive, since a continuous 
range of temperatures cannot be studied. Moreover, the absolute reaction temperature could not be 
established :20  the reaction conditions are criticaP 3  in this type of investigation. 

Preliminary investigations" revealed that careful experimental design would be required to give 
minimum temperature equilibration times with run-to-run reproducibility at absolute temperatures. 
Successive refinements with different designs of apparatus showed that, after the required stability of 
oven temperature was achieved, the following factors were also critical: (a) stabilisation of rate of 
flow-gas, (b) pre-heating of flow-gas to the required reaction temperature, (c) reproducible location 
of samples at the same position within the oven, (il) measurement of the actual sample temperature 
during the decomposition. 

The apparatus finally satisfying all these requirements is represented diagrarnatically in Fig. 1. 
With its use, the rate of decomposition of a particular sample was reproducible to within 1 20,. 

fl ,4.. 

To 
traps 

momete 

thermometer bulb 
in boot 

FIG. I—Construction of thermal decomposition apparatus. 

Constructional derails: The internal dimensions are a function of the size and shape of the sample-
boat which, in turn, is dictated by the weight of sample necessary for the production of suitable 
quantities of carbon dioxide. Suitable sample weights were 30 mg for uronic acids and polyuronides, 
100 mg for non-uronides. The boat must be sufficiently deep to contain the increased volume occupied 
by the samples upon decomposition: porcelain boats, 35 x 12 x 6 mm, were suitable. 

By grinding off one end (the "hook" end) of a boat, a form of long-handled weighing-spoon was 
made, with a thermometer, bound to the boat by several turns of platinum wire, acting as the handle: 
samples were added carefully so as to surround the mercury bulb. A tightly-fitting rubber stopper 
was positioned on the thermometer stem at a part of the scale where readings were not required. The 
position chosen dictated the effective length of the "weighing spoon" handle: the constriction in the 
bore of the oven was positioned during manufacture so as to provide a locating device against which 
samples could be positioned centrally and reproducibly within the oven at its hottest part. 

J-Jeatin': The external dimensions of the oven, 17 cm >: 2.3 cm, were chosen so that its whole 
surface could be wound with a heating tape. 30° bug, 1° broad ("Electrothermal" type HT 350). The 
heating tape was lagged with a layer of asbestos tape, and enclosed within an open-ended tightly-fitting 
glass sleeve, 25 cm long and 4 c in diameter, which enclosed the whole assembly from A to B. 
Temperatures could be varied within the range 140-300 by adjustment of the Variac which supplied 
the continuous heating voltage. For particular temperatures, long- and short-period temperature 
variation did not exceed ± I after several hours had been allowed for the establishment of equilibrium 
conditions. 
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Flow-gas: Cylinder nitrogen ("N,O.F." grade), dried and freed of traces of carbon dioxide by 
passage through scrubbing towers, was used. The flow-rate was established at 15 ml per min by means 
of two needle valves, a capillary-tube buffer system, and a calibrated Rotameter. For some experi-
ments, residual traces of oxygen (approx. 20 ppm) in the cylinder gas were also removed by passage 
through a "Nilox" purifier (Southern Instruments Ltd.). Inclusion of the nitrogen inlet system within 
the jacketed heating assembly ensured that the flow-gas was correctly pre-heated. 

Use of apparatus 

Deger,nination of the carbon dioxide evolved: Kinetic measurements were facilitated by a two-way 
stop-cock system and matched pairs of traps, as described. 2 ' Determinations were made (a) titri-
metrically using a titration-cell designed  for carbon dioxide titrations, (b) gravimetrically, using 
conventional analytical adsorption tubes, (c) by infrared spectroscopy,' using the manometric 
calibration method. 

Use of sulphuric acid bubblers: In some experiments, as indicated below, the gas-stream from the 
oven was led through a conventional gas-bubbler before determination of the carbon dioxide. 

Deteetio,, of carbon monoxide: Standard colorimetric reactions"' were used. The molybdenum 
blue method could not be used when sulphur dioxide was also present (eJ ref. 22, p.  347), and the 
palladous chloride method was therefore employed. 

Men tificalion of the volatile products: For each compound studied separate runs, using samples of 
500 mg, were made so that the volatile products (before and after passage through the sulphuric acid 
bubbler) could be trapped in liquid nitrogen" and subsequently examined by the vapour-phase 
infrared technique. (Cf. ref. 17). 

Procedure: With the nitrogen flow-rate stabilised at 15 ml per min and with a thermometer-handled 
weighing-spoon in position, the oven temperature was allowed to equilibrate (usually overnight) at the 
required temperature. The weighing-spoon was withdrawn and allowed to cool, stop-cock T (Fig. I) 
being closed so that the flow of nitrogen, emerging at A, prevented air from entering the oven. The 
sample, weighed by transfer from a suitable weighing-scoop, was added to the thermometer-spoon so 
as to surround the thermometer-bulb. The thermometer-spoon was replaced carefully in the oven, 
and stop-cock T opened. Preliminary experiments with water had established the internal volume 
(V ml) of the system from restriction R to T; V/IS min after opening T was taken as the zero-time for 
the kinetics. The sample reached the pre-established equilibrium temperature of the oven after about 
S mm (ef. ref. 20). Thus results quoted below for "20 min at 255°" are, in effect, for 5 min heating 
over the range 0-255 - 15 min heating at 255°. 

Origin of samples 

Thesamples of glucurone and galacturonic acid monohydrate had 97 and 96 %purity, respectively, 
by acid decarboxylation, 3  and have been described. 2 ' The alginic acid, pectic acid and pectin were 
commercial samples, for which acid decarboxylation 3  gave 79%, 61 % and 57% respectively: the 
pectic acid and pectin contained 0.1% and 6.5%. of methoxyl, respectively. The sample of Acacia 
seal24  gum contained 12% of glucuronic acid, and of methoxyl. 

The non-uronic samples studied were of commercial origin and were chromatographically pure. 

RESULTS AND DISCUSSION 

1. Uronic acids and polvuronides 
Fig. 2 (dotted curves) shows the results obtained titrimetrically for decomposition 

at 255° ; for temperatures between 255 °  and 2800  the initial rate of evolution of carbon 
dioxide was faster, but the curves levelled off more quickly, so that the total yields were 
not significantly greater. Above 280 °, however, the decomposition mechanism 
apparently changes, since the yields of carbon dioxide were considerably increased. 
Thus, after decomposition for 1 hr at 300 ° , titrimetric determinations indicated 
apparent uronic acid contents of 96 107 and 87 % for glucurone, galacturonic acid 
and alginic acid respectively. 

The titrimetric values for the yield and rate of evolution of carbon dioxide at 2550 
were much less than were reported by Perlin. 20  The experiments were therefore re-
peated, the carbon dioxide being determined gravimetrically. The apparent yields of 
carbon dioxide, as shown in Fig. 2 (full lines) agreed much more closely with Perlin's 
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values, the acid decarboxylation values for galacturonic acid and alginic acid—but not 
for glucurone—now being attained in approx. 20 mm. Reasons for the large dis-
crepancy between the titrimetric and gravimetric results had therefore to be found. 

Investigation of the rolatile reaction products: Carbon monoxide was detected 
color] metrically, in agreement with Perlin. 2° Vapour-phase infrared spectroscopy 
showed that, after removal of carbon dioxide and water, the volatile products in-
cluded acetone and other carbonyl compounds. Although these were formed in 
considerable quantity (cf. Perlin's "distillable oils") they were evidently of low vol-
atility and their identification lay outside the applicability of the vapour-phase spectro-
scopic method. 

20 
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FIG. 2.—Rate of evolution of carbon dioxide from uronic compounds at 25Y 
Curie (a) oalacturonjc acid  

(b) lucurone 	gravimetric determination 

(c) alginic acid 	of carbon dioxide 

Curie (d) galacturonic acid 
(e) glucurone 	titrimetric detetermination 
(j) alginic acid 	of carbon dioxide 
(g) Acacia seyal gum 

When these reaction products were passed through a sulphuric acid bubbler, 
spectroscopy showed that although the carbonyl compounds had been removed, 
sulphur dioxide and increased quantities of carbon monoxide, together with traces of 
carbon dioxide, were now present in the carrier-gas emerging from the bubbler. Evo-
lution of these acidic gases continued for several hours after the end of a run. The 
thermal decomposition products must therefore include significant quantities of 
formic acid and other organic acids (cf. ref. 22, p.  347). 

Infrared estimations of the amounts of carbon dioxide present in the mixture of 
acidic decomposition products indicated that direct titrirnetric determinations gave the 
most reliable estimation of the actual carbon dioxide content. Titrimetric results are 
considerably higher if a sulphuric acid bubbler is used, as shown in Table I: the in-
creased apparent uronic acid content results from the acidic gases evolved from the 
scrubber. 
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Fig. I also shows the corresponding figures for gravimetric determinations. With-
out a sulphuric acid bubbler, the result is virtually the total of all the volatile products: 
insertion of the bubbler gives lower results, which, however, are still high as a result of 
the acidic vapours released from the bubbler. A measure of these is given in Table I, 
column (c). When this is applied as a correction to column (e), the values expressed 
in columns (a) and (f) are, for experiments of this kind, in reasonable agreement with 
the estimations given by the specific infra-red method. 

TABLE 1. DEPENDENCE OF THE APPARENT PERCENTAGE URONIC ACID CONTENT ON THE METHOD 
OF ESTIMATING THE CARBON DIOXIDE EVOLVED* 

Titrimetric 
	

Gravimetric 

(a) (b) (d) (e) 
Without With Difference  Without With 

Compound H 2SO H 2 SO 1-1 2SO 4  H 2SO 
scrubber scrubber scrubber scrubber 

Glucurone 73 84 11 99 88 
Galacturonic 77 91 14 109 97 

acid 
Alginic acid 64 72 8 87 77 

* All results quoted refer to decarboxylation at 255 for 1 hr. 

(f) 
Corrected 

Value 	Spectroscopic 
(c-c) 

77 	70-75 
83 	75-80 

69 	65-70 

TABLE 11. APPARENT PERCENTAGE URONIC ACID CONTENT OF SOME SUGARS 

Thermal Decarboxylation at 255 Decarboxylation in 19% HCl 
Sugars 

30 min 60 min 90 min 	120 min 50 min 100 min 150 min  

Glucose 32 58 71 	86 10 16 19 
Galactose 25 58 62 	84 14 22 29 
Mannose 32 66 73 	89 21 3-0 3•5 
Arabinose 36 60 63 	6-7 09 14 18 
Xylose 47 66 85 	97 11 14 16 
Rhamnose 41 64 7'5 	83 19 2-7 32 
Fucose 5-2 67 74 	82 12 21 28 

TABLE III. APPARENT PERCENTAGE U1tONIC ACID CONTENT OF GLUCOSE 
ON THERMAL DECOMPOSITION AT DIFFERENT TEMPERATURES 

Period of heating, mitt 
Temp., C 

30 60 	90 120 

245 - 	 06 25 	41 57 
255 3-2 58 	71 8-6 
265 41 7-6 	98 110 

2. Non-uronic, non-meth vialed sugars 

Direct titrimetric determinations of the carbon dioxide evolved at 255 °  gave the 
results shown in Table II. These results are similar to those reported by Perlin '20  who 
found apparent uronic acid contents of "about 3% in 15 fun" for reducing sugars. 
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When the values found are compared in Table II with values obtained by the 150-min  
acid decarboxylation method '3  however, it is apparent that the thermal decomposition 
method gives relative errors which are considerably greater for most of the common 
sugars studied. 

Temperature-dependence oJ the decomposition: Table Ill lists the results found by 
direct titration for glucose at 245 ° , 255° and 265 ° . 

Volatile decomposition products other than carbon dioxide and water: (a) For 
glucose, galactose and mannose, only trace amounts of volatile products were formed, 
the main component being acetaldehyde. Gravimetric experiments, with and without 
sulphuric acid scrubbing, showed that the results were only marginally greater than 
those quoted in Table 11. 

(b) For arabinose, rhamnose and fucose, however, much larger amounts of acet-
aldehyde were formed, and gravimetric results were up to 500 ,,,'higher than those 

TABLE IV. COMPARISON OF THE APPARENT PERCENTAGE URONIC Act!) CONTENTS OF METHYLATED 
COMPOUNDS AS FOUND BY DIFFERENT METHODS 

Thermal decomposition 
for 1 hr at 255 

Decarboxylation 
for 25 hr in 19 	l-{CI 

Spectros- 
Compound 

Volatile decompn. Titrimetric 
- 

Gray. Volatile decompn. Titrimetric 
co 

products detn. detn. products detn. 

2:3:4:6-tetra-Q- carbon dioxide * carbon dioxide 
17 08 

methyl glucose methyl formate methyl chloride 

3-Q-methyl- carbon dioxide carbon dioxide 
glucose methyl formate * * methyl formate 24 08 

methyl chloride 

a-Methyl- carbon dioxide carbon dioxide 

glucoside methyl formate * * methyl formate 31 14 
methyl chloride 

Pectic Acid carbon dioxide carbon dioxide 
acetaldehyde 59 68 furan 618 60-61 

methyl formate 

Pectin carbon dioxide carbon dioxide 
methyl chloride 540 630 furan 570 55-56 
methyl formate methyl formate 

methyl chloride 

* Determinations not possible on these compounds, which volatilise before extensive decomposition 
begins. 

shown in Table II, e.g., for 1 hr reaction at 2550,  arabinose gave 94 and rhaninose 
gave 10 apparent uronic acid content. 

3. Meth vlated sugars and polysaccharides 

Although 2,3,4,6-tetramethyl-D-glucopyranose is more stable than D-glucose in 
acid solution '25  methylated sugars yield acidic decomposition products on acid de-
carboxylat ions. ' Table IV shows some typical results for 150-min acid decarboxyla-
tion, 3  infrared experiments showing that >50 of the apparent acidity is through 
volatile products other than carbon dioxide. 

As a result of the effects already discussed, gravimetric determinations of methyl-
ated polysaccharides give high results. 
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4. Minimum temperature required for effective thermal decarhoxylat ion 

Our results have indicated that thermal decomposition is markedly temperature-
sensitive in the range 245 °-265° , with a distinct change in the decomposition mecha-
nism above 280° . Carbohydrate materials begin to decompose' 7  at about 130 ° , and the 
suggestion 19  that decarboxylation of uronic acid groups occurs at 145-155 °  made us 
investigate if any analytically useful, more specific, decarboxylation reaction would be 
given at lower decomposition temperatures. 

For Acacia seyal gum, heating for 2.5-hr periods at each of 165 ° , 180°  and 200°  
gave apparent uronic contents of07%, 10 ° and 28 , respectively. For alginic acid 
evolution of carbon dioxide became detectable at 140 °  and estimable on heating for 2 
hr at 145° ; the results of various experiments are shown in Table V. 

These experiments were sufficient to show that (a) the extent of decomposition 
depends on the uronic material studied, and (b) the time required for complete thermal 
decarboxylation would be much greater than the 150-min required for acid de-
carboxylation. The investigations were therefore discontinued, although it appears 
that the very small endothermic reaction observed by Chesters and Thomson" at 
145-155°  cannot result directly from "decarboxylation", 

TABLE V. THERMAL DECOMPOSITION OF ALGINIC ACID 

Decomposition temp., 	Period of heating, 	Apparent uronic acid. 
hr 

165 	 25 	 112 
165 	 16 	 416 
180 	 25 	 400 
200 	 25 	 510 

CONCLUSIONS 

Decomposition at 255°  for 20 inin gave quantitative results for galacturonic and 
alginic acids if a grai'inetrie finish was used. The results are distinctly time-dependent 
(see Fig. 2) and considerable over-decarboxylation can occur. Furthermore, the rate 
of evolution of carbon dioxide varies for different compounds: the required yield of 
carbon dioxide is only given after 40 min for glucurone and after 60 min for Acacia 
se'al gum. In no case was a quantitative yield obtained in 15 mm at 255°, as was 
reported by Perlin . 20  The reason for this is difficult to understand. The time taken 
for samples to attain the oven temperature was very similar to that reported by Perlin: 
the temperatures reported here were actual sample temperatures, not nominal oven or 
retort temperatures; the zero-time used for the kinetic measurements was corrected to 
allow for the internal volume of the oven, which had no "dead-space". 

In investigations of this kind, the reaction kinetics and the results may be depend-
ent on the apparatus design, on the surface area of the sample, and on its rate of 
increase in temperature; in agreement with Perlin. 20  all that can be done is to ensure, 
by careful apparatus design, that all the reaction conditions and variables are closely 
reproducible from run to run for different compounds. 

The amounts of carbon monoxide detected agreed with those reported . 20  The 
nitrogen flow-gas used in most of our experiments contained approx. 20 ppm of 
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oxygen; when this was removed the results, as reported, 2° were not significantly 
altered. 

It is of fundamental importance that when only the acidity from carbon dioxide is 
measured, thermal decarhoxylation is not complete in 2 hr at 255. The considerable 
differences between the gravimetric and titrimetric results are a consequence of the 
volatile reaction products which accompany the carbon dioxide; these products affect 
the gravinictric determination to a large extent. it is of interest that the volatilisable 
reaction products react slowly in cold concentrated sulphuric acid, liberating acidic 
vapours which give an additional source of error. 

These facts must be considered together with the marked temperature- and time-
dependence of the reaction, the differing reaction-times required for different com-
pounds, and the relatively larger errors caused by side-reactions and the decomposition 
of non-uronic materials. Thermal decarboxylation, in our experience, does not 
compare favourably with acidic decarboxylation as a reliable reaction of general ap-
plicability for the analysis of materials containing uronic acid groups. 

AcknoirIed'eoze,,is—We thank Professor E. L. Hirst, C.B.E., F.R.S., for his interest in these studies 
and the Department of Scientific and Industrial Research for maintenance grants (to S. G. and 
J. F. S.. 

Zusammenfassung—Die von Perlin vorgeschlagene Methode zur 
Bestimmung von Uronsaure durch thermische Decarboxylierung 
wurde untersucht. Fin speziell koristruierter Ofen, mit besonders 
hoher Temperaturkonstanz, gestaltete die therniischc Zersetzung 
verschiedener Verbindungen mit guter Reprcduzierbarkeit kinetisch 
zu studicren. Verhaltnismässig grosse Fehier können bei der Bestim-
mung der entwickclten Koh!ensãurc auftretcn. Resultate erdcn 
mitgeteilt und es wird geschlossen, class die thcrinische Decarboxylier-
ung mit der 150-Minuten-Säuredecarboxylierung alsallgemeine 
analytisehe Methode nicht konkurrieren kann. 

Résunié—Les auteurs ont étudié la méthode de décarboxylation 
thermique des acides uroniques, proposée par Perlin. tin four concu 
spécialement, ayant une bonne stabilité de temperature, permettait 
détudier cinétiquement la déccniposition thermique de diffCrents 
composes, avec une bonne reproductibilité. Des errcurs comparative-
nient grandes peuvent se produire dans Ic dosage de l'anhydride 
carhonique dégagé; ces erreurs dependent de Ia nature des autres 
produites de reaction volatils. Des résultats caracteristiques sont 
donnés et les auteurs concluent que Ia decarboxylation thermiclue  ne 
peut Ctre comparCc favorablement a la décarboxytation acide pendant 
150 minutes comme mCthode analytiquc génerale. 
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1. Studies on Ui'onie Acid Materials. Part [J•*  The Variation in 
Composition and Properties of Gum Nodules from Acacia seyal Del. 

By D. M. W. ANDERSON and M. A. HERBICH. 

As a preliminary to studies of the chemical structure of Acacia seyal gum, 
individual nodules of authenticated origin have been examined as crude gum 
and after purification by (i) precipitation, (ii) electrodialysis, and (iii) ion-
exchange. Chemical composition and physical behaviour vary from nodule 
to nodule. The low natural nitrogen content is not decreased by any of 
the purification methods used. Passage through a column of diethylamino-
ethylcellulose shows that the purified gum from individual nodules is hetero-
geneous, two components being present. The proportion of component A in 
different nodules varies from 34% to 41%; components Aand B contain 
12.5% and 15.3%, respectively, of glucuronic acid. 

As a result of specific immunological reactions 1  and electrophoresis studies, 2' 3  it is mv 
accepted that gum arabic (Acacia senegal svn. verek) is a mixture of polysaccharides 
of similar composition; I  no single over-all formula has significance, 5  and only general 
features can be indicated. 4  Early studies ' have been criticised 5.6,8  On the grounds that 
composite commercial samples, inadequately authenticated, were used. Although it had 
been suspected,'-' despite some evidence to the contrary,'° that different samples of certain 
plant gums varied in chemical constitution, the possible range of variation was not known 
until single nodules of Combrelum le.onense gum were studied." The results implied that 
fine-structural differences exist from nodule to nodule, so that alcoholic precipitation of 
bulk material from an aqueous solution of many nodules produces it complex mixture of 
closely similar polymeric systems. Whenever sample size permits, it is therefore desirable 
to assess the extent of inter-nodule variation and to make structural studies on the simplest 
form of the polymer available, i.e., that given by a single nodule, which itself may be 
polymolecular and/or polydisperse (terminology as in ref. 12). 

Before studying the chemical structure of the components of A. seyal gum, we have 
investigated the extent to which a number of authenticated nodules vary in properties, 
in composition, and in heterogeneity (cf. ref. 6, p.  54). 

Exl'ERllENTr. 

Collection and Origin of Specimens.—We are grateful to Mr. P. Vidal-Hall, Gum Research 
Officer to the Sudan Government, who collected suitable gum nodules from the red-barked 
A. seval Del. (a close variant, A. scyal var. fistula, has a grey bark). A. seyal is not normally 

tapped," and the nodules originated from ' natural exudation.'' The nodules, taken only 
from trees which could be authenticated, were packed individually and despatched in sealed 
tins. Nodules 1—.VI were collected at Umm Ruaba Forest Reserve, Eastern Kordofan, on 
March 9th, 1960; nodules VII and Viii from El Ain Forest Reserve, Central Kordofan (70(1 
miles distant from Umm Ruaba), on January 9th, 1961. Sample IX was a representative 
bulk sample of first quality commercial " gum tall, " (A. .ceval). Nodules 1—VI1 I ranged in 
weight from 40 to 80 g.; their colour varied from pale yellow to dark brown. Nodules ] - --IV, 
VII, and VIII were clear and glassy, of spherical shape Nodules V and VI were elongated 
and had a characteristic glazed appearance, which, we have since observed, results when 
nodules plasticise slightly at 90-100°. It therefore appears that nodules V and VI had been 
subjected to more vigorous natural drying conditions than the others; it is unlikely that they 
were products of an earlier season, since A. seyal  nodules (unlike A. senegal) become brittle 
through dehydration and fall from the branches within a few months. 

* Part V, Anderson, Garbutt, and Smith, Talanla, 1962, 9, 689. 



.1 nalvtical lIct/ie/s. The standard methods, u  were used, namely: paper partition 
chromatography determination of sugars liberated on hydrolysis; autohvdrolysis; electro-
phoresis; and viscosity experiments. The suspended-level dilution viscometer had a water 
flow-time of 218 sec. at 25'. Methoxyl contents were found by the vapour-phase infrared 
method, 13  which distinguishes yields of methyl iodide from other volatile products arising from 
solvent retention, decomposition, etc. Results were corrected for moisture content. Optical 
rotations were found for P ()  aqueous solutions. 

Studies on Crude Material—The nodules, individually crushed to pass a 30-mesh sieve, 
gave the results shown in Table 1. 

TAuLI: 1. 

Determinations on crude samples 

1 11 Ill IV \' \'I Vii VIII IX 
Moisture 	(°/,) 	............ 135  13-6 133 143 110 hO 161 15. 9 114 

13.) 13-0 132 144 11-0 112 160 16-0 11-4 
Ash 	(%) 	.................. 342 281 2-89 331 204 194 290 270 355 

338 2-98 2-94 333 210 2-10 294 280 361 
Nitrogen 	(",,) 	............ 014 009 0-14 012 009 0-10 018 017 019 

it. 15 010 014 013 0-10 0-10 0-19 018 0-19 
Vronic anhydride CO 124 12-2 121 112 90 92 16-4 12-1 116 

127 124 120 114 91 92 168 119 119 
Methoxyl (%) nd. nd. 060 0-72 1-30 153 1-00 082 0-55 
Limiting flow-time no 87 87 12-7 147 8-2 98 153 190 15-0 

L2iu° 	..................... -i-52° nd. +56°  +51° nd. ,,480 nd. +50°  -1-44 1  

nd. = Not determined. 

Autohydrol vsis at 85– 9)) of 1 0, 0  solutions of nodules 111, V. and \'l 11 gave arabinuse, 
together with traces of galactose and an ohgosaccharide .Asw as observed for C. leonen.sc  
gum," the increase in reducing 1)o%%'er  (see Fig. 1) varies from nodule to nodule. The acidity 
of the autohydrolvsis solutions (pH 4-0) did not increase appreciably with time of heating (cf. 
C. leonense, 1  which had an appreciable acetyl content) and decomposition of the liberated 
sugars was not extensive. The viscosity of the solutions fell rapidly (luring autohydrolvsis. 

l'itriji cation of Crude (;um.—A portion of each crushed nodule was shaken with cold distilled 
water, to give a 2",, solution, which was filtered through acid-hardened filter-paper. The 
solutions were acidified (0-IN in hydrochloric acid) addition of acetone (4 volumes) gave a 
white curdy precipitate which was removed by centrifugation. Further precipitation (11(1 not 
occur when the clear supernatant liquid was poured into acetone. This purification process 
was carried out a further 3 times: the purified gum was then dialysed against distilled water 
and freeze-dried. 

Sindics on .'-ainples Puri/ied b) Precipitation. 	results obtained are compared in Table 2. 
For the determinations of the limiting flow-time number, 4",, saline was found to give adequate 

IA1ILE 2. 

I )eterminations on samples purified by precipitation. 

II 	III 	IV 	V 	VI 	VII 	VIII 	IX 

	

Ash (°) ............... ... 2- 38 	181 	2-71 	2-49 	0-91 	nd. 	n.d. 	nd. 	2-48 

	

41 	1-82 	2-78 	2-51 	092 	 252 

	

Nitrogen (%) ............ 014 	009 	013 	010 	007 	010 	))'18 	017 	020 

	

0- 15 	44-10 	013 	017 	0-07 	010 	(). 19 	018 	021 
Uronic anhydride ( 0,) 	131 	128 	12-5 	128 	104 	10-9 	16-6 	12-9 	12-4 

	

129 	12-9 	12-7 	12-6 	10-41 	10-8 	104 	12-7 	12-6 
Methoxyl (%) ............ 	nd. 	lI 	1-3 	14.70 	1.1 	nd. 	n. d. 	1-0 	0-94 
Limiting flow-time no 	11-4 	9-1 	120 	12-8 	7.4 	116 	138 	17-4 	13-2 

	

-1-58 	nd. 	f 59° 	nd. 	nd. 	nd. 	n. d, 	i-04 	nd. 

suppression of the electroviscous cti'ect . .-Vlthough the uroilic anhvclride content of each 
sample was greater than that in the crude gum, indicating the elimination of some 5–.-10 0 " 
of non-uronide contaminants, the precipitation processes had not reduced the nitrogen content, 
and the ash contents were not significantly reduced. Other purification methods were therefore 
investigated. It is well-known that bi- and ter-valent ions can cause gel-formation and cross-
linking; 5  ash-free samples are therefore required for some analyses (cf. ref. 12). 



Pui'zficalwn by lilectrodiali'sis. —A portion of each crushed nodule was electrodialysed 
(as 2% aqueous solution), ion-exchange membranes being used) 1  Cooling coils in the electro-
dialysis compartments prevented the temperature of the gum from rising above 30. Trial 
experiments (on sample IX) showed that electrodialvsis for 6 hr. (cf. ref. 7) was required to 
achieve the low ash values shown in Table 3. Since ash determinations at the 001% level 
consume relatively large amounts of material, determinations were not made on all samples. 

After electrodialysis for several hours, the gum solutions separated into a clear, colourless 
upper layer and a viscous, slightly coloured lower layer. The upper layer was removed by 
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FIG. 1. Increase of reducing-power on auto-

hydrolysis of (A) nodule (VII), (B) nodule 
Ill, and (C) nodule V. Reducing power is 
expressed as mg. of arabinose per 2 nil. of 

solutions.  
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Fir;. 2. Viscosity plots (in 40%0' aq, NaCl) of 
crude and purified samples. (a) VIII, 
crude. (b) VIII, pptcl. (c) VIII, electro-
dialysed. (dl) III, electrodialysed. (e) 
III, pptd. (1) III, crude. (g) III. ion-
exchange. (h) U, pptd. (i) III, crude. 
(j) II electrodialysed. (k) V, pptd. (1) 
V, crude. (m) V. electrodialvsed. 

pipette and found to contain only traces of gum. This effect may be worthy of further 
examination, since disintegration of a complex coacervate may be involved (cf. ref. 5). 

Studies on Eiectrodtalvsed Samples—The results obtained are compared in Table 3. 
Although the ash content had been effectively reduced, no elimination of nitrogen was achieved. 

TABLE 3. 

Determinations on electrodialvsed samples. 
I 	II 	III 	IV 	V 	VI 	VII 	VIII 	IX 

	

Ash (°.) ..................002 	001 	nd. 	n. d. 	002 	002 	003 	nd. 	005 

	

002 	0'02 	 003 	003 	004 	 005 

	

Nitrogen (°,,) ............ 015 	011 	016 	017 	010 	011 	019 	017 	017 

	

0'16 	011 	016 	017 	0'10 	010 	019 	018 	017 
Itronic anhvdricle (%) 	136 	130 	135 	13'8 	121 	12'5 	168 	134 	138 

	

137 	133 	136 	136 	122 	123 	166 	135 	138 
Limiting flow-time no 	120 	95 	13'S 	n. d. 	7'0 	124 	136 	142 	nd. 

Potentiometric titrations showed that the ash-free gum behaved as a strong acid (p 1 -I of a 
1% aqueous solution = 29), and the values obtained for the neutralisation equivalent indicated 
that all the acidity arose from the uronic acid groups (e.g., Found, for sample VIII: Neut. 



equiv., 1340; uronie anhydride = 135%. Required; Neut. equiv., 1300 if all acidity is due 
to uronic acid groups) 

Purification by 'Ion-exchange—A dilute aqueous solution of nodule III was filtered, then 
de-ionised 15  by passage through a column of the cation-exchange resin " ZeoKarb 225." 
Analysis of the freeze-dried eluate gave: ash 2.4%, nitrogen 014%, uronic anhydride 13.5%, 

, +59°.  Viscosity determinations gave the plot shown in Fig. 2g. This ion-exchange 
method was not applied to the other samples since the purification achieved did not approach 
that given by electrodialysis. 

Comparison of the Viscosity Behaviour of Samples before and after Purification. —Samples 
were examined carefully to assess the extent of inter-nodule variation and the effect on each 
nodule of the various purification procedures. The viscosity plots for the crude and the 
purified samples of nodules 11, III, V, and VIII are shown in Fig. 2; these curves are typical 
and represent the range of behaviour observed. 

Fractionation Experiments on Aqueous Solutions of the Gum —(1) Chemical precipitation 
methods. No useful fractionation resulted from (it) graded addition of ethanol, (b) addition 

of iodine-potassium iodide reagent (cf. ref. 16). or (c) addition of cetvltrimethylainmoniufll 

bromide 17  at pH 4, 7, or 9. 
Electrophoresis. Several experiments were made with glass-fibre paper in 2M-sodium 

hydroxide at 1000 v for 6-18 hr. Movements of several cm, resulted, but there was no distinct 
separation of components (cf. ref. 3). 
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FIG. 3. Elution pattern from fraction-
ation of a single nodule on diethyl-
aminoethylcellulose. The broken line 
denotes change of solvent. 

6 400 800600 
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Chromatography on diethvlanunoelhylcellu lose. ' 8 
 A solution of sample I (electro-

dialysed, 360 rug.) was treated on a column (40 x 5 mm.) of diethylaininoethylcellulose; 
gradient elution with phosphate buffer (pH 46, 005u ­10-  0'25M) was used, followed by 
gradient elution with aqueous sodium hydroxide (01\1 - 0'5M). The average flow-rate 
was 40 ml, per hr. Fractions (40 ml.) were screened by the phenol method.'° Fig. 3 shows 
the elution pattern observed. The total recovery from the column was 331 mg.: component A 
(117 mg., 35%) and component B (214 mg., (15%) contained 12'5°' and 15-4 1) ,o of uronic 

anhydride, respectively. 
Sample 11 (electrodial sed, 220 rug.) gave an elution pattern similar to that shown in Fig. 3. 

Component A (66 mg., 340.))  and component B (126 mg.. 6(1°.,,) had uronic anhvdricle contents 
of 124% and 149% ly , respective. 

Sample III (electrodialysed. 460 rug.) similarly gave 180 rug. (41%) of component A (uronic 
anhydride, 126%) and 258 rug. (59%) of component B (uromc anhydride, 15.2%). 

Hydroi'sis: Percentages of Sugars Present. —Treatment with 2n-sulphuric acid at 90-95 °  
for 8 hr. completely hydrolysed the gum. Sample IX gave galactose 38", arabinuse 46 0"

0' , 

rhamnose 3%, and glucuronic acid 125%, (expressed as approximate percentages; cf. ref. 20). 
The method of determining the sugar ratios involves the separate stages of hydrolysis, neutralis-
ation, reduction in volume, chronatographic separation, elution, and estimation of reducing 
power: it is considered that the results cannot he more accurate than +5--lO% of the actual 
percentage present. 

For samples 1—VI1I, however, the results, particularly for the rhamnose content, varied 
by amounts which are considered to be outside the possible experimental error. The two 
most widely differing nodules were samples V and VII. Sample V gave glucuronic acid 11%, 



galactose 42 0/ '
0 , arabinose 47 1, 1

0 
 and rhamnose 1%: sample VII gave glucuronic acid 16%, 

galactose 34%, arabinose 42%, and rhamnose 8%. 

DISCUSSION 

The gum from A. seyal is similar to the Acacia gums previously studied in containing 
glucuronic acid, galactose, arabinose, and rhamnose. The presence of acid-labile residues 
and the marked decrease in viscosity detected on mild hydrolysis indicate that A. sevai 
probably further resembles other A cacia gums in having a main chain resistant to hydrolysis, 
to which is attached acid-labile side-chains. Of the Acacia gums studied to date, all have 
given negative optical rotations with the exception of A. karroo, 20  to which must now be 

added A. seyal. The methoxyl content of the A. seyal nodules examined varied from 
05% to 1.5%; only A. moilissima 2 1  has previously been reported to have a methoxyl 
content (0.35%). A methoxyl content of 1% has been found 22  to be significant in Khava 
grandifolia gum. 

The results presented in Tables 1-3 indicate that the inter-nodule variation in com-
position is greater than can be explained on the basis of possible analytical error. The 
variation is similar in extent to that previously found 11  for nodules of C. le.onense gum. 

The nodules examined were collected and authenticated by an expert on the identific-
ation of Acacia species. It may otherwise have been suggested that nodules V and VI 
(from their appearance), nodule VII (uronic acid content), and nodule VIII (viscosity) 
originated from some species other than A. seyal. However, the data for each nodule, 
taken as a whole, leave little basis for doubting the authenticity of the samples. Taken 
jointly, the nitrogen content and the optical rotation of an Acacia gum are strongly 
indicative of its species: preliminary studies of other Sudanese Acacia species such as 
A. arabica, .4. laeta, A. dealbata, A. drepanolobiurn, and A. campylacantha (which have not 
been studied previously) have shown that the nitrogen content of A. seval  is 
characteristically low, and, moreover, is not reduced by any of the methods of purification 
used. The mechanism of gum formation is still far from clear '6  and further knowledge 
of the nature of the nitrogen content in plant gums would be of value in assessing the 
relative importance of the enzymic polymerisation theory 5  in relation to the alternative 
theories 6,23  that gum formation results from (a) normal plant metabolism or (b) pathological 
reactions to resist invading micro-organisms or to avoid loss of moisture. 5  

Although it has been reported that the ash content of some species of gum can be 
eliminated 10.22  by precipitation methods, our experiments with Acacia species have 
shown that their ash content cannot be reduced by more than about 50%, even after 4 
re-precipitations. The results reported for A. seyal are typical in this respect. Electro-
dialysis is the most effective method of reducing the ash content to a very low value; as 
shown in Fig. 2, the most viscous nodule (VIII) showed a marked decrease in viscosity On 
purification, although the other nodules were not affected to a comparable extent. In 
general, the purification methods studied do not appear to alter significantly the physical 
properties of the gum. 

Fractionation of A. seval  gum on diethvlarninoethvlcellulose gave two components 
having uronic anhydride contents of 125% and 15.3%, respectively; the close similarity 
of the elution patterns suggested that different nodules contained the same two components 
in slightly varying proportions. Conclusive evidence of heterogeneity is often difficult 
to achieve. Indeed, conflicting results may he given by different techniques; trypsin is 
electrophoreticallv heterogeneous, although only one component was evident on examin-
ation by the ultracentrifuge. 23  For gum arabic,' chemical fractionation has been less 
successful than immunochemical experiments. Our failure to separate the components 
of A. seyal by electrophoresis (cf. ref. 3) may therefore be explained by the fact that, in 
single nodules, the two components do not differ sufficiently in uronic acid content, upon 
which electrophoretic movement must depend to a large extent. 23  Studies of the chemical 
structure of the two components of this gum are in progress. 
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597. Studies on Lromc Acid Materials. Part VII.' The Kinetics 
and Mechanism of the Decarboxylat ion of Uronic Acids. 

By D. M. W. ANDERSON and S. GARBUTT. 

Mechanisms for the decarboxylation of tironic acids in mineral acid 
solution are discussed with reference to the dependence of the rate of 
decarhoxylation on the uronic acid concentration and on the Hammett 
acidity function. The experimental values of the Arrhenius activation 
energies and the entropies of activation are compared with those for other 
reactions of known mechanism: in consequence. an  SE2 decarboxylation 
mechanism, which explains both the kinetic results and the nature of the 
products, is proposed. 

THE significance, in structural studies, of the possible decarboxylation of uronic acids 
in hot aqueous solutions has been discussed, 2  and the first-order rate constants for 
the acidic decarboxylation of glucuronic acid, labelled with 14C at the carboxyl group, 

have been published. 3  
Although decarboxylation mechanisms for many carboxylic acids have been estab-

lished,4  the acidic decarboxylation of uronic acids clearly proceeds by a multi-step process 
and none of the (lecarboxylation mechanisms 5.6 proposed to date has explained all the 
facts. This paper presents the results of studies which were undertaken in order to extend 
previous knowledge of the decarboxvlation mechanism. 

EXPERIMENTAL AND RESULTS 

Origin of Samples—The purity and origin of the samples of n(+)-galacturonic  acid mono-
hydrate, n(+)-glucurone, alginic acid, trigalacturonic acid, and calcium L-sorburonate (calcium 
5-keto-n-gluconate) have been described. 2  2-Keto-L-galactonic acid and calcium 2-keto-D-
gluconate were kindly provided by Dr. W. W. Reid. L(—)-Ascorbic acid (B.D.H. Ltd.) gave 
10 mol. of carbon dioxide after 25 hr. in refluxing 19% w/w aqueous hydrochloric acid. 3 ' 7  

AnalaR " mineral acids were used, the appropriate dilutions being made with conductivity-
grade distilled water. 

Kinetic Measurements—Anderson's decarboxylation apparatus 7 was used; the modifications 
facilitating reproducible kinetic measurements have been described. 2 ' 3  

Order of Reaction with Respect to LTronic Acid Concentration—The rate of decarboxylation 
of widely different weights of galacturonic acid monohydrate (30.0 mg., 322 mg., 999 mg.) in 
boiling 38% w/w aqueous hydrochloric acid was investigated. The averaged results, obtained 
from duplicate runs for each weight, are shown in Table 1. Since the molar yield is independent 

TABLE 1. 

The decarboxvlation of galacturonic acid monohydrate in boiling 38% w/w hydro- 
chloric acid. 	(Results expressed as % moles of carbon dioxide per mole of uronic 
acid.) 	(a) 300, (b) 322'2, (c) 999'3 mg. of uronic acid. 

Carbon dioxide (% mole/mole) 

Time (sec.) (a) 	 (b) (c) 
2000 79 	 80 82 
4000 150 	 152 157 
6000 210 	 21'3 220 

10,000 325 	 331 340 
15,000 462 	 467 481 
20,000 57.4 	 583 601 
30.000 982 	 998 1029 

of the sample weight, the rate-cunstant is of the first order with respect to the uronic acid 
concentration; calculation, by Guggenheim's method, 8  gives k 1  = 403 x 10 sec.'. 

Dependence of the Reaction Rate on Temperature—Samples (30.0 mg.) of galacturomc acid 
inonohydrate were decarboxylatecl in 38% w/ -vv aqueous hydrochloric acid, the temperature 



being maintained, in successive runs, at 103°, 10)), and 90°. 	Table 2 shows the values found 
for the first-order rate-constant. The graph of log k 1  against l/T is shown in Fig. 1 (curve a), 
from which the values shown in Table 2 for the Arrhenius activation energy (E A ) and for the 
unimolecular Arrhcnius factor A 1  (k 1  = A 1  ep - EjRT) were calculated. 

EARLE 2. 

Rate-constants, / 	(10 	sec. '),Arrhcnius activation energies (EA ), and entropies of 
activation (Si) for the decarboxylation of various uronic acids. 

Compound in 3-81 0  w/w 
Temp. 	 E 

(kcal. 
11(1 	 112° 103° 	100' 	95' 	90' 	mole -1 ) 	 log .-1 	(eu.) 

D ( _r!)  -Galacturon Ic 	 acid 
monohvdrate 	............... - 0-1)) 	0-31 	 0 . 12 	25-5 	1043 	- 13-4 

Compound in 10° c, %\/\V 
Temp.  

HUI 	 112' 105° 	100° 	95° 	90 
a(+ ) -Galat turonic 	acid 

monohvdrate 	............... 12-)) 5-7 	'( 	•' 	 I 3 	27-9 	12-9 	-5.2 
D(+ )-Glucurone 	............... ().5 37 	26 	H6 	10 	23-8 	10-34 	- 171 
Trigalacturonic acid 	 130 616 	3-8 	28 	17 	280 	1308 	4'8 
Alginic 	acid 	..................... 46 2-4 	1.5 	0-99 	0-57 	265 	11-73 	- 10-7 
Ca L-Sorburonatc ............... ... 0 210 	13-11 	8-2 	5-)) 	26-4 	11-57 	- 11.5 
2-Keto-L-gala.-tonic acid 	68 3'6 	2-7 	1-6 	- 	238 	1034 	- 17.1 
Ca 2-keto-a-glncoiiate 	 8-1 4-2 	2-0 	1-0 	 271 	12-30 	-8.1 
Ascorbic 	acid 	.................. 10-0 4-6 	2-8 	1-7 	1-2 	26-I 	1234 	—7-9 

Mean 	26-1 	 -10.6 

The expert i tie its were repeated for galac t no inic acid nioio di vdrate (30.0 mg.) in 19 11 , w/w 
aqueous hydrochloric acid at 112 ' , 105", 100, 9.5', and 90. The values obtained for k  are 
shown in -]'able 2; plotting log / against 1/7' gave line (b) in Fig. 1, from which the values 
for .L c  and A shown in Table 2 were calculated. The close agreement in the values of E 
given b- the 38';, tml the 19% acid indicates that the same dccarboxvlation mechanism 
probably operates at both these acid concentrations. 

Similar experiments in the 19% acid were then conducted for glucurone, trigalacturonic 
acid, alginic acid, calcium L-sorhuronate, 2-ke to- i.-galactonic acid, calcium 2-keto-n-gluconate, 
and ascorbic acid. The results for k 1 , E, and .-1  are shown in 'Fable 2, the plots of log k 1  
against 1/7' being shown in Fig. 1 (curves c—h). The values for E are in good agreement 
with those prc'vouslv lound, 9  by different methods, for the 2-keto-acids and for ascorbic acid. 

Calculation of the Entropy of A ct,vatwn, AS TT. - A correlation has been found 10 between the 
entropy of activation and reaction mechanism, the values of ASI. varying between +5 and -1-9  
en, for i-i mechanisms, and between --2)) and —25 eu. for A-2 mechanisms,' (' Values for 

can be found from the EN-ring equation, = 2'30311 log (.4 2111thT), where k is Boltz-
mann's constant, (For substitution in this expression, our values for A were corrected to 
bimolecular values for the appropriate acid concentrations, the units for A.2  then being 1. mole -1  
sec. -1 .) The values obtained for .S are shown in Table 2; values approximately I unit less 
negative are obtained when the activity of the mineral acid solution is taken into account. 

Dependence of Reaction Rate on the Mineral Acid Concentration.— First-order rate constants 
were obtained for the decarboxvlatii,n of uronic acids in boiling aqueous mineral acids of 
various concentrations. The values obtained were corrected to 100° (on the basis of the 
observed retlux temperatures and the activation energies already obtained from Fig. 1). These 
corrected values arc' shown in ']'able 3; Fig. 2 shows that they have a linear dependence 11  on 
the Hammett acidity function. II, when the values quoted for —11 11  at 25' by Long and Paul 12  
are used. This suggests 02  that the reaction follows either an A -1 or an A-S,,2 mechanism, 
Values of the gradient (.S') of the lines in Fig. 2 are shown in Table 3. (For - H values greater 
than 0'5, the plots of molaritv against ll at various temperatures ai -e parallel; 13  the values 
of 11 at 25° may therefore be used for values observed at other temperatures, only the intercept 
on the ordinate of Fig. 2 being altered.) 

As shown in Fig. 2, the rate constants for the decarboxylation of galacturonic acid in 
sulphuric and hydrochloric acid are identical oer a limited range of H0  values Above a 
certain concentration, however, the plot for sulphuric acid tends to a limiting value (Fig. 2), 



suggesting that a change in mechanism occurs. A similar effect has been reported 14 for 
aromatic carboxylic acids and also for galacturonic acid in phosphoric acid media. 

The Effect of Solvatzon of Hydrogen Ions on the Kinetics—Various workers 11  have extended 
the Zucker-Hammett hypothesis 11  to include the effect of solvation of hydrogen ions on 
reaction kinetics and mechanism. It has been suggested ' that four water molecules are 
involved in proton solvation in acidic solution. For a clecarboxylation reaction, Pedersen 11 
obtained a linear relation between log h 1  and (-H0  + 4 log a1110), where aH 10 is the activity 
of the water. In a similar approach, Bunnett 17 plotted (log h 1  + 11 0 ) against log al l , ' 0, 

5'O 
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a 
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4,: 

2 35 C 

30 
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260 	265 	270 	275 
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FIG. 1. Plots of log h 1  against lIT. 

Galacturonic acid monohydrate (a) in 38% 
w/w HCI and (b) in 19% w/w HCI. 
c, Alginic acid. d, Glucuronic and 2-
keto-L-galactonic acid. e, Calcium 2-
keto-l)-gluconate. f, Ascorbic acid. g, 
Trigalacturonic acid. 11, Calcium 5-keto-
n-gl uconate. (c—h) in 19 0 3  w,lxv 13(1. 

5 .4 	 ------ - -- 

4.0L 

3-0- 	 b  ::LTi 
0 	10 	20 	30 36 

- H. 

FIG. 2. Plots of log h  against the Hammett 
acidity function, H0 . 

a, Calcium 5- keto- I) - gluconate. b, Trigal - 
acturonic acid. c, n(+)-Glucurone  and 2-
keto-L-galactonic acid. d, Alginic acid. e, 
D( + ) -Galacturonic acid monohydrate in 
HCl. f, D( - ) -Galacturonic acid mono - 
hydrate in H2SO 4 . 

TABLE 3. 

Values of the first-order rate-constants (as log k 1 ) for the dccarboxvlation of soml 
uronic acids in mineral acids at 100°, 

Log k at the following Hammett acidity functions (H0): 

Uronic acid in HCI 	-215 -201 - 157 - 1-22 -116 -074 -024 
o(+)-Glucurone .... ........... 	 -347 	-358 	-384 	-4'09 	-413 	_.4.45 	-47$ 
D(+)-Galacturonic 	acid 

monohydrate ............... -382 	-392 -419 -.440 	445 -466 	-499 -061 
Trigatacturonic acid ......... -317 	-321 	-348 	- 	-376 	-402 	-4.34 	0( 0  
Alginic acid ..................... 	 -366 	-376 	-400 	- 	_4.25 	-451 	-476 	-060 
('a L-sorburonate ............... 

	 - 	-235 -267 	- 	-297 	326 	-365 -073 

Uronic acid in H,S0 1  
r)(+)-Galacturonic 	acid 

monohvdrate 	............... 

Log k at the following Hammett acidity functions (H0 ): 
-3'38 -241 -172 -101 -031 	002 

-3.73 -3-86 	410 -4.49 	493 -511 

Slope 

-061 

Slope 

-070 



suggesting that if the slope iv of this plot is zero or less than unity, then water molecules are 
not involved in the reaction; for a z + 2, water acts as a nucleophile; for iv Z + 5 to + 7 
water acts as a proton-transfer agent. Bunnett's values 17  of log G1(() were therefore used in 
conjunction with the results in Table 3 to obtain the typical, slightly curved, Bunnett plots 
shown in Fig. 3 (data in Table 4). In hydrochloric acid, the limiting slopes vary between 

30 

20L 

1•0 

—V 

Me 
0-10 	020 0-30 	0-40 048 

-log a H2O 

FIG. 3. l3unnett plots of —log a 	against —(4 + log k 1  + H0). 

a, Calcium 5-keto-o-gluconate. h, Trigalacturonic acid. c, n(-l--)-Glucurone. d, 
Alginic acid. e, n( +)-Galacturonic acid rnonohvtlrate in HCI. f, n( -H  )-Galac-
turonic acid nionohydrate in H 2SO4 . 

+25 and +3-5 (mean +2-9), suggesting that water is acting as a nucleophile; in sulphuric 
acid, the value of w is more positive, as is generally found.' 7  Bunnett 17  also plotted AST 
against w: the average values of iv and of AST  from Table 2 (- 10-6) eu.) agree well with 
Bunnett's correlations, 

TABLE 4. 

Values of (4 + log k, + H0 ) and log a 110  for the clecarhoxylation of some uronic acids. 

In hydrochloric acid at 100°. 
— log ano 0- 169 0 152 0.102 	0069 0064 0036 0.016 

215 201 157 	122 116 074 ()04 sIol)e 
tJronic acid - (4 + log h, + H0 ) (w) 

D(-)-)-GlucurOfle 	............... 160 156 143 	133 130 117 102 ±2-5 

D(+)- Galacturonic 	acid 
monohydrate 	............... 197 193 176 	162 1 	(ft( 143 123 28 

Trigalacturonic acid 129 1.24 1-09 	- 092 076 (('57 30 
Alginic 	acid 	..................... 179 1-75 157 1-40 l 1-02 35 
Ca L-sorbur011ate ............... — 036 024 	- - 012 0-01 013 I- 25 

in sulphuric acid at 100°. 
—109 aa!o 0455 0.249 0-128 	0036 0020 0-008 
—H 0  338 241 1-72 	101 031 0-02 Slope 

-- (4 + log k 1  -•- hi) (w) 
u( -4- (-Galacturonic 	acid 

monohydrate 	............... 3-13 227 182 	150 124 1-119 -1-40 

Disc u SSI ON 

The kinetic results show that the acidic (Iecarhoxvlation of uronic acids is 
bimolecular, depending on the first power of both the urc>nic acid and the mineral acid 
concentration. The dependence of log k 1  on the Hammett acidity function suggests that 
the decarboxylation follows either an A-i or an A -SE2 course: 12  the entropies of activ-
ation are not sufficiently negative to be correlated with values previously reported 10 - 18  for 

A-2 reactions. 
An 5E2 mechanism was proposed 19  for the decarboxvlation of polycvchic carboxylic 



acids, and further examples have been reported; 14.20  the kinetic data published for some 
of these are listed in Table 5, together with values calculated for LS (with the aid of 
bimolecular A factors computed from the unimolecular values given in the references 
cited). The variation in .SX (from +07 to —252; mean = —11.2) for these SE2 
reactions is greater than the variation in AST found (see Table 2) for the uronic acid 
decarboxvlations studied (-46 to —171; mean —10.6); in the present state of know-
ledge, the observed kinetics are therefore compatible with the results expected from an 
A-S2 reaction. 

TABLE 5. 

Activation energies (EA ) and entropies of activation (AST) for established .4-S 1 2 
decarboxvlation reactions. 

Acid used 

Acid decarboxvlated 
concn. 
11 w/w 

EA  
(kcal. mole') 

AST 
(cal. °c' mole- ') 

Mesitoic acid 	(ref. 	14) 	.............................. H 2SO4  833 274 +07 
2.4,6-Trimethoxybenzoic acid (ref. 19) 	.........{ 

Me3Si[CH 2 1 2 .CO 2H (ref. 	20a) 	.................... . H 2SO4  90 205 - 12.0 
Me3Si{CH1 3 COH (ref. 20a) 	..................... H,SO4  90 193 - 19-7  
2,4,6-Trihydroxybenzoic acid (ref. 20c) ......... HC1 044 152 —252 
2,4,6-Trihydroxybenzoic acid anion (ref. 20c) HCl 044 215 —11 

Open-chain Formation as the Initial Step of the Reaction Mechanism—The activation 
energy (-17 kcal. mole) for the mutarotation of simple sugars, 21  the kinetics of which 
may be explained by regarding ring-opening as the rate-controlling step, is considerably 
less than that for uronic acid decarboxylations (mean value from Table 2 = 261 kcal. 
mole). A further indication that ring-opening is not rate-controlling in uronic acid 
decarboxylation is given by the similar reaction kinetics given by keto-aldonic acids, 
uronic acids, and lactones. 

The acid hydrolysis of various glucopyranosides is believed to occur 22  via a closed-ring 
carbonium ion intermediate; the slowest rate reported for this reaction is, however, much 
faster than that of the fastest uronic acid decarboxylation. Furthermore, for uronic 
acid decarboxylat ions the rate dependence on the Hammett acidity function is the same 
in both hydrochloric and sulphuric acid, which have different ionic strengths, and this 
indicates that the formation of a carbonium ion intermediate is unlikely to be the rate-
determining step. 

There is considerable evidence 23  that sugars exist mainly in the straight-chain ene-diol 
form in widely different acid concentrations, the activation energy for the polarographic 
reduction of the straight-chain form being 20-25 kcal. mole -1 . 24  In the absence of direct 
evidence to the contrary, it appears to be a reasonable assumption that uronic acids, in 
acidic solution, also exist in the straight-chain ene-diol form, the formation of which is 
not rate-determining. 

Significance of the Reaction Products—Any proposed mechanism must explain the 
formation of the products observed under differing experimental conditions. Decarhoxyl-
ation of galacturonic acid in concentrated sulphuric acid yields 5-formylfuroic acid; 25 

100 mole % of carbon dioxide, 32 mole % of furfuraldehyde, and 19 mole % of reductic 
acid were isolated 6  after decarboxvlation in 3-5N-hydrochloric acid for 4 hours. Significant 
amounts of pentoses have not been isolated from the acidic solutions used to decarboxylate 
uronic acids.6.26  The activation energy for the formation of furfuraldehyde from xylose 
in mineral acid is 14 kcal. mole, with a slightly positive entropy of activation 27—values 
which differ widely from those found for uronic acid decarboxylations. Further, the 
yield of furfuraiclehyde from uronic acids is considerably less than that isolable from 
pentoses; 6,28  different mechanisms are therefore strongly indicated, although both may 
involve the formation of ene-diol intermediates. 



After consideration of the kinetic results and other evidence which has been discussed, 
a reaction pathway which appears to explain the known facts is presented in the chart. 
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Proposed Reaction Mechanism—Structures (I—III) are in equilibrium; the formation 
of (II) and (III) is unlikely to be rate-determining, since similar kinetics were observed for ring 
structures and linear chains. In general, the attack of a proton on a hydroxyl group will 
be fast: although elimination of water from (III) could be rate-determining, an A-SE2 
reaction, as indicated by the kinetics, would not result. Consideration shows that proton 
attack on the 4-hydroxyl group is required to explain the formation of the observed 
products. Elimination of water from (III) may be cis (galacturonic acid) or trans 
(glucuronic, mannuronic acid), so that the observed small differences in activation energy 
and entropy of activation would be expected to occur. Further elimination of water from 
(IV) leads to (V), which can either cvclise directly to give 5-formvlfuroic acid (VI), or can 
give an intermediate (VII), which was readily decarboxvlated 29  Proton attack on (V) 
may be the rate-determining A-SE2 reaction. The acid (VI) will be preferentially formed 
in concentrated sulphuric acid, where the change in bisulphate ion concentration may 
become important; this is consistent with the limiting value observed for log k 1  at high 
sulphuric acid concentrations (Fig. 2). Lower concentrations of mineral acid will favour 



the rapid formation of the material (VII) which on decarboxvlation gives either (VIII) 
OF (XI). 

The observed production of reduc tic acid (XIII) requires the formation of a carbon-carbon 
bond to be explained, and the mechanism proposed should also explain the non-formation 
of reductic acid from pentoses. It is suggested that the necessary carbon-carbon bond 
formation occurs when (VII) gives rise to (XI) upon decarboxvlation, and not as the 
result of cychisation between an aldehydic and a hydroxyl group, as has been suggested. 6  
Cvclisatjon of (VII) to (XI) is clearly less favourable than the formation of (VIII) from 
(VII) by the normal y-unsaturated decarhoxylation mechanism, and it can be deduced, 
from the relative yields of the products (X) and (XIII) reported, that the rate of formation 
of (VIII) from (VII) is about three times that of formation of (XI) from (VII); under 
mildly dehydrating conditions the yi eld of (XIII) increases" relative to that of (X). In 
the formation of furfuralclehydc, cvclisation of structures prior to (IX) would involve 
sterically strained systems. 
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(Received January 20th 1963) 

Colorimetric methods are widely used in carbohydrate chemistry, being particularly 
useful for comparative analyses of large numbers of samples and for routine estima-
tions of well-characterised materials. 

Determination of the uronic acid content is a key analysis in studies of many 
carbohydrate materials, e.g. gums, mucilages, pectins, herni-celluloses, rnucopoly-
saccharides, glycoproteins and polysaccharides of marine origin. Such natural 
Products are complex and often heterogeneous: they are usually closely associated 
with pigments, lipids, protein and inorganic materials. Elimination of these may not 
be possible without resultant degradation or modification (physical or chemical) of the 
carbohydrate material; careful choice of extraction conditions may be important 2 . 

Every carbohydrate material therefore presents a unique set of analytical require-
ments, and it is consequently difficult to formulate general analytical methods, 
particularly for coloriinetric procedures. Methods developed and tested only with 
respect to synthetic mixtures of purified simple materials may give misleading 
results when applied to more complex natural materials. Colorimetric methods are 
susceptible to interferences by minor impurities, which need not be of natural origin. 
It is often difficult to remove all traces of the reagents added during purification 
stages; residual traces of inorganic ions can modify the chromophoric stages of 
reactions, causing inaccurate results. 

For uronic acid determinations, the accepted reference procedures — winch may 
themselves be subject to methodic errors - are (a) titration methods, which are not 
universally applicable, and (b) decarboxylation methods, which require up to 50 mg of 
material per determination in reactions of at least 2.5-I1 duration'. It is therefore 
not surprising that a large number of colorimetric methods, which are more rapid 
and require less material, have been proposed. These are based on non-stoichiometric 
reactions 6 ' 7 , and some of the reagents used are naphthoresorcinol'°, phloroglu-
cinol' 1,  thioglycolic aci(1' 2,  2-thiobarbituric acid 13 ' 14 , 2-methyl-indole' 5 , concentrated 
sulphuric acid'°, alkaline hydroxvlamine -F iron ([11)17, anthrone 18-20,  carbazole21-23 
and carbazole H-  borate ions 2125  

Conflicting reports regarding the specificity and validity of such colorimetric 
methods have been published 8 ' 9 . The non-specific nature of the anthrone reaction 
for uronic acid groups is well known, and the effect of nitrogenous materials on the 

Present address: Dept. of Organic Chemistry, University of Oxford. 

Anal. Chini. Arta, 29 (1963) 31-38 



32 	 1). M. W. ANDERSON, S. GARBL.TTT 

reaction has 	studied in it ilUlilbef of papers by HELBERT AND BROWN 20 . The 
carbazole reaction 2 t Ii as been report cd 2 C 	to ) be unreliable in t he presence o f protein, 
but this was to be expected after 1)iscHE's initial report 2 ' that proteins suppressed 
('oloiir development, causiii g  large errors. I)isci-ia urtlier stated2 I  that the carbazole 
reaction 'cannot he used for accurate determinations of absolute values for hexu-
onic acids in polysaccharides". In illustration of this, large discrepancies between 
colorimetric and (lecarhoxvlation values have been reported for a seaweed poly-
saccharide, MCKINNELL AND PERCIVAL 28  found it uronic acid content of 18 .3% 
(by decarl)oxvlation) and 6.o %  n (by co l o m etrv)22, the desuiphated material giving 
23.5 °  (clecarboxVlati n) and 10.2 ((  (colorinietrv) 

T 1 discover the extent of the variation in values given by different colorimetric 
mctlo ((Is, comparative studies have been made on a variety of carbohydrate mate-
rials such a study does not appear to have been reported previously. Results given 
by the methods most frequently used for colorinietric estimations of uronic acids 
- tle carbazole 2  ant lirone' 8 , and livdroxamic acio:1 17  methods -- are presented and 
compared with the corresponding results obtained by decarboxvlation 5 . 

EXPERIMENTAL 

Reference compounds 

The samples of galacturonic acid nionohvdrate and glllcuron lactone as standards 
were the specimens described in an earlier investigation 2  In addition to the analytical 
data already quoted 2 , determinations of the neutralization equivalent gave values 
for the purity of the glucuronolact Inc and galacturonic acid  of 97.2 and cjb.o/, 
respectively. 

The reference standard sample f galicturonic acid was used to make lip the 
mixtures referred to in Tables I-Ill and is listed as' amuplc i in Table [V. 

Acidic c decarboxvLaiio ii int'l/iod 

ANnERS0N's apparatus and reaction conditions 4  were used. For this particular 
Modification of Li,;i:Evin AN i 1 I0LLEN 's reaction, a reaction time of 2.5 Ii has been 
confirmned'. In heterogeneous polvsaccharides, pentoses and lexoses do not increase 
1w more than 2-3% the yield oh carbon dioxide front the Uronic carboxyl groups 4  
(C 'J. l'RACEV 2 ) amino sugars, peptides and proteins cause no interference°. 

Colo rimelru methods 

In all cases, absorption measurements were made against 'blank" solutions prepared 
concurrently with the unknown sample. 

((I) ;l ,ilhrone. \ EMM AND  WILLIS' method"' vas used, absorption being measured 
at 540 m,u after colour development for i_5 nun. 

('arbazole. thScFlEs nlctljo(l 2 L was used, absorption in lo-mm silica cells being 
measured at 530 my after colour development for 2 h at 22'. 

Alkaline /ivdro.vyiamne. K.•vE AND KENT'S proc'l tire ' was followed in initial 
determinations, absorption being measured at 505 fllf.  The colour was observed to 
lade rapidly: a s lution giving an optical density of 0.65 immediately after addition 
of iron(III) had later optical densities of 004 (io nun), 0.02 ( , o mm), 0.50 (30 mm), 
0.48 (40 mm, 0.37 (o Mill) ,  and 0.25 ((o mm) 

KAVE AND KENT proposed' that the absorption curve given by glncurone (line I), 
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Fig. i) should be corrected by the amount of absorption given by glucose (line B, 
Fig. x), so giving the "corrected glucuronc' curve (line C) The uronic acids in 
natural polymeric materials are not, however, generally present as esters or lactones, 
and esterification must therefore be effected (methanolic hydrogen chloride, sealed 

In 
C 

0 
0.4 

0 
0 

0.2 

B 

1!] 
	

1 	 2 	3 
	

4 
Weight token (Jmoles) 

Fig. i. Calibration curves for the alkaline hvdroxvlamine method. Curve (A) 'esterified" hexoses 
and a-methyl hexoses, (B) glucose. (C) glucurone, corrected for glucose absorption, (D) glucurone, 

(E) . 'esterified' glucurone and galacturonic acid. 

tube, 1000)  before reaction with hvclroxvlamine. 1-lexoses thus treated gave line A 
in Fig. i, whilst glucurone and galacturonic acid both gave line E. It is suggested 
that, if uronic acid X is to be estimated in a polymeric material, then the calibration 
curve should be obtained by subjecting pure X to the same analytical procedure as 
the polymer. 

This method was found to be subject to four distinct modes of interference. 
(a) Some polysaccharides are not completely soluble in methanolic i 0 0' hydrogen 
chloride, and incomplete esterification results. (b) Some esterified polvsaccharides 
are not water-soluble, so that incomplete colour development is given. (c) Some 
polysaccharides give precipitates or gel formation on the addition of iron(III), so 
giving incomplete colour formation. (d) The presence of protein leads to high results. 
Materials subject to the interferences are correspondingly labelled A, B, C, or D in 
Table IV. 

RESULTS 

Interferences in the hydroxylamine method 

The effect of protein on estimations by the hvdroxylamine method is shown in 
Table I. Estimations were made on synthetic mixtures of eclestin and galacturonic 
acid (reference standard sample). 

The effect of hexoses and pentoses on estimations by the hydroxylamine method 
is shown in Table II. The use of galactose in place of glucose gave slightly greater 
positive errors; pentoses gave slightly smaller positive errors than glucose. The 
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IlLE I 

EFFEtI OF iRii1.:IN ON ESTIMATIONS 

Composition of mixturc 	Gala, cluron ii acid indicated  by the 
-  

Protein 	0 Galactu,oni' acid 	 h t/i t via n inc method 
- 

17.7 52.3 
503 40.7 

9.4 

T.\I5I.E II 

EFFECT OF HEXOSES AND PENTOSES ON ESTIMATIONS 

Composition of mixture 	 Gala( furonjc acid indicated hr the 

% Glucose 	Ga [act u ron ic acid 	 h ydi a i'iia in inc method 

13.3 	 86 .7 	 SOS 
52.1) 	 45.0 	 50.5 
1)0.0 	 4.0 	 34.1 

presence of hexoses and pentoses in a heterogeneous polvsaccliaride containing minor 
aniounts of uronic acid may therefore lead to large errors in the colorinietnc estima-
tion of the uronic acid. 

InlerJerenees in the carhazole method 

l)1scHE 21  found a 20°  error with 0.10,  protein in solution ; colour suppression 
has been confirmed by recent iflvetigations 2 . DIseHE also reported 21  that correc-
tion should be applied for the colour given by liexoses the extent of the errors which 
can arise is shown in Table III. 

85.7 
130.5 

101) 

>) 

C 
I) 
1i 

-6 0  

0. 
0 

200 	400 	600 	800 

Weight taken (pg) 

Fig. 2. Calibration curves for the aullirone method. Curve A) pentoses, (15) glucose, (C) galac-
uron ic acid, (I)) gaiac ti ise . ( E) g I ncosa tin ni 0 viIr vOl oride (F) gi  lieu rune (G) glue un tn o-O- lactone. 
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TABLE III 

ERRORS ARISING IN THE CARHAZOLE METHOD 

Composition of mixture 	 % Galacturonic acid indicated by the 
0 1 carbazoie method fl/ rL........ 

Jo 	J&(,CThC /0 	It&&UI.4i4flhIttf.. UVtCO 

15.1 84.9 86.o 
48.0 52.0 58.3 
90.0 50.0 30.1 

TABLE IV 

COMPARISON OF RESIJLTSa 

Uronic acid content (%) found by 

Acidic Hydroxyl- 
Sample decarboxy- amine Carbazole A nthrone 

lation + iron(III) 

Galacturonic acid, reference specimen 96.0 98.2 98.0 99.0 
Galacturonic acid, specimen A 75.7 70.5 70.2 71.4 
Galacturonic acid, specimen B 88.4 864 85.8 87.1 
Galacturonic acid, specimen C 80.5 76.6 76.2 77.8 

. Trigalacturonic acid 92.4 87.9 87.5 88.0 
Glucurone, specimen A 78.9 119.8 118.7 119.9 
Glucurone, specimen B 90.9 117.2 116.6 117.3 
Ghtcurone, specimen C 91.1 101.1 100.1 500.5 

9 ,  Glucurono-b-lactone 9.9 51.7 51.4 62.1 
10. Melezitose 1.6 14.8 15.0 17.0 
ii. Hvaluronic acid 31.6 42.2 (A,D) 34.8 57.6 

Bone gelatin No. 112 2.3 12.2 (D) 12.3 27.6 

Bone gelatin No. i88 3.5 14.0 (D) - - 

Gum ghatti 14.6 8.5 (A) - - 

Combretum leonense gm 20.0 15.8 (A,C) - - 

Alginic acid 97.4 65.7 (AC) - - 

IT Seaweed polysaccharide 17.0 24.4 (A,B,D) - - 

IS. Ammonium pectate A 55.0 48.o (AC) - - 

Ammonium pectate B 74.1 51.4 (AC) 77.4 77.8 
Pectin, 240 grade 57.9 42.5 (A, B) 60.2 67.8 

Plant roots, specimen A 6.6 7.6 8.2 25.4 
Plant roots, specimen B 7.1 8.3 9.7 27.6 
Plant roots, specimen C 6.3 6.4 7.6 24.3 
Plant roots, specimen 1) 7.2 6.8 8.0 24.2 

Polysaccharide incompletely soluble in methanolic i HCI. 
Esterified polysaccharide not water-soluble. 
Precipitation on addition of iron(III). 
Protein present. 

Calibration curves 

Calibration curves obtained for the reaction of some carbohydrate materials with 
anthrone are shown in Fig. 2. Different uronic acids give different absorptions. 
Interference by amino acids depends on the temperature, period of heating and acid 
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(enccntration° some ammo acids enhance the colour, some have no effect, and some 
depress co lour formation. 

(omarison of results 

Comparisons of the results obtained by the three colorimetric methods and by 
acidic decarboxvlation are shown in Table I\. The origin of the samples was as 
follows: specimen I was the reference standard sample; specimen 2-4, 6-io, and 
20 were commercial materials; 5 - given by Dr. W. W. REID (University of Bristol) 
II - prepared from umbilical cord by Dr. N. J. KING: I? and 13 - giveil by Dr. G. 
STAINSI3V. British Glue and (;ehttin Research Associatmn ; 14 - J. ('hem Soc., (1955) 

1160; 15 — iala.nta, 3 (1059) xrS; 16 -J. ('lieni. Soc., (1952) 183 - 17]. ('hem. Soc., 
(iqq) 2168; i$ - J. (7icm.  SoC., (1q61) 5333; iq -J. ('hem. Soc., (108) 4020: 21-24 — 

oat rootlets grown for cell-wall studies, provided by Dr. \V Al. CIooKE, Macaulay 
Institute, Aberdeen. 

DISCUSSION 

The results presented show that large relative errors may he given by the colorimetric 
methods studied: both high and low values niav occur, and there appears to be little 
basis for prediction or correction of any bias. For those specimens giving high colon-
metric values, the anthrone method consistently gave the highest results of all. The 
methods studied gave more self-consistent results for galacturonic acid specimens 
than for the samples of glucurone investigated; the most satisfactory results were 
given for the specimen of highest purity, and this may have some significance As has 
been pointed out recentIN -31 , colour 'ur reactions which give satisfactory estimations of 
pure suht ances, generally lack specificity when applied to biological specimens. In 
consequence, natural products containing small percentages of uronic acids cannot 
be analysed successfully by colorimetric methods: this has been found recently for 
mucopolvsaccharides; 32  and for dextran products, on which colorimetrv failed 13 at 
uronic acid/neutral sugar ratios of less than i : 10. 

Uronic acid values obtained by colorirnctric methods can clearly be subject to such 
large and unpredictable errors that it must be considered imprudent to place any 
reliance on values winch cannot be substantiated (cf. ref.  34) by decarhoxvlation, 
which must be regarded as the best available reference method. It is not subject to 
interference from amino acids or amino sugars, and a correction can be applied for 
the carbon dioxide liberated from non-uronic acid residues if the sugar composition 
of the heterogeneous polvsaccliaride is known. Such amounts of carbon dioxide 
rarely contribute to the apparent un mnic acid content b' inure than 2 - 3" absolute 3o. 

Co sometimesetry sometimes permits qualitative distinction to be niade between uronic 
acids, and colorimetric results are most powerfully used in conjunction with decar-
boxvlation data. Thus Sodium heparinate gives substantially greater colorirnetric 
absorptions than would he expected from its decarboxylation value, and this has led 
to speculation regarding the nature of the uroinc acid present (f refs. 20, 24, 35). 
Similar deduc tim mns° from coloninict nc results led to the identification of iduronic 
acid in chondroitin sulphate B, and may prove to be useful in investigations of the 
uronic acids present in alginic acid (f. refs. 37, 8). 

We thank Professor E. L. HiusT, ('BE., F.R.S., for his interest in these studies, 

mci1. CJ,inz Ac/a, z (1063) 31-38 



STUDIES ON URONIC ACID MATERIALS. VIII 	 37 

and the Department of Scientific and Industrial Research for a maintenance grant 
(S.G.). We are grateful to Dr. W. W. REID, Dr. G. STAINSBY and Dr. W. Al. CROOKE 
for providing specimens. 

SUMMARY 

Values for the uronic acid content of a variety of polysaccharide materials were obtained by 
coloritnetric methods and by acidic decarboxylation; very large differences were found, particu-
larly for heterogeneous biological materials. Colorimetric methods are useful for 'screening" 
many samples rapidly, and for routine or comparative measurements on characterised products. 
For materials of unknown structure, however, colorimetric results should be interpreted with 
caution, especially when shortage of material does not permit corroborative decarboxylation or 
titration values to be obtained. 

RÉSUMÉ 

Les auteurs ()lit effectuë tine etude comparative sur La determination de Ic teneur en ''acide uroni-
que" des polysaccharides; les valeurs ohtenucs a laide des mCthodes colorimCtriqucs sont très 
dilferentes de celles ubtenues par dCcarhoxvlation, on particulier avec les substances biologiques 
hCtCrogènes. Les mCthodes colorimttriqties peuvent rtre utiles lors d'essais on sdrie on pour des 
nle.sures comparatives de produits connus. Pour k's produits dont on ne connait pas Ia structure, 
les r&ultats devraient être interprCtds avec prudence. 

ZUSAMMEN FASSUNG 

Bei der Bestimmung ties t'runsauregehaltes von Polysacchariden nach colorimetrischen Methoden 
und durch Decarboxvli&'rungsreaktionen wt'rdcn besonders bt'i heterogeneni hiologischen Material 
stark schwankende \Vcrte erhalten. (.olorimctrische Met hoden t'ignen sich nur für Se rienhcstin,-
niungcn und Vergleichsmesstingen bet gut charakterisierten I'roclukten. lS'i Substanzen unhe-
kanntcr Struktur sind colurimetrische Messwertc vorsichtig zu interpretieren, falls sic nicht durch 
eine I )ecarhuxvlierungsreaktion odor Titration gestutzt wercien können. 

REFERENCES 

Part VII; l) M. V. ANDERSON AND D. GARBUTT, J. Chem. Soc., in the press. 
I). M. W. ANDERSON, A. M. BEWS, S. GARBUTT AND N. J. KING,  J. Chem. Soc., (196,) 5230. 
K. U. LE 	 'I FfvRE AND B. oLLENS, Bey., 40 (1907) 4513. 
I). M. W. ANDERSON,l'alanta, 2 (199) 73. 
I). M. W. ANDERSON AND S. GARBUTT, Talanta, S (ic)Oi) 605. 
A. JENSEN, L SUNDE AND A. HAUG, Report No. 12, Norwegian Inst. for Seaweed Research, 
Trondheim. 

L. FlIEsT AND J. K. N. JONES, ID PAEcH AND TRAcEY, Modern Methods of Plant Analysis, 
Vol. II, Springer-Verlag, Berlin, 1954, P 275. 
K. IIEYNS AND U. KELCH, Z. Anal, them.., 139 (1953) 339. 
A. (;RAIIER AND C. NILotER(-,, Anal. Chipn .,4cta., S (,o)  422. 

DICKENS AND I). Ii. \VILLIANIS0N, Biochem. /., 68 (1958) 87. 
N. 0. i,INDH, Arkjv Rent,, 10 ( 1 057) 569. 
Z. l),scHE, j.  Biol. Chem., 171 (1947) 725. 

NneKoM, Chirnia ( Aarau), 14 (196o) 165- 
R. ZIMMERMANN, \V. BOCK AND K. TAUFEL, Z. Anal. Chem., 186 (1962) 350. 
A. GRAu1R, Anal. Chi,n . Ada, 8 (193) 426. 

II. BATH, Analyst, 83 (1958) 451. 
M. A. G. IAYE AND P. W. KENT, J. Chem. Soc., (uj) 79. 
F. W. \'EMM AND A. J. WILLIS, Biochetn, J., 57 (iq) 508. 
I-I. NEUKOM AND P. hut. Chimia (.4arau), 13 (1959)  330. 

R. HELBERT AND K. I), BROWN, Anal. Chem., 33 ( 1 0 1 ) 16io; 31 (1959) 1700 28 (195) 1464. 
Z. l),scHE, J. Bid. Chess,, 167 (1947) 189; 183 (1950) .Sq. 

A. McCoMis AND R. 	MCCREADY, Anal. Chem., 24 (1952) 1630 and 1986. 
J. M. BOWNESS, Biochem. J., 70 (1958) 107. 
J. I). GREGORY, Arch. Bioc/jem. Biaphys., 8 (t6o) 1 57. 
T. BITTER AND R. EWINS, Prot- . Hiochen, Soc., 81 (1961) 431 1 . 

P. A. ANASTASSIADIS AND R. H. Co,no, Can. /. Biochein. I'hysiol., 36 (1958) 413. 
A. A. LEACH, J. Appl. Chem. (London), 11 (,g6i) to. 

Anal. Chim. Ada, 29 (1963) 31-38 



38 	 D. M. W. ANDERSON, S. GARBIJTT 

28  J P. McEINNELI. AND E. PERCIVAL, J. Chem. Soc., (1962) 3141. 
29 M. V. Ta.cEv, Biochem. j. ,  43 (18) 18. 
30 S. GAREUTT, Ph.D, Thesis, Tjniversilv of Ldmhurgh, 1960. 
31 G. W. OERTEL AND E. KAISER, Clin. CJijin. -lc(a, 7 (1q02) 700. 
32 S. B. KADKOL ANT) i-I. S. R. 1)asrKc11.\iT, Current Sri. (India), 30 (1901) 337. 
33 \V. J. \VHELAN, persona! communication. 
34 M. M. RAI'PORT, K. MEYER AND A. LINKER, J. :lnz. Chem. Soc. 73 (1951) 2416. 
35 Z. DISCHE AND K MEYER, Federation Proc. I) (1947) 248. 
30 P. HOFFMAN, A. LINKER AND K MEYER, 5cience, 024 (1q56) 2252. 
37 F. C. FISCLIER AND H. DöRFEL, 7. Physjoi. Chem ., 301 ( 1 955) 22 .1; 302 (1955) iSO. 
" 1). W. DRIJMMOND, E. L. I-IIRsT AND L. PERCIVAL, J. (hem. Soc., (1962) 2208. 

Anal. Chim. Ac/a., 29 (1963) 31-38 



Reprinted from 
A nalrtua Chirni, a Ada 

Elsevier Publishing Company, Amnsterdimn 
Printed in Time Netherlands 	 310M 

STUDIES ON URONIC ACID MATERIALS 

PART IX 1 . THE SIMULTANEOUS DETERMINATION OF 
URONIC ACID AND ALKOXYL GROUPS IN 

POLYSACCHARIDES BY REFLUX WITH HYDRIOI)IC ACID 

D. Al. W. ANDERSON, S. GARBUTT AND S. S. H. ZAIDI 

Department of Chemistry, The University, Edinburgh g (Great Britain) 

(Received February 2701,  1963) 

Although colorimetric methods of estimating uronic acid groups are useful under 
certain conditions', they do not give absolute values and are subject to interferences 
when determinations on heterogeneous materials are required particularly serious 
errors can arise when proteinaceous matter is present'. The random and individual 
nature of the interferences makes it difficult for their effect to be predicted and for 
suitable corrections to be applied. 

Acidic decarhoxvlation is therefore much preferred analytically 5 ,since the side-
reactions given by uronic materials, and the liberation of carbon dioxide from non-
uronic residues, lead to comparatively small errors. These rarely exceed 3%  absolute, 
and are always positive; their probable extent can be calculated once the proximate 
composition of the polysaccharide is known. In particular, interference from pro-
teinaceous matter is negligible. 

The kinetics and mechanism of the acidic decarboxylation of uronic acids have been 
investigated 3 . Although the analytical reactiol1 4  based on reflux with 19% (w/w) 

hydrochloric acid for 2.5 h 5  has given satisfactory results for several years, it became 
apparent that the following modifications would improve the method: (a) reduction 
of the required reaction time (h) increase in the specificity and sensitivity of determ-
ining the carbon dioxide evolved, and (c) development of apparatus simpler than that 
previously described 4 , preferably eliminating specialised glass-blowing (this sugges-
tion was made by workers in several other laboratories). 

This paper describes how each of these advantages has been achieved. The modifi-
cation involve (a) the use of constant-boiling hvdriodic acid (% w/w) as the decar-
hoxvlating medium, (h) the use of vapour-phase infra-red determination of the 
carbon dioxide evolved, and (c) the use of a combined reaction-flask and reflux 
condenser (commercially available) as the reaction vessel. The assembled apparatus 
is therefore identical to that already described 7  for alkoxvl determinations, and it 
is possible to determine the alkoxyl and iironic content of a sample simultaneously. 

i'liis analytical method combines parts of the procedures of two earlier workers. 
BUSTON8  used a modified Zeisel apparatus for uronic acid determinations with 
hydrochloric acid, and VOLLMERT9  used hvdriodic acid (5%) as the decarboxylating 
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medium. V)LIiERT recommended a reaction period of 1-2 h"; our experiments 
with characterised reference materials have shown that constant-boiling livdroidic 
acid gives complete decarboxvlation 01 1.5 h. 

