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INTRODUCTION

Mannans (or mannosans) are polysaccharides which on

hydrolysis give chiefly D-mannose.

Considerable interest attaches to the function of raannose

polysaccharides in plant metabolism, and to their relationship

to the universally distributed glucose polysaccharides.

Mannan serves as a reserve food supply to a large number of

different plants and occurs alone or united to glucose,

galactose, pentose, etc. Carbohydrate material may be stored

in plants in the form of greatly thickened cell walls, when

the storage-tissue often acquires a bonelike consistency as is

found with the endosperm of Fhytelephas maorocarpa, and such

carbohydrates may be included in the comprehensive category of

reserve-cellulose, but chemically they are classified as

hemicelluloses, a term which was used by Schulze (1) for those

alkali-soluble cell wall constituents which are hydrolysed by

hot dilute mineral acids. He used the term "heraicelluloses*

since he considered that the substances might be intermediate -

the
iiyformation of cellulose, but since on hydrolysis they give

raannose, galactose, xylose, etc. the term is inapt but it is,

nevertheless, commonly used. It is probable that in most eases

such hemicelluloses occur in the cell wall not as free compounds,

but as constituent units of more complex compounds or molecular

aggregates which are decomposed during extraction of the non-

cellulosic material from the cell wall (2, 3, 4).



The idea that mannose is a transitory substance is

supported by the work of Herissey (5) who found that seminase

is present in the seeds of lucerne, which contain agalacto-

mannan, and during gemination sucrose is relatively abundant

but mannose is not found, at any rate in any quantity. Thus,

D-mannose, while widely distributed in plants apoarently occurs,

if at all, in the free state in active plant cells only to the

extent of its formation during the synthesis of the sore complex

carbohydrates of which it is a constituent. The mnnans in

general may be considered terminal products of certain phases

of carbohydrate metabolism in higher plants since they are found

chiefly in ceil walls. However, there are a number of

exceptions, e.g., the mannans of Phytelephas raacrocarpa may

serve as food reserves.

Mannans may be classified according to the type of linking

of mannose residues, or to the type of sugar residues present.

The former method distinguishes those with 1j4- and

l:6-polymeric linkages, members of the first group appearing

to be structurally analogous to cellulose and, on the basis of

comparison of optical rotations, to have p-glycosidie
linkages. The second method of classification recognises

simple marmans, in which the polysaccharide chain is built only

of mannose molecules, and mixed mannans, which on total hydrolysis

give mannose and another sugar. The second type, which must be
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distinguished from mixtures of polysaccharides, are designated

gluco-, galacto-, etc. xnannans.

Miscellaneous Mannans

(excluding ivory nut raannans)

Konjak Mannan (6,7)8

By means of superheated water a glueomannan can he

extracted from the corms of Oonophallus konjak and the same

product is obtained by the action of aqueous pancreas

preparations on konjak meal under toluene at 35° C. On total

hydrolysis the polysaccharide gives mannose and glucose in the

ratio 2:1, and acetolysis followed by saponification produces

a trisaccharide consisting of two mannose and one glucose units.

Methylation of konjak mannan gives a trimethyl product which

on hydrolysis gives 2:3:4- and 2:3s 6-trimethyl mannose and

2:3:4-trimethyl glucose. Thus, the molecule appears to have

polymeric linkages of the 1:8- and 1:4- type.

Salep Mannan:

Orchid tubers (orchis sp.) when extracted with cold water

give an aloohol-precipitable .mannan, which has been studied by

various workers (8, 9, 10, 11, 12, 15). Methylation, followed

by hydrolysis gives 2:5:6-trimethyl mannose and end-group assay

shows the molecule to have a chain length of 70-80 mannose

residues.



Wood Mannans:

A narked difference between the conifers (Gymnosnermae)

and hardwoods (Angiosoermae) occurs not only in structure hut

also in the chemical composition of the wood. At present,

carbohydrates giving mannose on hydrolysis have been found

in only one hardwood, since Fromhex-z (14) has isolated mannose

from Populus tremula L. but not from other species of hardwoods,

including Populus tremuloides Michx. Schorger (15) has shown

that manoan is present in a large number of conifers, sometimes

in considerable quantity, while Bertrand (16) considered that

in them mannan filled the place occupied by xylan in the

hardwoods, Tollens (17) found mannose in sulphite pulp, while

Bertrand (16) showed the presence of mannan in the wood of

other conifers, Kimoto (18) found mannan in Cryptomeria .japonica

Don,, and Storer (19) studied several American species.