U N i'E ill MEN1'.L 

Apparatus  

The combined reaction flask and condenser I B.S. 1428: part Cr 1 9154 (part 2 

apparatus)], delivery tube, and vapour trap have been described 7 . The apparatus 
is assembled as shown in ref. 7.  Fig. i, except that soda asbestos and Anlivdrone are 
not added to the delivery tuhi'. The omission of Anhvdrone was found to give more 
complete and more reproducible reveries of carbon dioxide: the traces of water 
vapour collected and subsequently transferred to the not gas-cell do it interfere with 
the spectroscopic determinations required and do riot cause significant ''fogging" 
of the cell windows. Nitrogen (6-8 ml per mm) is used as flow-gas; the methods of 
pretreatment and of stabilising the flow-rate have been described 7 . 

Spectroscopic determination of carbon dioxide and alkyl iodides 

The collection of reaction products, and their quantitative transfer to a gas-cell' 0  
for determination, have been described previouslvG as have all the aspects of the 
determination of alkoxvl groups by this iiietliod 

Construction of calibration curves for carbon dioxide 
Calibration is based on ttit' very sI ning absorption 1w carbon dioxide at 2350 CM -1  

very few other gases give absorption in this part of the spectrum. Calibrations can 
he achieved rnanometricalhv 5 , or by collecting the carbon dioxide given by known 
weights of sodium carbonate (M.A.F.) when reacted with acid in the clecarboxvlation 
apparatus. Fig. i shows a calibration curve obtained in this Way, together with time 
calibration curve, for the same cell, for methyl iodide. After the known weight of 
carbon dioxide has been transferred to the gas-cell, dry air should be admitted so that 
the cell contents are at atmospheric pressure 1 . This minimises pressure broadening 
effects, and the trace amount of carbon dioxide so introduced is compensated by the 
double-beam operation of the spectrometer. 

2350 cm 

C 
0 

0 
'U 
0 
0, 

4 

1.1265 crn 

- 	2.2 4.4 6.6 8.8 11.0 mg Co, 

1 	2 	3 	4 	5 mgMel 

Weght of sample 

Fig. i. Calibration curves for carbon dioxide (at 2350  i'm 1)  and methyl iodide (at i 2(5 cm-'). 
Length of gas-cell = 12. 5 cm, volume 	56 ml. 
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Reagents and compounds 

Analar livdriodic acid (about 55%, B.D.H. Ltd.) gives satisfactory results. Batches 
(250 ml) of the acid are preconclitioned 7  before use by refluxing, with continuous 
passage of nitrogen at 6-8 ml per min, for i h. 

The standard samples of glucurone, galacturonic acid, and alginic acid have been 
described 12 The origin of other specimens is shown in footnotes to the Tables. 

Procedure 

The weight of sample taken should be sufficient to give a yield of carbon dioxide 
which falls within the range of sensitive response for the calibrated gas-cell: with the 
cell normally used (length 12.5 cm; internal volume = 56 nil) in our experiments, 
the suitable range of carbon dioxide is I6 mg. (Gas-cells giving similar sensitivities 
can he used with the less expensive bench-type spectrometers now available.) 

The sample is refluxed for 1.5 Ii with 6 nil of the hvdriodic acid. Some materials may 
be added to the reaction flask in a suitable long-handled weighing-spoon, but this 
is not possible with bulky, freeze-dried specimens, or with materials (e.g. gums, 
pectins) which "cake' or gel on time addition of aqueous solutions. The following 
technique is therefore recommended for all samples. The sample is weighed in a small 
weighing tube, in which dissolution is achieved by the addition of hvdriodic acid (2 
ml). The solution (or suspension in atypical cases) is transferred quantitatively to 
the reaction flask with the aid of a further four i ml portions of hydriodic acid. 

Aqueous solutions may be analysed as follows. The concentration of the solution 
is adjusted so that i ml will yield a suitable weight of carbon dioxide A i-nil 
aliquot is transferred to the reaction flask, and then just under 5 ml of hvdrioclic 
acid (s. g. 1.94;  about 66%) is added. The final volume is therefore approximately 
6 nil and the acid is virtually of azeotropic composition. This procedure often 
eliminates drying stages if the isolation of solid material (e.g. in intermediate stages 
of a process) is not otherwise required. 

RESULTS 

Determination of time reaction-time required for quantitative results 

Kinetic experiments with well-characterised samplesll of glucurone, galacturonic 
acid and alginic acid showed that reflux for i.5 ii gave quantitative decarboxylation. 
Reflux for longer periods gave very little "over-production" of carbon dioxide, in 
marked contrast to previous experiences 4  with hydrochloric acid. Table I shows the 
agreement given by the hydrochloric and hydriodic acid reactions. 

The "apparent uronic content" given by non-ironic compounds 

All carbohydrates suffer some decomposition when refluxed with strong mineral 
acids, the carbon dioxide evolved indicating an apparent uronic acid content. In 
typical heterogeneous materials containing, say, 20% uronic acid + 30% hexose + 
50% pentose, decomposition of the pentose and hexose will increase the \7iCld of 
carbon dioxide originating from decarboxylation of the uronic residues. It is impor-
tant to know time extent to which this occurs. The effect was investigated fully 13 

for the hydrochloric acid reaction, and some of the values obtained are compared 
in Table II with the corresponding values given by reflux for 1.5 hill 55% hydriodic 
acid (f. ref. 14, 15). 
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TABLE I 

THE 1IRONIC ACID CONTENT (%) OF SOME MATERIALS 

Ili ,  i/i arbor via/ion wi/li i/v decarboxvlatiou with 
Specimen hydi , iodic acid (55°) hydrochloric acid ('9,) 

for T.5 Ii for 2.5 /7 

Glucurones 90.7 (17.2 

(011Ilcthronic acids (17.2 9/I i/ 

Alginicacida 01.0 97.! 

Acacia senegal gumb I 	1. 	I 15A) 

Acacia scyal gum 
I0 11 .0. 	II 

(Sample VrlI)c -. 
Pectic acid'  

See ref. 12. 

b Bulk commercial samples. 
ANDERSON AND HERBICH, J. ('hem. Soc., (1963) i. 

TABLE II 

THE APPARENT URONIC ACID' CONTENT OF SOME NON-IRONIC MATER1AI.S 

A pparcnt uronic acid content from 

Re flux with 19 ° ; Reflux with .550' 
NC! jar 2.5 h HI /or 1.5 h 

1.0 .8 

3.2 

1.7 2.0 

42 3.2 

3.5 3.4 
2.0 2.8 

2.8 2.5 

'.9 2.4 

2.! 2.() 

2.2 3.4 
3.5 
5.0 

3.! 
2.2 

48 3.2 

1) 	1 1)4 

I..! 

25 

3.! 
0.4 

3.7 
3.)) 3' 

103 1j) 

2.3 I 	7 
3.5 3.5 

Specimen 

Melezltosc 
Sucrose 
Lactose 
Glucoheptose 

Mannose 
Glucose 
Galactose 
Xvlosc 

Arabi nose 
Ribose 
Rham nose 
Fucose 

Erythrosc 
Ervthritol 
2-1)cOX v-glucose 
Potato starch 

Glycogen 
Agar 
(arrageenan 
Inulin 

Glucurl Isaln joe hvdrochloride 
Bone gelatin No. i 12* 

No. tMS* 

Edestin 	 - 
In conolac.tono 	 9 9 	 I 4 8 

Ascorbic acid 	 'I').  

All samples were of commercial origin, except those marked*  (research 
specimens from 13.G.G.R.A.). 
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Identification of other volatile reaction products 

The volatile reaction products evolved in reflux periods of up to 24 h were investi-
gated for reactions in 19% hydrochloric acid and 55%  hydriodic acid. With both 
these mineral acids, hexuronic acids and pentoses gave small amounts of furan, 
acetone and acetaldehyde; hexoses and methyl pentoses gave some 2,5-dimethyl-
furan and some 2-methylfuran, respectively. As indicated in Table HI, however, 
the relative yields of these products were dependent on the mineral acid used. 

TABLE III 

THE VOLATILE PRODUCTS GIVEN BY SOME CARBOHYDRATES 

Compound 

Period 
of 

reflux 
(h) 

Volatile products from 
reflux with '9%  HCI 

Carbon . 1 cetal- uran dioxide 	I 	
dehyde 

A cc- 
tone 

Volatile products from 
reflux with 55%  HI 

Carbon 	A cetal- Furan dioxide 	 dehyde 
A cc- 
tone 

Glucurone 0-3 + + +  + + - ± +++  tr 	- + + 
3-9 + tr tr tr + - 	- -I-- 
9-12 + + + + tr + - 

12-24 tr + ++ tr tr - 	+ - 

Galacturonic o-6 + ++  + + - + + + + tr 	- + + 
acid 6-9 + + tr + + - 	tr tr 

9-12 + + + tr tr - 	tr - 
12-24 tr tr tr tr tr tr - 

Arabinose 0-12 ± + + - - + + 4- 	tr + 
12-24 + ++ + - tr - 	- - 

Ribose 0-24 + + + - + - 	tr ++ 

a + + + large amount, + + small amount, + minor amount, tr just detectable 

The simultaneous dete;mination of uronic and methoxyl contents 

In spectroscopy, the most reliable results are generally obtained from absorptions 
Of 30-70%. Under the conditions described, however, absorption at 2350 cm -1  is 
most sensitive to change in concentration for small amounts of carbon dioxide, i.e. 
those giving 15-50% absorption. As shown in Fig. i, the gas-cell gives its most 
sensitive response for 1-6 mg quantities of carbon dioxide. The range of sample 
weights required is therefore: 4-24 mg for pure uronic acids or polyuronides, and 
20-120 mg for materials containing 20% uronic acid. 

This gas-cell also gives a sensitive response to 1-4 mg methyl iodide; nominal 
50-mg samples therefore allow accurate simultaneous determinations of uronic acid 
and methoxyl contents in the range 8-48% and 0.5-2%, respectively. Methoxyl 
contents outwith this range can be determined by transferring the cell contents to 
a more sensitive or less sensitive gas-cell, as necessary. Simple procedures facilitating 
quantitative recovery from gas-cell to cold trap for transfer to a different cell have 
been described 6  Although reflux periods in excess of i h during Zeisel determinations 
on carbohydrates can lead to error if a volumetric finish is used 16 , longer reflux 
periods are not detrimental when the specific spectroscopic method is used to deter-
mine alkyl halides collected in a cold trap. 
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DISC t 551 ON 

The amounts of carbon dioxide evolved from n in-uronic materials in this rapid 
hvdriodic acid reaction differ slightly from the amounts released by hydrochloric 
acid: on balance, however, results by either method are unlikely to be high by more 
than 3%  absolute, even if nitrogenous materials are present. 

The relative yields of other volatile products also di ffer from those evolved in hydro-
chloric acid decarboxylation. 

This does not influence the analytical determination of carbon dioxide, but indi-
cates that slight changes occur in the mechanism of the decomposition stages which 
follow the decarboxvlation step. In particular, decarboxvlation with hvdriodic acid 
produces larger quantities of acetone (cf. ref. 17, iS). 

The ability to determine alkoxvl and uronic grn1ps simultaneously in a 1.5-11 
reaction is of value in routine determinations (economy of time) and in research 
investigations (economy of material). The method is particularly useful for deter-
initiations on pectins (50-70(,"(')  uronic acids, 1-5",, metlioxvl) and plant gums (5-
50% uromc acid, 0-2% methoxvl). Methoxvl contents ol 1 are of structural signifi-
cance' recent studies on a number of Acacia gums have shown the presence of 
methoxyl groups, of which earlier investigators, particularly those dealing with 
gum arabic (Acacia senegal), appear to have been unaware. 

A further advantage of the present method is its ability to differentiate between 
methoxyl and ethoxvl groups 7 . 'flii is useful in investigations of artefacts arising 
from solvent retention 20,21  or from attempted reductions with potassium horohy-
dride or dihorane. 

For complex multi-stage reactions, spectroscopic determination of carbon dioxide 
has considerable advantages over the conventional chemicals method. The spectro-
scopic method is specific and sensitive. Errors caused by the evolution of other acidic 
products are eliminated the possibility of traces of the decarboxvlating acid being 
carried over by the flow-gas is no longer an inherent source of high results. Other 
investigators have recently discussed tile limitations of conventional methods of 
determining carbon dioxide in reactions which release other acidic vapours as a 
result, the use of non-aqueous solvents°, carbonic anhydrase°, gas eliromato-
graphv 4  and infra-red absorption 7  have all been recommended. Non-aqueous 
solvent methods may require purification of the carbon dioxide before its absorption. 

The sensitivity of the present method niav be increased by the use of more sensitive 
gas_cells 10 A, hut the following simple technique is of value when it determination 
is required on an inadequate amount of sample which, by itself, would give an infra-
red absorption (say < i% absorption) too small for accurate measurement. The 
weighed sample is pre-dissolved in the usual vav and added to the reaction flask, 
to which had been added a known weight (sufficient to give 20-30(%, absorption) 
of the carbonate used in constructing the calibrati)n curve. The weight of carbon 
dioxide from the polysaccharide is obtained as the difference between the weight 
recovered and the weight expected from the amount of carbonate taken. 

We thank Professor E. L. l-Iisi, C RE., F.RS., far his interest in these methods, 
the British Glue and Gelatin Research Association for gifts of standard gelatin 
samples, the Department of Scientific and Industrial Research for a maintenance 
grant (to S.G.), and the P.C.S.I.R., Karachi, for gra iting study leave and financial 
support (to S.S.H.Z.). 
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SUMMARY 

A reaction period of 2.5 his required for the dccarboxvlation of uronic acid groups with i 	(w/w) 
hydrochloric acid, but 55'<,  (v/w) hvdriodic acid gives complete decarboxvlation in 1. 5 '11 . This 
rapid reaction can be carried out in a standard Zeisel reaction flask and condenser. Vapour 
phase infra-red spectroscopy gives a specific determination of the carbon dioxide evolved, and 
facilitates simultaneous determinations of any alknxvl groups present, The proposed method is 
particularly useful for pectins and plant gums, it gives greater sensitivity and reproducibility 
than previous methods. 

REsuME 

La tlurce do dcarboxvlation de groupes uroniqucs pent être considOrablemt'nt rOduite, en utilisant 
1 'acidi' ii idhvdriquc' a . It Ia place de I 'acide chlorhvdriq no a iq (i h 30, an lieu tIe 2 11,  30). 
La spt'ctroscople infra-rouge en phase gazeuse pernict tie doscr I'anhvdridc carboniquc clOgagti 
et fat'ilitc des dOterniinations snnultanes do n'importe quel groupe alcoxyle present, La 
mCthndt' priqosOe est particuhi'rcnient utile pour los pectines et gommes v6g6tales. ElIe permet 
dobtenir Line sensihilitO et iinc reprocluctibilitO supCrieures IL relIes des autres mOthocles. 

ZUS.•MMENFASSuNG 

Die (;eschvinc1igkeit der I )ccarboxvlierungsrt'aktion von UronsILuren kann durch Verwendung 
VOfl 55 0 igt'r Jodwasserstofisaure an Stelle von i9%iger SalzILure bctrILchtlich erhoht werden. 
l)as gebiktete Kohlendioxvd wird I R-spektroskopiscli bestimmt. wobei gleichzeitig the Bestim-
along otwa vorhandener Alkoxvgrtippcn moglich ist. Die beschriebenc Methode eignet sich 
besonders zur Untersuchungen von Pektinen und l'flanzcngummi. Die Empfindlichkeit mid 
Reproduzierbarkeit ist grosser als bei den ILlteren Methoden. 
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The analytical importance of the methoxyl content of Acacia gum exudates 

SIR, 

Methoxyl groups occur frequently in plant gums as 4-methoxyglucuronic acid (e.g., in Albizzia' and 
Khava 2  species) or as ester groups (e.g., in Sterculial and Astragalus 4  gums). To date, however, the 
possibility of the presence of niethoxyl groups in Acacia gum exudates appears largely to have been 
ignored, e.g., in studies of A. senegal, A. prcnanlha, 6  A. karroo,' A. cvw,ophvl/as and A. sundra,"  
although Stephen reported (without comment) a value of 035 for A. mo/I issima,'° and Hulyalkar 
ci 0/. found no methoxyl content in A. catechu)' 

Recently, Anderson and Herbich observed 12  that the niethoxyl content of a number of nodules 
of the gum from A . seyal  ranged from 07-13, and this has led us to analyse specimens of the 
gum from 12 further Acacia species, not hitherto studied chemically. We have also re-investigated 
three different specimens of A. senegal syn. Verek (gum arabic) and a sample of A. karroo. An 
infrared method,' 5  specific for methoxyl groups, was used to analyse purified samples, prepared 
from authenticated single nodules of each species by electrodialysis so that artifacts arising from 
solvent retention" could not occur (cf ref. I). 

The results shown in Table I indicate that the presence of methoxyl groups in Acacia gums is a 
more general occurrence than hitherto believed. In addition, the range of values found (075 to 
144°) for 9 nodules of A. prilotica substantiates recent evidence2,ta  for inter-nodule variation in the 
composition of plant gums. 

The viscosity of samples of gum lragacanth and of pectins is known" to be related to their 
methoxyl content. The limiting flow-time numbers for some of our Acacia samples, determined 
under standardised conditions, are also shown in the Table: a plot of methoxyl content versus 
limiting flo-time number gives a smooth curve. 

TABLE I 

Acacia species Methoxyl, 
Limiting flow-time 

numbert 

A. girojJae Burch 240 

A. nilotica (L.) Wilid. ex Del. I- 14a 104 

A. niellifera (VahI) Benth. 106 
A. seyal Del. 102" 121 

A. seval Del. tar. fistula 090 
A. arabica (Lam) Willd. 088 125 
A. tortilis (Forsk.) Hayne. 057 
A. ,nearn.cii Dc Wild. 045 
A. campylacantha Hochsi. ex A. Rich. 042 160 

A. drepanolobiwn Harms ex Sjöstedt. 040 1 6 - 6 
A. senegal (L.) Wi/Id. 0.36c 192 

A. dealbata Link. 035 215 
A. facto R. Br. ex Benth. 033 230 
A. nubica Benih. 015 
A. karroo Home. 013 

* Electro-dialysed, freeze-dried samples, corrected for trace residual moisture and ash content. 
tin aq. 4 	NaCl solution at 25'. 
" Average of results for 9 nodules (range 075-144,,). 
b  Average of results for 6 nodules (range 070-130,,). 

Average of results for 3 nodules (range 034-037 

1559 
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It is therefore suggested that the methoxyl content of Acacia gums has some structural signifi-
cance, and that greater analytical attention should be given to this in future studies. We do not 
subscribe to the view, recently expressed' in a study of gum Jeol, that it methoxyl Content of 051 ° 
can readily be dismissed as being very low and not structurally significant. 

It is of interest that our re-examination of A senegal and A. karroo has revealed the presence 
of methoxyl groups. Re-examination of other species. e.g., A. pvczantha, may well provide an 
explanation for the complex behaviour observed' during examination of the aldobiuronic acid 
fraction. 

Acknowled'ements—We thank Professor Sir Edmund Hirst, F.R.S. for his interest, and record our 
indebtedness to (the late) Mr. M. P. Vidal-Hall, Gum Research Officer, El Obeid, and to Dr. Dyer, 
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our studies. We thank Samuel Jones and Co., Ltd. (Camberwell); .fames Laing. Son and Co., Ltd. 
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STUDIES ON URONIC ACID MATERIALS 
PART XI'. THE CARBOHYDRATE COMPONENT OF THE OLEORESIN FROM Boswellia Papyrfera 
(DEL.) HOCHST 

D.M.W. ANDERSON, G. M. CREE, J. J. MARSHALL, AND S. RAHMAN 

Department of Che,nLctry, The Universin, Edinburgh 9  (Great Britain) 

(Received July 21St, 1965) 

INTRODUCTION 

The genus Bosu'ellia (family Burseraceae) contains some 25 species; some of 
these [e.g., B. serrata Roxb. (syn. B. thurifera; syn. B. glabra)] are indigenous to 
Central India, and others to Africa [e.g., B. earteri Birdw. (syn. B. sacra) and B. pap y-
rikra (Del.) Hochst.J The oleoresin sold commercially as Frankincense ("gum 
olibanum") is largely the exudate from B. carteri, but this may be adulterated with 
B. papyrifra, which is not so strongly aromatic, and with exudates from species of 
Commiphora. Studies on commercial samples should therefore be avoided; if samples 
cannot be authoritatively verified during collection, they ought to be backed by 
suitable botanical specimens of the leaves and intlorescence 2 . 

The only Boswel/ia species to have been studied chemically to date are 
B. serrata and B. carteri. No attention has been given to the exudate from B. serrata 
since Malandkar's preliminary report 3  in 1925, despite the fact that no information 
was given regarding the identity or amount of the uronic acid present (j ref. 4). 
Two investigations of the polysaccharide from B. carteri oleoresin have, however, 
been reported. Unfortunately, these conflict regarding the nature of the uronic acid. 
Jones and Nunn' found D-galactose, 1-arabinose, and 4-O-methylglucu roil ic acid, 
in the ratio :i:, together with traces of L-rhamnose and L-fucose; in contrast, 
E! Khadem and Megahed 6  reported D-galactose, L-arabinose, and D-galacturonic 
acid, in the ratio :i:. 

It is most unusual for the uronic acid to differ markedly from species to species 
within any botanical genus. Further studies were clearly required to clarify the 
position, and our current interest' in convenient sources of 4-0-methylglucuronic 
acid prompted us to consider Bosu'ellia exudates. Our attempts to secure authenti-
cated specimens of B. carteri or B. serrata have not yet proved successful, but we 
report here the results of an analytical study of the exudate from B. papyrifera (Del.) 
Hochst, secured for us by the Sudanese Gum Research Officer. 

EXPERIMENTAL AND RESULTS 

Anali'tical Methods 
Analyses were carried out using the standard methods described previously 7 , 
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except that (i) the methoxyl and uronic anhydride contents were determined by 
infrared methods, after reaction with hydriodic acid 8 , and (ii) paper chromatography 
was carried out with the following solvent systems: (a) ethyl acetate-acetic acid-
formic acid-water (18:3:1:4); (h) butan-I-ol-ethanol-water (4:1:5); (c) butan-i-ol-
pyridine-water---bcnzene (5:3:3:1); (d) acetone-ethanol-propan-2-01-borate buffer, 
0.05M, pHio (3:1:1:2). 

Examination of the crude oleoresin 

The small, pale yellow-white "tears" were free from any contaminating 
adherents. The oleoresin had a pleasant, characteristic odour, and was completely 
insoluble in water. (Found: moisture, 5.2%. On a dry-weight basis: ash, 0.7 0/'0 ; 

nitrogen, 0.28%. 

Isolation of the polysaccharide 

The oleoresin, crushed to a fine powder, was refluxed with ethanol for 24 h. 
The white polysaccharide residue was collected by centrifugation, and carefully 
washed with small portions of ethanol until free of waxy and resinous matter: the 
carbohydrate material was then completely soluble in cold water. A solution was 
filtered, and electrodialysed in a grease-free perspex cell at 20 °  until current ceased 
to flow under an applied potential of 330 v. On being freeze-dried, the purified 
polysaccharide was obtained in the free-acid form as a white powder; yield, 210" 
of the crude oleoresin (dry-weight basis). 

Determinations on the purified pal psaccharide 

Found: moisture, 5.0 ; ash, nil; nitrogen, 0.78; uronic anhydride, 19; methox-
yl, 3.28%; []-14° (c 1, water); limiting flow-time number, 16.8 (Ubbelohde 
suspended level dilution viscometer at 25.0 ° , in M aqueous sodium chloride). The 
specific infrared method 8  showed that the electrodialysis treatment had removed all 
traces of the ethanol used in the extraction stage (cf. ref. 9). Furthermore, attempted 
saponification (dilute NaOH) did not decrease the methoxyl content of the poly-
saccharide, which therefore has no methyl ester groups. 

A ttempted fractionation 

In view of El Khadem and Megahed's claim 6  to have fractionated the carbo-
hydrate from B. cartert into acidic ([]D-9.2°) and neutral ({]D -1 4.7°) poly-
saccharides, fractionation with cetyltrimethylammonium bromide ("Cetavion") was 
attempted. Cetavlon (20% solution) was added to an aqueous solution of the 
electrodialysed material, until precipitation was complete; after removal at the 
centrifuge, the supernatant contained no polysaccharide (phenol-sulphuric acid test 10). 

Hydrolysis and paper chromatography 

Hydrolysis was effected with sulphuric acid (2N) on a boiling-water bath for 
8 h. After neutralisation (barium carbonate), filtration, and reduction in volume at 30 °  

Carbohydrate Res., i (1965) 320323 
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(reduced pressure), the resulting pale-brown syrup was chromatographed against 
reference sugars on Whatman 3MM paper in each of the solvents (a)—(d). 

Solvents (a) and (a') showed that the main uronic acid present was 4-0-

methylgiucuronic acid, with a trace of glucuronic acid. There was no galacturonic 

acid present (cf. ref. 6). Development for 48 h in solvent (a) gave two aldobiouronic 

acids having Rga j values of 0.28 and 0.56. The faster-moving acid was chromato-

graphically identical to 6-0-(4- O-methyl-/9-D-glucopyranosyluronic acid)D-galactose; 
hydrolysis of the material eluted from the thick paper gave 4-0-methylgluCurOfliC 
acid and galactose. This aldobiouronic acid was also present in B. cart en 5 . 

The separations achieved in solvents (a), (b) and (c) showed that the neutral 

sugars present were galactose, arabinose, rhamnose, and fucose; by the standard 
analytical methods(cf. ref. ii), these were present in the ratio 14:2: [:trace. Calculation 
then gives the essential composition of the polysaccharide to be uronic acid 19%, 

galactose 66%, arabinose io%, and rhainnose %, with a trace of fucose. 

DISCUSSION 

The results of these analyses indicate that the acid polysaccharide from 

B. papyrifera contains the same component sugars as that from B. carteri5 . Indeed, 

the two species have close similarities. In view of this, the results do not support 
El Khadem and Megahed's suggestion 6  that Boswellia species contain galacturonic 

acid; these authors, unfortunately, investigated a commercial sample of unknown 
origin, and their claim to have effected a fractionation may also have arisen from this 
fact. This aspect of their work therefore requires re-investigation. 

Jones and Nunn-5  reported a neutralisation equivalent of 545 for B. carteri. 

Assuming that all the titratable acidity arises from the uronic acid groups, calculation 
shows that the methoxyl content found (.%) is sufficient for virtually all of the 
uronic acid groups to be present in the 4-methoXy form. Our analytical values for 

B. papyrfera lead to a similar conclusion; the traces of free glucuronic acid observed 
chromatographically may have resulted from some demethylation during hydrolysis. 

It is evident that the oleoresins from both B. carteri (yield of polysaccharide, 

12%; uronic acid content, 32%)  and B. papyrifera (yield of polysaccharide, 21 %; 

uronic acid content, 19%)  are convenient sources of 4-0-methylglucuronic acid. 
Further analytical and structural investigations are, however, necessary to supplement 

the present work on B. papyrjfera, and the incomplete study-5  of B. carteri. It is hoped 

that this report will stimulate interest in the chemistry of Boswel!ia species. 
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SUMMARY 

An acidic polysaccharide is easily extracted from the oleoresin exuded by 
B. papyr(fera. The results of an analytical study of the composition of the poly-
saccharide are given; they support an earlier report of the presence, in Boswellia 

exudates, of 4-0-methylglucuronic acid in appreciable quantity. 
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Studies on Uronic Acid Materials. Part XI1. 1  The Composition of 
Acacia Gum Exudates 

By D. M. W. Anderson and K. A. Karamalla 

The exudates from seven Acacia species, not hitherto studied chemically, have been examined. As a result, 
variation in the characteristic features of the Acacia group of plant gums can now be discussed from a more re-
presentative viewpoint. Species considered previously to have atypical features (e.g., positive optical rotation 
or low rhamnose content) are now seen to occur almost as frequently as those with negative rotations and unit 
correspondence between the rhamnose and uronic acid content. 

ALTHOUGH several hundred Acacia species are known 
botanically, only Acacia senegal (syn. verek), A. 
mollissima,3  A. pycnantha, 4  A. cyanophylla, 5  A. karroo, 6  
A. caiechu,7  A. sundra,8  and A. seyal 9  have been studied 
chemically to any extent; a few further species, e.g., 
A. leucophloea,'° A. decurrens," A. arabicum," A. 
farnesiana,'t and A. sieberiana 12  have been examined in 
minor detail, from some particular aspect. Table 1 
summarises the general information available to date for 
comparative purposes. 

In the belief that general conclusions regarding the 
typical features of this large genus could not reasonably 
be based on such limited information, we sought 

'Part XI, D. M. W. Anderson, G. M. Cree, J. J. Marshall, 
and S. Rahman, Carbohydrate Res., 1965, 1. 320. 

F. Smith, J. Chem. Soc., 1939. 744; also refs. cited in ref. 4. 
$ A. M. Stephen, J. Chem. Soc., 1951, 646. 
• E. L. Hirst and A. S. Perlin, J. Chem. Soc., 1954, 2622; 

G. 0. Aspinall, E. L. Hirst, and A. Nicholson, ibid.. 1959, 1697. 
A. J. Charison,  J. R. Nunn, and A. M. Stephen, J. Chem. Soc., 

1955. 269. 
• A. J. Charison,  J. R. Nunn. and A. M. Stephen, J. Chem. Soc., 

1955, 1428. 
' R. K. Hulyalkar, T. R. Ingle, and B. V. Bhide, J. Indian 

Chem. Soc., 1956, 33, 861; 1959, 36, 31.  

authenticated specimens of the exudate from further 
Acacia species. 

This Paper presents the data obtained from com-
parative studies of seven species not investigated 
previously. 

EXPERIMENTAL AND RESULTS 

Collection and Origin of Specimens.—We are grateful to 
the late Mr. M. P. Vidal-Hall, formerly Gum Research 
Officer, Republic of the Sudan, for identifying and collecting 
nodules of natural exudation gum from (a) Acacia nilotica 
(L.) Wilid. ex Del., (b) A. arabica (Lam.) WilId., (c) A. 
campylacaniha Hochst ex A. Rich. [syn. A. suma (non Kurz), 
syn. A. polyacantha Willd., subsp. campylacantha (Hochst 
ex A. Rich.) Brenan]; (d) A. fistula [syn. A. seyal Del., var. 

$ S. Mukherjee and A. N. Shrivastava, J. Amer. Chem. Soc.. 
1958, 80, 2536; A. N. Shrivastava, Agra. Univ. J. Res. (Sc.), 
1962, 11, 237. 

° D. M. W. Anderson and M. A. Herbich, J. Chem. Soc., 
1963, 1. 

10 V. K. Kulshrestha, J. Polymer Sci., 1962, 58, 791. 
1 B. A. Lewis and F. Smith, J. Amer. Chem. Soc., 1957, 

79, 3929. 
11 L. Adriaens, Mem. Inst. Roy. Cot. Beige, 1939, S. 1 (Chen. 

Abs., 1943. 37, 4926). 
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fistula (Schweinf.) Oliv.] (e) A. nubica Benth. Details of 
their collection are as follows: A. nilotica, from a single 
tree, Hawata, Kassala Province, 3 Feb., 1963; A. arabica, 
from small trees, Baruki Rahad, Kordofan Province, Mar., 

TABLE 1 

Data for species studied prior to this Paper 
Approx. sugar 

composition (%) 

I * 

Acacia 
species 	[5]D Equiv.  

A. senegalL 4  ......... -28° 1400 	13 	37 	37 	13 
A. mollissima 3 	... -49° 1880 	9 	38 	45 	7 
A. pycnantjia 	-8° - 	1-5 t 	65 	27 	1-2 
A. cyanophylla 5 	... -20° 740 	24 	48 	8 	21 
A. karroo' ............ +54° 1660 	12 	50 	36 	2 
A. calechu 7 	......... -32° 1025 	18 	50 	17 	14 
A.sundra' 	......... -30° 980 	18 	42 	28 	14 
A. seyal' 	............ +58° 1340 	13 	38 	48 	3 

* Decarboxylation values where quoted, or calculated from 
Equiv. and/or sugar ratios. t The summary of ref. 4 states 
5% uronic acid, although a decarboxylation value (corrected) 
of 1.2% and a titrimetric value of 0.8% were quoted. 

1961; A. cam pylacanlha, from a single tree, Umm Shuheita, 
Kadugli District, 9 Jan., 1961; A. fistula, from a single tree, 
Goz el Ganzara, 15 Dec., 1962. 

The other specimens studied are: (f) A. drepanolobiurn 
Harms ex Sjöstedt, collected by Mr. W. M. C. Bagshaw, 
Provincial Forest Officer, at Tabora, Western Province, 
Tanganyika, July, 1961; (g) A. dealbata Link, collected by 
Mr. R. L. Willans, Government Silviculturalist, Lupembe 
Forest Reserve, Southern Highlands Province, Tanganyika, 
9th Nov., 1960. 

Analytical Methods.-All the results quoted are corrected 
for moisture content. The methods used for determin-
ations of moisture, ash, and nitrogen contents have been 
desr.ribed.' Rotations were found at 20 °  for 3% aqueous 
solutions. Viscosity measurements were made at 25'0 °  
with suspended-level dilution viscometers, using aqueous 
solutions 3% with respect to the gum and 4% with respect 
to sodium chloride. Vapour-phase infrared methods were 
used to determine (a) methoxyl, by modified Zeisel 
reaction," (b) uronic anhydride, by acidic decarboxylation 
with hydriodic acid, 15  (c) rhamnose, by release of acet-
aldehyde on periodate oxidation of a hydrolysate. 14  
Standard methods were used for complete hydrolyses, 
paper partition chromatography, and sugar determinations 
after elution from the chromatograms (cf. ref. 9). The 
solvent systems were: butan-1-ol-pyridine-water-benzene 
(5: 3: 3:1: , top layer); ethyl acetate-acetic acid-formic 
acid-water (18: 3:1: 4). 

Studies on Native Material-A limited number of pre-
liminary analyses on the specimens of native gum should 
always be made (cf. ref. 15) when studying new species, so 
that any anomalous effects, formation of artefacts, and 
fractionations occurring during the purification stages can 
be detected. Table 2 presents the results of analyses of the 
native specimens. 

" D. M. W. Anderson, S. Garbutt, and S. S. H. Zaidi, Analyt. 
Chim. Acta, 1963, 29, 39. 

" D. M. W. Anderson and J. F. Stoddart in "Proceedings of 
Society for Analytical Chemistry Conference, Nottingham, 
1965," ed. P. W. Shallis, Heifer and Co. Ltd., Cambridge, 
232-239. 

TABLE 2 

Determinations on crude samples 
a a 

.g 

.2 
a 	a 

.11 	. a . 

a 	a 'a ' 'a,, 
'q ' ; 

Insoluble 	(%) 	025 	52 07 186 6'9 0'12 1'4 
Ash (%) 	.........248 	2'38 292 252 2'94 291 1'54 
Nitrogen (%) 	008 	008 0.34 1'25 065 007 020 
Methoxyl (%) 	105 	0'87 02 04 028 0-9 01 
Uronic acid (%) 	9'6 	10.0 10'4 9'0 7.7 9.3 6'4 
Flow-time 

(sec.)t 	.........360 	421 389 426 765 520 348 
[a)D50 	............+ 106° +97° -3° +74° -24° +60° +98°  

* % insoluble after shaking in cold water (sufficient to 
give a 5% solution) for 24 hr. 	t  Ubbelohde suspended-level 
viscometer at 25°; 	water = 212 sec., A. senegal = 450-700 
sec., dependent upon origin of specimen. c, 3% in water. 

Studies on Electrodialysed Material.-Each gum was 
purified by exhaustive electrodialysis (cf. ref. 9) against 
distilled water. Table 3 gives the results obtained from 
analyses of purified specimens. 

TABLE 3 

Determinations on electrodialysed samples 
a 

a 

a 	, 	- 	a a  
a 

0, a 	- a a 	'a 	 a 
, , . 's; 

Ash (%) 	......... 0'02 003 0.05 0'00 0'03 000 003 
Nitrogen (%) ... 002 007 028 1'12 061 0'06 021 
Methoxyl (%)... 0-96 088 0'42 040 035 0'90 0'15 
Flow-time 

(sec.)f 	......... 285 382 328 417 534 402 294 
Limiting flow- 

time no. 	...... 95 12'5 16'0 18.6* 	21'5 19'4 98 
[5]00  (c, 3% in 

water) ......... +l08°+l00° +75°  -25° +61 °  +100°  
Equiv . ............ 1890 2370 2020 2060 1840 1530 3030 
Hence uronic 

anhydride (%) 9.3 7.4 87 86 9.5 115 5-8 
Uronic anhydride 

(°/0 )(decarbox.) 9'2 7'8 82 9'0 78 9.3 7.3 
n-Galactose (%) 44 36 54 26 41 37 33 
L-Arabinose (%) 46 54 27 56 41 50 58 
L-Rhamnose (%) 0'4 0'4 7 l'O 6 04 0-6 

• Values for soluble material; this gum does not dissolve 
completely in cold water. f Water = 186 sec. 

DISCUSSION 

Since the values quoted in Tables 2 and 3 were 
obtained from replicate analyses of single nodule 
specimens they should be regarded as representative 
rather than as absolute values; previous studies ,16 

indicated that appreciable inter-nodule vaiiation occurs 
in gum exudates, and the extent of this effect in other 
Acacia species is under examination. Of the Acacia 
species studied prior to 1962 (i.e., species 1-7 in 

15  E. L. Hirst and J. K. N. Jones, in "Modern Methods of 
Plant Analysis." vol. II, ed. K. Paech and M. V. Tracey, Springer-
Verlag, Berlin, 1955. 

1* D. M. W. Anderson, E. L. Hirst, and N. J. King, Talanta, 
1959, 3. 118. 
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Table 1), all except A. karroo had negative rotations and 
glucuronic acid: rhamnose ratios approximating to 
unity. The overall picture now differs. Of the fifteen 
A cacia species for which data now exist (Tables 1 and 3), 
eight have negative rotations (range —3 to —49°) and 
seven have positive rotations (range +54 to +108°). 
Clearly, some major structural differences must exist to 
account for these results. 

The rhamnose content of Acacia species has long been 
of interest. Heidelberger's original evidence for hetero-
geneity in A. senegal was based on the observation that 
the rhainnose content of a fraction, obtained in small 
yield, was depleted; a recent study '' established that 
some of the L-rhamnose present in A. senegal is glyco-
sidically linked to D-glucuronic acid residues. The 
small amounts of rhamnose in A. pycnantha 4  (1-2%) 
and in A. karvoo 6  (z2%) could not be determined with 
confidence by paper chromatography: when, therefore, 
five of the seven species under investigation were 
observed to contain only chromatographic traces of 
rhainnose, an infrared method 14  was developed to 
determine rhamnose when present at less than the 
2% level. 

A. seyal ° ( Table 1) and all the species reported in 

11  G. 0. Aspinall, A. J. Charlson, E. L. Hirst, and R. Young. 
J. Chain. Soc., 1963, 1696. 

Table 3 contain methoxyl groups. Of species studied 
earlier, only A. mollissima was reported to have a 
methoxyl content; re-examination 18  of A. sentgal and 
A. karroo has, however, shown that these also contain 
methoxyl groups. In this laboratory, recent experi-
ments have indicated that the physical properties of 
gum solutions are dependent on both the methoxyl and 
the nitrogen content, 19  and that Acacia gums contain 
aldobiouronic acids in which 4-0-methylglucuronic acid 
is present. 20  To date, only A. karroo 6  has been reported 
to contain any aldobiouronic acid other than the ubi-
quitous 6-0-(-D-glucopyranosyluronic acid) -D-galactose. 

We thank Professor Sir Edmund Hirst, F.R.S, for his 
interest in these studies, the Sudanese Ministry of Edu-
cation for a scholarship (to K. A. K.), and Samuel Jones Ltd. 
(London), Laing-International Ltd. (Manchester).,and 
Rowntree Ltd. (York) for financial support. We are 
grateful to Mr. J. P. M. Brenan, Royal Botanic Garden, 
Kew, for botanical information concerning Acacia species. 
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STUDIES ON URONIC ACID MATERIALS 
PART X111 1 . THE COMPOSITION OF GUM EXUDATES 

FROM Albizia sericocephala AND Albizia glaberrirna 
WITH AN APPENDIX ON BOTANICAL NOMENCLATURE IN THE GENUS Albizia 

D. M. W. ANDERSON, G. M. CREE, J. J. MARSHALL, AND S. RAHMAN 

Department of Chemistry, The University, Edinburgh 9 (Great Britain) 

(Received November 26th, 1965) 

INTRODUCTION 

The genus Albizia (family Leguininosae, sub-family Mimosoideae) contains 
100-150 species 2 ; although it is distinguishable botanically from the closely related 
genera Inga and Acacia, considerable confusion existed between these three genera in 
the past. Consequently, complex series of synonyms exist for many Albizia species 
(see APPENDIX). It is unfortunate that"A." is used to abbreviate both "Albizia" and 
"Acacia", and it is important that confusion between these genera be avoided. 
Although the spelling "Albizzia" has been used consistently by chemical authors to 
date, the correct botanical form 2  is Albizia. 

Although Adriaens 3  reported the exudation of gum by Albizia fastigiata and 
Albizia gunirnfera, a structural study of Albizia zygia 4  and a note on the composition 
of Albizia glaberrima5 , published simultaneously in September 196r, appear to have 
been the first significant studies of Albizia exudates. These contributions were followed 
by notes on the composition of the gums from Albizia lebbeck(i and Albiziaprocera7 , 

and on the aldobiouronic acids in A. procera8 . It is therefore clear that Drummond and 
Percival were incorrect in stating 4  "the genus Albizia contains some twenty-six species, 
of which only two, A. zygia and A. sassa, produce gum". 

This paper primarily presents results from an analytical study of the composition 
of the exudate from Albizia sericocephala Benth., now known 2  to be an African 
subspecies of Albizia atnara (Roxb.) Boiv., which occurs almost exclusively in Asia 
Isee APPENDIX). 

Comparison of our results with those reported previously for A. zygia 4, A. 
Iaberrima5 , A. lebbeck 6 , and A. procera7  (see Tables I and II) indicated that some of the 

analytical data for A. glaberrirna5  were inconsistent with the broad characteristic 
Features of the other species studied to date. Thus, Torto reported 5  A. glaberritna gum: 

to be insoluble; 
to have a methoxyl content of 3.5%: this value is unusually high—more than 

would be present, indeed, if all of its glucuronic acid (ca. 16%, by calculation from the 
neutralisation equivalent reported 5) were present in the 4-0-methyl form; 

to contain galactose, arabinose, and rhamnose, in the ratio 3:1:2—allowing 

Carbohydrate Res., 2 (1966) 63-69 
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for 16 °/ of uronic acid, it follows that the gum contained Ca. 28% of rhamnose, an 
unusually high value for a plant gum. 

Re-investigation of the composition of A. glaberritna gum was therefore 
desirable, and, inTables I and II,we compare our results for an authenticated specimen 
with those reported 5  by Torto. 

EXPERIMENTAL AND RESULTS 

Analytical methods 
The methods used have been described', except that paper chromatography 

was carried out with the following solvent systerns(v/v): (a) ethyl acetate—acetic acid—
formic acid—water (18:3:1:4); (h) ethyl acetate—pyridine—water (10:4:3); (c) butan-i-ol-

pyridine—water—benzene (5:3:3:1, top layer); (d) butanone—acetic acid—water, saturated 

with boric acid (9:1:1). 

Origin of specimens 

Gum from Albizia sericocephala (clean, pale-yellow nodules, closely similar to 
commercial grades of gum arabic (Acacia senegal) in appearance) was collected at 
El Obeid in February 1965 by the Gum Research Officer, Republic of the Sudan. 
A!bizia glaberrima gum (a brown, semi-plastic mass) was collected, near Entebbe in 
June 1965, by the Conservator (Research) of Forests, Uganda. 

Examination of the crude gums 
Both specimens dissolved when shaken in cold water for 36 h. A. sericocephala 

gave a very viscous solution ([171 = 92.6; cf. Acacia senegal, [ij] = 15-25). In contrast, 
A. glaberrima gave a very low viscosity, [i] = 4.7. 

Table I presents the results of other analyses and gives comparisons with the 
corresponding data available for A. zygia 4 , A. lebbeck 6 , and A. procera7 . 

TABLE I 

ANALYTICAL DATA FOR CRUDE Albizia GUMS 

Moisture, % 
Ash, % 
Limiting flow-time 

numberb 

Nitrogen, Q/ 
Methoxyl, % 
Uronic anhydride, % 
Solubility 

A. .sericocephala A. glaberrima A. zygia 4 	A. lebbeck 6 	A. procera7  

II 27 17 11 12 

4.4 5.7 5.8 4.6 5.7 
92.6 4.7 n.dc n.d n.d 

0.74 0.50 O 0.26 0.2 
0.69 0.83 ca 	i n.d n.d 

17.4 20.6 n.d n.d n.d 
Complete Complete Partial Complete Complete 
in water in water in N NaOH in 2% NaOH in water 

aOther analyses are corrected for these values. 0 1n 4%  saline at 25.0. en.d, not determined. dOur 
reference specimen of A. zygia gives N, 0.89%. 
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Limiting flow-time No.f 57.5 
Sugar compositionP 

Galactose, % 30 
Mannose, % 10 

Arabinose, % 30 
Rhamnose, % 12 
Glucuronic acid, % 14 
4-0-Methylglucuronic acid, % 4 

Method of Purificationa 

Yield, % 
Ash, % 
Nitrogen, % 
Methoxyl, % 
Neutralisation equivalent, 
Hence, uronic anhydride, % 
lJronic anhydride, % 

(decarboxylati on) 
Specific rotation (water) 

e e p p p 
70 67 6o 58b 16c 55 
nil nil nil 0.25 0.22 

0.57 0.39 nil n.d n.d n.d 
0.65 o.8 3.5 1 .3 n.d n.d 

840 896 1100 723 n.d 1500 
21 20 16 24 n.d 12 

22 n.d 23.5 32.6 n.d 

17 
-12 

(c 0.7) 

17 
-12 +2I 

(c 1.0) (c 0.3, NaOH) (c 0.49) 
4.7 n.d n.d 

calc. calc. 

34 42 27 
6 trace io 

30 14 40 
8 28 trace 

19 
16 15 

3 8 

+38.7 n.d 
(C 0. 32, 0.INNaOH) 
n.d n.d 
calc. 

40 + 
13 
16 + 
- + 
21 
11 

'0 

C., 
a.' 

a.' 

TABLE 11 

THE COMPOSITION OF PURIFIED Albizia GUMS 

A. sericocephala A. glaberrima A. glaberrima 5 	A. zygia4 	 A. lebbeck6  A. procera7  

p 
6 
trace 

n.d 
1.5 

n.d 
n.d 

11.1 

[) 30 

(c 0.2) 
n.d 

caic. Ref. 7  calc. Ref. 8 

47 48 
trace trace 
31 32 
11 

) I I ) I I 

ae, electrodialysis; p, precipitation by alcohol. 
"Material extracted by cold, dilute alkali. 
CMaterial extracted by hot water. 
dn.d, not determined. 

eAssuming all titratable acidity arises from uronic acid groups. 
fIn 4%  saline at 25'. 

PCalc., calculated from sugar ratios reported; i, insufficient information available for calculation. 

UN 
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Purification 
The crude gums were each shaken for 36 h with sufficient cold water to give 5% 

(w/v) solutions. After filtration through several layers of fine muslin, followed by 
filtrations through acid-hardened paper, the gum solutions were electrodialysed at 
330 volts, in a grease-free, perspex cell fitted with cooling coils, until current ceased 
to flow. 

During the electrodialysis of A. glaberri,na, a fine, brown precipitate was 
deposited; this material (yield, 4%) was proteinaceous(N. 2.06%) and has not yet been 
investigated. 

The free gum-acids were isolated by freeze-drying. A. sericocephala gave a 
white product (yield, 70%), and A. glaberrima a pale-brown product (yield, 67%). 

Analysis of the purified gums 
Table II presents the results obtained for A. sericocephala and A. glaherriina, 

and compares these with the data reported for A. glaberriina5 , A. zygia 4, A. lebbeck 6 , 

and A. procera7 . 

Examination of aldobiouronic acids in A. sericocephala and A. glaberrima 
Samples were partially hydrolysed (N sulphuric acid, too', 8 h). neutralised 

(barium carbonate), filtered, de-ionised [Amberlite IR-I20 (14 1  form) resin)], 
and concentrated at 35°.  Comparison of the partial hydrolysates on the same chromato-
gram [Whatman No, i paper, solvent (a)] revealed that each gum contained three 
aldobiouronic acids, having the mobilities R(;aI = 0.21, 0.42, and 0.58. A mixed-
indicator spray", specific for the detection of acidic saccharides, was used to locate the 
separated components after the chromatogram had been dried in a current of air to 
remove all traces of the acidic solvent. The acid having Rcai = 0.42 was present in 
trace amount only in each gum, and its identity has not been investigated. 

For each gum, the aldobiouronic acids having Rcai = 0.21 and 0.58 were separ-
ated [Whatman 3MM paper, solvent (a)], located (by spraying side strips), and isola-
ted by elution from the paper. The aldobiouronic acids from each gum were hydrolysed 
(2N sulphuric acid, too', 6 h). neutralised (barium carbonate), filtered, de-ionised 
[IR-120 (HI form) resin], concentrated at 35°,  and examined in solvents (a), (b), 
and (c). The aldobiouronic acid having Rcai = 0.21 gave glucuronic acid, glucurone, 
and galactose; the acid having Rcaj = 0.58 gave 4-0-methylglucuronic acid and galac-
tose. The faster-moving acid was then shown to be identical chromatographically in 
solvent (a) with 6- O-(4- 0-met 11yl-9-D-gl ucopyranosyluronic acid)- D-ga lactose, and 
distinct from 4-0-(4-0-methyl-x-D-glucopyranosyluronic acid)-D-galactose. The 
slower-moving aldobiouronic acid was chromatographically identical with 
6- O-(fi-D-glucopyranosyluronic acid)-D-galactose. 

DISCUSSION 

The exudates from A. Iebbeck 6  and A. procera 7  are used as substitutes for, 
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and adulterants of, gum arabic (Acacia senegal). A. sericocephala is found in those 
parts of the Sudan at which gum cultivation is concentrated; its exudate is so similar 
in appearance to commercial grades of A. senegal that admixture of the two gums 
would be extremely difficult to detect. Studies on any commercial sample of gum must 
always be treated with reserve. 

A. sericocephala is not normally tapped; our specimen originated from natural 
exudation. Its exceptional viscosity, in comparison with the Acacia gums, makes it 
of possible commercial interest. We hope to secure, for study, a specimen of the gum 
exuded by A. sericocephala in response to tapping. 

Although both specimens of A. glaberriina have the same rotation, there are 
considerable differences between some of the other results found by Tort0 5  and by 
ourselves. Despite a careful check on our results, the differences remain, it is difficult 
to find an explanation for this, although A. glaberrirna is now known (see APPENDIX) 

to exist in different varieties, and the two specimens involved originated from widely 
separated parts of Africa. Torto's specimen was obtained from trees heavily infested 
with moth larvae, and this may be significant; in view of the complete solubility of 
other Albizia species, it is interesting that both Torto's specimen and the other species 
originating from Ghana, A. zygia, were virtually insoluble in water. 

The rhamnose content reported by Torto 5  is three times our value, and does not 
align with the trend set by the other species studied to date. The same comment 
applies to Torto's methoxyl content of 3.5%,  which is so high, in relation to the tironic 
acid content of A. glaherrima, as to suggest that this species has some structural 
feature which is not typical of the other Albizia species studied so far. We found no 
support for this in our analysis, and we suggest that Torto's high value may be due to 
solvent retention 10  of the methanol used to effect purification by precipitation. In 
order to detect such possible artifacts, we have always considered it essential 11 '' 2  to 
report a limited number of exploratory analyses on any gum prior to attempting its 
purification. 

A. procera has now been reported 8  to contain the same two aldobiouronic acids 
identified in A. zygia 1  gum. Although A. zygia gum was fractionated, A. procera gum 
is claimed to be a homogeneous polysaccharide. We have confirmed Torto's report 5  
that A. glaberrirna contains residues of three aldobiouronic acids; A. sericocephala 
appears to contain the same three acids, and chromatographic evidence indicates that 
the two major aldobiouronic acids in A. sericocephala and A. glaberrina are different 
from those in A. zygia and A. procera. 

The Albizia exudates therefore have a number of interesting features, although 
two of the distinctions made by Drummond and Perciva1 4  are no longer correct; 
rhamnose is not a major constttuent 13  in all Acacia gums, and the presence of two 
uronic acids is not an unusual feature 14  in the Mimosoideae family. Structural investi-
gations on A. sericocephala will be carried out, and analytical studies of further 
Albizia species are required to give a broader view of the characteristics of this genus. 
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SUMMARY 

The compositions of the gum exudates from Albi:ia sericocephala and Albizia 
glaberrima have been investigated. The results of analyses are compared with data 
available for the other Albizia species studied previously. The main aldobiouronic 
acids present in A. sericocephala and A. glaberrirna differ from those found in A. zygia 
and A. procera. The analytical results obtained for A. glaherrirna differ in a number of 
respects from those reported previously for this species by Torto. 

An APPENDIX lists several Albizia species for which a number of botanical 
synonyms exist, often reflecting earlier confusion with the genus Acacia. 
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APPENDIX 

NOMENCLATURE OF SOME GUM-FORMING Albizia SPECIES 

Albizia procera (Roxb.) Benth. 
syn. Albizia elaza Benth. 

Acacia procera Wilid. 
Albizia lebbeck (L.) Benth. 

syn. Albizia lat,folia Boiv. 
Albizia speciosa Benth. 
Acacia lebbeck WiIId. 
Acacia speciosa WilId. 
Acacia sirissa Roxb. 
Acacia macrophylla Bunge. 

Albizia zygia (D.C.) Macbride 
syn. A/b izia brownei (Waip.) Oliv. 

Zygia brownei Waip. 
Ingo zygia D. C. 
Acacia zygia (D.C.) Baill. 
Acacia welwuschioides (Schweinf.) 

ex Bak. 
Albizia adianrhifolia (Schumach.) 

syn. Mimosa adianthifolia Schumach. 
Zygia fastigiara E. Mey. 
Albizia fasrigiata (E. Mey.) Oliv. 
Albizia sassa of various authors, 

not (WilId.) Chiov. 
Albizia gumnufera  of various 

authors, not (J. F. GmeI.) 
C. A. Smith. 

Albizia amara (Roxb.) Boiv. 
typical Subspecies amara (Asia, India) 
syn. Mimosa a,nara Roxb. 

Albizia gracilijolia Harms. 
Albizia nellyrenza Grah. 
Albizia affinis Fourn. 

subspecies sericocephala (Benth.) Brenan 
syn. Albizia sericocephala Beiith. 

Inga sericocephala A. Rich. 
Albizia struthiophylla Milne-

Redhead. 
Albizia ferruginea (Guill. and Perr.) Benth. 

syn. Ingaferruginea Guill. and Pert. 
Albiziagummifera(J. F. Gmel.) C. A. Smith 

syn. Albizja sassa (Wilid.) Chiov. 
Inga sassa Wilid. 
Sasso gum,nifera J. F. Gmel. 

Albiziaglaberrima(Schumach. and Thonn.) 
Benth. 

Var. glaberrima (typical) 
syn. Mimosa glaberrima Schumach. and 

Thonn. 
Albizia warneckij Harms. 
Albizia eggelingii Bak. f. 

Var. mpwapwensjs Brenan 
Var. glabrescens (Oliv.) Brenan 
syn. Albizia glabrescens OIiv. 

(I) Albizia lophantha 
syn.Acacia speciosa Hort. ex Stend. 

Acacia lophaniha 
(j) Albizia slipulata 

syn. Acacia smithiana Roxb. ex Wall. 
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DIMETHYL SULPHOXIDE SYSTEM 
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(Received December 2nd, 1965) 

INTRODUCTION 

Recently, there has been renewed interest in methods for methylating poly-
saccharides. Attempts have been made to improve yields and also to reduce the number 
of repetitive treatments required with the classical Haworth 2  and Purdie 3  techniques. 
Kuhn 4  and his co-workers used N,N-dimethylformamide as solvent with silver 
oxide and methyl iodide for permethylations and have since proposed 5  the use of 
N,N-dimethylformamide and dimethyl suiphoxide, separately or in admixture, as 
solvents for methylations with barium hydroxide and methyl iodide or dimethyl 
sulphate. 

Our attempts to methylate Acacia gum polysaccharides, using barium salts, 
gave reasonable methoxyl contents, but emulsions, which were extremely difficult to 
break,tended to form. The use of dimethyl suiphoxide, with powdered sodium hydrox-
ide and dimethyl sulphate, has been repolted 8  to give high yields of almost fully 
methylated, neutral polysaccharides, but, in our experience, this technique is less 
successful with acidic materials. 

We have investigated the use of sodium hydride and methyl iodide for the 
methylation of acidic Acacia polysaccharides dissolved in dimethyl sulphoxide. 
(A similar technique has been used to methylate glycoproteins and neutral poly-
saccharides 7 , but its use with acidic materials has not, to our knowledge, been reported 
previously). We have also used this reaction for the rapid methylation of mono- and 
di-saccharides; sodium hydride has been used in the methylation of monosaccharide 
derivatives in ether-type solvents 8 ' 9  or in N,N-dimethylformamide 9 . 

In the presence of acidic groups, the sodium hydride reaction might lead to the 
following side-reactions, with the formation of artifacts: (a) condensation of ester 
groups with the methylsulphinyl carbanion to give a suiphoxide: (b) in the presence of 
ester groups, 9-elimination could occur to give 4,5-unsaturated acids 10  (esters of 
both glucuronic and galacturonic acids can undergo" such eliminations); (c) the 
product from (b) could react further to give a variety of products. 

The methylated products were therefore examined to ascertain whether such 
artifacts had arisen. 

For Part XIII see ref. I 
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EXPERIMENTAL 

Paper chromatography was carried out on Whatman No. i paper with the 
following solvent systems (v/v): (a) butan-i-ol--ethanol—water (4:1:5, upper layer); 
(b) butan-i-ol—acetic acid—water (4:1:5, upper layer); (c) ethyl acetate—acetic acid—
formic acid—water (18:3:1:4). 

Gas—liquid chromatography (g.l.c.) was carried out on columns (3 ft x 0.25 in) 
of polyethyleneglycol adipate (15% by weight on acid-washed Celite, 8o—loo mesh) 
at 150°; the carrier gas was nitrogen at a flow rate of 100 mI/mm. The chromatograph 
(Model S3A, Gas Chromatography Ltd, Maidenhead) was fitted with flame-ionisation 
detectors. Retention times are given relative to that of methyl 2,3,4,6-tetra-0-methyl-
fi-D-glucopyranoside. 

Weights recorded are those corrected for moisture content (by drying to constant 
weight at 1050).  Hydrolyses and methanolyses were effected with N sulphuric acid 
for 8 h at 1000  and with 5%  methanolic hydrogen chloride for 6 h at 1000  (sealed 
tube), respectively. Reagent-grade dimethyl sulphoxide and methyl iodide were 
redistilled before use. Methoxyl contents were determined by a specific, vapour-phase, 
infrared method 12. Absorption spectra were taken with a Perkin—Elmer 137 UV 
Spectrophotometer. 

Experimental precautions. Powdered sodium hydride was used without difficulty 
throughout our experiments; due precautions were observed when handling this 
reagent. Where preferred, the commercial dispersion of sodium hydride in oil may be 
used. A convenient method is to add the dispersion to dry dimethyl sulphoxide; 
the layer containing sodium hydride dissolved in dimethyl sulphoxide may then be 
added to a solution, in dinlethyl sulphoxide, of the material to be methylated. 

RESULTS 

(a) Acidic polysaccharides 
Meihylation of the gum from Acacia nubica (Benth.) 

The gum 464 g) was dissolved in dimethyl sulphoxide (250 ml), and powdered 
sodium hydride (2 g) was added in small portions, with gentle stirring, during t h. 
The solution turned yellow and, ultimately, became sen -u-solid. Methyl iodide (5  ml) 
was added dropwise with stirring during 2 11. The solution was stirred overnight, and 
one drop then gave a neutral reaction when added to water. A further three additions 
of sodium hydride and methyl iodide were made to the reaction mixture on successive 
days, as described for the first addition. The mixture was then poured into water 
(1.5 1) to precipitate the methylated polysaccharide, and any excess of methyl iodide 
was removed by aspiration. The precipitate was collected (centrifuge) and dissolved in 
chloroform. The supernatant solution (aqueous dimethyl suiphoxide) was extracted 
with chloroform, and the extract was combined with the solution of precipitated gum. 
The chloroform solution was washed with water to remove dimethyl sulphoxide, 
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dried (MgSO4), concentrated (rotary evaporator at less than 300),  and then added to 
light petroleum (b.p. 6o-8o°) to precipitate the methylated polysaccharide, which was 
removed by centrifugation and dried at room temperature under diminished pressure: 
yield, 3.98 g (85%) (Found: OMe, 40.8%). 

Single-step inethylation of a degraded gum from Acacia nubica 
Degraded gum (i.86 g), prepared from A. nubica gum by autohydrolysis, was 

dissolved in dimethyl sulphoxide (50 ml). Sodium hydride (2 g) was added in small 
portions, followed by methyl iodide (5 ml), as for the whole gum. The mixture was 
stirred overnight, water (200 nil) was added, and the mixture was extracted with 
chloroform. The isolation of the methylated, degraded gum (1.62 g, 87%) then 
followed the sequence already described for the whole gum (Found: OMe, 37.1%). 

Tests for the formation of artifacts 
The following tests were made on the methylated whole-gum and methylated, 

degraded gum. 
The methylated gum, dissolved in spectroscopic grade ethanol, showed no 

absorption at 235 m, indicating the absence of fl-elimination products. 
The methylated gum was tested for the presence of unsaturation by the thio-

barbituric acid method'°. Methylated guni (io mg) was shaken with water (t ml), 
and hydrochloric acid (5 ml, 0.5M) and thioharbituric acid (io ml, o.olM) were then 
added. The solution was immersed in a boiling water-bath for 30 min and cooled, 
and the absorption spectrum was examined. There was no absorption at 547 flip, 

indicating the absence of 4,5-unsaturated derivatives of D-glucuronic acid. 

Small-scale meth  y/at ion of degraded A. nubica gum 
To degraded gum (30 mg) in dimethyl sulphoxide (,o ml) was added, as described 

above, sodium hydride (zoo mg) followed by methyl iodide 0 .3 ml), and the mixture 
was stirred gently overnight. A second addition of reagents was then made, the mixture 
was stirred overnight, and the methylated product (20 mg) was isolated as described 
for the methylation of whole gum (Found: OMe, 40.0%). 

A half-portion of the product was dissolved in chloroform and examined by 
g.l.c. The remainder of the product was hydrolysed and then examined by paper 
chromatography in solvents (a) and (b). In all of these examinations, the chromato-
grams were identical with those obtained from the product of the large-scale methyla-
tion of degraded A. nubica gum. 

(b) Acidic mono- and di-saccharides 
Methylation of D-glucuronic acid. 

D-Glucuronic acid [200 mg, chromatographically homogeneous in solvent (c) 
and containing no D-glucurone] was dissolved in dimethyl suiphoxide (to ml), and 
sodium hydride (oo mg) was added in small portions with gentle stirring during i Ii. 
Methyl iodide (1.4 ml) was added dropwise, and the mixture was stored overnight. 
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The methylated product was then isolated by pouring into water, followed by extrac-
tion with chloroform at room temperature. 

The solution of the product in chloroform was divided into four parts. Portion I 

was examined directly by g.l.c. and gave only three peaks, having relative retention 
times of 0.17, 2.14, and 2.81. The first component had the same retention time as 
dimethyl suiphoxide. The other two peaks had the same retention times as were given 
by an authentic specimen of methyl (methyl 2,3,4-tri-0-methyl-cx/9-D-glucopyranosid)-
uronate. 

Portion 2 was concentrated to dryness and subjected to methanolysis, and the 
neutralised (silver carbonate) solution was concentrated to dryness. A solution of the 
residue in chloroform was examined by g.l.c. as for portion I. The same peaks were 
obtained, but with a decreased proportion of dimethyl sulphoxide. 

Portion 3  was concentrated to dryness and hydrolysed. The product was 
neutralised (barium carbonate) and examined by paper chromatography in solvents 
(a) and (b). Only one component, chromatographically identical with 2,3,4-tri-0-
methyl-D-glucuronic acid, was detected. 

Portion 4  was concentrated to dryness and warmed with water (t ml), and then 
hydrochloric acid (5 ml, 0.5M) and thiobarbituric acid (io ml, o.0IM) were added. 
The solution was kept for 30 min at 1000  and then cooled; there was no absorption at 
547 1flU. 

Methvlation of methyl x-D-glucopyranoside and methyl cz-o-galactopyranoside 
Quantities and procedure were as for D-glucuronic acid, except that the mixtures 

were stirred for only i h after addition of the methyl iodide. Examination by g.l.c. 
of the products from each glycoside showed that only the fully methylated sugars were 
present. 

tifethylation of an aldobiouronic acid 
6-0-(#-D-Glucopyranosyluronic acid)-D-galactose (6o mg) was dissolved in 

dimethyl sulphoxide (io ml). Reaction with sodium hydride (500 mg) and methyl 
iodide (1.4 ml) was then carried out as described above for the small-scale methylation 
of the degraded gum from A. nubica. 

A half-portion of the product was hydrolysed and examined by paper chromato-
graphy in solvents (a) and (b). Only two components, chromatographically identical 
with reference samples of 2,34-tn- O-methyl-D-glucuronic acid and 2,34-tn- 0-methyl-
D-galactose, were detected. The remainder of the product was hydrolysed in methanolic 
hydrogen chloride and neutralised (silver carbonate), and the methanol was removed 
by evaporation. The product was dissolved in dry chloroform and examined by g.l.c. 
Components having retention times identical with those of the methyl glycosides of 
2,3,4-tn- 0-methyl-D-galactose and of the methyl ester of 2,34-tn- O-methyl-D-
glucuronic acid were f ound*. 

*Note added in proof. In some reactions, it has been observed that 2,3,5-tri-0-methyl-D-galaCtOSe 
may also be formed, presumably through reaction of the disaccharide in the furanose form. 
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DISCUSSION 

The methylation technique described gives complete methylation of monosaccha-
rides and acidic disaccharides in one stage, and methoxyl contents exceeding 36% 
have consistently been achieved for acidic polysaccharides by making 2-4 additions 
of the reagents. Careful tests have failed to indicate the formation of artifacts. The 
products are given in high yield, and satisfactory results have been obtained with 30-mg 
samples. Yields of only 20-30% were obtained when classical methods were used, in 
multi-stage processes, to methylate acidic polysaccharides from A. seyal' 3  and A. 
nilotica 14 . In the light of this direct comparison, the sodium hydride method clearly 
offers distinct advantages. 

It is hoped that this communication will lead other investigators to assess the 
performance of the method with a wider range of polysaccharides. 
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SUMMARY 

Reaction of acidic poly-, mono-, and di-saccharides with sodium hydride and 
methyl iodide, in dimethyl sulphoxide as solvent, requires very few repetitive treat-
ments to give highly methylated products in very good yield. Artifacts could not be 
detected in the products. 
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INTRODUCTION 

In a preliminary study of the gum exudates from several Acacia species, 

Acacia nilotica (L.) Wilid. ex Del. was found 2  to differ in a number of interesting 
respects from those species studied prior to 1963. Thus, A. nilotica gum gave a high, 
positive specific rotation (+ 106°), a high methoxyl content ( 1  . 05%), and contained 
only traces of rhamnose that could not be estimated satisfactorily by paper chromato-

graphy. 
In addition, A. nilotica gum gave solutions of low viscosity, and its unusually 

low nitrogen content (0.08 %) was decreased to 0.02% on electrodialysis (corresponding 
decreases are not shown by other Acacia gums2 ' 3). A. nilotica could, therefore, consti-

tute a useful limiting case in investigations into the extent of the dependence of the 
physico-chemical properties of Acacia gum solutions on their natural nitrogenous 
content, and it was therefore selected for study in preference to other available 
species 2 . 

In view of the inter-nodule variation observed in A. seyal gum3, a preliminary 

analytical survey of ten nodules of A. nilotica gum was undertaken. 

EXPERIMENTAL 

Origin of Specimens. Ten large nodules of gum from Acacia nilotica were collected 
by (the late) M.P. Vidal-Hall, formerly Gum Research Officer to the Republic of 
the Sudan, at Hawata, Kassala Province, Eastern Sudan, on February 3rd, 1963. 
All of the nodules originated by natural exudation; nodules (1), (2), (3), and (4) were 

taken from individual small trees, nodules 5-10 from individual large trees, all 

growing in close proximity. 

Analytical Methods. The general methods have been described 2, except that paper 
chromatography was carried out with the following solvent systems (v/v): (A) butan-

i -ol-ethanol-water 41:5, top layer); (B) butan- i -ol-pyridine-water-benzene 

(5:3:3:1, top layer); (C) ethyl acetate-pyridine-water (10:4:3); (D) ethyl acetate-

acetic acid-formic acid-water (18:3:1:4); (E) ethyl acetate-acetic acid-water (9:2:2); 

(F) butan- i -ol-acetic acid-water (4:1:5, top layer). 

Carbohydrate Res., 2 (1966) 403-4 tO 
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TABLE I 

ANALYTICAL DATA a FOR PURIFIED NODULAR SPECIMENS OF Acacia nilotica GUM 

Nodules 

1 2 3 4 5 6 7 8 9 10 

Average 

All 
nodules omitting 5 

Ash, % 0.02 - - - 0.04 - - - - - - - 
Nitrogen, % 0.02 0.02 0.02 0.03 0.02 0.01 0.03 0.01 0.01 0.01 0.02 0.02 
Methoxyl, 0.96 0.75 1.25 1.18 1.44 1.30 1.25 1.03 1.13 1.28 1.16 1.12 
Reducing power' ,  0.07 0.05 0.13 0.05 0.16 0.13 0.07 0,35 0.20 0.10 0.13 0.13 
Flow timec, sec 304 312 305 307 333 305 307 306 304 309 309 307 
Limiting flow time numberc 9.5 - - - 10.4 - - - -. - - - 
[1]20D (c 3.0, water) +108 °  +109° +108 °  +108 °  +54° +107 °  +108° +I06 +106 °  +106 °  102 °  1 07 -  
Neutralisation equivalent 1890 1890 I 86 1930 1645 1960 I 86 I 88 186o 1850 1860 1890 
Hence, uronic anhydride, °, 9.3 9.3 9.5 9.1 10.7 9.0 9.5 9.4 9.5 9.5 9.5 9.3 
Uronic anhydride (decarbox.) 9.2 9.2 9.4 9.3 10.9 9.3 9.2 9.3 9.1 9.3 9.4 9.3 
n-Galactose 44 43 4' 43 33 40 43 42 43 39 41 42 
L-Arabinose 46 47 46 47 55 46 45 47 46 49 47 46 

G All results corrected to a dry-weight basis. b  Expressed as apparent % of free pentose. C  In 4% saline at 25.0°; water = 200 sec. d  If all acidity arises 
from uronic acid residues. 

0 
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RESULTS 

Studies on the crude gum. The results of analyses of nodule (1) have been published 2  
under the heading "A. nilotica" in Table It therein. 

Studies on gum samples purified by elecirodialysis. Each of the ten nodules of gum 
was purified separately by electrodialysis 4, and the free gum acids were isolated by 
freeze-drying; analytical data are given in Table I. Particular care was taken with 
duplicate analyses when it was observed that the results for nodule (5) differed 
significantly from the others; the results quoted are average values for satisfactory 
replicates. 

Partial hydrolysis of the gum acid, and separation of acidic sugars. Electrodialysed 
specimen (1) (16 g) was hydrolysed with N sulphuric acid (300 ml) for 12 h at ioo°. 
After neutralisation (barium carbonate), de-ionisation [Amberlite IR-I2o (H form)], 
and concentration, paper chromatography (solvents B and D) revealed the presence 
of galactose, arabinose, glucuronic acid, and 4-0-methylgtucuronic acid. Two acidic 
disaccharides were also indicated (these were, in fact, two mixtures of acidic disacchar-
ides). 

The neutral and acidic components were separated by passage through Duolite 
A4 (formate form). Elution with water gave a neutral syrup (10.7 g) which contained 
galactose and arabinose; this fraction was not examined further. The acidic com-
ponents were eluted with dilute formic acid to give a syrup 44 g) after the necessary 
isolation stages. 

Fractionation of the acidic sugars. The acidic syrup (4.4 g) was added to a cellulose 
column (8ox4 cm) and eluted with solvent E. Fractions (10 ml) were collected; 
the contents of every third tube were examined in solvents D and E. Five main 
fractions were obtained : fraction a(tubes 24-28), 216 mg; fraction b (30-61), 1498 mg; 
fraction c (62-100), 931 mg; fraction d 034-307), 941 mg; fraction e (492-600), 
309 mg. The total recovery was therefore 88%. 

Examination of the acidic fractions. (a) Fraction a had R aj 3.0 (solvent E) and 
crystallised readily. Recrystallisation from water gave D-glucopyranurono-6--+3-
lactone, m.p. and mixed m.p. 177 ° , [ x] +19°  (c 1.0, water). 

(b) Fraction b gave a single chromatographic spot having Ritha 0.91 (solvent D) 
20 and RGaI 0.39 (solvent B). It had [] +37 °  (c 1.5, water) (Found: OCH3, 14.6. CaIc. 

for a monomethylhexuronic acid: OCH3, 14.9%). 
The pale syrup (0.4 g) was converted into the methyl ester methyl glycoside 

(0.34 g) with dry, z% methanolic hydrogen chloride, reduced with potassium boro-
hydride, and hydrolysed. The product (0.24 g) had RRha 0.94 in solvent A and gave 
a single spot, having RGaI 1.94 and 2. 1, respectively, in solvents B and D. This behaviour 
was identical with that of 4-O-methylglucose.After purification on Whatman No. 3MM 
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paper in solvent A, the product had OCH3. 15.00/  (calc. for C7H1406: OCH3, 15.6%), 
and the crystalline phenylosazone had m.p. 156 °  (lit., 157_160 ° ), after two recrystal-
lisations from hot water. Fraction b was thus 4-0-methyl-D-glucuronic acid; the 
amide of methyl 4-O-methyl-cc-D-glucOpyrafluronOside was obtained as large, 

20 colourless plates. M.P. 2310  (lit., 232-236 ° ), [] +140°  ( C 0.5, water). 
Fraction c gave a single spot corresponding to D-glucuronic acid in solvent D: 

examination in solvent B showed the presence of a trace of galactose. In view of the 
identity of fraction (a), this fraction was not examined further. 

20 Fraction d had [LX] -i-°  (c i.o, water), and partially crystallised. Exami-
nation in solvents D and E gave spots (brown with aniline oxalate spray) having 

Raaj 0.69 and o.66, respectively. Hydrolysis (2N sulphuric acid, 6 h) and subsequent 
examination (solvent D) showed the presence of galactose and 4-0-methylglucuroflic 
acid in equal proportions (visual examination). A small portion of the fraction 
(8o mg) was treated with methanolic hydrogen chloride, reduced with potassium 
borohydride, hydrolysed, and fractionated on 3MM paper in solvent A, to give 

20 4-0-methyl-D-glucose [28 mg; phenylosazone, M.P. 1580  (lit., 159 °)], [x] 	+580 
 

(c 0.1, water); and D-galactose (31 mg; M.P. and mixed M.P. 1560) .  

Fraction d (500 mg) was methylated with dimethyl sulphate and sodium 
hydroxide, followed by methyl iodide and silver oxide, to give a product (286 mg; 
OCH3, 52.1 %) which was reduced with lithium aluminium hydride. The methylated, 
neutral product (213 mg) was hydrolysed (N hydrochloric acid, 4  h); the hydrolysate 
gave 3 spots (RG 0.84, 0.72, 0.69) in solvent A. The three components were separated 
on a cellulose column (2x38 cm) using butan-1-ol-light petroleum (7:3), saturated 
with water, as eluant. The first component (68 mg) had Ra o.8 (solvent A), was 
identical with 2,3,4-tri-0-methyl-D-glucose in solvents A, B, and F, and gave an 
anilide, M.P. 152°  (lit., 145I500). The second component 08 mg) had R0 0.71 
(solvent A), was identical with 2,3,6-tri-0-methyl-D-galactose in solvents A and F, 
and was oxidised with bromine to 2,3,6-tri-0-methyl-D-galactonolactone. M.P. 96-97°  
(lit., 98 0). The third component (17 mg) was identical with 2,3,4-tri-0-methyl-D-
galactose in solvents A, B, and F, and gave an anilide, M.P. and mixed M.P. 166 °  
(lit., 167-170 °). 

Separation qf the aldobiouronic acids in Fraction d 
Fraction d was suspected to be a mixture of mono methylaldobiouronic acids 

when the rotation for the corresponding fraction from the other specimens of A. nib-

tica was observed to vary significantly from +48 to +71 ° . Separation of fraction d 
into two aldobiouronic acids was achieved on strips (4" wide) of 3MM paper, in 
solvent D for 96 Ii. The chromatograms were freed from acidic solvent by air-drying 
for 48 h, followed by heating for 5  min at 150 ° . The located zones were eluted with 
cold water to give aldobiouronic acids A (101 mg) and B (95  mg). 

Examination of aldobiouronic acids A and B 
20 Acid A (101 mg) had R1 0.79 (solvent D) and [] +93°  (c 1.0, water). 

Carbohydrate Res., 2 (1966) 403-410 
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A sample (40 mg) was converted into the methyl ester methyl glycoside; one half-
portion of the product was reduced with potassium borohydride and hydrolysed. 
The products were chromatographically identified (solvent A) as galactose and 
4-0-methylglucose. The second half-portion reduced 1.8 mol. of sodium periodate. In 
duplicate experiments, the aldobiouronic acid gave, on periodate oxidation, 1.01 and 
1.04 mol. of formaldehyde, indicating that C-6 of the D-galactose residue was not 
involved in a linkage. These experiments, considered in conjunction with the 
methylation evidence reported above for acidic fraction (d), led to identification of 
acid A as 4-  O-(4- O-methyl--D-glucopyranosyluronic acid)-D-galactose. 

20 Acid B (yield 95  mg) had R0.1 o.68 (solvent D) and [x] +60  (c 0.95, water). 
Methanolysis, followed by potassium borohydride reduction and subsequent hydroly-
sis, gave only galactose and 4-0-methylglucose(solvent D). Periodate oxidation of the 
aldobiouronic acid at pH 8 gave no formaldehyde. The methyl ester methyl glycoside, 
on oxidation with sodium periodate in darkness for 2 days at room temperature 
consumed 3.1 mol. of periodate. These experiments, considered in conjunction with 
the methylation evidence reported above for acidic fraction (d), led to the identi-
fication of acid B as 6-0-(4-0-methyl--D-glucopyranosyluronic acid)-D-galactose. 

20 (e) Fraction e (309 mg) had [cJ +310 (c 1.2, water) and gave, after hydrolysis, 
only galactose and glucuronic acid (solvents B and D). Methanolysis, followed by 
potassium borohydride reduction and hydrolysis, gave only galactose and glucose. 
Chromatographic separation in solvent D for 120 h was required to reveal the 
presence of two components having Rcai 0.21 (major component) and 0.28. Fraction 
e was then fractionated on 3MM paper (4  wide) in solvent D for 16o h to give 
aldobiouronic acids C and D. 

Examination of aldobiouronic acids C and D 
Acid C (103 mg) had RGaZ 0.21 (solvent D) and gave [x] -° (c 0.4, water). 

It was chromatographically homogeneous and identical in solvents D, E, and F 
with 6-0-(/9-D-glucopyranosyluronic acid)-D-galactose. Reduction of the methyl ester 
methyl glycosides with potassium borohydride, followed by hydrolysis, gave only 
galactose and glucose. Methylation of a portion (80 mg) by the Haworth and the 
Purdie methods, followed by reduction (lithium aluminium hydride), gave a product 
(38 mg) which, after hydrolysis, was fractionated on 3MM paper in solvent A to 
give 2,3,4-tri-0-methyl-D-glucoSe (14 mg) [Rai o.8 (solvent A); anilide, m.p. + 148°  
(lit., 145_150 °)] and 2,3,4-tri-0-methyl-D-galaCtoSe (11 mg) [R aj 0.67 (solvent A), 
chromatographically identical with an authentic specimen in solvents A, D, and F; 
attempted preparation of the anilide did not yield a crystalline product]. 

Acid D (i8 mg) had R0a1 0.28 and 0.32 on Whatman No. i and 3MM papers, 
21 respectively, in solvent D, and had [] + 107 °  (c o. I, water). Hydrolysis gave only 

galactose and glucuronic acid; periodate oxidation at pH 8 for 24 h gave 0.93 mol. 
of formaldehyde. This acid has subsequently been obtained from other Acacia 
species, and has been more rigorously characterised 5  as 4-0-(c-D-glucopyranosyl-
uronic acid)-D-galactose. 
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DISCUSSION 

The analytical results in Table I supplement the limited data of this type 

extant36 ; the additional work involved in such an approach is justified for the 

following reasons. 

For such complex polysaccharides, it is reasonable to expect that some variation 

in composition and properties may exist between gum specimens exuded by different 

trees of a particular species (it is becoming apparent that the inter-nodule variation 

for one species may be greater than that for another). This investigation has shown 

that a knowledge of the inter-nodule variation is useful whenever an aspect of heter-

ogeneity, or the possibility of fractionation, is involved. 

In this study of A. nilotica, the natural exudates, collected on the same day, 

from ten different trees growing in close proximity, have been examined. This approach 

can be extended to examine (i) the seasonal variation for a species. (ii) the variation 

between specimens from geographical locations differing in climate and type of soil, 

and (iii) the variation between exudations resulting from different stimuli, e.g., 

from tapping, from natural processes, from diseased trees, and from trees attacked 

by ants or borer beetles. Such studies could provide useful evidence regarding the 

mode of biosynthesis of gum and the nature of the carbohydrate systems serving 

as gum precursors in the tree. 

The available analytical data substantiate the view 3  that a single, gum nodule 

is itself complex and offers the simplest system available for structural investigation. 

Recent developments in analysis make such an approach possible if the collection 

of reasonably large nodules can be arranged. A preliminary analytical survey of 

several nodules is, nevertheless, required, to select the most representative nodule 

of the species for structural study, and to establish the extent to which it varies from 

other specimens. The value of this approach is seen in Table l.fromwhich specimen (5) 
must be regarded as atypical (in some respects) of the A. nilotica species. On the basis 

of present knowledge, there is, however, no evidence that specimen (5) did not origi-
nate from A. nilotica. The ten specimens studied were collected by an accepted 

authority on the Sudanese Acacias. whose undertaking was, in the research collabor-

ation between the Sudanese Department of Forests and this laboratory, to collect, 

personally, only specimens which could be authenticated beyond doubt. Acacia 
nilotica is, moreover, distinctly characteristic to a trained fieldsman; the species 

resembling it most closely is A. arabica. Inspection of the available analytical data 

for Acacia species 2  indicates that although A. pycnantha, A. arabica. and A. fistula 
each have some feature in common with specimen (5) in Table I, its analytical charac-

teristics, taken as a whole, do not suggest that it would he more correctly assigned to 

any other species for which information exists. Although this view may require 

alteration in the future, the present reserve associated with this specimen further 

justifies a limited, preliminary, analytical survey of the nodules of any gum species 

under structural investigation. 

Determinations of the traces of rhamnose in A. ni/otica could only be achieved 
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by a spectroscopic method developed 7  for the purpose. Several Acacia species are 
now known to contain <i'/ ,o'of rhamnose, and this cannot now be considered a 
major constituent in all Acacia gums ('f. ref. 8) Furthermore, polysaccharides 
containing both D-glucuronic acid and its 4-0-methyl ether are no longer unusual 
(cf. ref. 8); these acids occur conjointly in species of the Albi:ia4,8 , K/iaya'° and, 
now, of the Acacia genera. 

Methoxyl groups were recently reported 9  to occur in Acacia species; the rela-
tively high methoxyl content in A. nilotica has facilitated the present confirmation 
that the methoxyl groups are structurally significant 9 . Prior to this investigation, 
only A. karroo' 1  and A. Senegal' had been reported to contain two aldobiouronic 
acids; on re-examination, those species previously reported to contain only 6-0-
(-D-glucopyranosyluronic acid)-D-galactose may be found to be more complex. 

The optical rotation data presented for acid fraction (d) and its components 
give an indication of the extent to which heteropolymolecularity' is displayed by 
A. nilotica gum. Calculation shows that the proportions of the monomethylaldo-
biouronic acids A and B vary, in the nodules examined, from approximately i:i to 
3:1. Furthermore, with the recovery of these monomethyl acids accounting for the 
observed methoxyl content, and with no evidence of alternative locations for the 
methoxyl groups in this or other Acacia species" 5, the inter-nodule variations in 
methoxyl content suggest that the heteropolymolecularity extends to differences in 
the proportions of the monomethyl acids (A + B) and the non-methylated acids 
(C + D). 
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SUMMARY 

Inter-nodule variations in the composition and properties of Acacia nilotica 
gum have been investigated. The results confirm the value of this type of analytical 
survey of a species, prior to structural studies on a single, representative nodule. 

The acidic components of the gum have been examined in detail. For the first 
time in the genus Acacia, four aldobiouronic acids, two of which contain 4-0-methyl-
D-glucuronic acid, were present and were identified as 4-044-0-methyl--D-
gi ucopyranosyluronic acid)-D-galactose (A), 6- 0-(4- 0-methy1-3-D-gl ucopyranosyl-
uronic acid)- D-ga lactose (B), 6-0-(fl-D-glucopyranosyluronic acid)-D-galactose (C), 
and 4-  0-x-D-gl ucopyranosyl uronic acid)-D-galactose (D). 
The analytical data indicate that there is an inter-nodule variation in the proportions 
of acids A and B, and, further, in the proportions of the monomethyl acids (A ± B) 
and the unsubstituted acids (C -f  D). 
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Studies on Uronic Acid Materials. Part XVII.' Some Structural Features 
of Acacia Senegal Gum (Gum Arabic) 
By D. M. W. Anderson, Sir Edmund Hirst, and J. F. Stoddart 

Acacia senegal gum is subjected to seven successive Smith degradations. The 0-methyl derivatives of each of 
the polysaccharides obtained from the first five degradations are analysed, after methanolysis, by gas—liquid 
partition chromatography. After the fifth degradation, the 0-methyl sugars characterised from the methylated 
polysaccharide are 2.3,4.6-tetra-. 2.4.6- and 2,3.4-tn-. and 2.6- and 2,4-di-0-methyl-D-galactose; partial acid 
hydrolysis of this galactan affords 6-0- -D-galactopyranosyl-D-galactose. 3-0- -D-galactopyranosyl - D - g 8 laCtoSe. 
and the p1.3-linked galactotriose. 

The same sample of A. senegal gum is degraded by autohydrolysis: the methylated autohydrolysed gum contains 
2.3,4.6-tetra-. 2,4.6- and 2.3,4-tn-. and 2,4-di-0-methyl-D-galactose. 2.3,4-tri-0-methyl-D-glucuronic acid, and 
trace amounts of 2,3,5-tri-0-methyl-L-arabinose. 

As a result of these investigations, modifications to the accepted structural features of the gum are proposed. 

EARLIER investigations on the primary chemical struc-
ture of Acacia senegal gum have been the subject of 
several reviews. 2  The gum has been recognised as an 
acidic polysaccharide containing D-galactose, L-arabinose, 

1 Part XVI, D. M. W. Anderson and K. A. Karanialla, 
Carbohydrate Res., in the press. 

* F. Smith and R. Montgomery, "The Chemistry of Plant 
Gums and Mucilages," Reinhold Pubi., Inc., New York, 1959. 

E. L. Hirst, "Plant Gums," 4th Interni. Congress of 
Biochem., Vienna, 1958. 

E. L. Hirst, Proc. Roy. Soc., 1959, A, 252, 287.  

L-rhamnose, and n-glucuronic acid. Smith 7  deduced 
several important structural features from a methyl- 
ation study of the degraded gum resulting from the 

L. Hirst and J. K. N. Jones. "The Gums of Mucilages 
and Plants," in "Encyclopedia of Plant Physiology," ed. 
Ruhiand, Springer-Verlag, Berlin, 1958. 

M. Glicksman and R. E. Schachat, "Gum Arabic," in 
"Industrial Gums." ed. Whistler, Academic Press, New York, 
1959. 

Smith, J. Chem. Soc., 1939, 744, 1724; 1940, 1035; J. 
Jackson and F. Smith, ibid., 1940, 74, 79. 
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removal of the acid-labile arabinofuranose and rhamno-
pyranose residues by autohydrolysis. Partial acid 
hydrolyses have shown that 6-0-(-D-glucopyranosyl-
uronic acid)-D-galactose, 8  3-0--D-galactopyranosyl-L-
arabinose, 7 ' 9  3-0-13-D-galactopyranosyl-D-galactose, 7  and 
3-0-r3-L-arabinopyranosyl-L-arabinose,'° are constituent 
units of the gum. 

The structural interpretations from Smith's experi-
ments were limited to those based on branched frame-
works of 1,3- and 1,8-linked D-galactose residues. 
Evidence for the mode of distribution of the 1,3- and 
1,6-linkages between these residues in the " core " of the 
gum was obtained by Dillon, O'Ceallachain, and 
O'Colla," who subjected the gum to three successive 
Barry degradations; 12  further treatment of the degraded 
polysaccharide with periodate and phenylhydrazine 
gave a product in high yield. This indicated that little 
degradation had taken place during the fourth Barry 
degradation; it was concluded that the gum contained 
a fundamental chain of D-galactose units, exclusively 
involving 1,3-linkages. 

A previous investigation Is  showed that the sample of 
Acacia senegal gum used in the present studies contained 
D-galactose (39%), L-arabinose (28%), L-rhamnose 
(14%), D-glucurornc acid (17.5%), and 4-0-methyl-D-
glucuronic acid (1.5%). (All percentages are for anhydro 
sugars and are corrected for moisture and protein 
contents.) 

The methylated gum was subjected to methanolysis 
and the mixture of methyl glycosides was analysed by 
gas-liquid partition chromatography; 14 the methyl 
glycosides of 2,3,4-tri-0-methyl-L-rhamnose, 2,3,5- and 
2,3,4-tn-, and 2,5-di-0-methyl-L-arabinose, 2,3,4,6-tetra-, 
2,4,6- and 2,3,4-tn-, and 2,4-di-0-methyl-D-galactose, 
and 2,3,4-tn- and 2,3-di-0-methyl-D-glucuronic acid were 
identified. With the exception of 2,3,4-tri-0-methyl-
D-galactose, all these 0-methyl sugars were present in 
the methylated gum studied by Aspinall, Charison, Hirst, 
and Young; 15 2,3,4-tn-0-methyl-D-galactose, 2,3,4-tn-
0-methyl-L-arabinose, and 2,4,6-tri-0-methyl-D-galac-
tose were not reported in the methylated sample in-
vestigated by Smith .7  The presence of 2,3,4-tni-0-
methyl-L-arabinose was not unexpected, since graded 
acid hydrolysis of the gum had yielded 3-0-f3-L-arabino-
pyranosyl-L-arabinose. 10  The identification of small 
amounts of 2,4,6-tni-0-methyl-n-galactose in the methyl-
ated whole gum indicated that a re-examination of the 
methylated degraded gum, obtained after autohydrolysis 
and methylation, was necessary. 

In a previous investigation, 13  electrodialysed whole 
gum (2% solution; pH, 2.8) was heated for 50 hours 
on a boiling-water bath; the autohydrolysed gum, 
isolated after exhaustive dialysis, contained uronic acid 

$ S. W. Challinor, W. N. Haworth, and E. L. Hirst, J. Chem. 
Soc., 1931, 258. 

' J. K. N. Jones, J. Chem. Soc., 1953, 1672. 
io P. Andrews and J. K. N. Jones, J. Chem. Soc., 1955, 583. 
11  T. Dillon, D. F. O'Ceallachain, and P. O'Colla, Proc. Roy. 

Irish Acad., 1953, 55B, 331; 1954, 57B, 31. 
Is  V. C. Barry, Nature, 1943, 152, 537.  

(21%), galactose (77%), and arabinose (2%). Smith 
reported that hydrolysis of the methylated auto-
hydrolysed gum yielded 2,3,4,6-tetra-, 2,3,4-tn- and 
2,4-di-0-methyl-D-galactose, and 2,3,4-tni-0-methyl-
D-glucuronic acid in the approximate molar proportions 
1: 5: 3: 3. Our re-examination of the methylated 
autohydrolysed gum has, however, shown the presence 
of 2,3,4,6-tetra-(+ +) 2,4,6-(+ +) and 2,3,4-tni-( + + +). 
2,4-di-(+ + +) and 2-0-methyl-D-galactose (+) 2,3,4-
tni-0-methyl-D-glucuronic acid (+ + +) and trace 
amounts of 2,3,5-tni-0-methyl-L-arabinose. The ap-
proximate relative molar proportions indicated were 
estimated from the peak areas obtained for the methyl 
glycosides by gas-liquid partition chromatography, and 
from the intensities of the spots on paper chromato-
grams given by the 0-methyl sugars after hydrolysis of 
their methyl glycosides. The presence of increased 
proportions of 2,4,6-tri-0-methyl-D-galactose in the 
methylated autohydrolysed gum suggests that some of 
the residues in the chains of 31,3-linked galactose units 
are 6-0-substituted with acid-labile arabinofuranose 
units. 

During autohydrolysis, extensive degradation of the 
gum macromolecule (95  Ca. 250,000) 16  occurs to yield 
apolysaccharide of relatively low molecular weight 
(295  = 4800). 13  This degradation is much greater than 
can result from the simple removal of arabinose and 
rhamnose from the periphery. The postulate 2  that 
blocks of degraded units might have been interconnected 
by labile arabinofuranose residues has been rejected. 13  
Moreover, there is no evidence from methylation 
studies for the presence of any galactofuranose re-
sidues; this implies that certain galactopyranosidic 
bonds must be unusually reactive under the mild con-
ditions of autohydrolysis. 

A sample of the whole gum was subjected to successive 
degradations using the procedure, devised by Smith 
and his co-workers, 17  involving peniodate oxidation, 
borohydride reduction, and controlled acid hydrolysis. 
The first penodate oxidation was stopped after 48 hours; 
after borohydride reduction, and hydrolysis of acetal 
linkages with N-sulphuric acid at room temperature for 
2 days, polysaccharide A was isolated. This contained 
galactose (69%), arabinose (27%), and glucuronic acid 
(4%); acid hydrolysis yielded a small amount of 6-0-
(3-u-glucopyranosyluronic acid) -D-galactose. Thus, the 
first Smith degradation removed all the rhamnose and 
4-0-methylglucuronic acid residues, together with some 
of the galactose, arabinose, and glucuronic acid. From 
the structural features accepted to date, non-reducing 
end-group arabinose and galactose, as well as 6-0-sub-
stituted galactose residues and 4-0-substituted glu- 

18 	M. W. Anderson and J. F. Stoddart, Carbohydrate Res., 
1966, 2, 104. 

14  G. 0. Aspinall, J. Chem. Soc., 1963. 1676. 
' G. 0. Aspinall, A. J. Charison, E. L. Hirst, and R. Young, 

J. Chem. Soc., 1963, 1696. 
" H. B. Oakley, Trans. Faraday Soc., 1935, 31, 136; 1936, 32, 

1360; 1937, 33, 372. 
11  I. J. Goldstein, G. W. Hay, B. A. Lewis, and F. Smith, Abs. 

Papers Amer. Chem. Soc., 1959, 135, 3D. 



curonic acid residues, should be cleaved during the first 
Smith degradation. Methylation evidence for the whole 
gum indicates that there are some non-reducing end-
group galactopyranose, arabinopyranose, and arabino-
furanose residues, together with a few C-6-substituted 
galactopyranose units; most of the glucuronic acid 
residues are substituted at C-4, with very few apparently 
present as non-reducing end-groups. The isolation and 
characterisation, after deacetylation, of 4-0--L-rhamno-
pyranosyl-D-glucose from acetolysis of diborane-reduced 
acetylated gum established that some L-rhamnopyranose 
residues are glycosidically linked to C-4 of D-glucuronic 
acid. 15  Complete oxidation of all glucuronic acid residues 
would be expected during the first treatment with 
periodate; the incomplete oxidation observed may 
result from steric hindrance. 18  

There is an additional problem with acidic polysac-
charides; difficulty is encountered when attempting 
to hydrolyse acetal linkages involving acidic fragments, 
since they tend not to be cleaved by cold dilute acid. 19  
Such fragments should, however, be removed during 
subsequent Smith degradations, since glucuronic acid 
residues are glycosidically linked to the C-6 positions 
of galactose residues, which are also usually 3-0-sub-
stituted with short side-chains containing galacto-
pyranose, arabinopyranose, and arabinofuranose residues. 
Removal of these side-chains by successive Smith 
degradations will leave those galactose residues carrying 
acidic fragments on C-6 vulnerable to attack by periodate; 
any persistent acidic fragments will, therefore, be 
eliminated subsequently. 

On methanolysis, the 0-methyl derivative of poly-
saccharide A gave the methyl glycosides of 2,3,5-tn-
and 2,5-di-0-methyl-L-arabinose, 2,3,4,6-tetra-, 2,4,6-
and 2,3,4-tn-, and 26- and 2,4-di-0-methyl-D-gaJactose, 
and 2,3,4-tni-0-methyl-D-glucuronic acid. A methyl-
ation study by Dillon el al.11  on the polysaccharide 
obtained after one Barry degradation gave, as hydrolytic 
cleavage fragments, 2,3,5- and 2,34-tri-, and 2,5- and 
2,3-di-0-methyl-L-arabinose, and 2,3,4,6-tetra-, 2,4,6-
tn-, and 2,4-di-0-methyl-n-galactose. Our results show 
that all the rhamnopyranose and arabinopyranose 
residues are removed by one Smith degradation. The 
presence of some 2,6-di-0-methyl-D-galactose may result 
from under-methylation, at the C-4 position, of certain 
galactose residues. 

A second Smith degradation yielded polysaccharide 
B, which contained galactose (89%) and arabinose 
(11%). On methanolysis, the 0-methyl derivative of 
polysaccharide B gave the methyl glycosides of 2,3,5-tn-
and 2,5-di-0-methyl-L-arabinose, and 2,3,4,6-tetra-, 
2,4,6- and 2,3,4-tn-, and 2,6- and 2,4-di-0-methyl-
D-galactose. A Smith degradation of polysaccharide B 
gave polysaccharide C, which contained galactose (98%) 

H. Klosterman and F. Smith, J. Amer. Chem. Soc., 1952, 
74, 5338. 

' G. 0. Aspinall, V. P. Bhavanandan, and T. B. Christensen, 
J. Chem. Soc., 1965, 2877. 

° J. K. N. Jones and P. E. Reid, J. Polymer Sc., 1963, 2, C, 
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and arabinose (2%). Methylation and methanolysis of 
this polysaccharide gave the methyl glycosides of 2,3,5-
tri-0-methyl-L-arabinose and 2,3,4,6-tetra-, 2,4,6- and 
2,3,4-tri-, and 2,6- and 2,4-di-0-methyl-D-galactose. 
Successive Smith degradations then gave polysaccharide 
D and E, which were examined by methylation and 
partial acid hydrolysis; on methylation and methano-
lysis, both polysaccharides D and E gave 2,3,4,6-tetra-, 
2,4,6- and 2,3,4-tri-, and 2,6- and 2,4-di-0-methyl-
D-galactose as their methyl glycosides. The ratio of the 
amounts of 2,4,6-tri-0-methyl-D-galactose to 2,3,4,6-
tetra- and 2,4-di-0-methyl-D-galactose, as judged from 
the peak areas obtained for their methyl glycosides on 
gas–liquid partition chromatography, was greater for 
polysaccharide E than for D. Partial acid hydrolysis of 
polysaccharides D, E, F, and G afforded 3-0-3-D-galacto-
pyranosyl-D-galactose, 6-0-1-D-galactopyranosyl-D-gal-
actose (in small amounts), the p1,34inked galactotniose, 
and higher oligosaccharides. The absence of the a or 

1,4-linked galactobiose, and the fact that the degraded 
polysaccharide proved difficult to methylate, has led us 
to believe that the small amounts of 2,6-di-0-methyl-D-
galactose arose from under-methylation. The presence 
of some 2-0-methyl-D-galactose in the 0-methyl deriv-
atives of the whole gum and autohydrolysed gum may 
also be ascribed to incomplete methylation; this oc-
curs 20  with structurally related polysaccharides of 
the arabinogalactan type that have a high proportion 
of Il ,3-linked galactose units. 

Molecular-sieve chromatography 13 of the whole gum 
and of polysaccharides A—E gave the elution patterns 
shown in_Figure 2. The number-average molecular 
weights, M5 , have been estimated from the calibration 
curve shown in Figure 1; without confirmation by some 
more fundamental method, these values must be re-
garded as approximate. For a commercial sample of 
gum arabic, Oakley 18  obtained a value of Ca. 250,000 
for M by osmometry. Assuming a similar value for the 
present sample, there is a significant drop in fl, to Ca. 

96,000 for polysaccharide A after the first Smith de-
gradation, and subsequently to 17,000 for polysaccharide 
E after the fifth Smith degradation. (A few glycosidic 
bonds may, however, be cleaved 9  during hydrolysis of 
acetal linkages with cold dilute acid.) 

Partial acid hydrolysis of polysaccharide E' (ob-
tained after five successive Smith degradations in a 
duplicate experiment on a larger scale) led to the isol-
ation of 6-0-13-D-galactopyranosyl-D-galactose. Proof 
of its structure followed from the value of the specific 
rotation, and methanolysis of the 0-methyl derivative 
to give the methyl glycosides of 234,6-tetra- and 23,4-
tri-0-methyl-D-galactose. The p1.3-linked galacto-
biose 7,23  and galactotriose 23  have been characterised 
previously in the whole gum. 

21  G. 0. Aspinall and R. M. Fairweather, Carbohyd. Res., 1965, 
1, 83. 

M. L. Woifrom and D. L. Patio, J. Org. Chem., 1965, 30, 
4060. 

28  G. 0. Aspinall and R. Young, J. Chem. Soc., 1965, 3003. 
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On the basis of the available evidence, several struc-
tural interpretations for polysaccharide E are possible; 
these must, however, take into consideration the limit-
ations involved in applying Smith degradations in step-
wise fashion to polysaccharides. It is unlikely that 

a' 
0 
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moreover, this disaccharide is also present in the partial 
acid hydrolysates of polysaccharides F and G. If there 
is a "main chain" of (31,3-linked galactose units in 
polysaccharide E, it must carry short side-chains of 
(31,34linked galactose residues; the branch points 
for these side-chains would be through (31,8-linkages 
(Figure 3, I). Alternatively, there could be occasional 
(31,64linkages along a "main chain" of (31,3-linked 
galactose units; in this case, the branch points for short 
side-chains would be through (31,3-linkages to the 
(31,6-linked residues in the "main chain" (Figure 3, 
II). A randomly branched structure of (31,3-linked 

p 	 ° 	

S 

Ve  (ml.) 

FIGURE 1 Plot of elution volume, V, against log R. for 
dextran fractions of known M. values. "Bio-Gel P300" 
column (4.8 x 50 cm.): elution with M-sodium chloride. 
(The arrows correspond with those on Figure 2) 
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FIGURE 2 Elution patterns for Acacia senegal gum and for 
polysaccharides A—E. ' Bio-Gel P300" column (4.8 x 50 
cm.): elution with M-sodium chloride 

complete reaction is achieved at every stage in the de-
gradation scheme. The methylation evidence indicates 
that polysaccharide E is not a simple linear (31 ,3-galactan. 
Whilst 2,4,6-tri-0-methyl-D-galactose is the most 
predominant 0-methyl sugar obtained from the methyl-
ated polysaccharide, the identification of some 2,4-di-0-
methyl-n-galactose and 2,3,4,6-tetra-0-methyl-D-gal-
actose indicate occasional branching at the C-3 and C-6 
positions. The presence of small amounts of the 51 ,6- 
galactobiose in the partial acid hydrolysate of poly-
saccharide E is further support for a branched structure; 

N. -  
nI 

FIGURE 3 Diagrammatic representation of some of the possible 
structures for the " periodate-resistant " galactan framework 
(polysaccharide E) of Acacia senegal gum; - = chains of 
l,3-linked D-galactopyranose residues; ' = p1,64inkage at 

branch point; 0 = reducing end group; 0 terminal non-
reducing group 

chains with (31,6 branch points would also satisfy the 
available structural evidence (Figure 3, III). 

The polysaccharide entities of which the gum is 
comprised are probably polymer systems which have, 
in addition to a molecular weight distribution, a variation 
in monosaccharide composition as well as a distribution 
in the mode of linking and branching of certain mono-
saccharide Uflits.13  A possible structural fragment from 
the internal chains of one of these entities is represented 
by the polysaccharide array shown in Figure 4. At 
present, any of the three galactan frameworks shown in 
Figure 3 may be considered to form the basis for frag-
ments of this general type. The implication is that the 
polysaccharide entities are more highly branched, and 
consequently more globular in shape, than has previously 
been recognised. 

There is some evidence from physical measurements, 
particularly from viscosity studies, to support this view. 
The gum from A. senegal is almost unique amongst com-
mercially important gums in forming water-soluble 
solutions over a very wide range of concentrations. 
Moreover, it has a low viscosity 6  when compared on an 
equal concentration basis with polysaccharides known to 
have substantially linear structures and approximately 
the same number-average molecular weights, e.g., 
locust bean gum and guaran. If the polysaccharide 
entities of A. senegal gum are in the form of stiff coils, 
as has been suggested by Veis and Eggenberger 24  

3.  A. Veis and D. N. Eggenberger, J. Amer. Chem. Soc., 1954, 
76, 1560. 



Org 
	

1963 
from light scattering measurements, these should unfold 
in solution, as a result of inter-coulombic repulsions 
between the ionised carboxyl groups, to give elongated 
entities which would be expected to show non-Newtonian 
behaviour. Recently, however, Warburton ss  has 
observed that a 5% (w/v) gum solution shows ideal 
Newtonian flow, up to a shear rate of 100 reciprocal 
seconds, in a Couette concentric cylinder viscometer. 
This has led him to suggest that in solution the gum 
gives "a suspension of non-entangling spheroids." 
A similar conclusion was reached by Smith and Mont-
gomery, 2  who noted that a 30% gum solution showed no 

Nos. 1 and 3MM papers using the following solvent systems 
(v/v); (a) benzene-butan-l-ol-pyridine-water (1: 5: 3: 3, 
upper layer); (b) ethyl acetate-acetic acid-formic acid-
water (18: 3:1: 4); (c) butan-l-ol-ethanol-water (4: 1: 5, 
upper layer); (d) butan-I-ol-acetic acid-water (4: 1: 5, 
upper layer); (e) ethyl acetate-pyridine-water (10: 4: 3); 

butan-2-one-water-ammonia (d 0880) (200:17:1); 
benzene-ethanol-.water (169: 47: 15, upper layer). 

RG values of methylated sugars refer to distances moved 
relative to 2,3,4,6-tetra-0-methyl-D-glucose in solvent (c). 
Gas-liquid partition chromatography (Chromatograph type 
S3A, fitted with flame ionisation detectors, supplied by Gas 
Chromatography Ltd.) of mixtures of 0-methyl sugars 

Possible units represented by R: 	 R 
L-Araf- 	 1 

1 	3  
t-Araf 	- L-Araf- I 

1 	3 	 3 	1 
-L-Arap —a'- L-Araf- 	 -D-Galp - 	R 

1 	3 	1 	3 	 Ii 
L-Araf —p- L-Araf 	L-Araf- 

1 	3 	 1 	3 
-L-Arap 	I-AraJ 	. L-Araf- 	 1 	6 

a-u-Galp 	IN. L-Araf- 	
1 p  

	

-D-Galp 	R 

	

1 	 1 

	

6 	1 	 1 	 4 
-D-Ga1p ..4 	-D-Galp - 	13-D-GpA 4— e-L-Rhap 

	

1 	6 
R 	 R 	P,'.  -D-Ga1p 
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6 	 3o6 
1 	3 	 1 	3o6 	 1 	3 	 3 

- - - - 13-D-Galp 	b, -  I3-n-GaIP 	ap P-i)-Galp 	3-D-Galp 	-D-Galp 	b. -D-Ga1p - - - - 
£6 	 6 	 i6 
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1 	3 	 II 	 II 	 16 3 
R 	10 -D-Galp 	R 	 -ri-Galp 	-D-Galp 	R 

	

6 6 	 6 

1 	 1 

-D-GpA 	 -D-GpA 	4-OMe43-D-GpA 
4 	 4 

1 	 1 

a-L-Rhap 	 OEL-Rhap 
FIGURE 4 Possible structural fragment in Acacia senegal gum 

structure viscosity, i.e., behaved as a Newtonian 
solution. 

Although it is widely accepted that A. senegal gum 
and structurally related polysaccharides have a "main 
chain" or "backbone," unequivocal proof for this 
hypothesis is still lacking. 

EXPERIMENTAL 

The analytical methods have been described by Anderson 
and Stoddart. 13  

Paper chromatography was carried out on Whatman 

was carried out at nitrogen flow rates of ca. 100 ml./min. 
on columns of (i) 15% by weight of butane-1,4-diol succinate 
polyester on Celite (120 x 05 cm.) at 175°, (ii) 15% by 
weight of ethylene glycol adipate polyester on Celite (75 x 
05 cm.) at 160°. Retention times (T) are quoted relative 
to methyl 2,3,4,6-tetra-0-methyl--D-glucopyranosjde as 
standard. Polysaccharides were methylated successively 
with dimethyl sulphate and sodium hydroxide, and with 
methyl iodide and silver oxide. Unless otherwise stated, 

" B. Warburton. "The Rheology and Physical Chemistry of 
some Acacia Systems," Society of Chemical Industry Monograph 
No. 24, pp. 118-130. 
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methanolyses were carried out under reflux for 6 hr. with 
methanolic 5% hydrogen chloride. 

Mef/iylation of A. senegal Gum.—The whole gum (400 
mg.) was methylated to give a product (340 mg), 

[]D 
—48°  (c 1.0 in CHC13) (Found: OMe, 419%). Methanolysis 

J. Chem. Soc. (C), 1966 

reflux for 8 hr. with methanolic 5% hydrogen chloride. 
After neutralisation with silver carbonate, and filtration, 
the methanolic solution was divided into two approximately 
equal parts which were concentrated to syrups under re-
duced pressure. Examination of one portion for methyl 

TABLE 1 

Examination of methanolysis products from methylated Acacia senegal gum 

Relative retention times (T) of methyl glycosides 
0-Methyl sugars Column (i) Column (ii) R 0  

2,3,4-Tri-0-methyl-L-rhamnose 	................................................ 0'49 0-44 101 
2,3,5-Tri-0-methyl-L-arabinose 	................................................ 0-58,0-72 051, 064 098 
2,3,4-Tri-0-methyl-L-arabinose 	................................................ 0-96 084 078 
2,5-Di-0-methyl-L-arabinose 	................................................... 178, 329 1-27 (2.21) • 080 
2,3,4,6-Tetra-0-methyl-D-galactose 	.......................................... 1-68 167 0-87 
2,4,6-Tri-0-methyl-D-galactose 	................................................ 374, 418 305, 348 073 
2,3,4-Tri-0-methyl-D-galactose 	................................................ 642 527 0-73 
2,4-Di-0-methyl-D-galactose 	................................................... 148, 165 9-8, 11-0 0-53 
2,3,4-Tri-0-methyl-u-glucuronic acid t ....................................... 223, 2-96 (2.21), 2-73 - 
2,3-Di-0-methyl-D-glucuronic acid t .......................................... 7-8, 9-3 6-2, 71 - 
2-0-Methyl-D-galactose 	......................................................... - - 0-32 
Unknown sugars 	.................................................................. 1-17, 1-44 	098, 1-15, 2-48 - 

• Figures in parentheses indicate T values of components that were not completely resolved. f As methyl ester methyl 
glycoside. 

TABLE 2 

Examination of methanolysis products from methylated autohydrolysed degraded gum 

Relative retention times (T) of methyl glycosides 
Approx. relative molar 

0-Methyl sugars proportions Column (i) Column (ii) R0 
2,3,5-Tri-0-methyl-L-arabinose 	..................... Trace 0-58, 0-72 0-48, 0-64 - 
2,3.4.8-Tetra-0-methyl-o-galactose + + 167 1-64 0-88 
2,4,6-Tri-0-methyl-D-gatactose 	..................... ++ 373, 418 299, 346 072 
2,3,4-Tn-0-methyl-D-galactoSe 	..................... + + + 6-42 5-22 0-72 
2,4-Di-0-methyl-D-galactose........................ 147, 159 9-9, 11-2 0-52 
2,3,4-Tri-0-methyl-D-glucuroiuc acid + + + 2-31, 294 2-09, 268 - 
2-0-Methyl-D-galactose 	.............................. + - - 0-34 

• As methyl ester methyl glycoside 

TABLE 3 

Formic acid released (mmolesfg.) on periodate oxidations 
Time (hr.) 	 1 	3 	4 6 11 12 24 48 	72 	96 

A. senegal gum ...............0-73 	0-99 	- 1-14 - 1-44 1-49 158 	- 	- 
Polysaccharide A ............0-80 	1-21 	- 155 174 - 2-12 274 	3-17 	3-26 
Polysaccharide B ............1-18 	1-19 	- - - 122 1-23 - 	- 	- 
Polysaccharide C ............110 	- 	1-18 1-21 - - 123 - 	- 	- 

TABLE 4 

0-Methyl sugars present in methylated polysaccharides A—E 
Approx. relative molar 

0-Methyl sugars A B C D E proportions in E 
2.3.5-Tri-0-methyl-L-arabinose 	........................... + + + 
2,5-Di-0-methyl-L-arabinose 	.............................. + + 
2,3.4,6-Tetra-0-methyl-D-galactose 	..................... + + + + + 1 
2,4,6-Tri-0-methyl-D-galactose 	........................... + + + + + 12 
2.3,4-Tri-0-methyl-D-galactose 	........................... + + + + + Trace 
2.6-Di-0-methyl-D-galactose 	.............................. + + + + + 3 
2,4-Di-0-methyl-D-galactose 	.............................. + + + + + 1 
2,3,4-Tri-0-methyl-D-glucuronic acid 	.................. + 

followed by g.l.c. examination of the mixture of methyl 
glycosides gave the results shown in Table 1. 

Methylalion of A utohydrolysed Gum .—The preparation 
of this degraded material has been described. 15  The auto-
hydrolysed gum (200 mg.) was methylated to give a product 
(82 mg), []D —560  (c 1-0 in CHCI3) (Found: OMe, 42-1%). 
The methylated polysaccharide (50 mg.) was heated under  

glycosides by g.1.c. showed the 0-methyl sugars listed in 
Table 2; retention times on columns (i) and (ii) were com-
parable with those for methyl glycosides from authentic 
sugars. The other portion was hydrolysed with N-sulphuric 
acid for 3 hr. at 1000;  the hydrolysate was neutralised with 
barium carbonate, filtered, treated with Amberlite resin 
IR-120(H), and reduced to a small volume. Paper 



Org 
	

1965 
chromatographic examination in solvents (c) and (f) showed 
the presence of 2-0-methylgalactose in addition to those 
0-methyl sugars already characterised as methyl glycosides 
by g.l.c. 

Preparation and Meihylation of Polysaccharide A .—Whole 
gum (20.0 g.) was dissolved in water (500 ml.) and 0•25M-
sodium metaperiodate solution (500 ml,) was added. The 
oxidation (in darkness at room temperature) was followed 
by measuring the release of formic acid with time; the 
results, obtained by titrating aliquots (1 ml.) with 00099N-
sodium hydroxide, using Methyl Red as indicator, are 
shown in Table 3. After 48 hr., the reaction was stopped by 
addition of ethylene glycol (10 ml.); the solution was 
dialysed against running tap water for 2 days. Sodium 
borohydride (5 g.) was added and the mixture kept at room 
temperature for 30 hr., then dialysed for a further 2 days. 
The polyalcohol was hydrolysed in N-sulphuric acid at room 
temperature for 2 days, after which the solution was 
neutralised (barium carbonate), filtered, deionised [Amber-
lite resin IR-120(H)], reduced in volume to Ca. 250 ml., and 
dialysed against water (11.). The syrup obtained from the 
dialysate was shown by paper chromatography to contain 
glycerol and glycouic aldehyde as the main components, to-
gether with trace amounts of arabinose, ethylene glycol, 
and some slower-moving non-reducing glycosides. After 
dialysis against running tap water for 2 days, polysac-
charide A (13.6 g., yield, 89%) [MI D  —28°  (c, 1.0) was iso-
lated as the freeze-dried product. Analysis showed it to 
contain uronic acid (4%, by decarboxylation), galactose 
(69%), and arabinose (27%). Hydrolysis of polysaccharide 
A with N-sulphuric acid for 7 hr. on a boiling water-bath 
gave a trace of the aldobiouronic acid, 6-0-(f3-D-glucopyrano-
syluronic acid) -D-galactose [R 1  0'21 in solvent (b)] in ad-
dition to galactose and arabinose. Molecular-sieve 
chromatography Is of polysaccharide A (20 mg.) on a pre-
viously calibrated Bio-Gel P 300" column (50 x 48 cm.) 
gave M. Z 96,000. 

Polysaccharide A (300 mg.) was methylated to give a 
product (213 mg.), []D  —41° (c 1•0 in CHC1 3) (Found: 
OMe, 394%, not raised on further methylation). Meth-
anolysis of a sample of this product, followed by g.l.c. ex-
amination of the mixture of methyl glycosides, gave the 
results shown in Table 4. Examination of a hydrolysate 
of the methyl glycosides by paper chromatography showed 
the presence of 2-0-methylgalactose, in addition to those 
0-methyl sugars already characterised by g.l.c. of their 
methyl glycosides. 

Preparation and Methylation of Polysaccharide B.—Boro-
hydride reduction of periodate-oxidised polysaccharide A 
(12.0 g.), followed by controlled hydrolysis at room tem-
perature with N-sulphuric acid for 2 days, gave polysac-
charide B (6•4 g., yield, 54%), []D -° (C l'O), which con-
tained galactose (89%) and arabinose (11%). The release 
of formic acid on periodate oxidation of polysaccharide A 
is shown in Table 3. Molecular-sieve chromatography 13 

indicated that polysaccharide B had M Z59,000. 
Polysaccharide B (412 mg.) was methylated to give a 

product (296 mg), [] —31° (c 1.0 in CHC13) (Found: 
OMe, 390%, not raised on further methylation). Meth-
anolysis of a sample of this product, followed by g.l.c. 
examination of the mixture of methyl glycosides, gave the 
results shown in Table 4. 

Preparation and Met hylation of Polysaccharide C.-
Borohydride reduction of periodate-oxidised polysac-
charide B (5.0 g.), followed by controlled hydrolysis with 

6o 

N-sulphuric acid for 2 days at room temperature, gave 
polysaccharide C (31 g., yield, 63%, [)D +14 °  (c 1.0) 
which contained galactose (98%) and arabinose (2%). 
Results for release of formic acid on periodate oxidation 
of polysaccharide B are shown in Table 3. Molecular-
sieve chromatography 13 indicated that polysaccharide C 
had M Z 29,000. 

Polysaccharide C (204 mg.) was methylated to give a 
product (104 mg), [] - 12° (C 1.0 in CHCI 3) ( Found: OMe, 
38-1%, not raised on further methylation). Methanolysis 
of a sample of this product, followed by g.l.c. examination of 
the mixture of methyl glycosides, gave the results shown in 
Table 4. 

Preparation, Partial Acid Hydrolysis, and Meihylation of 
Polysaccharide D.—Borohydride reduction of periodate-
oxidised polysaccharide C (25 g.), followed by controlled 
hydrolysis with N-sulphuric acid for 2 days at room tem-
perature, gave polysaccharide D (1.55 g., yield, 64%), 
[MID +25°  (c 1.0), which contained only galactose. Results 
for release of formic acid on periodate oxidation of poly-
saccharide C are shown in Table 3. An estimated value 
of 21,000 for the M of polysaccharide D was obtained 
from molecular-sieve chromatography. 13  

Polysaccharide D (200 mg.) was hydrolysed with 0•5N-
sulphuric acid (10 ml.) for 1 hr. on a boiling water-bath, 
and the cooled hydrolysate was neutralised with barium 
carbonate, filtered, treated with Amberlite resin IR 
120(H), and concentrated. Paper chromatographic ex-
amination of the syrup in solvent (e) indicated the presence 
of galactose, two neutral disaccharides with the mobilities 
of 3-0-3-D-galactopyranosyl-D-galactose (R 1  0•54, major 
component) and 6-0--r-galactopyranosyl-o-galactose (R 1  
0•37, minor component), and higher neutral oligosaccharides 
including the t31,34inked galactotriose (Rj 0.25). 

Polysaccharide D (93 mg.) was methylated to give a 
product (42 mg.) []D  —1° (c 084 in CHCI 3) (Found: OMe, 
36.7%, not raised on further methylation). Methanolysis 
of a sample of this product, followed by g.l.c. examination 
of the mixture of methyl glycosides, gave the results shown 
in Table 4. 

Preparation, Partial Acid Hydrolysis, and Methylation of 
Polysaccharide E.—Borohydride reduction of periodate-
oxidised polysaccharide D (500 mg.) followed by controlled 
hydrolysis with N-Sulphuric acid for 2 days at room tem-
perature, yielded a galactan, polysaccharide E (322 mg. 
yield, 67%), [] +30°  (c 1.0). The amount of formic acid 
released on periodate oxidation of polysaccharide D over 
24 hr. was 0'57 mmoles/g. An estimated value of 17,000 
for the M of polysaccharide E was obtained from mole-
cular-sieve chromatography. 13  

Partial acid hydrolysis of polysaccharide E (10 mg), 
followed by paper chromatographic examination of the 
hydrolysate indicated the presence of galactose and the 
same neutral oligosaccharides found in polysaccharide D. 

Polysaccharide E (89 mg.) was methylated to give a product 
(38 mg.) [] —1° (c 0'76 in CHCI3) (Found: OMe, 36.5% 
not raised on further methylation). Methanolysis, followed 
by g.l.c. examination of the mixture of methyl glycosides, 
gave the results shown in Table 4. 

Preparation of Polysaccharides F and G.—Borohydride 
reduction of periodate-oxidised polysaccharide E (100 mg), 
followed by controlled acid hydrolysis yielded polysac-
charide F (70 mg., yield, 70%). The amount of formic acid 
released on periodate oxidation of polysaccharide E after 
24 hr. was 030 mmoles/g. During a similar degradation on 
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polysaccharide F (50 mg.) to yield polysaccharide G (38 
mg., yield, 72%), the amount of formic acid released after 
24 hr. was 035 mmoles/g. 

Partial Acid Hydrolysis of Polysaccharides F and G.—
Hydrolysis of these two polysaccharides with 0•5N-sulphuric 
acid for 1 hr. on a boiling-water bath, and paper chromato-
graphic examination of the hydrolysate in solvent (e), 
showed galactose, 3-0-ç3-D-galactopyranosyl-D-galactoSe 
(R, 0•52), trace amounts of 6-0--D-galactopyranosyl-
D-galactose (R 1  0.38), and the 31,34inked galactotriose 
(R581  023). 

Preparation and Partial Acid Hydrolysis of Polysaccharide 
E'.—A sample of gum (60 g.) was subjected to five suc-
cessive Smith degradations, without isolation of the 
intermediate polysaccharides, to obtain polysaccharide E' 
(2 g.). This polysaccharide (1•5 g.) was hydrolysed with 
05N-sulphuric acid (500 ml.) for 1 hr. on a boiling water-  
bath, and the cooled hydrolysate was neutralised (barium 
hydroxide and barium carbonate), filtered, deionised [Amber -
lite resin IR 120(H)], and concentrated. The syrup was 
chromatographed on Whatman No. 3 MM paper, previously 
treated with 1% (v/v) acetic acid, and two pure disac-
charides and one trisaccharide were isolated. 

Fraction 1 (11.2 mg.) had [a]D +350 (c 0.22) and yielded 
galactose on acid hydrolysis. It had the same chromato-
graphic mobility [R1 031 in solvent (a), 020 in solvent 
(b), and 037 in solvent (e)] as an authentic sample of 
6_0-(3-D-galactopyranosyl-D-galactose. A portion (8 mg.) 
was methylated successively with dimethyl sulphate and 
sodium hydroxide, and with methyl iodide and silver 
oxide. G.l.c. examination of the methanolysis product 

revealed peaks with retention times corresponding to the 
methyl glycosides of 2,3,4, 6.tetra-O-methyl-D-galactOse 
(i, T 168; ii, T 1•67) and 2,3,4-tri-0-methyl-D-galactoSe 
(i, T 633; ii, T 527). 

Fraction 2 (60 mg.) had [E]D +61°  (c 120) and yielded 
galactose on acid hydrolysis. It had the same chromato-
graphic mobility [R 1  049 in solvent (a), 027 in solvent 
(b), and 053 in solvent (e)] as an authentic sample of 
3-0.-D-galactopyranosyl-D-galactOSe. The disaccharide 
was crystallised from aqueous acetone to give needles of 
3-0--D-galactopyranosyl-D-galactose rnonohydrate, which 
had m. p. 156-159°. 

Fraction 3 (50 mg.) had [E]D  +52°  (c 100) and yielded 
galactose and the 31,34inked galactobiose as the only di-
saccharide on partial acid hydrolysis. The trisaccharide 
was crystallised from aqueous ethanol, m. p.  238-242° 
(decomp.) and had R1 values of 022 in solvent (a) and 
024 in solvent (e). 
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INTRODUCTION 

Despite the industrial importance of Acacia senegal gum (gum arabic), there have 
been few studies to date of its molecular size and shape. 

From osmotic pressure measurements, Thomas and Murray 2  found gum arabic 
solutions to be isotonic over the range pH 6-9, and Oakley' obtained values of 191,000 

and 217,000 for the number-average molecular weight in 0.IN and 0.5N sodium 
chloride, respectively. Ultracentrifugal studies by Säverborn 4  indicated values in the 
range of 256,000-326,000. More recently, two light-scattering results have been repor-
ted; Veis and Eggenberber 5  found a weight-average molecular weight (M w ) of(i.00 ± 
0.05) x IO in 0.02N hydrochloric acid, whereas Deb and Mukherjee 6  found M = 
0.58 X 106  in a solution 0.02 N with respect to a mixture of potassium, calcium, and 
magnesium chlorides. Contrary to the opinion expressed by Deb and Mukherjee 6 , these 
values cannot be regarded as being in satisfactory agreement; the reason for this 
requires investigation. 

Electrolyte concentrations of only 0.02N were used in the light-scattering stu-
dies' , ' but, in our experience (cf. Oakley'), considerably higher concentrations are 
required to suppress ionisation of the carboxyl groups in the gum. Furthermore, Deb 
and Mukherjee 6 , without explanation, used a mixed solvent containing divalent cations. 
The reason for this is difficult to understand in view of the cross-linking tendencies of 
calcium ions in acidic polysaccharide systems. A more fundamental factor may also 
be involved. The investigators to date appear to have used commercial samples, 
without giving adequate attention to their characterisation. It is now recognised 8 ' 9  

that early samples of gum arabic were mixtures of the exudates from various Acacia 
species. The and physical properties" of Acacia gums vary from species 
to species and, furthermore, within a particular species' 2 " 3 . The commercial gum 
arabic produced at the present time originates almost exclusively from A. senegal, 
but admixture with other species, particularly A. seyal and A. laeta, or with other 
genera, e.g., Albizia sericocephala' 4 , can never be discounted. Commercial samples 
should not be used in fundamental studies. 

Recently, an authenticated specimen of A. senegal gum was characterised care- 
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fully, and it was reported 15  that an arbitrary number of molecular-weight fractions 
could be obtained by fractional precipitation with sodium sulphate. Preliminary 
experiments with molecular-sieve chromatography" indicated that the gum had abroad 
molecular-weight distribution, with considerable contributions from high molecular-
weight material' 7 , in agreement with Veis and Eggenberger 5 . In view of these indica-
tions, it appeared that light scattering was preferable to osmometry as a means of 
obtaining a self-consistent series of reliable measurements of the whole gum and of its 
fractions. 

EXPERIMENTAL 

Characterisation and purification of the whole gum. - Details of the characteri-
sation of the specimen of A. senegal gum have been given' 5 . After dissolution in cold 
distilled water, the gum was filtered, dialysed against tap water, exhaustively elec-
trodialysed against distilled water", and then freeze-dried. 

Fractionation of the gum. - Fractionation was achieved by the procedure des-
cribed by Anderson and Stoddart' 5 . The purified gum (40 g, in the free-acid form) was 
dissolved in water (400 ml) and maintained at 28-30° . Anhydrous sodium sulphate 
was added in small amounts to the solution with continuous stirring. When precipi-
tation began, the rate of stirring was decreased to enable the precipitate to rise to the 
surface and coagulate; it was then transferred quickly to a warm Buchner funnel 
(15 cm), and the excess solution was removed. The remaining mother-liquor was 
filtered through a similar funnel; the residue on both funnels gave Fraction I. By 
repetition of the above procedure, Fractions 2 and 3 were obtained (the number of 
fractions isolated at this stage is arbitrary). Eventually, the solution contained gum 
which could not be precipitated with sodium sulphate, and this gave Fraction 4. 
The fractions were dialysed, exhaustively electrodialysed, and freeze-dried. On a dry-
weight basis, the yields of Fractions 1-4 were 16, 8, 8, and 0.5 g, respectively; the 
total recovery of gum was 81%. 

Preparation of the sodium salt of the whole gum and each of its fractions. -The 

sodium salt of the whole gum, and of its fractions, was prepared by neutralisation, 
followed potentiometrically, with sodium hydroxide solution. The neutralised pro-
ducts were dialysed to remove any excess of alkali, and the sodium salts were finally 
recovered by freeze-drying. 

Solutions for light-scattering experiments were made by direct weighing, allow-
ance being made for the pre-determined moisture content of each of the products. The 
weighed amounts were then dissolved in molar sodium chloride. 

Light-scattering photometer. —Light-scattering experiments were carried out at 
25.00 +0.02°  by using an instrument based on the design of McIntyre and Doderer' 8 , 

and constructed in the Procter Department, University of Leeds. Details of this 
instrument and its calibration have been described' 9 . In use, one galvanometer (G,) 
monitors the main beam, whilst a second galvanometer (G 2) receives the light scat-
tered at any angle in the range 20-160°  and also the main beam (at o °) after suitable 
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attenuation. By using the ratio of the galvanometer readings, compensations for the 
inevitable fluctuations (of the order of +5%) in the intensity of the main beam are 
possible: the "reduced intensity-of-scatter", G, for a solution at 0° is given by 

= (G 2 /G 1  ) 
(G 2 /G 1 )0  

Unpolarised blue light (4358 A) was used, and was selected from the mercury spectrum 
by a combined 47B and 2E Wratten filter. 

Clarification of solutions. - Each solution was clarified by successive passage 
through 5-and 1.2-fl " Millipore" filters, using a stainless-steel filter holder attached to a 
50- ml syringe. The filtrate ran directly into the cylindrical light-scattering cell, which 
had been cleaned by steaming followed by rinsing with condensing acetone vapour. 
The solvent was treated in a similar manner and its reduced intensity-of-scatter, G;, 
was also determined from the ratios of galvanometer readings. 

The scatter due to the gum at 0°, G8, was then taken as equal to (G .—G"), and 
the usual corrections for volume viewed and partial polarisation, which both vary 
with 0, were applied 20 . The use of the difference G—G; implies that the solution 
and the solvent each contain identical amounts of scattering impurities. Ideally, each 
should be free from such scatter, but this is rarely achieved in practice, particularly 
for aqueous solutions 21 

Ultracentrifugation is the alternative technique to ultrafiltration for clarifying 
macromolecular solutions, and the two methods were compared for effectiveness by 
centrifuging a sample at 17,000 r.p.m. (30,000 g) in a Spinco Model L ultracentrifuge 
for 3  h. The upper half of the solution from each centrifuge tube was transferred to 
the light-scattering cell, and the scattering envelope was determined. A portion of the 
solvent was similarly treated; in neither case was there any significant difference 
between the envelopes resulting from clarification by centrifugation or by filtration. 
Since the "Millipore" filters are much more rapid and convenient to use than the 
centrifuge, all subsequent clarifications were achieved by ultrafiltration. 

In the centrifugal clarification, sedimentation did not occur under the conditions 
used. The level-of-scatter did not change on subsequent passage through the "Mull-
pore" filters, which therefore do not retain any of the gum molecules. Colorimetric 
experiments did not detect differences from the initial concentration after clarification. 
The use of the initial concentration of gum therefore appears to be justified, although, 
ideally, the concentration after clarification should be used in calculating results. Any 
concentration difference is unlikely to exceed ipg/ml; this does not introduce any 
serious error into the molecular-weight calculation. 

RESULT AND DISCUSSION 

Fig. i shows how the reciprocal, reduced intensity-of-scatter, G 
0

', varies with 
the angle-of-scatter 0 (plotted as sin' (0/2) as suggested by Zimm 22) for the whole gum 
and Fractions i, 2, and 3.  The curves bend downwards steeply at the lower angles. 
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If the observed scatter arose 3C lely from the gum, these curves would indicate that the 
gum molecules behave as s ff rods in solution. It is well known, however, that gum 
arabic solutions have a coraratively low viscosity, even when fairly concentrated, 
whereas rod-like molecules solutions of high viscosity, even at low concentrations, 
and the viscosity rises sharply wth increasing concentration. It is suggested, therefore, 
that the curvature seen in Fig. i is not a reflection of the shape of the gum molecules, 
but an indication of incomplete clarification of the solutions from dust and suspended 
impurities despite the care taken with clarification processes. Unwanted scatter from 
such sources would be manifest most particularly at the lower angles and be of less 
importance at the higher angles. Repeated passage of the solutions through the filters 
failed to reduce the scatter, which was independent of time over several hours. More 
reliable figures for the angular variation of scatter could not, therefore, be obtained 
for the present fractions. This illustrates the need for caution and for consideration 
of all relevant information when interpreting the data obtained from such experiments. 

Conc. Z 
gfmI 
xiO 4  

4.72 	1.45 

a4 	
71 120 

755 138 - 

1.21 

10.07 128 
1Q15 1.12 

F- S 
839 1.47 

5.91 1,665 

£ 
7.87 1.64 

01 

Oi 	02 	03 	0.4 	0.5 	0.6 	Q.7 
	

Sin(8 

Fig. 1. P1o1 of the reciprocal, reduced intensity-of-scatter, Gj' 1,  versus sin2(0/2) for A. senegal gum 
(0) and Fractions (EJ), 2 (h), and  3 () obtained therefrom. 

In order to obtain estimates of molecular weight from the data in Fig. I, it is 
assumed that the linear parts of the curves are due to scatter from the gum molecules. 
In this region, contributions from unwanted impurities will be minimal, and almost 
independent of angle. Thus, the whole of the linear region most nearly represents 

Carbohydrate Re:., 3  (1967) 308-317 



312 	 D. M. W. ANDERSON, E. FIIRST, S. RAHMAN. G. STAINSHY 

scatter from the gum molecules, although the level of scatter will be in error by an 
amount equal to the contribution from residual impurities. (At the present time, 
the magnitude of this contribution is indeterminate, but it is possibly io °  of the 
observed total scatter). Since the linear portion is not parallel to the sin 2 (0/2) axis, 
the effective size of the scattering units in solution exceeds A/20 (i.e. exceeds 16o A). 

p p 	 (; 1 ,A 
20 	 /475 

1.91 
1 	

1000/ 1.62/ 

1.8 

/ 	/ 	71.4 
1.6 	 P / mr,Z 

14 

1 	'i- 	400, 
	1.14 

1,1 	 - 	
200P2— 

100 01 02 03 0.4 0.5 06 0 7,0 
.2(0) 

Fig. 2. Plot of P0 - ' versus sin 2  (0/2) for polydisperse coils of various root-mean-square end-to-end 
distances (r2).  The dissymmetry (Z) is shown on each curve. 

It is therefore necessary to extrapolate to sin 2 (O/2) = 0, using the intercept to com-
pute the molecular weight from expression (i), 

IKC 

M 	R,, 

where R. = G0  x the instrument constant (which depends only on geometrical factors, 
and on the galvanometer and photo-tube sensitivities). 

In this way, molecular weights are obtained without reference to any model for 
the scattering units in solution. The assumption made above means that the calculated 
values are likely to be somewhat higher than the true values. The experimental data 
from which Fig. i was plotted, together with the intercepts and the corresponding 
values of M, are given in Table I. 

The use of equation (i) to obtain M from R. also presumes that dR 0  is inde-
pendent of C, i.e., that virial coefficients are zero. This presumption appeared to be 
reasonable in the present experiments, since the use of molar sodium chloride as 
solvent niinimises the interionic forces between the charged molecules 7 . Moreover, 
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any small variations of pH with dilution will not affect the total charge carried by each 
gum molecule 2 , since totally neutralised gums have been used. In such circumstances, 
the gum may be treated as a neutral polymer. The work of Veis and Eggenberger 5 , 

TABLE I 

RECIPROCAL SCATTERED INTENSITIES OF GUM FRACTIONS AT VARIOUS CONCENTRATIONS AND ANGLES 

10 

Angle Fraction / 	 Fraction 2 	 Fraction 3 
	

Whole gum 

00 	Conc. (g/ml x to4) 	Cone. (g/ml x ion) Cone. (gf ml x ,o4) 
	

Cone. (g/rnl x 04) 
10.5 	7.87 	5.91 	10.07 	7.55 	10.15 7.61 	5.71 

	
8.39 	6.29 	4.72 

20 0.3 0.4 0.6 1.0 1.7 1.2 2.2 2.2 1.0 1.6 2.3 
30 0.4 0.6 0.8 1.4 2.1 2.2 2.8 3.5 1.4 2.0 3.3 
45 0.7 0.8 1.1 2.3 3.2 2.8 3.6 4.6 2.0 2.9 4.3 
60 1.0 1.2 1.6 2.8 4.2 3.1 4.2 5.3 2.7 3.5 5.4 
75 1.3 1.4 1.9 3.4 4.5 3.5 4.5 5.8 2.8 3.7 6.o 
90 1.5 1.6 2.1 3.5 5.0 3.6 4.6 5.9 3.2 4.3 6.4 

105 1.6 1.7 2.3 3.8 5.2 3.7 4.7 6.i 3.2 4.4 6.9 
120 1.7 1.8 2.5 3.8 5.3 3.7 4.9 6.4 3.4 4.6 7.2 
135 1.7 1.9 2.6 3.6 5.1 3.8 4.8 6.6 3.5 4.7 7.4 
150 1.6 i.8 2.4 3.5 4.8 - 4.8 7.2 3.4 4.5 7.1 
160 1.6 1.8 2.6 3.9 6.o 3.8 5.2 9.0 3.2 4.7 7.4 

G0 -1  0.09 0.10 0.14 0.29 0.37 0.33 0.40 0.52 0.23 0.31 0.48 
Z 1.78 1.6 1.67 1.28 1.38 1.12 1.21 1.20 1.47 1.42 1.43 
M- X 105 10.74 12.35 12.45 3.50 3.63 2.99 3.26 3.36 5.42 6.22 5.77 

using concentrations io to ioo times greater than our own, shows that the value of the 
virial coefficient, B, decreases sharply with increasing ionic strength, p, and is approxi-
mately 4 X IO for it = 2 X i02  for un-ionised arabic acid in 0.02M hydro-
chloric acid (the most appropriate parallel available' to that studied here). At the 
highest concentration of whole gum used in the present study, neglect of the term 2BC 
in the full expression 22  (2), where P9  is the particle scattering factor, is equivalent to an 

KC P' 
(2) 

0 	 W 

error of about 4%  in M, in the opposite direction to the error in M arising from the 
inclusion of scatter by impurities. Whilst it would be of interest to determine the 
correct value of B, this cannot be done from the results given in Table I because of the 
unsystematic variation of M. with C. Indeed, it is difficult to estimate the probable 
correctness of the values of B and M. reported by Veis and Eggenberger 5 , as they 
recorded scatter at only three angles. Their use of more concentrated solutions implies, 
however, that the contribution from unwanted scatter was quite low. 

It is possible to use the molecular weights found for the fractions to derive a 
"reconstituted weight-average molecular weight", which should be given if all the 
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fractions were recombined. This test provides a guide to the reliability of the molecular 
weights relative to one another, and indicates whether significant degradation or 
aggregation, or loss of material of high or low molecular weight, occurred during 
fractionation. A value is required, however, for the molecular weight of Fraction 4; 
this could not be obtained by light scattering on account of the high degree of unwan-
ted scatter. A value of 100,000 was, however, estimated for M by molecular-sieve 
chromatography'"', the column being calibrated with dextrans of known M n,. 

Calculation then gives the reconstituted molecular weight as 7.2 X 10, compared 
with the value of 5.8 X 10 found for the original whole gum. This indicates that there 
may have been some loss, during fractionation, of material of low molecular weight; 
this seems reasonable in view of the extensive dialysis procedures necessary after the 
sodium sulphate precipitations. Table I shows, however, that the largest experimental 
uncertainty is associated with Fraction 1; the relatively high proportion of this fraction 
of high molecular weight means that any error in its M will contribute significantly 
to the error in the "reconstituted" M. 

Although there is some uncertainty regarding the extent to which the scatter at 
higher angles represents scatter from the gum alone, it is, nevertheless, worthwhile to 
obtain an estimate of the dimensions of the gum in solution using the observed 
scatter-envelope. This necessitates the choice of a model for the dissolved gum (no 
choice would be required if the observed envelopes arose solely from the gum). We 
have chosen the "polydisperse*  random coil" system, which best fits Veis and Eggen-
berger's results', although it may not be in keeping with recent chemical evidence' 
that the gum is very highly branched. 

The particle scattering factor, J 9 , for a system of polydisperse random coils 
varies linearly with sin 2(012).  The plots shown in Fig. 2 have been calculated from 
equation 21 

() where x = k 2s2 F2 /6; k = 27tJA', (A' being the wavelength of light in 

(3) 

solution); s = 2 sin(0/2); (F 2 )4  = root-mean-square of the separation of the ends 
the coil. The slope of the line relating P0 , or P9 ', to sin 2 (0/2) increases with increase 
in (F2 )4. Since G8 ', plotted in Fig. i, equals (G0 )(P0 '), it follows that poly-
disperse coils would give a linear plot of G 0 ' versus sin 2 (O/2), G0 ' being a con-
stant for each solution examined. The straight lines in Fig. i, each extrapolated from 
scatter at the larger angles, can thus be used to determine (F2 )4 . The most convenient 
way of doing this is to calculate the dissymmetry 45 Z 135  (i.e., the ratio of G45 1G 135) 

and to read off the corresponding value of (F2 )4  from the theoretical graph of 45 Z 135  
versus (F 2 )4  (Fig. 3). The values of 45 Z 1 35  and the corresponding values of (P 2 )4  are 
shown in Table H. Unlike the values of M, these values of (P2 )4  are unlikely to be in 
error even if there is a small amount of scatter from impurities. 

*The significance of the term" polydisperse" in this context follows the usage of Veis and Eggen. 
berger5 , and differs from the convention used in an earlier part of this series 15 . 
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TABLE II 

SUMMARY OF RESULTS OBTAINED BY LIGHT SCATTERING 

Fraction 	Mw x 105  Z 	(2)i, A 	()4,  A 
Number 

1 11.85 1.70 948 387 
2 1.56 1.33 633 258 
3 3.20 1.18 455 186 
4 
Whole gum 5.8 1.44 739 339 

°Estimated by molecular-sieve chromatography 17 . 

I 

1AJ  

1.3 7 
1 J- 

th 
(,2)12 x ioo,A 

Fig. 3.  Plot (0) of Z versus (p2)1  from Fig. 2. Experimental points shown as 0 for whole gum 
(W.O.) and Fractions 1, 2, and 3. 

The radius-of-gyration (?, calculated from (F 2)' by the expression F 2  = 6F, 

is included in Table H. These data may be compared with that of Veis and Eggen-
berger 5 , who concluded that for the whole gum in its un-ionised form M = i x 106 

and that Z (for blue light) was 1.65. These values agree closely with our values for 
Fraction i, but there is a discrepancy in the corresponding calculated values of (F 2 )+. 
Veis and Eggenberger 5  apparently used the relation of Z to (F2)+  for monodisperse 
coils in this instance [(F2)*  for monodisperse coils and polydisperse coils = 1035 and 
920, respectively, for Z = 1.651, although later in their paper the polydisperse coil 
model was used for ionised arabic acid. Veis and Eggenberger also give much larger 
values of (F2) for fully ionised arabic acid [(F2)+ = 2400 A for Z = 2.71, but their 
solutions were of low ionic strength, and it is reasonable to expect the polyelectrolyte 
to stretch out in these conditions. We deliberately maintained the ionic strength at a 
high level to avoid a sharp dependence of Z on C at the low concentrations used. 
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Thus, our results are to be compared with the results for un-ionised arabic acid in 
dilute hydrochloric acid rather than with the results for the ionised gum 5 . The close 
agreement of our value of M for the whole gum with that of Deb and Mukherjee 6  is 
interesting in view of the solvent system they used. 

p i  

21- 	 0(A) 

20-  17/5 

1.7 

1.6 

1.5 

1.4 

1.3 

1.2 

1.1 

10/ 	 . 	 . 
0 01 	02 03 0.4 05 06 07 0.8 0.9 1.0 

Sin 2  

Fig. 4. Plot of Pa" I versus sin2  (0/2) for spherical molecules having diameters D of 800, 900, 1000 

A, and dissymmetries of 1.43, 1.56, and 1.75, respectively. 

In view of the recent suggestions that gum arabic molecules are more globular in 
shape than previously recognised, and that they behave as a suspension of non-
entangling spheroids in solution 24 , it is of interest, finally, to consider the form of the 
scatter envelope for the highly branched gum if it were to behave as equivalent to a 
sphere, since this molecular form, like the coil, would impart low viscosity to a solu-
tion. The scatter envelope for spheres has a slight upward curvature (see Fig. 4) 
which has been calculated according to equation 25  (4), where x = ksD12, D being the 

= 	[(sin x—x cos x)] 2 	 (4) 

diameter of the sphere. The present results, do not, however, enable a significant 
distinction to be drawn between the spherical and the polydisperse coil models in 
view of the very slight curvature for the envelope due to spheres and the uncertainties 
arising from the difficulty of obtaining ideally clear solutions. 
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SUMMARY 

Light-scattering studies on the sodium salt of A. senegal gum, in molar sodium 
chloride solutions, give M = 580,000. The M values obtained for three molecular-
weight fractions, obtained from the whole gum by sodium sulphate precipitation, 
confirm previous observations that the gum has a very broad molecular-weight 
distribution. The results obtained are compared with those of earlier investigators, 
and reasons for some of the differences are discussed. Studies of the shape of the gum 
molecules in solution did not distinguish between the spheroidal and the polydisperse 
coil models. 
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INTRODUCTION 

Some samples of gum arabic (Acacia senegal) tend to form mucilaginous gels, 
rather than the desired, viscous, aqueous solutions; this behaviour remains unexplained. 
The gel formation is, however, a property of only a small proportion of nodules 2 ' 3 , 

with the actual proportion determining the commercial acceptability of a particular 
sample. Acacia laeta (previously referred to, erroneously, as A. lacta4) differs 2-4 

from other Acacia species in the extent to which its exudate forms gels at low con-
centrations. As suggested 4 , it is necessary to ascertain how the properties and structure 
of A. laeta differ from those of other Acacia exudates'. 

There is a further reason for investigating this species. Acacia laeia R. Br. ex 
Benth. is a natural hybrid of A. senegal (L.) Wild, and A. mellUèra(Vahl.) Benth., 
and it occurs in two varieties: A. laeta var. hashab (which resembles A. senegal) and 
A. laeia var. melhfera (which resembles A. melIfera). Intercomparisons of the 
properties of the exudates from these four species may, in due course, contribute to the 
present meagre knowledge of the mechanism of gum formation. 

This paper deals with the composition of the gum from A. laeta var. hashab; 
preliminary experiments' , ' had indicated a marked, inter-nodule variation, and also 
some close similarities to A. senegal gum. To give the desired basis for comparison, 
it became important to establish the possible range of variation and the average values 
for the composition and properties of the gum from A. laeta var. hashab. 

EXPERIMENTAL 

Origin of specimens. - Samples of the gum exudate from Acacia Iaeta var. 
hashab were collected by (the late) M. P. Vidal-Hall, formerly Gum Research Officer 
to the Republic of Sudan, from authenticated, numbered trees in El Ain Forest 
Reserve, near El Obeid. Twelve samples, each comprising a small number (5-8) of 
pale-brown nodules exuded from a single tree in response to tapping, were obtained as 
detailed in Table 1. 

One of the samples contained an unusually high number (14) of nodules. 

For Part XVIII, see Ref. I. 
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TABLE I 

ORIGIN OF SPECIMENS 

Sample Tree number Date of lopping 	Number of days between 
tapping and collection 

1 124 1 	6 Nov., 1960 40 
2 285 40 
3 251 

) 
40 

4 133 IS Nov., 1960 40 
5 133 82 
6 251 82 
7 84 40 
8 84 56 
9 84 13 Nov., 1962 71 

10 90 40 
1! 90 56 
12 90 71 
N1-N6 124 6 Nov., 1960 40 

Several of these were crushed to form Sample 1, and six of the nodules (designated 
NI-N6) were examined individually after purification; three further nodules (N7-N9) 
were examined individually in the native form. 

Analytical methods. - The general analytical methods and chromatographic 
systems used have been described'. Gas-liquid partition chromatography (g.l.c.) was 
performed with a chromatograph (Model S3A, Gas Chromatography Ltd.) fitted 
with flame ionisation detectors. The carrier gas was nitrogen at 100 ml/min. The 
columns used were: (A) 15% by weight of poly(ethylene glycol adipate) on Celite 
(75 x 0.5 cm) at 1600;  (B) 15% by weight of poly(butane-1,4.-diol succinate) on Celite 
(120 x 0.5 cm) at 1750.  Retention times (T) are given relative to that of methyl 2,3,4.6-
tetra- 0-methyl-f3-D-glucopyranoside. 

Purification of samples. - Each gum sample was ground to a coarse powder, 
and a portion (10 g) was dissolved in water (300 ml). The insoluble residue was removed 
by filtration, and the solution was dialysed against distilled water (4 1) for 24 h (this 
dialysate was examined as described below). Purification was then completed by 
electrodialysis 8 . In the first series of purifications, the solutions were concentrated 
and freeze-dried. On storage over a period of 3-6 months, these freeze-dried samples 
gradually became insoluble; this effect was most marked where the samples had been 
freeze-dried from fairly concentrated solutions. In subsequent purifications, therefore, 
the electrodialysed solutions were not concentrated before freeze-drying. In confir-
mation of earlier reports 24 , solutions for which the concentration exceeded 5% (w/v) 
were liable, if allowed to stand for several days, to turn into insoluble, mucilaginous 
gels. 

RESULTS 

The free sugars in A. laeta gum. - The dialysate from the preliminary stage of 
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purification was concentrated, and examined chromatographically 7  in solvents B and 
D. Glucuronic acid, galactose, arabinose, and rhamnose were detected. 

Analyses of the crude gum. - Analyses (cf. Ref. 5) were made on the crude gum 
samples. The following values are the average results: moisture, 14.9% (range, 13.2-
l5.6%); insoluble material, 1.1% (range, 0.53-2.05%); ash, 3.3% (range, 2.8-3.8%); 

[]'(c 2.0, M sodium chloride), - 350 (range, - 30° to - 42°); limiting-viscosity 
number (in M sodium chloride), 21.3 cm3g' (range, 19.1-23.4); N, 0.69% (range, 
0.48-0.85%); OMe, 0.41% (range, 0.30-0.53%); uronic anhydride (by decarboxyl-
ation), 14%(range, 12-16%). 

Analyses of electrodialysed samples. - Table II gives the data obtained for the 
purified, bulk samples from single trees (specimens 1-12), and for the purified, 
single nodules (specimens NI-N6, all from tree 124). Average values are also shown for 
specimens 1-12, for specimens Nl—N6, and for all of the 18 specimens examined. 

Viscosity characteristics of the gum. - The loss of solubility that occurred on 
storage of electrodialysed specimens precluded a reliable comparison of the viscosity 
of each specimen in the purified form. Fig. 1 gives the viscosity behaviour of the crude 
specimens dissolved in molar sodium chloride, an electrolyte concentration sufficient 
to swamp any variations in the viscosity arising from the natural cation content 
associated with the uronic acid groups in the gum. Checks with two of the samples 
confirmed earlier indications (cf. Ref. 9) that, for comparative purposes, there is little 
difference in the viscosity behaviour of crude and purified samples of gum, provided 
that an adequate concentration of salt is present. 

cnmnla 

0.001 	0.005 	 0.010 	 0.015 0.017 

Concentration, gImL 

Fig. I. The viscosity-concentration relationship for different specimens of 
the gum from A. lueta var. hashab. 
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TABLE 11 

ANALYTICAL DATA" FOR PURIFIED SPECIMENS OF GUM FROM Acacia Iaeta VAR. hashab 

" Specimen 	Nitrogen Met ho xyl 	Reducing 	[J 18 
	

Neutralisation 	Uronic 	 Molar ratios of neutral sugars 

(°') 	(%) 	po werb 	(c 1.0, water) 	equicalen te 	anhvdrided, % 	Gal 	 Ara 	 Rita 

0' 

1 0.56 0.52 0.72 -32 1240 
2 0.61 0.34 0.67 -36 1430 
3 0.74 0.37 0.71 -30 1400 
4 0.60 0.32 0.70 _3t1 1180 
5 0.78 0.56 0.63 -41 1260 
6 0.79 0.27 0.80 -36 1090 
7 0.65 0.34 0.71 -42 1250 
8 0.79 0.36 0.65 -31 1260 
9 0.94 0.42 0.64 -41 1440 

10 0.59 0.37 0.86 -29 1300 
II 0.80 0.39 0.88 -32 1580 
12 0.93 0.39 0.87 -30 1440 
NI 0.54 0.52 0.69 -35 1210 
N2 0.55 0.49 0.73 -32 1240 
N3 0.47 0.54 0.71 -37 1230 
N4 0.49 0.46 0.73 -39 1250 
N5 0.56 0.50 0.70 -35 1320 
N6 0.49 0.53 0.71 -34 1270 

Au. 1-18 0.66 0.43 0.73 -35 1300 
Au. 1-12 0.73 0.38 0.74 -35 1320 
Au. N1-N6 0.52 0.51 0.71 -35 1250 

14.2 10 9.0 2.9 
12.2 10 8.4 3.7 
12.6 10 9.1 3.1 
14.9 10 9.8 3.9 
14.0 10 10.1 3.2 
16.1 10 8.3 3.2 
14.0 10 6.7 3.0 
14.0 10 7.4 3.3 
12.2 10 7.9 3.4 
13.4 10 7.6 3.8 
11.1 10 7.7 4.1 
12.2 10 8.6 3.3 
14.5 10 8.4 2.5 
14.3 10 8.5 2.5 
14.3 10 8.3 2.3 
14.0 10 8.8 2.5 
13.4 10 8.5 2.6 
13.9 10 8.1 2.6 

13.6 10 8.4 3.1 
13.4 10 8.4 3.4 
14.1 10 8.4 25 

z 

0 

-I 

a All data are corrected to an ash-free, dry-weight basis. 11  Expressed as apparent 	of free pentose. c By direct titration with alkali to phenolphthalein 
end-point; potentiometric titration gave results in close agreement. d  Calculated from neutralisation equivalent, assuming that all acidity arises from 
the uronic acid groups. 
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The sugar components of the gum (from complete hydrolysis). - Electrodialysed 
gum (sample 3, 5 g) was dissolved in sulphuric acid (2N, 500 ml) and heated under 
reflux for 12 h. The hydrolysate was cooled, neutralised (barium hydroxide 
and barium carbonate), centrifuged, and then treated with Amberlite IR-120 
(H +) resin. The product was fractionated on a column of Duolite A4 resin (20 x 2 cm) 
in the formate form. The neutral fraction was eluted with water (2 1); the acidic frac-
tion was eluted with formic acid [5% (v/v), 2 1]. After evaporation, the neutral fraction 
gave a syrup (3.3 g); paper chromatography (solvent B) indicated galactose, arabinose 
(R 001  1.34). rhamnose (R, aj  2.11) and, between the arabinose and rhamnose, a diffuse 
trace of material giving a pink colour with aniline hydrogen oxalate. The acidic 
fraction was taken to dryness several times from aqueous solution to eliminate formic 
acid; paper chromatography (solvent D) indicated the presence of D-glucuronic acid 
(R, aj  1.18), D-glucurono-6,3-lactone (R GaI  3.1), and 4-0-methyl-D-glucuronic acid 
(R 6 . 1  2.62). 

The neutral fraction was chromatographed on a cellulose column (60 x 3 cm) 
with solvent B. Fractions (20 ml) were collected; every fifth fraction was concentrated 
and examined chromatographically (solvent B). The appropriate fractions were com-
bined, and concentrated; the respective syrups of D-galactose, L-arabinose. and 
L-rhamnose crystallised on standing. After recrystallisation from water, the identities 
of the sugars were confirmed as follows: 
Fraction (a): D-galactose monohydrate (900 mg); m.p. and mixed m.p. 118-119°; 
[] + 80° (equilibrium, c 4.0. water). The sugar was characterised by oxidation to 
galactaric acid, m.p. 213-214° (lit.1 , 2130). 
Fraction (b): L-arabinose (1040 mg); m.p. and mixed m.p. 159-160°; [] 	+ 1050  
(equilibrium, c 3.0, water); RGa  1.36 (solvent B). The X-ray diffraction pattern was 
identical to that of an authentic sample of L-arabinose. The phenylosazone had m.p. 
164-165° (lit.' 0 , 165°). 
Fraction (c): L-rhamnose monohydrate (275 mg); m.p. and mixed m.p. 93-94°; 
[] +9° (equilibrium, c 3.0, water); RGa E 2.10 (solvent B). The X-ray diffraction 
pattern was identical to that of an authentic sample of L-rhamnose. The phenyl-
osazone had m.p. 181-182' (lit.' 0 , 182°). 

Partial acid hydrolyses: trace neutral sugars and aldobiouronic acids. - After 
trial partial hydrolyses with acid and with an acidic resin, the gum (sample 7, 30 g) 
was hydrolysed successively at 100° with sulphuric acid under the following, graded 
conditions: (a) 0.0IN, 500 ml, 60 h; (b) 0.2N, 500 ml, 4 h; (c) 0.5N, 250 ml, 2 h; 
(d) 2N, 250 ml, 1 h; (e) 2N, 250 ml, 4 h; (f) 2N, 250 ml, 2 h. At each stage after (a), the 
hydrolysate was neutralised (barium carbonate), centrifuged, de-ionised (1 R- 120 resin), 
evaporated, and added to ethanol. The degraded gum was removed by centrifugation, 
and the centrifugate was evaporated to a syrup, which was separated into acidic and 
neutral fractions on a column 05 x 2.5 cm) of DEAE-Sephadex G-25 (formate form). 
The neutral fraction was eluted with water (1.51), and the acidic fraction with formic 
acid (3% v/v, 1.5 1). 

When the sequence of graded hydrolyses was complete, the neutral fractions 
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obtained from each stage were combined, treated with charcoal, and evaporated to a 
syrup (2.6 g). Similarly, the acidic fractions were combined, evaporated to dryness 
several times to eliminate formic acid, treated with charcoal, and evaporated to a 
syrup (310 mg). A subsequent Paper will discuss the detailed examination of the 
degraded gums and of the oligosaccharides in the combined, neutral fractions. In this 
Paper, we report on the trace monosaccharides in the combined, neutral fractions, 
and on the identification of the aldobiouronic acids in the combined, acidic fractions. 

The trace, neutral sugars travelled as a single band between arabinose and 
rhamnose (solvent B). When the band was re-chromatographed on Whatman No. 1 
paper in solvent C, two fractions were obtained. Fraction (a) (6 mg) had RG O , 1.28 
(solvent D) and RG 1 1 1.95 (solvent C); it was identical with xylose in both these sol-
vents. After conversion into the methyl glycosides, and methylation", the product 
was examined by g.l.c. and by paper chromatography, together with the product 
obtained by similar treatment of authentic xylose. In each case, two major components 
were detected T0.41,0.51 (column A); T0.49, 0.60 (column B)], and, after hydrolysis, 
both products gave methylated, reducing sugars having R G  0.83, 0.92, and 0.49 
(minor component) in solvent A. This fraction was therefore tentatively identified 
as xylose. Fraction (b) (3.1 mg) had R 00 , 1.52 (solvent D) and RG a I 2.32 (solvent C); 
it was identical with ribose in both these solvents, and also in the comparative tests 
outlined above for fraction (a). 

Identification of the aldobiouronic acids. 	The combined acidic fraction from 
the partial, acid hydrolysates was resolved into components A and B by chromato-
graphy on 3 MM paper in solvent B. 
Component A: (189.5 mg) had R GOI  0.20 (solvent D); [a] 18  0° (c 3.8, water); (lit. 7 " 2 , 

- 5°; + 1.7 0, 30, - 7.8°). The aldobiouronic acid was isolated as a chromatogra-
phically pure syrup. Hydrolysis gave only galactose and glucuronic acid. Reduction 
of the methyl ester methyl glycosides with potassium borohydride, followed by hy-
drolysis, gave only galactose and glucose; the glucose was isolated by chromatography 
on 3MM paper, (solvent B), and had [] + 50° (equilibrium, c 0.25, water); the 
phenylosazone had m.p. 204-205° (lit. 10 , 205°). The methanolysis product of the fully 
methylated aldobiouronic acid was examined by g.l.c. and found to contain the 
methyl glycosides of 2,3,4-tri-0-methyl-D-glucuronic acid [T 2.14, 2.66 (column A); 
T2.4l, 3.08 (column B)]; 2,3,4-tri-0-methyl-D-galactose [T 5.36 (column A); T6.44 
(column B)]; 2,3,5-tri-0-methyl-D-galactose (trace only) [T 3.27, 4.32 (column A); 
T 4.02, 5.37 (column B)]. Reduction of the methyl ester methyl glycosides (lithium 
aluminium hydride) gave a product, which, after hydrolysis, was examined in solvent A; 
components identical with 2,3,4-tri-0-methyl-D-glucose (R GaI  0.86) and 2,3,4-tri-0-
methyl-D-galactose (R 001  0.70) were revealed. Component A was thereby identified as 
6- O-(-D-glucopyranosyl uronic acid)-D-galactose. 
Component B.(75 mg) had R60, 0.68 (solvent D); [cr] + 4°(c 1, water) [lit., - 1°, + 6 0  
(ref. 12); + 6° (ref. 7)]. The aldobiouronic acid was isolated as a chromatographically 
pure syrup. Hydrolysis gave only galactose and 4-0-methylglucuronic acid [(RG4I  
2.64 (solvent D)]. Methanolysis of the methylated" aldobiouronic acid gave the same 
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components as identified for component A. Methanolysis of the aldobiouronic acid, 
followed by potassium borohydride reduction and subsequent hydrolysis, gave only 
galactose and 4-0-methylglucose (solvent D). The 4-0-methylglucose was isolated 
by chromatography on 3 MM paper, and had []+55 ° ; R O , 1.62 (solvent D), 
2.63 (solvent A), and 2.23 (solvent Q. The phenylosazone had m.p. 157° (lit.' 3 , 158-
159°). Component B was therefore identified as 6-0-(4-0-methyl-/3-D-glucopyranosyl-
uronic acid)-D-galactose. 