According to Schorger (15.) the mannan content of the

sapwood is generally greater than that of the heartwood, and

decreases from the base upwards but remains uniform throughout

the heartwood in a radial direction. It was found by

Nowotnowna (20) that the raannan of softwoods is associated with

the cellulose and that there is a large variation in the

mannan-xylan ratio occurring in the cellulose.
I

Alkaline extraction following a pre-treatment with

chlorine dioxide is used to extract the mannans from gyranosperras,

I



and osmotic pressure and viscosity studies give results similar

to those obtained with salep mannan, which indicates that pine

mannans are possibly linear polymers closely related to

cellulose, "but the purity of these products is doubtful.

The presence of mannan in woods is of technical significance,

and Schwalbe (21) stated that waste sulphite liquors contain

sufficient fermentable sugars to give 60 litres of ethanol per

"tonne* (2200 lbs.) of pulp, while Krause (22) claimed that

mannose constitutes about 600 of the total fermentable sugars in

sulphite liquors. Although exceptions occur, yeasts which

ferment glucose have been found usually to ferment raannose

equally well.

Yeast Mannan;

By the extraction of yeast with hot water and precipitation

with alcohol, Schutzenberger (23) obtained a polysaccharide which,

because of its resemblance to gum arable, he called yeast gum.

Salkowski (24) and Oshima (25) isolated the mannan by extraction

with hot alkali and precipitation with Fehling's solution, and

Kraut and Eichhorn (26) obtained it by alkali extraction. The

yeast aannans obtained in various ways have different properties,

and their optical rotations are compared in table 1.



Wattie of
Investigator

Bechamp.
Nagelin and Lowe.
Meigen and Spreng.

Hessenland.

Salkowski.
Daoud and Ling.

Haworth, Hirst
and Isherwood.

Harden and Young,
Garsuly-Jantee.

Table I.

Mode of Separation
of Mannan

Aqueous
Extraction

Boiling Ca(0H)g
Boiling 30 XOH
Boiling Ca(0H)2
Boiling 3-60 KOH
Boiling 20 NaOH
under pressure.

Boiling 00 NaOH

Boiling water.
Treatment with cold

7S$ H2SO4

M
2.0

Refer-
L VI j}

|318

♦ 60 27
♦ 78 28
+ 58.5 ^ 29
* 47.5

+ 89.5 „

* 98 30

♦ 90 24
+ 70 51

♦ 87 52

♦ 78 35
+ 67 34

Acetylated and methylated products have been obtained by

Baworth, Hirst, and Isherwood (32) who, on hydrolysis of the

fully methylated polysaccharide, identified 2:3:4s6-tetramethyl

D-raannose, 2:354-1rimethyl D-mannose, and 3;4-dimethyl P-mannose.

More recent work by Haworth, Heath and Peat (55) confirmed that

tetra-, tri», and dimethyl mannose were produced in equimolecular

proportions, and that th® tetramethyl fraction consisted of

2s3s4:6~tetr&methyl mannose and the dimethyl fraction of

3:4-dimethyl mannose. However, the trimethyl fraction was

shown not to be exclusively 2s 3;4-iriaethyl asnnose (which was

present only to the extent of 100 of the trimethyl fraction)

but mainly 3:4;6- and 2:4:6-trimethyl mannose in equimolecular

proportions. Thus they proposed that one of the following

formulae represented the structure of the repeating unit of

the mannan molecule:



where, M = a D-mannopyranose unit.

Lin&stedt (36) studied the hydrolysis of yeast mannan and

its oxidation by the periodate ion and obtained results which

agreed with the formulae given above. He also prepared a trityl

raannan which, assuming that only primary hydroxyl groups reacted,

had a trityl content agreeing with formulae of the type shown

above.