DISCUSSION 

The exudate from A. laeta var. hasliab gives a further interesting illustration of 
the occurrence of inter-nodule variation; by calculation, the data obtained give average 
values for the parameters expressing the composition and properties of the acidic gum 
polysaccharide. The variations from the average values for this species are similar in 
extent to those found for A. seyal 9 , and more marked than those for A. nilotica 7 . 

Of the Acacia species studied to date, A. laeia and A. 3eyal are unusual in 
occurring in varieties distinguishable by their external, botanical characteristics. It 
will be of interest to discover the differences that occur in the constitution and proper-
ties of the gums exuded by these varieties. In A. laeta, for example, the assignment of a 
particular tree to the hashab variety or to the nelif/era variety may be a botanical 
oversimplification; a range of variation between two extreme forms of the hybrid may 
exist. Studies of the exudates from A. mel/f/era and A. laeta var. mel/f/era are therefore 
necessary. 

The specimens available gave the opportunity to ascertain that the variation 
between six, single nodules from one tree (samples NI—N6) is considerably less than the 
variation between "bulk" samples (i.e., a mixture of a few nodules) from different, 
individual trees (samples 1-12). The same conclusion was reached"' in similar 
experiments with single nodules of A. senegal gum. Although the only consistent 
variation in the present results involves an increase in the nitrogen content of the 
nodules with their period of formation relative to the date of tapping, the danger of 
drawing premature conclusions from the data must be avoided: the work involved in 
examining a statistically useful number of specimens appears at present to be pro-
hibitive. The present results are sufficient, however, to indicate the direction that 
further experiments should pursue. 

The variation in the limiting-viscosity numbers for the specimens (Fig. 1) 
suggests that significant variations in the molecular size of the gum may exist from 
sample to sample. The significance of the variation in slope of the viscosity plots 
(Fig. 1) is not clear; similar variations were reported' for A. seyal gum. The possibility 
that these variations in slope reflect changes in the typical molecular shape, or in 
molecular composition, will be investigated. The extent of the inter-nodule variations 
further suggests that attempts to effect fractionation (cf. Ref. 15) must be made prior 
to general structural studies, and studies of fine structure involving consecutive Smith 
degradations". 
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The analytical data presented do not indicate any unusual features for an 
Acacia species now that the presence of methoxyl groups has become expected 17 . 

Of the other Acacia species examined to date"', A. senega1 5 " most closely resembles 
A. laeta var. hashab. The trace components of the partial acid hydrolysates, identified 
as xylose and ribose, may have been artefacts formed during the hydrolysis procedure. 
If these sugars do exist in the gum, they are present in such small proportions that 
they are unlikely to have structural significance. Previous workers have reported 
traces of xylose in A. sundra' 8 , of xylose and fucose in A. sieberiana' 9 , and of ribose 

in A. seya1 9 . 
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SUMMARY 

Inter-nodule variations in the composition and properties of the gum from 
Acacia /aeta var. hashab have been investigated. Six nodules from one tree showed less 
variation than samples from other trees. Average values for the analytical parameters 
expressing the composition of the gum have been calculated from analytical data for 
eighteen samples. Of the other Acacia gums investigated to date, A. .senegalis the most 
closely similar in composition. 
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INTRODUCTION 

Since the classical investigations of Kern 2 , there have been significant advances 
in the understanding of polyelectrolyte behaviour, particularly of those synthetic 
polymers in which structure, and distributions of molecular weight can be controlled. 
Corresponding advances have not been made with natural polymers, such as plant 
gums. In particular, studies of molecular weight in the genus Acacia appear to have 
been confined to A. cyanophylla 3  gum and commercial samples of A. senegal gum'. 

The observation' that molecular weight fractions can be obtained from 
A. senegal gum by fractional precipitation with sodium sulphate led to a light-scattering 
study' of a specimen of that gum and three fractions obtained from it. The viscosity 
characteristics of these four materials have now been studied, and, in consequence, 
the constants involved in the Mark-Houwink 6  modification of Staudinger's viscosity-
molecular weight relationship can be calculated. 

In view of the indication' that the exudates from some Acacia species differ 
extensively from A. senegal gum in composition and properties, it was necessary to 
test whether the Staudinger constants for A. senegal gum would be valid for other 
Acacia species. 

Weight-average molecular weights for specimens of A. arabica gum and 
A. nubica gum have therefore been determined by light-scattering. These particular 
species were selected as test cases for the following reasons: (a) their limiting-viscosity 
numbers are 7 ' 8  lower than the values typical of A. senegal gum; (b) preliminary experi-
ments8  with molecular-sieve chromatography 9 "° indicate that A. arabica gum has a 
higher molecular weight than A. senegal gum; (c) structural studies of the gums from 
A. arabica8  and A. nubica' 1  indicate significant differences in structure from that of 
A. senegal gum. 

EXPERIMENTAL AND RESULTS 

The origin of the gum specimens from A. arabica and A. nubica have been given', 
and the fractionation procedure' with sodium sulphate has been described. Light- 

*Fo r Part XIX, see Ref. I. 
"Present address: Department of Chemistry, Chittagong College, East Pakistan. 
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scattering data have been published' for the specimen of A. senegal gum, and for the 
particular set of fractions used in the present study. The gum, and its fractions, 
were in the fully neutralised, sodium salt, form. 

Viscosity measurements. - These were made at 25.00 ± 0.010 in suspended-
level, Ubbelohde, dilution viscometers having solvent flow-times greater than 170 sec, 
and negligible, kinetic energy correction. The data obtained for A. senegal gum and 
its fractions, as sodium salts in M sodium chloride, are given in Table I; preliminary 

TABLE I 

VISCOSITY DATA FOR A. senegal GUM AND ITS FRACTIONS IN MOLAR SODIUM CHLORIDE SOLUTION AT 

25.00° 

Fraction I 

Cone X lO 

(g/,nl) (mug) 

Fraction 2 

Cone x /03 

(g/ml) 

77SP  

(mug) 

Fraction 3 

('one x IO 

(g/inl) (,nl/g) 

Whole gum 

Cone x 103  

(g/ml) 

27SP  

(in//g) 

17.83 38.4 19.63 14.6 18.81 14.0 19.99 20.5 
12.74 31.9 14.02 13.8 13.45 13.5 14.29 19.4 
8.91 30.3 9.82 13.1 9.41 13.3 10.00 18.5 
5.94 28.3 6.27 13.1 6.67 17.7 

By graphical extrapolation: 

lim 25.4 urn 12.9 urn 12.5 urn 16.4 
(c-+0) (c-.0) ((.-O) (c-tM) 

experiments 12  had shown that the limiting-viscosity number was constant for concen-
trations of sodium chloride ranging from 2-.8% w/v. Independent investigations, 
under comparable conditions to those described above, established limiting-viscosity 
numbers (ml/g) of 9.8 for A. nubica 7  gum, and 12.5 (ref. 7) and 9.9 (ref. 8) for different 
batches of the A. arabica gum (a large, bulk sample from many trees). 

Calculation of the Staudinger constants for A. senegal gum. - The values of K' 
and a (following Flory's symbols 13)  in the Mark-Houwink 6  equation, 

	

['i] =K'M 	 (1) 

were found from the plot of log [] versus log M for each fraction and for the whole 
gum (Fig. 1). The values deduced are K' = 1.3x 10-2 and a = 0.54. 

The experimental data were also used to obtain the additional parameters given 
by the Flory-Fox' 4  equation (2), where K and the molecular expansion factor (cx) 

	

['i] =KMx 3 	 (2) 

r(?)2I I.5  (3) 

(?2 ) 

	

[()2]4 	 (4) 
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are given by equations 3 and 4. For equation 4, (? 2)"k  is the root-mean-square, end-to- 
end distance of the molecule, and [(F,)2]  its unperturbed dimension; 4 is a universal 

constant, equal to 2.1 x 1023  when [i'] is expressed in ml/g. The expressions of Kurata 

1.4 

1.1 

1.0 

0.9 
5.4 5.6 

log M W  

Fig. I. Log [771 versus log Mu , for ,4cacu, senegal gum and its fractions (in the sodium salt form). 

and Stockmayer' 5 , and Stockmayer and Fixman' 6 , provide a graphical method of 
evaluating K from equation 5. 

['i] = KM -1  t + 0.510 BM 	 (5) 

By plotting [j]M versus M, a value of 1.96 x 10-2  was found for K by extrapolation, 
and substitution in equation 2 gave a = 1.042. Values for [(P0)2]+  were then calculated 

from equation (3), and the theoretical values for (?2)4  from equation (4) are compared 
in Table II with those determined experimentally. 

TABLE 11 

Ma,, I?)], [( 0
) 2], () FOR GUM FRACTIONS FROM Acacia Senegal, AS THE SODIUM SALTS IN MOLAR 

SODIUM CHLORIDE 

Fractions 

1 2 3 

Whole Guni 

M 	. 	 10 11.85 3.56 3.20 5.80 

F') (mug) 25.4 12.9 12,5 16.4 

[fro) 2 ] 	(A), theoryu 494 271 257 345 
(?2 	(A), theoryb 514 282 267 360 

experimental 930 635 460 745 

>, IO theory 2.1 2.1 2.1 2.1 
experimentalr 0.34 0.18 0.41 0.23 

"Calculated from equation 3; Ecalculated  from equation 4; ^deduced from the experimental value for 

(F 	by means of equations 2, 3, and 4. 

Carbohyd. Res., 4 (1967) 298-304 

log [ii] 



STUDIES ON URONIC ACID MATERIALS. XX 	 301 

Light-scattering measurements. - These were made (through the courtesy of 
Dr. G. Stainsby) in the Procter Department, Leeds University. The photometer, and the 
experimental procedure used to determine the values of M for A. Senegal gum and 
its fractions, have been described'. The same experimental conditions were used to 
determine molecular weights for the gums from A. arabica and A. nubica in the form 
of their sodium salts in M sodium chloride. The plots of the reciprocal, reduced intensity-
of-scatter (G 1 ) versus sin 2 (0/ 2) for A. arabica gum are given in Fig. 2; Fig. 3 gives the 
corresponding data for A. nubica gum. Table III compares the data derived from 
these plots with those obtained previously' for A. senegal gum. 

0.14 

0.10 
- 0 

G 1  
E)  

0 

0.06  
0 	 - - __—X-------- 

A 

02 	0.4 	0.6 	0.8 	1.0 
sin 2  

2 

Fig. 2. The reciprocal, reduced intensity-of-scatter (G') versus sin2(0/2) for A. arabka gum as the 
sodium salt in M sodium chloride. 

a 
------ -;7 

0 

J_ 
/ 	 A 

0 	-.- x 

/ 

tiM 	 (.).b 	0.8 	1.0 
Sin2  ! 

2 

Fig. 3. The reciprocal, reduced intensity-of-scatter (G') versus sin2  (0/2) for A. nubica gum as the 
sodium salt in M sodium chloride. 

G 

0. 
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DISCUSSION 

The data obtained for A. senegal gum obey the Mark-Houwink relationship, 
and the value obtained for the modified Staudinger constant a falls within the usual 
range". Although a linear plot of log [] versus log M (Fig. I) was obtained from 
the four points available, two of these points are not widely separated. In any fractional 

TABLE III 

DATA FOR GUMS FROM A. senegal, A. arabica, AND A. nubica, AS SODIUM SALTS IN MOLAR SODIUM CHLORIDE 

Acacia senegal 

Conc x 10 Z 
gin,! 

M. 
10 

Acacia arabica 

Cone x I($ Z 	MW 
g/ml 	 x IO 

Acacia nubca 

Cone x 104  Z 
g/ml 

MW 
< 	IO 

8.39 	1.47 5.42 11.0 1.21 	18.6 9.5 1.12 8.42 
6.29 	1.41 6.22 8.8 1.23 	19.2 7.6 1.12 8.87 
4.12 	1.43 5.77 7.0 1.25 	18.3 6.1 1.10 8.85 

Mean Values: 
Z 	 1.44 1.23 1.11 
M. > 10-5 	5.80 18.9 8.71 
(2 I, A 	739 550 340 

[,], mI/g 	16.4 9.9 (ref. 8) 9.8 (ref. 7) 
12.5 (ref. 7) 

precipitation procedure, the number of fractions isolated is arbitrary 5 , and it is inten-
ded to repeat the fractional precipitation procedure to obtain, for the present specimen 
of gum, an increased number of fractions separated as widely as possible within 
the molecular weight range. Although analyses have established' 7  that the sample 
used in the present study is not atypical in terms of empirical composition, A. senegal 
is known' 8  to be very variable botanically, and the values obtained for K' and a may 
not hold accurately for all specimens of A. senegal gum. Fractionation experiments 
with other specimens of the gum are therefore also necessary. 

Further factors also require consideration. The equations relating M to [] 
presume that the different fractions involved are identical chemically, and differ only 
in molecular size. The composition of three fractions isolated from A. senegal gum 
in a separate experiment has been investigated. Although small variations in chemical 
composition were detectable, particularly for the ratio of galactose to arabinose, the 
periodate oxidation data indicated that there are unlikely to be extensive differences in 
the general pattern of branching. In the fractionations of A. senegal gum that have 
been effected with sodium sulphate, a correlation has been noted"' between the 
nitrogen content and the limiting-viscosity number of each fraction. The nitrogen 
content is known to arise from proteinaceous material. Although aggregation of the 
polysaccharide by the protein appears to be unlikely during viscosity determinations 
when M sodium chloride is used as solvent', further examination of the effect is 
desirable. 
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Caution must also be exercised in the application of these constants to degraded 
forms of the gum. It is clearly established (cf. refs. 19, 20, 5, and references cited 
therein) that the extent of the degradation that occurs under mild conditions, such as 
autohydrolysis, is much greater than would be expected to result from the removal 
of the available, labile residues at the periphery of what is now believed to be a 
relatively highly branched molecule". Some deep-seated form of decomposition 
affecting the branched "core" (a term preferable 5  to "main chain") of the polymer 
must accompany modifications at its periphery. The values of K' and a for the whole 
gum may, therefore, not be valid for any of its degraded forms. Studies of the changes 
in size and shape of gum molecules during degradative processes are necessary, and 
molecular-sieve chromatography" , " may facilitate these. 

The experimental values for (F2) and çb differ markedly from the theoretical 
values (Table II) obtained from relationships developed for essentially linear macro-
molecules. These differences support the view that the polysaccharide entities in 
A. senegal gum are more highly branched" than previously believed. Veis and 
Eggenberger 22  also obtained higher experimental values for (F2)+ than were predicted 
from theoretical relationships. 

In conclusion, the data in Table III indicate that values of the modified 
Staudinger constants for A. senegal will not generally be applicable to other Acacia 
species: although less viscous, the gums from A. nubica and A. arabica are of higher 
molecular weight than A. senegal. These observations are supported by the light-
scattering data for Z and (F2)+,  which indicate that the gum molecules in A. nubica 
and A. arabica are more compact and more highly branched (therefore tending to be 
even more spherical) than in A. senegal. These results are further supported by the 
results of chromatographic experiments with molecular sieves, and structural studies, 
currently in progress'. 

In Figs. 2 and 3, linear extrapolations have been used, consistent with the 
treatment previously adopted' (in preference to that of Benoit, Holtzer, and Doty 23 ) 
for the corresponding data for A. senegal gum. 
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SUMMARY 

The relationship between the viscosity and molecular weight of a sample of 
Acacia senegal gum has been investigated, and values for the modified Staudinger 
constants have been calculated. Reasons for exercising caution in the use of these 
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constants are discussed. Determinations of the molecular weight of the gums from 

Acacia nubica and Acacia arabica have shown that the Staudinger constants for Acacia 

senegal gum will not be of general applicability within the Acacia genus. 
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Studies on Uronic Acid Materials. Part XXI' Some Structural Features 
of Acacia arabica Gum 
By D. M. W. Anderson, Sir Edmund Hirst. and J. F. Stoddart. Department of Chemistry, The University, 

Edinburgh 9 

The polysaccharide exuded by Acacia arab/ca trees has a high positve specific rotation and contains residues of 
D-galactose, L-arabiriose, L-rhamnose. D-glucuronic acid, and 4-0-methyl-D-glucuronic acid. Linkage analysis 
affords 3-0-)-L-arabinopyranosyI-L-arabinose and 3-0-çl-L-arabinofuranosyl-L-arabinose. An examination of 
the 0-methyl derivative of the gum yields 2.3,5- and 2.3,4-tn-, and 2,5-. 3,5-, and 3.4-di-0-methyl-L-arabinose. 
2.4-di-0- methyl -D-galactose. and 2.3.4-tni-0-methyl-D-glucuronic acid together with small amounts of 2.3,4-tn-
0-methyl-L-rhamnose. 4-0- methyl -L-arabinose, and 2,3,4,6-tetra-. 2.3.6-. 2.4.6-. and 2.3.4-tn-, and 2-0-  
methyl -D-galactose. The degraded gum obtained after controlled acid hydrolysis is examined by linkage and 
methylation analysis. Partial acid hydrolysis affords 3-0- 3-D-galactopyranosyl-D-galactose and 6-0- -D-
galactopyranosyl-D-galactose. An examination of the 0-methyl derivative of the degraded gum yields 2,3,4,6- 
tetra-, 2.16-. 2.4.6-. and 2,3,4-tn-, 2.6- and 2.4-di-. and 2-0-methyl-D-galactose. 2.3,4-tri-0-methyl-D-glucuronic 
acid, and trace amounts of 2,3.4-tni-0-methyl-L-arabinose. The degraded gum is submitted to a Smith degradation 
and the whole gum to four successive Smith degradations. The products are examined by linkage and methyl-
ation analysis. The structural evidence suggests that A. arab/ca gum molecules possess highly branched galactan 
frameworks to which are attached uronic acid residues and arabinose-containing side-chains. This conclusion is 
supported by the results of viscosity and light-scattering measurements carried out on aqueous solutions of the 
gum. 

THE results of a re-investigation 2.3  of Acacia senegal 
gum have led to the development of earlier ideas con-
cerning its molecular structure to include a structural 
type in which the galactan framework is not necessarily 
based on a linear "main chain" or "backbone" of 

p1,3-linked D-galactose residues. This conclusion has 
prompted further investigations into molecular struc-
ture within the Acacia group of plant gums. The 
results of a detailed examination of Acacia arabica gum 
are reported in this Paper, and the main structural 
features of this gum are compared with those of A. 
senegal gum. 2-4  Preliminary investigations 5,6  on A. 
arabica gum showed that it was composed of galactose, 
arabinose, uronic acid, and a trace of rhamnose. The 
value obtained 5  for the limiting viscosity number was 
lower than that found 4,5  for A. senegal gum. The gum 
has also been shown to have a high positive specific 
rotation 5  and a high methoxy-content. 5' 7  The presence 
of uronic acid units linked al,4 to galactose residues has 
been indicated 8  and chromatographic evidence for the 
presence of the four aldobiouronic acids, 6-0-(3-D-
glucopyranosyluronic acid)-D-galactose, 6-0-(4-0-methyl-
-D-glucuronpyranosyluronic acid) -D-galactose, 4-0- (a-

D-glucopyranosyluronic acid)-D-galactose, and 4-0-(4-0-
methyl-(X-D-glucopyranosyluronic acid) -D-galactose has 
been reported. 9  

The gum nodules from A. arabica (Lam.) Wild, used 
in the present investigation were collected by (the late) 
Mr. M. P. Vidal-Hall, formerly Gum Research Officer, 

1 Part XX, D. M. W. Anderson and S. Rahman, Carbohydrate 
Res., 1967, 4, 298. 
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Republic of the Sudan, from small trees at Baruki 
Rahad, Kordofan Province, in March 1961. After 
purification, the gum was shown to be an acidic poly-
saccharide containing residues of D-galactose (32%), 
L-arabinose (57%), L-rhamnose (04%), D-glucuronic 
acid (4%), and 4-0-methyl-D-glucuronic acid (6%). 
Although it proved impracticable to isolate sufficient 
quantities of rhamnose to enable a value for its specific 
rotation to be determined, the sugar was assumed to 
be present in the L-form because of its occurrence in this 
series in other Acacia gums. 10  The low rhamnose content 
of A. arabica gum and the high positive value of +112' 
for its specific rotation are not now considered to be 
atypical features within the Acacia group of plant 
gums. 5  

Samples of A. arabica gum were examined by zone 
electrophoresis on glass-fibre paper," filter paper, 3 . 12  

and cellulose acetate film, 3"2  and by ion-exchange 
chromatography on DEAE-cellulose. 13  Since no sharp 
discontinuities in the properties of the molecular species 
were indicated by these experiments, it seems probable 
that A. arabica gum exhibits the same kind of hetero-
geneity as A. senegal gum. 2. 4  If this is the case, then 
A. arabica gum may be considered to contain a con-
tinuous spectrum of related molecular species. 14  Despite 
the fact that solutions of A. arabica gum have a lower 
limiting viscosity number ([n] = 99 mi./g.) than A. 
senegal gum solutions 3A ([] = 200 ml./g.), the gum 
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Chemist, 1964, 18, 12. 

G. M. Cree, Ph.D. Thesis, 1986. University of Edinburgh. 
10 F. Smith and R. Montgomery, "The Chemistry of Plant 

Gums and Mucilages," Reinhold, New York, 1959. 
" B. A. Lewis and F. Smith, J. Amer. Chem. Soc., 1957, 79, 

3929. 
11  D. M. W. Anderson, A. C. Munro, and J. F. Stoddart, un-

published results. 
" M. A. Jermyn, Austral. J. Biol. Sci., 1962, 15. 789. 
" E. L. Hirst, " Plant Gums," 4th International Congress of 

Biochemistry, Vienna, 1958; Proc. Roy. Soc., 1959, A, 252. 287; 
Bwchem. J., 1961, 79, lOP. 
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from A. arabica has a higher weight-average molecular-
weight (M = 23 x 106) than A. senegal gum 3  (M = 
600,000). A comparison of the physicochemical pro-
perties of A. arabica gum solutions with those of A. 
senegal gum solutions suggests that there are important 
differences in the molecular architecture of the two gums 
in addition to fine structural variations, which are pre-
dictable from a knowledge of the differences in chemical 
composition of the two gums. 

Hydrolysis of the gum under controlled conditions 
with 00lN-sulphUflc acid resulted in the release of 
almost all the arabinose together with small amounts 
of galactose. Degraded gum A, isolated after dialysis, 
contained galactose (86%), arabinose (2%), and uronic 
acid (11%). The value of +33 0  for the specific rotation 
of degraded gum A is somewhat different from the 
value of —11 °  obtained 4  for autohydrolysed A. senegal 
gum. The differences may be partly explained by the 
configurations of the linkages involving uronic acid resi-
dues to galactose units. Degraded gum A contains 
some uronic acid residues linked al,4 to galactose units. 
These linkages are absent in autohydrolysed A. senegal 
gum. 2  On the other hand, autohydrolysed A. senegal 
gum contains a higher proportion of uronic acid residues 
linked 131,6 to galactose units. Differences in the arrange-
ment of galactose residues within the galactan frame-
works of the two degraded gums may also contribute 
to the difference in specific rotation. Molecular-sieve 
chromatography gave an estimated value of 
5400 for the number-average molecular-weight of de-
graded gum A. If the whole gum is based on a galactan 
framework, then obviously considerable degradation 
of this framework has occurred during the mild conditions 
of controlled acid-hydrolysis. This degradation does not 
appear to have been caused by the presence of any 
internal acid-labile arabinofuranose residues, since acid 
hydrolysis of borohydride-reduced degraded gum A 
yielded only galactitol and no arabinitol (cf. ref. 4). 
Moreover, there is no evidence for the presence of any 
galactofuranose residues in the gum. This implies that, 
just as in A. senegal gum,9 ' 4  certain galactopyranosidic 
bonds must be unusually sensitive towards mild con-
ditions of acid hydrolysis. Smidsrød et al. 10  have 
drawn attention to the fact that, when the overall 
proton concentration is low, the negative charge associ-
ated with acidic polysaccharides will cause the proton 
concentration in the region of the macromolecules to be 
higher than that in the bulk of the solution. This effect 
may explain the unexpectedly high rates of acid hydro-
lysis of acidic polysaccharides above pH values of 1. 

Partial acid hydrolysis of degraded gum A yielded 
two galactobioses. The first had the same paper chrom-
atographic mobility as 3-0-ç3-D-galactopyranosyl-D-gal-
actose and was characterised as its crystalline mono-
hydrate. Methylation analysis confirmed that a galactose 
unit was 3-0-substituted by a galactopyranose residue 
in the disaccharide. Methylation evidence for the 

" D. M. W. Anderson and J. F. Stoddart, Analyt. Chim. Acta, 
1966, 34, 401; Lab. Practice, 1967, 16, 841.  

second galactobiose indicated that a galactose unit 
was 6-0-substituted by a galactopyranose residue. 
The paper chromatographic behaviour of the disac-
charide confirmed that it was identical to 6-0-13-D-gal-
actopyranosyl-D-galactOse. 

An examination of methylated degraded gum A 
showed the presence of 2,3,4-tri-0-methyl-L-arabiflOSe 
(a trace), 2,3,4,6-tetra- (+ +), 2,3,6- (+12), 2,4,6- ( -I- +). 
and 2,3,4-tn- (+++) 2,6-  (+) and 2,4,-di- (+++). 
and 2-0-methyl-D-galactose (+). and 2,3,4-tri-0-methyl-
D-glucuronic acid (++). These 0-methyl sugars in-
dicate the presence of terminal non-reducing L-arabino-
pyranose, n-galactopyranose, and (4-0-methyl)- D-glUcO-
pyranosyluronic acid residues, and 4-0-, 3-0-, 6-0-, 
and 3,6-di-0-substituted D-galactopyranose units. The 
presence of some 2,6-di- and 2-0-methyl-D-galactose 
is ascribed to undermethylation. An examination of the 
methylated reduced product, obtained after reduction of 
methylated degraded gum A with lithium aluminium 
hydride 17 followed by re-methylation, showed the 
presence of 2,3,4,6-tetra-0-methyl-D-glucose in addition 
to the neutral 0-methyl sugars already mentioned. 
This confirms that (4-0-methyl)-D-glucuronic acid resi-
dues are present as non-reducing end-groups in degraded 
gum A. Since aldobiouronic acids involving uronic acid 
units linked al,4 to galactose residues have been identi-
fied,9  the presence of some 4-0-substituted galactose units 
in degraded gum A is to be expected. Likewise, the 
presence of some of the 6-0- and 3,6-di-0-substituted 
galactose units is in accord with the identification 
of aldobiouronic acids involving uronic acid units linked 
131,6 to galactose residues. Partial methanolysis of 
methylated degraded gum A has indicated the presence 
of the methylated aldobiouronic acids, 4-0-(2,3,4-tri-
0-methyl--D-glucopyranosyluroniC acid) -2,3,6-tri-0-
methyl-D-galactose, 60(2,3,4-tri-0-methyl-13-D-glUcO-
pyranosyluronic acid)2,3,4-tri-0-methyl-D-galact0Se to-
gether with small amounts of 6-0-(2,3,4-tri-0-methyl-
13-D-glucopyranosyluronic acid)-2,4-di-0-methyl-D-galac-
tose. It follows that (I), (II), and (III) are possible 

NO 	
1

106 	I 
D.GpA 	p. D-GaI... 	D-GDA —0- D-GaI 

or 	 or 
10 	( 	 194 	I 

4.OMe.D-GpA —.0- D-GaIp"'' 4-OMe-D-GpA 	IN D-GaIp 

(1) 	 (II) 

136  
n-GpA ---0. D-GaIp 

.3 

or 
I36 

4.0Me-D-GpA —0- D-Galp"" 

(III) 

structural fragments for residues attached to the galac- 
tan framework of degraded gum A. In addition to 
(4-0-methyl)-D-glucopyranosylurOnic acid residues in 

16  0. Smidsrød, A. Haug, and B. Larsen, Ada Chem. Scand., 
1966, 20, 1026. 

17  M. Abdel-Akher and F. Smith, Nature, 1950, 166. 1037. 
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such fragments as (I), (II), and (III), L-arabinopyranose 
and D-galactopyranose residues occupy terminal non-
reducing positions. The occurrence of a small propor-
tion of L-arabinopyranose residues attached directly to 
the galactan framework constitutes a feature that has 
not been exhibited by any other Acacia gum studied to 
date. The remainder of the 6-0- and 3,6-di-0-sub-
stituted galactose units, together with the 3-0-sub-
stituted galactose residues, are present in a highly 
branched framework of lil,6- and il,34inked D-galactose 
residues. Some idea of the distribution of 01,3- and 
p1,6-linkages within this galactan framework was 
obtained by linkage and methylation analysis of the 
degraded gum B, isolated after a Smith degradation Is 

of degraded gum A. Partial acid hydrolysis of degraded 
gum B gave both the fil,3- and f3l,6-galactobioses. An 
examination of methylated degraded gum B indicated 
the presence of 2,3,4,6-tetra- (++), 2,4,6-  (++++) 
and 2,3,4-tn- (+), 2,6-  (+) and 2,4-di- (++), and 
2-0-methyl-D-galactose (+) and 2,3,4-tn-0-methyl-
n-glucuronic acid (a trace). Since all the uronic acid 
residues in degraded gum A are present as terminal 
non-reducing groups, the identification of a small 
amount of uronic acid residues in degraded gum B is 
probably explained by incomplete oxidation of a few 
uronic acid units by periodate during the Smith degrada-
tion of degraded gum A. Undermethylation is probably 
responsible for the presence of some 2,6-di- and 2-0-
methyl-D-galactose. The proportions of 2,3,4,6-tetra-
and 2,4-di- to 2,4,6- and 2,3,4-tri-0-methyl-D-galactose is 
evidence that degraded gum B is composed of highly 
branched galactan fragments. The fact that these 
fragments are sufficiently large in molecular size to be 
retained by cellophane  dialysis tubing suggests that there 
is in degraded gum A a significant proportion of mutually 
p1,3-linked n-galactose residues which are resistant to 
Smith degradation. The occurrence of 2,4,6-tn-0-
methyl-n-galactose as the main 0-methyl sugar com-
ponent obtained from methylated degraded gum B is 
evidence for a high proportion of 3-0-substituted 
D.galactose residues in degraded gum B. The identifica-
tion of some 2,3,4-tri-0-methyl-n.galactose from methyl-
ated degraded gum B indicates that (IV) is a possible 
structural fragment of degraded gum A. 

	

3 	I6 	 133 
DG&p —* D-Gstp —*. D-GaIp 

ti 
whir. R — 

	

I 	 I 	4 	I 	6 	I 
L-Arap", D-GaIp ......... D-GaIp ......... D-GaIp'' 

(IV) 

The galactan framework of A. arabica gum appears to 
be based on a branched structure of çil,3- and l,6-
linked n-galactose residues. Two possible structdres 
may be proposed. In the first, a " main chain" or 
"backbone" of blocks of 131,3- and 01,6-linked D-galac-
tose units carries short side-chains of D-galactose  

residues containing both 131,3- and 31,64inkages. The 
second structure is based on a branched framework (in 
which no "main chain " appears) of f31,3- and 131,6-
linked D-galactose residues, and it is suggested that 
A. arabica gum molecules possess galactan frameworks 
of this second type. 

The disaccharides obtained from the diffusate of the 
mild acid hydrolysates of the whole gum give some idea 
of the possible modes of linkage of units in the arabinose-
containing side-chains, which are attached to the galactan 
framework. Two arabinobioses were separated on thick 
paper. The first was identical on paper chromatography 
to 3-0-13-L-arabinopyranosyl-L-arabinose. Acid hydro-
lysis gave only arabinose, and methylation analysis 
indicated that an arabinose unit was 3-0-substituted 
by an arabinopyranose residue. The disaccharide was 
characterised as its crystalline phenylosazone. The 
second arabinobiose had the same paper chromato-
graphic mobility as 3-0-13-L-arabinofuranosyl-L-arabin-
ose. Acid hydrolysis gave only arabinose, and methyl-
ation analysis indicated that an arabinose unit was 
3-0-substituted by an arabinofuranose residue. The 
fact that both arabinobioses are released by relatively 
mild acid hydrolysis conditions suggests that in each 
case the reducing arabinose residue was initially present 
in the furanose form in the arabinose-containing side-
chains. 

An examination of the 0-methyl derivative of A. 
arabica gum indicated the presence of 2,3,5- and 2,3,4-
tn-, and 2,5-, 3,5-, and 3,4-di-0-methyl-L-arabinose, 
2,4-di-0-methyl-D-galactose, and 2,3,4-tri-0-methyl-D-
glucuronic acid together with small amounts of 2,3,4-
tri-0-methyl-L-rhamnose, 4-0-methyl-L-arabinose, and 
2,3,4,6-tetra-, 2,3,6-, 2,4,6-, and 2,3,4-tn-, and 2-0-
methyl-D-galactose. Small amounts of galactose and 
arabinose are not thought to be structurally significant. 
The structural significance of 4-0-methyl-L-arabinose 
and 2-0-methyl-D-galactose is also doubtful. They 
probably arise from either incomplete methylation or 
demethylation during hydrolysis. Although the 
presence of a high proportion of 2,4-di-0.methyl-n-
galactose indicates that most of the n-galactose residues 
in A. arabica gum are 3,6-di-O-substituted, the identific-
ation of trace amounts of 2,3,4,8-tetra-, 2,3,6-, 2,4,6-, 
and 2,3,4-tri-0-methyl-D-galactose is evidence for a few 
terminal non-reducing n-galactose residues and some 
4-0-, 3-0-, and 6-0-substituted n-galactose units, re-
spectively. The identification of 2,3,4-tri-0-methyl-
D-glucuronic acid suggests that D-glucuronic acid and 
4-0-methyl-n-glucuronic acid residues occur as terminal 
non-reducing units in the whole gum. The identification 
of trace amounts of 2,3,4-tri-0-methyl-L-rhamnose 
confirms the presence of small amounts of L-rhamnose 
residues as non-reducing end-groups in A. arabica 
gum. 6  However, the rhamnose content is so small that 

" I. J. Goldstein, G. W. Hay, B. A. Lewis. and F. Smith, 
Methods in Carbohydrate Chemistry." ' General Polysac-

charides," ed. R. L. Whistler, Academic Press, New York. 1965, 
vol. V, p.  361. 



Org 
	

1479 

these residues must have little structural significance. 
The presence of 2,3,5- and 2,3,4-tri-0-methyl-L-arabinose 
indicates that the arabinose-containing side-chains are 
terminated in some cases by L-arabinofuranose and in 
other cases by L-arabinopyranose residues. The 
identification of some 2,5-di-0-methyl-L-arabinose is 
evidence for some 3-0-substituted L-arabinofuranose 
residues in the arabinose-containing side-chains. The 
major dimethyl ether of arabinose to be isolated and 
characterised was, however, the 3,5-di-0-methyl isomer. 
Previous to its isolation from methylated A. arabica 
gum, methylated A. pycnantha gum had been the only 
other 0-methyl derivative of an Acacia gum to yield 

19 Its isolation from 
methylated A. arabica gum suggests that there is a 
proportion of 2-0-substituted L-arabinofuranose residues 
in the arabinose-containing side-chains. If the small 
amounts of 3,4-di-0-methyl-L-arabinose * do not arise 
from undermethylation or from demethylation, then 
there must be a small proportion of 2-0-substituted 
L-arabinopyranose residues in the arabinose-containing 
side-chains as well. Methylation evidence for the whole 
gum and for degraded gum A suggests that the arabinose-
containing side-chains are attached to the galactan frame-
work at the C-3 and/or C-6 positions of certain D-galac-
tose residues. 

A sample of A. arabica gum was submitted to four suc-
cessive Smith degradations.' 8  The percentage yields of 
Smith-degraded products are low compared with those 
obtained during successive Smith degradations on A. 
senegal gum.LS Molecular-sieve chromatography, 4"5  

however, indicates that there is pronounced cleavage of the 
macro-molecule during successive Smith degradations. 
This cleavage of internal D-galactose residues is particu-
larly drastic during the second and subsequent Smith de-
gradations. The loss of a large number of small frag-
ments during dialysis probably accounts for the low 
percentage yields of polysaccharides (III) and (IV). 
The complete fragmentation of the macromolecule 
during successive Smith degradations shows that long 
chains of periodate-resistant p1,3-linked D-galactose 
residues are not such an important structural feature 
of A. arabica gum as they are of A. senegal gum. 2 ' 3  In 
A. arabica gum, blocks of periodate-immune l ,3-linked 
D-galactose units must be interspersed by blocks of 
periodate-vulnerable 01,6-linked D-galactose residues in 
a highly branched galactan framework. Fragmentation 
of this framework, which contains 6-0-substituted 
D-galactose residues, is to be expected as the arabinose-
containing side-chains are progressively removed from 
the C-3 positions of 6-0-substituted D-galactose units. 

• Note added in proof. Since the submission of this manu-
script two Papers have been published by Stephen and his 
collaborators (M. Kaplan and A. M. Stephen, Tetrahedron, 1967, 
23, 193; A. M. Stephen and D. C. Vogt, ibid., p.  1473) in which 
the 0-methyl derivatives of gums from A. mearnsii, A. karroo, 
A. cyanophylla, A. decurrens, A. podalyriaefolia (?), and A. 
giraffae have been reported to afford 3,5-di-0-methyl-L-arabinose. 
The 0-methyl derivatives of gums from A. karroo and A. poda-
iyriaefolia have also been reported to yield 3,4-di-0-methyl-L-
arabinose. 

Four successive Smith degradations were required to 
remove all the arabinose residues from A. senegal gum. 2 ' 3  

In contrast, all arabinose residues were not eliminated 
from the product [polysaccharide (IV)] obtained from 
A. arabica gum after four successive Smith degradations. 
This means that the arabinose-containing side-chains 
in A. arabica gum contain more arabinose residues on the 
average than are present in the arabinose-containing 
side-chains of A. senegal gum. During successive Smith 
degradations, the specific rotation decreases from +112' 
for A. arabica gum to +46° for polysaccharide (III). 
Linkages associated with the arahinose-containing side-
chains and their attachment to the galactan framework 
may be partly responsible for the high positive specific-
rotation of A. arabica gum. 

On methanolysis, the 0-methyl derivative of poly-
saccharides (I), (II), (III), and (IV) gave the methyl 

FIGURE 1 Diagrammatic representation of the high degree of 
branching exhibited by part of the galactan framework of an 
Acacia arabica gum molecule. Uronic acid residues and 
arabinose-containing side-chains are attached to this frame-
work. 0= D-Galactopyranose residues; - = 1,3-link-
ages; - = l,6-linkages 

glycosides of 2,3,5-tn-, 2,5- and 3,5-di-0-methyl-L-
arabinose, and 2,3,4,6-tetra-, 2,4,6- and 2,3,4-tn-, and 
2,4-di-0-methyl-D-galactose. The identification of some 
2,5- and 3,5-di-0-methyl-L-arabinose from methylated 
polysaccharide (IV) indicates that some of the arabinose-
containing side-chains in A. arabica gum must contain 
at least six 1,3- and/or 1,2-linked L-arabinose units. 
The absence of any evidence for arabinopyranose resi-
dues in polysaccharide (I) confirms that the 4-0-methyl-
L-arabinose characterised from methylated A. arabica 
gum is not structurally significant. 

The structural evidence therefore strongly suggests 
that A. arabica gum molecules possess branched galactan 
frameworks to which are attached uronic acid residues 
and arabinose-containing side-chains. This structural 
feature is represented diagramatically in Figure 1. The 
high degree of branching of the galactan framework 
implies that not all the uronic acid and arabinose 
residues are to be found on the periphery of the gum 

19  G. 0. Aspinall. E. L. Hirst, and A. Nicolson, J. Chem. Soc., 
1959, 1697; A. Nicolson, Ph.D. Thesis, 1959, University of 
Edinburgh. 
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FIGURE 2 Possible structural fragment from an Acacia arabica gum molecule. R represents L-Arap- and L-Araf-containing 
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side-chains. Some of these side-chains are at least 6 units long and contain . . L.-AraJ - ---, -. 	L-Araf ...., and 
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molecules. A possible structural fragment from one of 
these gum molecules is represented by the polysac-
charide array shown in Figure 2. The galactan frame-
work of A . arabica gum is more highly branched than 
that of A. senegal gum, and the arabinose-containing 
side-chains are longer in A. arabica gum than in A. 
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FIGURE 3 Elution patterns for Acacia arabica gum (a), for poly-
saccharides (I)—(III) (b)-(d), and for degraded gum A (e) 
from a "Bio-Gel P300 column (50 x 4-8 cm.) elution with 
94-sodium chloride solution; V. = elution volume of blue 
dextran"; V 0  + V = elution volume of sucrose 

senegal gum. These observations imply that the mole-
cules of A. arabica gum have a more compact structure 
than those of A. senegal gum. This conclusion is sup-
ported by the results of physicochemical measurements 
made on solutions of the two gums. The fact that A. 
arabica gum has a lower limiting viscosity number than 
A. senegal gum, despite its higher weight-average 
molecular-weight, is evidence that A. arabica gum 
molecules are more densely packed with sugar residues, 
and consequently more compact, than A. senegal gum 
molecules. 

From a comparison of the structural features of A. 
arabica gum with those of A. senegal gum,'-' it is clear 
that there are important structural differences associated, 
not only with the nature and mode of attachment to the 
galactan frameworks of uronic acid residues and arabi-
nose-containing side chains,but also with the branching 
patterns of the galactan frameworks themselves. 
Indeed, it is becoming evident that structural variations 
between gums of different species within the Acacia 
genus are more pronounced than was at one time 
supposed. 19 

EXPERIMENTAL 

The analytical methods have been described elsewhere 2-4  
in more detail. Paper chromatography was carried out on 
Whatman Nos. 1 and 3MM papers using the following 
solvent systems (v/v): (a) benzene-butan-l-ol-pyridine-
water (1: 5; 3: 3, upper layer); (b) ethyl acetate-acetic 
acid-formic acid-water (18: 3: 1: 4); (c) butan-1-ol- 
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ethanol-water (4: 1: 5, upper layer); (d) butan-1-ol-
acetic acid-water (4: 1: 5, upper layer); (e) ethyl acetate-
pyridine-water (10: 4: 3); (f) butanone-water-ammonia 
(d 0.880) (200:17:1); (g) butanone-acetic acid-water 
(9: 1: 1, satd. with boric acid). R 1  Values of sugars 
refer to distances moved relative to that of galactose. 
R0 values of 0-methyl sugars refer to distances moved 
relative to that of 2,3,4,6-tetra-0-methyl-o-glucose. Zone 
electrophoresis of sugars on Whatman No. 1 papers was 
carried out in 0-05M-borate buffer (pH 9-2). M0  Values 
refer to the true migration of the sugar relative to that 
of glucose. Gas-liquid partition chromatography (Chrom-
atograph type S3A, fitted with flame ionisation detectors, 
supplied by Gas Chromatography Ltd.) of mixtures of 
0-methyl sugars was carried out at nitrogen flow-rates of 
Ca., 100 ml./min. on columns of (i) 15% by weight of butan-
1,4-diol succinate polyester on 60-70 mesh Celite (5 ft. x 

in.) at 175° and (ii) 15% by weight of ethylene glycol 
adipate polyester on 60-70 mesh Celite (3 ft. x I in.) at 
1600 . Retention times (T) are quoted relative to methyl 
2,3,4,6-tetra-0-methyl--n-glucopyranoside as standard. 
Gas-liquid partition chromatography of mixtures of 
O-trimethylsilyl sugars was carried out at nitrogen flow-
rates of ca., 100 ml./min. on a column of 3% by weight of 
SE53 on 60-70 mesh Celite (5 ft. x I in.) at 130°. Pro- 
portions of galactose to arabinose in polysaccharide hydro- 
lysates were estimated '° from peak areas obtained on g.l.c. 
of their O-trimethylsilyl derivatives. Unless otherwise 
stated, polysaccharides were methylated successively with 
dimethyl sulphate and sodium hydroxide, and with methyl 
iodide and silver oxide, and methanolyses were carried out 
under reflux for 6 hr. with methanolic 5% hydrogen 
chloride. 

Purification of A. arabica Gum—The gum (160 g.) was 
dissolved in water (3 1.), filtered, dialysed, and electro-
dialysed. The polysaccharide was isolated as the freeze- 
dried product (152 g.), [a] 0  +112°  (c 1.24) (Found: ash, 
002; N, 007; OMe, 088%; Equiv. wt., 1880; uronic 
acid, 10; galactose, 32; arabinose, 57; rhamnose, 04%; 
all sugar percentages are for the anhydro-forms and are 
corrected for moisture and protein contents). 

The gum migrated as a single band on electrophoresis 
on glass-fibre paper in 2N-sodium hydroxide solution." 
With strips (18 x 5 cm.) of Whatman GF/A paper, a poten-
tial of Ca. 300 v across a 16 cm. length was applied via 
wicks of double thickness Whatman No. 3MM papers 
for 24 hr. Strips were dried and sprayed" with 0-5% 
(w/v) potassium permanganate in N-sodium hydroxide 
solution. The gum also migrated as single bands on electro- 
phoresis on strips (36 x 5 cm.) of Whatrnan No. 1 paper 
in 01M-ammonium carbonate buffer (pH 89) at field 
strengths of 5 v/cm. for 2 hr., and on strips (18 x 5 cm.) of 
cellulose acetate film in both 0-1M-ammonium carbonate 
buffer (pH 89) and 01M-acetate buffer (pH 4.7) at field 
strengths between 15 and 20 v/cm. for 2-4 hr. Poly - 
saccharide bands on both paper and cellulose acetate strips 
were either stained in saturated ethanolic solutions of Alcian 
Blue or by a modification' of the periodate-rosaniline 
hydrochloride method." The gum was also chromato- 
graphed" on a DEAE-cellulose column (30 x 15 cm.). 

80 C. J. Ludlow, T. M. Harris, and F. T. Wolf, Phytochemistry, 
1966, 5, 201. 

"D. R. Briggs, E. F. Garner, and F. Smith, Nature, 1956, 178, 
154. 

12  A. B. S. Conacher and D. I. Rees, Analyst, 1966, 91, 55. 

Gradient elution with sodium chloride solution (0.0 —p. 
0-3M) in 0-02M-acetate buffer (pH 4.1) yielded a single, 
slightly asymmetric peak for its elution pattern. 

Viscosity determinations gave a limiting viscosity 
number of 9-9 ml./g. Light-scattering measurements, 
carried out in the Procter Department, University of Leeds, 
through the kind co-operation of Dr. G. Stainsby, yielded a 
value of 23 x 10' for the weight-average molecular-
weight of the gum. 

Separation and Characterisation of Neutral Sugars—The 
gum (1 g.) was hydrolysed with N-sulphuric acid (50 ml.) 
for 10 hr. on a boiling-water bath, and the cooled solution 
was neutralised with barium carbonate, filtered, treated 
with Amberlite resin IR-120 (H), and concentrated to a 
syrup (921 mg.). The sugars were separated on Whatman 
No. 3MM papers in solvent (a) to give three pure mono- 
saccharides. 

Fraction 1 (212 mg.) had [a] 0  +80°  (equil.) (c 1.0) and 
had the same paper chromatographic mobility as D-galac- 
tose, m. p.  162°, and X-ray diffraction pattern identical 
to that of an authentic specimen. 

Fraction 2 (506 mg.) had [0] 0  + 104° (equil.) (c 1-0) and 
had the same paper chromatographic mobility as L-arabi- 
nose, m. p.  159°, and X-ray diffraction pattern identical to 
that of an authentic specimen. 

Fraction 3 (2 mg.) was paper chromatographically 
identical to rhamnose in solvents (a), (b), (c), and (e). 

Preparation of Degraded Gum A .—The gum (20 g.) was 
hydrolysed with 00lN-sulphuric acid (800 ml.) for 100 hr. 
on a boiling-water bath. The cooled solution was neutral- 
ised with barium carbonate, filtered, treated with Amber- 
lite resin IR-120 (H), and dialysed against water (25 1.). 
Dialysis was completed against running tap-water, and 
freeze-drying gave degraded gum A (4 g.), [a] 0  +33°  (c 
1.04) (Found: uronic acid, 11%; galactose. 86%; arabi- 
nose, 2%). 

Degraded gum A (50 mg.) was dissolved in water (10 ml.) 
and reduced with sodium borohydride (50 mg). After 
dialysis, the freeze-dried product was hydrolysed. Paper 
chromatographic examination of the hydrolysate in solvent 
(g) indicated the presence of galactitol. 

The diffusate from the dialysis of degraded gum A was 
concentrated to a syrup (11 g.), a portion (2 g.) of which 
was chromatographed on Whatman No. 3MM papers in 
solvent (b) to give two pure disaccharides. 

Fraction 1 (89 mg.) had [a] 0  + 193°  (c 1-78) and yielded 
arabinose on acid hydrolysis. It had the same paper 
chromatographic mobility [R 083 in solvent (a), 0-74 
in solvent (b), and 092 in solvent (e)] as 3-0--L-arabino- 
pyranosyl-L-arabinose. A portion (21 mg.) of this di- 
saccharide was methylated with methyl iodide and silver 
oxide in NN-dimethylformamide. 24  Gas-liquid chromato- 
graphic examination of the methanolysis products revealed 
peaks with retention times corresponding to the methyl 
glycosides of 2,3,4-tn- [(i), T 102; (ii), T 0.83], and 2,5- 
[(i), T 179, 330; (ii), T 125, 2.21] and 2,4-di-0-methyl-L- 
arabinose [(i), T 207, 217; (ii). T 142, 1-50]. Hydrolysis 
of the methyl glycosides followed by paper chromato- 
graphy in solvent (c) confirmed the presence of 2,3,4-tn- 
(R0 0.81), and 2,5-(Ro 0-85) and 2,4-di-0-methyl-L-arabinose 

" D. M. W. Anderson, Sir Edmund Hirst, S. Rahman, and 
G. Stainsby, Carbohydrate Res., 1967, 3, 308. 

24 R. Kuhn, H. Trischmann, and I. Low, Angew. Chem., 1955, 
67, 32; 0. Perila and C. T. Bishop, Canad. J. Chem., 1961, $9, 
810. 
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(R0 065). The phenylosazone of the disaccharide was 
prepared. After recrystallisation from ethanol, it had 
m. p. 229-232° (decomp.). 

Fraction 2 (28 mg.) was re-chromatographed on Whatman 
No. 3MM papers in solvent (f) to give a syrup (87 mg), 
which had [a] 0  +90°  (c 0. 17) and yielded arabinose on acid 
hydrolysis. It had the same paper chromatographic 
mobility [Rgaj  123 in solvent (b) and 141 in solvent (1)] 
as 3-0-3-L-arabinofuranosyl-L-arabinose. A portion (2 mg.) 
of the disaccharide was methylated with methyl iodide and 
silver oxide in NN-diinethylformamide . Gas-liquid 
chromatographic examination of the methanolysis products 
revealed peaks with retention times corresponding to the 
methyl glycosides of 2,3,5-tn- [(i), T 0'58, 072; (ii). T 
051, 063], and 2,5-[(i), T 178, 329; (ii), T 127, 222] 
and 2,4-di-0-methyl-L-arabinose [(i), T 207, 217; (ii), 
T 1'41 ,149]. 

Partial Acid Hydrolysis of Degraded Gum A .—Degraded 
gum A (2 g.) was hydrolysed with 05N-sulphuric acid 
(500 ml.) for 1 hr. on a boiling-water bath. The cooled 
solution was neutralised with barium carbonate, filtered, 

J. Chem. Soc. (C), 1967 

galactopyranosyl-o-galactose. A portion (10 mg.) of the 
disaccharide was methylated with methyl iodide and silver 
oxide in NN-dimethylformamide 24 Gas-liquid chromato-
graphic examination of the methanolysis products revealed 
peaks with retention times corresponding to the methyl 
glycosides of 2,3,4,6-tetra-[(i), T 169; (ii). T 167], and 
2,3,5-[(i), T 403, 5-37; (ii), T 333, 4.36] and 23,4-tri-
0-methyl-o-galactose [(i), T 647; (ii), T 529]. Hydrolysis 
of the methyl glycosides followed by paper chromatography 
in solvent (c) confirmed the presence of 2,3,4,6-tetra-
(RC, 089), and 2,3,5-(R 0  0.87) and 2,3,4-tri-0-methyl-
n-galactose (R G  070). 

Me/hylation of Degraded Gum A.—Degraded gum A 
(1.050 g.) was methylated to give a product (926 mg), 
[a]0 +140  (c 1'18 in CHC1 3) (Found: OMe, 404%, not 
raised on further attempted methylation). Methanolysis 
of a sample of this product followed by g.l.c. examination 
of the mixture of methyl glycosides gave the results shown 
in Table 1. Examination of a hydrolysate of the methyl 
glycosides in solvents (c) and (f) indicated the presence of 
2,6-di- and 2-0-methyl-D-galactose, in addition to those 

TABLE 1 

Examination of methanolysis and hydrolysis products from methylated degraded gum A 
Relative retention times (T) 

of methyl glycosides 
R,, in Approx. relative 

0-Methyl sugars Column (i) Column (ii) solvent (c) molar props. 
2,3.4-Tri-0-methyl-L-arabinose 	..................... 097 085 080 Trace 
2,3,4.6-Tetra-0-methyl-o-galactose 167 166 087 + + 
2,3.6-Tri-0-methyl-o-galactose 	..................... (288) * (3.70) (4.12) (230) (3.04) (346) 072 +12  
2,4,6-Tri-0-methyl-D-galactose 	..................... (3.70) (412) (304) (346) 072 ++ 
2.3.4-Tri-0-m ethyl- o-galactose 	..................... 638 527 072 + + + 
2,6-Di-0-methyl-o-galactose 054 + 
2,4-Di-0-methyl-n-galactose 	........................ 144, 163 98, 114 050 + + + 
2-0-Methyl-o-galactose 033 + 
2,3,4-Tri-0-methyl-o-glucuronic acid f 2.25(2-88) 214. 274 ++ 

S Figures in parentheses indicate T values of components not completely resolved. t  As methyl ester methyl glycoside. 

treated with Amberlite resin IR-120 (H), and concentrated 
to a syrup (19 g.). The syrup was chromatographed on 
Whatman No. 3MM papers in solvent (a) to give two pure 
disaccharides. 

Fraction 1 (39 rng.) had [a] 0  +64 °  (c 078) and yielded 
galactose on acid hydrolysis. It had the same paper 
chromatographic mobility [R g, 0'47 in solvent (a) and 
051 in solvent (e)] as an authentic sample of 3-0-3-D-
galactopyranosyl-D-galactose. A portion (10 mg.) of the 
disaccharide was methylated with methyl iodide and silver 
oxide in NN-dimethylformamide. 24  Gas-liquid chromato-
graphic examination of the methanolysis products revealed 
peaks with retention times corresponding to the methyl 
glycosides of 2,3,4,6-tetra-[(i), T 167; (ii), T 1.64], and 
2,4,6-[(i), T 372, 417; (ii), T 298, 3.45] and 2,5,6-tn-
0-methyl-D-galactose [(i), T 399; (ii), T 3.27]. Hydrolysis 
of the methyl glycosides followed by paper chromatography 
in solvent (c) confirmed the presence of 2,3,4,6-tetra- (R0  
0.90), and 2,4,6-(R0 0.72) and 2,5,6-tni-0-methyl-D-galactose 
(R(; 088). The disaccharide was crystallised from aqueous 
acetone to give needles of 3-0-3-D-galactopyranosyl-D-
galactose monohydrate, m. p. and mixed m. p. 156-159°. 

Fraction 2 (55 mg.) had [a] 0  +31° (c 1.10) and yielded 
galactose on acid hydrolysis. It had the same paper 
chromatographic mobility [R g5  029 in solvent (a) and 
0'35 in solvent (e)] as an authentic sample of 6-0--o- 

0-methyl sugars already characterised by g.l.c. of their 
methyl glycosides (Table 1), 

Methylated degraded gum A (750 mg.) was heated under 
reflux for 8 hr. with methanolic 5% hydrogen chloride 
(75 ml). The resulting mixture of methyl glycosides was 
hydrolysed with N-sulphuric acid (100 ml.) on a boiling. 
water bath for 4 hr. The cooled solution was neutralised 
with barium carbonate, filtered, treated with Amberlite 
resin IR-120 (H), and concentrated to a syrup (700 mg). 
The mixture of 0-methyl sugars was separated on Whatman 
No. 3MM papers by double development (personal com-
munication from Drs. N. S. Anderson and D. A. Rees) 
in solvent (f) to give eight fractions. 

Fraction 1(52 mg.) had [a] 0  + 116° (c 1.04). It had the 
same paper chromatographic mobility [R0  087 in solvent 
(c) and 0.72 in solvent (f)] as an authentic sample of 2,3,4,6-  
tetra- 0- meth yl-D-galactose. It was characterised by con-
version into N-phenyl-2, 3,4, 6-tetra-0-methyl-n-galactosyl-
amine, which, after recrystallisation from ethyl acetate, 
had m. p.  190-192°. 

Fraction 2 (59 mg.) had [a] 0  + 102°  (c 118). Demethyl-
ation 25  gave galactose and arabinose. Gas-liquid chromato-
graphic examination of the mixture of derived methyl 
glycosides indicated the presence of 2,3,4,6-tetra-[(i), T 

85 L. Hough, J. K. N. Jones, and W. H. Wadman, J. Chem. 
Soc., 1950, 1702. 
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1.65; (ii), T 1'67] and 2.3.6-tri-0-methyl-n-galactose 
[(I), T 2'81, 379, 417; (ii), T 238, 3•06, 347], and 2,3,4-tn-
0-methyl-L-arabinose [(i), T 0'97; (ii), T 0•83]. 

Fraction 3 (48 mg.) had [cc] 0  +98°  (c 0.96). Gas-liquid 
chromatographic examination of the derived methyl 
glycosides indicated the presence of a mixture of approxi-
mately equimolar proportions of 2,4,6-[(i), T 373, 417; 
(ii), T 304, 347] and 2,3,4-tni-0-methyl-D-galactose 
[(i). T 641; (ii), T 527]. The mixture of 0-methyl sugars 
was re-chromatographed in solvent (f) to obtain a syrup 
(12 mg.) of almost pure 2,4,6-tri-0-methyl-D-galactose. It 
was characterised by conversion into N-phenyl-2,4,6-tri-
0-methyl-n-galactosylamine, which, after recrystallisation 
twice from ethyl acetate and once from acetone-ether-
light petroleum [1: 1: 1 (v/v)] gave needle-shaped crystals, 
m. p.  183-165°. 

Fraction 4 (54 mg.) had [cc]D + 119° (c 1.08). It had the 
same paper chromatographic mobility [R0  0'70 in solvent 

as 2.3,4-tri-0-methyl-D-galactose and was characterised 
by conversion into N-phenyl-2,3,4-tri-0-methyl-n-galacto-
sylamine, which, after recrystallisation from ethyl acetate, 
had m. p. 163-165°. Gas-liquid chromatographic ex-
amination of the derived methyl glycosides indicated 
the presence of 2,3,4-tri-0-methyl-D-galactose [(i), T 638; 
(ii), T 5.26]. 

Fraction 5 (445 mg.) had [cc]D +80° (c 0.89). It had the 
same paper chromatographic mobility [R0  050 in solvent (c) 
and 018 in solvent (f)] and paper electrophoretic mobility 
[MG 026, 10 v/cm.. 0'5 MA/CM.] as 2,6-di-0-methyl-D-
galactose. A portion (2 mg.) of the fraction was submitted 
to periodate oxidation.' Paper chromatographic examin-
ation of the oxidation products in solvent (c) revealed a 
brilliant yellow spot (p-anisidine hydrochloride spray) 
with the same mobility (R0 020) as 2-0-methylmalondi-
aldehyde. 

Fraction 6 (69.5 mg.) had [ (x)D +87° (c 139). It had the 
same paper chromatographic mobility [R0  048 in solvent 
(c) and 012 in solvent (f)] as an authentic sample of 2,4-di-
0-methyl-n-galactose. Recrystallisation of the 0-methyl 
sugar from acetone containing 1% of water gave 2,4-di-0-
methyl-n-galactose monohydrate, m. p.  100-102° (X-ray 
powder photograph identical to that obtained for an authen-
tic sample). The derived N-phenyl-2,4-di-0-methyl-
r-galactosylamine, after recrystallisation from acetone, 
had m. p. 214-216 0 . 

Fraction 7 (20 mg.) had [a]D +830  (c 040). It had the 
same paper chromatographic mobility [R0 029 in solvent 
(c) and 0'05 in solvent (f)] and paper electrophoretic 
mobility [M0 0'41, 10 v/cm., 0'5 MA/CM.) as an authentic 
sample of 2-0-methyl-n-galactoie, Recrystallisation of the 
0-methyl sugar from glacial acetic acid gave crystals with 
m. p.  156-158° (X-ray powder photograph identical to 
that obtained for an authentic sample). 

Fraction 8 (43 mg.) had [cc]0  +500  (c 086). It had the 
same paper chromatographic mobility [R0  088 in solvent 

as 2,3,4-tri-0-methyl-D-glucuronic acid. Gas-liquid 
chromatographic examination of the derived methyl 
glycosides indicated the presence of the methyl ester of 
2,3,4-tri-0-methyl-D-glucuronic acid [(i). T 2'23, 2'80; 
(ii), T 2•08, 2.66]. 

Reduction of Methylated Degraded Gum A. -Lithium 
aluminium hydride (60 mg.) was added to methylated de-
graded gum A (60 mg), dissolved in dry tetrahydrofuran 
(10 ml.), and the mixture was heated under reflux for 3 hr. 
On cooling, the excess of hydride was destroyed by addition  

of ethyl acetate and water, and the mixture was reduced to 
dryness and exhaustively extracted with chloroform. 
The chloroform extract was concentrated to a syrup, 
which was methylated 24  with methyl iodide (1 ml.) and 
silver oxide (1 g.) in NN-dimethylformamide (1 ml.) to 
give a product (41 mg), [cc] 0  + 16° (c 0'82 in CHC1 3). Meth-
anolysis of this product followed by g.1.c. examination of 
the mixture of methyl glycosides showed the presence 
of 2.3,4,6-tetra-0-methyl-n-glucose [(i), T 100, 139; (ii), 
T 1'00, 1.37] in addition to those neutral 0-methyl sugars 
already idcntified from methylated degraded gum A 
(Table I). Acid hydrolysis of the methyl glycosides, 
followed by paper chromatographic examination of the free 
sugars, confirmed these results. 

Partial Methanoivsis of Methylated Degraded Gum A.-
Methylated degraded gum A (100 mg.) was heated under 
reflux with methanolic 2% hydrogen chloride (15 ml.) for 
2 hr. The cooled methanolic solution was neutralised 
with silver carbonate, treated with hydrogen sulphide, 
filtered, concentrated to a syrup, which was hydrolysed 
with 0'5N-sulphuric acid (10 ml.) for 5 hr. on a boiling-
water bath. The cooled solution was neutralised with 
barium carbonate, filtered, treated with Amberlite resin 
IR-120 (H), and adsorbed on to a column (25 x 25 cm.) of 
Duolite A4 resin in the formate form. After elution of the 
neutral 0-methyl sugars with water (3 1.), the acidic 
0-methyl sugars were eluted with aqueous 5% formic 
acid (500 ml.). Water and formic acid were removed, and 
paper chromatography in solvents (c) and (f) of the re-
sulting syrup indicated that it was free of neutral 0-methyl 
sugars. Methanolysis (methanolic 5% hydrogen chloride 
under reflux for 16 hr.) of the syrup followed by g.l.c. 
examination of the products revealed peaks with retention 
times corresponding to the methyl glycosides of 2,3,4-tn-
0-methyl-D-glucuronic acid methyl ester (+++), [(i), 
T 222, (2.82); (ii), T 2'06, 265], 2,3,8- (+) [(i), T (282), 
3'80, 417; (ii), T 235, 307, 3.471 and 2.3,4-tri-(+ +) [(1), 
T 640; (ii), T 5.26], and 2.4-di-0-methyl-D-galactose 
(+1 2 )[(i), T 14'2, 16'3; (ii), T99, 11.2]. Examination of a 
hydrolysate of the methyl glycosides by paper chromato-
graphy in solvents (c), (d), and (f) confirmed the presence of 
these 0-methyl sugars. 

Smith Degradation of Degraded Gum A. -Degraded gum 
A (1 g.) was dissolved in water (25 ml.) and 0-5m-sodium 
metaperiodate solution (25 ml.) was added. The amount 
of peniodate consumed after 96 hr. was 6'35 mmolee/g. 
and the amount of formic acid released in this time was 
29 mrnoles/g. After 96 hr., the reaction was stopped by 
addition of ethylene glycol (2 ml,). The solution was di-
alysed against running tap-water for 2 days. Sodium 
borohydride (500 mg.) was added and the mixture kept at 
room temperature for 30 hr. After dialysis for a further 
2 days, the polyalcohol was hydrolysed in N-sulphuric acid 
at room temperature for 2 days. The solution was then 
neutralised with barium carbonate, filtered, treated with 
Amberlite resin IR-120 (H), and dialysed against water 
(500 ml.). The syrup obtained from the dialysate was 
shown by paper chromatography in solvents (b), (c), and 
(g) to contain glycerol and glycollic aldehyde as the main 
components, together with small amounts of some slower 
moving non-reducing glycosides. After further dialysis 
against running tap water for 2 days, degraded gum B 

U R. U. Lemieux and H. F. Bauer, Canad. J. Chem.. 1953, 31. 
814. 
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(85 mg., yield, 85%), [] +20 0  (c 085) was isolated as the 
freeze-dried product. 

Partial Acid Hydrolysis and Meihylalion of Degraded 
Gum B.-Degraded gum B (10 mg.) was hydrolysed with 
05N-sulphuric acid (5 ml.) for 1 hr. on a boiling-water 
bath. The cooled solution was neutralised with barium 
carbonate, filtered, treated with Amberlite resin IR-120 
(H), and concentrated. Paper chromatographic examin-
ation of the syrup in solvent (a) indicated the presence of 
galactose, two neutral disaccharides with the mobilities 
of 3-0-ç3-D-galactopyranosyl-n-galactose (R 1  0.47) and 
8-0-)3-D-galactopyranosyl-D-galactose (R ol  029), and higher 
neutral oligosaccharides. 

Degraded gum B (50 mg.) was methylated successively 
with dimethyl sulphate and sodium hydroxide, and with 
methyl iodide and silver oxide in NN-dimethylformamide." 
Methanolysis followed by g.l.c. examination of the mixture 
of methyl glycosides gave the results shown in Table 2. 

TABLE 2 

Examination of methanolysis products from methylated 
degraded gum B 

Relative retention Approx. 
times (T) of methyl relative 

glycosides molar 
0-Methyl sugars Column (1) 	Column (ii) props. 

2,3,4,6-Tetra-0-methyl-D- 
galactose 	........................ 168 	167 ++ 

2,4.6-Tri-0-methyl-D-galactose 372, 416 	299. 345 + + + + 
2,3.4-Tri-0-methyl-n-galactose 640 	526 + 
2,4-Di-0-methyl-D-galactose 146, 161 	98, 112 ++ 
2,3,4-Tñ-0-methyl-o-glucur- 

onic 	acid ......................... 232, 296 	208, 267 Trace 
Unknown sugars .................. 021. 032 	0-20,0-30 - 

As methyl ester methyl glycoside. 

Examination of a hydrolysate of the methyl glycosides by 
paper chromatography in solvents (c) and (f) indicated 
the presence of 2,6-di-(+) and 2-0-methylgalactose(+), 
in addition to those 0-methyl sugars already characterised 
by g.l.c. of their methyl glycosides. 

Methylation of A. arabica Gum-The gum (10 g.) was 
methylated to give a product (5-6 g.), [a]D  +770  (c 0-93 in 
CHCI 3) (Found: OMe, 38-2%, not raised on further at-
tempted methylation). The methylated gum (5 g.) was 
suspended in 2N-sulphuric acid (75 ml.) and kept at room 
temperature until dissolution was almost complete (4 days). 
Water (75 ml.) was added and the solution warmed for 2 hr. 
at 500  before being heated on a boiling-water bath for 12 hr. 
The cooled solution was neutralised with barium carbonate, 
filtered, and treated with Amberlite resin IR-120 (H). 
Separation of neutral 0-methyl sugars from acidic 0-methyl 
sugars was accomplished by ion-exchange chromatography 
on a column (30 x 2-5 cm.) of Duolite A4 resin in the 
formate form. Elution of the column with water (2 1.) 
gave the neutral 0-methyl sugar fraction. Elution with 5% 
formic acid (500 ml.) gave the acidic 0-methyl sugar 
fraction. 

Concentration of the acidic 0-methyl sugar fraction 
yielded a syrup (180 mg), which was heated under reflux 
with methanolic 2% hydrogen chloride overnight. After 
neutralisation with silver carbonate, filtration, and concen-
tration to a syrup, the methyl ester methyl glycosides were 
reduced by heating under reflux in dry tetrahydrofuran 
(40 ml.) with lithium aluminium hydride (300 mg.) for 2 hr. 
The excess of lithium aluminium hydride was destroyed by  

careful addition of water to the cooled reaction mixture. 
Tetrahydrofuran and water were removed and the residue 
extracted exhaustively with chloroform and acetone. 
Concentration of the extract gave a syrup, which was 
hydrolysed with 0-5N-sulphuric acid (JO ml.) for 4 hr. on a 
boiling-water bath. The cooled solution was neutralised 
with barium carbonate, filtered, treated with Amberlite 
resin IR-120 (H), and concentrated to a syrup (80 mg). 
Paper chromatographic examination of this product 
indicated the presence of 2,3,4-tri-0-methyl-D-glucose 
[R0 088 in solvent (c) and 0-69 in solvent (f)] as the main 
component. Gas-liquid chromatographic examination of 
the derived methyl glycosides confirmed the presence of 
2, 3,4-tri-0-methyl-D-glucose [(i), T 343, 3.38]. 

Concentration of the neutral 0-methyl sugars yielded a 
syrup (39 g.). A portion (35 g.) of this syrup was chrom-
atographed on a cellulose column (100 x 35 cm.) with 
light petroleum (b. p. 100-120°)-butan-l-ol (7:3, satd. 
with water) as eluant, to give five fractions, and with light 
petroleum (b. p. 100-120 0)-butan-l-ol (1: 1, satd. with 
water) as eluant, to give a further five fractions. 

Fraction 1(360 mg.) had [a] 0  -18° (c 2-14). It had the 
same paper chromatographic mobility [RG 0-99 in solvent 
(c) and 10 in solvent (f)] as 2,3,5-tri-0-methyl-L-arabinose. 
It was characterised by conversion into 2.3,5-tri-0-methyl-
L-arabonamide, which, after recrystallisation from acetone, 
gave needle-shaped crystals, ni. p.  135-136°. 

Fraction 2 (65 mg.) had [a]0 +310  (c 1-30). Demethyl-
ation 25  gave galactose and arabinose. Gas-liquid chrom-
atographic examination of the derived methyl glycosides 
indicated the presence of 2,3,4,8-tetra-0- methyl- n-galactose 
[(i), T 1.67] and 2,3,5-tri-[(i), T 058, 0.72]. and 2,5-[(i), T 
1'75, 3.25] and 3,5-di-0-methyl-L-arabinose [(i), T 105, 
2-32]. 

Fraction 3 (685 mg.) had [a] 0  +25°  (c 106). Gas-liquid 
chromatographic examination of the derived methyl 
glycosides indicated that 2,5-[(i), T 1-78, 327] and 3,5-di-
0-methyl-L-arabinose [(i), T 1-07, 233] were the main 
components of the mixture. A portion (500 mg.) of the 
syrup was chromatographed on Whatman No. 3MM papers 
in solvent (c) to obtain a syrupy mixture (313 mg.) of 2,5-
and 3,5-di-0-methyl-L-arabinose. Paper electrophoretic 
examination confirmed the presence of 2,5-(M 0  000, 
10 v/cm., 0.5 MA./CM.) and 3,5-di-0-methyl-L-arabinose [MG 
070, 10 v/cm., 0'5 MA./CM., brown spot (yellow under u.v.) 
with aniline oxalate]. These components were separated 
from the syrupy mixture (150 mg.) by continuous electro-
phoresis at 800 v on a sheet of Whatman No. 54 paper in 
0•05n-borate buffer (pH 9•2) for 24 hr, Migration towards 
the anode of 3,5-di-0-methyl-L-arabinose as its borate 
complex permitted separation of this 0-methyl sugar from 
its 2,5-diM-methyl isomer into tubes at the bottom of the 
paper curtain. Tubes containing 2,5-di.0-mothyl-L-arabi-
nose were combined, borate was removed as methyl borate 
by repeated evaporation with methanol, and the sugar 
(35 mg.) characterised by conversion into 2,5-di-0-methyl 
L-arabonamide, which, after recrystallisation from ethyl 
acetate, had m. p.  124-126°. Tubes containing 3,5-di-0-
methyl-L-arabinose were combined, borate was removed, 
and the sugar (27 mg.) characterised by conversion into 
3,5-di-0-methyl-L-arabonamide, which, after recrystall-
isation from ethyl acetate, had m. p. 143-144° . 

Fraction 4 (346 mg.) had [a] +950  (c 1.23). Paper 
chromatographic examination indicated the presence of 
2,3,4-tri-0-methyl-L-arabinose [R0  078 in solvent (c) and 
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0'55 in solvent (f)) in addition to 2,5- and 3,5-di-0-methyl-
L-arabinose. 

Fraction 5 (116 mg.) had [0]0  +93°  (c 1.12). Gas-liquid 
chromatographic examination of the derived methyl 
glycosides indicated that 2,4,6- [(i), T (3'70), (4.10)], 

2,3,6- [(i), T 2'88, (3.70), (4.10)] and 2,3,4-tri-0-methyl-
D-galactose [(i), T 6.30] were the main components. 

Fraction 6 (93 mg.) had [a]D 
+ 1000 (c 1.86). Conversion 

of a small portion (4 mg.) to the methyl glycosides followed 
by g.l.c. examination showed the presence of 3,4-di-0-

methyl-L-arabinose [(i), T 1.81]. The remainder of the 
syrup was chromatographed on Whatman No. 3MM papers 
in solvent (c) to give a product (23 mg). Demetylatiofl 16  

gave arabinose. On paper chromatographic and paper 
electrophoretic examination, it had R0 values of 055 in 
solvent (c) and 020 in solvent (f) and a M0 value of 0'21 
(10 v/cm., 0.5 mA/cm.). A portion (5 mg.) was converted 
into the methyl glycosides and methylated with methyl 
iodide (05 ml.) and silver oxide (500 mg.) in NN-dimethyl-
formamide (05 ml.). Gas-liquid chromatographic ex-
amination of the reaction mixture showed the presence of 
the methyl glycoside(s) of 2,3,4_tri-0-methyl-L-arabifloSe 
[(i), T 0.97]. 

Fraction 7 (146 mg.) had [a] 0  +90°  (c 080). Paper 
chromatographic examination in solvents (c) and (1) 
showed the presence of 2.4-di-0-methyl-D-galactose as the 
main component of the mixture. 

Fraction 8 (56 mg.) had [a]0  + 11.1 0  (c 1.12). This frac-
tion was chromatographed on Whatman No. 3 MM papers 
insolvent (c) to give a product (19 mg). Demethylation 25  

gave arabinose. The 0-methyl sugar had the same paper 
chromatographic mobility [R0 0'35 in solvent (c) and 008 
in solvent (f)] as an authentic specimen of 4-0-methyl-
L-arabiflOSe (kindly supplied by Dr. C. T. Bishop). It also 
had the same paper electrophoretic mobility [M0 029, 
10 v/cm., 0.4 MA/CM.) as the authentic sample. A portion 
(5 mg.) was converted to the methyl glycosides and methyl-
ated (cf. Fraction 6). Gas-liquid chromatographic ex-
amination of the reaction mixture indicated the presence 
of the methyl glycoside(s) of 2,3,4tri-0-methyl-L-arabifloSe 
[(i), T 096]. 

Fraction 9 (66 mg.) had [a]0  +91°  (c 132). Paper 
chromatographic examination in solvents (c) and (f) indi-
cated the presence of 2-0methyl-D-galaCtose as the main 
component of the mixture. 

Fraction 10 (31 mg.) was shown by paper chromato-
graphy in solvents (a) and (b) to contain galactose and 
arabinose. 

Methanolysis of a sample of methylated A. arabica gum, 
followed by g.l.c. examination of the mixture of methyl 

TABLE 3 

Formic acid released (mmoles/g.) on periodate oxidations 

Time (hr.): 	1 3 6 12 24 	48 	72 	96 

A. arabica gum ... 014 020 025 032 036 049 060 069 
Polysaccharide (1) 	037 040 040 042 043 
Polysaccharide (11) 079 080 084 091 095 

glycosides, indicated the presence of small amounts of 
2,3,4tri0methy1-L-rhamflOSe [(i), T 0.49], in addition to 
those 0-methyl sugars already characterised from the 
cellulose column. 

Preparation, Partial Acid Hydrolysis, and Met/zylation of 
Polysaccharide (I) .—Borohydride reduction of periodate- 

oxidised whole gum (40.0 g.), followed by controlled acid 
hydrolysis at room temperature for 2 days, gave polysac-
charide (1) (234 g., yield, 59%), [a)0  +63° (c 1.04) (Found: 
galactose, 41%; arabinose, 59%). Results for the release 
of formic acid with time on periodate oxidation of whole 
gum are shown in Table 3. The amount of periodate con-
sumed by whole gum in 96 hr. was 301 mmoles/g. 

Partial acid hydrolysis of polysaccharide (I) (20 mg), 
followed by paper chromatographic examination of the 
hydrolysate indicated the presence of galactose, arabinose, 
two neutral disaccharides with the mobilities of 3-0--D-
galactopyranosyl-D-galaCtOSe [R1 049 in solvent (a). 
029 in solvent (b), and 053 in solvent (e), minor component] 
and [R 030 in 
solvent (a), 0'20 in solvent (b), and 038 in solvent (e), 
major component], and higher neutral oligosaccharides. 

Polysaccharide (I) (308 mg.) was methylated to give a 
product (222 mg.), [a] +43°  (c 148 in CHC1 3) (Found: 
OMe, 39'9%, not raised on further attempted methylation). 
Methanolysis of a sample of this product, followed by g.l.c. 
examination of the mixture of methyl lycosides, gave the 
results shown in Table 4. Acid hydrolysis of the methyl 
glycosides, followed by paper chromatoraphic examination 
of the free sugars, confirmed these results. 

Preparation, Partial Acid Hydrolysis, and Metlzylalion of 
Polysaccharide (II) .—Borohydride reduction of periodate-
oxidised polysaccharide (I) (225 g.), followed by controlled 
acid hydrolysis at room temperature for 2 days, gave 
polysaccharide (II) (9.8 g., yield, 44%), [a] 0  +51 0  (c 086) 
(Found: galactose, 50%; arabinose, 50%). Results for 
the release of formic acid with time on periodate oxidation 
of polysaccharide (I) are shown in Table 3. The amount of 
periodate consumed by polysaccharide (1) in 24 hr. was 
244 mmoles/g. 

Partial acid hydrolysis of polysaccharide (II) (20 mg.), 
followed by paper chromatographic examination of the 

TABLE 4 

0-Methyl sugars present in methylated polysaccharides 
(I)—(IV) 

0-Methyl sugar (1) (II) (III) (IV) 
2,3,5Tri0-methyl-L-arabifloSe + + + + + + 
2,5Di.0-methyl-L-arabinose + + + + + 
3,5-Di-0-methyl-L-arabiflose +++  + + + + 
2,3.4,6-Tetra-0-methyl-D- 

galactose 	........................ Trace Trace + + 
2,4,6Tri-0-methyl-D-galactose + + + + ++ 
2,3,4Tri-0-methyl-D-galactoSe Trace + + + 
2,4Di-0-methyl-D-galaCtOSe + + ++ + + 

hydrolysate indicated the presence of galactose, arabinose, 
two neutral disaccharides with the mobilities of 3-0-s-n-
galactopyranosyl-D-galaCtOSe [Rg i 045 in solvent (a) and 
0•53 in solvent (e), minor component] and 6-0-f3-n-galacto-
pyranosyl-o-galactose [Ri 026 in solvent (a) and 040 
in solvent (e), major component], and higher neutral 
oligosaccharides. 

Polysaccharide (II) (258 mg.) was methylated to give a 
product (152 mg.), [aiD  +30°  (c 114 in CHCI 5) (Found: 
OMe, 42.1%, not raised on further attempted methyl-
ation). Methanolysis of a sample of this product, followed 
by g.l.c. examination of the mixture of methyl glycosides, 
gave the results shown in Table 4. Acid hydrolysis of the 
methyl glycosides followed by paper chromatographic 
examination of the free sugar, confirmed these results. 
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Preparation, Partial Acid Hydrolysis, and Meihylation of 
Polysaccharide (III) .—Borohydride reduction of periodate-
oxidised polysaccharide (II) (8'50 g.), followed by controlled 
acid hydrolysis at room temperature for 2 days gave polysac-
charide (III) (1.40g., yield, 17%), []D +46°  (c 1.06) (Found: 
galactose, 72%; arabinose, 28%). Results for the release 
of formic acid with time on periodate oxidation of poly-
saccharide (II) are shown in Table 3. The amount of 
periodate consumed by polysaccharide (II) in 24 hr. was 
328 mmoles/g. 

Partial acid hydrolysis of polysaccharide (III) (20 mg), 
followed by paper chromatographic examination of the 
hydrolysate indicated the presence of galactose, arabinose, 
two neutral disaccharides with the mobilities of 3-0-3-D-
galactopyranosyl-D-galactose [R gai 056 in solvent (e), 
minor component] and 6-0--D-galactopyranosyl-D-galac-
tose [Rga i 043 in solvent (e), major component], and higher 
neutral oligosaccharides. 

Polysaccharide (III) (110 mg.) was methylated to give a 
product (76 mg), [a] +26°  (c 090 in CHC1 3) ( Found: 
OMe, 429%, not raised on further attempted methylation). 
Methanolysis of a sample of this product, followed by g.l.c. 
examination of the mixture of methyl glycosides, gave the 
results shown in Table 4. Acid hydrolysis of the methyl 
glycosides, followed by paper chromatographic examination 
of the free sugars, confirmed these results. 

Preparation and .Ttl'ethylation of Polysaccharide (IV).-
Borohydride reduction of periodate-oxidised polysac-
charide (III) (100g.), followed by controlled acid hydrolysis 
at room temperature for 2 days, gave polysaccharide (IV)  

(25 mg., yield, 2.5%). Acid hydrolysis yielded galactose 
and arabinose. The amount of formic acid released on 
periodate oxidation of polysaccharide (III) in 48 hr. was 
099 mmoles/g. The corresponding amount of periodate 
consumed was 3'58 mmoles/g. 

Polysaccharide (IV) (20 mg.) was dissolved in NN-di-
methylformamide (5 ml.) and methylation was carried out 
by shaking with methyl iodide (5 ml.) and silver oxide 
(2 g.). Methanolysis of the methylated product, followed 
by g.l.c. examination of the mixture of methyl glycosides, 
gave the results shown in Table 4. 

Molecular-sieve Chroniatograpliv —Figure 3 shows the 
elution patterns obtained for A. arabica gum, polysac-
charides (I), (II), and (III), and degraded gum A. The 
elution volumes for both A. arabica gum and polysaccharide 
(I) precede the exclusion volume" of the column as indi-
cated by the elution volume for blue dextran." This 
behaviour is indicative of very high molecular-weights 
for these two polysaccharides. The elution pattern for 
polysaccharide (II) indicates the presence of a high propor-
tion of low molecular-weight material, while the elution 
volume for polysaccharide (III) suggests an estimated 
value 24,15  for the number-average molecular-weight of 
less than 2000. An estimated value 24,16  of 5400 was 
obtained for the number-average molecular-weight of de-
graded gum A. 

We thank the S.R.C. for the award of a maintenance 
allowance (to J. F. S.). 

[7/080 Received, January 241/i, 1967] 
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INTRODUCTION 

A preliminary study 2  showed that Acacia drepanolobium is a further example 
(cf. A. nilotica3, A. nubica 4, and A. arabicat ) of an Acacia gum having a positive 
specific rotation and a low content of L-rhamnose that does not bear a unit molar 
correspondence to the uronic acid content. It was also noted that A. drepanolobium 
gum does not dissolve completely in cold water, giving about 20% of a water-insoluble 
gel that can be dispersed in cold, dilute, alkaline solution. 

The solubility difficulty associated with some commercial specimens of gum 
arabic (A. senegal syn. verek) has received comment recently'. The reason for the 
occasional formation of mucilaginous gels by some Acacia species is not known. We 
have examined many specimens of A. senegal gum, but they have not given sufficient 
quantities of the insoluble gel to facilitate its study. In contrast, A. drepanolobjum 
conveniently provides considerable proportions of water-insoluble material, and we 
now present the results of an analytical study of the differences in composition between 
the water-soluble gum, a fraction soluble in dilute sodium chloride solution, and the 
insoluble gel. 

EXPERIMENTAL 

Origin of specimens. - Nodules of the gum from Acacia drepanolobiuin Harms 
ex Sjösted were collected by Mr. W. M. C. Bagshawe, Provincial Forest Officer, at 
Tabora, Western Province, Tanganyika, in July, 1961. 

Analytical methods. - The standard methods involved have been described 
previously'. 

Fractionation procedure. - Two portions of crushed, bark-free, A. drepanolo-
bium gum (ca. 20 g) were each stirred with distilled water (500 ml) for 12 h; the soluble 
fraction (A) was collected by filtration (muslin, and then paper), dialysed against tap 
water, and then electrodialysed. The residue was stirred with M sodium chloride 
solution (500 ml) for 12 h; the salt-soluble fraction (B) was collected by filtration, 
dialysed against tap water, and then electrodialysed. The residual insoluble gel 

For Part XXI, see Ref. 1. 
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(Fraction C) was dialysed against tap water. The three fractions were freeze-dried 
from aqueous solutions or dispersions. The percentage yields of the three fractions are 

shown in Table I. 
Viscosity measurements. - Determinations on Fractions A and B were made 

in M sodium chloride solution in an Ubbelohde dilution viscometer at 25 °  (solvent 

flow-time, 193.6 see). Fraction C was studied in M sodium hydroxide solution at 25° 

(solvent flow-time, 215.2 sec). 
Specific rotations. - Fractions A and B were studied in distilled water and in M 

sodium hydroxide; Fraction C was studied in M sodium hydroxide. Specific rotations 

of sugars were measured in aqueous solutions. All measurements were made at 19 ± 1 ° . 

Periodate oxidations. - These were performed at room temperature in darkness 

by mixing equal volumes of 4'/,,' polysaccharide solutions and 0.25m sodium 

metaperiodate. The formic acid released was titrated (Methyl Red) with standard 
sodium hydroxide. The reduction of periodate was determined with standard arsenite 
solution. Periodate oxidation of oligosaccharides was performed at room temperature 
in darkness, using excess of sodium metaperiodate. Formaldehyde was estimated 
colorimetrically with chromotropic acid. Periodate oxidations of 0-methyl sugars 
were carried out by the method of Lemieux and Bauer'. 

Paper chromatography. - Whatman No. I and 3MM papers were used 

with the following solvent systems (v/v ) (a) benzene-butyl alcohol-pyridine-water 

(1:5:3:3, upper layer); (b) ethyl acetate-acetic acid-formic acid-water (18:3:1:4); (c) 

ethyl acetate-acetic acid-formic acid-water (18:8:3:9); (d) butyl alcohol-ethanol- 

water (4:1:5, upper layer); (e) ethyl acetate-pyridine-water (10:4:3); (f)butanone- 
acetic acid-water (9:1:1, saturated with boric acid); (g) butanone-water-ammonia 

(sp. gr . 0.880) (200:17:1). Chromatograms were developed as described previously', 
except that D-glucose was detected by the following enzymic method. Chromatograms 
were sprayed, in succession, with 0.5m phosphate buffer (pH 7.0), 0.05% peroxidase, 

0.05 	glucose oxidase, and 0.1 	o-dianisidine in 90°'i aqueous ethanol. Glucose 

oxidase specifically oxidises D-glucose, giving hydrogen peroxide, which is coupled with 

o-dianisidine by peroxidase, giving a purple spot. RGaI, R6 , and RRha values refer 

to distances moved relative to D-galactose, 2,3,4,6tetra0-methyl-D-gIuCOse, and 

i-rhamnose, respectively. 
Gas-liquid chromatograpv. - G.l.c. of mixtures of 0-methyl sugars was 

performed on a chromatograph (Type S3A, Gas Chromatography Ltd.) fitted with 

flame-ionisation detectors, at nitrogen flow-rates of Ca. 100 ml/min on columns of (i) 

15 by weight of poly(butane-1,4-diol succinate) on Celite (120 x0.5 cm) at 175°, (ii) 

15% by weight of poly(ethylene glycol adipate) on Celite (75 xO.5 cm) at 160 ° . 

Retention times (T) are quoted relative to that of methyl 2,3,4,6-tetra- 0-methyl-fl- 

D-glucopyranoside. 
Conversion of 4-0-methyl- D-gluCurOniC acid into 4-0-methyl-D-glucose. - 4-0- 

Methyl- D-glucuroniC acid (29 mg) was converted into the methyl ester methyl glycoside 
by treatment for 8 h with boiling, 5' methanolic hydrogen chloride. The resulting 
solution was neutralised with silver carbonate and filtered, and the residue was washed 
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TABLE I 

ANALYTICAL DATAa  FOR Acacia drepano/obium, FRACTIONS A, B, AND C 

First series of extractions 	 Second series of extractions 

A 	 B 	 C 	 A 	 B 	 C 

Recovery, % 79 8 13 80 8 12 
Ash,% 0.00 0.00 2.78 0.00 0.00 2.56 
Nitrogen, % 1.11 1.21 0.58 1.18 1.24 0.61 
fiji, cm 3g 1  17.8 19.5 22.8 15.0 17.2 20.2 
Methoxyl, % 0.43 0.43 0.41 0.42 0.42 0.42 
[aiD (c 1.0, water)b +77.8° +77.2° - +82.2° +82.6 - 
LaiD (c 1.0, N sodium hydroxide)6  +77.2° +78.2° +78.0° +81.5° +81.9° +80.0° 
Equivalent weight b,c 1976 1997 - 1985 1980 - 
Uronic anhydride, %b 8.9 8.8 - 8.8 8.8 - 
Uronic anhydride, %b.e 9.6 9.9 9.7 9.5 9.8 9.8 
Formic acid released on periodate 

oxidation (moles/gX 103)11 1.07 1.05 1.02 1.06 1.08 1.05 
Periodate reduced (m1es/gx 10)" 3.96 3.97 3.93 3.95 3.98 3.96 
L_ArabinoSe,%b 52 51 49 53 53 51 
o-Galactose,%' 38 39 41 37 37 39 
L-Rhamnose, %b,f I I i i 
D-Glucuronic acid, %b,g 7 7 7 7 7 7 

° 	4-0-Methyl-D-glucuronic acid, %b,U 2 2 2 2 2 2 

'All data corrected to a dry-weight basis; 	1'uata corrected for all non-carbohydrate material; cdirect  titration (potentiometric) with 0.02N sodium 
hydroxide; 	daumjng  that all acidity arises from uronic acid groups; eby  acid decarboxylation (Ref. 	14); fby acetaldehyde released on periodate 
oxidation (Ref. 15); 	Vassuming that all the methoxyl content arises from 4-0-methyl-D-glucuronic acid. 

0\ 

0' 
'0 

C 
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with warm methanol. The extract was evaporated to dryness, and dissolved in distilled 
water (10 ml). This solution was mixed with sodium horohydride (0.25 g in 25 ml of 
water) and kept overnight. Excess of borohydride was destroyed by the addition of 
Amberlite IR-120 (H) resin. The resin and the solvent were removed, and the borate 
was removed as methyl borate. The product (4-0-methyl-D-glucose) was purified on 
sheets of filter paper with solvent (a). 

Borohydride reduction of aldobiouronic acids. - Sodium borohydride (25 mg in 
5 ml of water) was added dropwise to the aldobiouronic acid (5-10 mg), and the mixture 
was kept overnight. Excess of borohydride was destroyed by the addition of Amberlite 
IR-l20 (H f). The resin and the solvent were removed, and the borate was volatilised 
as methyl borate. The product was boiled with 5 methanolic hydrogen chloride for 
4 h, the solution was neutralised (silver carbonate) and filtered, and the residue was 
washed with warm methanol. The extract was evaporated to dryness, the residue was 
dissolved in distilled water (10 ml), and sodium borohydride (25 mg in 5 ml of water) 
was added. After storage overnight, excess of borohydride was destroyed, and borate 
was removed as before; the reduced product, (glucopyranosylgalactitol and/or 
4-0-methylglucopyranosylgalactitol) was isolated as a syrup. 

Methylation of aldobiouronk acids. - The micro Kuhn method developed by 
Perila and Bishop' was used. The aldobiouronic acid (JO mg) was shaken with methyl 
iodide (1 ml), NN-dimethylformamide (I ml), and silver oxide (I g) at room tempera-
ture, in darkness, for 18 Ii. The mixture was filtered, the residue washed with chloroform, 
and the filtrate evaporated to dryness. The product was boiled with 5 methanolic 
hydrogen chloride for 8 h. The resulting methyl glycosides were analysed by g.l.c. 
A portion of the methanolysate was evaporated to dryness, and reduced with sodium 
borohydride (25 mg in 5 ml of water) for 12 h. The methyl glycosides were hydrolysed 
with N sulphuric acid for 4 hat 1000,  and the methylated reducing sugars were examined 
by paper chromatography in solvents (d) and (g). 

RESULTS 

Comparative study of Fractions A, B, and C. - Hydrolysis (N sulphuric acid, 
7 h) of each fraction, followed by paper-chromatographic examination, showed the 
presence of galactose, arabinose, and acidic disaccharides. Paper chromatograms, 
examined in ultraviolet light after spraying with aniline hydrogen oxalate, revealed 
that a trace of rhamnose was present in each fraction. After more drastic hydrolysis 
(2N sulphuric acid, 7 h), examination in solvent (b) showed that D-glucuronic acid, 
D-giucurono-6,3-lactone, and 4-0-methyl-D-glucuronic acid were present in each 
fraction. 

Analytical data for the fractions are shown in Table I. Methylated sugars were 
not detected in the gum hydrolysates; if the methoxyl content of the gum is assumed 
to be located solely in residues of 4-0-methyl-D-glucuronic acid, calculation shows 
that this acid is present in each fraction to the extent of 2%. 

Periodate oxidation of each fraction was followed by simultaneous determination 
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(2-ml aliquots) of formic acid and sodium metaperiodate. Oxidation of all fractions 
was complete after 48 h. For Fraction C, the oxidation mixtures did not become 
homogeneous until after 18 h. 

The intrinsic viscosities shown in Table I were measured within a few days after 
isolation of the fractions. When the measurements were repeated after 2 months, it 
was found that the intrinsic viscosity of each fraction had increased, and a further 
increase was apparent after storage for 6 months in the free-acid form. This pheno-
menon is under investigation. 

Study of Fraction A. - A. drepanolobium gum (160 g) was extracted with cold 
water, as described above, to yield Fraction A (130 g), which contained 10% moisture 
and 7% protein. 

The neutral sugars of Fraction A. - The polysaccharide (0.75 g) was hydrolysed 
(N sulphuric acid, 7 h). The hydrolysate was fractionated on Whatman 3MM sheets 
for 36 h with solvent (a); crystalline D-galactose and L-arabinose were isolated. 

D-Galactose (114 mg) had [],9  +81 °  (equil., c 1.0) and, after recrystallisation 
from ethanol, m.p. and mixed m.p. 168°. The X-ray diffractogram was identical with 
that of an authentic specimen. 

L-Arabinose (180 mg) had [x] 9  + 105° (equil., c 1.0) and, after recrystallisation 
from aqueous ethanol, m.p. and mixed m.p. 159°. The X-ray diffractogram was 
identical with that of an authentic specimen. After recrystallisation from water, the 
phenylosazone had m.p. and mixed m.p. 165 °. 

Fraction A (3 g) was hydrolysed (N sulphuric acid, 7 h). The hydrolysate was 
fractionated on Whatman 3MM sheets for 16 h with solvent (a). The position of 
rhamnose was located by spraying side-strips on which L-rhamnose had been run as a 
marker. Elution of the appropriate zone with water gave L-rhamnose (21 mg) having 
[]9 +6°  (c 0.21). After recrystallisation from aqueous ethanol, the L-rhamnose had 
m.p. and mixed m.p. 93-94 °. 

The acidic sugars of Fraction A. - The polysaccharide (10 g) was hydrolysed 
for 7 h with N sulphuric acid. Paper chromatography of the hydrolysate in solvent (b) 
indicated the presence of galactose, arabinose, and two acidic fractions (1) and (II) 
having RG a I values of 0.26 and 0.59: these acidic fractions were isolated as syrups from 
filter sheets developed in solvent (b). 

Fraction I (147 mg) was examined by paper chromatography in solvent (b) 
for 72 h; two acidic components were observed, having R ai 0.23 and 0.29, respec-
tively. Similarly, paper chromatography in solvent (c) for 24 h gave two acidic 
components (aldobiouronic acids D and E) having RG 0: 0.56 and 0.61. Fraction I 
was hydrolysed (2N sulphuric acid, 7 h); paper chromatography of the hydrolysate in 
solvent (b) showed ca. equal amounts of galactose and glucurono-6,3-lactone, accom-
panied by traces of glucuronic acid and unhydrolysed aldobiouronic acids D and E. 
Crystalline D-galactose and D-glucurono-6,3-lactone were isolated from Whatman 
3MM sheets developed in solvent (b). D-Galactose (50 mg) had [cx] 9  +80' (equil., 
c 1.0) and m.p. and mixed m.p. 167 0, after recrystallisation from ethanol. D-Gluc-
urono-6,3-lactone (45 mg) had []1  +19' (equil., c 0.9); after recrystallisation from 
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aqueous ethanol, it had rn.p. and mixed nip. 176°. with an X-ray diffractogram 
identical with that of authentic material. 

Fraction 11 (78 rig) was examined by paper chromatography in solvent (h) for 
72 h; two acidic components were observed, having R (;1  0.56 and 0.66. Similarly, 
paper chromatography in solvent (c) for 24 h gave two acidic components (aldo-
biouronic acids F and G) having RG a I 0.90 and 0.94. Fraction It was hydrolysed 
(2N sulphuric acid, 7 h); paper chromatography of the hydrolysate in solvent (b) 
showed Ca. equal amounts of galactose and 4-0-rnethylglucuronic acid, accompanied 
by traces of unhydrolysed aldobiouronic acids F and G. Crystalline D-galactose and 
pure 4-0-methylglucuronic acid were isolated from 3MM sheets developed in 
solvent (b). D-Galactose (25 mg) had []9  +80°  (equil., c 0.5) and nip. and mixed 
m.p. 168 ° . 4-0-Methylglucuronic acid (31 mg) had []8  +36° (c 0.62); borohydride 
reduction of the methyl ester gave 4-0-methylglucose, which was purified on filter 
sheets with solvent (a) and isolated as a syrup. 4-0-Methylglucose had R6 , 1.92 
and RRhU  0.90 in solvent (a), RG a I 2.19 and RRhQ  0.84 in solvent (b), and RCa I 1.74 
and RRhQ 0.93 in solvent (d). After recrystallisation from aqueous acetone, the phenyl-
osazone had m.p. 156-158 0  (lit 10 , 158-159 0). 

The aldobiouronic acids of Fraction A. - The hydrolysate from Fraction A was 
fractionated [solvent (h), 96 h] on 3MM filter sheets; four aldobiouronic acids D,E,F, 
and G were isolated as syrups, and identified as follows. 

Acid D (102 mg) had RG,, 0.23 [solvent (b)] and R ;01  0.56 [solvent (c)], and 
was chromatographically identical with 6- O-(3-D-glucopyranosyluronic acid)- D-

galactose in these solvents. The syrup had [c] 9  -.3° (c 1.02), and this suggests the 
presence of a -D-linkage. The syrup (5 mg) was hydrolysed (2N sulphuric acid), and 
paper chromatography [solvent (b)] revealed ca. equal amounts of D-galactose and 
D-glucurono-6,3-lactone. Acid D (10 mg) was reduced, using borohydride, as de-
scribed above. The resulting hydrolysate was examined chromatographically [sol-
vent (f)]; ca. equal amounts of glucose and galactitol were detected. The oxidation of 
known weights (3-5 rng) of acid D with excess of sodiurn metaperiodate did not give 
formaldehyde. Acid D (10 mg) was methylated by the Kuhn method, and the methyl 
glycosides produced on methanolysis of the product were examined by g.l.c.; the 
products were 2,3,4-tri-0-methy1--g1ucuronic acid [column (i), T 2.33, 2.96; 
column (ii), T2.08, 2.70]; 2,3,4-tri-0-methyl-D-galactose [column (i), T 6.59; column 
(ii) T 5.25]; and a trace of 2,3,5-tri-0-methyl-D-galactose [column (i). T 4.09, 4,50; 
column (ii), T3.44, 4.14]. A portion of the methanolysate was reduced with sodium 
borohydride; after removal of methyl glycosides by mild hydrolysis with acid, the 
products were examined chromatographically in solvent (d). This revealed 2,3,4-tn-
0-methyl-D-galactose (red spot, RG 0.72) and a red-black spot (R0  0.84) corresponding 
to 2,3,4-tn- O-methyl-D-glucose and 2,3,5-tn- O-methyl-D-galactose. Double develop-
ment (solvent (g)] separated the 2,3,4-tri-0-methyl-D-glucose (red spot) from 2,3,5-
tri-0-methyl-D-galactose (black spot). These experiments led to the identification 
of acid D as 6-0-(#-D-glucopyranosyluronic acid)-D-galactose. 

Acid E (91 mg) had R 001  0.29 [solvent (b)] and RG., 0.61 [solvent (c)], and 
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was chromatographically identical with 4- 0-(-D-g1ucopyranosyluronic acid)-D-
galactose. The syrup had []0 + 106 °  (c 0.91) and this suggests an -D linkage. 

The syrup (5 mg) was hydrolyzed (2N sulphuric acid), and paper chromatography 
[solvent (b)] showed Ca. equal amounts of D-galactose and glucurono-6,3-lactone. 
Acid E (5-10 mg) was reduced, using borohydride, as described above. The resulting 
glucosylgalactitol was hydrolysed (N sulphuric acid), and the hydrolysate was 
examined chromatographically [solvent (f)]; ca. equal amounts of glucose and galac-
titol were detected. The oxidation of known weights (3-5 mg) of acid B with excess 
of sodium metaperiodate gave 1.01 moles of formaldehyde per mole of acid E. 

Acid E (10 mg) was methylated by the Kuhn method, and the methyl glycosides 
produced on niethanolysis of the product were examined by g.l.c.; the products were 
2,3,4-tri-0-methyl-D-glucuronic acid [column (1), T 2.40, (2.99); column (ii), T 2.04, 
2.70] and 2,3,6-tri-0-methyl-D-galactose [column (i), T(2.99), 3.88, and 4.23; column 
(ii), T2.42, 3.07, and 3.411. A portion of the methanolysate was reduced with sodium 
borohydride; after removal of methyl glycosides by mild hydrolysis with acid, the 
products were examined chromatographically in solvent (d). This revealed 2,3,6-tn-
0-methyl-i-galactose (R G  0.76) and 2,3,4-tri-0-methyl-D-glucose (RG 0.84). Double 
development [solvent (g)] revealed the same 0-methyl sugars. These experiments led 
to the identification of acid E as 4.0-(-D-glucopyranosyluronic acid)-D-galactose. 

Acid F (42 mg) had R(;j  0.56 [solvent (b)] and R6 , 0.90 [solvent (c)], and was 
chromatographically identical with 6- 0-(4- 0-methyl-fl-D-glucopyranosyluronic acid)-
D-galactose. The syrup had [x] 9  + 3° (c 0.42) (for lit, values, see Ref. 5); this suggests 
a JJ-D linkage. The syrup (5 mg) was hydrolysed; paper chromatography [solvent (b)] 

showed ca. equal amounts of D-galactose and 4-0-methylglucuronic acid. Acid F 
(5-10 mg) was reduced with borohydride to give a 4-0-methyiglucosylgalactitol, and 
the hydrolysate was examined chromatographically [solvents (a) and (f)]; Ca. equal 
amounts of galactitol and 4-0-methylglucose were detected. The remainder of the 
hydrolysate was oxidised by the method of Lemieux and Bauer', and the products 
were examined in solvent (a). Spraying with aniline hydrogen phthalate revealed 
2-0-methylerythrose, a characteristic product of 4-0-methylglucose, as a yellow-
green spot (RF 0.55). Known weights of acid F (3-5 mg) did not give formaldehyde 
when oxidised with excess of metaperiodate. On methylation, acid F gave the same 
methylated sugars as acid D. These experiments led to the identification of acid F 
as 6- 0-(4- 0-methyl-$-D-glucopyranosyluronic acid)-D-galactose. 

Acid G (31 mg) had R0 a 1 0.66 [solvent (b)] and RGaI 0.94 [solvent (c)], and was 
chromatographically identical with 4- 0-(4-0-methyl-c-D-glucopyranosy1uronic acid)
D-galactose. The syrup (5 mg) was hydrolysed; paper chromatography [solvent (b)] 
showed Ca. equal amounts of D-galactose and 4-0-methyl-D-glucuronic acid. Acid G 
(5-10 mg) was reduced with borohydride to a 4-0-methylglucosylgalactitol; the 
hydrolysate in solvents (a) and (f) showed Ca. equal amounts of 4-0-methylglucose 
and galactitol. The hydrolysate was periodate oxidised', and the aniline hydrogen 
phthalate spray revealed the presence of a 2- 0-methylerythrose. Periodate oxidation led 
to the production of 0.96 moles of formaldehyde per mole of acid G. On methylation, 
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acid G gave the same methylated sugars as acid E. These experiments led to the identi- 
fication of acid G as 4- O-(4- 0- mcthyI--D-glucopyranosyluronic acid)-D-galactose. 

The aldohiouronic acids offractions B and C. - After hydrolysis under the same 
conditions as for Fraction A, fractions B and C were examined chromatographically 
and were found to contain similar proportions of the four aldobiouronic acids iden-
tified in Fraction A. 

DISCUSSION 

Acacia drepanolohiurn gum has been shown to contain the same sugars, and the 
same four aldobiouronic acids, as other gums of the genus Acacia having high, 
positive rotations (cf., A. ni!otica 3 , A. arabica' , A. nubica4 , and A. seyal 4). 

A study of the analytical data presented in Table I shows that there are no 
striking differences in the composition of the gum fractions A (water-soluble), 
B (salt-soluble) and C (water- and salt-insoluble, but soluble to the extent of 1% in 
molar sodium hydroxide). Fractions A and B have an arabinose-galactose ratio 
of 52±1:38±1, and this must be compared with the ratio of 50±1:40±1 for 
Fraction C; although this may not be analytically significant, some small differences 
may be sufficient to account for the solubility differences exhibited by Fractions A, 
B, and C. It is possible that the differences may involve some variation in fine struc-
ture or degree of branching, as in the case with soluble and insoluble laminaran'. 
Although the sugar composition and periodate oxidation data for Fractions A, B, and 
C are in good agreement, structural differences between these fractions cannot be 
discounted until a full structural study has been made. 

The most significant analytical differences between Fractions A, B, and C lie in 
the ash and protein contents of the purified fractions. The high ash content of Frac-
tion C may reflect the difficulty encountered in purifying an aqueous dispersion, as 
opposed to a true solution. It is possible, however, that the gel formation shown by 
Fraction C is a consequence of crosslinking effects arising from the presence of 
polyvalent cations, although no foundation for this theory was found in experiments 
with A. senegal gum". 

It is of interest that the nitrogen content of Fraction C is only ca. 50% of that 
present in Fractions A and B. Protein-carbohydrate interaction has been offered in 
the past as a possible explanation of gel formation; the jelly isolated from Acacia 
pycnanth& 3  contained three times as much nitrogen as the water-soluble gum. 

A further explanation of the physical differences between Fractions A, B, and C 
may involve the molecular size and/or shape of the polysaccharides involved: Table I 
shows that the intrinsic viscosity of Fractions A, B, and C increases in the same order 
as the increase in insolubility. Physico-chemical studies of Fractions A, B, and C will 
be carried out in due course. 
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SUMMARY 

The gum polysaccharide from Acacia drepanolobium is not completely water-
soluble, and has been subjected to graded extractions giving Fractions A (cold-water 
soluble, 80), B (salt-soluble, 8%),  and C (a gel soluble in dilute alkali, 12%). Fraction A 
contains i-arabinose (52?), D-galactose (38%), L-rhamnose (l%), D-glucuronic acid 
7%), and 4-0-methyl-D-glucuronic acid (2%).  Fractions A, B, and C each contain four 
aldobiouronic acids, viz., 6-0-(f-D-gIucopyranosyluronic acid)-D-galactose; 40-

-D-glucopyranosyluronic acid)-D-galactose; 6- O-(4- O-methyl-f-D-glucopyranosyl-
uronic acid)-D-galactose; and 4- O-(4-O-methyl--D-glucopyranosyluronic acid)-D-
galactose. 

The analytical differences between fractions A, B, and C have been investigated, 
and the factors that may account for their physical differences are discussed. 
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Studies on uronic acid materials 

Part XXIV! Possible degradations with the sodium hydride-methyl iodide-
methyl suiphoxide methylation system 

Anderson and Cree 2  have described the potential use of the sodium hydride—
methyl iodide—methyl sulphoxide system for methylating acidic mono- and di-
saccharides, and also for some acidic polysaccharides. The method appeared to offer 
advantages when compared with the classical Haworth and Purdie methods, but it was 
suggested  that the method should be evaluated with a wider range of polysaccharides 
before general conclusions could be reached. 

Following a communication' that the sodium hydride system caused undesir-
able degradation of dextrans with the formation of abnormally high yields of 2,3,4,6-
tetra-0-methyl-D-glucose, we have now compared the methylation products, obtained 
with sodium hydride, of a potato starch and of three different Acacia gum poly-
saccharides, with their respective methylated products obtained by treatments with 
the Haworth and Purdie reagents. 

EXPERIMENTAL 

Methylations with the sodium hydride—methyl iodide—methyl suiphoxide 
system, and the analyses by paper and gas chromatography, were carried out by the 
procedures and apparatus described previously'. 
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RESULTS 

Experiments with Acacia iwbica gum showed that two additions of sodium 
hydride and methyl iodide were required to give complete methylation (0 Me, 40.3', (0; 
the methoxyl content after I addition was only 16.3°;. Lithium hydride was less 
effective (OMe after I treatment, 11.5%) than sodium hydride. Calcium hydride was 
ineffective when used to replace the sodium hydride, and stable emulsions were 
formed (cf. the effect of barium salts'). 

Potato starch. - A laboratory sample of potato starch (var. Kerr's Pink) was 
methylated exhaustively with (a) the sodium hydride methyl iodide-methyl suiph-

oxide system, and (h) several additions of the Haworth and the Purdie reagents. 
After methanolysis, the methyl glycosides of products (a) and (b) were examined by 
g.l.c.; the chromatograms were identical, except that product (a) showed a small peak 
caused by a trace of residual methyl sulphoxide. 

Acacia drepanolobium gum. 	This gum polysaccharide contains' [)-galactose 
(38), L-arabinose (52%), L-rhamnose (l- ) ), u-glucuronic acid (7°), and 4-0-
methyl-D-glucuronic acid (2%). The gum was methylated by methods (a) and (b), 

as above. After methanolysis of each product, the chromatograms for products (a) 
and (b) were identical, except for the presence in (a) of a trace of methyl suiphoxide. 

Acacia campylacantha gum. This guru polysaccharide contains' 1)-galactose 
(56%), L-arabinose (2'), L-rhamnose (T% ,), n-glucuronic acid (7`j , and 4-0-
methyl-D-glucuronic acid (2). The chrornatograms of the methanolysed. fully 
methylated gum obtained by methods (a) and (h) were similar in all respects other 
than that the proportion of 2,3,4-tri-0-rnethyl-t-rhamnose in product (a) was slightly 
less than in product (b). 

Acacia senegal gum. - This gum polysaccharide contains' D-galactose (39'), 
L-arabinose (28), L-rhamnose (14-), D-glucuronic acid (17.5" ,1'), and 4-0-methyl-
D-glucuronic acid (1.5). The gun) was methylated by methods (a) and (h), as above. 
When the chromatograms of the methanolysate were compared, the proportion 
of 2,3,4 tri-0-methyl-L-rhamnose in product (a) was only about 33°,, of that in p:o-
duct (b). The proportion of 2,3-di-0-methvl-D-glucuronic acid also appeared to be 
less in product (a) than in (h). 

DISCUSSION 

Base-catalysed reactions proceed at greatly increased rates in methyl suiphoxide, 
in which the strongly basic methylsulphinyl carbanion is readily formed'; the methyl 
suiphoxide is a reactant, as well as being the solvent. There is no doubt that the 
sodium hydride—methyl iodide—methyl sulphoxide system is much more strongly 
alkaline in reaction' than a well-conducted Haworth niethylation. 

Hamilton and Thompson' have shown that alkaline hydrolysis of gum arabic 
(Acacia senegal) leads to the loss of residues of t.-rhamnose and D-glucuronic acid. 
At least some of the L-rhamnopyranose residues in gum arabic were shown' to be 
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(1 —p4)-linked to D-glucuronic acid residues; subsequent structural studies 5 ' t°  have 
confirmed earlier indications 11  that all of the L-rhamnopyranose residues are present 
as non-reducing end-groups. 

It appears that those Acacia gum exudates (e.g., A. nubica and A. drepanolobium) 
ha ing low i-rhamnose and low methoxyl contents (and therefore having the majority 
of their D-glucuronic acid residues as non-reducing end-groups) are reasonably stable 
under the conditions described' for methylation by the sodium hydride—methyl 
suiphoxide—methyl iodide system. In contrast, those Acacia gum polysaccharides hav-
ing significant proportions of i-rhaninopyranose residues as end groups attached to 
position 4 of D-glucuronic acid residues (e.g., A. senegal) appear to be much less 
stable; loss of 2,3,4-tn- O-methyl-L-rhamnose, and also probably 2,3-di- O-methyl-D-
glucuronic acid, occurs. This may be explained in terms of a fl-elimination at C-4 of 
the glucuronic acid; such an elimination did not occur  with A. nubica gum. 

Although our results show that the sodium hydride—methyl sulphoxide methyl-
ation system does offer certain advantages for some polysaccharides, we must repeat 
here the suggestion' that its performance should be assessed with care on a wider range 
of polysaccharides. All too frequently, structural studies are based on the product 
from only one niethylation system; niethylation by more than one method should 
be attempted, so that the results can be compared. 

Department of Chemistry, 
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Edinburgh, 9 (Great Britain) 
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ABSTRACT 

Some of the analytical parameters for Acacia seizegal gum have been determined 
for (a) twelve "bulk" samples of tapped gum from three different districts of the 
Sudan, and (b) thirteen, different, single-nodule specimens of "natural exudate" 
gum. These samples show the same range of analytical variation that has been noted 
previously for samples of gum from other Acacia species. In addition, the following 
atypical variants of Acacia senegal gum have been studied: (a) three specimens of 
"non-nodular "gum, (b) a sample from a tree infested with wood-boring beetles, and 
(c) a sample of "Hennawi" gum, a dark-colored, sweet-tasting gum from the main 
stem of trees. 

The viscosity data obtained indicate that values of M for the samples fall in the 
range 0.26 x 106  to 1.16 x 106;  this explains the lack of agreement for M. of 
4. senegal gum samples studied by earlier investigators. 

The atypical, non-nodular and beetle-borer specimens of gum do not show any 
striking analytical differences from the mean values obtained for the typical samples. 
The "Hennawi" variant differs from typical, tapped samples in two important respects: 
the uronic acid residues present in the free acid form are fewer in number, and the 
rh'imnose content is considerably less. 

INTRODUCTION 

Earlier investigators' , ' considered that different samples of gum arabic (Acacia 
senegal Willd., syn. rerek) did not vary in properties to any great extent, but this is not 
the current industrial view. Botanically, A. senegal is very variable', and the Sudanese 
consider that the gum viscosity of a sample is dependent on the age of the tree involved. 
A sa result of empirical, technological observations, some manufacturers restrict their 
purchases to gum originating from a certain district; others decline a current season's 
crop ("green gum"), preferring gum stored in the Sudan since the previous season. 

*For  Part XXIII, see Ref. I. 
**Presen t address: Dept. of Agricultural Chemistry, The University, Khartoum (Sudan). 
$**Decced 
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It is now clearly established that distinct internodule variations occur in the 
gums from A. seyal 5 , A. nilotica 6  , and .4. laeta7 , but there are no modern analytical 
values for specimens of A. senegal gum. Widely differing values for the molecular 
weight (both for M and M) of A. senegal gum have been reported, and these have 
been summarised'; the implication that different samples of A. senegal gum may vary 
widely in M or M must therefore be considered, and the possible range of variation 
requires evaluation. Information on the viscosity behaviour of a wide selection of 
specimens would therefore indicate those likely to display the widest extremes when 
studied more fundamentally by the light-scattering technique. 

Accordingly, authentic specimens of A. senegal gum from different geographical 
locations and different types of soil, from different seasons, and from different times 
of collection within a season, have been investigated. In addition, the variation from 
tree to tree has been investigated for normal specimens of the gum obtained (i) by 
"tapping" and (ii) by natural exudation. We have also examined three unusual forms 
of natural-exudate gum from A. senegal: (a) non-nodular forms of the gum, exuded as 
thin, spiral filaments or ribbons, rather than as oval-shaped nodules; (b) "Hennawi" 
gum, which is a very dark-colored, sweet-tasting form of A. senegal gum exuded from 
the main stems of trees, as opposed to the upper branches usually tapped; (c) the gum 
exuded by trees infested with wood-boring beetles. This exudate was in the form of 
hard, dark-brown masses of wood borings and debris, bound together with a gum 
exudate comprising about 40'//,,of  the masses by weight. 

EXPERIMENTAL 

Analytical methods. - The standard methods involved have been described' 
previously. 

Origins of specimens. - All of the specimens, from A. senegal trees that could 
be identified botanically beyond all doubt, were collected by (the late) Mr. M. 
P. Vidal-Hall, formerly Gum Research Officer to the Republic of the Sudan. Detais 
of their collection are as follows: 

"QN" samples. These were bulk samples from many trees, growing on heavy 
clay soil at Qala en Naha], Kassala Province, Eastern Sudan: 1960 crop, first (QN1), 
second (QN2), third (QN3), and final collection (QN4); 1962 crop, first collection 
(QN5). 

"UK' samples. These were bulk samples from many trees, growing on sandy 
soil at Umm Ruaba, Kordofan Province, Central Sudan: 1960 crop, repre'entative 
sample (URI), final collection (UR2). 

"G G" samples. These were bulk samples from many trees, growing on sandy 
soil at Goz el Ganzara, Kordofan Province, Central Sudan: 1960 crop, representative 
sample (GGI); 1962 crop, first (19 January, GG2), second (4 February, GG3), third 
(19 February, GG4), and final collection (5 March. GG5). 

All of the QN, UR, and GG samples were normal samples of top commercial-
quality gum from A. senegal, pale straw in colour, and virtually free from sand 
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and bark. Exudation was in response to tapping. Each sample (ca. 1500 g) 'was 
crushed and sieved to give material representative of the complete sample. 

Single-nodule samples of natural exudate gum from individual trees of 
A. senegal, collected at Umm Ruaba (sandy soil) on 9 March, 1960: 
Tree A (age 25 years) gave 3 nodules (samples Al, A2, and A3); B (12 years), 2 nodules 
(BI andB2); C(8 years), 2 nodules (Cl and C2); D(15 years), 1 nodule (D); E(12 years 
I nodule (E); F (17 years), I nodule (F); G (20 years), I nodule (G); H (10 years), 
1 nodule (H); 1(15 years), I nodule (I). Each of these samples (15-30 g) was crushed to 
a tine powder and investigated individually. 

"Hennawi" sample. This very dark brown variant of A. senegal gum has a 
sweet taste and is exuded naturally at wounds to the lower, main stem of the tree. 
Such gum is not usually tapped. It is known in the Sudan as "Hennawi" gum, eagerly 
sought by native children as a sweetmeat. The specimen (HW) of Hennawi gum studied 
was collected at Goz el Ganzara on 13 March 1963. 

"NN" samples. Occasionally, A. senegal trees exude gum that differs from 
the customary oval nodules in forming long filaments, spirals, and ribbons. Three 
non-nodular (MN) forms of the gum were recognised: broad, opaque, flat ribbons 
(NNI); thin, circular, opaque filaments (NN2); and thin, circular, strongly refractive 
filaments (NN3). These samples were collected at Goz el Ganzara on 11 February 
1961. 

"BB" samples. Trees infested with wood-boring longhorn (Cerambycidae) or 
jewel (Buprestidae) beetles exude hard, dark-brown masses of a gum mixed with wood 
borings and other debris. The sample (180 g) of beetle-borer gum was collected at 
Ioz el Ganzara in January 1965. One half-portion of the exudate (90 g) was stirred 
vith cold water (750 ml) for 48 h, filtered, dialysed against tap-water, and then exhaus-

tively electrodialysed. The gum polysaccharide, sample BB(a), was isolated as the 
freeze-dried product (33.4 g, 37%). The remainder of the gum exudate (90 g) was stirred 
with cold water (750 ml) for 24 h, and this extraction was processed in the same way 
as for BB(a) to give sample BB(b) (27.7 g, 31%). The residue from the extraction 
yielding BB(b) was then further exhaustively extracted with cold water (500 ml) and, 
aftet processing as before, this extraction gave sample BB(c) (8.9 g, 10%). 

Purification of samples. - All of the QN, UR, GG, HW, and MN samples, and, 
the single-nodule samples A-I, were purified by dissolution in cold water, filtration 
dialysis, and exhaustive electrodialysis. 

RESULTS 

Table I gives the analytical data obtained for the various bulk samples QN, UR, 
GO, NN, and HW. Table II gives the analytical data for the single-nodule samples 
from individual trees. Table Ill gives more-detailed analytical information for samples 
QNI, HW, BB(a), BB(b), and BB(c). Figure 1 gives the viscosity plots from which the 
limiting-viscosity numbers, [n], recorded in Tables II and Ill were found. 

Since the modified Staudinger constants K' and a are now known" to have 
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TABLE I 

ANALYTICAL DATA FOR BULK SAMPLES OF Acacia senegal GUM 

Sample Moisture Ash Nitrogen 
% 

Insolublea Flou-time number (cm 3  g 	) 
Crude gumb 	Purified  gumc. 

QNI 12.8 3.64 0.33 0.4 57 25 (19.9) 
QN2 13.4 3.37 0.34 0.3 47 18 
QN3 13.3 3.07 0.36 0.4 43 20 
QN4 13.1 2.91 0.35 0.2 37 17 
QN5 12.7 3.62 0.34 0.6 62 30 
URI 13.2 3.05 0.39 0.4 35 21 
UR2 13.5 3.52 0.39 1.0 34 22 
GGI 12.4 3.68 0.39 1.5 54 36 
GG2 12.4 4.16 0.42 1.6 64 43(24.5) 
GG3 12.9 3.98 0.41 1.3 67 36 
GG4 13.0 3.93 0.38 0.5 79 38 
GG5 13.2 3.81 0.38 0.2 71 32 
NNI 13.4 3.88 0.40 0.4 83 36 
NN2 13.2 3.70 0.34 0.2 62 36 
NN3 13.1 3.97 0.39 0.3 70 35 
HW 13.6 5.67 0.37 0.5 39 35(20.6) 

Average 13.1 3.75 0.37 0.6 56 30 
Range 12.4-13.6 2.91-5.67 0.33-0.42 0.2-1.6 34-83 17-43 
Standard 

deviation 0.36 0.63 0.028 0.47 

0 lnsoluble after 24 h in cold water; b0.03  g/ml in water at 25.0; 10.03 g/mI in 4% sodium 
chloride solution at 25 . 00 ;  dvalues in brackets are the corresponding limiting (C-*O) flow-time 
numbers. 

E 
U 

C,gjml 

Fig. 1. The viscosity-concentration relationship for different specimens of Acacia senegal gum. The 
following limiting-viscosity numbers and M,D values (from [s]-=K'M a , where 10  K'- 1.3' I0, 
anda=0.54) were obtained forsamplesGG2, 24.6, 1.16x 106;  HW, 20.6, 0.84>. 106;  QNI andBB(c), 
19.9,0.79x 106; BB(a). l6.5.0.55 106;  Al, 12.4,0.33x 106;  A3,Cl, C2, 11.0.0.26>. 106. 
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TABLE II 

ANALYTICAL DATA FOR SINGLE-NODULE NATURAL EXUDATE Acacia senegal GUM 

Sample Age of tree 
(rears) 

Crude material 
Moisture 	Ash 

% 

Electrodialvsed material 
Nitrogen 	L1D 	Limiting-viscosity 
% 	(degrees) 	number (cm 3g 1 ) 

M Wa 

Al 25 12.6 3.72 0.24 -29 12.5 334,000 
A2 11.6 3.78 0.23 - 31 11.6 291,000 
A3 11.1 3.80 0.24 -32 11.0 264,000 
81 12 11.7 4.43 0.23 -28 15.6 504,000 
B2 12.9 4.44 0.23 -29 15.8 516,000 
CI 8 10.4 3.40 0.27 -29 11.0 264,000 
C2 9.8 3.66 0.26 -31 11.0 264,000 
D 15 15.6 3.88 0.32 -30 14.1 418,000 
E 12 12.8 4.64 0.34 -32 14.5 440,000 
F 17 13.3 4.01 0.35 -29 15.1 474,000 
G 20 15.4 4.15 0.23 -31 12.2 320,000 
H 10 14.7 3.97 0.45 -29 14.4 434,000 
I 15 12.1 3.2 0.33 -27 15.0 468,000 

Average 12.6 3.93 0.29 -30 13.4 
Range 9.8- 3.27- 0.23- -27- 11.0- 

15.6 4.64 0.45 -32 15.8 
Standard 

deviation 1.8 0.40 0.06 1.5 1.9 

aFrom [77] = KIM a , where K' = 1.3 x 10 - 2 and a = 0.54 (see Ref. 10) 

values of 1.30 x 102 and 0.54, respectively, values for M can be calculated from the 
viscosity data by the relationship [ii] = K'MW ° , and these values are shown in Fig. 1. 

DISCUSSION 

From Fig. I and the viscosity data in Tables I, II, and III, it is clear that 
R. for Acacia senegal gum varies widely from sample to sample; the variation, for the 
samples studied, is from 1.16 x 106  (for GG2) to 0.26 x 106  (for nodules A3, Cl, 
and C2). This explains the lack of agreement 8  between the values for M reported by 
earlier investigators, viz. 0.58 x 106 (Deb and Mukherjee tt ) and 1.00 x 106  (Veis and 
Eggenberger' 2 ). From our experiments, a value of 0.58 x 106  (Ref. 8) appears to be a 
more representative value than 1.00 x 106,  although values higher than the latter may 
yet be found. A. senegal gum has a broad, skew, molecular-weight distribution, and 
fractions having M, ranging from 1.18 x 106  to 0.1 x 106  have been obtained' 0  
for sample QNI. It should be emphasised that the values deduced for M in this paper 
are based on the modified Staudinger constants obtained from fractionations' °  of 
only one A. senegal gum sample: these values for K' and a do not hold for other Acacia 

species' ° , and, indeed, they may not be generally applicable to all specimens of such a 
complex polymer system as A. senegal gum. 

Carbohyd. Res., 6 (1968) 97-103 



102 	 D. M. W. ANDERSON, I. C. M. DEA, K. A. KARAMALLA, J. F. SMITH 

TABLE III 

COMPARATIVE ANALYTICAL DATAa  FOR SOME ELF.CTRODIALYSED TYPICAL (QNI) AND ATYPICAL 

(HW, BB) SPECIMENS OF Acacia senegal GUM 

QNI NW BB(a) BB(b) BB(c) 

Ash,% 0.07 0.01 0.02 0.01 0.02 
Nitrogen, % 0.33 0.35 0.25 0.21 0.28 
[,), cm 3g - ' 19.9 20.6 16.4 15.8 20.1 
Lab 	(c 1.0, water)h - 31.0 - 27.6 -30.5 -31 ,Y -31.5° 
Methoxylb.c,% 0.25 0.25 0.25 0.25 0.25 
Equivalent wcightb 1085 1047 1066 1065 1060 
Hence, uronic anhydridebd,% 16.2 16.8 16.5 16.5 16.5 
Uronic anhydride ),C, % 17.2 17.5 17.4 17.3 17.5 
Formic acid released on periodate 

oxidationb (mole/g)  x 10 1.62 1.69 1.76 1.85 1.90 
Periodate consumedb  (mole/g) X  10 5.07 5.18 5.23 5.34 5.42 

periodatc consumption 
Hence, 3.13 3.06 2.97 2.89 2.85 

formic acid released 
Rhamnoseb ,C % 14.0 6.2 13.0 12.6 12.8 
Galacto seb, 40 46 43 43 44 
Arabinose5 , % 28 30 27 27 26 
Glucuronic acid', % 16.0 16.5 15.5 15.5 15.5 
4-0-methylglucuronic acid,% 1.5 1.5 1.5 1.5 1.5 

A1l data corrected to a dry-weight basis; "corrected for all non-carbohydrate material; cd eter  
mined by vapour-phase, infrared methods; dassunling  that all acidity arises from uronic acid groups; 
,assuming that all mcthoxyl content arises from 4-0-methylglucuronic acid. 

Many factors influence' 3  the viscosity of Acacia gum solutions. We have 
observed that electrodialysed specimens, after storage in the freeze-dried state for 
several months, give increased limiting-viscosity numbers when solutions are made up 
in a standardised way to facilitate comparison: for sample QNI. [] increased from 
19.9 to 29.0, and for sample GG2, [] increased from 24.5 to 35.1. Other Acacia species 
give the same effect, and this is under investigation. The viscosity data presented in 
Tables I and II were obtained for 3% solutions immediately after dissolution. Table II 
gives some support for the belief that gum viscosity is dependent on the age of the 
tree; the oldest and youngest trees studied gave gum of low viscosity. 

The "bulk" samples, representative of many nodules, show distinct analytical 
differences, although they must be expected to show "averaged" values. The differences 
shown in Table IL for the single-nodule specimens are perhaps more fundamental in 
significance. Table I shows that the GO samples are more viscous than the QN or 
UR samples; it is interesting (f. Ref. 5)that the most-viscous samples have higher than 
average nitrogen contents, although a high nitrogen content does not necessarily imply 
high viscosity, as shown by the UR samples. Insufficient data are available for any 
conclusions regarding seasonal effects to be reached: there is a suggestion, however, 
that the viscosity of the QN samples decreases as the season continues, whereas, in 
contrast, the viscosity of the GO samples increases. 

The results for trees A, B, and C in Table II indicate that each tree tends to 
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produce a characteristic form of the gum, the different nodules from a particular tree 
being strikingly similar to each other in comparison to those from other trees. 

The "Hennawi" variant of the gum has two distinctive features. It contains only 
6'/ ,, of rhamnose, i.e., less than 50 of that present normally. A solution of" Hennawi" 
gum has pH 6.25; all of the other samples studied fell within the range pH 4.49 to 4.66, 
and the electrodialysed specimens fell within the range pH 2.47 to 2.60. The compara-
tively sweet taste of "Hennawi" gum is not due to the presence of free sugars; its 
reducing power is closely similar to that of the other samples. The explanation appears 
to involve the fact that "Hennawi" gum has very few, if any, free uronic carboxyl 
groups, with many more than usual being involved in salt formation with cations. 
The fact that the ash content of clean "Hennawi" gum is much higher than usual 
[5.67%, compared with an average (Table 1) of 3.75] lends support to this explana-
tion. 

When the data given in Tables I and H were obtained, it became apparent that 
a structural study of the HW and BB samples offered an opportunity to acquire 
information on the biosynthesis of A. senegal gum. The effect of different external 
stimuli to gum production (e.g., natural exudation, tapping wounds, beetle infesta-
tion) is not yet known. Accordingly, it was decided to compare the structural 
features of samples HW, BB(a), BB(b), and BB(c) with those of a typical tapped-gum 
sample QN 1. Table III shows the analytical differences between these samples; their 
structural differences will be discussed in a subsequent paper. 
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ABSTRACT 

A comparative study, involving classical methylation and Smith-degradation 
techniques, has been carried out on samples of normal "tapped" gum from Acacia 
senegal, natural exudate gum ("Hennawi" gum) from the main trunk of the tree, 
and the gum exuded by a tree infested with wood-boring beetles. The studies have 
shown that the beetle-borer specimen was virtually identical to the specimen of normal 
exudate gum; the specimen of "Hennawi" gum was basically similar, but differed in 
two important aspects concerning some of the peripheral end-group positions in-
volving rhamnose and glucuronic acid residues. Theories of the origin, function, 
precursors, and mode of biosynthesis of plant gums are examined critically in terms 
of the results obtained. 

INTRODUCTION 

In the preceding part of this series, we reported the results of an analytical study 
of some different forms of the gum exudate from Acacia senegal Wild. Two of the 
specimens were of particular interest; these were (a) the gum exuded by a tree infested 
with wood-boring beetles, and (b) "Hennawi" gum, exuded from the lower, main trunk 
of the tree, and found' to contain less than 50 0  of the customary proportion of 
rhamnose. There is, at present, a lack of knowledge regarding the biosynthetic mechan-
ism of gum production, and the nature of the external injury or physiological stimulus 
necessary to cause the formation of gum. It was therefore decided to carry out 
structural studies of the "Hennawi" and beetle-borer variants of Acacia senegal gum, 
and, for comparison, of a normal specimen of "tapped" gum. 

EXPERIMENTAL 

Origins u/specimens. 	These have been described'. The sample of" 1-lennawi" 
gum is designated HW; the beetle-borer sample is designated BB [extraction into three 

*For Part XXIV, see Ref. I. 
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fractions BB(a), BB(b), and BB(c) has been described']. These atypical specimens of 
gum have been compared, in this study, with specimen QNI, which is representative' of 
the best quality, tapped gum from the first collection of the 1960 gum season at Qala 
en Naha], Kassala Province, Eastern Sudan. 

Analytical methods. 	The standard methods involved have been described 
previously 2 . Paper chromatography was carried out on Whatman No. I paper with the 
following solvent systems (v/v): (a) benzene-butyl alcohol-pyridine--water (1:5:3:3, 
upper layer); (b) ethyl acetate-pyridine-water (10:4:3); (c) ethyl acetate-acetic acid-
formic acid-water (18:3:1:4); (d) butyl alcohol-ethanol-water (4:1:5, upper layer): 
(e) butyl alcohol-acetic acid-water (4:1:5, upper layer); (f) butanone-water-ammonia 
(sp. gr. 0.880) (200:17:1). RG values of methylated sugars refer to distances moved 
relative to that of 2,3,4,6-tetra-0-methyl-D-glucose in solvent (d). Chromatograms 
were developed with aniline hydrogen oxalate, alkaline silver nitrate, or the periodate-
permanganate reagent. 

Gas-liquid partition chromatography (chromatograph Type S3A, fitted with 
flame-ionisation detectors, Gas Chromatography Ltd.) was carried out at nitrogen 
flow-rates of ca. 100 ml/min. on columns of 15z/, of poly(butane-I,4-diol succinate) 
on Celite (120 x 0.5 cm) at 175, (ii) 15% of poiy(ethylene glycol adipate) on Celite 
(75 x 0.5 cm) at 160 ° . Retention times (T) are quoted relative to that of methyl 2,3,4,6-
tetra- O-methyl-fl-D-glucopyranoside as standard. 

Polysaccharides were methylated successively with methyl sulphate and sodium 
hydroxide solution, and with methyl iodide and silver oxide. Methanolyses were 
carried out under reflux for 7 h with 5% methanolic hydrogen chloride. 

Periodate oxidations were carried out at room temperature in darkness by 
mixing equal volumes of 4 polysaccharide solutions and 0.25m periodate. The formic 
acid released was determined by titration with standard sodium hydroxide solution. 
Periodate consumption was determined by titration with standard arsenite solution'. 

Attempted fractionations. - Samples HW, BB(a), BB(b), BB(c), and QN1 each 
migrated as a single band on electrophoresis on cellulose acetate film in (a) 0.1 M 

ammonium carbonate buffer (pH 8.9), or (b) 0.IM acetate buffer (pH 4.7), and all the 
samples had the same mobility when run under comparable conditions at 18.8 volts/cm. 

Samples HW, BB(a), BB(b), BB(c), and QN1 were examined chromatograph-
ically on a DEAE-cellulose column (45 x 1.5 cm). On gradient elution with sodium 
chloride solutions (0.0 - 0.3m) in 0.02m acetate buffer (pH 4. 1), each sample gave a 
slightly asymmetric peak. 

RESULTS 

The analytical data for samples HW, BB(a), BB(b), BB(c), and QN1 have been 
reported'. 

Methylation study of the samples. 	Each (300 mg) of the five samples HW, 
BB(a), BB(b), BB(c), and QN1 was methylated with the classical Haworth and Purdie 
reagents. Yields, specific rotations, and methoxyl contents of the methylated products 
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are shown in Table f; methoxyl contents were not raised on further attempted methyl- 
ation. On methanolysis, and examination of the mixture of methyl glycosides by 
g.Lc., the methylated product of each sample gave identical chromatograms, except 

TABLE I 

DATA FOR 0-METHYL DERIVATIVES OF SAMPLES QNI, HW, BB(a), BB(b), AND BB(c) 

QNI HW BB(a) BB(b) BB(c) 

Yield (mg)a 250 240 250 260 240 
[21D (C 1.0, chloroform) - 46 -42 -45 46 _460 

Methoxyl,% 41.5 42.0 42.1 41.6 41.5 

Weight of sample methylated = 300 mg 

that the methylated product from HW gave less 2,3,4-tri-0-methyl-t.-rhamnose and 
more 2,3,4-tri-0-methyl-o-glucuronic acid than did the other methylated products. 
Table II gives the results of the chromatographic examinations; retention times on 
columns (/) and (ii) were comparable with those for methyl glycosides from the 
authentic 0-methyl sugars. A portion of each methanolysate was hydrolysed 
(N sulphuric acid, 4 h) on a boiling water-bath. The cooled solutions were neutralised 
(bariuni carbonate), filtered, treated with Amberlite resin IR-120 (H), and concen-
trated. Paper chromatography of each hydrolysate [solvents (d) and (f)] revealed the 
presence of some 2-0-methylgalactose in addition to those 0-methyl sugars already 
identified by g.l.c. of the methyl glycosides (Table 11). 

TABLE II 

('HROM&1OGRAPIII( EXAMINATIONS OF METHANOLYSIS PRODUCTS FROM SAMPLES QNI, HW, BB(a), BB(b), 
AND BB(c) 

Relative retention times (T) 	 Paper chromaro- 0- Methyl sugars identified 
on g.l,c.a 	 graphv. RG ill 
Co/urn,, (i) 	Column (ii) 	solvent (d) 

0.48 (.0.51) 1.01 2,3,4-Trl-0-methyl-L-rharnnose 
0.58; 0.72 (0.51); 0.64 0.97 2,3,5-Tri-0-methyl-L-arabinose 
1.00 0.85 0.79 2,3,4-Tn- O-methyl-L-arabinose 
1.79; 3.16 1.29; (2.21) 0.82 2,5-13i-0-methyl-L-arabinose 
.68 1.64 0.88 2,3,4,6-Tetra- 0- met hyl-o-galactose 

3.77; 4.22 3.01; 	3.51 0.74 2,4,6-Tri-0-methyl-o-galactose 
6.35 5.14 0.74 2,3,4-Tri-0-methyl-o-galactose 
14.6; 	16.4 9.7; 	11.0 0.53 2,4-Di-0-methyl-o-galactose 
2.35; 2.94 (2.21); 2.65 1 ,3,4-Tri-0-methyl-o-glucuronic acidb 
7.9; 9.3 5.8; 6.9 - 2,3-Di-0-methyl-o-glucuronic acidb 

0.34 2- O-Methyl-o-galactose 
1.18; 	1.44 0.98; 	1.13; 2.50 - Unknown sugars 

"Incompletely resolved components shown in brackets. 	As methyl ester methyl glycoside. 
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Smith degradations' of samples. - Each of the samples HW, BB(a), BB(b), BB(c), 
and QNI was subjected to the Smith degradation process as follows. The sample 
(2.0 g) was dissolved in water, and 0.25m sodium metaperiodate (50 ml) was added. The 
oxidation mixtures were left in darkness for 48 h at room temperature. The reactions 
were stopped by the addition of ethylene glycol (2 ml), and the solutions were dialysed 
against tap water for 48 h. Sodium borohydride (0.5 g) was added to the solution, and 
the solutions were kept for 30 h at room temperature and were then dialysed for 48 h. 
The resulting polyalcohol was hydrolysed at room temperature (N sulphuric acid; 
48 h), followed by dialysis against tap water for 48 h to remove sulphuric acid and 
small carbohydrate fragments. The Smith-degraded polysaccharides were then isolated 
as the freeze-dried products (yields and analytical data shown in Table III), and the 
values of A? , were determined by molecular-sieve chromatography 2  on a previously 
calibrated "Bio-Gel P300 ' column. 

TABLE III 

ANALYTICAL DATAa  FOR THE SMITH-DEGRADED POLYSACCHARIDES 

Sample 

QNI HW BB(a) BB(b) BB(c) 

Yield, % 67 63 67 66 65 
Nitrogen,% 0 0 0 0 0 
lab 	(c 1.0, water) -28.2 - 28.0' -29.1' - 28.0 - 28.5 
Mb 98,000 96,000 93,000 96,000 93,000 
Uronic acid", % 3.7 1.6 4.4 3.8 4.3 
Galactose, % 70 71 70 70 69 
Arabinose, % 26 27 26 26 27 
Formic acid released on periodale 

oxidation (moles/g) x  103  1.85 1.80 1.83 1.78 1.75 
Periodate consumed (moles/g) X 103 5.53 5.45 5.31 5.29 5.42 

aAll data corrected to dry-weight basis. bEstimated  by molecular-sieve chromatography. cBy  acidic 
decarboxylation. 

Hydrolysis (N sulphuric acid) of the Smith-degraded product from sample HW, 
followed by paper chromatography of the hydrolysate, showed the presence of galact-
ose and arabinose. Hydrolyses of the Smith-degraded products from samples BB(a), 
BB(b), BB(c), and QNI, followed by paper chromatography, showed the presence of 
galactose, arabinose, and a trace of an aldobiouronic acid having the mobility of 
6-0-(/3-D-glucopyranosyluronic acid)-D-galactose [RG , 0.23, solvent (c)]. Mild hydro-
lysis of the Smith-degraded polysaccharides (0.5N sulphuric acid, I h, on a boiling 
water-bath), followed by paper chromatography, showed the presence of galactose, 
arahinose, and two neutral disaccharides having the chromatographic mobilities of 
3-O-/i-D-galactopyranosyl-D-galactose [RGaj  0.49, solvent (a); RG0 I 0.53, solvent (b)] 
and 6-0-/3-D-galactopyranosyl-D-galactose [R 0a1  0.29, solvent (a); R0a1  0.38, solvent 
(b)]. 

.11ethylation of the Smith-degraded polysaccharides. 	Each of the Smith- 
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degraded polysaccharides obtained respectively from samples HW, QNI, BB(a). 
BB(b), and BB(c) was methylated successively with the Haworth and Purdie reagents. 
Yields, specific rotations, and methoxyl contents of the methylated products arc 
shown in Table IV; methoxyl contents were not raised on further attempted methyl. 
ation. On methanolysis and gJ.c. of the resulting mixtures of methyl glycosides, 
the methylated products from each of the Smith-degraded polysaccharides gave 
identical traces, with the exception that the methylated product from Smith-
degraded sample HW gave no detectable amounts of 2.3,4-tri-0-methyl-D-glucuronic 
acid. The results of the g1c. analyses are shown in Table V. A portion of each 
methanolysate was hydrolysed (N sulphuric acid, 4 h, boiling water-bath). The cooled 
solutions were neutralised with barium carbonate, filtered, treated with Amberlite 
resin IR-120 (H), and concentrated. Paper-chromatographic examination of the 
hydrolysates [solvents (d) and (f)] showed the presence of 2-0-methylgalactose, in 
addition to those 0-methyl sugars already identified by g.l.c. of their methyl glycosides 
(Table V). 

TABLE IV 

DATA FOR 0-METHYL DERIVATIVES OF THE SMITH-DEGRADED POLYSACCHARIDES FROM SAMPLES QNI 
HW, BB(a), BB(b), AND BB(c) 

	

QNJ 	HW 	BB(a) 	BB(b) 	BB(c) 

Yield (mg) 5 	 220 	212 	220 	215 	225 
ElI) (c 1.0, chloroform) 	 --41 	-40 	-41 	-41 	-42 
Methoxyl,% 	 40.5 	40.9 	41.1 	40.9 	40.5 

"Weight of sample taken = 300 mg. 

TABLE V 

CHROMATOGRAPHIC EXAMINATIONS OF METHANOLYSIS PRODUCTS FROM METHYLATED SMITH-DEGRADED 

POLYSACCHARIDES FROM SAMPLES QNI, BB(a), BB(b), AND BB(c)a 

Relative retentio,, tithes (T) 	 Paper chrwnato- 0-Met/ni .cuars identified 
on g.l.cP 	 graph.), R0 in 

CO/U fliPi (I) 	Column (ii) 	so/remit (d 

0.57; 0.73 0.50; 0.64 
1.79; 3.15 .30; (2.21) 
1.68 1.65 
3.78; 4.22 2.99; 3.50 
6.34 5.14 
9.1 6.5; 6.9; 7.7 
14.6; 	16.4 9.7; 	11.0 
2.35; 2.95 (2.21); 2.66 

1.08; 1.52 	0.86; 2.48 

0.97 2,3,5-Tri-0-mcthyl-I-arabinose 
0.82 2,5-Di-0-methyl-L-arabinose 
0.88 2,3.4,6-Tetra- 0-methyl-o-galactose 
0.74 2,4,6-Tn- 0-methyl-D-galactose 
0.74 2,3,4-Tn- 0- met hyl-D-galactose 

0.59 2,6- Di- 0-methyl-o-galactose 

0.53 2,4- Di- 0-methyl-o-galactose 

- 2,3,4-Tri-0-methyl-D-glucuronic acid" 

0.34 2-0-Methyl-o-galactose 

- Unknown sugars 

"Identical results for sample HW, except that 2.3,4-tni-0-methyl-n-glucuronic acid was absent. 11 1n-  
completely resolved peaks shoNN ii in brackets. 	As methyl ester methyl glycoside. 

Carbohyd. Res.. 6 (1968) 104--I 10 



URONIC ACID MATERIALS. XXV 	 109 

DISCUSSION 

The results presented in this paper indicate that, structurally, the three fractions 
from the beetle-borer gum exudate are very similar to normal, tapped gum from 
Acacia senegal, Although the sample of "Hennawi" gum is basically similar as far 
as the interior structure is concerned, it differs in two important aspects that concern 
some of the peripheral end-group positions of the gum molecule. 

It is now some time since theories 59  concerning the origin and function of 
plant gums were considered, and there has been little agreement on either of these 
points to date. It has also been debated whether gum exudates are formed at the site of 
a wound, or whether they are generated elsewhere in the plant and then transported 
to the site of exudation. It has been suggested that gum exudates may be a product of 
normal plant metabolism' , ', that they may arise from a pathological condition of the 
tre&', or that they may arise from some infection or invasion' by micro-organisms which 
may be fungal' or bacterial 7.10.11  in nature. These theories were advanced much 
earlier this century; and there has been no modern work to substantiate or refute them. 
Some of these theories are discussed in non-critical reviews that contain factual errors 
e.g. A. verek is not a variety of A. arabica'2 , and gum arabic does not contain galact-
uronic acid"' 12 . Misprints and such errors in reviews tend to be perpetuated 
(cf. Ref. 13). 

It has been suggested" that starch may undergo transformation into gum, but 
the enzyme systems necessary to transform a polygiucan into a highly branched 
polysaccharide containing galactose, arabinose, rhamnose, glucuronic acid, and 4-0- 
methylgiucuronic acid appear to be impossibly complex; starch was not found" in 
the wood tissues of excised branches from A. senegal trees. It seems more reasonable 
that the gum acid has, as its precursor, some highly branched arabino-galactan of a 
hemi-cellulosic type, to which is added rhamnose-, glucuronic acid-, and 4-0- 
methylglucuronic acid-terminated side-chains in the final stages of gum production. 
The enzyme systems probably differ at different parts of the tree (ci: "Hennawi" gum). 

Although modern commercial samples of good quality, Sudanese gum arabic 
originate almost entirely from A. senegal, contamination or adulteration with other 
genera" and with other Acacia species is quite possible, since the various nodules 
cannot be distinguished by colour, shape, or size. Commercial samples should never 
be used for fundamental studies. Early specimens of gum arabic were undoubtedly 
mixtures from various Acacia species' .16, which are now known (cf. earlier parts of this 
series) to differ considerably in sugar composition and structure. The reason why no 
rhamnose was detected in certain samples of gum arabic' 7  is now quite clear, if the 
term "gum arabic" was taken to apply to the exudate from any Acacia species 8 ; some 
Acacia species contain 12-14% of rhamnose, others 6-7 of rhamnose, and some less 
than 1 of rhainnos& 8 . In addition to this variation between species, our results now 
show that authentic nodules from A. senegal can have different amounts of rhamnose. 
Much of the evidence to date regarding the chemical heterogeneity of gum arabic was 
based on the depleted rhamnose content of certain fractions from initially hetero- 
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geneous, commercial samples; the point was made some time ago  that the classical 
work of Heidelberger and his colleagues should be repeated on specimens from a 
single Acacia tree or at least from one variety of Acacia. 
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ABSTRACT 

Acaciase pal gum contains four aldohiouronic acids that have been characterised as 
ó-O-(fl-D-glucopyranosyluronic acid)-D-galactose (A), 4- O-(-D-glucopyranosyluronic 
acid)-D-galactose (B), 6-0-(4- O-methyl-/J-D-glucopyranosyluronic acid)-D-galactose 
(C), and 4-0-(4-0-methyl--D-g1ucopyranosyluronic acid)-D-galactose (D). With 
these acids as chromatographic standards, the aldobiouronic acids present in a further 
seventeen species of Acacia gum have been investigated. Gums having positive rota-
tions and significant methoxyl contents give aldobiouronic acids 4—D, whereas gums 
having positive rotations and low methoxyl contents do not give significant proportions 
of acids C and D. Gums having negative rotations and significant methoxyl contents 
give acids A and C; one gum having a negative rotation and a low niethoxyl content 
did not give a significant proportion of acid C. 

INTRODUCTION 

Although Acacia gums have been studied for many years, the possibility of the 
presence of methoxyl groups was largely ignored in early work. Recently, however, it 
was suggested' that a re-examination of the aldobiouronic acid fraction of species 
studied earlier (e.g., A. pycnantha) might reveal structurally significant features, and 
it was reported' that A. nilotica gum contains four aldobiouronic acids. We have 
therefore investigated the nature of the aldohiouronic acids present in eighteen 
different species of Acacia gum, in order to ascertain whether the presence of four 
aldobiouronic acids is a general feature within the Acacia group. Structural investi-
gations undertaken simultaneously with the present study have shown that A. senegal 4  
gum and A. laeta 5  gum each contain two aldobiouronic acids and that A. arabica 
gum contains four aldohiouronic acids. Stephen and Vogt' have also reported the 
result of a re-investigation of A. karroo gum, which contains two aldobiouronic acids. 

EXPERIMENTAL 

Origins of specimens. 	The origins of the following specimens of gum have 

*For Part XXV. see Ref. I. 
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been given elsewhere: Acacia nilotica3 ' 8 , A. arabica68 , A. campylacant/ia 8 , A.fistula 8 , 

A. nubica 8 , A. senegal 4, A. laeta 5 , A. drepanolobium 8 , A. dealbata8 , and A. seyal 9 . 

The following specimens were collected by the Sudanese Gum Research Officer: 
A. multijuga, A. mcli jfera,  A. iortilis, and A. adansoniana. The following specimens 
were collected by officers of the Botanical Research Institute, Pretoria: A. giraffae 
Burch., A. karroo Hayne, A. mearnsii De Willd. (syn. A. moilissima and A. decurrens of 
some authors). The gum from A. pycnantha was collected by Mr. Bednail, Conservator 
of Forests, Adelaide. 

Analytical methods. - The standard methods involved have been described'. 
Gas—liquid chromatography was performed as described previously'. Paper chromato-
graphy was performed as described 3 , except that solvent E was ethyl acetate—acetic 
acid—formic acid—water (18:8:3:9), and solvent G was butanone—water—conc. ammonia 
(200:17:1). 

RESULTS 

Location of methoxyl groups. - A report' °  that A. seyal gum probably contained 
a mono-O-methylpentose (R6  0.55; solvent A) could not be confirmed, and a report" 
that A. mollissima gum contained 4-0-methylglucuronic acid led to the following 
experiments to discover if the methoxyl content of A. senegal gum is associated with its 
acidic components. A sample of A. senegal gum (3% aqueous solution) was autohy -
drolysed at 100°. Samples were taken at intervals, and dialysed, and the non-dialysable 
material was freeze-dried. The results of analyses of the uronic anhydride and methoxyl 
content are shown in Table I. 

TABLE I 

A1.ITOHYDROLYSIS OF A. senegal GUM 

Time of hydrolysis, h 	Uronie anhydride (VA), % Methoxvl (OMe), % OMe X lOO/UA 

o 15.5 0.24 1.6 
10 18.0 0.29 1.6 
24 20.2 0.31 1.5 
36 21.5 0.34 1.5 
50 21.7 0.37 1.6 

To ascertain whether the methoxyl content was present to any extent as the 
methyl ester group of a uronic acid, a 5% solution of the sodium salt of A. seyal gum 

referred to A. senegal gum because of its higher methoxyl content') in 0.05N sodium 
hydroxide was kept at 60°, and samples were taken at intervals. After neutralisation 
and dialysis, the freeze-dried samples were analysed as shown in Table 11. A similar 
constancy in the ratio of methoxyl to uronic anhydride content was also obtained for 
samples of the gum from A. senegal, A. nilotica, and A. tortilis. 

The aidobiouronic acids of A. seyal. - A sample of the gum was hydrolyzed 
(N sulphuric acid, 100°, 8 h). Paper chromatography (solvent D) showed four acidic 
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components A, B, C, and D having RG0,  values of 0.26, 0.32, 0.60, and 0.69, respectively. 

Components A and B were separated from C and D by chromatography on Whatman 

No. 3MM paper (solvent D). Hydrolysis (2N sulphuric acid. 6 h) of components A and 

TABLE It 

SAPONIFICATION OF A. seval GUM 

Time of saponification, h 	Methoxy! (OMe), % Uronic anhvdride (UA), % OMe X JOOf UA 

o 0.86 9.9 8.7 

12 0.82 9.7 8.2 

24 0.84 9.3 9.0 

32 0.71 8.8 8.1 

48 0.72 7.8 9.2 

56 0.65 8.0 8.1 

72 0.66 7.8 8.5 

B gave, on paper-chromatographic fractionation, D-galactose ([ID  +81 0  (c, 1.0); 

m.p. and mixed m.p. 169 ° 1 and D-glucurono-6,3-lactone {[J + 18 °  (c, 1.0); m.p. and 

mixed m.p. 1771. A portion (ca. 40 mg) of the mixture of acids A and B was dissolved 

in methyl sulphoxide (10 ml), and methylated' 2  with sodium hydride (500 mg) and 
methyl iodide (1.4 ml). After methanolysis, the products were identified (g.l.c.) 
as 2,3,4-tri-0-methyl-D-glucuronic acid, 2,3,4-, 2,3,5-, and 2,3,6-tri-O-niethyl-D-
galactose. A portion of the mixture of methyl glycosides was hydrolysed to the free 
sugars; paper chromatography (solvents F and G) indicated the presence of 2,3,4-tn-
0-methyl-D-glucuronic acid, and 2,3,4- tn- and 2,3,6-tn- O-methyl-D-galactose. 

Hydrolysis of the mixture of acids C and D gave galactose and 4-0-methylgluc-
uronic acid (examination in solvents D and E). A portion (60 rng) of the mixture was 

methanolysed and neutralised (Ag 2CO 3 ). The filtered solution was evaporated to give 
a syrup that was dissolved in ammoniacal methanol (10) and kept at 0°. After some 
months, crystals of the amide of methyl 4-0-methyl--D-g1ucopyranosiduronic acid 
were obtained, which, after recrystallisation from ethanol, had rn.p. 231-233 0  (lit. 13 . 

234-236°). After removal of the crystalline amide, the solution was concentrated, and 
the residue was hydrolysed. Paper chromatography showed the presence of galactose 
and 4-0-methylglucuronic acid; D-galactose {m.p. and mixed m.p. 169-170°; [}D 

+80° (c 1.0)) was isolated by chromatography on 3 M M paper. 

A portion of the mixture of acids C and D was methylated in methyl 

sulphoxide 12 , methanolysed, and examined by g.l.c. and by paper chromatography, as 
described for the mixture of acids A and B. Acids C and D gave the same products as 
acids A and B. 

The acids A, B, C, and D were then separated by chromatography on thick 

paper with solvent D. As the zones moved closely together, they were detected by 
dipping the chromatograms (after careful drying to remove all of the acetic and formic 
acids) in a mixed-indicator system containing Thymol Blue (50 mg), Methyl Red 
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(250 mg), and Bromothymol Blue (600 mg) in ethanol (1 litre), to which N sodium 
hydroxide solution had been added until the colour became blue—green; acidic sugars 
appeared as red spots on a yellow—green background. The sugar acids were eluted 
from the paper with water, and the aqueous solutions (at mildly acidic pH) were ex-
tracted with chloroform to remove the indicators. 

Acid A {R 6a1  0.26 (solvent D), []D 	3° (c 2.5)} was chromatographically 
identical with authentic 6-0-JJ-D-glucopyranosyluronic acid)-D-galactose in solvents 
D and E. Formaldehyde was not evolved on attempted periodate oxidation. A portion 
(200 mg) of the acid was methylated by four additions of the Haworth reagents, the 
methylated sugars were extracted with chloroform, the extract was concentrated, and 
the residue was hydrolysed. Paper chromatography (solvents A and E) revealed the 
presence of 2,3 ,4-tri- O-methyl-D-glucuronic acid and 2,3,4-tn- O-methyl-D-galactose. 
The uroriic acid had already been characterised in the unmethylated, acidic disacchar-
ide, and was not investigated further. The 2,3,4-tri-0-methyl-D-galactose (80 mg) was 
isolated by chromatography on thick paper (solvent A), and had R G  0.63 (solvent A); 

[a]D 
+ 1100 (c 1.0); the aniline derivative had m.p. 168°. 

Acid B {R G(I , 0.32 (solvent D), []D 
+ 1010 (c 0.2)} was chromatographically 

identical with authentic 4-0-(-D-glucopyranosyluronic acid)-D-galactose in solvents 
D and E. Hydrolysis gave only galactose and glucuronic acid; periodate oxidation at 
pH 8 for 24 h gave formaldehyde. A portion (150 mg) of the acid was methylated as - 
described for acid A, and the methyl glycosides produced on methanolysis of the 
product had the same retention times in g.l.c. as the glycosides of 2,3,4-tri-0-methyl-
D-glucuronic acid and 2,3,6-tri-0-methyl-D-galactose. The latter compound was 
isolated by chromatography on thick paper with solvent A (yield, 50 mg; R6  0.70 
(solvent A); []D  +84°  (c 0.5)}; the product was oxidised with bromine to give 2,3,6-
tn- O-methyl-D-galactonolactone, m . p. 96°. 

Acid C {R GO , 0.60 (solvent D); []D  +4°  (c 0.2)} was chromatographically 
identical with authentic 6- O-(4- O-methyl--D-glucopyranosyluronic acid)-D-galactose 
in solvents D and E. Hydrolysis gave Ca. equal amounts of 4-0-methylglucuronic acid 
and galactose. Formaldehyde was not produced on attempted oxidation with peniodate. 
A portion (200 mg) of the acid was methylated and then hydrolysed, and the resulting 
methylated sugars were the same as those given by acid A. The 2,3,4-tri-0-methyl-D-
galactose was characterised as 2,3,4-tri-0-methyl-N-phenyl-D-galactosylamine, 
m.p. 164°. 

Acid D (R6.1 0.69 (solvent D), {oJD  +95°  (c 0.1)} was chromatographically 
identical with authentic 4- O-(4- O-methyl--D-glucopyranosyluronic acid)-D-galact-
ose. Hydrolysis gave Ca. equal amounts of galactose and 4-0-methylglucuronic 
acid. Formaldehyde was released on periodate oxidation. A portion (120 mg) of the 
acid was methylated, and the methyl glycosides produced on methanolysis of the 
product were the same as those given by acid B; the 2,3,6-tri-0-methyl-D-galactose 
was characterised as 2,3,6-tri-0-methyl-D-galactonolactone, m.p. 94°. 

Identification of the aldobiouronic acids in other Acacia species. - Each of the 
remaining seventeen species of Acacia gum was subjected to partial hydrolysis (N sul- 
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phuric acid, 1000,  8 Ii), and the hydrolysates were examined by paper chromatography 
in solvents D and E, with acids A-D as reference standards. The results are given below. 

Specific rotations of the Acacia species containing aldohiouronic acids A, B, C, and 
D. - A. adansoniana (+ 830); A. arabica (+ 100 -'); A. drepanolobium (+ 75 ° ); A .fistula 
(+610); A. inultijuga (+40° ); A. nilotica (+ 108); A. seyal(+58 °); A tortilis (+96°); 
and A. gira/fae (water-soluble portion, positive rotation). Independent investigations, 
carried out simultaneously with this study, have confirmed the results for A. nilotica 3 , 

A. arabicab,  A. drepanolohium 14, and A. seyal 15 . A. karroo (+54°) and A. nubica 
(+ 100°) gave isolable amounts of acids A and B, but only chromatographic traces of 
acids C and D; the methoxyl content of these species is low, and the proportions of 
acids C and D, if present, must be very small. c 

Specific rotations of the Acacia species containing aldobiouronic acids A and 
only. - A. campylacantha (-3°); A. dealbata (-25 °); A. laeta (-36°); A. mearnsii 
(-49°);A.melljfera(-51°);A.senegal(-31°); and A.pycnantha(-- 80;  thisspecies 

gave only a chromatographic trace of acid C). These conclusions have been verified 
independently for A. laeta 5  and A. senegal 4 . 