Galactoraannans:

A large number of investigations have been made of these

polysaccharides, in which the ratio of D-galactose to D-mannose

present varies greatly, and, therefore, it appears that some of

these polysaccharides may be mixtures, e.g., of mannan and

galactomannan. In their paper on the galactomannan of carob gum

Hirst and Jones (37) stated that other workers (38, 39, 40) on

the same polysaccharide found that it contained different ratios

of galactose to mannose, and Hirst and Jones suggested that

galactose my be stored in the plant by being attached randomwise
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to the main chain of mannose residues; or that the

polysaccharides might have "been mixtures, although by fractionation

of the methylated derivative Hirst and Jones could obtain no

obvious separation into components of different physical

properties.

After methylation, followed by hydrolysis the galactomannans

of carob seed (37, 41) and of guar seed (42, 45) give

2s 3}4:6-tetramethyl D-galactopyranose, 2:3:6-trimethyl

D-mannopyranose, and 2:5-diraethyl D-mannopyranose, all the

galactose present being accounted for as non-reducing end group

and no mannose non-reducing end group being detected. Therefore,

Andrews, Hough, and Jones (44) suggested that most galactomannans

could be represented by the basic formulation!

where M and G represent D-mannopyranose and D-galactopyranose

units, respectively.

Except for the lucerne seed galactoraannan studied by Hirst,

Jones, and Walder (45) (in which the ratio of galactose to

mannose is 2s1) and the galactowannan from fenugreek seed (in

which the ratio is Is 1) (44 , 46) all the galactomannans studied

contain more mannose than galactose. Hirst, Jones, and Walder

(45) methylated the galactomannan of lucerne seed and after

--np—rrh -
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hydrolysis obtained a mixture of sugars among which

2:5:4; 6-tetramethyl D-galactose, 2:4;6-trimethyl D-galactose,

and 3s4-dimethyl D-mannose were detected, and they proposed that

the polysaccharide had a structure in which half the galactose

residues were present as non-reducing end group and other

galactose residues were linked through positions 1 and 3, while

at least one-third of the mannose residues were linked through

positions 1, 2, and 6. Recently Andrews, Hough, and Jones (47)

studied a galactomannan obtained from lucerne seed and found that

its structure could be represented by the "basic formulation

given on page 8.

Other Mannana:

The occurrence of mannan in filamentous and budding fungi

was studied by Garsuly-Janke (48) who found that fungi with a

typical mycelium contained no mannan, whereas the budding fungi

did, except Nadsonia and Rhodotorula (the latter yeast is, however,

exceptional since it produces carotenoid pigaents). He also

found that there was an apparent antagonism between raannan and

chitin production by fungi,

A polysaccharide mixture is produced when PeniciIlium

Charlesii S. Smith grows on glucose solutions, and after

fractional precipitation with alcohol two polysaccharides can be

obtained, one giving galactose on hydrolysis and the other,

named mannocarolose, giving mannose. After an earlier
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investigation of mannocarolose by Haworth, Raistrick, and Stacey

(49) the polysaccharide was re-examined by Stacey (50) who found

that after methylation and hydrolysis equimolecular amounts of

2$3s4- and 3s4:6-trimethyl manno se together with 2s 3-dimethyl

mannose were obtained.

The capsular substance of Bacillus krzemieniewski has been

identified as a mannan (51) and the polysaccharide from

M. tuberculosis (human strain) which contains mannose has also

been studied (52).

The homy material which constitutes the sugar reserve of

the albumin of iris seeds is an arabomannan (53), and Dubat (54)

obtained mannose and glucose by hydrolysis from the seeds of

several XAliaceae. Takahashi (55, 56) obtained a glucom&nnan,

named "yurl naranan*, from lily bulbs, and Curl and Nelson (57)

obtained a water-soluble mannan from the seeds of Daubentonia

drummondii (a shrub of the pea family), and from the roots of

Bletilla striata Otsuki (58) separated a glucomannan. The last-

named investigator also identified the characteristic

polysaccharide from Cremastra variabilis as a glucomannan (59).

Recently Jones (60) has studied a maunan from the seaweed

Forphyra umbilicalis and proposed that it was composed of

-D-mannopyranose units linked through carbon atoms one and

four, and had a repeating unit of twelve.
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The Mannans of Ivory Nut

Ivory nuts are the fruit of the palm Phytelephas merocaroa

(Suiz anfl Pav.) which grows in the tropics of South America.