DISCUSSION 

The results in Tables 1 and II indicate that the methoxyl content in an Acacia 
gum polysaccharide is associated with the uronic acid residues, but is not present as 
methyl ester. Searches to date have failed to confirm the presence of any methylated 
sugars in the gums studied. 

The four aldobiouronic acids present in A. seyal gum are 6- 0-(fl-n-glucopyrano-
syluronic acid)- D-galacto se (A), 4- 0-(-n-g1ucopyranosyluronic acid)- D-gal actose (B), 
6-0-(4-0-methyl-fl-D-glucopyranosyluronic acid)-n-galactose (C), and 4-0-(4-0-
methyl--D-gIucopyranosy1uronic acid)-n-galactose (D). These acids have been used 
as reference standards in a chromatographic examination of the aldobiouronic acids 
in seventeen further Acacia species of gum. 

Of the species studied to date, those having positive specific rotations contain the 
four aldobiouronic acids (A-D); the exceptions are A. karroo and A. nubica gums, 
which have low methoxyl contents and consequently small proportions (if any) of the 
4-0-methyl acids C and D. The Acacia species having negative specific rotations 
contain only aldobiouronic acids (A and C) that have fl-D linkages; the presence of 
acid C in A.pycnantha gum is doubtful, however, since this species has alow methoxyl 
content. 

From the species studied to date, it therefore appears that, provided the species 
in question has a significant methoxyl content, Acacia gums having positive specific 
rotations contain aldobiouronic acids A-D, whereas Acacia species having negative 
specific rotations contain only acids A and C. 

The uronic acid content of the majority of Acacia gums is only of the order of 
10%, and it is therefore unlikely that the presence of the aldohiouronic acids having 
-D linkages (acids B and D) is alone sufficient to convert a negative rotation into a 
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strongly positive one. The explanation is more likely to be found in fundamental 
structural differences involving the arabinose side-chains and/or the branched frame-
work of galactose residues. 
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ABSTRACT 

The polysaccharide exuded by Acacia nubica trees has a high, positive specific 
rotation, has low methoxyl and L-rhamnose contents, and contains D-galactose, 
L-arahinose, and D-glucuronic acid, which is present in two aldobiouronic acids, 
6- O-(JJ-D-glucopyranosyl u ronic acid)-n-galactose and 4- O-(a-n-glucopyraiiosyl uronic 
acid-D-galactose. Autohydrolysis experiments gave 3- O -fl- L-arabinofuranosyl-L-
arabinose, 3- O-fJ-L-arabinopyranosyl-L-arabinose, fl-(I - 3)- linked- L-arabinose tn-
saccharides, and a degraded gum A of molecular weight 5,730, which was studied 
by linkage and methylation analysis. Partial hydrolysis with acid gave 3-0-fl-D-
galactopyranosyl-r-galactose and 6-0-f]- D-gal act opyranosyl-D-galactose. An examin-
ation of the 0-methyl derivative of degraded gum A gave 2,3,4,6-tetra-. 2,3,4-, 2,3,6-, 
and 2,4,6-tn-, and 2,4-di-0-methyl-D-galactose; 2,3,4-tn- O- methyl -L-arabinose; 
and 2,3,4-tri-0-methyl-D-glucuronic acid. Degraded gum A was subjected to a 
Smith degradation, and the product was examined by linkage and methylation 
analysis. 

The 0-methyl derivative of the whole gum gave 2,3,4- and 2,3,5-tn-, and 2,5-
and 3,5-di-O-methyl-t.-arahi nose; 2,3,4,6-tetra-, 2,4,6-, 2,3,6-, and 2,3,4-tn-, 2,6-
and 2,4-di-, and 2- O-methyl-D-galactose; and 2,3,4-tri-0-methyl-o-glucuronic acid. 
The whole gum was subjected to five successive Smith-degradations, and the Smith-
degraded polysaccharides S1—S5 were each examined by linkage and methylation 
analysis. 

The structural evidence suggests that A. nubica gum molecules possess highly 
branched D-galactan frameworks, to which are attached D-glucuronic acid residues 
and L-arabinose-containing side-chains, some of which are at least six units long. 
The gum contains the largest proportion of L-arabinose in any of the Acacia gum 
exudates studied to date. 

INTRODUCTION 

In a preliminary study of the gum exudates from several Acacia species, Acacia 

*For  Part XXVI, see Ref. I. 
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nubica Benth. was found' to differ in several interesting respects from the Acacia 
species studied previously. Thus, A. ,iubica gum gave a high, positive specific rotation 
(+ 1000) ,  very low methoxyl and rhamnose contents, and the highest arabinose content 
of any Acacia species examined to date. A structural study of the gum from A. nubica 
was therefore undertaken, since these analytical parameters indicated that the gum 
might provide an example of one extreme structure-type within the genus Acacia. 
Recent studies1 ' have indicated that structural variations between gums of different 
Acacia species are more pronounced than was at one time supposed. 

RESULTS 

The crude gum from Acacia nubica is dextrorotatory ([] + 1000) and is 
composed (see Table I) of D-galactose, L-arabinose, D-glucuronic acid, and L-rhamnose 
in the proportions 33:59:7:1. There is a very small methoxyl content (0.05-0,1% for 

TABLE I 

ANALYTICAL DATAa  FOR THREE SAMPLES OF Acacia nubiea GUM 

Sample A 

Crude 	Purified 

Sample B 

('rude 	Purified 

Sample C 

Crude 	Purified 

Moisture,% 10.4 5.2 11.1 5.0 9.2 5.1 

Ash, °/o 1.54 0.02 1.52 0.01 1.54 0.01 

Nitrogen, % 0.20 0.21 0.23 0.21 0.21 0.16 

Uronic anhydride, %5 6.4 7.3 7.5 7.6 7.6 7.2 

Cold-water insoluble, % 1.4 -- 1.5 1.9 - 
p1-I, 3% solution 4.70 2.5 4.74 - 4.85 

Free, titratable acidityc 0.49 - 0.64 - 0.60 - 
(]O((. 30) +98 +101 +100 +100 -1-99 +100 
Methoxyl, %b - 005 - 0.05 - 0.06 

Li-Galactose, % 33 29 - 28 28 

L-Arabinose, % 59 61  64 64 

L-Rhamnose. °A 5  I 0 -- trace trace 

cAll data corrected to dry-weight basis. 6 By vapour-phase infrared methods. CAS  ml of0.02N NaOH 

per 10 ml of 3% solution. 

different specimens), and a small proportion (0.3%) of the uronic acid is probably 
present as 4-0-methyl-n-glucuronic acid. The gum contains nitrogenous material 
(N, 0.21%)  of which some, at least, was shown to be proteinaceous. The crude gum 
gave a positive test for peroxidase. Paper-chromatographic examination of a solution 
of crude gum showed that material of low molecular weight was present; after isolation 
by dialysis, it was shown that free arabinose, galactose, rhamnose, and 3-0-fl-i-
arabinopyranosyl-L-arabinose were present. The proportion of rhamnose appeared 
(visual examination of chromatograms) to be greater than that obtained on complete 
hydrolysis of the purified gum polysaccharide. 
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Autohydrolysis experiments. - Reasonably complete autohydrolysis of the 
gum (5% solution) required 120h at 98° [cf., autohydrolysis of A. senegal gum 
(uronic acid, 16%) which requires only 50 h at 98]. During aiitohydrolysis, the pH 
decreased from 2.5 to 1.9, and the specific rotation increased from +100 to + 108° 
(24 h) and then decreased to + 87 °  (144 h) as shown in Table II, which also indicates 
the nature of the reducing sugars liberated. Three arabinose oligomers were detected: 
3- O-fl- L-arabinopyranosyl - L-arahinose (X),3- O-/J-L-arabinofuranosyl-L-arabinose ( Y), 
and a trisaccharide (Z), identified tentatively as 0-fJ-L-arabinopyranosyl-(1 - 3)-
0-/i-L-arabinofuranosyl-( 1 - 3)-L-arabi nose. Disaccharide X has been detected 
previously in several Acacia gums, and disaccharide Y has been detected in the gums 
from A. pycnantha and A. senegal; trisaccharide Z has not been reported previously. 
The disaccharide, 3- O--D-galactopyranosyl-L-arabinose, was not detected; it has 
been reported to be present in the gums from A. senegal, A. cyanophylla, and A. karroo. 

Degraded gum A, isolated after autohydrolysis (yield 24%; methoxyl, 0.1%; 
E]D +44°), contained glucuronic acid (12%), galactose (83%), and arabinose (5%); 
its reducing end-group was shown to be a galactose unit, and its degree of poly-
merisation' was found to be 33 (M = 5,730). This value must be compared with the 
value of 4,800 obtained for a sample of A. senegal gum degraded by autohydrolysis 5 . 

Mild hydrolysis of degraded gum A gave 3-0-fl-D-galactopyranosyl-D-galactose, 
6-0--D-galactopyranosy1-D-galactose, the fl-D-(] -+ 3)- and fl-D-(l -* 6)-linked 
galactose trisaccharides, and a fraction which was probably a mixture of tn- and 
tetra-saccharides. The fl-D-(l - 3)-linked trisaccharide has been detected in A. senegal 
gum, but this is the first report of the /J-D-(l - 6)-linked trisaccharide in an Acacia 
gum. In contrast to A. senegal gum, the A. nubica degraded gum A gave more of the 
fl-D-(1 -+ 6)- than of the /J-o-(l -+ 3)-linked disaccharides. 

Graded hydrolysis experiments. - Hydrolysis of the whole gum (N-sulphuric 
acid, 1000, 8 h), followed by cellulose-column chromatography, gave L-Ihamnose, 
L-arabinose, D-galactose, D-glucurono-6,3-lactone, and 4- O-methylglucuronic acid. 
The aldobiouronic acids were shown to be 6-0-(fl-D-glucopyranosyluronic acid)-
D-galactose and (in minor proportion) 4-0-(cz-D-glucopyranosyluronic acid)-D-
galactose. 

Methylation studies. - Degraded gum A was methylated 6  by the sodium 
hydride-methyl iodide-methyl suiphoxide system, and cellulose-column chromato- 
graphy of the methylated products showed the presence of 2,3,4,6- tetra- O-methyl- 
D-galactose; 2,3,4-tn- O-methyl-L-arabinose; 2,3,4-, 2,4,6-, and 2,3,6-tn- 0-methyl- 
D-galactose; 2,4-di- O-methyl-D-galactose; and 2,3,4-tn- O-methyl-D-glucuronic acid. 

After methylation 6  of the whole gum, cellulose-column chromatography 
showed the presence of 2,3,5-tn- O-methyl-L-arabinose; 2,3,4,6-tetra- O-methyl-D- 
galactose; 2,5- and 3,5-di- O-m ethyl -L-arabinose; 2,3,4-tn- O-methyl-L-arabinose; 
2,3,4-, 2,4,6-, and 2,3,6-tn- O-methyl-D-galactose; 2,6- and 2-4-di- O-methyl-D- 
galactose; 2- O-methyl-D-galactose; and 2,3,4-tn- O-methyl-D-glucuronic acid. About 
50% of the arabinose was present as 2,3,5-tri-0-methyl-L-arabinose, with a major 
proportion of di- O-methyl-L-arabinose, and a small proportion of 2,3,4-tn- 0-methyl- 
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TABLE II 

THE CHANGES OCCURRING ON AUTOHYDROLYSIS 

. 	Period of 	 )r 	p/-I 	RecIucin 
auto/n drolvsis (I?) 	 sug ars" 

0 +I00 2.5 - - - - - - 
o 104 2.3 10.1 ++ - + - - - 
2 +105 2.2 16.4 +++ - + - - - 

24 + 108 2.2 27.7 + 4- + trace + trace - 
48 +98 2.1 46.2 ++± + + + - - 
72 +90 2.1 55.8 + ++ + ± + trace - 
96 ± 89 2.0 63.7 + + ± + ± + + trace 

120 +88 1.9 65.2 + + + + + trace + + trace 

144 +87 1.9 65.9 ±++ +4- trace +± + + 
177 - - - +++ ++ trace ++ + + 

'Expressed as mg of free arabinosc per ml. 'Chromatographic solvent (h): aniline oxalate spray. cOligomers,  pink streak Rci-0.4 to0.65 

"R1,1 0.79: 3-0-/-L-arabinopyranosyl-L-arabjnose. 	Rcz, 0.32. fRc,, 047. z 
M 
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i-arabinose. The di-O-methylarabinose fraction consisted of 2,5-di-0-methyl-L-
arabinose (one part) and the less-common 3,5-di-O- methyl- L-arabinose (four parts). 
L-Arahinofuranosyl-(l - 2)-L-arabinose units must therefore be present in the gum, 
and arabinopyranose units appear to occur only as non-reducing end-groups. The 
major galactose-containing fraction from the methylated whole gum (about 60% of 
the total galactose) was present as a mixture of 2,4,6-tri-O-methyl-D-galactose 
(5 parts), 2,3,4-tn- (one part), and 2,3.6-tri-0-methyl-D-galactose (trace). Most of the 
remaining galactose occurred as 2,4-di-0-methyl-D-galactose, with relatively little 
2,3.4,6-tetra- O- met hyl-D-galactose, 2,6-di-0-methyl-o-galactose, or 2-0-methyl-D-
galactose. Under- methylation of 0-4 of galactose units has been reported 5  in A. senegal 

gum; the occurrence of 2,6-di- and 2-0-methylgalactose in A. nubica gum may also 
arise from under-methylation. The acidic residues in the gum are present as end 
groups. When the methylation results are compared, the most striking feature is the 
very small proportion of galactopyranose end-groups in the whole gum, when com-
pared with the degraded gum. The whole gum contains proportionately more 2,4,6-
tri-0-methyl-D-galactose and 2,4-di-O-m ethyl- D-galactose. It therefore appears that 
the point of attachment of the arabinose-containing units in the whole gum is to 
C-3 of (I - 6)-linked galactose units and otherwise unsubstituted galactose units. 
Some arabinose may he linked to C-6 of galactose residues, but this cannot occur to 
any great extent as the most abundant, methylated galactose from the methylated 
whole gum would then be 2,3,4-tri-0-methyl-D-galactose. 

Smith degradations. - Five successive Smith-degradations were carried out on 
the whole gum, and the five degraded polysaccharides (Si—S5) isolated were examined 
by hydrolysis and methylation. Every stage of the sequence of Smith degradations 
gave the same methylated sugars, iL-., 2,3,5-tri-0-methyl-i-arabinose; 2.5- and 
3,5-di-O-methyl-L-arabinose; 2,3,4,6-tetra-0-methyl-D-galactose; 2,3,4- and 2,4,6-
tn- O-methyl-D-galactose; and 2,4-di- O-methyl-D-ga]actose. Although it is unlikely 
that complete reaction is obtained at each stage of such a sequence of Smith degra-
dations, the following conclusions appear to be reasonable. (a) Product Si did not 
contain rhamnose. glucuronic acid, or arabinopyranose units. This confirms the 
evidence from the methylation study, which indicated that acidic and arabinopyranose 
units are present exclusively as end groups. The rhamnose residues are oxidised by 
periodate and are probably present in peripheral, end-group positions. (h) Only the 
first Smith-degradation gave ethylene glycol and threitol as low molecular-weight 
products. Thus, all of the arabinopyranose end-groups, and oxidisable galactose 
residues linked through C-4, are eliminated at the first stage, (c) Yields from the 
degradations were low at every stage, compared with the yields obtained' in a study 
of A. senegal gum. This indicates a higher proportion of end groups in A. nuhica and 
suggests a higher degree of branching than in A. senegal, which is itself extensively 
branched'. (d) Arabinose was the major sugar present in all the Smith-degraded 
polysaccharides Si—S5: this suggests that most of the arabinose-containing side-
chains are at least 6 arabinose residues in length, and some may be considerably 
longer. 
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DISCUSSION 

The core of A. nul,ica gum appears to be a highly branched galactan framework; 
some branches are terminated by D-glucuronlc acid (and a very small proportion of 
its 4-0-methyl derivative) linked mainly fl-(I 6) to D-galactose, but with some 

-+ 4) links also. The only linkages detected between the D-galactose residues 
were f1-(l - 3)- and /]-(l -* 6), with the latter type preponderating. Blocks of three 
contiguous /3-(l - 6)-linked D-galactose residues occur. There is no evidence for 
a "backbone" of (I - 3)-linked D-galactose residues; this is at variance with early 
studies of Acacia gum exudates, but is in agreement with recent investigations of 
gums from A. senegal 5  and A. arabica3 . 

Chains of L-arahinose residues are attached to the branched galactan frame-
work, mainly at C-3 of the D-galactose residues; the i-arabinose chains are, on 
average, at least six units long, and some are terminated by L-arabinofuranose and 
L-arabinopyranose residues linked fl-(l - 3) to L-arabiflOse. The chains contain only 
(1 - 2)-linked i-arabinofuranose residues, with a smaller proportion of (I - 3)-
linkages. It is not known whether chains occur which are exclusively (I - 2)- or 
(1 - 3)-linked, or whether both types of linkage occur in one chain. 

A. nubica and A. arahica3  exudates are the first strongly dextrorotatory Acacia 
gums to be studied structurally, and it is of interest to consider the nature of the major 
structural differences between these species and the Acacia species that give laevo-
rotatory gums, e.g., A. senega1 5 . Although the (I - 4)-linked aldohiouronic acid 
present has a high positive rotation, it is not sufficiently abundant to make a decisive 
contribution to the overall rotation. Indeed, when the (I -+ 4)-aldobiouronic acid 
linkage was destroyed by periodate oxidation, the residual polysaccharide was even 
more strongly dextrorotatory, and this effect persisted for Smith-degradation products 
S2 and S3. The origin of the highly positive rotation is clearly a deep-seated feature 
of the gum molecule. 

A. nubica gum resembles other Acacia gums in giving a degraded gum consisting 
mainly of D-galactose residues linked fl-(l - 3) and fl-(l - 6). Unlike the gums from 
A. senegal 5  and A. pycnantha 7 , fl-D-(l - 6)-linkages preponderate in A. nubica gum. 
It has been deduced 5  that A. senegal gum has a branched, tree-like core of o-galactose 
residues; there is evidence that the core of A. nubica gum is even more highly branched. 
As in A. senegal 5  gum, the L-arabinose chains are attached to C-3 of D-galactose; 
in A. pycnantlza 7 , they are attached to C-6 of D-galactose, and in A. seyal 8  they are 
attached to both C-3 and C-6 of D-galactose. The L-arahinOSe chains in .4. nubica 
gum are much longer, however, than in A. senegal 5  gum (where four Smith-degra-
dations eliminated all of the L-arabinose). The L-arabinose chains also differ in the 
respect that they consist largely of (I - 2)-linked i-arahinofuranose units. Until 
recently, 3,5-di-0-methyl-L-arahinose had been reported to occur in only one species, 
A. pycnantha 7  , but from studies carried out at the same time as this work', this sugar 
is now known to occur in A. arabica gum', and also in gums from several other Acacia 
species' ° . 
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It therefore appears that A. nubica gum has a markedly different structure to 
that of A. Senegal gum. It is not known whether A. nubica and A. arabica are typical 
of the dextrorotatory species that have low contents of L-rhamnose, or whether 
A. senegal is typical of the laevorotatory species that have relatively high contents 
Of L-rhamnose; further studies of a wider range of Acacia gum exudates are required. 

EXPERIMENTAL 

The standard analytical methods have been described 5t1 . Paper chromato-
graphy was carried out on Whatman No. I and 3MM papers with the following 
solvent systems (v/v): (a) butyl alcohol-ethanol-water (4:1:5, upper layer); (h) butyl 
alcohol-pyridine-water--benzene (5:3:3: 1, upper layer); (c) ethyl acetate-pyridine-
water (10:4:3); (d) ethyl acetate-acetic acid-formic acid-water (18:3:1:4); (e) ethyl 
acetate-acetic acid-formic acid-water (18:8:3:9); (f) butyl alcohol-acetic acid-water 
(4:1:5, upper layer); (g) acetone-ethanol--propan-2-ol-borate buffer (0.05M, p1-I 10) 
(3:1:1:2); (h) butanone-acetic acid-water, saturated with boric acid (9:1:1); (i) butan-
one-water-conc. ammonia (200:17:1). RGOI values refer to distances moved relative 
to galactose; R G  values of 0-methyl sugars refer to distances moved relative to 2,3,4,6-  
tetra- O-methyl-D-glucose. Zone electrophoresis of sugars on Whatman No. I paper 
was carried out in 0.05m borate buffer (pH 10); MG values refer to the true migration 
of the sugar relative to that of glucose. G.l.c. [chromatograph Type S3A, fitted with 
flame-ionisation detectors (Gas Chromatography Ltd.)] of mixtures of 0-methyl 
sugars was carried out at nitrogen flow-rates of Ca. 100 nil/min on columns of 15% 
by weight of poly(butane-1,4-diol succinate) on 60-70 mesh Celite (5 ft xO.25 in) 
at 175°, and (ii) 15% by weight of poly(ethylene glycol adipate) on 60-70 mesh 
Celite (3 ft xO.25 in) at 160°. Retention times (T) are quoted relative to that of 
methyl 2,3,4,6-tetra- O-methyl-/J-o-glucopyranoside. Unless otherwise stated, methyl-
ations were carried out by the sodium hydride-methyl iodide-methyl sulphoxide 
system6 . 

Origins of specimens. - Three samples of the exudate from A. nubica Benth. 
were available; they were collected by (the late) M.P. Vidal-Hall, formerly Gum 
Research Officer, El Obeid, from a single tree at Goz el Ganzara, Kordofan Province, 
Republic of the Sudan, on 15 December 1962 (sample A), 30 December 1962 (sample B), 
and 25 January 1963 (sample C). 

Analytical data for the crude samples. - The results of analyses of samples 
A, B. and C are shown in Table I. 

Purification and analysis of the purified gum. - Aqueous solutions of samples 
A, B, and C were filtered, dialysed, and then exhaustively electrodialysed. The 
results of analyses are shown in Table 1. All further studies were made on Sample A. 

Separation and characterisation of neutral sugars. - A series of experiments 
established that hydrolysis with N sulphuric acid for 8 h at 100° cleaved all glycosidic 
linkages (excepting those of aldobiouronic acids), without causing significant degrad- 
ation of the sugars released. Gum sample A (5 g) was hydrolysed, and the hydrolysate 
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was neutralised (BaCO 3 ), deionised [IR-l20(H ) resin], and concentrated to a syrup 

that was applied to a cellulose column (60 x4 cm), which was then developed with 

solvent (b). Fractions (25 nil) were collected: arabinose first appeared in tube 50. 

Fraction I: the contents of tubes II to 47 were combined and evaporated to a syrup 

(15 mg). Chromatography [solvents (a), (h), (c). and (d)] revealed the presence of 

rhamnose. The syrup was taken up in ethanol—water. On standing. crystals were 

obtained: these gave an X-ray diffractogram identical to that of authentic rhamnose. 

Fraction 2 had m.p. 15K, []° + 105° (c 0.5, water), and was identical chromato-

graphically to L-arahinose in solvents (a), (b), and (c). The sugar was characterised 

as its phenylosazone, m.p. 163-164: the X-ray diffractogram was identical to that 

of authentic L-arabinose. Fraction 3 had m.p. 171 , [ 1 0 
 + 81 (c 0.5, water) and was 

identical chromatographically to D-galactose in solvents (a). (h), and (c). This sugar 

was characterised as its phenylosazone, m.p. 200; the X-ray difl'ractogram was 

identical to that of authentic D-galactose. 

Separation and characterisation of acidic stqars. - The acidic sugars, virtually 

immobile in solvent (b), were eluted with water from the cellulose column described 

above, and isolated as a syrup (600 mg): chromatography [solvents (I,) and (d)] 
revealed the presence of galactose, glucuronic acid, and glucurono-6,3-lactone. The 

syrup (200 mg) was hydrolysed with sulphuric acid (2N, 100°, 8 h), and the neutralised 

hydrolysate (BaCO 1 ) was filtered and deionised. The products were separated into 

neutral and acidic components on a column (40x3 cm) of Duolite A4 resin. The 

neutral sugars, with traces of glucurono-6,3-lactone, were eluted with water and not 

investigated further. The acidic fractions were eluted with formic acid (5%), and 

isolated as a syrup (95 mg) that was chromatographed [solvent (d)] on thick paper: 

five fractions were obtained. Fraction / was D-glucurono-6,3-lactone, R GOI  3.49, 

[]D + 19 °  (c 2.0, water); re-crystallisation from water gave crystals, m.p. and mixed 

m.p. 177°. Fraction 2 (3 mg) was syrupy 4-0-methyl-n-glucuronic acid, RGaI  2.58. 

[I + 33° (c 0. 1, water), and was chromatographically identical to authentic material 

[solvents (d) and (e)]. Reduction (borohydride) of the methyl ester methyl glycoside 

gave a trace of material that was chromatographically identical [solvent (a)] to 4-0-
methyl-D-glucose. Fraction 3 was chromatographically identical to D-glucuronic acid, 

in solvents (d) and (c), and since glucurono-6,3-lactone had been characterised from 

Fraction I, this material was not examined further. Fraction 4 was chromatographi-

cally identical to D-galactose in solvents (a). (b). and (c). Fraction 5 consisted of a 

trace of unhydrolysed aldobiouronic acid, R61  0.23, identical chromatographically 

in solvent (d) to 6- O- ( fl- D-glucopyranosyluronic acid)- D-gal act ose. 
The aldohiouronic acids. - The aldobiouronic acid fraction was obtained by 

partial hydrolysis of the gum with N sulphuric acid for 8 h. The reaction product was 

neutralised (BaCO 3 ), filtered, concentrated to a syrup, and added to ethanol. The 

precipitated bariurn aldohiouronates were removed at the centrifuge, deionised, and 

purified by paper chromatography on thick paper [solvent (d)]. Traces of material 

[R ai  0.61, solvent (ci)] could not be isolated in sufficient quantity for characterisation. 

The major component was a syrup [RGaI  0.28, solvent (ci)], []D+  II (c 0.5, water). 
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Since this did not correspond to any of the aldobiouronic acids commonly found' 
in the Acacia group, the product was re-examined; prolonged paper chromatography 
[solvent (d)] resolved two components having RG0,  0.26 (major) and R (, 11  0.32 (minor 
component). The syrupy major component was chromatographically identical to 
authentic 6-0-(fl-D-glucopyranosyluronic acid)- D-gal actose, and had [] —4' (c 1.0, 
water); the minor component was identical chromatographically to 4-0-(-13-
glucopyranosyluronic acid)-D-galactose, []D  +87 (c I .0, water). These two aldo-
biouronic acids were then rigorously characterised by the same sequences of reactions 
already described' for the identification of the aldobiouronic acids in A. seyal gum. 

Autohvdroiysis e.vperiments. - Solutions (5%) of purified samples A and B were 
heated at 98 : portions (5 ml) were withdrawn at various intervals and analysed. The 
results for solution A are shown in Table II; solution B gave virtually identical results. 

Degraded gum A was obtained by autohydrolysis of a solution of sample A 
(29.14 g in 600 ml of water) for 10011 at 98°. The solution was cooled, filtered, and 
dialysed against distilled water for 5 days: the dialysates were concentrated, and 
retained for further study. The solution of degraded gum A was freeze-dried (yield, 
dry weight basis, 24.5%); +44°  (c 1.9, water); methoxyl, 0.10; uronic acid, 12; 
galactose. 83; arabinose, 5%. 

Examination of degraded gum A. - Degraded gum A was hydrolysed at 100' 
in sulphuric acid (0.5N); aliquots were removed at 0.5, I, 1.5, 2, 3,4, and 5 h, neutral-
ised, and examined chromatographically in solvents (a) and (b). The yield of disacchar-
ides, estimated visually, was greatest after I h. Accordingly, degraded gum A (1.793 g) 
was dissolved in sulphuric acid (0.5N, 100 ml) and hydrolysed for I h. The solution 
was neutralised, filtered, concentrated, and examined by paper chromatography 
in solvents (a), (b), and (c). Five fractions were obtained. Fraction 1, R(, 0  0.54 [solvent 

(a)], 0.47 (b), 0.51 (c), was chromatographically identical to 3-0-/3-D-galactopyranosyl-
D-galactose. Crystallisation from acetone—water gave a product having []D  +61° 
(c 1.1, water); nip. and mixed m.p. 161°. Fraction 2, R0a 1 0.36 (a), 0.31 (b), and 
0.44 (c), did not crystallise; it had []7  +33 °  (c 0. 12, water), and the phenylosazone 
had m.p. 198-199 ° . The fraction was chromatographically identical to 6-0-/3-D-
galactopyranosyl-L)-galactose; it was methylated', and, after methanolysis, the methyl 
glycosides of 2,3,4,6- tetra- O- met hyl-D-galactose [T = 1.67 (i); 1.66 (ii)]; 2,3,4-tri-0-
methyl-D-gaiactose [T = 5.06 (i); 6.22 (ii)]; and 2,3,5-tri-0-methyl-D-galactose 
[T = 3.16, 4.12 (i); 3.92, 5.30 (ii)] were identified by g.l.c. Fraction 2 was about three 
times more abundant than Fraction I. Fraction 3, RG a I 0.22, (a) and (b), present in 
trace amount only, was chromatographically identical to 0-f3-D-galactopyranosyl-
[I -* 3)-O-/?-D-galactopyranosyl-(l -* 3)-D-galactose, with a degree of polymer-
isation' 2  = 2.91. Partial hydrolysis gave only galactose and 3- O-/i-D-galactopyranosyl-
D-galactose. Fraction 4, RG O,O.l4 (a), 0.16 (b); degree of polymerisation 12  2.80; was 
a syrup having [] + 18° (c 0. 11, water). Partial hydrolysis with acid gave galactose 
and 6-0-fl-D-galactopyranosyf-D-galactose. After methylation 6  and methanolysis, 
the methyl glycosides of 2,3,4,6-tetra-0-methyl-D-galactose, and 2,3,4- and 2,3,5-
tri-0-methyl-D-galactose, were identified by g.l.c. The mixture of methyl glycosides 
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was hydrolysed, and double development of the resulting sugars in solvent (i) gave 
spots corresponding to 2,3.4,6-tetra- 0-methyl-i-galactose and 2,3,4-tn- 0-methyl-D-
galactose. It was concluded that the tnisaccharide was 0-f3-D-galactopyranosyl-
(1 -, 6)-O-/3-D-galactopyranosyl-(l - 6)-r-galactose. Fraction 5 had RG U , 0.08 (a), 
0.09 (b); degree of polymerisation' 2  = 3.6. Partial hydrolysis by acid, with and 
without prior reduction of the reducing end-group, showed the presence of 3-0-fl-D-
galactopyranosyl- o-galactose and 6- 0-fl- D-galactopyranosyl-D-galactose. It was 
concluded that this fraction was a mixture of tetra- and tn-saccharides. 

Degraded gum A (415 mg) was dissolved in water (100 ml), and sodium boro-
hydride (400 mg) was added. After 1 day, further sodium borohydride (100 mg) 
was added. After dialysis, the reduced, degraded gum was freeze-dried; yield, 91%. 
A portion of the reduced, degraded gum was hydrolysed (N sulphuric acid, 100°, 7 h). 
After neutralisation and concentration, chromatographic analysis (solvent h) showed 
galactose, traces of arabinose, and galactitol. A portion of the reduced, degraded 
gum (200 mg) was hydrolysed, neutralised, filtered, deionised, and concentrated to 
Ca. 25 ml. The solution was made 0.IN with respect to ammonia, and IRA-400 
resin (01-1 - ) was added". The solution was heated (100 ° , 6 h), cooled, filtered, and 
taken to dryness. Paper chromatography [solvent (b)] of a solution of the residue 
revealed galactitol and immobile material. With solvent (d), galactitol and slow-
moving material were found: galactose was not detected with either solvent. On 
evaporation, a semi-crystalline mass was obtained; this was treated with acetic 
anhydride containing a trace of sulphuric acid. After 24 h, water was added; hexa-O-
acetylgalactitol (6 rug) was precipitated, and recrystallisation from ethanol gave 
crystals, m.p. 168°. 

Molecular weight of degraded gum A. - Reduced, degraded gum A (41.83 mg) 
was dissolved inp-hydroxyhenzaldehyde solution (0.1%, 10 ml), and degraded gum A 
(44.23 mg) was likewise dissolved. After complete oxidation with sodium meta-
periodate, 9.946 1ug of formaldehyde was liberated from each mg of the degraded gum, 
and 16.734ugImg was obtained from the reduced, degraded gum, corresponding to a 
molecular weight of 5,730 for the degraded gum A. 

Investigation of other autohydrolysis products. 	(a) Proteinaceous material. 
Filtration of the solution of autohydrolysed gum gave a brown residue which was 
suspended in hydrochloric acid (6N) and hydrolysed for 12 h (sealed tube). Con- 
centration under diminished pressure gave a brown syrup which was chrornatographed 
in solvent (a). On detection with ninhydrin, blue spots were revealed, indicative of 
the proteinaceous nature of the residue. (h) Carbohydrate material. The dialysate of 
the autohydrolysate contained arabinose and galactose (in the ratio 4:1), a mixture 
of oligosaccharides, and some 6- 0-(fi-D-glucopyranosyluronic acid)- D-galactose. 

The yield of arabinose oligomers was, however, very low, and attempts were 
made to improve the yield by carrying out the autohydrolysis in a dialysis sac so that 
material of low molecular weight was not, in turn, subjected to continued hydrolytic 
conditions. After trial kinetic experiments to establish the conditions that gave the 
maximum yield of oligosaccharides, a 5% solution of the purified whole gum was 
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autohydrolysed for 16 h at 950•  The dialysate was concentrated, and four fractions 
were obtained by chromatography in solvent (d). Fraction / was identical to arabinose 
in solvents (a), (b), (c), and (d), and was not examined further. Fraction 2; RGaI  1.23 (d), 

1.28 (b) (cf., L-arabinose, 1.39), 1.24 (e) (cf., L-arabinose, 1.38); was a syrup having 

[]D +88°  (c 0.1, water). Hydrolysis gave only arabinose, and the phenylosazone 
had m.p. 201-203°. It was suspected that this disaccharide was 3-0-fl-i-arabino-
furanosyl-i-arabinose (lit.'4. []D  +89° and +94°; phenylosazone, m.p. 200°). After 
methylation6  and methanolysis. the products were found (g.l.c.) to be the methyl 
glycosides of 2,3,5-tri-0-methyl-L-arabinose [T = 0.52, 0.67 (i); 0.54, 0.73 (ii)]; 
2,3,4-tri-0-methyl-L-arabinose (trace) [T = 0.82 (I); 0.96 (11)1; 2,5-di-0-methyl-L-
arahinose[T = 1.30, 2.23(i); 1.77, 3.16(u)]; and a trace of 2,4-di-O-methylarabinose 
[T = 1.47, 1.60 (1); 2.19, 2.29 (ii)]. Fraction 3 had RGOI 0.70 [solvent (d)], 0.88 (c), 
and was chromatographically identical to authentic 3- O-/3-L-arabinopyranosyl-L-
arabinose. Hydrolysis gave only arabinose, and the phenylosazone had m.p. 229-230 °  
and mixed m.p. 230 °  (with an authentic sample 14  of m.p. 233°). After methylation 6  
and methanolysis, the products were found (g.l.c.) to be the methyl glycosides of 
2,3,4-tri-0-methyl-L-arabinose [T = 0.83 (i); 0.98 (ii)]; 2,5-di-0-methyl-L-arabinose 
[T = 1.30, 2.21 (i); 1.78, 3.17 (ii)]; and a trace of 2,4-di-O-m ethyl- L-arabinose 
[T = 1.47, 1.61(i); 2.20, 2.28 (ii)]. Fraction 4 had R GaI 0.54 [solvent (d)], and hydrolysis 
gave only arabinose. Mild hydrolysis (sulphuric acid, 0.0 IN; 100°, 2 h), followed by 
neutralisation (Deacidite FF resin), gave arabinose and 3-0-fJ-i-arabinopyranosyl-
1-arabinose as the major products, with traces of 3-0-fl-L-arabinofuranosyl-i..- 
arahinose. Methylation 6 , methanolysis, and g.l.c. examination of the products showed 
the following glycosides to be present: 2,3,4- and 2,3,5(trace only)-tri-O-methyl-
arabinose; 2,5- and 2,4(trace only)-di-O-methylarabinose. This fraction was therefore 
identified as O-/J-L-arabinopyranosyl-(l -.. 3)- O-fl-L-arabinofuranosyl-( I - 3)-L-
arabinose, although the presence of the homologous fl-(l -+ 3)-linked L-arabino-
furanosyl trisaccharide cannot be excluded. 

Methylation studies. - The methylations of A. nubica gum and of degraded 
.4. nuhica gum A have been described'. 

Examination of methylated, degraded gum A. - The methylated, degraded 
gum had []D  +10° (cO.l, chloroform); methoxyl, 41.8%. Methanolysis, followed 
by g.1.c. examination of a portion of the mixture of methyl glycosides, gave the results 
shown in Table Ill. Hydrolysis of the major portion, with examination of the free 
0-methyl sugars by paper chromatography in solvents (a), (J), and (j), gave the 
results in Table III. The mixture of methylated sugars was then fractionated on a 
cellulose column [65 x 4 cm, solvent (a)]; when necessary, sub-fractions were obtained 
by thick-paper chromatography [solvent (j)]. When all of the neutral sugars had been 
eluted, acidic components were eluted with water. Fraction 1 (193 mg), which had 
Rai 0.91 [solvent (a)], []D + 111° (c 1.9, water), was chromatographically identical 
to 2,3.4,6- tetra- O-m ethyl- o-galactose in solvents (a), (f), and (j). It was characterised 
by conversion into 2,3,4,6- tetra- O-methyl-N-phenyl-D-galactosylamine, m.p. 195-196 °  
(from ethyl acetate). Fraction 2(12 mg), RG  0.84 [solvent (a)], was chromatographically 
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I TABLE Ill 

EXAMINA1ION OF METHANOLYSIS AND HYDROLYSIS PROI)U( IS FROM METHYLATED, DEGRADED GUM A 

Relative retention tunes (T) of 
	

0-Methy1 sugars identified 
methyl gl ycosides" 
	

R U  values in 

Column (i) 	 Culu,n,z (ii) 
	

Solvent (a) 	Solvent (f) 	Solvent (j) 

0.82 1.04 0.85 - 0.73 2,3,4-tri-O-methyl-t.-arabjnose 
.65 1.65 0.92 0.91 0.87 2,3,4,6-tetra-0-methyl-I)-gajactose 

2.03. 2.61 2.31, (2.89) 0.10 0.80 0 2,3,4-tri-0-methyl-o-glucuronic acid 
2.40, (2.93). (3.35) (2.89), (3.71), (4.8) 0.73 0.72 0.67 2,3,6-tri-0-methyl-D-galactose 
(2.93). (3.35) (3.71), (4.18) 0.73 0.72 0.56 2,4,6-tri-0-methyl-o-galactose 
4.99 6.39 0.73 0.72 0.51 2,3,4-tri-O-niethyl-u-galactose 
9.4, 10.7 14.6. 	16.4 0.49 0.50 0.21 2,4-di-O-methyl-o-galactose 

"Values in parentheses indicate incompletely resolved components, "Using double development. 	As methyl ester. 
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identical, in solvents (a) and (j) to 2,3,4-tri-O-methyl-L-arabinose. Fraction 3 (341 mg) 
was a mixture [solvent (j)] of 2,3,4-, 2,4,6-, and 2,3,6-tri-0-methyl-D-galactose. Since 
the 2,3,4- and 2,4,6-tn- O-nlethyl-D-galactose could not be separated satisfactorily, 
the procedure of Dutton and tJnrau 15  was applied to Fraction 3. As a result, galactitol, 
arabinitol, and threitol were obtained in the proportions 16:9:1, and hence the pro-
portions of 2,4,6-, 2,3,4-, and 2,3,6-tri-0-methyl-D-galactose must have been 11:7:1. 
Fraction 4 (266 mg). R G  0.48 [solvent (a)], []D  +84' (c2.5, water), was chromato-
graphically identical to 2,4-di-0-methyl-D-galactose in solvents (a) and (j). Demethyl-
ation gave D-galactose, and the sugar was characterised as 2,4-di-0-methyl-N-
phenyl-D-galactosylamine, m.p. 214-215'. (from ethyl acetate). Fraction 5 (130 mg), 

RG 0.80 [solvent (f)], [] + 55' (c 2.9, water), was identical chromatographically to 
2,3,4-tri-0-methyl-D-glucuronic acid in solvent (f). The methyl ester methyl glycoside 
was reduced (lithium aluminium hydride) to give 2,3,4-tri-O- met hyl-D-glucose, which 
was purified by thick-paper chromatography [solvent (a)]; yield, 52 mg. This sugar 
was characterised as 2,3,4-tn- 0-methyl- N-phenyl-o-glucosylamine, m p. 1470. 

E.ranzination of meihy/afeci, whole gum. - The methylated' gum (methoxyl, 
41.0%) was methanolysed, and g.I.c. examination of a portion of the mixture of 
methyl glycosides gave the results shown in Table IV. The major portion was 
hydrolysed, and the free 0-methyl sugars were examined by paper chromatography 
in solvent (a) (results in Table IV). The mixture of methylated sugars was then 
fractionated on a cellulose column (65 x4 cm); the initial eluant was light petroleum—
butyl alcohol (7:3), saturated with water. When most of the tri-O-methylgalactoses 
had been eluted, the eluant was changed to light petroleum—butyl alcohol (1:1), 
saturated with water. When necessary, sub-fractions were obtained by thick-paper 
chromatography in solvents (a) and (I). After the neutral sugars had been eluted 
from the column, the acidic components were eluted with water to gi\e the following 
fractions. Fraction I (942 mg, syrup) had []D - 29' (c I .0, water), and was identical 
chromatographically to 2,3,5-tn- O- methyl- L-arabinose. Demethylation gave arabi nose 
only. The sugar was characterised by conversion into 2,3,5-tri-O-methyl-L-arabinon-
amide, m.p. I36 (from ethyl acetate). Fraction 2(33 mg) had [] +110" (c 0.7, 
water), and was identical chromatographically to 2,3,4,6-tetra-0-methyl-D-galactose. 
The sugar was characterised by conversion into 2,3,4,6- tetra- O- methyl- N-phenyl-
D-galactosylanune, m.p. and mixed m.p. 195-196°. Fraction 3 (750 mg, syrup) was 
a mixture of 2,5- and 3,5-di- O-methyl-L-arabinose. Paper-electrophoretic examination 
(7.3 volts/cm, 0.6 mamps/cm, Whatman 3 MM paper, 6 h) in 0.05m borate buffer 
(pH 10) confirmed the presence of 2,5-(M,, 0.00) and 3,5-di-0-methylarabinose 

(M(;  0,70). Continuous electrophoresis on a paper curtain at 600 volts allowed the 
two components to be separated. the 3,5-di-O-methylarahinose migrating towards 
the anode as the borate complex. After elution of the sugars with water, the solutions 
were deionised and taken to dryness, and borate was removed by several distillations 
of l%  methanolic hydrogen chloride from the residue. The resulting methyl glycosides 
were hydrolysed to the free sugars as subfractions (a) and (b). Subfraction (a) (101 mg), 
[] —37' (cO.I0, water), had the same mobility as 2,5-di-0-mcthyl-L-arabinose, 
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01 TABLE IV 

EXAMINAFION OF METI-IANOLYSIS AND HYDROLYSIS PRODUCTS FROM METHYLATED A. nubica GUM 

Relative retention times (T) of,nethy/ gircosidesa 	 R0 value in 	Co/our with 	O-Methil sugars identified 

column (i) 	 Co/uiiiii (ii) 	 so/rent (a) 	 aniline oxalate 

0.51, 0.64 0.58,0.74 0.97 black 2,3,5-tri-O-methyl-L-arabinose 
(0.78) (1.03) 0.78 pink 2,3,4-tri-0-methyl-L-arabinose 
(0.78), (1.67) (1.03), (2.39) 0.81 dark brown 3,5-di-0-rnethyl-L-arabinose 

1.29. (2.14) 1.77, 3.16 0.84 black 25-di-O-methv1-L-arahinose 

(1.67) 1.66 0.91 red—brown 2,3,4,6-tetra-0-methvl-o-galactose 
(2.14). 2.65 (2.39). (2.93) vu. 0.1 red 2,3,4-tri-0-melhyl-o-glucuronic acid 

2.3 9, (3.02), (3.39) (2.93), (3.81), (4.23) 0.71 red—brown 2,3,6-tn- O-methyl-o-galactose 
(3.02), (3.39) (3.81), (4.23) 0.71 red—brown 2,4,6-tri-0-methyl-D-galactose 
5.09 6.52 0.71 red—brown 2,3,4-tri-0-methyl-o-galactose 

6.13 9.35 0.54 red—brown 2,6-di-0-methyl-o-galactose 

9.15, 10.18 15.0, 17.0 0.52 red—brown 2,4-di-0-mcthyl-D-galactose 

- 0.36 red—brown 2-0-methyl-u-galactosc 

UFigures in parentheses denote unresolved components. "As methyl ester methyl glycoside 
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and gave the same colour with the aniline oxalate spray: it was immobile on paper 
electrophoresis in borate buffer. The sugar was characterised by conversion into 
2, 5-di- O-methyl-L-arabinonamide, m.p. 129 0 , (from ethyl acetate). Subfraction (b) 
(392 mh), []D  —29°, was identical to 3,5-di-O- methyl- L-arabinose on paper chromato-
graphy' 6 , and paper electrophoresis' 7  in borate buffer. The sugar was characterised 
by conversion into 3,5-di-0-nlethyl-L-arabinonamide, m.p. 143° (from ethyl acetate). 
Fraction 4 (70 mg), [x] D  + 112° (c 1.3, water), was identical chromatographically to 
2,3,4-tri-0-methyl-L-arabinose, and was characterised by conversion into 2,3,4-tri-0-
methyl-L-arabinonamide, ni.p. 103 ° . Fraction 5 (505 mg) was shown by paper 
chromatography and g.l.c. to be a mixture of 2,4,6-, 2,3,4-, and 2,3,6-tri-0-methyl-
D-galactOse in the proportions 5:1 :trace. These sugars had already been characterised 
during the examination of the degraded gum, and they were not investigated further. 
Fraction 6 (10 mg) gave galactose on demethylation, and was chromatographically 
identical to 2,6-di-0-rnethyl-D-galactose in solvents (a) and (j). Fraction 7 (254 mg) 
had []D + 86° (c 2.5, water), and crystallised spontaneously, m.p. 86-87°. The sugar 
was identical chromatographically to 2,4-di-0-methyl-o-galactose, and was charac-
terised as 2,4-di-0-methyl-N-phenyl-D-galactosylarnine, nip. and mixed m.p. 214°. 
Fraction 8(14 mg), []D + 77°, gave only galactose on demethylation, and was identical 
chromatographically to 2-0-methyl-D-galactose in solvents (a) and (j). Fraction 9 
(173 mg) had [] +53°  (c 1.0, water), and was identical in solvent (f) to 2,3,4-tri-0-
methyl- D-glucuronic acid. Reduction of the methyl ester methyl glycoside gave 2,3,4-
tri-O-methyl-D-glucose. This sugar had already been characterised in the degraded 
gum and was not examined further. 

Smith degradation of degraded gum A. - Degraded gum A (1.782 g) was 
dissolved in water (100 ml), and 0.25m sodium metaperiodate solution (100 ml) was 
added. The amount of formic acid released (mmoles/g) was 6.93 (23 h), 7.14 (29 h), 
and 7.19 (33 h). After 36 h, the reaction was stopped by addition of ethylene glycol. 
The solution was dialysed (36h), and then sodium borohydride (2g) was added. 
After 48 h, the solution was dialysed for 100 h, and the dialysate was shown [solvent 
(a)] to contain glycolic acid, glycerol, and threitol. The polyalcohol was hydrolysed 
in N sulphuric acid for 48 h at room temperature. After neutralisation (BaCO 3 ), 
and concentration to 15 ml, the solution was added to ethanol (1 litre). The precipitate 
was re-dissolved, and the solution was neutralised, filtered, and freeze-dried to give 
degraded gum B (yield, 16.2%). 

Partial acid hydrolysis and rnethylation of degraded gum B. - Degraded gum B 
(10 mg) was hydrolysed (0.5N sulphuric acid, 1 h), and the products were examined 
chromatographically in solvents (b), (c), and (d). Galactose, traces of arabinose and 
glycerol, and three oligosacch arid es, t'iz., 6- O-fl-D-galactopyranosyl-D-galactose, 
3-0-fl-D-galactopyranosyl-D-galactose, and the -(l -+ 3)-linked D-galactose 
trisaccharide were identified by comparison with authentic samples; the trisaccharide 
was tentatively identified from its reported chromatographic mobility. 

Degraded gum B (82 mg) was methylated'; methanolysis of the product, 
followed by g.l.c. examination of the mixture of glycosides, gave the results shown 
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in Table V. A portion of the mixture of methylated glycosides was hydrolysed, and 

the free sugars were examined in solvents (a) and (1); the sugars listed in Table V 

were identified. 

TABLE V 

EXAMINATION OF METHANOLYSIS PRODUCTS FROM METHYLAIFI) DEGRADED GUM B 

Relatire retention rinD's (T) 	,4ppro v. 	0- 8leihjI sugar identified 

of meth v/ giveosides 
	 rek,tiue 

Co/unn (i) 	(iluinn (ii) 
	proportions 

1.67 1.67 + + 4- 2.3,4,6-tetra-0-methyl-o-galactose 

2.97, 3.40 3.74, 4.21 + + ± 2,4.6-tri-0-mcthyl-D-galactose 

5.06 6.49 + 2,3.4-tri-0-methyl-u-galactose 

9.59, 10.9 14.6. 16.4 + 2,4-di-0-methyl-o-galactose 

0.54, 0.67 0.57, 0.73 trace 2,3,5-tri-0-methyl-i-arabinose 

Successive S,nit/i-cleqradations of the whole gum. - Borohydride reduction of 

periodate-oxidised whole gum (20.6 g), followed by controlled acid hydrolysis of the 

polyalcohol for 48 h at room temperature, gave polysaccharide SI (yield, 54%; 

analytical data as shown in Tables VI and VII). The dialysate from the controlled 

TABLE VI 

FORMI( ACID REt FASEDU  ON PERIODATIi OXIDATIONS 

Time (h) 3 6 9 /2 	24 	27 30 	48 	54 	96 	142 

A. nuhica gum 0.39 0.50 0.53 0.66 	0.83 0.89 	1.0 
Polysaccharide SI 0.63 0.66 0.68 0.74 	0.74 
Polysaccharide S2 0.4 0.47 0.48 0,48 
Polysaccharide S3 0.32 0.34 037 	0.41 0.42 	0.48 
Polysaccharide 54 0.10 0.14 	 0.40 	0.46 

1 As mmoles of formic acid per g of polysaccharide 

acid hydrolysis of the polyalcohol was concentrated to a syrup; chromatographic 

examination in solvent (b) revealed the presence of glycolaldehyde (R,.. 0.67, major 

product): glycerol (R 0.53, major product): threitol (R 0.40, minor product), 

and arabinose (R F  0.34, trace). Examinations were also made in solvents (a), (c), (d), 
and (/;), with similar conclusions. 

Examination of Smith-degraded po!vsaccharide SI - 	Hydrolysis, followed by 

chromatographic examination [solvents (b). (c), and (d)], showed only galactose and 

arabinose (35:65). Partial hydrolysis (0.5N sulphuric acid, 2 h), followed by chromato-

graphic examination [solvents (h) and (c)], showed arahinose, galactose, 3-0-fl-D-
galactopyranosyl-D-galactose. and 6- O-fl-D-galactopyranosyl-D-galactose to be 

present. 

Carbohrd. Res., 6 (1968)385-403 



IJRONIC ACID MATERIALS. XXVII 
	

401 

TABLE VII 

RESULTS OF SMITH DEGRADATIONS 

Whole 
gum 

Smith-degraded po/v saccharides 

SI 	S2 	S3 	S4 S5 

Yield from preceding polysaccharide, % - 54 37 29 25 II 
[a]n +100° +102° +117° +112° +98° +89° 
Formic acid released on periodate 1.01 0.74 0.48 0.49 0.46 - 

oxidation " 
Sugar ratios, %: galactose 33 35 35 30 26 31 

arabinose 59 65 65 70 74 69 
rhamnose 0.7 - - - - - 
glucuronic acid 7 - - - - - 

"As mmoles of formic acid per g of polysaccharide. 

Polysaccharide SI (350 mg) was methylated 6  (yield, 300 mg; methoxyl, 39.7%). 
A portion of the methylation product was methanolysed, and half of the product 

was examined by g.l.c.; the remainder was hydrolysed to the free sugars and examined 

by paper chromatography [solvents (a) and (j)}. The methyl glycosides and methylated 
sugars listed in Table VIII were identified. The 2,3,4- and 2,4,6-tri-0-methyl-D-
galactose were resolved in solvent (j); by g.I.c., the ratio of 2,3,4- to 2,4,6-tn- 0-methyl-
D-galaCtose was 1:2. 

TABLE VIII 

EXAMINATION OF METI-LANOLYSIS AND HYDROLYSIS PRODUCTS FROM METHYLATED, DEGRADED 
GUMS S1—S5. 

Relative retention times (T) 	RG in 	 0-Methyl sugars identified 
of methyl glycosides" 	 solvent (a) 

Column (i) 	Column (ii) 

0.51, 0.64 0.58, 0.74 0.97 2,3,5-tri-0-methyl-L-arabinose 
0.78, (1.67) 1.05, 2.40 0.81 3,5-di-0-methyl-L-arabinose 
1. 29, 2.18 (1.80), 3.19 0.84 2,5-di-0-methyl-I.-arabinose 
(1.67) (1.67) 0.92 2,3,4,6-tetra- O-methyl-D-galactose 
3.00, 3.45 3.78. 4.26 0.73 2,4,6-tri-0-methyl-o-galactose 
5.11 6.53 0.73 2,3,4-tri-0-methyl-D-galactose 
9.62, 11.01 14.9, 16.9 0.48 2,4-di-0-methyl-D-galactose 

"Parentheses denote sugars that were incompletely resolved. 

Preparation, partial and complete hydrolyses, and met hyla lion of degraded 
polysaccharide S2. - The second Smith-degradation product, S2, was obtained from 

SI (10.6 g) in a manner similar to that described above for the preparation of poly-

saccharide Si from the whole gum. The yield and analytical data for polysaccharide 

S2 are shown in Tables VI and VII. Hydrolysis, and partial hydrolysis, gave the 

same sugars, in similar proportions to those identified in polysaccharide Si. A portion 
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(326 mg) of polysaccharide S2 was inethy1ated t  (yield, 120 mg; methoxyl, 40.0%). 
Paper-chromatographic and g.l.c. examination of the methanolysis and hydrolysis 
products from niethylated polysaccharide S2 gave the methyl glycosides and 0-methyl 
sugars shown in Table VIII. In this instance, however, the ratio of 2,3,4- to 2,3,6-tn-

0-methyl-D-galactose was 2:5. 
Preparation, partial and complete hydrolysis, and methylation of degraded 

polysaccharide S3. - The third Smith-degradation product, S3, was obtained from 

S2 (3.26 g) by the method outlined above for SI. The yields and analytical data for 

polysaccharide S3 are shown in Tables VI and VII. Partial and complete hydrolyses 
showed the same sugars as identified in polysaccharides SI and S2. A portion (346 mg) 

of polysaccharide S3 was methylated (methoxyl, 40.1%). Methanolysis and hydrolysis 
of the product was followed by g1 c, and paper chromatography; the methyl glycosides 
and 0-methyl sugars shown in Table VIII were identified. The proportion of 2,3,4,6-  

tetra- 0-methyl-D-galactose was, however, much smaller, and the ratio of 2,3,4- to 

2,4,6-tri-0-rnethyl-D-galactose was 1:5. 
Preparation, hydrolyses, and methvlation of degraded polysaccharide S4. - In 

view of the low yield of S3 (0.856 g from 20 g of A. nuhica gum), the first three Smith-

degradations were repeated on a larger scale (90 g of A. nubica gum). These were 

carried out serially as described for the preparation of polysaccharides SI. S2, and S3, 

with the exception that SI and S2 were not isolated. The product (3.34 g), S3, from 
the third degradation, was freeze-dried and analysed: it had the same ratio of galactose 
to arabinose as S3 described above, and this preparation of S3 (3.05 g) was used to 

prepare 54. 
The percentage yield and analytical data for S4 are shown in Tables VI and VII. 

Partial and complete hydrolyses showed arabinose, galactose, 6- 0-/i- D-galacto- 
pyranosyl-D-galactose, 3-0-/i-D-galactopyranosyl-D-galactose (and its homologous 
trisaccharide) to he present. A portion of S4 (61 mg) was methylated: the product 
was shown by g.l.c. and paper chromatography to contain the methylated sugars 
shown in Table VIII. The ratio of 2,3,4- to 2,4,6-tri-0-methyl-D-galactose was 1:12. 

Preparation, hydrolysis, and ineth v/orion of degraded polysaccharide S5. - The 

fifth Smith-degraded product, S5, was obtained from S4 (487 mg). The yield and 
analytical data are shown in Tables VI and VII. Total hydrolysis showed only galactose 
and arabinose to be present. The remaining material (30 rng) was methylated. The 
product was methanolysed, and 50%  of the solution obtained was retained for g.l.c. 
examination; the remainder was hydrolysed to the free sugars and examined by paper 
chromatography. The glycosides and sugars shown in Table VIII were identified 
although only a trace of 2,3,4,6-tetra-0-methyl-D-galactose was present; the ratio 
of 2,3,4- to 2,4,6-tri-0-m ethyl- D-galactose was 1:5. In view of the small amount of, 
S5 obtained (48 mg), the results must be considered with caution. Perhaps the most 
significant result from the preparation of this degraded polysaccharide is the small 
yield (I 1%). Considering the Smith-degradation sequence overall, the significant 
factors are: (a) the progressively smaller yields at each stage, (b) the steady decrease 
in the amount of 2,3,4-6-tetra-0-methyl-n-galactose detected, and (c) the preponder- 
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ance of 3,5-di-0-methyl-L-arabinose as a major product in all of the polysaccharides; 
the proportion of 2,5- relative to 3,5-di-0-rnethyl-L-arabinose decreased as the 
degradation sequence proceeded from Si to S5. 
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ABSTRACT 

Linkage analysis of Fraction A of A. drepanolobium gum yielded 3-0-fl-i-
arabinopyranosyl-i-arabinose, 3- 0-fl-i-arabinofuranosyl -i-arabinose, 3- 0-fl-o-
galactopyranosyl-o-galactose, 6-0-fi-o-galactopyranosyl-o-galactose, and the fl-D-
(1 —'3)- and fl-o-( I —p6)-linked trisaccharides. The 0-methyl derivative of degraded 

gum A was analysed, after methanolysis, by gas—liquid partition chromatography. 

After paper-chromatographic separation of a hydrolysate of methylated, degraded 

gum A, the resulting 0-methyl sugars were characterised. Degraded gum A was sub-

jected to a Smith degradation, and the product was examined by linkage and methyl-

ation analysis. Degraded gum A was subjected to a controlled Smith degradation, 

and the product was shown to contain arabinitol. This shows that at least some of 

the reducing galactose residues of degraded gum A are substituted at both C-3 and 

C-6. The structural evidence obtained shows that, although A. drepanolobium gum 

Fraction A and A. arabica gum are very similar, some differences do exist between 

these two gums. 

INTRODUCTION 

The gum polysaccharide from Acacia drepanolobium Harms ex Sjösted is not 

completely water-soluble. In a previous paper', the gum was subjected to a graded 

extraction procedure whereby three fractions were obtained: (A) water-soluble, 

80%; (B) salt-soluble, 8%; (C) a gel soluble in dilute alkali, 12%. Analytical data 

for these fractions have been given 2 , and the identity of the four aldobiouronic acids 

present in each fraction has been established 2 . This Paper presents the results of a 

structural study of the water-soluble fraction of Acacia drepanolobiutn gum. 

EXPERIMENTAL 

The origin of the gum', the preparation  of the electrodialysed, freeze-dried, 

sample of the cold water-soluble fraction of the gum, and the standard analytical 
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methods 3  have been described. Paper chromatography was carried out on Whatman 

No. I and 3MM papers with the following solvent system (v/v): (a) benzene-butyl 

alcohol-pyridine-water (1:5:3:3, upper layer); (b) ethyl acetate-acetic acid-formic 

acid-water (18:3:1:4): (c) ethyl acetate-pyridine-water (10:4:3); (d) butyl alcohol-

ethanol-water (4:1:5, upper layer); (e) butanone-water-ammonia (sp. gr . 0.88) 

(200:17:1); (f) butanone-acetic acid-water (9:1:1, saturated with boric acid). R ç,a  
and Rr, values refer to distances moved relative to D-galactose and 2,3,4,6-tetra-0-

methyl-o-glucose, respectively. 

Gas-liquid partition chromatography (g.l.c.) of mixtures of methyl glycosides 

was carried out on a Chromatograph Type S3A (Gas Chromatography Ltd.), at fitted 

at with flame-ionisation detactositrogen flow-rates of ca. 100 ml/min on columns of (i) 
15% by weight ooly- (butane-I,4-diol succinate) on Celite (120 x 0.5 cm) at 175°; (ii) 
15% by weight poly(ethylene glycol adipate) on Celite (75 x 0.5 cm) at 160°. Reten-

tion times (T) are given relative to that of methyl 2,3,4,6-tetra-0-methyl-/1-D-gluco-

pyranoside. 

Degraded gums A and B were methylated successively with methyl sulphate 

and sodium hydroxide, and with methyl iodide and silver oxide. The reduced (lithium 

aluminium hydride), methylated, degraded gum A was methylated by Kuhn's 

method'. Oligosaccharides were methylated by the method of Perila and Bishop s . 

Methanolyses were carried out under reflux for 7 h with dry 5% methanolic hydrogen 

chloride. 

RESULTS 

Determination of conditions .for autohydroly.sis. - The time required for complete 

autohydrolysis of an Acacia gum differs from species to species. since it is dependent 

on such features as the proportion of uronic acid groups present; at 98 ° , A. senegal 

gum requires 50 h, whereas A. nubica gum requires' 120 h. in a trial experiment, a 

solution (4%) of soluble A. drepanolohium gum was heated on  boiling waterbath 

for 120 Ii. Aliquots (2 ml) were withdrawn at intervals, filtered, and diluted to 10 ml. 

The changes in the specific rotation and in free reducing power (alkaline ferricyanide 

method') are shown in Table I. In a parallel experiment, a 4% solution of the soluble 

gum was also heated on a boiling water-bath for 120 h. At intervals, aliquots (6 ml) 

were withdrawn and filtered, and portions (5 ml) were then added to 2m sodium 

chloride (5 ml). The resulting gum solution in M sodium chloride was used to obtain 

the values for the limiting-viscosity number ['i]  shown in Table 1. From the kinetic 

data (Table 1), it was deduced that a period of 84 h was required for complete auto-

hydrolysis of a 4% solution of the gum. 

A utohydrolysis of water-soluble A. d repano 10 bi urn gum to give degraded gun 

A. - A solution of the gum (50 g in 1.25 1 water) was heated on a boiling water-bath 

for 84 h. The solution was then cooled, filtered, and dialysed against distilled water 

(4 1), the distilled water being changed daily over a period of 4 days. Freeze-drying 

gave degraded gum A (II g, 22%), []D  +31 °  (c 1.0, water) (Found: uronic acid, 17; 
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TABLE I 

THE CHANGES OCCURRING I)UKIN(; AUTOHY)ROLY5IS OF A. drepanolohium gum 

Time 	[all) 	Reducing 	['i] 
(I.) 	(degrees) puuer a 	(mug) 

0 +82 1.56 25.1 
2 +84 5.20 - 

5 - - 18.4 
9 +89 12.7 - 

10 - - 13.2 
24 +91 22.2 7.5 
48 +92 29.7 5.2 
72 +92 32.6 3.6 
96 +92 32.8 3.5 

120 +90 33.0 - 

'Expressed as mg of arabinose per ml of autohydrolysate. 

galactose, 80; arahinose. 3; methoxyl, 0.73%). Hydrolysis (N-sulphuric acid, 7 h) 

of degraded gum A indicated the presence of the four aldobiouronic acids identified 

previously 2,  namely 6- O-(/3-D-glucopyranosyluronic acid)-o-galactose, 4- O-(-c-
glucopyranosyluronic acid)-D-galactose, 6-0-(4- O-methyl-fl-D-glucopyranosyluronic 

acid)-D-galactose, and 4- O-(4- O-methyl--D-gl ucopyranosy I u romc acid)-o-galactose, 

having, respectively, R6 , 0.22, 0.27, 0.59, and 0.65 in solvent (h). 
The dialysates (4 x 4 I) from the autohydrolysate were concentrated to a syrup 

(30 g). Chromatographic examination showed the presence of galactose, arahinose, 

rhamnose (trace), and two neutral disacch.arides having the mobilities of (1) 3-O-fl-L-
arabinopyranosyl-L-arabinose [R60, 0.77, solvent (a); 0.71, solvent (b)] and (2) 3-0-fl-
L-arabinofuranosyl-L-arabinose [RGaI  1.25, solvent (b); 1.47. solvent (e)]. Disacchar-

ide (1) was isolated by fractionation of a portion of the dialysate on 3MM papers in 

solvent (1). The product (50 mg) had [c]D + 195° (c 1.0), gave only arabinose on acid 

hydrolysis, and had the same paper-chromatographic mobility [R 0, 0.77, solvent (a); 

0.71, solvent (b)] as an authentic specimen of 3-0-/l-L-arabinopyranosyl-L-arabinose. 

A portion (15 mg) was methylated: g.l.c. examination of the methanolysis products 

revealed the methyl glycosides of 2,3,4-tri-0-methyl-i-arabinose [(I) T 1.01 : (ii) T 0.821, 

2,5-di-[(i) T 1.81, 3.25; (ii) T 1.26, 2.18] and 2,4-di-0-methyl-i-arabinose [(i) T2.08, 
2.18; (ii) T 1.48, 1.56]. Hydrolysis of the methyl glycosides, followed by paper 

chromatography in solvent (d), confirmed the presence of 2,3,4-tri-0-methyl-L-

arabinose (R 0  0.79) and 2,5- and 2,4-di-0-methyl-L-arabinose (R e;  0.84 and 0.65. 

respectively). The phenylosazone of the disaccharide had m.p. 233-234° (decomp.) 

(from water). 

Disaccharide (2) was isolated by fractionation of a portion of the dialysate on 

3M  papers in solvent (e). The product (32 mg) had [x]D + 89.7° (c 0.64), gave only 

arabinose on acid hydrolysis, and had the same paper-chromatographic mobility 

ER G ., 1.25, solvent (b); 1.47, solvent (e)] as an authentic specimen of 3-0-fl-L-arabino-

furanosyl-L-arabinose. A portion (10 mg) was methylated: g.l.c. examination of the 
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methanolysis products revealed the methyl glycosides of 2,3,5-tri[(i) T0.56, 0.73; 

(ii) T0.47, 0.63] and 2,5 -di -[(i) T 1.82, 3.24; (ii) T 1.27, 2.20] and 2,4-di-0-methyl-L-

arabinose [(1) T, 2.07, 2.17; (ii) T 1.46, 1.57]. Hydrolysis of the methyl glycosides, 

followed by paper chromatography in solvent (d), confirmed the presence of 2,3.5-

tri-(R 6  0.98), 2,5-di-(R G  0.84), and 2,4-di-O-methyl-L-arabinose (R G  0.65). The 

phenylosazone of the disaccharide had m.p. 196-198 °  (from water). 

Partial hdrolvsis of degraded gum A. - Degraded gum A was subjected to 

partial, acid hydrolysis with 0.5N sulphuric acid (I h, boiling water-bath). After 
neutralisation (barium carbonate), filtration, deionisatlon [Amberllte IR-120 (H 4 ) 

resin], and concentration, the resulting syrup (4.8 g) was fractionated on Whatman 

3MM papers to give four fractions. 

Fraction 1(62 mg) had []D  + 60° (c .0.2), gave only galactose on acid hydrolysis, 

and had the same paper-chromatographic mobility as an authentic specimen of 

3-0-fl-D-galactopyranosyl-D-galactose [R GaI  0.48, solvent (a); 0.53, solvent (e)J. 
A portion (15 mg) was methylated; g.l.c. showed the methanolysis products to be 

the methyl glycosides of 2,3,4,6-tetra- [(i) T 1.68; (ii) T 1.66], 2,4,6-tn- [(i) T3.76, 

4.23; (ii) T3.00, 3.45] and 2,5,6-tri-O-methyl-D-galactose [(i) T3.98; (ii) T3.26]. 

Hydrolysis of the methyl glycosides, followed by paper chromatography [solvent (d)], 
showed the presence of 2,3 ,4,6-tetra-, 2,4,6-tn- and 2,5,6-tn- O-methyl-D-galactose 

(R G  0.90, 0.72, and 0.88, respectively). The disaccharide, recrystallised from aqueous 

acetone, gave needles of 3- O-/3-D-galactopyranosyl-D-galactose monohyd rate, m . p. 

and mixed m.p. 156-159°. 

Fraction 2(94 mg) had [x]D + 29° (c 0.94), gave only galactose on acid hydrolysis 

and was identical with an authentic specimen of 6-0-/1-D-galactopyranosyl-D-

galactose ER G3I  0.29, solvent (a); 0.37, solvent (c)]. A portion (20 mg) was methylated; 

g.l.c. showed the methanolysis products to be the methyl glycosides of 2,3,4,6-tetra-

[(1) T 1.68; (ii) T 1.66], 2,3,5-tri-[(i) T4.05, 5.39; (ii) T3.28, 4.371, and 2,3,4-tn-0-

methyl-D-galactose [(i) T6.45; (ii) T5.30]. Hydrolysis of the methyl glycosides, 

followed by paper chromatography [solvent (d)], showed the presence of 2,3,4,6-

tetra-, 2,3,5-tn- (R, 0.86) and 2,3,4-tni-0-methyl-D-galactose (R G  0.71). After 

recrystallisation from water, the phenylosazone of 6- O-fJ-D-galactopyranosyl-D-

galactose had m.p. and mixed m.p. 200-203°. 

Fraction 3 (9 mg) had [c] 0  +46 0  (c 0.18), gave D-galactose and 3-0-/1-D-
galactopyranosyl-D-galactose on partial hydrolysis with acid, and had  D. P. = 2.90. 

On paper chromatography, the tnisaccharide was identical ER G  0.22, solvent (a); 

0.23, solvent (c)] with an authentic specimen of the fl-(l -+3)-linked D-galactotrisacchar-

ide. A portion (4 mg) was methylated; g.1.c. showed the presence of the methyl 

glycosides of 2,3,4,6-tetra-, 2,4,6-tn- and 2,5,6-tn- O-methyl-o-galactose (retention 

times as for Fraction 1). 

Fraction 4 (19 mg) had []D  +20°  (c, 0.38), gave galactose and 6-0-/1-D-
galactopyranosyl-D-galactose on partial hydrolysis with acid, and had 17  D.P. = 2.95. 

On paper chromatography, the trisaccharide was identical [R6  0. 15, solvent (a); 

0.18, solvent (b)] with an authentic specimen of the fl-(1--+6)-linked D-galactoe- 
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trisaccharide. A portion (8 mg) was methylated: g.l.c. showed the presence of the 

methyl glycosides of 2,3,4.6-tetra-, 2,3,5-tn, and 2,3,4-tri-O-niethyl-D-galactosc 

(T-values as for Fraction 2). Paper chromatography of the hydrolysate showed the 

presence of the same three methylated sugars (R c, values as for Fraction 2). 

Boro/,vdride reduction of degraded gum A. - Degraded gum A (500 mg) was 

dissolved in water (100 ml), and sodium borohydride (400 mg) was added. After 

24 Ii, further sodium borohydride (100 mg) was added. After 6 Ii, the solution was 

dialysed for 2 days. The freeze-dried product was hydrolysed to yield galactose, 

arabinose, and the same four aldobiouronic acids that were obtained from unreduced, 

degraded gum A. In addition, paper chromatography [solvent (f)] showed the presence 

of galactitol arabinitol was absent. 

Degraded gum 
,4bno 

 formaldehyde on periodate oxidation. The yield of form-

aldehyde from reduced, degraded gum A (40.4 mg) was 180 jig (0.25 Ii), 230 jig 

(0.5 h), 235 jig (1 h). 245 jig (2 h), 245 jig (6 h), 250 jig (24 h); calculation gives a 

value of 4,800 for the Sill of degraded gum A. MolecuI-a've chromatography 38 , 

with a calibrated Bio-Gel P300 column, indicated a value of 5,200 for the M7 of 

degraded gum A. 

Metliylation of degraded gum A. - Degraded gum A (1.34 g) was methylated 

to give a product (974 mg), [ID + 18 °  (e 1.00, chloroform) (Found: methoxyl, 40.1%; 

not raised on further attempted methylation). Methanolysis of a portion of this 

product, followed by g.l.c., gave the results shown in Table II. The methyl glycosides 

TABLE II 

THE METHANOLYSIS AND HYDROLYSIS PRODUCTS FROM METHYLATED, DEGRADED GUM A 

Relative retention time (T) 
	

RG in 	Relative 
	

0-Methyl sugars identified 

of met!,)! glycosides" 
	

solvent (d) 	molar 
propns. 

caFu,n,, (i) 	colunin (ii) 

0.56, 0.73 0.49, 0.63 0.98 tr 

1.01 0.82 0,79 tr 

1.68 1.66 0.90 ++ 

3.00),3.76),(4.25) 2.45,(3.04),(3.50) 0.72 

(3.76), (4.25) (3.04), (3.50) 0.72 + + 

6.45 5.30 0.72 + + + 

14.5, 	16.3 9.9, 	11.3 0.53 + + + 
2.38, (100) 2.20, 2.75 - + + 

- - 0.59 + 
- - 0.34 + 

2,3,5-tri-0-niethyl-i- 

arabinose 

2,3,4-tn- O-methyl-L- 
arahnose 

2,3,4.6-tetra-0-nicthyl-o- 

galactose 

2,3.6-ui- O-mcthyl-D. 

galactose 

2,4,6-tn- 0-met hyl-D- 

galactose 

2,3,4-tn- O-mcthyl-D- 

galactose 

2,4-di- O-methyl-D-galactose 

2,3,4-t ri- 0-methyl-u- 

glucuronic acid 1' 
2,6-di- O-methyl-u-galactose 

2- O-rncthy l.D-galactose 

"Figures in parentheses indicate incompletely resolved components. bAS  methyl ester methyl glycoside. 
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were hydrolysed, and paper chromatography in solvents (d) and (e) indicated the 

presence of 2,6-di- and 2-0-mcthyl-o-galactose, in addition to the 0-methyl sugars 

shown in Table II. 

Metlzanolvsis of 'methylated, degraded gui: A. - Methylated, degraded gum A 
(790 mg) was heated under reflux for 8 h with 5% methanolic hydrogen chloride 

(80 ml). The resulting mixture of methyl glycosides was hydrolysed with sulphuric 

acid (N, 100 ml) on a boiling water-bath for 4 h. After being cooled, the solution was 

neutralised (barium carbonate), filtered, deionised [Amberlite resin lR-120 (H)], 

and concentrated to a syrup (750 mg). The mixture of 0-methyl sugars was fraction-

ated on Whatman 3MM papers by double development in solvent (e) to give seven 

fractions. 

Fraction 1 (58 mg) had {]D  + 117° (c ,0.58), and was chromatographically 

identical with 2,3,4,6-tetra-0-methyl-o-galactose [R G  0.89, solvent (d'); 0.72, 

solvent (e)]. The derived 2,3,4,6-tetra- 0-methyl-N-phenyl-D-galactosylamine had 

m.p. 192-195° (lit. 9 , 192-197 0), afteC recrystallisation from ethyl acetate. 

Fraction 2 (39 mg) had []D  + 100° (c, 0.39); deniethylation gave galactose and 

arabinose. A portion (5 mg) was heated under reflux for 7 h with 5% niethanolic 

hydrogen chloride, and g.l.c. indicated the presence of 2,3,5-tn- (+) [(I) T0.56, 

0.73; (ii) T0.48, 0.63], 2,3,4-tni-0-methyl-L-arabinose (+ +) [(i) T 1.00, (ii) T0.82], 

and 2,3,4,6-tetra-0-methyl-D-galactose (+ + + +) [(i) T 1.68; (ii) T 1.661. 

Fraction 3 contained three components when examined in solvent (c). The 

fraction was therefore refractionated on 3MM papers by double development in 

solvent (e) to give Fractions 3(a), (b), and (c). 

Fraction 3(a) (26 mg) had []D  +98 °  Cc 0.26), and paper chromatography 

indicated the presence of 2,3,6-tn- (+ +) and 2,4,6-tni-0-methyl-D-galactose (+). 
After reflux with methanolic hydrogen chloride, g.l.c. indicated the presence of the 

methyl glycosides of these two 0-methyl sugars. 

Fraction 3(b) (54 mg) had []D  +95° (c 0.54). A portion (5 mg) was refluxed 

with methanolic hydrogen chloride, and g.l.c. indicated the presence of 2,4,6-tri-

with a trace of 2,3,4-tri-0-methyl-o-galactose. The derived 2,4,6-tri-0-methyl-N-

phenyl-o-galactosylamine, after recrystallisation from ethyl acetate (twice) and from 

acetone—ether—light petroleum (1:1:1), had m.p. 163-165° (lit. 9 , 170°). 

Fraction 3(c) (31 mg) had []D +110' (c 0.31) and was identical (RG a I 0.71) 

with 2,3,4-tri-0-rnethyl-D-galactose in solvent (d). This was confirmed by g.l.c. 

examination of the methyl glycoside. 2,3,4-Tni-0-methyl-N-phenyl-D-galacto-

sylaniine was prepared, and, after recrystallisation from ethyl acetate, had m.p. 

164-167 0  (lit. 9 , 164-169°). 

Fraction 4(22 mg) had []D + 80° (c 0.44), and was identical {R G  0.54, solvent (d); 

0.19, solvent (e)] with 2,6-di-0-methyl-D-galactose. After peniodate oxidation, paper 

chromatography in solvent (d) revealed a bright-yellow spot (p-anisidine hydrochloride 

spray) having the same mobility (R6  0.20) as 2-methoxymalonaldehyde. 

Fraction 5 (42 mg) had [cc]D + 88 0  (c 0.42) and behaved identically [R G  0.49, 

solvent (d); 0.12, solvent (d)J with 2,4.di-0-nlethyl-D-galactose. Recrystallisation 
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from acetone containing I% of water gave 2,4-di- O-methyl-D-galactose monohyd rate, 

m.p. 96-97°. The X-ray diffractograrn was identical with that of an authentic specimen. 

The derived 2,4-di- O-methyl-N-phenyl-D-galactosylamine had, after recrystal lisation 

from acetone, m.p. 216-219 0  (lit. 9 , 214-228°). 

Fraction 6(28 mg) had [} +81° (c 0.56) and behaved identically in solvent (d) 
- with an authentic specimen of 2-0-methyl-D-galactose (R G  0.31). Recrystallisation 

from glacial acetic acid gave crystals, m.p. 151-154° (lit.", 145-148 0 ). 

Fraction 7(76 mg) had [a],_, ± 53° (c 0.76). After reflux with methanolic hydrogen 

chloride, g.1.c. indicated the presence of the methyl ester methyl glycoside of 2,3,4-tn-

0-methyl-D-glucuronic acid. This was reduced (sodium borohydnide, 200 mg) for 

12 h: excess of borohydride was destroyed by the addition of Amberlite resin IR-120 

(H), and borate was removed by distillation as methyl borate. Thick-paper chromato-

graphy yielded 2,3,4-tri-0-methyl-D-glucose (26 rng). A portion (5 mg) was refluxed 

with methanolic hydrogen chloride for 7 h; g.l.c. indicated the presence of the methyl 

glycoside of 2,3,4-tn- O-methyl-D-glucose. 

Reduction of methylated, degraded gum A. - Lithium aluminium hydride 

(50 mg)was added to methylated, degraded gum A (50 mg) in tetrahydrofuran (10 nil), 

and the mixture was refluxed for 3 11. After cooling, the excess hydride was destroyed 

by the addition of ethyl acetate and water; the mixture was taken to dryness and 

extracted with chloroform. This extract was concentrated to a syrup which was 

methylated with methyl iodide (I ml) and silver oxide (I g) in N,N-dimethylformamide 

(I ml) to give a product (36 mg), []D + 19° (c 0,72, chloroform). After conversion 

into the methyl glycosides, g.l.c. gave the results shown in Table Ill. Examination of 

the hydrolysate of the methyl glycosides by paper chromatography [solvents (a') 
and (e)] indicated the presence of 2,64- and 2-0-methyl-D-galactose, in addition to 

the 0-methyl sugars shown in Table M. 

Partial methanolysis of methylated, degraded gum A. - Methylated, degraded 
gum A (100 mg) was refluxed with 2% methanolic hydrogen chloride (15 ml) for 2 Ii. 

The methanolysate was neutralised (silver carbonate), filtered, and evaporated to 

a syrup that was hydrolysed with sulphuric acid (0.5N, 10 ml) for 5 h on a boiling 

water-bath. After being cooled, the solution was neutralised (barium carbonate), 

filtered, deionised [Amberlite IR-120 (H)], and then fractionated on a column 

(3 x 33 cm) of Duolite A-4 resin in the formate form. Neutral 0-methyl sugars were 

eluted with water (3 I); this fraction was not investigated further. Acidic 0-methyl 

sugars were then eluted with 5% aqueous formic acid (500 ml); after removal of the 

formic acid and water, paper chromatography of the resulting syrup in solvent (d) 
indicated that there were no neutral 0-methyl sugars present. This syrup was treated 

with 5% methanolic hydrogen chloride for 7 h; the product was examined by g.l.c., 

and this indicated that the methyl glycosides of 2,3,4-tri-0-methyl-D-glucuronic 

acid, 2,3,6-tn-, 2,3,4-tn-, 2,6-di-, and 2,44-0-methyl-D-galactose were present. 