They are known also as vegetable ivory, tumafco, oorozo (or

corosso) nuts, and tagua nuts.

Industrial Uses of Ivory Nuts

Because of their hardness ivory nuts are used extensively in

the manufacture of buttons, and a brief description of the process

has been given by Replat (61). Dyeing of vegetable ivory has

been described (62, 63), as has the manufacture of buttons from

ivory nut waste (64). Ivory nuts, ground and heated to 100° P

can be pressed into moulds, binding agents such as nitrocellulose

of low nitrogen content, and colouring matter being added if

required (65).

Ivory nut waste has been used for the adulteration of

foodstuffs, e.g., it has been mixed with bran and cheap flours,

although it can easily be detected microscopically (66, 67), and

patents have been issued for coffee substitutes containing ivory

nuts (68).

The high mannose content of the ivory nut makes it valuable

for the preparation of mannose. Hudson and Sawyer (69) hydrolysed

ivory nut shavings with sulphuric aoid and obtained the sugar in

a yield of 40^ of the weight of vegetable ivory used, and various

modifications of Hudson's method have been described (70, 71, 72,

73).
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Mezzadroli (74) isolated a number of micro-organisms with

pronounced fermentative action on the raannose obtained fro®

vegetable ivory waste, and obtained 15 litres of aleohol per

100 Kg. of vegetable ivory. The production Of alcohol from

ivory nuts has been discussed by a number of other workers (75),

and the preparation of lactic acid by hydrolysis of vegetable

ivory and innoculation with a lactic ferment has been described

by Saxe (76).

Biological Decomposition of Mannans

During an investigation into the action of malt diastase on

a suspension of ivory nut shavings Paton, Nanji, and Ling (77)

observed that, whereas diastase had no action if the suspension

had been boiled, when it was added to the unboiled suspension a

considerable amount of reducing sugar was formed, and it was

shown that the shavings contained an enzyme capable of hydrolysing

the mannan present. However, Melnick and Cowgill (78) could

detect no mnnanase in vegetable ivory, which was found to contain

an albumin and globulin, and a reducing substance. The last-

named compound gave raannose on acid hydrolysis, but was not

identified with any carbohydrate which had previously been

reported. Pringsheim (79) isolated a trisaccharide

(mannotriose) by fermenting ivory nut mannan with a bacterium

obtained from an earth culture, and Pringsheim and Gehin (80)

studied the fermentative cleavage of salep mannan and
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postulated that two enzymes, a mannanase and a mannobiase, were

present in malt extract, but Klages and Kireher (81) were unable

to separate the enzymes of barley malt into di- and poly-

saccharase and found that essentially the same results were

obtained using salep or ivory nut mannan as the substrate, which

indicated that the polysaccharides were similar.

Bierry and Gia ja (82) found that the digestive juices of

molluscs and crustaceans exhibited a more or less marked action

on mannans. They also showed (83) that the hepato-pancreatic

juice of Helix pomatia attacked mannans and that the intestinal

juice of Astacus fluviatilis liberated the galactose of the

mannogalacian of lucerne, maraiose being found only partially in

a degree dependent on the concentration of enzyme present. They

considered the differentiation indicated that the "mannogalactan*

was a mixture of snannan(s) and galaetan(s). The juice attacked

ivory nut mannan more readily than lucerne mannan. An

e* -mannosidase was found in snail enzyme extracts also by other

workers (84), and another mannan-hydrolysing enzyme has been

described by Tadokoro (85). Bierry and Giaja (82) found no

evidence that mannans were hydrolysed by the digestive juices of

mammals, and the feeding value to cattle of vegetable ivory meal

has been discussed by several investigators (86, 87). Gatin

and Gatin (88) found that the mannans present in Japanese edible

algae were not digested by man or the higher animals, and

/ '
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postulated that their value in dietetics might be attributed

to their stimulating effect on peristaltic action. An enzymic

solution extracted with acetone-ether from cow pancreas (89)

showed no action on elephant root mannan, but the mannanase

prepared from Bacterium aroideae and Bacillus mesentericus

saccharised the mannan to mannose and glucose.

Historical Introduction to The Chemistry of

Ivory Nut Mannans

Since microscopic methods afforded little information on

the nature of the "cellulose" stored as reserve food material in

seeds, Reiss (90) studied the action of hydrolytie agents on the

"cellulose" forming the thick-walled cells of the endosperm of

Ivory nuts. In contrast to earlier authors, who referred

almost exclusively to cellulose, Reiss showed that in the cell

wall cellulose does not always occupy a prevalent place, ana

that sometimes it is completely absent. There existed a series

of substances which were similar to cellulose, e.g., in

microchemical reactions, and which on hydrolysis gave various

sugars. Reiss extracted ivory nut shavings with cold 7S$

sulphuric acid and obtained a carbohydrate, which he called

seminin, which swelled up and partially dissolved in water to

give a laevo-rotatory solution which reduced Fehling's solution.

On hydrolysis of seminin he obtained a thick non-crystallisable

syrup •which he named seminose, and which was shown by Fischer and
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Hirschberger (91) to be identical with tnannose.

Before the discovery of seminin it was known that the cell

wall contained substances other than cellulose and that on

hydrolysis galactose and xylose could be obtained, but the

nature of these substances was not investigated and they were

considered to be indefinite incrusting substances. Schulze (l)

proposed the division of cell wall constituents into two groups,

the heiaicelluloses, which on vanning with mineral acids easily

changed to sugar, and cellulose, which was hydrolysed with

difficulty.

Johnson (92) extracted ivory nut shavings with 1C$

potassium hydroxide and after precipitation with alcohol and

purification of the polysaccharide preparation, found it gave

mannose on hydrolysis and had an analysis corresponding to

c6h1C)05*

Later, Balcer and Pope (93) extracted a carbohydrate from

ivory nuts with {$£ sodium hydroxide, precipitated it as the

copper complex with Pehling'a solution, and decomposed the

complex with hydrochloric acid to obtain a product which on

hydrolysis gave a syrup, 9C£« of which could be converted to

mannose phenylhydrazone. Although they did not isolate it in

a crystalline condition, they considered the remainder to be

chiefly fructose; since it was laevo-rotatory, had a very sweet

taste, and gave phenylglucosazone. Therefore, using the
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nomenclature of Sehulze (94) they termed the polysaccharide a

lasrulo-mannan.

Studying the carbohydrate constituents of the cell wall of

the seed of Phytelephas macrocarpa , Ivanow (95) extracted the

ivory nuts with ether and 0,3ft potassium hydroxide to free them

from fats and protein, and found that the residue contained 2.£j%

pentosan and 1.6^ methyl pentosan, while in addition to glucose

mannose was the only hexose found in appreciable amount (37^);

only traces of galactose were detected. He identified the

pentose as arabinose, which was considered to be a constituent

of the cell wall, and mannose was shown to be present in two

modifications, as hemicellulose and manno-cellulose.

Taking advantage of the general method of Schmidt and

Graumann (96) of using chlorine dioxide to remove lignin from

plant products without attacking the carbohydrates present,

Pringsheim and Seifert (97) isolated raannan by extracting the

"cleaned* ivory nuts with 3$ sodium hydroxide, which removed the

mannan present as hemicellulose and left the mannocellulose as a

residue. Contrary to the findings of Baker and Pope (95), no

fructose was detected in the mannan, or in the marmocellulose

(which contained, besides mannose, 5-10$[ of glucose).

Patterson (98) obtained a product different from that of

Pringsheim and Seifert. He removed nitrogenous and resinous

matter and pentosans from ivory nut meal by treatment with hot
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10$ sodium hydroxide, then extracted the "cleaned® material with

20$ alkali. The polysaccharide-sodium hydroxide complex was

isolated as a light gelatinous precipitate on treatment of the

extract with alcohol, and was decomposed "by boiling with dilute

acetic acid to give the polysaccharide (yield 10$). The

preliminary sodiixm hydroxide treatment removed most or all of

the mannan which had been studied by Pringsheim and Seifert,

and by Baker and Pope. The compound studied by these workers

was the modification described by Ivanow as hemicellulose, while

Patterson studied the mannocellulose (which he referred to as

mannan). He concluded that the mannan was built up entirely

from mannas© residues since no other sugar derivative was

isolated by direct hydrolysis of the polysaccharide, methanolysis

of the polysaccharide or triacetate, or hydrolysis of the

methylated mannan.