Examination of the hydrolysate of these methyl glycosides by paper chromatography 

in solvents (d) and (e) confirmed these results. 

S,nith degradation'°  of degraded guni A. - Degraded gum A (1.0 g) was dissolved 
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TABLE III 

THE METHANOLYSS AND HYDROLYSIS PRODUCTS FROM METHYLATED REDUCED DEGRADED GUM A 

Relative retention time (T) 

of ,nc't/iyi glycosides" 
- 
Column (I) 	column (ii) 

RG 1,1 

solvent (d) 

Relative 

molar 

prop us. 

0-Methyl sugars identifed 

0.57, 0.73 	0.49, 0.63 0.98 tr 2,3,5-tn- 0-methyl-i- 
arabinose 

(1.00) 	 0.82 0.79 tr 2,3,4-tri-0-methyl-i- 

arab:nose 

(1.00), 1.40 	1.00, 1.39 1.00 + + 2,3,4,6-tetra-0-methyt-o- 

glucose 

1.68 	 1.66 0.90 + + 2,3,4,6-tetra-0-methyl-D- 

galactose 

2.96, (3.75), (4.25) 	2.45, (3.04), (3.50) 0.72 +12 2,3,6-tri-0-methyl-D- 

galactose 

(3.75), (4.25) 	(3.04), (3.50) 0.72 + + 2,4,6-tri-0-methyl-D- 

galactose 

6.45 	 5.30 0.72 + + + + 2,3,4-tri-O-methyl-o- 
galactose 

14.6, 	16.5 	9.9, 	11.3 0.53 + + + 2,4-di-0-mcthyl-o-galactose 

- 	 - 0.59 + 2,6-di-0-methyl-D-galactose 
- 	 - 0.34 + 2-0-methyI-D-aIactose 

"As for Table II. 

in water (25 ml) and 0.5m sodium metaperiodate solution (25 ml) was added; 

6.8 mmoles of periodate was reduced, and 4.0 mmoles of formic acid was released 

after 96 h, when the reaction was stopped by the addition of ethylene glycol (2 ml). 

The solution was dialysed for 48 h, sodium borohydride (0.5 g) was then added, 

and the mixture was kept at room temperature for 30 h. After dialysis for 48 h, the 

polyalcohol was hydrolysed ( N sulphuric acid, room temperature, 48 h). The solution 

was neutralised (barium carbonate), filtered, deionised [Amberlite IR-120 (H)], 

and dialysed. The syrup (390 mg) obtained from the dialysate was shown by paper 

chromatography in solvents (a), (b), and (c) to contain glycerol and glycolaldehyde 

as the main components, together with small proportions of slower-moving, non-

reducing glycosides. A portion of the dialysate was hydrolysed (N sulphuric acid, 7 h), 

and paper chromatography [solvents (a) and (b)] showed a trace of galactose to be 

present. After further dialysis (48 h), degraded gum B [93 mg, yield 9%], [ct]D +9° 

(c 0.93), was isolated as the freeze-dried product. 

Mild hydrolysis (0.5N sulphuric acid, 1 h) of degraded gum B (10 mg) followed 

by paper chromatography [solvent (a)] showed the presence of galactose and two 

neutral disaccharides having the chromatographic mobilities of 3- O-/3-D-galacto-

pyranosyl-D-galaCtose (RG, 0.48) and 6-0-fl-D-galactopyranosyl-D-galactose 

(R 01  0.29). 

Degraded gum B was exhaustively methylated. Methanolysis, followed by 

g.l.c. examination of the mixture of methyl glycosides, gave the results shown in 
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Table IV. Paper-chromatographic examination of a hydrolysate of the methyl 

glycosides [solvents (d) and (e)] indicated the presence of 2,6-di- and 2-0-methyl-D- 

galactose, in addition to the 0-methyl sugars identified as methyl glycosides by g.l.c. 

TABLE IV 

THE MTHANOLYSIS AND HYDROLYSIS PRODUCTS FROM METHYLATED, DEGRADED GUM B 

Relative retention time CT) Rç in Relative 0-Methyl sugars identifed 

of ,,,etlnl glycosides' solie,,t (d) molar 

pro pn.s. 

column (i) column (ii) 

1.68 1.66 0.90 + + 2,3,4,6-tetra-O-methyl-n-galactose 

3.76, 4.25 3.00, 3.45 0.72 + + + + + 2,4,6-tri-O-rnethyl-u-galactose 

6.45 5.29 0.72 + + 2,3,4-tri-O-methyl-D-galactose 

4.6, 	16.4 9.9, 	11.3 0.53 + + 2,4-di. O-methyl-D-galactose 

2.38, 3.00 2.20. 2.75 - tr 2,3.4-tri-0-methyl-u-glucuronic acidb 

- - 0.59 + 2,6-di-O-methyi-D-galactose 

- - 0.34 + 2-0-mcthyl-o-galactose 

*Figures in parentheses indicate incompletely resolved components; bAS  methyl ester methyl glycoside 

Controlled Sm/i/i degradation' 0  0/ degraded gum A. - Degraded gum A (1.0 g) 
was treated in the same way as described for the Smith degradation, with the exception 

that the periodate oxidation was carried out at 2°. giving degraded gum C (105 fig, 

10%) which was isolated by freeze-drying. A portion of this product (20 mg) was 

hydrolysed, and paper chromatography in solvent (f) indicated the presence of 

galactose and arabinitol; galactitol was absent. 

DISCUSSION 

Autohydrolysis of Fraction A of A. drepanolobiutn effected the release of all of 

the rhamnose, most of the arabinose. and some galactose. Degraded gum A, isolated 

after dialysis, contained u-galactose (80%), L-arablnose (3%), and uronic acid (17%). 

Molecular-sieve chromatography 3 ' 8  gave estimated values of 5,200 and over 200,000 

for the number-average molecular-weights of degraded gum A and A. drepanolohium 

gum Fraction A, respectively. Degradation on autohydrolysis is much greater than 

can result from the simple removal of arabinose and rhaninose from the periphery. 

It does not appear to have been caused by the presence of any internal, acid-labile 

arabinofuranose residues, since acid hydrolysis of borohydrkduced, degraded 

gum A yielded only galactitol. There is no evidence of any galactofuranose residues 

in the polysaccharide.% although, under the experimental circunistances, traces of 

di- and tri-0-methyl-D-galactofuranoses would be difficult to detect by g.l.c. and paper 

chromatography. The possibility that some galactopyranosidic bonds may be 

unusually sensitive to mild conditions of autohydrolysis has already been proposed 

for other plant gums 3 ' 123 . 
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An examination of methylated, degraded gum A showed the presence of 

2,3,4.6-tctra-(± +), 2,4,6-(+ +). 2,3,6-(±), and 2,3,4-tri-(+ + +), 2.4-(+ + +), and 

2,6-di-(+). and 2-0-methyl-D-galactose (+). 2,3.4-tn- 0-mcthyl-D-glucuronk acid 

(+ +), and traces of 2,3,5- and 2,3,4-tni-0-methyl-L-arabinose. The presence of 

2-0-methyl-D-galactose is probably due to under-methylation. This shows that the 

units 1 and 2 are structural fragments of degraded gum A. Methylation has shown 

traces of terminal, non-reducing L-arabinofuranose residues to be present in the 

L.A raJ4 -+ 	 &.-Arap-(I - 

I 	 2 

autohydrolysed gum of A. senega!U, and terminal, non-reducing L-arabinopyranose 

residues to be present in degraded gum A of A. arabica'2 . Lithium aluminium hydride 

reduction of methylated, degraded gum A. followed by a Kuhn methylation4 , yielded 

2,3,4,6-tetra- 0-methyl-D-glucose after methanolysis. This confirms that D-gl ucuronic 

acid, and its 4-0-methyl analogue, are terminal, non-reducing end-groups in degraded 

gum A. Partial methanolysis was carried out on methylated, degraded gum A; after 

hydrolysis of the methyl glycosides, the methylated aldobiouronic acids were separated 

from the neutral 0-methyl sugars. Methanolysis of the methylated aldobiouronic 

acids, followed by g.l.c. examination of the mixture of methyl glycosides, showed the 

presence of 2.3.4-tri-0-methyl-D-glucuronic acid, and 2,3,6- and 2,3,4-tn-, and 

2,4- and 2,6-di-0-methyl-D-galactose. This indicates that units 3-6 are structural 

fragments of degraded gum A. 

-o-GpA-(I--*,4)-o-GaIp-( t—+ 
or 

4.0- Me--D-GpA-(I -.-*4).-GaIp-( I 

3 

-o-GpA-(I -*4).o-GaIp-( I 
3 

or 
4-0- Me-z-D.GpA-( I 4)..cIp-( I -4. 

t 
5  

fl-n.GpA-( I—+6)-D-GaIp-(I—~ 

or 
4-0- Me-fl-o-GpA-(I --~.6).o-GaIp-( I—. 

4 

fl-o.GpA.( I --)-6).D.GaIp-(I—+ 
3 

4- 0.Me./3.r-GpA-( I -*6)-D-Galp-( I-)- 
. 3 

t 
6 

Smith degradation of degraded gum A yielded degraded gum B. Partial, acid 

hydrolysis of degraded gum B gave 3-0-fJ-D-galactopyranosyl-D-galactose and 

6-0-fl-D-galactopyranosyl-D-galactose. An examination of methylated, degraded 

gum B indicated the presence of 2,3,4,6-tetra-( + +), 2,4,6-( + + + + +) and 2.3.4-

tri-(+ +), 2,6-(+) and 2,4-di-(+ +), and 2-0-methyl-D-galactose (+), with a trace 

of 2,3,4-tri-0-methyl-D-glucuronic acid. The presence of a trace of glucuronic acid 

in degraded gum B may be explained by incomplete oxidation of degraded gum A, 

and the presence of 2,6-di- and 2-0-methyl-D-galactose may arise from under-methyl- 
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ation. The proportion of the O-mcthylgalactoses obtained from methylated degraded 
gum B is evidence that degraded gum B is it galactan composed predominantly of 

fl-o-(l —p3) glycosidic linkages, with a few /i-D-(l —p6) branch points. The identifi-
cation of some 2,3,4-tri-O-methyl-D-galactose from methylated, degraded gum B 

indicates that unit 7 is a possible structural feature of degraded gum A. 

-.3)-fl-D-GaIp-( I -*6)-fJ-o-GaIp-( I -).3)-o-GaIp-( I —* 

i 
R 

where R = L-Araf-: L-Arap-; o-GaIp-; -*4)-o-GaIp-; or -+6)-D-GaIp- 

7 

A controlled Smith degradation of degraded gum A yielded degraded gum C. 

Periodate oxidation of degraded gum A did not yield formaldehyde, so it may be 
concluded that the reducing galactose residue is substituted at C-6. The fact that 

degraded gum C contains arabinitol is evidence that at least some of the reducing 

galactose residues of degraded gum A are substituted' 4  at C-3 (see Fig. I). 

	

CH20R' 	 CH2OP '  

	

HO L_0 	 - 	HO 

kR>HOH  
-1 

	

OH 	 ii 
0 

Degrt4ed gum A 

Fig. I 

	

CH2OR 	
CH20H

I 

	

HOi—OH 	 kOCH 
(a) BH4 	

V'ORH 	
N H2 SO4 

7h,iOcf 	HCOH U,) N H2SO4 	
"LCH2OH 

48r, 18 
H,-OH 

COH 

0 -ArObflitOI 

Mild, acid hydrolysis of degraded gum A afforded 3-0-/3-D-galactopyranosyl -D-

galactose, 6- O-/3-D-galactopyranosyl-D-galaCtoSe, and two trisaecharides, whic h 
were shown by methylation analysis and polarimetry to be the J3-D-(l—+3)- and 
f3-D.(l—*6) linked galactose trisaccharides. Characterisation of these oligosaccharides 
shows that units 8 and 9 are structural fragments of degraded gum A. 

.$D.GaIp.(I-->6)fl.D-Galp.(l--*6)-D-GaIp-(I-' 	./3o.GaIp(I_+3).J.D-GaIp-(I--+3)-D-Galp- (I-* 

8 	 9 

Two disaccharides were obtained from the diffusate of the au toll ydrolysate 

of Fraction A. Methylation and preparation of crystalline phenylosazones showed 
these to be 3-O./3-L-arabinofuranosyl-L-arabinose and 3-0--L-arabinopyranosyl-
L-arabinOse. The fact that both disaccharides are released under autohydrolysis 
conditions suggests that, in each case, the reducing L-arabinOSe residue was initially 
present in the furanose form. Thus units 10 and 11 are structural fragments of 
Fraction A of A. drepanolobium gum. 
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On the basis of the available evidence, Fraction A of A. /repanoiobiuin gum is 

similar to A. arabica gum". Both gums have high positive specific rotations, and the 

.fl.L.Araf-( I _.3)-L.Araf-( I— 	 -/i.L-Araf-( 1—.3).L-Araf-( I'* 

10 	 11 

yields and properties of the degraded gums obtained from them are strikingly similar. 

There are, however, two important differences; degraded gum A from Fraction A 

of A. cirepanolobiun: gum contains traces of terminal, non-reducing L-arabi nopyranosyl 

and L-arabinofuranosyl residues; degraded gum A from A, arahica gum contains only 

terminal, non-reducing L-arabmopyranosyl residues' 2 . Partial methanolysis of 

methylated, degraded gum A from A. drepanolohiwn gum has shownstl73-6 

are structural fragments of degraded gum A. Partial methanolysis of methylated, 

degraded gum A of A. arabica gum" has shown that only units 3,4, and 6 are structural 

fragments of degraded A. arabica gum. 

ACKNOWLEDGMENTS 

We thank Professor Sir Edmund Hirst, C.B.E., F.R.S., for his interest in 

these studies, the S.R.C. for a maintenance grant (to I.C.M.D.), and Laing-National 

Ltd. (Manchester) and Rowntree and Co. Ltd. (York) for financial support. 

REFERENCES 

I Part XXVII: D. M. W. ANDERSON AND G. M. CREE, Carbohyd. Res., submitted. 

2 D. M. W. ANDERSON AND I. C. M. DEA, Carbohyd. Res., 7 (1967) 461. 

3 D. M. W. ANDERSON AND J. F. STODDART, Carbohyd. Res., 2 (1966) 104. 

4 R. KUHN, H. TRISCHMANN, AND 1. Low, A,,gew. Chem., 67 (1955) 32. 

5 0. PERILA AND C. T. BISHOP, Can. J. Chem., 39 (1951) 815, 

6 W. Z. HASSID, Anal. Cl,e,n.. 8 (1936) 138. 

7 T. E. TIMELL, Srensk Papperstid., 19 (1960) 668. 

8 D. M. W. ANDERSON, I. C. M. DEA, S. RAHMAN, AND J. F. STODDART, Client. Commun., (1965)145. 

9 R. L. WHISTLER, Afethodjg Carbohyd. Client., 5 (1964) 298. 

10 1. J. GOLDSTEIN, G. W. HAY, B. A. LEWIS, AND F. SMITH, Abstracts Papers Am. Chem. Soc. 

Meeting, 135 (1959) 3D. 

II D. M. W. ANDERSON, SIR EDMUND HIRST, AND J. F. STODDART, J. Client. Soc. (C), (1966) 1959. 

12 D. M. W. ANDERSON, SIR EDMUND HIRST, AND J. F. STODDART, J. Chem. Soc. (C), (1967) 1476. 

13 A. M. STEPHEN, South Africa,: J. Lab. C/in. Med., (1962) 76. 

14 F. SMITH AND R. MONTGOMERY, The Chemistry of Plant Gums and Mucilages, Reinhold, New 

York, 1959. 

CAR 462 UK 257 12 1st proof 



531b 

STUDIES ON URONIC ACID MATERIALS 

PART XXIXC. SOME STRUCTURAL FEATURES OF Acacia laeta GUM 
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ABSTRACT 

The gum polysaccharide exuded by Acacia mew trees contains D-galactose, 

L-arabiflOSe, L-rhanlnOSe, D-glucuronic acid, and 4-0-metliyl-i-glucuronic acid. 

Linkage analysis has yielded 3- 0-fJ-L-arahi nopyranosyl-L-arabi nose, 3-0-fl-i.-

arabinofuranosyl-L-arabinose, 3-0--D-gaiactopyranosyl-L-arabinose, 3-0-fl-1- 

galactopyranosyl-D-galactose, and 6- 0-fl-i-ga lactopyranosyl-D-galactose. The 
0-methyl derivatives of A. /aeta gum and autohydrolysed A. laeia gum were analysed, 

after methanolysis, by g.l.c. The autohydrolysed gum was subjected to a Smith 

degradation, and the product examined by linkage and methylation analysis. A. Iaeta 

gum was subjected to eight successive Smith-degradations; the 0-methyl derivatives 

of each of the polysaccharides obtained from the first six degradations and from the 

eight degradation were analysed, after methatiolysis, by g.l.c. The structural evidence 

obtained does not give unequivocal proof that the gum contains a "main chain" 

of fi-( I—'3)-linked D-galactose residues. 

INTRODUCTION 

A. lacia R. Br. ex Bentli. is a natural hybrid of A. seneycil (L.) WilId. and 

A. inc/li/era (VahI.) Benth., and it occurs in two varieties: A. lucia var. havhah (which 

resembles A. senegal) and A laeta var. ,neliifra (which resembles A. ,nellifera). 
The results of a detailed examination of A. laeia var. hashal; gum are reported in this 

Paper, and the structural features of this gum are compared with those of A. senegal 

gum (gum arabic). The characterisation of two aldobiouronic acids, 6-0-(/?-D-

glucopyranosyl uronic acid )-D-galactose and 6- 0-(4- 0-methyl-[i-o-gl ucopyranosyl-

uronic acid)-D-galactose, from A. lacia var. has/iab gum has been reported', together 

with the results of an analytical study of the extensive inter-nodule variation shown 

by this species, from which average values for the analytical parameters expressing 

the composition of the gum were calculated. 

RESULTS AND DISCUSSION 

The gum nodules from A. /aeta var. has/tab were collected, by the Gum Research 

Officer to the Republic of Sudan, from botanically authenticated trees at the El 

'For Part XXVIII, see Ref. I. 
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Ain Forest Reserve, near El Obeid, in November 1962. After purification, the gum 

polysaccharide was shown to have the specific, rotation and sugar composition shown 

in Table I. Samples of the gum were examined by zone electrophoresis on cellulose-

acetate hIm, and by ion-exchange chromatography on DEAE-cellulose'. No sharp 

discontinuities in the properties of the molecular species were indicated by these 

experiments. It therefore seems probable that A. laeta var. hasliab gum exhibits the 

same kind of heterogeneity as A. senegal gum45 , and may be considered to contain 

a continuous spectrum of related molecular species. 

Two disaccharides were isolated by thick-paper chromatography of the 

combined neutral syrups obtained from the graded hydrolysis of the gum outlined 

in Fig. 1. The first disaccharide had the same paper-chromatographic mobility as 

3- O-fJ-D.galactopyranosyl-D-galactose and was characterised as its crystalline 

monohydrate. Methylation evidence confirmed the presence of a (1—* 3) link. Methyl-

ation data for the second disaccharide and preparation of the phenylosazone con-

firmed that the disaccharide was 6-0-fl-D-galactopyranosyl-D-galactose. Partial 

hydrolyses with acid have shown that 3-0-/3-D-galactopyranosyl-D-galactose 6  and 

— 	 6-O-fl-D-galactopyranosyl-D-galactose' are constituent units of A. senegal gum. 

A. beta gum (30 g) 

	

4, 	0.0It H2SO4 (500 ml), 50 Ii, Ca. 100' 

Degraded-gum solution 

	

4. 	0.2r'i H2SO4  (500 ml), 9 Ii, ca 100' 

Degraded gum a 

	

4, 	0.5r- H2SO. (250 ml), 2 h, ca 1000 

Neutral fraction I 

Degraded gum Ii + Syrup I DEAE-Sephadex' 
Acidic fraction I 

	

4, 	2r. H2SO4 250 ml), I h, ca. 100' 

- Neutral fraction 2 

Degraded gum y + Syrup 2 DEAE-Sephadex< 
Acidic fraction 2 

4. 
 

2N 1-SO4 (250 ml), 4 h, Ca. 100' 

Neutral fraction 3 

Degraded gum c) + Syrup 3 DEAE-Sephadex 
Acidic fraction 3 

	

4. 	2i. HSO4 (250 ml), 2 h, ca. 100 

Neutral fraction 4 

Syrup 4 DEAE.Sephadex( 
Acidic fraction 4 

Fig. I. Diagramatic representation of stepwise hydrolysis of A. lucia gum. 

A disaccharide, obtained by thick-paper chromatography of the difTusate from 

an autohydrolysis (800  for 6 Ii) in a dialysis bag placed in distilled water, had the same 

paper-chromatographic mobility as 3- O-fl-L-arabinofuranosyl-L-arabinose. Con-

firmation of this structure was obtained by acid hydrolysis, methylation data, and 

preparation of the phenylosazone. The fact that the disaccharide is released under 

CAR 509 UK 274 2 1st proof 



URONIC ACID MATERIALS 	 3 

such mild conditions suggests that the reducing L-arab,nOSe residue was initially 
present (in the gum) in the furanose form. This disaccharide has been characterised 
from the gums of A. arahica7 . A. drepano lob iuind, and A. nubiea 8 . Paper chromato-

graphy of a mild, acid hydrolysate has indicated that it is a constituent unit of A. seize-

gal 
Autohydrolysis (60/on it boiling-water bath) of a 4% gum solution released 

all of the rhamnose, nearly all of the arabinose, and some galactose. Degraded-gum A, 

isolated after dialysis, contained galactose (76%), arabinose (3%), and uronic acid 
(21%). The specific rotations of the whole gum and degraded-gum A from A. laee'a 

are —42° and —28 ° , respectively; cf. values of —31.5° and - 110, respectively, for 

A. senegal 5 . Molecular-sieve chromatography'"" gave estimated values of 
5,700 and >200000, respectively, for the number-average molecular weights of 

degraded-gum A and A. lueta gum. This degradation is much greater than can result 
from the simple removal of arabinose and rhamnose from the periphery, and does 
not appear to have been caused by the presence of any internal, acid-labile residues 
of arabinofuranose, since acid hydrolysis of borohydride-reduced, degraded-gum A 

yielded only galactitol and no arabinitol. There is no evidence for the presence of any 
galactofuranose residues in the gum; thus, as in the case of A. senegal gum' - ', certain 

galactopyranosidic bonds must be unusually sensitive towards the mild conditions 
of autohydrolysis. 

An examination of methylated, degraded-gum A showed the presence of 

2,3,4,6-tetra-(+ +), 2,4,6-(+ +), 2,3,4-tri-(+ +), 2,4-di-(+ + +), and 2-0-methyl-
D-galactose (+), 2,3,4-tri-0-methyl-D-glucuronic acid (+ + +), and trace amounts 
of 2,6-di-0-methyl-D-galactose and 2,3,4- and 2,3,5-tn- 0-methyl-L-arabi nose. 
The presence of 2,6-di- and 2-0-methyl-D-galactose is ascribed to undermethylation. 
Methylation has revealed the presence of traces of terminal, non-reducing L-arabiflo-
pyranose and L-arabinofuranose residues in the degraded-gum A of A. drea,zo/obiuni'. 

Only terminal, non-reducing L-arabmopyrafloSe residues are present in degraded-

gum A of A. arabica7 , and only terminal, non-reducing L-arabinOfurafloSe residues in 

the autohydrolysed gum of A. senegal4 . The proportions of the other 0-methyl sugars 
obtained from methylated, degraded-gum A of A. laeia are similar to those obtained 

from inethylated, autohydrolysed gum of A. senegal 4 , except that the former contains 
a larger proportion of 2,4,6-tri-0-methyl-D-galactose. This suggests that degraded-

gum A of A. laeta has a larger proportion of /3-D-(1 —*3)-glycosidic links than auto-

hydrolysed gum of A. senegal. This could be the reason for the lower specific rotation 

of degraded-gum A of A. laeta. 
Smith degradation' 2  of degraded-gum A yielded degraded-gum B. Partial, 

acid hydrolysis of degraded-gum B gave 3-0-f-D-galactopyranosyI-D-galactose and 

a trace of 6-0-fl-o-galactopyranosyl-D-galactose. An examination of methylated, 
degraded-gum B indicated the presence of 2,3,4,6-tetra-(+), 2,4,6-(+ + + + + +), 
2,3,4-(trace) and 2,3,6-tri-(trace), 2,6-(+) and 2,4-di-(+ +), and 2-0-methyl-D-
galactose (+). The presence of 2,3,6-tn-, 2,6-di-, and 2-0-methyt-D-galactose is 
probably due to undermethylation. The proportions of the 0-methyl-o-galactose is 
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evidence that degraded-gum B is a galactan composed predominantly of fl-D-(l —p3)- 
glycosidic linkages, with a few /1-D-(l--6) branch-points. The identification of a 
trace of 2,3,4-tri-0-methyl-D-galactose from methylated, degraded-gum B indicates 
that X is a possible structural fragment of degraded-gum A. 

—+3).-D-GaIp-( 1-->3)-fl.D-GaIp-(I—+6)-/3-D-GaIp-(1—*3)--D-GaIp-( I—p. 

R 

where R = L-Arap-(l--', L-Araf-(l—, D-Galp-(l--', or 
X 

Two disaccharides were obtained from the diffusate of the autohydrolysate of 

A. laei'a gum by thick-paper chromatography. The first was identified as 3-0-/J-L-
arabinopyranosyl-L-arabinose by paper chromatography, acid hydrolysis, methylation 
evidence, and preparation of the crystalline phenylosazone. The second disaccharide 
was identified as 3-O--D-ga1actopyranosyl-D-arabinose, by using the same methods. 
The fact that both disaccharides are released on autohydrolysis suggests that, in each 
case, the reducing arabinose residue was initially present in the furanose form. 
Partial hydrolyses with acid have shown that 3-0-fJ-L-arabinopyranosyl-L-arabinose" 
and 3-0-0-D-galactopyranosy1-L-arabinose 6 " 4  are constituent units of A. senegal gum. 

The methylated gum was methanolysed, and analysed by g.l.c.; the methyl 
glycosides of 2,3,4-tri-0-methyl-L-rhamnose, 2,3,5- and 2,3,4-tn- and 2,5-di-0-  
met hyl-L-arabinose, 2,3,4,6-tetra-, 2,4,6- and 2,3,4-tn-, and 2,4-di-0-methyl-D-
galactose, and 2,3,4-tn- and 2,3-di-0-methyl-D-glucuronic acid were identified. 
The g.l.c. traces were virtually identical with those obtained' for a methanolysate of 

methylated A. senegal gum, and are indicative ofastrong structural similarity between 

the gums of A. senegal and A. laeta var. hasliab. 
A sample of A. laea gum was subjected to eight successive Smith-degradations 12 . 

The relative data are given in Table 1. The first Smith-degradation removed all of the 
rhamnose and 4-0-methylglucuronic acid residues, together with some of the galact-
ose, arabinose, and glucuronic acid. Complete oxidation of all of the glucuronic acid 
residues would be expected during the first treatment with periodate; the incomplete 
oxidation observed may result from steric hindrance' s . 

On methanolysis, the 0-methyl derivative of polysaccharide I gave the methyl 
glycosides of the methylated sugars detailed in Table 11. Thus, all of the arabino- 
pyranose and rhamnopyranose residues are removed by one Smith-degradation. 
The presence of 2,6-di-0-methyl-o-galactose may result from underniethylation at 

of certain D-galactose residues. On methanolysis, the 0-methyl derivatives of 
polysaccharides 2 and 3 gave rise, with the exception of 2,3,4-trl-0-methyl-D- 
glucuronic acid, to the same 0-methyl sugars. Similarly, the 0-methyl derivative of 
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TABLE I 

DATA FOR A. lucia (;IJM AND SMITH-DEGRADED rOLYSACCHARIDIS 1-8 

Rccu:er' I'criodaic Formic acid 

re(iucc'cl 	rclecijc'cl 

(uInioies9) ( nuolcs/) 

A. lucia gum —42 44 29 	13 	10.5 	3.5 - 5.24 1.40 

1 —18 68 28 	- 	 4 	- 60 5.00 2.06 

2 +4 91 9 	- 	 - 	 - 53 4.14 1.62 

3 +20 97 3 	- 	 - 	 - 60 2.81 1.25 

4 +26.5 97 3 	- 	 - 	 - 65 1 .47 0.69 

5 +28 100 - 	 - 	 - 	 - 73 1.43 0.63 

6 +28 100 - 	 - 	 - 	 - 77 1.44 0.67 

7 - tOO - 	 - 	 - 	 - 79 0.95 0.43 

8 +27 100 - 	 - 	 - 	
- 78 - - 

polysaccharide 4 gave the same methyl glycosides, with the exception of 2,5-di-0- 

niethyl-L-arabinose. Polysaccharides 5, 6, and 8 contained only galactose, and, 

on methylation and methanolysis, gave rise to all of the methyl galactosides detected 

in the earlier methanolysates. 
Acid hydrolysis of polysaccharide I yielded a small proportion of 6-0-(/1-D-

glucopyranosyluronic acid)-D-galactoSe. Partial, acid hydrolysis of each of the 

degraded polysaccharides gave 3- OfJDgalactOpyranOSyl-D-galaCtoSe and 6- O-1J - D-

ga l aCtOpyranOSyl-D-galaCtOSe, together with the f3-( I 3)-lin ked-D-galactose tn-

saccharide in the partial hydrolysates of polysaccharides 2-8. In addition, the /-(l -p6)-

linked-o galactose trisacchanide was present in the hydrolysates of polysaccharides 

2, 3. and 4. The detected amounts of the fl-(l--6)-linked D-galactose disaccharide 

decreased from polysaccharides 2 to 8. The (I -o3)-linked tnisaccharide was isolated 

from a large-scale partial hydrolysate of polysaccharide 5' (obtained after five 

successive Smith-degradations in a duplicate experiment) and was characterised by 

crystallisation from aqueous ethanol. 

On molecular-sieve chromatography-' 
.10.11 with 'Bio-Gel P300", A. lucia 

gum was eluted at the void volume. Since the viscosity properties of A. laeia gum are 

similar to those of A. senegal gum, its number-average molecular weight, 1ci 0 , is 

probably close to the value of 250,000 which O akley ö obtained for A. senegal gum. 

Molecular-sieve chromatography on a previously calibrated "Bio-Gel P300" column 

enabled the approximate, number-average molecular-weights, M,,, of polysaccharides 

1-8 to be estimated. There is a significant drop in %?,, to Ca. 91,000 for polysaccharide I 

after the first Smith-degradation, and subsequently to 14,000, 12,000, and 9,500 for 

polysaccharides 6, 7, and 8, respectively. 

On the basis of the available evidence, the structural interpretations for poly-

saccharides 5-8 are those that have been put forward for polysaccharide E, the 

fifth Smith-degraded product of A. senegal gum4 . Methylation evidence indicates that 
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pDlysaccharlcs 5-8 are not simple, linear fl-D-(l -.3)-linked galactans. AIthouh 

2.4,6-tr1-0-mcthyl-D-galaCt0SC is the preponderant 0-methyl sugar obtained from 

methylated polysaccharides 5-8. the identification of some 2,4-di-0-methyl-D-  

galactose and 23,4,6-tetra- 0-met hy l-o-galactose indicates occasional branching at 

the C-3 and C-6 positions. The presence of small amounts of the fl-(l-6)-linked-D-

galactose disaccharide in the partial, acid hydrolysates of these polysaccharides, 

and the relatively, low intrinsic-viscosity of the gum, give further support fora branched 

structure. If, however, there is a "main chain" of fl-(l .-3)-linked n-galactose residues 

in polysaccharides 5-8, it must carry short side-chains of fl-(I- 3)-linked D-galactose 

residues the branch points for these would be through fl-D-(I -p6)-linkages (Fig. 24). 

Alternatively, there could be occasional /3-o-(l -.6)-linkages along a " main chain" 

Of /3-D-(l--3)-1inked D-galactose residues: here the branch points for the short side-

chains would be through /3-D-(1-43)-linkages to fl-o-(l-#6)-Iinked residues in the 

"main chain" (Figure 2B). A randomly branched structure of fl-D-(1--3)-linked 

chains with fl-D-(l-+6) branch points would also satisfy the available structural 

evidence (Fig. 2C). 

A 	 a 	 - 

I 

c 

Fig. 2. Diagramatic reprcscrnation of some of the possible structures for the galactan framework 

of A. hieta var. hat/tab gum. 

are chains of /i-(I--*3)-linked n-Gaip residues: 	are fl-(l -->6)-linkages at branch points; Qare 

reducing end-groups; C are terminal, non-reducing groups. 

The ratio of the amounts of 2,4,6-tri-0-methyl-D-galactOSe to 2,3,4,6-tctra-

0-methyl-D-galactose and 2,4-d I- 0-methyl-D-galactose (g.l.c. of methyl glycosides) 

increased from polysaccharides 5 to 8, indicative of a progressive decrease in branching. 

Similarly, the ratio of 2,4,6-tn- 0-methyl-D-galactose to 2,3,4,6-tetra- 0-m 

4 	

ethyl- 

D-galactose and 2,-di-0-methyl-D-galaCtoS is greater for polysaccharide 5 than for 

polysaccharide £ of A. senegal gum. This suggests that the galactan framework 

of A. beta gum has a higher proportion of /3-o-(l --+ 3)-linkages than A. senegal gum. 

This could be one of the factors contributing to the lower specific rotation of A. facto 

gum. 
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Four Smith-degradations were required to remove all of the arabinose residues 
from A. scIlcga/ gum4. Thus, the longest arahinose-containing side-chains in A. senegal 

gum contain four residues. However, five Smith-degradations were required to remove 
all of the arabinosc resid ucs from A. lacia gum, and therefore some of the arabinose-
containing side-chains of A. laeta gum must contain five residues. Methylation analysis 
of autohydrolysed A. sen'gal gum showed that arabinofuranose units were the only 
arabinose residues attached to the galactan framework'. In contrast, both arabino-
furanose and arabinopyranose units have been shown to be attached to the galactan 
framework of A. laeta gum. 

Apart from these differences, A. laeta and A. senegal gums are closely similar 
on an overall molecular basis. As in the case of A. senegal gum', there is no unequi-
vocal proof for a " main chain" or "backbone" in A. lam gum. 

EXPERIMENTAL 

The analytical methods have been described in detail 5 . Paper chromatography 
was carried out on Whatman Nos. I and 3MM papers with the following solvent 
systems (v/v); (a) benzene-butyl alcohol-pyridine-water (1:5:3:3, upper layer); 
(b) ethyl acetate-acetic acid-formic acid-water (18:3:1:4); (c) ethyl acetate-pyridi ne-
water (10:4:3); (d) but/(yl alcohol-ethanol-water (4:1:5, upper layer); (e) butanone-
acetic acid-water (9:1:1, saturated with boric acid); (f) hutanone-water-ammonia 
(sp. gr . 0.88) (200:17:1); (g) ethyl acetate-acetic acid-watei (9:2:2); (Ii) butanone-
half saturated with water. values refer to distances moved relative to that of 
galactose. R G  values of 0-methyl sugars refer to distances moved relative to that of 
2,3,4,6-tetra-0-methyl-D-glucose (see Table 11). G.l.c. (Chromatograph Type S3A. 

flame-ionisation detection, Gas Chromatography Ltd.) of mixtures of 0-methyl 

sugars was carried out at nitrogen flow-rates of Ca. IOU nil/min. on columns of 15% 
by weight of poly(butane-I,4-diol succinate) on 60-70 mesh Celite (5 ft. x 0.25 in.) 
at 175° and (ii) 15% by weight of poly(ethylene glycol adipate) on 60-70 mesh Celite 
(3 ft. x 0.25 in.) at 160°. Retention times (T) (Table II) are quoted relative to methyl 
2,3,4,6-tetra- 0-methyl-fl-D-glucopyranoside as standard. Unless otherwise stated, 

polysaccharides were methylated successively with methyl sulphate and sodium 

hydroxide, and with methyl iodide and silver oxide, and methanolyses were carried 
out under reflux for 7 h with 5% methanolic hydrogen chloride. Disaccharides were 
methylated first by Haworth's method and then by Kuhn's method". 

Purification of A. lade gum. - The gum (220 g) was dissolved in water (4 I), 
filtered, dialysed, and electrodialysed. The polysaccharide was isolated as the freeze-
dried product (208 g), [] —42° (c 1.0) (Found: limiting-viscosity number, 20.7; 
N, 0.65; OMe, 0.35%; equivalent weight, 1250; uronic acid, 14.0; galactose, 44; 

arabinose, 29; rhamnose, 13%. All sugar percentages are for the "anhydro" forms 
and are corrected for moisture and protein contents. 

The gum migrated as 'a single band on electrophoresis on strips (18 x 5 cm) 
of cellulose-acetate film in both 0.1m ammonium carbonate buffer (pH 8.9) and 

O.IM acetate buffer (pH 4.7) at field strengths between 15 and 20 volts/cm for 2-4 h. 
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Polysaccharide bands were stained by a modification of the periodate-rosanlitic 

hydrochlcride method". The gum was also chromatographed 3  on a DEAE-c Ilulose 

column (35 x 1.5 cm). Gradient elution with sodium chloride solution (0.02-0.50), 

bjffercd at pH 6, yielded a single, slightly asymmetric peak. 

Separation and characterisation of neutral sugars. - The gum (5 g) was hydrolysed 

with 2N sulphuric acid (500 nil) for 12 h on a boiling-water bath, and the cooled 

solution was neutralised with barium carbonate, filtered, treated with Amberlite 

resin IR-120 (H f ), and concentrated to a syrup. The syrup was fractionated on a 

Duolitc A-4 resin column (20 x 2 cm) in the formate form, the neutral sugars being 

eluted with water (2 I). The neutral fraction was concentrated to a syrup (3.3 g) and 

chromatographed on a cellulose column (60 x 3 cm) with solvent (a), to give three 

pure monosaccharides. 

Fraction] (900 mg) was n-galactose, m.p. and mixed ni.p. 118-U9 °, []D+ 80 

(equil.) (c 4.0). It gave mucic acid, m.p. 2132140. 

Fraction 2 (1.04 g) was L-arabiflose, m.p. (from aqueous ethanol) and mixed 

imp. 159°, [a] 0  + 105°  (equil.) (c 3.0). The X-ray diffraction pattern was identical 

with that of an authentic specimen of L-arabinose. The derived phenylosazone had 

m.p. 164-165 ° . 

Fraction 3 (275 mg) was L-rhannosc, m.p. (from aqueous ethanol) and mixed 

m.p. 159°, [] +9°  (equil.) (c 3.0). The X-ray diffraction pattern was identical with 

that of an authentic specimen of L-rhamnoSe. The derived phenylosazone had m.p. 

181-182°  (from water). 

Isolation and characterisation of o-galactose disaccharides. - The gum (30 g) 

was hydrolysed with 0.0IN sulphuric acid (500 ml) for 60 h on a boiling-water bath. 

After dialysis against tap water for 48 Ii, the solution was adjusted to 0.2N with 

respect to sulphuric acid and hydrolysed for 4 h on a boiling-water bath. After 

neutralisation, degraded-gum a (6.5 g) was isolated by alcohol precipitation. Fig. I 

shows the stepwise hydrolysis of degraded-gum a. Syrups 1-4 were separated into a 

neutral fraction and an acidic fraction by ion-exchange chromatography on a column 

(15 x 2.5 cm) of DEAE-Sephadex G-25 in the formate form. The four neutral fractions 

were combined and concentrated to a syrup (2.6 g), which was chromatographed on 

Whatman 3MM papers in solvent (a) to give two pure disaccharides. 

Fraction 1 (118 mg) had [] +62°  (c 2.36) and yielded galactose on acid 

hydrolysis. It had the same 1?, values [0.47 in solvent (a) and 0.53 in solvent (c)] 

as 3-O-fl-D-galactopyranosyl-D-galactose. A portion (50 mg) of the disaccharide was 

methylated. G.l.c. examination of the methanolysis products revealed peaks with 

retention times corresponding to the methyl glycosides of 2,3,4,6-tetra-, and 2,4,6-

and 2,5,6-tri-0-methyl D-galactose [(1) T 3.99; (ii) T 3.22]. Hydrolysis of the methyl 

glycosides, followed by paper-chromatographic examination in solvent (d), confirmed 

the presence of 2,3,4,6-tetra-, and 2,4,6- and 2,5,6-tri-0-methyl-o-galactose (R 0  0.86). 

The disaccharide was crystallised from aqueous acetone to give needles of 3-O-/3-D-

galactopyra nosy l-D-galactose monohydrate, m.p. and mixed m.p. 157 ° ; its X-ray 

d ifraction pattern was identical with that of authentic material. 
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Fraction 2 (87.5 mg) had [] +28 °  (c 1.70) and yielded galactose on acid 

hydrolysis. It had the same R (,, f  values [0.29 in solvent (a) and 0.38 in solvent (c)] as 

6- O-fl-D-galactopyranosyl-D-galactose. A portion (40 mg) was methylated and 

methanolyscd to give products corresponding (g.l.c.) to the methyl glycosides of 

2,3,4.6-tetra-, and 2,3,5- [(i) T 4.03, 5.37; (ii) T 3.32, 4.35] and 2,3,4-tri-O-methyl-o-

galactose. Hydrolysis of the methyl glycosides, followed by paper chromatography 

in solvent (1), confirmed the presence of 2,3,4,6-tetra-, and 2,3,5- (R G  0.83) and 

2,3,4-tri-0-11Iethyl-D-galactosc. The phenylosazone had m.p. 201-203° (from water). 

Isolation and characterisation of 3_O_fi-L-arabinofilranosvl-L-arabi,wse. - 
Chromatography in solvent (b) and iodometric titration during a small-scale auto-

hydrolysis at 100°  showed that the reaction was essentially complete after 50 h. 

However, a disaccharide released at the beginning of the autohydrolysis had been 

almost totally broken down after 50 h. In order to isolate this disaccharide, the gum 

(5 g) in water (250 ml) was heated at 80' in a dialysis bag placed in distilled water 

I liter), which was changed at 2-h intervals. After 6 h, the auto hydrolysate was 

cooled, and dialysed against distilled water (I liter) for a further 24 h. The combined 

dialysates were concentrated to a syrup (1.3 g) which was chromatographed on What-

man 3MM papers in solvent (b) to give the disaccharide (28 mg), [)D  +90°  (c 0.56), 

which yielded arabinose on acid hydrolysis. It had the same paper-chromatographic 

mobility [R 61 , 1.25 in solvent (b)] as 3-O-fl-L-arahinofuranosyl-L-arabinose. A portion 
(10 mg) was methylated and methanolysed to give products corresponding (g.l.c.) 

to the methyl glycosides of 2,3,5-tn-, and 2,5- and 2,4-di-O-nlethyl-L-arabinose 

[(i) T 2.19, 2.26; (ii) T 1.52, 1.631. Hydrolysis of the iiiethyl glycosides, followed by 

paper chromatography in solvent (d), confirmed the presence of 2,3,5-tn-, and 2,5-

and 2,4-di-O-methyl-L-arabinose (R 6  0.66). The phenylosazone of the disaccharide 

had m.p. 198-199 °  (from water). 
Preparation of degraded-gui;i A. - The gum (60 g) was dissolved in water 

(1.5 I) and autohydrolysed for 60 h on a boiling-water bath. The cooled solution was 

filtered, and dialysed against distilled water (8 I). Freeze-drying gave degraded-gum A 

(25 g), [] —28° (c 1.0) (Found: uronic acid, 21; galactose, 76; arabi nose, 3%). 

Degraded-gum A (500 nig) was dissolved in water (100 ml) and reduced with 

sodium borohydride (500 mg). After dialysis, the freeze-dried product was hydrolysed. 

Paper-chromatographic examination of the hydrolysate in solvent (e) indicated a 

trace of galactitol, but no arabinitol. 
The diflusate was concentrated to a syrup (33 g). A portion (5 g) was fractionated 

on a cellulose column (60 x 3 cm) with solvent (i) to give two disaccharides, which 

were purified by further fractionation on Whatman 3MM paper in solvent (b). 

Fraction 1 (271 mg), [] +148' ((- 3.0,) yielded galactose and arabinose on 

acid hydrolysis. It had the same paper-chromatographic mobility [R G4 , 0.71 in 

solvent (a) and 0.51 in solvent (h)] as 3-O--D-galactopyra nosy l-L-arabinose. A portion 

(50 mg) was niethylated and methanolysed to give products corresponding (g.l.c.) 

to the methyl glycosides of 2,3,4,6-tetra-0-methyl-D-galactose, and 2,5- and 2,4-di-0- 

methyl-L-arabinose [(1) T 2.20, 2.25; (ii) T 1.53, 1.61]. Hydrolysis of the methyl 
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glycosides, followed by paper chromatography in solvent (d), confirmed the presence 

of 2,3,4,6tetra-0-methy1-D-galaCtOSe, and 2,5 and 2,4-di-0-methyl-L-arabinose 

(R G  0.67). The phenylosazone of the disaccharide had m.p. 235 °  (decomp.) (from 

water). 

Fraction 2 (35 mg), [lD  + 180" (c 0.70), yielded arabinose on acid hydrolysis. 

It had the same paper-chromatographic mobility [R 601  0.71 in solvent (h) and 0.86 

in solvent (c)] as 30-/3-L-arabinopyranosyl-L-aIabiIlOSe. A portion (15 mg) was 

methylated and inethanolysed to give products corresponding (g.l.c.) to the methyl 

glycosides of 2,3,4-tn-, and 2,5- and 2,4-di-0-methyl-L-arabinose [(i) T 2.18, 2.24; 

(ii) T I .50, 1.59]. Hydrolysis of the methyl glycosides, followed by paper chromato-

graphy in solvent (d), confirmed the presence of 2,3,4-tn-, and 2,5- and 2,4-di-0-

mcthyl-L-arabinose (R G  0.68). The phenylosazone of the disaccharide had m.p. 

233-234" (decom p.) (from ethanol). 

Methvlatwn of degraded-gum A. - Degraded-gum A (5 g) was methylated to 

give a product (3.8 g) (Found: OMe. 39.1%; not raised by further attempted methyl-

ation). A portion (50 mg) was methanolysed to give the 0-methyl sugars listed in 

Table 11. Hydrolysis of the methyl glycosides, followed by paper-chromatographic 

examination in solvents (d) and (f), indicated the presence of 2.6-di- and 2-0-methyl-

D-galactose, in addition to those 0-methyl sugars already characterised as their 

methyl glycosides. 

TABLE 11 

EXAMINATION OF METHANOLYSIS PRODUCTS FROM METHYLATED, DEGRADED-GUM A 

0-Met/i l sugars Approximate, relative 

molar proportions 

Relative retention times (T) 

of' ,,iethyl glycosides 

Column (I) 	Column (ii) 

Rc in 

so/vent (f) 

2,3,5-Tri-0-methyl-L-arabinose Trace 0.58; 0.72 0.46; 0.64 - 

2,3,4-Tn- O-methyl-L-arabinose Trace 0.98 	0.85 - 

2,3,4,6-Tetra-0-rnethyl-D- + + 1.67 	1.64 0.78 

galactose 
2,4,6-Tri-O-methyl-D-galactose + + 3,75; 4.20 	2.98; 	3.46 0.39 

2,3,4-Tni-0-methyl-n-galactose + + 6.45 	5.20 0.33 

2,4- Di- O-methyl-o-galactose + + + '1)6.4 	9.9; 	11,3 0.11 

2,6-Di-O-methyl-o-galactOse Trace - 	- 0.18 

2,3,4-Tri-0-me1hyl-o- + + + 2.21; 	2.97 	2.09; 	2.70 - 

glucunonic acid' 

2-O-Methy)-o-galactose + - 	 - 0.05 

'As methyl ester methyl glycoside 

Smith degradation of degraded-guni A. - Degraded-gum A (15 g) was dissolved 

in 0.25i-sodium metaperiodate solution (1.5 I) and left in darkness. After 96 h, the 

reaction was stopped by addition of ethylene glycol (30 ml). The solution was dialysed 

against running tap-water for 2 days. Sodium borohydnide (4 g) was added, and the 

mixture kept at room temperature for 30 h. After dialysis for a further 2 days, the 
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polyalcohol was hydrolysed in N sulphuric acid for 2 clays at room temperature. 

The solution was then neutralised with barium carbonate, filtered. deionised with 

Amberlite resin IR-120 (H), and dialysed against distilled water (2 I). The syrup 

obtained from the dialysate was shown by paper chromatography in solvent (ci) to 

contain glycerol and glycol aldehyde. After further dialysis against running tap-water 

for 2 days, degraded-gum B (1.25 g; 8.4%) was isolated as the freeze-dried product. 

Partial acid hydroli'sis and inet/iylation of degraded-gum B. - Degraded-gum B 

(20 mg) was hydrolysed with 0.5N sulphuric acid (10 ml) for I 11 on a boiling-water 

bath. The solution was neutralised with barium carbonate, filtered, deioniscd with 

A mberlite resin I R- 120 (H' ), and concentrated. Paper-chromatographic examination 

in solvent (a) indicated the presence of galactose, 3-0-/3-o-galactopyranosyl-D-

galactose, and a trace of 6-0-fl-D-galactopyranosyl-D-galactose. 

Degraded-gum B (500 mg) was methylated and methanolysed to give the 

methyl glycosides shown in Table Ill. Hydrolysis of the methyl glycosides, followed 

by paper chromatography in solvents (d) and (f), indicated the presence of 2,6-di-

and 2-0-rnethyl-D-galactose, in addition to those 0-methyl sugars already charac-

terised by -,.I.e. of their methyl glycosides. 

TABLE Ill 

EXAMINATION OF METHANOLYSIS PRODUCTS FROM METHYLATED, DEGRADED-GUM B 

0-Methyl sugars 	 Approximate relative 	Relative retention times (T) Rç in 
molar proportions 	of n,et/,vl glycosides 	solvent (1) 

Column (I) column (ii) 

2,3,4,6-Tetra-0-methyl-D- + 1.68 	1:67 0.78 

galactose 
2,4,6-Tri-O- met hyl-D-galactose + + + + + + 3.72; 4.16 	2.99; 	3.44 0.39 

2,3,6-Tri-O-rncthyl-o-galactose Trace - 	- 0.49 

2,3,4-Tri-O- met hyl-o-galactose Trace 6.40 	5.26 0.33 

2,4-Di-0-methyi-o-galactose + + 14.6; 	16.4 	9.8; 	11.1 0.11 

2,6-Di-0-methyl-D-galacLose + - 	- 0.18 

2-O-methyl-D-galactose + - 	- 0.05 

Melhylation of A. laeta gum. - The gum (500 mg) was methylated to give a 

product (410 mg), [] 
_490 (c 1.0, chloroform) (Found: OMe, 42.1%). Methanolysis 

gave the methyl glycosides shown in Table IV. Hydrolysis of tke methyl glycosides, 

followed by paper chromatography in solvent (d), indicated the presence of 2-0-

methylgalactose, in addition to those 0-methyl sugars already characterised by 

g.l.c. of their methyl glycosides. 

Preparation, partial acid hydrolysis, and methylation oJpolysaccharide 1. - The 

gum (28.3 g of polysaccharide) was dissolved in water (700 ml), mixed with 0.25m 

sodium metaperiodate (700 nil), and left for 48 h. The amount of formic acid released 

in this time was 1.40 mmols/g, and the periodate consumed was 5.24 mmoles/g. 

The reaction was stopped by addition of ethylene glycol (15 ml), and the solution 
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was dialysed against running tap-water for 48 h. Sodium borohydride (7.5 g) was 

added, and the mixture kept for 30 h at room temperature, and then dialysed for 
a further 48 h. The polyalcohol was hydrolysed in N sulphuric acid for 48 h at room 

temperature. 

TABLE IV 

EXAMINATION OF METHANOLYSIS PRODUCTS FROM METHYLATED A. lacki GUM 

0-Methyl sugars 	 Relative reteutio,, times (T) Rç; in 

of methyl glycosides 	 solvent (d) 

Column (1) 	Co/un,,t (ii) 

2, 3,4-Tn- 0-met hy - L-rha m nose 
2,3,5-Tn- 0-methyl-L-anabinose 
2,3,4-Tn- 0-methyl-L-arabinose 
2,5-Di- 0-methyl-L-arabinose 
2,3,4-6-Tetra-0-methyl-o-galactose 
2,4,6-Tn- 0-met hyl-o-galactose 
2,3,4-Di- 0-methyl-o-ga!actose 
2,4-13i-0-methyi-o-galactose 
2,3,4-Tri-0-mcthyl-o-glucuronic acidb 
2,3-Di-0-mcthyl-o-glucuronic acid 1' 
2- 0-methyl-o-galactose 
Unknown Peaks 

0.50 0.45 1.01 
0.60; 0.72 0.52; 0.62 0.98 
1.03 0.82 0.78 
1.81; 	3.18 1.27;(2.16)° 0.80 
1.70 1.67 0.88 
3.83; 4.27 2.92; 	3.45 0.72 
6.66 5.09 0.72 

14.7; 	16.6 9.8; 	11.2 0.52 
2.34; 2.91 (2.16);2.70 - 

7.8; 	9.5 5.8; 	6.8 - 

- - 0.32 
1.19; 	1.45 0.98; 	1.13 - 

I  Figures in parentheses indicateTvalues of components not completely resolved. bAs  methyl ester 

methyl glycoside. 

After dialysis against running tap-water for 48 h, polysaccharide 1 was isolated 
as the freeze-dried product (17.0g, 60%), [c] 0  -18°  (cO.82) (Found: uronic acid, 

4; galactose, 68; arabinose, 28%). Hydrolysis of polysaccharide I with N sulphuric 

acid for 7 h on a boiling-water bath gave a trace of 6-0-(/3-D-glucopyranosyluronic 
acid)-D-galactose [R 01  0.22 in solvent (b)] in addition to galactose and arabinose. 

Molecular-sieve chromatography4 ' 5 " ° " of polysaccharide 1 (20 mg) on a previously 
calibrated "Bio-Gel P300" column (45 x4.8 cm) gave JI,, 9l,000. 

Polysaccharide 1 (20 mg) was hydrolysed with 0.5N sulphuric acid (10 ml) 
for 1 hon a boiling-water bath. Paper-chromatographic examination of the hydrolysate 
indicated the presence of galactose, arabinose, and two neutral disaccharides having 
the mobilities of 3-0-fl-D-galactopyranosyl-D-galactose [R 6a1  0.49 in solvent (a) and 

0.54 in solvent (c), minor component] and 6-O-fl-D-galactopyranosyl-D-galactose 

{R G0I  0.31 in solvent (a) and 0.38 in solvent (c), major component]. 
Polysaccharide 1 (200 mg) was methylated to give a product (125 mg), [c] 0  

-43° (c 1.0, chloroform) (Found: OMe, 39.5%, not raised on further methylation) 
(see Table VI). Methanolysis of a sample of this product, followed by g.l.c. examination 
of the mixture of methyl glycosides, gave the results shown in Table V. 

Preparation, partial acid hydrolysis, and methylation of polysaccharides 2-8. 
- The following weights of polysaccharide were periodate oxidised, reduced with 
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borohyd ride, hydrolysed, and the corresponding degraded-polysaccharides were 

recovered as for the first Smith-degradation. Polysaccharide 1 (16.5 g) gave poly-

saccharide 2 (8.75 g); 2 (8.35 g)3 (5.0 g): 3 (4.6 g) — 4 (3.0 g); 4 (2.6 g) --+ 5 (1.9 g); 	/ 
5 (1.55 g) —+6 (1.2 g): 6 (0.86 c); —+ 7 (0.68 g); 7 (0.63 g) —'8 (0.49 g). The relevant 

data are given in Table 1. 

TABLE V 

0-METHYL. SUGARS PRESENT IN METIIYLATED, SMITH-DEGRADED POLYSACCHARIDES 1-6 AND S 

0-Met/ni sugars 1 2 3 4 5 6 8 Approximate, 

relative molar 

proportions in 

5 6 8 

2,3,5-TrI-0-mcthyl-L-arablllose  

2,5-Di-0-methyl-t-arabinosc + + + 
2,3,4,6-Tetra-0-rncthyl-D-galactose + + + + + + + I 

2.4,6-Tr-0-rncthyI-n-galactose ± + + + + + + 14 	16 	18 

2,3,4-Tri-0-nicthyl-u-galactose + + + + + + + Trace Trace Trace 

2,6-D-0-1110hyI-o-gaIactose + + . + + + + 3 	I 	Trace 

2,4- Di- 0-methyl-D-galactose + + + + + . + I 

2.3 4-Tn- 0-mcthyl-o-giiicuronic acid -I- 

Partial, acid hydrolysis of polysaccharide 2 (20 mg), followed by paper-chro-

matographic examination of the hydrolysate, indicated the presence of equal amounts 

of 3- O-fl-D-galactopyranosy l-D-galactose and 6- O-fJ-D-galactopyranosyl-D-ga lactose, 

and equal amounts of the fl-(I--+3)-linked 0.22 in solvent (a) and 0.23 in 

solvent (c)J and the /3-(l 6)-linked D-galactose trisaccharide [R GU , 0.15 in solvent (a) 

and 0.18 in solvent (c)j. Partial, acid hydrolysis of polysaccharides 3 and 4 gave the 

same oligosaccharidcs as obtained from polysaccharide 2. However, the proportions 

of the J3-(l —+6)-linked di- and tn-saccharides decreased steadily from polysaccharides 

2 to 4. Partial, acid hydrolysis of polysaccharides 5 to 8 indicated the presence of the 

fl-(I —+3)-linked di- and tn-saccharides, and the fl-(l —'6)-linked disaccharide. Tile 

proportion of the latter disaccharide continued to fall from polysacchal ides 5 to 8; 

only a trace was obtained from polysaccharide 8. 
Polysaccharides 1-6 and 8 were methylated (Table VI). Methaiiolysis of a 

sample of the products, followed by g.l.c. examination of the mixture of methyl 

glycosides, gave the results shown in Table V. 
Preparation, and partial acid hydrolysis of polysaccharide 5'. — A. laeta gum 

(30g) was subjected to five successive Smith-degradations, without isolation of the 
intel mediate polysaccharides, to obtain polysaccharide 5' (2.2 g). The polysaccharide 

was hydrolysed with 0.5N sulphuric acid (500 ml) for I h on a boiling-water bath. 
The Iiydrolysate was chromatographed on Whatman 3MM papers in solvent (a), 
and a pure trisaccharide was isolated. 

The trisaccharide (44 mg), [] +510  (c 0.88), yielded galactose and 3-0-fi-D-
galactopyranosyl-D-galactose, as the only disaccharide, on partial hydrolysis with 
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TARt E VI 

METIIYLA1 ION OF SMITH-DE 	POLYSACCHARIDES 

Pal vsaccharide 

	

I 	2 	3 	4 	5 	6 	8 

Amount of polysaccharide used (mg) 

Amount of product (mg) 
[]u of product (degrees) 

OMc(%) 

200 193 165 158 184 180 250 

125 120 80 85 76 65 81 

.-43 —33 —II —1 1 +1 +1 

39.5 41,3 39.1 37.2 37.1 36.8 36.5 

acid. The trisaccharide (crystallised from aqueous ethanol) had ni.p. and mixed 

m.p. 237-242° (decomp.), and R 001  values of 0.22 in solvent (a) and 0.23 in solvent (c). 
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ABSTRACT 

Dissolution of A. drepanolobium gum Fraction C (the water- 

insoluble gel) has been attempted using eight solvents. 	1 

Sodium borohydride solution was found to be the best solvent, 

giving a 69 yield of Soluble Fraction C. 	1;o1ecu1ar-sieve 

chromatography using Bio-Gel P300 indicated that Soluble Fraction 

C has a much higher molecular weight than the cold water-soluble 

gujn(Fraction A) and this has been confirmed by light-scattering 

measurements. 	Smith-degradation and methylation analyses 
	have 

indicated that Fractions A t  B, and Soluble Fraction C are 

structurally very similar. 

INTRODUCTION 

In a previous paper 2 , Fraction A (water soluble), Fraction 

B (soluble in N sodium chloride solution) and Fraction C (the 

insoluble gel) of A. drepaf101Obium gum were compared analytically. 

Four aldobiourOfliC acids were also characterised after N sulphuric 

For Part XXIX, seeRef- 1. 



-2- 

acid k1yczo1ysi3 of iraction A. 	In tais Paper, L1LthOC 	or 

dissolving raction C are explored. 	After di3solution in 1% 

sodium borohydride solution, soluble Fraction C ij coLpared 

with ?ractions A and B in terms of (a) Smith degradation and 

mtthy1ation analyses, (b) molecular weight measurements, in 

order to ascertain whether the insolubility of Fraction Co arose 

from structural or from molecular weight differences. 

MATRL.L3 AND ftTHODS 

The burn nodules from \. areanolobium Harms ex Sjstedt 

were collected by iP. 	 Bagshaw, Provincial Forest Officer, 

at Tabora, ',estern Province, Tanganyika, in July 1961. 	Powdered 

A. drcpanolobium gum (45 g/) was fractionated as described 

previously  to give Fraction A (35 g), Fraction B (.5  g) and 

Fraction C (5.0 g/). 

The standard analytical methods have been described previously. 

Paper chromatography was carried out on 7,4hatman No. 1 paper using 

the following solvent systems (v/v); (a) benzene - butyl alcohol 

- 'yridine - water (1:5:3:39  upper layer); (b) ethyl acetate - 

acetic acid - formic acid - water (18:3:1:4); (c) ethyl acetate 

- pyridine - water (10:4:3);  (d) butyl alcohol - ethanol - 

water (4:1:5, upper layer); (e) butyl alcohol - acetic acid - 

water (4:1:5, upper layer); (f) butan-2-one - water - conc. 

au.ionia (200:17:1). R  values of methylated sugars refer to 

distances moved relative to 2,3,4,6-tetra-0-metliyl-D-g1ucose in 



- 

301vent (d). 	G.l.c. of mixtures of 0-methyl sugars was carried 

out as described previously on columns of (i) 150 by weight of 

poly(butne-1,4dio1 succinate) on 60-10 mesh Celite (120 x 0.5 

cm) at 175 ° , and (ii) 15% by weight of poly(ethylene glycol 

adipate) on 60-70 mesh Celite (75 x 0.5 cm) at 160 0 . 	Retention 

times (T) are quoted relative to methyl 2,,4,6-tetra-2-methY1 

_-1-g1ucopyranoside. 	Polysaccharides were methylated successively 

with dirnethyl sulphate and sodium hydroxide solution, and with 

methyl iodide and silver oxide* 	Methanolyses were carried out 

under reflux for 7 h with methanolic 5% hydrogen chloride. 

Light-scattering measurements were made with a SOPICA Lodel 

42000 Photo Gonlo Diffusometer, using unpolarised green 1iht 

(5460 ). 	Veight-average molecular weights, 	
were calculated 

as described previously 
506. 

RESULTS R 1
ouiji 

&tternpts to dissolve Fraction C. - It has already been 

shown that Fraction C is soluble in N sodium hydroxide solution ,  

to the extent of 11 (w/v) 2 . 	This method of dissolution is not 

entirely satisfactory, since alkaline degradation of the 

polysaccharide will probably occur. 	Different methods of 

dissolution were therefore attempted. 	Samples of Fraction C 

(120 mg) were extracted with (1) distilled water; (ii) JL 

sodium chlorite solution; NO 31v1 magnesium chloride solution; 

(iv) LI urea solution; (v) 2n disodiwn ethylenediaflhifletetra 



acetate solution (ve/v); (vi) 2% sodium hexathoPhate 

solution (w/v); (vii) l sodium borohydride solution (w/v); 

(viii) 0.1fl phosphate buffer, pH 9.0; (ix) 	sodium borate 

solution (w/v). 	
ach extraction was filtered, dialysed against 

tap water for 48 h, and isolated as the freeze-dried product. 

Table I shows the percentage of Fraction C dissolved by these 

solvents. 	All the freeze-dried products were water-soluble. 

The best solvent for Fraction C is undoubtedly 	sodium 

borohydride solution (w/v). 	Fraction C (3.75 g) was therefore 

extracted with l sodium borohydride solution (400 nil), filtered, 

dialysed against tap water for 48 h, and electrodialysed to give 

.oluble 2raction C (2.25 g) as the freeze-dried product. 	The 

analytical data for Soluble Fraction C are shown in Table II. 

HyorOlYsiS (N sulphuric acid for 7 h at ioo° ) of Soluble Fraction 

C, followed by paper chromatography, indicated the presence of 

galactose, arabifloSe, rhamnOSe, and the same four aldobiOurofliC 
0 

acids wuich were detected in Fractions A, B, and C. 

• 	In order to check whether Fraction C had been degraded by 

treatment with 1% sodium borohydride solution (w/v), Fractions A, 

B, and Soluble Fraction C were examined by molecular-sieve 

chro1natOraPhY using a previously calibrated Bio-Gel P3 00 " 

column (45 x 4k5 cm) -''. 
	The elution volume of Soluble 

Fraction C was less than that of"Blue Dextran 2000"; fractions 

A and B were eluted at the same elution volume as "Blue Dextran" 

(Pharznacia, Uppsala, Sweden). 	This suggested that Soluble 
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Fraction C had a 

Light-scattering 

molecular weight 

for Fractions A, 

'ethirlatjon 

Fraction C. 

higher molecular weight than Fractions A and B. 

measurements subsequently gave weight averae el 

of 9.5 x 10 9  10.2 x 10 5 p and 22.0 x 10 

B. and Soluble Fraction C respectively. 

analysis of Fractions A, B, and Soluble  

- The three fractions (oo mg) were methylated 

exhaustively. 	Yields, specific rotations, and methoxyl contents 

o .  the methylated prouucts are shown in Table III. 	Lethoxyl 

contents were not raised on further attempted methylation. 	On 

rnetlianolysis and g.l.c. examination of the mixture of methyl 

glycosides, the methylated products of each fraction gave 

identical traces using columns (i) and (ii). 	Results of g .l.C. 

examination are shown in Table IV; retention times are comparable 

with those for methyl glycosides from authentic 0-methyl sugars. 

A portion of the methanolysate from each methylated product was 

hydrolysed with N sulphuric acid for 4 h on a boiling water bath. 

The cooled solutions were neutralised with barium carbonate, 

filtered, treated with Ajnberlite resin IR-120 (H f ) and concentrated. 

Paper chromatographic examination of the hydrolysates in solvents 

(d) and (f) showed the presence of 2-0-methylgalactose and 

L-O-methylarabinose in addition to those 0-methyl sugars already 

identified by g .l.c. of their methyl glycosides (Table Iv). 

Smith deiradation8  of Fractions, A, B, and Soluble Fraction C. 

The purified fractions (1.5 g polysaccharide) were dissolved in 

water (.j7.5 ml) and 0.25 sodium metaperiodate solution (7.5 nil) 
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anc. 0.251 sodium metaperiodate solution (31.5 ml) was added. 

The oxidation mixtures vere left in darkness at room temperature 

for L h, when the reactions 'here stopped by addition of ethylene 

glycol (2 ml). 	The solutions vere dialysed against tap water 

i'or L.o h. 	Sodium borohydride (0.5 g) was added to each solution, 

and the nixtureS were kept at room temperature for 30 h, then 

dialysed for a further 48 h. 	The three polyalcohols were 

hydrolysed inN sulphuric acid at room temperature for 48 h, 

and the hydrolysateS were neutralised with barium carbonate, 

filtered, and deionlsed with Amberlite resin IR-120 (H). 	The 

solutions were each dialysed against distilled water (1 1) for 

24 h, and then against tap water for 48 h. 	The three Smith- 

degraded polysaccharides were isolated as freeze-dried products, 

and the dialysates were concentrated to syrups. 

Yields and analytical data for the three Smith-degraded 

polysaccharides are shown in Table V. 	Hydrolysis of the smith- 

degraded polysaccharides (N sulphuric acid for 7 h at 100 0 ), 

followed by paper chromatography, indicated the presence of only 

galactose and arabiflose. 	The Smith-degraded polysaccharides 

were hydrolysed with 0.5N sulphuric acid for 1 h on a boiling 

water bath. 	Paper chromatographic examination indicated the 

presence of galactose, arabinose, and two neutral disaccharides 

with the mobilities of 3___D_galactOpyraflOSY1_galt05e 

Gal 
0.49 in solvent (a), 0.54 in solvent (c)] and 

5_Q__p_galactopyranosYlalt03e [RGa1 0.31 in solvent (a), 
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in 6olvelit (c),lnajor coi;iponent]. 

Chroiiatograp1iiC examination of the three dialysateS in 

solvents (a) and (c) showed the presence of glycolaldehyce and 

lycerol, and traces of ethylene glycol and threitol. 	The 

traces of ethylene glycol would be expected from non-reducing 

arabinopyraflosYl end-groups. 	The traces of threitol would be 

expected from D-galactopYraflOSYl residues with a substituent on 

as in the ol,L.-linked aldobiOuroflic acids previously detected 

in the hycirolysateS of Fractions A, B, and C. 	Glycerol from the 

dialysate of the Smith-degradation of Fraction A, after purification 

by thick paper chromatography in solvent (a), was characterised 

by preparation of its tribenzoate derivative, m.p. 750_750• 

Letx.ylatiOfl analysis of Smith-degraded products of Fractions 

A, B, and 3oluble Fraction C. - The three degraded products 

(200 mg) were methylated exhaustively using the methods of Haworth 

and Purdie. 	Yields, specific rotations, and methoxyl contents 

of the methylated products are shown in Table VI. 	Iethoxyl 

contents were not raised on further attempted methylation. 	
On 

methanolysiS and g.l.c. examination of the mixtures of methyl 

glycosides using columns (i) and (ii), the three methylated 

products gave identical results. 	Results of g.l.c. examination 

are shown in Table VII. 	A portion of each methanolySate was 

hydrolysed (N sulphuric acid for Li. h at ioo° ). 	The cooled solutions 

were neutralised with barium carbonate, filtered, treated with 

AmberlitSifl IP-120 (H) and concentrated. 	
Paper chromatographic 



examination of the hydrolysates in solvents (d) and (r) showed 

the presence of 2,6-di- and 2_0_rnethylgalaCtOse in addition to 

those 0-methyl suar5 already identified by g.l.c. of their 

methyl glycosides (Table VII). 

DISCUSSION 

A. drepanOlObium gum 2raction C is sparingly soluble 

( 1% w/v) in M sodium hydroxide solution. 	This method of 

dissolution is riot satisfactory, since degradation may occur 

under such alkaline conditions. 	Eight different aqueous solvents 

for Fraction C were therefore investigated (Table I). 	31,1 Sodium 

chloride solution, 3M magnesium chloride solution and 7M urea 

solution were unsuccessful solvents; hydrogen bonding between 

polysaccharide molecules is therefore unlikely to be the major 

reason for the insolubility of Fraction C. 	% Sodium borate 

solution and O.lM phosphate buffer dissolved Fraction C to the 

extent of 7 and 10.5% respectively; these solvents have pH 9, 

and this may account for the slight solubilisatiofl effected. 

Fraction C was dissolved to a greater extent by 	disodium 

ethylCflediamifletetra_atte solution (17.55) and by 	sodium 

hexametaPhOsPhate solution (47). 	The action of these solvents 

is probably dependent on the chelation of calcium and magnesiUm' 10  

andcross-linking by polyvalent metal ions might contribute to 

the insolubility of Fraction C in aqueous solutions. 	The 

higher solubility in sodium hexametaPhOSPhate solution is expected 
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since its optimum conditions are at neutral p  and room 

temperature (i.e. the conditions of extraction); the optimum 

conditions for disodium ethylenediaminetetra-acetate solution  

,- are at pH 10 and oO 0-70 0 
 

The best solvent found. for Fraction C is l sodium borohydride 

solution. 	This has p11=9, and will contain borate ions, but 

these facts cannot account for the dissolution action of this 

solvent in view of the results reported above for sodium borate 

solution and for phosphate buffer. 	Dilute sodium borohydride 
#2 

solution has also been found to be an effective solvent for water-

insoluble gums from the genera Combretum. Lannea and Teclea. 

Fraction C was extracted with l sodium borohydride solution 

in a large scalxperiment to yield Soluble Fraction C as the 

freeze-dried, electrodialysed product. 	The yield of solubilised 

gum was 69, based on the estimated dry weight of the insoluble 

gel. 	This represents virtually complete recovery of the 

polysaccharide present; all the bark and other foreign matter 

in the gum sample had inevitably become concentrated in the gel 

(fraction C). 

Analysis showed Soluble Fraction C to have the same sugar 

percentages as Fraction C; on periodate oxidation the two 

fractions released the same amount of formic acid and reduced 

the same amount of periodate. 
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Fractions A, B. and Soluble Fraction C were compared using 

ietiiylation analysis. 	The methylated products were obtained in 

similar yields, and had the same specific rotationz. 	On 

nethanolysis and g.l.cs examination the three methylated products 

Lave identical results. 	On Smith degradation, Fractions A, B, 

and soluble Fraction C Lave similar yields of Smith-degraded 

products. 	The analytical data (Table V) for the Smith-deraGed 

polysaccharides are almost identical, and on methylatioii analysis 

the three degraded polysaccharides gave identical results. 	There 

is therefore a close structural similarity between Fractions A, 

B. and Soluble Fraction C. 

Soluble Fraction C has a lower intrinsic viscosity than 

that obtained in M sodium hydroxide solution for Fraction c2. 

Molecular-sieve chromatography on a previously calibrated 2io-

Gel P300 column was therefor 6arried out to determine if the 

decrease in viscosity was the result of degradation of the 

polysaccharide during the extraction with sodium borohydride 

solution. 	Soluble Fraction C was eluted before the elution 

volume of "blue dextran"; in contrast, Fractions A and B were 

eluted at the same elution volume as "blue dextran". 	Soluble 

Fraction C could therefore differ from fractions A and B in 

having either a much hither molecular weight, or a different 

molecular shape' . 	Differences in shape imply differences in 

molecular structure, such as the frequency or pattern of branching. 

Since the Smith degradation and methylation analyses showed that 
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the three 2ractions are closely similar structurally, it seems 

unlikely that the differences between Fractions , , and Soluble 

Fraction C are due to differences in molecular shape. 	Light- 

scattering measurements confirmed that Soluble Fraction C has a 

much higher weight-average molecular weight (22.0 x lob) than 

Fraction A (9.5 x 10 5) and Fraction B (10.2 x i0). 	The precise 

reasons why sodium borohydride solution dissolves Fraction C are 

not known; the interactions which cause the polysaccharide 

molecules to aggregate seem to be counteracted irrevocably, since, 

after freeze drying, thoduct (Soluble Fraction c) remains water- 

soluble. 	Although it appears that gross degradation does not 

occur during the solubilising process, the possibility of some 

degradation occurring cannot be excluded. 	The true molecular 

weight of the gel (Fraction C) may be considerably higher than 

indicated by the experiments involving soluble Fraction C. 
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Table I 

Scl.bility of Fraction C in different solvents 

3ol vent s 	 r3 Fraction C Dissolved 

Distilled water 1 

3M 

 

sodiwi chloride solution 1.5 

3E,  manesiu1n chloride solution 1.5 

7M urea solution 2 

solution (w/v) of sodium borate 7 

0.1I 	phosphate buffer, pH 9.0 10.5 

27, solution (w/v) of sodium salt of 

ethylenediamifle tetraacetate 17.5 

27 solution (w/v) of sodiun, hexanietaphOsphate 47 

1% solution (w/v) of sodium borohydride 69 



TABLE II 

Analytical data for Soluble Fraction C 

Soluble ?raction C 

Moisture, % 10.2 

NitroL';en, ; 0.85 

Intrinsic Viscosity, cma 	i. 11.1 

IcLID (C 	1.0, 	water) +79.5 °  

Equivalent ,eight 1955 

Hence Uronic Acid Anhydride, % 9.0 

Galactose, % 51 

Arabinose, % 39 

itharnOse, % 

Formic acid released on periodate 1.05 

oxidation (moles/g x 1O) 

Periodate reduced (mole S/9 
 x i) 	 3.95 



Table III 

Data for ethy1ated Fractions A, B, and Soluble Fraction C 

Soluble 
Fraction A 
	

Fraction B 
	

Fraction C 

Yield a (mg) 

L°JD (0 1.0, cud 3 ) 

240 

+00 

50 
,- +ol 0 

 

200 

+59 

OMe, % 
	

40.8 
	

LO. 7 
	

14.1.0 

Footnote 

a From 300 mg of each fraction 



0.48 

0.55;0. 73 
(1.05) 

l.80;3.20 

(1-05);(2.36) 
1.98 

1.68 

( . 0) ; ( 3 . 89) ; (Lt. 22) 

(..).69);(4.22) 

6.42 
iL.G;i6.L. 

(2.36);(3.05) 

(0.50) 

(0-50);o. 64  

(0.82) 

1.26;(2.20i 

(0.82);1. 76  

1.43 
1.65 

2.)4I,(3.00),(3.44) 

.00);(3.44) 
7.08 

9.9;ll.L1 

( 
2.20);2.75 

0.97 

0.79 
0.82 

0.82 

0.56 
0.88 

0.73 

0.73 

0.73 

0.52 

0.32 

0.35 

Table IV 

Examination of methanolysis and hydrolysis 	cts from methylated Fracti 
A and B. and :.:thylated 3oluble 	n C. 

Relative retention times, T, of methyl 
1:cosides on columns:- 	 V  

R in 
so1ent (d) 0-methyl sugars 

(i) 
	

(ii) 

2, 3,L-tri-0-methyl-L-rhamflO3e 

2,3, 5-tri-C-methyl-L-arabinose 

2, 3,Li.-tri-0-methyl-L-arabiflose 

5-di-0-methyl-L-arabinoae 

5-di-0-methyl-L-arabinose 

3, L-di -0-methyl -L-arab mo se 
2, 3,LV,6_tetra-Q-methyl-Q-ga1actOse 

2,3, 6_tri-Q-rnethyl-D-galactose 

2 ,L, 6-tri--0-methyl-D-galactose 
2, 3,Li.-tri--methy1 -D--galactose 

2,4-di-0-methyl--D-galactose 
2,3 ,L.-tri-0-methy1-D-glucuronic 

- acid 

2-0-methyl -D-galactose 

4-0-me thyl -L-arah mse 

arcs in Darentheses inicte T values of conponents which areLcompletelY resolved. 

As ;iethy1 ester methyl Jycoside. 



Table V 

!jjalytiC1 data for the 3inith—degrade polysaccharides 

oisture 

Titrogen, 
field of polysaccharide (g) 

'ie1d, 2- 
Jalactose,/Q 

rabinose, 

:]D (C 1.0, water) 
?orrnic acid released 

)n periodate oxidation 

[moie/g] x 10 
Eeriodate consumed on 

periodate oxidation 

[moie/g] x 10 

Ratio of 
Periodate Cosunptiofl 

Formic Acid ReleasecL 

Fraction A Fraction B Soluble FiactiOfl 

11.9 10.5 13.8 

1.01 0.98 0.32 

1.11 1.14 1.12 

55.5 57 56 

43 44 44 

57 56 56 

	

0.94 	0.96 	 0.97 

	

3.47 	 3.45 

	

3.59 	3.62 	 3.56 



Table VI 

ta for methyl 

Yield (mg) 

LcL]D (a 1.0 9 
 CiiC1 3 ) 

O" e III
1  

d nith-deraded Fractions 
luble ?raction_C. 

Fraction A Fraction B Fraction C 

156 	150 	155 

+39° 	+39° 	+38 

40.1 	40.0 	40.1 



Table VII 

mination of ethanol1si3 and 
	

drolysis products from rnethylat 
Smith-degraded ool c ch a rides 

Relative retention times, T, of ,;ethyl 
lycosides on columns:- 

(i) (ii) 

0.6; 0.74 0.50;O - 3 

1.06; 	2.36 0.81;1.76 

1.80; 	3.22 1.26;2.20 

1.68 1.65 

3.90;4.22 3.00;3.45 

6.45 5.08 

114.6; 	16.4 9.9;11.4 

1.53 	 1.05  

R. in 	 Hence 
so1ent (d) 	 0-methyl sugars 

identified 

0.97 2,3, 5-tri-0-rnethyl-L-arabinOse 

0.82 3, 5-di-O-methyl-L--arabinoSe 

0.82 2, 5-di-0-methyl-L-arabinOse 

0.88 2, 3,14,6_tetra_Q_methyl-D-galactOse 

0.73 2,14, 6-tri-0-rnethyl--D--galactose 

0.73 2, 3,4_tri_Q-methyl-p-galaCtOSe 

0.52 2,4_di_0-methyl-p-galactOse 

0.55 2, 6-dl-0-methyl-D-galactose 

0.32 2-0-methyl -D-galac tose 

Unknown Sugars 
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m 	:'I. 	3o:.. 	 OF TTT7, ..LTr_0IT13Lnl FoT'w ç 

GUM. 

ON - 3 I. C. 	. DEA 

j•f' 1 	' 	(':: ; 	rl 	]1 

I 

--I 

ci rivative of the water-soluble fraction of the urn fro 

c 
	 ex 3j3stod yielded 2,3,5- and 2,3,4-tn-,  

-thyl-L--arai3inose, 2, 	i-C-methyl-D-galctose, 2,3,4-tri-C- 

:_-l'icuronic acid, and small amounts of 2,3,4-tri-0-methyl-L-rh.mnose, 

-:'y1-1-rabinose, 2,3,4,6-tetra- 0  ?,ii,'—, 2,3,6- and 293 9 4-tn- and 

2-0- - 	l--gtlactise. The water-soluble gum was subjected to five succesive 

-grad.ations: the C-methyl derivatives of the degraded polysccharid.es 

ver1. 	l. d, af';er methanolysis, by gas-liquid partition chromatography. 