After ten treatments of the polysaccharide with dimethyl

sulphate and sodium hydroxide Patterson obtained a product having

a methoxyl content of 42.6$ (theoretical for a trimethyl

hexosan = 45.<#). The product was a slightly yellow, amorphous

powder, insoluble in ether, soluble in chloroform, ethyl acetate,

acetone, and benzene and showing a marked tendency to form a gel

in these solvents. The methylated mannan, on treatment with acid

methanol did not give a quantitative yield of the corresponding

methyl raannosides and hydrolysis of the resulting syrup with
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aqueous acid gave a viscous syrup consisting almost entirely of

trimethyl mannose. Since the trimethyl mannose could be

converted almost quantitatively to tetramethyl -methyl

raamioside, Patterson concluded that all the mannose residues

were of the ordinary or stable type. He could not, however,

decide whether only one trimethyl Mannose was present and,

because he did not know the position of the methoxyl groups in

the product, he could not determine the position of linking of

the mnnose units in the mannan.

litidtke (99) found that ivory nut shavings cleaned with

chlorine dioxide and sodium sulphite were completely soluble in

Schweiaer's solution after ammonium carbonate had been added,

and that two different mannans could be separated in the form

of their copper-alkali complexes by treating the solution with

2H sodium hydroxide until the mixture was 0.2H with respect to

sodium hydroxide, whereas a tnird component remained in solution.

This third substance was precipitated by adding acetic acid and

was identified as cellulose by means of its rotatory power in

cuprarnmoniura solution, rotatory power of the triacetate, and

isolation of cellobiose octaacetate. The mannan mixture was

separated into a fraction soluble in alkali (named "mannan A*)

and one insoluble therein (named *mannan B*), Mannan A was the

product investigated by Baker and Pope (93) and its properties

were found to agree with those given by the earlier investigators.



The two mannans were distinguished by their optical rotatory

power and colour reactions, and these are given in the table

below (for comparison the values for cellulose are also given):

Mannan A Mannan B Cellulose

[<£in N-MaOH - 45 Insoluble Insoluble

in Schweizer's
solution after addition

+ 0.61 * 0.52 2.05

of

acetate in GKDlg 29 25 19

Colour- with:
ClSnl

I.KI.KgS04
None
Hon©

Violet
None

Violet
Violet

That the colour given by mannan B with ©hlor-ainc-iodide

was not due to admixed cellulose was #iown by hydrolysis of the

mannan to mannose in a yield proving that the polysaccharide

consisted solely of mannose residues. Mannose was also

obtained in equal yield from -mannan A. The mannans were shown

by fractional precipitation from different media to be

homogeneous, and gave analyses agreeing with CgHjgOg,

Before the work of Ludtke the carbohydrates of ivory nuts

had been divided into raannan and mannocellulose, He had shown

chemically that mannans A and B contained no cellulose and to

obtain further evidence he studied ivory nuts microscopically.

Gilson (100) had observed that on treating ivory nut slices

with chlor-zine-iodide three layers were visible under the

microscope - a highly coloured "inner" layer, a very weakly
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coloured '"zwisehen" layer, and a third or "mittel® layer which

was uneoloured. Ludtke found that the mittel layer was

dissolved by chlorine dioxide-sodium sulphite treatment, and a

microscopic section of such a tissue after treatment with

ohlor-zine-iodide as seen in polarised light is shown

diagrammatically belowj

This diagram showed the distribution of the separate

carbohydrates in the ivory nut. The inner membrane, coloured

strongly, contained cellulose and the weakly coloured zwischen

layer was a mixture of mannans A and B, the latter being

responsible for the colour reaction. The nature of the mittel

layer remained unknown but Ludtke suggested that it might contain

the pentosan and methyl •pentosan detected by Ivanow (95), It

was not possible to decide whether or not mannans A and B were

ittel lamella-
C pectin. C?V)

i.rvn.e.r- irtem.b'i'A-rv-^
(te llu-lese)
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chemically bound together, but it was apparent that neither

the unknown substance contained in the raittel layer nor the

cellulose of the inner layer was chemically combined with the

mannan complex.

Ivory nut tissue after delignification was found by

Ludtke to be doubly refracting and after removal of mannan A by

extraction with sodium hydroxide the residue was anisotropic, as

was the residue from which raannan B had been removed by stronger

alkali. According to Herzog and Gonell (1Q1) the insoluble

reserve carbohydrates in plant seeds, including ivory nut mannan,

are crystalline whereas more readily available energy reserves

are amorphous. Mannan preparations from ivory nut and spruce

pulp, although amorphous to outward appearances, have been shown

to give a moderately sharp X-ray diffraction pattern (102), and

Yundt (105) was able to form supersaturated solutions of ivory

nut mannan A and by maintaining them at 60-70° C obtained mannan

crystals which, when first visible, appeared to be rod-shaped but

later assumed a dumbbell shape.

Klages (104) treated ivory nut shavings with chlorine

dioxide and extracted mannan A by shaking the residue with S$

sodium hydroxide. Acidification of the extract and addition

of methanol gave the polysaccharide as a white powder (yield 40^

of the weight of ivory nuts used ^1,-45° (in H JfeOH)),

In an attempt to obtain a fully methylated nroduct, Klages
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added bensene to the dimethyl sulphate-sodium hydroxide reaction

mixture and carried out the reaction at 80° C. (These

conditions are somewhat drastic compared with modern methylation

technique and might have led to serious degradation of the

merman molecule.} Thus, after two treatments he obtained a

product with a methoxyl content of 45.8^. The trimethyl

raarioan was a yellowish, horny solid and, in contrast to trisaethyl

cellulose, was fairly soluble in water and produced solutions

stable on heatingj and it had a small solubility in chloroform,

separating out overnight as a gelatinous mass from solutions of

concentration greater than ^3. The so-called whigh-moleeular*

behaviour was less strong than that of cellulose derivatives,

and corresponded to that of cellodextrins, e.g., concentrated

solutions showed no great viscosity and on evaporation of the

solution on a glass plate no film was formed. The trimethyl

usannose obtained by hydrolysis of the methylated raannan could

not be crystallised, but gave a crystalline anilide which was

shown by mixed melting point to be identical with the anilide of

2%3;6-tyimethyl mannose obtained by Haworth, Hirst, and Sireight

(105). Therefore, Klages concluded that the -cancan consisted

either of ls4-linS:ed mannopyranose units or of 1?5-linked

mannofuranose units. To decide which was the case he partially

hydrolysed the methylated aanaan, methylated the oligosaccharides

produced and hydrolysed them. From the end groups a tetrarsethyl
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mannose having the ring structure of the raanmose units in the

original polysaccharide was obtained, and since this was found

to be 2:3:4:6-tetraraethyl mannose he concluded that the mannan

must be built from ls4-linked mannopyranose units. He found

that the trimethyl mannose obtained by hydrolysis of the

methylated mannan gave the corresponding anilide in a yield of

only 68pS and the corresponding yield for the tetraraethyl sugar

was 50^', whereas, under the same experimental conditions

2s 3? 4s6-tetraraethyl glucose could be quantitatively converted

to the anilide. Therefore, he considered his tri- and tetra¬

raethyl fractions to be impure and studied the anilide formation

from pure tri- and tetra-raethyl mannose (obtained by hydrolysis of

the corresponding crystalline anilides) but obtained the same low

results. He concluded, however, from his investigations that

mannan A was built up to an extent of at least 90^ in the

specified linking of aaimos@ units.

Klages attempted to determine whether the linkages in the

mannan were of the <*- or p>- type and applied several methods
to the solution of this problem. Comparison of the rotatory

power of the methylated mannan with that of the corresponding

methyl mannosides gave results which varied with the solvent used,

but which indicated that the polysaccharide was not sterically

homogeneous. He also studied the optical rotation of the

oligosaccharides produced by partial hydrolysis of the trimethyl
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saannan "but obtained no conclusive results. He assumed, however,

that mannan A consisted of a mixture of cA- and p>- mannans
which formed an addition compound, and that the two components

were present possibly in the ratio lsl.