The ' - c1; J evidence oiiained indicates that arabinose side-chains, soiiie - 

which are coisiderably longer than in other 'Acacia gums studied to dat., are 

attchJ t' a conmact, branched galactan framework. 

IiTRCDTI0N 

h- gu 	xudate from A. cirepanolobiim Harms ex Sjösted. is not conaltel;: 

so1ub 	in cci.: : ;:;i1ie water 2 , Extraction of the gum with \fater iv 

'oc Part XXX, see Ref. 1. 
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 rotor. 	30 yie1) and exractior of the residue 71' 	sodium &'1oriie 

o ution -i 	rcti c n 3 	yield), 1eavini -t 	 :' 	 c 

(c.. 12;: telci). A comparative xminL.tion of these three jraction; 

beer. reported 1 ' 3 ; a partial acid hydrolysis study of Fraction A hs indicated 

close similarity with A. araica um 4 . In this Paper five successive 

ith degradations, and methylation analyses, are utilized to establi 	the 

doii: t fetui'es of the molecular structure of A. drepanolobium urn Fraction A. 

R3ULT3 AD DISCUSSION 

The gum exudate from A. drepanolobiurn Harms ex Sjsted was collected by 

Mr. S. M. C. 3agshawe, Provincial Forest Officer, at Tabora, Western Province, 

Tanganyika, in July. 1961. After aqueous extraction and isolation 3 , the gum 

Fraction A was found to ha ye the specific rotation and sugar composition 

shown in Table I. Samples of Fraction A were examined by zone electrophoresis 

on cellulose acetate film, and by ion—exchange chromatography on D.E.A.E.-

cellulose 5 ; no sharp discontinuities in properties were indicated by the 

experiments. It is therefore possible that A. drepanolobium gum Fraction A 

exhibits the same kind of heterogeneity as the gum exudates of A. arab1ca 6 , 

A. laeta7 , and A. senegalU,  comprising a continuous spectrum of related 

molecular species. 

An examination of the 0—methyl derivative of Fraction A showed the presence 

of 2,3,5— and 2,3,4—tn—, and 2,5—, 3,5— and 3 9 4—di-0—methyl—L—arabino3e, 2,4-

cli-0—methyl—D—galactose, 2,3,4—tni-0—methyl—D—glucuronic acid, and small 

amounts of 2,3,4—tri-0—methyl—L—rhamnose 2  4-0—methyl—L—arabinose, and 2,3,4,6—

tetra— 2,4,6—, 2,3,6— and 2,3,4—tn—, and 2-0—methyl—D—galactose (See Table Ii). 
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The siall amounts of monomethyl-galactose and rnonomethyl-arabinose are 

not thought to be structurally significant; the presence of 2-0-methyl-

D-alctose is ascribed to undermethylation, and Smith degradation studies 

suggest that the 4-0-methyl-L-arabinose arises similarly. The high proportion 

of 2,4-di-0-methyl-D-galactose shows that most of the D-galactose residues are 

,-di-0-substituted. The small amounts of 2 1 3,4,6-tetra-, and 2,4, 6-, 2 9 3,-

nd 2,,4-tri-0-methyl-D-galactose show that there are a few terminal non-

reducing D-ralactose residues, and some 3-0-, 4-0-, and 6-0-substituted 

D-gtictoc units. The identification of 2, 3,4-tri-0-methyl-D-glucuronic acid 

int.es that D-glucuronic acid ( and a small amount, of its 4-0-methy1 	h - r) 

or s trrninnl non-reducing units... The presence of 2,3,4-tri-C-mrthyl-

L-rhmnose indictes that. most, if not all, of the L-rharnnose (i) is present 

c non-reducing end-roup, and, by analogy -:7ith A. engal pLim 9 ' 	it is 

pos±h.o t ), t thse resi."es are attached to some of the D-glucurouic acid uai -L. 

iC presence of 2,395-  and 2,3,4-tri-0-methyl-L-arabinose shows that toe 

araino6e side-chains are terminated by either L-arabinofuranose (I) or 

L-ara'oinopyranose residues (II). The identification of some 2,5-di-6-net1iyl- 

L-Araf 	 L-Ara1"' 

I 	 II 

.-araIinoe indicates the presence of some 3-0-substituted L-arabinofuranose 

• • 3LArafL•• 

III 

in these arabinose chains. The major di-O-methyl ether of 
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j 	present ; 	3,5-di-0-methjl-L-::rabiriose, which has previously 

i:olated from the methylated guis of A. pycntha ' 
, A. arbia 

nnd A. 111ca14 9  anJ dteccd in the net - .'nolysates of t.e 

l .  fi 	A. rzrsii, 	. 	irr.2ae, A. 	ecurrens, and A. C':Lo)hylla ). 

The presence of 3,5-di--inethy1--arabinose in methylated Fraction A sLows 

that there is a large proportion of 2-0-substituted Iarabinofuranoce iiaues 

(iv) in the arabinose chains; the detection of 3 9 4-di-0-methy1-L-arabio-e 

indicates that these chains also contain a small proportion of 2-0-substituted 

.-arainopyranOsy1 residues M. 394-Di-0-methyl-L-arabinose has prEviously 

ben e 	isolated from the methylated. gums 
	 13 ms from A. arabica and A. karroo , and 

of this 0-methyl sugar has been detected in the methanolysate of the 

:thj1ted gum from A. podalyriaefolia15 . Methylation evidence for 

... 	 1.000 
	 • • • • 2 L-Arap * • • • 

Iv 
	

V 

A. dre'- anolobium gum Fraction A and autohydrolysed Fraction A4  suggests that 

t:e arabinose chains are attached to a branched galactan framework at the 

G-3 and 0-6 positions of certain D-galactose residues. 

A sample of Fraction A was subjected to five successive Smith degradations; 

the percentage yields of the products (polysaccharides A - E) are shown in 

Table I. Although these yields are lower than those obtained from successive 

Smith degradations of A. senegal8  and A. laeta gums7 9  they are higher, 

particularly for the later degradations, than were obtained from A. arabica 

	

6 	The relative decrease in molecular weight from Fraction A to its first gum 
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ith-iegraüed product, polysaccharide A, is similar to that reported for 

A. senol gum 8 • Molecular-sieve chromatography indicates a drastic decrease 

in molecular siduring the second Smith degradation, i.e. from polysaccharide A 

(Lin ca. 95,530) to polysaccharide 3 (Mn oa. 9 9 200). The third, fourth, and 

fifth smith degradations did not cause such relatively large decreases in 

but the yields from these degradations are low. The dcGradation pattern of 

this sequence of Smith degradations differs from that reported for A. iaeta 7 , 

A. enegal, and A. arabica gums 
6. 
	Four successive Smith degradations were 

required to remove all the arabinose units from A. senegal gum 8 , and five 

degradations were required for A. laeta gum 7 . For A. arabica gum 6 , four 

successive Smith degradations decreased the arabinose content, but the fourth 

Smith-degraded product contained a considerable proportion of arabinose: it 

was concluded  that the ara'oinose chains in A. arabjca are at least six units 

long. A similar conclusion was reached for A. nu'oica gum14 . 	In contrast, 

five successive Smith degradations of A. drepanolobiwn gum Fraction A led to 

r. increase in the arabinose content, from 52 for the gum Fraction A to 71% 

for t 	fifth degradation product (polysaccharide E). 

On methanolysis, the 0-methyl derivatives of the 5rnith-deration 

polyaccharides A - E gave the methyl glycosides of 2,3,5-tn-,  2,- 	d 

3,5-di-0-methyl-L-arabinose, and 2,3,4,6-tetra-, 2,4,6- arid 2,3,4-tn-, and 

,/-&i-O-met'l-D-galactose i the proportions shovn in Table III. Tin c .:-ncP 

of arabinonyrtnooe residues in polrcchanide A suggests that 4 e -0-;• h::l-

L-rhinose obtained from methylated Fraction A is not structurally sii f rant 

-i-D-th1-L-arabinoe is by far the most bwndnt C-methyl sua:' 4 
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io ' , 	cc'io n 	 permits a calculation showing that r-u-n Fraction A 

of at least eight arabinoi;e residues, with the possibility 

.1c 'i)flr arai)inOse chains may he present. 

From the evidence obtained, some of the structural featurer of 

A. rpanoioium gum Fraction A can be deduced. Smith degradation and 

mehylation analysis of the gum Fraction A and the autohydrolysed gum 4  

indicate that long chains of 1 1 3-linktd D-galactose residues are not 	ch a 

(loin inat in. m feaure of A. Oren ::~no l olbi.iun 7,in, Fraction A as they are of A. ca 

nd A. 12.eta gum 7 . Smith deRradation and methylation analysis of the 

.utohydrolyeJ -um suggest that the branched galactan frameworks of 

A. cranolohiumn gum are closely similar to A. arabica gum, being more compact 

aad highly branched than those of A. senegal gum4 . In these compact f - neorT, 

blocks of periodate-resistant (.1 9 3-linked D-galactose units must be inter-

spersed with blocks of periodate-vulnerable p1 9 6-linked D-galactose residues. 

The first Smith degradation of A. drepanolobium gum Fraction A appears to 

proceed similarly to that of A. senegal gum, although arabinose resi u' ues i,.iust 

be reinovej from the C-3 positions of 6-0-substituted D-galactose inits, since 

the second degradation causes a large drop in Mn. In the third, fourth, and 

fifth Smith degradations the Mn of the degradation products falls only slightly, 

although the yields are in the 20-30%  range. This implies that, at each of 

these stages, the majority of the polymer molecules are periodate-vulnerable 

to such an extent that drastic degradation, resulting in the formation of 

molecular fra gments so small that they can escape during the dialysis process, 

takes place. In contrast, the minority (Ca. 30%)  of the molecular arrays at 

each stage are substaWtially stable, in their inner core, to periodate attack 

so that they suffer comparatively little degradation, although a majority of 
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I 	 oe of the ur 	noe chai:'. 	i 	the "'hole 	are cu.pa't 

there are also some short chains of two, three or four arabinose units. 

scheme such as the following is necessary to explain the unusual increase 

:. relative arabinose content of the Smith—degraded polysaccarides B — E. 

If the first degradation removes single arabinose units and/or arabinose chains 

attached by 2-0—substituted arahinopyranose units to the branched galactan 

framework, some periodate—vulnerable 6-0—substituted D—galactose residues will 

be formed in the core. The second degradation fragments the molecule drastically; 

hose parts of the galactan framework which resist this periodate oxidation 

hear a high proportion of the arabinose chains or single arabinose units. These 

,,-;ill he progressively removed from the 0-3 positions of 6-0—substituted 

D—stose units in the subsequent degradations, leaving molecules that will 

he rapidly fragmented.  On successive Smith degradations those structures 

having comparatively long arabinose chains attached to galactan frameworks 

sin mainly of/Sl,3—linked D—,—.lactose residues will tend to survive. 

( 	& $_/ 	 -r L) 
Wjjr 1 shor one oocsihle molecular array that represents gronerally the hrs 

L 	 pt 	- 	 - 1 tU-fVt, 

spectrum of tructuros posihle forZpolysa cch aride 	 prouc, 
, 	A- 

char 	, j 	 This model illustrates the need to asst 	some 

unhl :''L 	o'' arabinose chains to A . Lirepariolohium gum Fraction A; if, L. 

igure 1, olysaccharide D contained eight short chains of arabinobe reiLaj 

instead of four longer chains averaging at least eight units (some stay 'e 

coascrabii loner) the arabinose content of polysaccharide E would be less 

at of polaaccharide D. 



videce tertfore sugbests that the typical molecules 

(uJ Fractio. di. possess a compact branched 1:lacmt 

ra..:ork, u '.iich are Uttac ,ied :'o:—recIucing end—group (4—(-.methjl—) i—;1ucuroni 

ci 	and rliamnose residues. To the galactan framework,which 'as bloc1; 

i—alactose residues interspersed withblocks of 1l,—linked 

—:'l:.ctose residues, are attached some single arabinose units, some short 

arabinose chains (less than 5 units), and some relatively long arabinose 

T units). From the ratio of 2 9 5— to 395—di——mehyl—L—ara'oinose 

otaineci from the c—methyl derivatives of polysaccharides A - 	(Table iii), 

it seems probable that the short arabinose chains are predominantly 10—linked, 

with the longer chains predominantly 1,2—linked. 	Linkage analysis 4 , 

inethylation analysis, and Smith degradations show that (he structure of 

Ja;oloium gum Fraction A differs from that of A. senegal gum 8 , but is 

similar to that of A. arabica gum 6 ; the significant molecular difference 

between h. urepanolobium gum Fraction A and A. arabica gum involves the 

arraneme.nt and length of the arabinose chains. The longer arabinose chains 

in A. drepwo1obium gum Fraction A may result in its overall, average structure 

being less compact than that of A. arabica gum; this would explain the !iigher 

intrinsic v.scosity of A. dreoanolobiurn gum Fraction A, and its different 

behaviour ' 	during molecular—sieve chromatography. 
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S, 1 
Tc 	I cml methods h:v bon described elsewhere in more detail 

Parer chromatography m'.'as carried out on Whatnian Nos. I arid 31 ,1  :pemn usi1n 

the following solvent systems (v/v); (a) benzene - butyl alcohol - 'iridin 

water (1:5:3:3, upper layer); (b) ethyl acetate - acetic acid - foruic acid 

ethyl acetate - acetic acid - formic acid - water 

(c't) butyl alcohol - ethanol - water (4:1:5,  upper layer); (e) hutyl 

nicohol - acetic acid - water (4:1:5,  upper layer); (f) ethyl acetate - 

p;'ridine - water (10:4:3); (g) butan-2-one - water - ammonia (d. 0.230)(200:17:1 

RGa1 vrilues of sugars refer to distances moved relative to that of galactone. 

P0 vilues of 0-methyl sugars refer to c1itnncos moved relative to that of 

2,3,L;,6tetra_0_methyl_T)_glucose. Gas-liquid partition chromatography 

(Chronatograph Type S3A, fitted with flame ionisation detectors, suplied by 

Gas chromatography Ltd.) of mixtures of 0-methyl sugars was carried out at 

aitromen flow rates of cr. 100 ml./min. on columns of (i) 15 by weight of 

poly(h1itane-1,4-dol succinate) on Celite (5 ft. x 1/4 in.) at 175 0 ; and 

(ii) 15 by weight of poly(ethylene glycol adipate) on Celite (3  ft. ), 1/4 in.) 

at 1(00• Retention times (T) are quoted relative to methyl 2,3,L,6_tetra_0_ 

meth'/l-3-D-glucopyranoside as standard. Polysaccharides were methylated 

mucces5vely with dimethyl sulphate and sodium hydroxide, and with methyl iodide 

and silver oxide. !ethanolyses were carried out under reflux for 7 h with 

methanalic 5 hydrogen chloride. 

Purif.ction of A. drepnnoiohium guri P'raction A.- The prei;c4ma on af thi 

electroiilysed, freez-dried sample of A. drepanolobium gum Fraction A 

nn.t. hylation study has been described previously 3 . A portion of 

A. 	)n; o 7 o'A -,im gum was extracted with cold water, as described previoucly, to 
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.c1- FrcYon A (11 	g from 180 g). The smples of Fraction A hd 	+78 01. 

(c, 1.0)(Found: L-arrbinose, 52; 2-galactose, 38'; L-rhamnose, 1; 1-0iucuronic 

acid, 7%; 4-0-methyl-'-lucuronic acid, 2?; all sugar percentages are for the 

anbydro forma rr4c1 are corroctel for moisture and protein contents). 

Fraction A migrated as a single hand in electroDhoresis on strips (18 x 5 cm 

O C:;ilUlose acetate film in both 0.1M ammonium carbonate buffer (pH, 8,ç) 

C.IP acetate buffer (pH, ).7) at field strengths between 15 and 20 volts/cm for 

2 - L h. Polysaccharide bands were stained by a modification of the perioclate- 

17 	 5 rosam1ine hyo.rochlor3.cie rnetnod . The gum was also cnromatographeci on a 

r4.7.A..-ccllulose column (45 x 1.3 cm). Gradient elution with sodium chloride 

solution (0.0 - 0.5M) in 0.02 acetate buffer (pH, 4.1) yielded a single, 

slightly asymmetric peak for its elution pattern. 

ethylation of A. drepanolobium gum Fraction A.- The purified gum (10 

poly.ccharide) was methylated by the Haworth and Purdie proceedures to give a 

roduct 	+60 0  (c 1.00 in CHC13)(Found: OMe, 39.5' , not raised on 

further attempted methylation). 1ethanolysis of a portion of this product, 

followed by g.l.c. examination of the mixture of methyl glycosides gove tne 
10 

1:1 idu.j.O 

The r:-thjT. 	ci Ui (5 ) was refluxed with methanolic 5Y hydrogen 	bride 

(500 ml) .'or 7 . 711  methanolyate was cooled, neutralised with mil.irr 

carbon te, fltereci, and concentrrite to a syrup. The methyl 	.ycosi 	e 

removed by hydrolysis (IT sulphuric acid for k h at 100 0 ). The cooled solution 

was neutralised with barium carbonate, filtered, treated with Arnherlite resin 

I!-120 (11+)  and concentrated to a syrup. ThiFsyr up was applied to a column 

(33 r 3 cm) of Duolite Al in the formate form. Flution of the column with 

rater (3 1) gave the neutral 0-methyl sugar fraction; elution with aqueous 5 
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0 	 :ve tie :c:lic fl-:letltyl sugnr fractie. 

u'ar fraction (15 ag) wan refluxed wiih inthanolic 59 

1rogcn choride 'or 7 h. The derived methyl ester methyl g1,'conides were 

reduce by refluxing in dry tetrahydrofuran (40 ml) with lithium aluminium hydrid 

(TC 	:) cr 2 ii. t tr cooling, the excess hydride was destroyc' by 	tion of 

ethyl acetate and wnter. The mi:ture was evaporated to dryness, extracted 

exhaustively with chloroform and concentrated to a syrup. The methyl glycosides 

were removed by hydrolysis ('T sulphuric acid for 4 h at 1000 ). The cooled 

soTh 	'en neutralised with 	nun carbonate, filtered, tren'Led with Ambc-nlite 

resin 1-120 () and concentrated to a syrup (85 g). 7ractioiiation of thin 

product on Whatrtian 3MM papers in solvent (d) yielded pure 2,3,-tri-0-methyl- 

I)-glucose (3 	i). The derived. N-phenyl-2,3,4-tri-0-methyl-1'-glucosylamirie, 

0 	r,0 	 U 
eer recrnta1lisation from ethyl acetete, uad m.p. iLG - 1le (Lit. m.p. 

150 ° . 

A portion of the neutral 0-methyl sugar fraction (3.5 g) was chromatographed 

on a cellulose column (100 x 3.5 cm) with light petroleum (h.p. 100
0  120 0 

 

butyl alcohol (7:3, saturated with wa;er) as eluant to give six fractionn, and 

- 

with light petroleum (b.p. 100 
0- 

 120
0  ) - butyl alcohol (1:1, securatea with 

water) as eluait to give a further five fractions. 

'rctie1 (7 rig) from tubes I - 	Paper chromatography in solvet (d) 

showed. the presence of 2,3,4-tni-0-methy1-L-rhamnose (Pr, 1.03) and 

methyi-L-r.rah±nose 

 

(Pr,0.98). Dernethylation gave arabinone end rhannose. A 

ortio (10 mg was refluxed with rnethanolic 5 hydrogen chloride for 7 ii. (i.l.c 

.xaintion of the mixture of methyl glycosides indicated the prenence of 

ethl-T-rhnm1jose [(±),T 0.48; (ii),rn (0.50)J  and 2,3,5-tri-0-uictl:yl- 

-.ernb:t:xoac 	(i),T 0.G, 0.73; (j±),9' (0.50), 0.64. 
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14 

190 had [i -190  (c, 1.no). 	1c1 ihe 

p 	:otocrarhic mobility [Pç 0.98 in solvent (d) and 1.00 

I •' 	2, - tri -0 -:thl -L -arabiione. Tt was characterized by corvrr10 	to 

	

-- c' 	 which, 	CLer recrystallisatlon :rro.rcetonc, 

U7 	 18 _o 
2' 	5

0 
[Lit. ::.. 	

- 	 , 

	

'.ctioa 3 	from tubes tubes 191 - 280 had [cJ +270 (c,  

latLol. nve alactoae and arabinose. A portion was reflu::'  

nc.lic 5' hydrogen chloride for 7 h. G.l.c , examination of the r:ixture of 

lycosi"ea indicated, the preecc o 2,3, 1 i ,6 - tetra 	_tjj  yl - T~ -  IaC  t 

6    	 , G(I),T i. 	 [(i)T 056 073(ii)T 	L],  

1.75, 3.29; (1±),T 1.2 1+, 2.201 and 3,5 - di -O-ml-T.-arabinore 

2.1+0; (ii),T 0.85, 1.76]. 

ctio: : (770 mg) fror, tubes 281 - Lr20 had a] ~ 26 °  (c, I . 0Qi, A :out ion 

(10 	w',n re-fluxed with methanolic 5 hydrogen chloride for 7 . (.l.c. 

eu:uinatio'. of the mixture of methyl glycosides indicated that 2,5- E(i ) 1.76, 

2.20 nud 3,5-di-0-methyl- 1 -arabinose [(1),P  1.01+, 2.1+0; 

(J),T 0.5,  1.761 were the main components of the mixture. P portion (60 

was r:'.ctionated on Whatman 3M papers in solvent (a) to yield a niixLur (90 ) 

715-di -O -1 etiiyl -L -arabinose. Paper electrophoretic examinatn, 	j 

0.05' ort buffer confirmed the presence of 2,5- [MG  0.00, 10 volts/cm, (. 	a/ 

3,5 -di -O - methyl-L-arabinose [MG 0.62, 10 volts/cm, 0.5 a/cm, brown spot 

(yellow under u.v.) with aniline oxalate 19 . These components were separated 

from the syrupy mixture (200 i) by paper electrophoresis in borr, e buffer °  on 

rsrative scale. Zones were detected by spraying side sLripa. rr:'bobr1rate 

borate buffer were eluted from each zone; sodium ions were rénoved 

with :berlite resin I'R-120 (+) and borate was removed as methyl borate by 



rcIn I d vaporn.t')u with ethanol. 	7, -Ti-0-uc Lhyl-T.-aiabinosu ( 1t7 •.:) v.: 

harcter zcc by converr: on into -0-iiebhyl-L-arabonnri 	which, nfter 

ecr'talli:;iio'i fro 	Lhl acetate, had m.p. 130 0  - 1310 [Lit. 	. p. 	1220 

132 0 ?. 3,-fli--ithyi-L-arnbinoae (39 mg) was chircterized U' conversion suLo 

,3--fl-.i-L-rabonariiide which, after recrystallisatioi fror ,,cthpi :ceLr. Le, 

Aiar d.. 139 °  - Ikl °  [Lit. 	
10 14k°  - 1450 3. 

Fraction 5 (181 mg) from tubes 421 - 60 hd Co.] +1000  (c,  

Desethylation gave arabinose. Paper chromatographic examination indicated th 

pr;cncc? aT T,,1-Lri-O-methyl-T-arabinoso [G  0.78 in solvent () nd 0.5).  in 

(g)J in addition to 2,5- and 3,5-di-0-nethyl-1--arahinoao. 

Fr.-.ction 6 (123 ag) from tubes 651 - 1200 had ial, +98°  (c, 

Dcnethyltion gave galctose and a trace of arahinose. A portion (70 mg) was 

rfluxed with methanolic 5 hydrogen chloride. (,.l.c. examination of the nixtur 

of •:iyl plycosi:ies indicated tht 2,4,6- [(i),T (3.76), (11.20); (ji),T ('.(,
J), 

2,),6- [(i),T 3.04, (7.76), (4.20), (ii),! 2.50, (3.05), (3.50)7 

(ii),T 5.251 were the main 

c omro e en t s. 11a- 	 7_Q_ I 	 Lr&ø 

/ 
Fraction 7 (56 mg) from tubes 1201 - 1520 had 	+97 (C, 1.12). A 

(6 sg) wa refluxed with methanolic 5 hydrogen chloride. G.l.c. examination of 

the iixture of methyl glycosides showed the presence of 3,4-di-0-methyl-

T-arabinose [(i),T 1.90; (ii),T 1.381. The remainder of the fraction was 

croaographed on Whatman 3iM papers in solvent (d) to give a product (IC !p) 

T)e:;;eLhplation 

 

Lave arabinose. IL had the same paper chromatographic mobiliLies 

CRG 0. - 6 in solvent (d) and 0.20 in solvent (g)J as an authentic specimen of 

3, 1 -di-O-.;ethyl-I-arabinose. A portion (1+ ing) was converted into the metliyl 

Llycosides and methylated with methyl iodide (0.5 ml) and silver oxide (n.5 g) ir 



exniniinntion of the irnci.on iiiure 

hr 	ic ce of the 	t1y 	;iycoide(s) or 2,3, 14-tri-0- 	j -L-nrnb:inose 

1.00; (ii),", 0 .1J. 

	

'r.ctinn 	(170 mg) from tubes 1521 - 140 had [a] 419 °  (c, Q•(5)• Paper 

chromatogrrphic examnation in solvent (' showed that 

I-galactore was the main component of the mixtur. After purification by thick 

pnpr chromatography, it was characterized by conversion into _phenyl_2,L_(Ii-

0methyl-T)-galactosy1amine which, after recrystallisation from acetone, Lid 

m.p. 21L °  - 216 °  [Tit. m.p. 1°  214°  - 222 ° ]. 

Fraction 9 (1+5 mg) from tubes 16 1+1 - 1770 had [aJ +108 0  (c, 0 .1+5). 

Fractionation on Whatman 31IM papers in solvent (:1) gave a product (i 	ic). 

Den et1ilation gave arabinose. The 0-methyl sugar had the same chroniatographic 

aobility [P 0.35 in solvent (ci) and 0.09 in solvent (g)J as an authcntc pec.re 

oi L_CmehylLarabinose. A portion (5 mg) was converted to the JLi:T 

Clycosides and methylated with methyl iodide (0.5 ml) and silver oxide (0.5 g) in 

,-dimethy1formarnido (0.5 ml). G.l.c. examination of the reaction mixture 

nciictec1 the presence of the methyl glycoside(s) of 2,3,4-tri-0-metl-

T-nraose [(i),T 1.00; (11),T 0.82]. 

Fraction 10 (46 ag) from tubes 1771 - 1820 had [ajD  +88°  (c, o.1+6). P- cr 

ciromatographic xaniination in solvents (ci) and () indicated that 

'he main main component of the mixture. 

	

Fractio; 	1 (21+ mg) was obtained from tubes 1821 - 2000. Parer 

chromatography in solvents (a), (b) and (f) showed the presence of galactose 

(major component) and arabinose (minor componenL). 

Prearation, partial acid hydrolysis and methyintiori of polymaccricic. 

The gu! ( 23 g polymacch.aride) wts c1i;soiv1 	.n rttar (3.1 1) , rad 	0. 25M 
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metaperiodete solution (3.1 1) and left for 4C,  Ii. The m:ow. c'  

aCiL:l released in this time was 1.05 minoles/g. The corresponding amount or 

periodate consumed was 3.96 nmolos/g. The reaction was stopped by rjdilition of 

lcol (O ml), and temOlUtLoII clialyeed against running tap water for 

L' • Sodiun borohyciricle (32 g)was added, and the mixture bept at room 

te,r: ire for 30 h, then dialysed for a further 48 ii. The oJ.inlool 

bydroysed in TT sulphuric acid at room temperature for L8 h.  Arer 

a-anst running tap water for 43  h, polysacchride A was isolated as the freeze 

dried product 	.2 g polysaccharide; yield 55.5;'), F a 	+L15°  Cc, 1.'3)(Found: (6  

alaccse, 1'; n.rabinose, 5). Molecular-sieve chromatography of 

'i( 	i 
polysaccharide A (20 rig) on n previously cal'm' ated 1io-Gel P300 column 	

'' 

(45 x LJ cm) gave TIn cn. 95,500. (See Table V. 

Polysaccharide A (20 rig) was hydrolysed with 0.5N sulphuric acid (ic 1) for 

I h on a boiling water bath. Paper chromatographic examination of t'ne hcirolysa' 

indicated the presence of galactose, arabinose, two neutral disacchrricies i 

the mobilities of 3-0-p--galactopyranosyl--CalaCtO5e 	Gal 0.49 in solvent (a) 

and 0.54 in solvent (f), minor component] and 6-O__Ti-galactopyranosyl- 

-Calactose 	0.31 in solvent (a) and 0.3 in solvent (r), major eomponenL, 

and h her neutral oligosaccharides. 

Polysaccharide A (200 ig) was nethylated to give a product (110 .g), 

e39°  (c, 0 .50  in C'1C13 )(Found: 0e, 110.5, not raised on further ittemptcd 

rnethyT,ation) (see Table N). 	ethanolysis of a sample of this product rolloied by 

g.i.c. ex- ination of the mixture of methyl glycosides, gave the results shown 

in. Th'le 	Hydrolysis of the rinbhyl glycosides followed by paper cliromatograph: 

i moThrents (ci) and (g) indicated the presence of 2,6-di- and 2-0-methyl- 

-galctose in addition to those 0-methyl sugars already characterized by g.l.c. 
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a:i 	lccr5.dcr. 

Y on, ' - artial reii 	- rr)ly.s and mothylation of meir 	bari den P-B. 

The fO11OWiILg weights of polysaccharide were periodate oxidiac, boroliydrido 

reduced end 1iydrolyse -1, and the corresponding weights of c1cgrad:-d polyarccharide 

recovered as for the first Smith degradation. Polysaccharide A (67. 1+ ) cave 

polysaccharide B (22.4 c). This (27.7 g) gave polysaccharide C (7.!  

d:grahtion of polysaccharide C (6.9 g) nvo polysaccharide D (1.40 ). This 

(1.27 g) gave polysaccharide B (0.32 a:). The amount of periodate co.uunie2 and. 

foric acid rcicased on periodate oxidation, and the percentage yields, 

spec:i ^ic rota 	and constituent sugars of each degraded polysaccharido are 

given in ablc .X. Molecular-sieve chromatography of polysaccharides B - B 

inchcatec1 values for 1"n  of ca. 9,200, 8 1 000, 7,200 and 6,000 respective"y. 

'Thrtial acid hydrolisis of polysaccharides B,  C and D,  folloied by paper 

chronatographic examination of the hycirolysates, indicated the presence of 

_C_._T_galactopyranosylP_galactose (minor component) and o-O-P-P-galacto-

:yra ayl--galactose (major component), and higher neutral oligoccarid's. 

The proportion of tic [1,3-linked galactobiose increased steadily from 

poiyaaccharide B to B •  Partial acid hydrolysis of polysaccharide 1,  followed by 

paper chro togrn ic examination of tie 'ydrolysate, indicated the prenence of 

equal amou.s of 	 lac Los c and (-fl--D-gnlac;La- 

pyrtnosy1--galactose, and higher neutral oligosaecharidea. 

Polysaccharides P - B were methylated (Table IV). Methanolysis of a 	Iplc 

of the products, followed by g.l.c. examination of the mixtures of iieVlyl 

glycosides, gave the results shown in Table j. 

In the fourth and fifth Smith degradations the controlled acid ydrnlartcm 

were neutralised with barium carbonate, filtered, treated with Pmherlite ream 



- 	 - 

r- 	• ( TT 	 3l'e nin;t 15t11leci water (21) for 2L 

furt1i' ciLl is against running tap water the respective c1egra 	jroriucts were 

Lso1 : . The dialysntc froa the fourtb and fifth degrnc 	were 3$ onised 

nd concentrated to syrups (1.74  g, and 0.35 g respectively). Pae 

hroiatogr 	ic exnnination of the syrups indicated the presence rrf glycerol, 

lycolnldey1c, arabinose (a trace) 9  and slower non-reducing glycoide. Hyrolysi 

n'us followed by paper chromatographic examination indicated the 

r:ne of glycerol, glycolaldehyde, arahinose,and galactose (a trac(--). 
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Gal represents P-galactose; A represents L-arabinose 

Fii.ire 1. Possible molecular structure of/polysacchiridD (above) rudE. 



Table T 

"cr A. repnoiobiun mi 7rcL.on A nd Siiith-rlec'raded n ,' 	&inridc I-.' 

Constituent sugars '< Yield rniolec/ 	TOi ia1ec/ 
reduced on 'oriic 	Acid 

Gal Ara Pha Gluc A 	4-0-Me periodate rlred on 

GlucA oxidation perioclate 
oXi(t10n 

action A +78 0  38 52 	1 	7 	2 - 3.96 

A +150 
 1+3 57 	- 	- 	 - 55.5 3.38 

71 +20 0  L. C, 5L f 	- 	- 	 - 42 4.18 1.47 

C -2°  33 67 	- 	- 	 - 26.7 3.78 1.15 

D 210 32 68 	- 	 - 	 - 20.3 1.87 0,53 

E 750 29 71 	- 	 - 	 - 29.5 1.05 0.35 



0.148 

0- 55; 0 -73 
(1.05) 

l.80;3.20 

(1.05);(2.3 
1.98 

1.68 

(-3.05);(3. 89);(4. 22 ) 

( 3. 89) ; ( 14. 22) 
6.142 

14.6;16.4 
(2- 36) ;(3-05) 

(0.50) 

(0-50);O- S4 
(0. 82) 

1.26;(2.20) 

(0.82);1.76 

1.143 

1.65 

2.44;(3.00);(3.414) 

(3- 00 ); (3- 44) 
5.08 

9.9;l1.14 
(2.20);2. 75 

Table 11 

Examination of methnnolysis and hydrolysis products from methylated 'rciction '. 

Relative retention times, T, of methyl 
glycosides on columns:- 

R in 
solvent (d) 	 0-methyl sugars 

(i) 
	

(ii) 

2, 3,14-tri-0-methy1--rha1fln0Se 

0.97 2,3,5-tri--methyl--arabiflOSe 

0.79 2, 3,14._tri-Q_methyl-L-arabiflOse 

0.82 5-di-Q-methyl--arabiflOSe 

0.82 5_di_0_methyl--arabiflOSe 

0.56 3,14-di-0-methy1--arabiflOSe 

0.88 2, 3,14,6_tetra_Q_methY1_P-.&alactOSe 

0.73 2, 3,6_tri_0methYl_Q_ga1act0se 

0.73 2,14,6_tri_0_1?'ethyl_galactose 

0.73 2, 3,)4_tri-Q-methyl-pgalaCtOse 

0.52 2,4_di_0_methyl_p_galaCtOSe 

2, 3,4_tri_Q-methYl-1UCUr0fliC 
- acid 

0.32 2_0_methyl_QgalaCtOSe 

0.35 14_2_methyl--ara'Oifl03e 

Figures in parenthesis indicate T values of components which are not completely resolved. 

tAs methyl ester methyl glycoside. 



TJ1e III 

1HtVe p1poVtLOrI of u-rnctiiyl urs present in 4ety1ated 

-olysaccharideS -±! 

0-n'ethy1 sugar 

2,3, 5_tri_Q_methY1-arab1n0se 

2, 5_di_Q_methyl_L-arabiflose 

5_di_Q_methy1_-arab1n0Se 

3,L.,6_tetra_Q_methYl_galt03e 

2, Li., a-tn -0-me thyl-D-galac tose 

2, 3,)4_tni_Q_methy1__galaCt05e 

2, LI.-dl -0-methyl -fl-gal ac tose 

A B C D 

L. 2 2 2 L. 

2 2 1 1 

7 6 	'8 910 

trace trace 1 1 1 

3 L. 2 2 2 

1 2 1 1 1/2 

3 3 1 1 1 



Ti? 

itf1-(lernde(i po1y3Rcc1rJe. 

Poly sac c liar ii 

A 	 C 
	

I) 
	

E 

..iount of polysaccharide used (mg) 
	

200 
	

179 
	

136 	12-1 
	1 01. 

Aount of product obtained (ms) 
	

110 
	

85 
	

60 	53 

[ctJD of product 
	 39 0 

	
0 	

12 
0 	

-7 
	-29 °  

0;!e of product, 	 40 .5 
	

41.2 
	

42.1 
	

41.0 



3TLUCTURAL 	 0 TU 	iL 	'LUDTE 

iertent of Cheitry, The University, UdiziLurLh 	(Cre.t rit iri 

(eceived I;ay 	,i68) 

r'rn 

The gum polysaccharide exuded by hcacia seya1 treec 

D-galactose (38), L-arabinose (45), L-rhamnose 

;lucuronic acid (7;.) and L.-D-m et: uyl-D-glucuronic acid 

Linkage analysis yields -0-3-L-arabinopyrinosyl-L-arbino u, 

-0-3-L-arabinoiuranosy1--arabinose, 

D-galactos e and 6-0---D-gilactopyranosy1-D-galac tose. 	The 

methyl derivatives of A.ysl gum and degraded gum 	(obtained. 

by partial hydrolysis itii 0.01 U acid) are analysed, after 

rnethanolysis, by gas-liciuid partition chromato;:caph:. 	Uaraded 

gum A is subjected to a Smith degradation, and U. ejal gum is 

subjected to four successive Smith degradations; the degradation 

products are examined by methylation and linkage analysis. 

Degraded um A is also subjected to a controlled $mith 

degradation to establish the nature of the reducing and-grou 

The structural evidence obtained indicates a strong  

between A. seal gum and A. arabica gum 2 . 

Jor UarLXXXI, see ef. 1. 
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It ilas already been siio 	that /. se;,ral ;wa Ia not 

unusual in having a positive specific rotation and a lo -.,,,  content 

of L- iaanose that does not bear a unit molar corraa once to 

the aronic acid content. 	D-Glucuronic acid and its 4-2-1etby1 

ether hoLVe been tso1a,te from the gum and chalbactc:.ised4 ; 

acid hydrolysis, follov.ed by preparative oaper chro ton: .", 

led to the isolation and characterization of four aldobioaoiiC 

cid, viz., 6__0_p_lucopyranosyl:uronic acid)-L)-glactose, 

acicl)-D-galactose, 

-C-(a-D-glucopyranosyluronic acid) -D-galactose and 4_-(L._- 
etiayla--g1ucopyranoSyluronic acid)-D-galactosc. 	n inter- 

nodule analytical study of /. seyal ;um has shom 2  that D- 

 galactose, L-arabinose, and L-rharnnose are constituent sugars 

of the gum; for different nodules, the proportions of these 

sugars were found 5  to vary between 34 - 42, 142 - 	and 

1 - 8 respectively. 	The results of a detailed structural 

study of . seyal gum are reported and discussed in this iner. 

RESULT 	ND DISCUSgIOI' 

A single nodule of gum from A. seyal Del. was used; it 

was collected, by the Gum esearch Officer to The Tepublic of 

Sudan, from a botanically authenticated tree at Umm Fuaba 

orest ieserve, thatern Kordoi'an, on 9th Larch 1960. 	nfter 

purification, the gwn polysaccharide was found to iave the 

specific rotation and sugar composition given in Table I. 	The 



L am vas exaaineci by zone cicctrophoresis, am, by ion -cxcange 

chromatoraphy on D.-;'.,,.. _,'.-cellulose 0 . 	bce no sh:rp 

discontinuities in the properties of the molecular species were 

indicated by these experiments, it seems probable that A. sepal 

gum exhibits the same kind of heterogeneity which has been 

suggested for the gums of A. senegal 7 ' 8 , . arabica, 2  A. lacta 9  

and A.drepanolobiL' 10 . 	If this is the case, then A. seyal 

burn may be considered to contain a continuous spectrum of related 

T olecular species. 

Mild acid hydrolysis of the gum (0.011\71 sulphuric acid for 

100 h at 100 0 ) effected the release of all the rhamnose, most 

of the arabinose, and some galactose. 	Degraded gum A, isolated 

after dialysis, contained D-galactose (82), L-arabinose (), 

and uronic acid (15); molecular-sieve chromatogrtphy gave an 

estimated value of L.,900 for its number-average molecular weight, 

Mn. 	Light-scattering measurements gave a value of Ca. 850,000 

for the weight-average molecular weight, 1.11w, of . scyal gum. 

The extensive degradation on mild acid hydrolysis is thererore 

much greater than can result from the simple removal of arabinose 

and rhamnose from the periphery of the molecule, nor can it 

have been caused by the presence of internal acid-labile 

arabinofuranose residues, since acid hydrolysis of borohydride 

-reduced degraded gum A yielded galactitol but not arabinitol. 

There is no evidence for any galactofuranose residues inthe 

polysaccharide, although traces of di- and tri--methyl-- 
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alactofuranO3eS would be difficult to detect in tr mixtures 

of metl:yl Elycosides examined by g SlSC1 EouvenL: and Lindberg 

iive observed that certain alacto-pyrano3ioiC 'OOnc3 in highly 

branched arabinogaiactans are unusually sensitive to mild acid 

hydrolysis 11-15. 	It therefore seems probable that certain 

g:1acto2pyranosidic bonds in A. seyal gum are unusually sensitive 

to mild acid hydrolysis, as has already been reported for 

2 78 	 9 	 /10
mivi . arabica , A.senegal ' , 1. Theta , and . 

An examination of methylated degraded gua 	showed the 

presence of 2,3,4,6-tetra- (++), 2,4,6- (++), 2,3 2 6- (+) and 

2,11- (+++) and 2,6-di- (+) and 2-3-methyl-

D-gulactose (+), 2,3,4_tri_-methyl--glUCUrOfliC acid 

and traces of 2,3,5- and 2,3,4-tni--methyl--arabiflOSe (see 

Thble II). 

L; 	uLLL1Ifll.Iyl a1 	T? This shows that I and II are stfuctural 

lragrnents of degraded gum A. Methylation analysis has shown 

the presence of traces of 

1 . . . 
L-Araf 0 0 L-Ara 

I 
	

II 

terminal non-reducing L-arabinofuranoSe residues in the 

autohydrolysed gum from k. senea1 28 , and terminal non-

reducing L-arabinopyranose residues in A. arnhica de,::r&ded gum 

2 a . 	Traces of terminal non-reducing L-arabinouranose and 



-5- 

L-arabinopyranose residues have been detected in the degraded 

- 	 9 10 
gum A of A.laeta and A. drepanolobium gum Fraction A 

Lithium aluminium hydride reduction of methylated degraded gum A, 

followed by a Kuhn methylationhG,  yielded 2,3,4,6- tetra-Q .-methyl-

fl-glucose after methanolysis (see Table III). 	This confirms that 

D-glucuronic acid, and its 1-0-methyl ether, are non-reducing 

end-groups in degraded gum A. After partial methanolysis of methylate 

degraded gum A and hydrolysis of the methyl glycosides, the 

methylated aldobiouronic acids were separated from the neutral 

0-methyl sugars by ion-exchange chromatography. Methanolysis of 

the methylated aldobiouronic acids followedby g..c. examination 

of the mixture of methyl glycosidesshowed. the presence of 

2 ,3,L.-tri-O-methyl-D-glucuronic acid, and 2,3,6- and 2,' ,L-tri-, 

and 2,4- and 2,6-di-0-metbyl-.-galactOse. 	This indicates that 

III - VI are structural fragments of degraded gum A. 	Similar 

experiments on the methylated degraded gum A from A. arabica 2 

and A. drepanolobium Fraction A1°  have shown these gurus to contain 

fragments III, IV and VI, and III - VI respectively. 

lcLL. 

>D-Galn 1.... 

or 
icL. 

D-Ga1' 

1 	6 

or 

-O-Le-D-GA 	D-Ga1 •  

III 	 IV 
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D-G- 	)D-Gal . 	 D-Gnk - 
 

.3 
	 .3 

or 

1 a L 
4-0-e-D-G2A 	D-Gal 

.3 

or 

l6  L-O-e-D-GnA 	)D-Ga1" 

.3 

VI 

inith degradation of degraded gum yielded denaded gum 

B, and partial acid hydrolysis gave 3-2--D-ga1actopyranosy1-

D-galactose and 6-O--D-galactopyranosyl-D-ga1actose. 

examination of methylated degraded gum B indicated the presence 

of 2,3,4,6-tetra (++), 2,4,6-  (+++.) and 2,3,L.-tri- (+), 2,6-

(+/2) and 2,4-di- (+), and 2-0-rnethyl-D-galactOse (+/2), and 

a trace of 2,3,L.-tri-O-methy1-D-g1ucurOnic acid (see Table IV). 

The presence of a trace of Llucuronic acid in degraded gum B 

could arise from incomplete oxidation of degraded gum A, and 

the 2,6-di- and 2-0-methyl-D-galactose probably result from 

underrnethylation. 	The proportion of the O-methyl-D-galactoses 

obtained from methylated degraded gum B indicates that degraded 

gum B is a branched galactan composed predominantly of 01,3 

glycosidic linkages with a few P1,6 branch points, and the 

identification of some 2,3,4-tri-0-methy1-D-ga1actose indicates 
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that VII is a p3:ible structarul unit of der cct 

irilar structural unit occurs in 

l/3 

3 -Gal 	>D-Gai 	)D-Gal 
1,0 

R 

•iei'e 	L-Arf3" ' , LAraL 	, D-Gal fl1  ' 

... D-Gal21 , 
...96 	 1.... D-Gal 

VII 

the ciegraded gum A of A. arabica 2  and A. drcpunolobiurn Fraction 

Jo 
.t 	S 

7 
A controlled smith degradation of degraded um gave 

degraded gum C. 	Periodate oxidation of degraded gum A did not 

yield formaldehyde, and the reducing galactose residue is 

therefore substituted at c-6. 	Degraded gum C contains arabinitol; 

at least some of the reducing end-groupgalactose residues of 

degraded gum A are therefore substituted at C-3 17 . 

ild acid hydrolysis of degraded gum A gave tio galactobioses, 

which were characterized as 3-2--D-galactopyranOsyl-D-galactOse 

and 6-
1-1 r-'- 

	Two ara'binobioses, 

obtained from the di2fusate of the mild acid hydrolysis of 

1. . seyal guiri, were characterized as 3-O--L-arabinofuranOSyl-

L-arabinose and 3-2-p-L-arabinopyranOS3rl--arabifloSe 	since 
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these .i.rabinobioses are released under very r'Jid acidic conditions, 

the reducing .irabinose residues were probably present initially 

in the furanose form. 	Thus VIII, IX, X and XI are structural 

fragments 

	

"D-Gal2 	>-Cal2 

VIII 

	

L-Araf 	' L-Araf' 

l/'3 3 
D-Gal .a 	>D_GUl.12. 

Ix 

t33 	i 

x 	 XI 

of A. seyal gain. 

An examination of the 0-methyl derivative of .scgl 

gum indicated the presence2,3,)4-tri-Q-methyl-L-rhainose 2,3,5- 
(a-) 

and 2,.),4_tri_h  and 2,5-  (+++++), 3,5- (++) and 

rnethyl-L-arabinose (+), 2,)4di_0_methylD_alactose, 2,3,L-tri--

raethyl-D-glucuronic acid, and small amounts of L-C-methyl-L-

ara'oinose, 2,3,4,6-tetra-, 2,3,6-, 2,4,6- and 2,3,4-tri- and 

2-0-methyl-D-galactose, and 2,3-di-O -methyl-D-glucuronic acid 

(see Table V). 	The presence of 2-0-methyl-D-galactose is 

ascribed to andermethylation, and subsequent Smith degradations 

of the gum suggested that the L-O-methyl-L-arabtnose probably 

arises similarly. 	The high proportion of 2,Lj.-di-O-methyl-D- 

galactose indicates that most of the D-galactose residues in 

-L.seya1 gain are j,6-di-O-substituted, although the identification 

of trace amounts of 2 1 3,4,6-tetra-, 2,3,6-, 2,Li,6- and 2,3,4- 
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tri__methyl--galactose inLicates that there are a ew 	xi tertial 

non-reducing D-a1actose residues, and sorie LI. - 0- , -)- and 6-fl-

substituted D-galactose units respectively. 	The identification 

of 2,,4_tri_0_methyl--61UCUrOflic acid and 2,3,4-tri--rnethy1- 

L-riianlnose suggests that D-1ucuronic acid, 4-2-methy1-D-lucUrOfliC 

acid, and L-rhamnose occur as terminal non-reducin units in the 

g um, and the 2,J_di--methyl - gluCUr0n 1c acid suests that the 

terrinal non-reducini L-rhamnose is attached to D-glucuronic acid 

18,19 
residues 	• 	The presence of 2,3,5- and 2,3,4-tr1--methyl 

-L-arabirlose iri6ictes that the arabinose chaini are terminated 

either by L-araiinoiuranose (i ) or by L-ara'oinopyranose 

residues ( II  ). 	In contrast to ;. arabica gum 2  and A. drepanolo- 

1,20 
bium gun Fraction A 	, 2,5-di -Q- 

- 1 
.r 	• di.. 	__- 

7 

:thy1-L-arabiflOSe is the major di-O-methyl-L-arabinOse 

obtained from methylated -. seyal gum, with a much smaller 

proportion of the 3,5  isomer. 	This siows that many L- 

arabinofuraflOse residues are -O-substituted (XII) in the 

arabinose chains, which also contain a few 

1.... 

T 
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residues 	 The 

LcntifictiOfl ofj,4_cii_Q_methyl--rabiflOSe indicates that 

ere is a small proportion ol' 2_Q_3ubstituted_ -_ara'OiX10PYr03e 

,.LhiC3 	in the aralDinoseklnd the significance of this 

h ;ntionCd later. 	Lethylation analysis of 

S , , • 2j tr 	• • 

>, I, , 
	

)Iy 

"k. 
seyal gum and its degraded gum A suggests that the arabinose 

chains are attached to the branched galactan framework at 

either the C-3 or c-6 positions of certain D-galactose residues. 

A. seyal gum was submitted to four successive. Smith 
-eJZ ' / 	, 	- 

degradations 	Although the yields of th 63t 111  1.h_1i11 1productS  

are low compared with those obtained during successive rnith 

degradations of A. senegal 8 9  A. laeta 9  and A. drepanolobium 1  

gums, they are similar to those obtained from A. arabica gwn 2 . 

Molecular-sieve chromatography indicates that there is pronounced 

fragmentation of the .. seyal gum macromolecule during Smith 

degradations; the cleavage of D-galactose residues is particularly 

drastic during the second and subse.uent Smith degradations. 

The virtually complete fragmentation of the macromolecule during 

successive Smith degradations shows that long chains of periodate-

resistant Bl, 3-linked D-galactose residues are not such a 

dominant structural feature of A. seayum as they are of 

A. senegal 8  and A. laeta 9  gums. 	A. seyal gum contains blocks 
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iOCAtilUtflt 31,-linked D-galactose residues inter- 

with blocks of periodate-vulnerable 1,6-linked D- 

Jactose residues in a highly branched galactan framework, 

.ntation of which occurs as the arabinose chains are 

essively removed from the C-5 positions of 6-0-substituted 

r)-galactose units. 

Arubinose residues were present in the product obtained 

from A. arabica gum  after four successive Smith degradations, 

and in that from A. drepanolobium gum  after five degradations. 

In contrast, four successive Smith degradations rerjoved all the 

arabinose residues from A. seyal gum; it has already been 

pointed out that there are, however, some 2-0-substituted--

arabinopYraflOse residues in the arabinose chains, some of which 

could therefore be longer than four units; for eaple, the 

model shown in Fig. 1 shows that periodate oxidation of the 

arahinose chain depicted, having a minimum length of five units, 

would yield the permisstble arabinose chains of up to three 

units long in polysaccharide a. 

As for A. drepanolobium gum Fraction A', the specific rotation 

of the Smith-degraded products from A. seysi gum decreases to a 

negative value after four successive degradations; during 

successive Smith degradations on A. arabica gum  the specific 

rotation decreases but remains positive, 	In contrast, 

A. seneial8  and A. lpetp9  gums have negative specific rotations, 

but their Smith-degradation products have positive r• tatiofls. 

It is now clear that the structure of the branched g Jactan core 

may vary markedly from one gu species to another within the,(genuE 



Ca autaaaoliiS, the '-methyl derivatives of the Smith- 

LC 1LC flO'S Cc1 	a, 3, and gave the results shown in 

'ble VI. 	2,,5_Tri__methYl_&_arab1n 05e was the only L.-methyl- J0 

--,Arabinose to be detected in the methanolysate of methylated 

iolysaccharide . 	The absence of L-arabinopyranOse residues 

in polysaccharide a. suggests that the L._O_methyl__arabiflOSe 

identified in methylated A. seyal gum is not structurally 

significant. 

The structural evidence therefore indicates that &. scyal 

gum is very similar to . drepanolobium 1  and . arabica 2  gums, 

having galactan frameworks that are more highly branched than 

in ;. senegal 8  arid A. laeta 9  gums. 	To these frameworks are 

attached uronic acid residues and arabinose/which on average, 

are shorter than those in A. arabica gum 2  and considerably 

shorter than those in A. drepunolobium gum Fraction A 1 . 

Iolecular-sieve chromatography and viscornetry further indicate 

that molecules of A. seyal gum are similar to those of A. arabica 

gum2  in having a more compact structure than A. senegal 8  and 

C. 1aeta 9  gum molecules. 

iEXPEiINT L 

The analytical methods have been described elsewhere in more 

detail . 	Paper chromatography was carried out on Thatman Tos. 

1 and 3WM papers using the following solvent systems (v/v); 
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(a) benzene - butyl alcohol - pyridine - water (1:5:3:39 upper 

layer); (b) ethyl acetate - acetic acid - formic acid - vratcr 

(18:3: 1 :4); (c) ethyl acetate - pyridine - water  

(a) butyl alcohol - ethanol - water (4:1:5, upper layer); (e) 

butyl alcohol - acetic acid - water (4:1:5, upper layer); 

(i)- 
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f) huL.n—L—oLo - 	- ai.io:'.ia (. 0. 33ü) (2 00:17:1); () b-.-on - acetic 

Lcid - water (9:1:1, saturated with Loric acid). RGd  values of suarz refer to 

Listarices moved relative to that of a1actose. RG values of 0—n'th'1 sugars refer 

;o distances moved relative to that of 2,3,4,6—tetra-0—methyl—.u—gliicose (see Table 

as—liquid. partition chromatography (Chromatograph Type S3A 9  fitted with flame 

onisation detectors, supplied by Gas Chromatography Ltd.) of mixtures of O—mehyi 

ugars was carried out at nitrogen flow rates of ca. 100 nll/'mir. or. cOluns of 

i) 15% by wei ght of butan-1,4—d.iol succinate polyester on 60-70  resL Celite (5 U 

- in) at 175°  and (ii) 15% by weight of ethylene glycol aclipate polyester on 60-70 

iesh Celite (3 ft x 	in) at 1600. Retention times (T) are quoted relative to 

iethyl 2,3,4,6—tetra-0—methyl—-1ucOPYran0Side as standard. The retention times 

f the methylated sugars are given in Tables II — V. Unless otherwise stated, 

)olysaccharides were methylated successively with dimethyl sulphate and sodium 

iydroxide, and with methyl iodide and silver oxide, and methariolyses were carried 

ut under reflux for 7 h with methanolio 5 hydrogen chloride. Disaccharides were 

ethylated by th€ method of Perila and Bishop 22 . 

Purification of A. seyal gum.- The gum (91 g) was dissolved in water (2 i), 

iltered, and dialysed against running tap water. The polysaccharide was isolated 

s the f 	 -J reeze-dried product (87.5 g), LB 4.590 (, 0 .50 )(Found: moisture, 0.9% ;  

1 9  0.17%; protein, 1.1%; OMe, 0.70%, limiting viscosity number, 96; D-galactose, 

L-arabinose, 45%; L-rharnnose, 4%;  D-glucuronic acid, 7%;  4-0-methy1-D-glucuron 

LOld, 6%; all sugar percentages are for the anhydro forms and are corrected for 

oisture and protein contents). 

The gum was shown to migrate as a single band on electrophoresis on cellulose 

Lcetate film in both 0.12 ammonium carbonate buffer (pH 8.9) and 0.1131 acetate Luffe 
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(pH 4.7). The gum was cl;romatographecI on a D.E.A.E.-cellulose column 	(45 x 1.3 crn 

Gradieiit elution with sodium chloride solution (0.01, + 0.5L) in 0.02 acetate buffer 

(pH 4.1) gave a single slightly asymmetric peak. 

Preparation of degraded gum A.- The gum (20.0 g polysaccharid.e) was hydrolysed. 

with 0.01N sulphuric acid (800 ml) for 100 h on a boiling water bath. The cooled 

solution was neutralised with b''arium carbonate, filtered, treated with Aniier1ite 

resin IR-120 (Ii), arid. dialysed. against distilled water (3  i) 	Dialysis was comp1et 

against running tap water. Degraded gum A was isolated as the freeze-dried product 

(4.4 g polysac'haride; yield , 22%); [D +21 0  (C, 0.87)'(Fourid: uronic acid, 1 5%; 

D-galactose, 82%; L-arabinose, 3%). Hydrolysis of degraded gum A (20 mg) gavo 

galactose, arabinose,and the four aldobiouronic acids which have been characterized 

from the whole gum 4 riz., 6-O-(-D-glucopyranosyluronic acid)-D-galactose, 6-O-(4-O-

me.tr1_f__g1ucopyranosyluronic acid)--galactose, 4-0-(-2-g1ucopyranosylooi -

acid)-2-galactose and 14-0-(4-0-methyl--i-glucopyranosyluronic acid) -D-.1ctos. 

Iolecu1-.r-sieV€ chromatography using a 	 // 
previously calibrated 3io-e]. P00 co1un 23-2  

(5 x  50 cm) 	ve an estimated 
77  In for degraded 	A of 

(2 ) 
Th 	 was concentrated to a syrup (11.6 pr). Chromatographic 

examination of the syrup showed the preece of galactose, arnJhironr., 

ii'o nr'ftral di o 	harida; with +t'e mobiliti.'s of 	 n 1-L-l'a' - 1r'. 

1.'9 io raivnt (b) antI 1.13 in n1vrt (f)J •" 

L-arbtnoe LRai 0.77 LI 	 () 	
ld  .7l i:I.olvrY. 

i1 'Ie firzt ara'oji yoe vas 	ol;. 	y fJC LiO 	1Uo of a po:r''; 7 Ta 

dir PW3ate On Zat. ai LL paplrs in :u1vent (r) (5 mc). Thil - 	I 

yi1(cd rabiose on acid hdro1ysis. It had tho s':c o;wr c 1 ro  IC 

mobi1 1 :
1 	1.25 in solvent (h) and 1.44 in solvent (f) as an aithentie 	ee - n 

of '-/7arabiofuranosy1-L-arabinoee. A portion (15 	) w,­ . a1hT!a+.. fl.Lo. 
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4ioi 	+ips 'c'!1" 	 ' 	:fo"c 	re' . ! 1  ("1 	': • 	r-.,;': "n t1S 

-. 	 t' 	'c''l rl'r:"icle 	of 2,3,5-tn- 

j  in colvent (d) 	:fi 

0. 6q) 

	

- 	 -4' 	•, •..i. 	C(-. 	-, 	 , 	 - 

T 	co' arbinobiose was isolated by fvaetion,t&on of 	nortiori of t"e 

fl fr -Uo on Thati-nan 3LU.i papers ji solvent (1)) (3 mr). 	; 	iCej ,   

o 	old 	drolysis. It 'ad t c  

d 0.71 	o1ve'. 
 

pecirnea sf -C---L-rabinopyranosY1- . -ara1)inose. A portion (15 	
) 

'uas riethr1nted. 

• e. c:: - d 	l: of t'e 	 .~ -,oly r; is products 'evc'J 	ea',.,- s with  

	

'.00a.ir to te me yl cosides of 2,3, 4--ci-, 	d 2 9 5-  and 2, 4-di-C-mehi- 

L-arabinose [(i) 9 1f 2.03 9  2.19; (ii),T 1 .479 1.5J. Hydrolysis of the methyl 

glycosidos followed by paper ehroInatoTaphy in solvent (d) confirmed the presence of 

and 2,4-di--methyl--arabinose OR,  0.65). The. phenylosazone 

of the disaccharide was prepared and, after recrystallisa'tion from water, had rn.p. 

2320 - 234 (d.ecomp.)(Lit. m.p.26,  233°  — 
2350). 

Partial acid 1 1dro1ysis of degraded gum A.- Degraded gusn A(1.9 	polysacchanide 

was hydrolysed with 0. 5 sulphuric acid. (500 ml)) on a hoiling ';ater bath for I . 

The cooled solution was neutralised with barium carbonate, filtered, tx'.ti with 

Amberlite resin Ii-120 (H#)  and concentrated to a syrup (1.2 
). 

The syrup was 

chroinatographed on Whatmn Tdd apers in solvent (a) to give two pure di saccharides. 

jrction 1 (30  mg)  ha (! [" 3 D  *6... O  (c, 0.60) and yielded galactose on acid 

hydrolysis. It had the same paper chromatographic mobility D r,. 1 0.47 in olv-nt (a 

and 0.53 in solvent (c) as an authentic specimen of 3_O_?_D_ga1actopyranosy-

D-galactose. A portion (10 mg) was methylated. G.l.c. examination of the 
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neth:noysis proJucts ce'aled puks with retention tines corre onrinr -  to the 

rth;il glycosids of 2,,.,(-tetra- 9  and 2,4 9 6- and 2 ,5, 6-tri-O-rneyl-D-1  act oe 

(i),r 3.98; (ii),T 3.233. hydrolysis of the methyl glycosides followed by paper 

rotography in solvent (d) confirmed the presence of 2,3,4,6-tetra-, and 2,4,6-

nd 2,5,6_tri__mthyl--C, 	(H0 0.38). The disaccharide was crystallised 

ram aqueous acetone to give needles of 3-0-1-D-galactopyranosyl-D-galactose 

onohydrate, which had m.p. and mixed m.p. 157 °  - 159 0  (Lit. rn.p.26,  159° - 160 0 ) .  

Fraction 2 (44 mg) had &1 D  31
0 
 (C, 0.44) and yielded galactose on acid 

roVs3. it 	the same paper chromatographic mobility IRGal  0.30 in solvent (a 

,J 	; v: 	c) as an authentic specimen of 6-04-D-galactopyranosyl- 

-galactose. A portion (15 mg) was methylated. G.1.c. examination of the 

rnethanolysis products revealed peaks with retention times corresponding to the 

methyiglycosides of 2,3,4,6-tetra- 9  and 2,3,5- [(i),j 4.05, 5.40; (ii),T 1.10, 4.3 

and 2,3,4_tri--methYl . a1act0Se. Hydrolysis of the methyl glycosides followed by 

paper chromatography in solvent (d) confirmed the presence of 2,3,4,6-tetra-, and 

2,3,5- (H0  0.86) and 2,3,4-tri-0-rnethyl--galactose. 

Bc )
rohydride reduction of degraded gam A.- Degraded gum A (50 rn) was dissolved 

in water (10 ml), and sodium borohydride (100 mg) was added. The solution was left 

for 24 h at room temperature before further sodium borohydrid.e was added (100 mg). 

After the solution had been stirred for 6 h, it was dialysed against running tap vat 

for 2 days and freeze-dried to yield the product (45 mg). A portion of the product 

(20 rig) was hydrolysed (N sulphuric acid for 7 h at 100 0 ) to yield galactose, 

arab those, and the same four aldobiouronic acids detected th the hydrolysate of 

degraded gum A. In addition paper chromatography in solvent (g)  indicated the 

presence of galactitol. No arabinitol was detected. Degraded gum A gave no 

formaldehyde on periodate oxidation. Some formaldehyde was released on r,eriociate 

oxidation of reduced degraded gum A. 
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ive 1 r :it'n 	't!l "Jphc and sodium }iydroci0r', i! with '+h: 

	

'.ver oy'i('e, to ive a product 	g), EoJ D 
_1C) (e 	in CCl)(Fo)nd: 

'4':r 	+-.'' 	,th:' 

-. 	' 	;:;."( 	,• 	-, 	-T 	,. 	':fl.±i O 	'f  

'0 results shown in Table 11. ixamination of the hydrolysate o the methyl 

1ycosides by paper chrouatorapLy in so1vens (d) and (c) indicated the preerce 

of 2,6-di- and 2-0-nethy1--gal  act owe in aduition to .ose G-meth,yl r-uars a1roy 

characterized, by g.l.c. of their methyl glycosides. 

rea.ucLion of inethlatcd degraded gum A.- Lithium aluminium hydride (50 mg) was 

added to methylated degraded 	m A (50 :ng) dissolved in tetrahydrofuran (io ml); th4 

mixture was refluxed for 3 . After cooling, the excess hydride was destroyed by 

addition of ethy acetate and water. The mixture was reduced to dryness and 

extracted with chloroform. The chloroform extract was concentrated to a syrup. 

This was methylated with meThyl iodide (i ml) and silver oxide (i g) in ,-ditnethy 

formamide (i ml) to dive a product (35 mg), Ealo -13 0  (c, 0.70 in cHcl 3 ). 

Liethanolysis of the product, followed by g.l.c. examuriacion of the mixture of meity: 

glycosides, gave the results shown in Table 111. Hydrolysis of the methyl glycosid 

followed by paper chromatography in solvents (d) and (f) indicated the presence of 

2,6-di- and 2-0-riiethyl--6aiactosein addition to those 0-methyl sgars already 

identified by g.l.c. of their methyl glycosides. 

Partial moethanolysis of riethylated degraded gum A.-. Iiethylated degraded gum A 

(lao a) was refluxed .vith methanolic 2 hydrogen chloride (15 ml) for 2 h. The 

ethano1ysate was neutralised with silver carbonate, filtered and evaporated to a 

syrup, which was hydrolysed with 0.5N sulphuric acid (10 ml) for 5 h on a boiling 

water bath . 2he cooled solution was neutralised with barium carbonate, filtered, 
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r y j e j with Aruerlite resin .L-120 	I ), and adsorbed on to a colunin (33 x 3  cm) of 

Do1ite A-4 in the forate form. After elution of the neutral 0-methyl E;uars with 

water (3 1), the acidic c-methyl sugars were eluted with aqueous 5 ,,V' formic acid 

(500 ml). water and formic acid were removed, and paper chroinrttograohy of the 

resulting syrup in solvent (a) indicated that it was free of neutral 0-methyl suarc. 

The syrup was refluxed with methanolic 5% hydrogen chloride for 7 h. G.l.c. 

examination of the products revealed peaks with retention times corresponding to the 

methyl glycosides of 2 1 3 9 4-tri-0-rnethyl-D-glucuronic acid, and 2,3,6- and 2 0,4-tn- ,  

and 2,6--and 2,4-di-u-methyl-D-galactose. Hydrolysis of the methyl glycosiden 

'ollowed by paper chromatography in solvents (a), (e) and (f) confirmed these result 

S.ith deradtion 17  of degraded gnzm A.- Degraded gum A (1.0 g polysaccharide) 

as dissolved, in water (25 ml) and 0.5id sodium metaperiodate solution (5 ml) via; 

dded. After 96 h7.l  ihmole .X of periodate was reduced and 3.2 mrnole of formic acid 

as released. After 96 h,the reaction was stopped by addition of ethylene glycol 

(2 ml), and the solution was dialysed against running tap water for 48 h. Sodium 

orohydride (0.5 g) was adcied,and the mixture kept at room temperature for 30 Ii. 

After dialysis for a further 48  h, the polyalcohol was hydrolysed is TI sulrhuric 

acid at room temperature for 48 h. The solution was neutralised with baniu 

carbonate, filtered, treated with Ambenlite resin IR-120 (H ) and dialysed against 

distilled water (1 1) for 24 h. After further dialysis against running tap water 

for 48 h, degraded gum B (50 mg polysaccharide; yield, 5%), 	+7.5 0  (c, 0.50), 

was isolated as the freeze-dried product. 

The syrup obtained from the dilysate (400  mg) was shorn by paper chromatography 

in solvents (a), (b) and (c) to contain glycerol and glycollic aldehyde as main 

components, together with small amounts of slower moving non-reducing glycosides. 

Hydrolysis of a portion of the dialysate (TI sulphuric acid for 7  h at 100 0 ) followed 
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by n 	r cronto-raphy in so1vcnts (a) ;nd (b 	hvcd 	trce of 	iaeto 	;o be 

0rerit. 

Mild acid hydrolysis (0.111 sulphuric acid, for 1 h at 1000) of lrad'c :n B 

	

foilowd hy paper chro 	o 	nhy in solvent (a) :3howedt 	 of 

nd to neutral 1hrI1es with t'c ehrortö-r hio ob1iit1r of 

i-c-fl-- la opyranosy1_iao+os (i01 0. i2) 	 ctoc,io':yl- 

t.OSe 	 ii 	 . 	nolys  

followed by ,.i.". 'riination of the mixturo of methyl lycoid€s rave the resu.ts 

2?. 	 of t;e not'yi lycosides, oi1uwed -r 

c:romatopy 	 Y'd .. 	iiicacd. tc 	re'or of 	-. 	 •• 

in addition to those 0-methyl sugars already identified ": .l.c. 

of thri.r  

nIt. 	 icn 	of dernded ;m.A.- Deded 	m A (1.0 

polys;.ccaride) v:s treated in the same way as in the normal 3m1th degradation except 

that the periode oxidton stage 	s carried out at 20.  Derad,ed gurn C 'ia isolate 

.s the freeze-dried product (O mg polysccharide; yield, 6;). Hydrolysis of 	Porti 

deaded gcum 0 (20 mg) followed by paper chromatogranhy in solvnt 
	

inJicnted 

I presence of ai.:ictose and arabinitol, but no galactitol. 

1ethylatlon of it 	.7u,..- The purified 6-=i (300 r", oocharide) 

ethy1ated by the iimworth and Pdie proceedures to Five a product (255 m), 	+17 

a, 1.00 in CHC13)(20imd: 0 170, 41.6, not raised on further attempted methylation). 

ethanolysis of a portionfo1lowed by g i.e. examin&ttion of the mixture of methyl 

iycosides ) gave the results shown ii Table V. The ;ame 0-methi sugars 'crc detected 

as iere detec';ed, acd characterized from methylated A. drepanolohium im Fract,i on 

However the rjor di-0-rnethyl-L-arabinose was 2 15-di-0-rnethy1-1 ,-arahjnose. Only a 

smafl count of 3 1 -di-0-methyl-L-arabinose was detected. Hydrolysis of the methyl 



in solvents (a), (e)  and (f) inricated 

H -(, ence of 4-0-rethyl-L-arabiflOse and 2-0-methy1-D-g.1 act ose and confirmed the 

vl-L-arabinose. 

.. 	 1 	h,y rol 	 ethylatinn of oly 	x . - 

g polysnccharide) var; disolved in ::nter (1.5 i), mxcI viii 0.2T 

tn.;;Lodate solution (i.. 5 1) and left for 72. h. Th e mount of formic acid r 

time vas 0.7 rmoles/g. Thc correspondi'i nmc'mn± of prriod 1 0 -H-' 

39 	1r/p. Ti :rnactiOn ws stopped by 	ton of e+brlri 	1 vc1 ( 	m'), rl 

e oluion ilsr:. a.ain:;t running tap water for 48 h. 	oc'r borohydrido (i g) 

	

and 'e mixture kept at room €aperaure 2cr 30 h, tht 	 Foi 

trther 	. 	 1)ulyaiCOhOl V,'as hydrolysed in 	sulphu -ic acid 	ron 

• 	Li ; 	in 	runnin tp 7tr for tS h, pol a,cl.rida 

plated as the freec-dried product (27.5 g polysaccharide;Tie1d, 51:), 	J. 00 

, .) 0) (Found: :7;tose,  67% arthinose, 33%). 

?ol;accharidc c (20 r*)  was hydrolysed with 0.5' sulphuric acid (lo ml) for 1 h 

i a iioiling water—'h. i-aper chromatography of the hirolysate iicateci +-

ecnce of galactose arabinose-and two neutral disaccHarich-s 'i th the'i 11 r 01 

ga1aCtODyraflOsylOala0t0Se 	0.43  in solvent (a) and 0.54 in ;oivont (c 

Lror C ponentj and _O__d_a1 act opyrrnosyl-D-galactose 	0.3l in olvnt (a) 

id 0.3E in olvent c), najor coponen, and higher neutral oligosaccarides. 

Polysaccharide 01  (315 mg) was methylated with dimethyl suinhate and sodium 

droxide, a'd with m•thyl iodide and silver oxide, to give 	product (74 ng), 

th -31.7 °  (c, 0.09 in CITC13)(Found: Me, 41.1% 9  not raised on further attempted 

Dthylation)(See Table VII). Lethanolysis of a sample of this producLfollowed h 

.1.c. examination of the mixture of methyl glycosides, gave the results sho. -n in 

b10 VI. Hydrolysis of the methyl glycosides ,followed by paper chromatography in 
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zqlven 4 s (si) L -.: ( f), idicated the ?reence of 2,6-C 5- 'd  

a dition to those 0-meth;;1 sugars already characterized by -.l.c. of their 	hyl 

r. 
yconidrs. 

Pi' r i on, ni rti .1 7 C u 'c1 rolysi s and 	h ylation 0 po I  

e follo'.irig weights of polysaccharide were periodate-oxitflsed, boro:idride-rec1uced 

hydrolysed, and the corresponding degraded polysaccharides recovered as for the 

rst Smith degradation. Polysaccharide 0<(26.6  g ) gave polysaccharide 1 (7.7 g). 

is (7.1 g) gave polysaccharide J'(o.93 g). smith degradation of polysaccharide Oy  

.70 g) gave polysaccharide 9 (50 mg). The amount of periodate reduced and formic 

d released on periodate oxidation, and the percentage yields, specific rotations, 

i constituent sugars of each degraded polysaccharide are given in Table I. 

Partial acid hydrolysis of polysaccharide fi (20 mg), polysaccharide ( ( 5 mg) and 

lysaccharide S (5 mg), followed by paper chromatographic examination of the 

drolysates, indicated the presence of 60fl-Dgalactopyranosyl-D- 6-alactose (major 

mponent) and 3_O fl_D_ca1actopyranosy1Dga1actose (minor component), and higher 

utral oligo3ccharides. 

Polysaccharides /, land ci were methylated. (Table vii). Methanolysis of a sample 

4f each 0-methyl derivative, followed by g.l.c. examination of the mixtures of 

thyl glycosides, gave the results shown in Table VI. 

Molecular-sieve chromatography of A. seyal gum and the Smith-de.raded products.- 

molecular-sieve chromatographyusing a previously calibrated Bio-Gel P300 column 

x 5:0 cm), both A. seyal and polysaccharided. were eluted before the elution 

olume of Blue Dextran 2000. This indicates that A. seyal gum and polysaccharide 01. 

f ave very high number-average molecular weights (perhaps as high as 500 9 000). Light-

f cattering measurements indicated that the weight-average molecular weight of A. seya 
va cn. fl0,300. Molecular-sieve chromato 6-raph..7r indicated that pol;ccharjC 
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nd ?' had uber-averae ro1ecular weights of Ca. 	,OOO and less than 3,'Y 

espectively. 
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Table II 

Examination of Mthanolysis and hyro1ysis products from methylation 
degraded çurn 16 

Relative retention times(T)of methyl R 	In Approximate 
glycosides on columns:- N Solvnt (d) relative molar 0-Methyl Sugar 

ropertiort.S 

0.56;0.75 0.50;0.63 0.98 Trace 2,3,5-tri-Q-methyl-L-arabinose 

1.02 0.82 0.79 Trace 2,3 9 4- 4u- ri-0-methyl-L-arabinOse 

1.69 1.66 0.90 ++ 2,3,4,6-tetra-0-methyl-D-galactOSe 

(.02);(3.80);(4.29) 2.0;(3.05);0.51) 	0.72 + 2,5,6-tr1-0-methyl-D-galactOSe 

(3.80),(L..29) (.05);(3.5l) 0.72 ++ 2,4,6-tr1-0-rnethyl-D-galactobe 

6.40 5.29 072 ++++ 2,3,4-trI-0-methyl-D-ga1actOSe 

14.4;16.3 9.9,11.3 0.53 +++ 2,4-di-0-methyl-D-galactose 

2.)40;(5.02) 2.21;2.72 ++ 2,,L,_tri_O_methy1_D-glUcUrOfliC acid t 
0.59 + 2,6_di_0_methyl_D_galactOse 	- 

0.34 + 2-0-meth.yl-D-galactose 

Figures in parenthesis indicate T values of components which are not completely resolved. 

17 As methyl ester methyl glycoside. 
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xamination of methanolysis and hydro1,yis cciucts from methyLte..d 'uced_der.dac 	u 	A 

Relative retention times,(T 	of methyl R 	in 
So1v

,
nt 

Approximate 
glycosides on columns:- (d) 	relative molar 0-1ethyl sujar 

Proportio ns 
W (ii) 

0.56;0.73 0.50;0.64 0.98 Trace 203,5-tri-0-methyl-L-arabinose 

(i.oi) 0.82 0.79 Trace 2,3,li.-tri-0-methyl-7-arabinose 
(1.01); 	.40 1.00;1.J9 1.00 ++ 2,3,4,6-tetra-3-methyl-D-lucose 

1.68 1.66 0.90 ++ 2 9 3,4,6-tetra-0-methyl-D-galactose 

(3.02);(.,.79);(4.29) 2.L19;(3.05);(3.51) 0.72 + 2 1 3,6-tri-0-rnethyl--D-galactose 

(.79);(4.29) (3.05);(,.52) 0.72 ++ 2,4,6-tr1-0-methyl-D-alactose 
6.40 5.29 0.72 ++++ 2,3,Li-tri-O-methyl-D-galactose 

14.4;16.4 9.9;11.3 0.53 +++ 2,4-d1-O-methyl-D-galact03e 

0.59 + 2,6-di-0-methyl-D-galactose 

0.34 + 2-0-methyl--D-galactose 

Figures in parenthesis indicate T values of co-mponents which are not completely resolved. 



Table .E 

Examin9tp_thafl3lY5iS and hydrolysis nroducts from methylated derded gum B. 

eltive retention tirnes(T) Of mth1 	R in 	 Approxin -it e 	 Hence 

glycosides on columns: 	 Solvent (d) 	relative molar 	 0-1,:ethi1 Sugar 
Proportions 	 identified 

(i) (ii) 

1.68 1.66 0.90 ++ 2,3,4,6_tetra_0_methy1_pga1aCt0Se 

3.75;4.25 3.00;3.L1Li 0.72 2,L.,6_tri-0-methYl_p-galaCtOSe 

6.45 5.30 0.72 + 2,3,4_t ri_0_methyl_p_galaCtOSe 

14.6;16.4 9.9;11.3 0.53 + 2,4_di_0_methyl_p-galaCtOse 

2.57;3.00 2.21;2.74 Trace 2,3,L1 _tri_0_methy1-p--g1UCUr0fl1C acid 7 

0.59 4/2 2,6_di_Q_methy1_pga1aCtOSe 

0.3 /2 2_0rnethy1_p_ga1aCtOSe 

As methyl ester methyl 1ycoside. 



Table V 

Examination of m ethan oly sis an a hdrolsis r oductsfoInci:1f * 

Relative retention times, T, of methyl 	R in 	 Hence 
glycosides an columns:- 	 solvnt (d) 	 0-methyl sugar identified 

(i) 

0.48 
0. 5; 0. 73 

(1.03) 
l.81;3. 20 
(1.03); (2.36) 

1.99 
1.68 

(3.01) ;(3.89) ;(L.22) 
(3.89);(4-22) 

6.40 
14.6;16.4 

(2.36) ; (3.01) 

7.8;9.3 

(ii) 

(0.50) 1.01 2,3,4-tri-0-methy1-L-rhamno3e 
(0.5o);O. 64 0.98 2,3,5-tri-3-methyl-L-arabiflOSe 

(0.82) 0.79 2,3,4-tri---rnetny1-i.i-arabiflOSe 
1.2);.21 0.82 2,5-di-0-raethyl-L-arabiflose 
(0.82) ;1.75 0.82 3,5-di-0-methyl-L-arab 4LflOse 

1.44 0.56 3,4-di-0-methy1-L-ara1JiflOSe 
1.66 0.88 2,3,14,6-tetra-Q--iethy1-D-aa1aCtO3e 

2.L5;(3.00);(3. 145) 0.72 2,3,6_tri__methy1-Q-aIaCtOSe 
(3.00);(3.L5) 0.72 2,)#,6_tri_0-methyl-D-aalaCtOse 

5.20 0.72 2,3,1.tri_0_methyl-p-ga1aCtOSe 
9.9;11.3 0.52 2,4_di-O-methyl-D-gãlactose 

(2.21);2.75    - 2,3,L1._tri_Q_meth1_Q- g1UCUrOfliC acid 

0.32 2-0-metriyl-D-galaCt6Se 
0.36 

 
4-2-methy1-L-arabiflOSe 

6.2;7.1 - 2,3-di_Q_neThyl_-g1uCUrOfliC acid t 

Figures in parentheses indicate T values of components which are not 
completely resolved. 

/ As methyl ester methyl glycoside. 



Table VI 

elcttivC pronortions or 0-methyl su:rS nresent in ncthyited 

polysaccharides a. - 

0-methyl SULar 

5_tri__thylar1fl0Se 

.__methyl--arabiflOSe 

), 	 thy l--ara'OinOSe 

2, 	6_tetxa_Q_nethy1ga1Uct0Se 

2 ,Lj., 5_tri__methyl_galaCt03e 

2, ,4_tri_0_methYlgalact0 

2, L.-di -0-methyl -D-gal act ose 

I ,,,'ethylated oolyacchaiideS 

CL 	 p Cl 

2 	2 trace - 

2 	1/2 - - 

1/2 	trace - - 

trace 	1 1 2 

6 	6 L. L. 

2 	.3 2 2 

3 	2 1 1 



Mcy1ion dn.ta for Srj4h—.ncc 	olcc.(lec 0  

-it of 1o1saccharide used (mg) 

Amount of product obtained.. (mg) 

product 

Oie of product, 

315 232 35 

274 190 21 

31.70 —33.60  

41.1 40.3 41.4 

30  

7 