In a later paper Klages and Maurenbrecher (107) re-examined

the question. They prepared a mannobiosasone from the mannan

and by studying it they concluded that a purely j3- mannosidie
structure must be assigned to raannan A.

Klages determined the chain length of raannan A by two

methods. On one end of the fully methylated polysaccharide a

tetramethyl mannose residue is present and after hydrolysis of

methylated mannan he separated this from trimethyl mannose by

extracting the aqueous solution with chloroform and identified it

as the anilide. The weight obtained gave a chain length of

about 80 raannose residues for the methylated mannan. For the

determination of the reducing group present in the molecule he

used the iodine number method. This method had been used by

Bergmann and Machemer (108) for the determination of the

molecular weight of cellulose, but had been rejected for this

purpose by Hess (109) since the oxidation was found not to cease

at the limit given by Bergmann but could be increased by repeated

action of hypoiodite. Klages found that hypoiodite oxidation

gave a value of ca. 70 for the degree of polymerisation of the

methylated mannan, and ca. 30 or less for the unmethylated
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polysaccharide.

More recently, Ward (110) has studied mannan A. He

prepared the polysaccharide by three methods, that used by

Ludtk© (99) and Elages (104) by extracting the ivory nuts with

sodium hydroxide after treatment with chlorine dioxide, by

extraction with sodium hydroxide and purification by means of

the copper complex as used by Baker and Pope (93), and

extraction with sodium hydroxide after treatment of the ivory

nuts with sodium chlorite and phosphoric acid. Using the

method of Hirst, Jones, and Woods (111) he estimated the mannose

content of the hydrolysed polysaccharide by forming mannose

phenylhydrazone, and obtained values of 90, 90, and 4<$,

respectively, for the mannose content of the three preparations.

After hydrolysis of the mannan, followed by neutralisation,

Ward fermented the product with yeast to destroy mannose.

Addition of phenyliaethylhydrazine in alcohol (111) gave no

precipitate, nor was it possible to isolate mucic acid after

treatment of the hydrolysate with 28$ nitric acid by the method

of Schorger (112) and, therefore, Ward concluded that the manrtan

contained no galactose.

Methylation of the taannan with dimethyl sulphate and sodium

hydroxide gave, after three treatments, a product which was

purified by being dissolved in acetone followed by portionvd.se

addition of light petroleum. The main fraction (yield 6C$ of the



- 26 -

theoretical) ®s used in the later investigations and had a

methoxyl content of 44.8$, ash content of 2.6$, and

Ml -220 (o , 1.0 in chloroform). This was hydrolysed by

the method described by Haworth, Heath, and Peat (55) using

glacial acetic acid and 8$ hydrochloric acid and the methyl

mannosides were formed, and separated by the solvent extraction

method of Brown and Jones (115). 2:5;4:6-tetraraethyl manrsose,

identified by conversion to the anilide, was obtained in a yield

which gave a value of 15 for the repeating unit of the

polysaccharide. The trimethyl methyl mannoside fraction was

divided into two by distillation under reduced pressure and after

hydrolysis the first fraction was identified as 2:3;6-trimethyl

mannose, while the second, which was not characterised, was

considered to contain 2s5s6- ana possibly 2s5s4-trimethyl mannose.

Periodate oxidation of the mannan by the method of Halsail,

Hirst, and Jones (114) showed that one mole of formic acid was

liberated by every five or six mannose units, and on an average

each mannose residue consumed 0.97 moles of periodate. To explain

his results, Ward postulated that the mannan A had a repeating

unit of 15 and contained, besides ls4-linkages, possibly some

Is6- and perhaps Is3- linkages (although he did not isolate

2s3s4- or 2:4s6-trimethyl mannoss from the products of hydrolysis

of the methylated mannan).

Using essentially the same methods that he used to
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elucidate the structure of mannan A, Xlages studied the

constitution of mannan B (115). He isolated isannan B by the

method used by Ludtke (99) and found it to have the constants

given by that author. The product proved more difficult to

methylate than mannan A and the derivative examined had a

methoxyl content of 4$^. After complete hydrolysis, besides

2:5:6-trimethyl mannose Klages obtained 2:3s4s6-tetramethyl mannose,

whicd could be converted to the anilide only in very poor yield.

However, he concluded that the mannan was composed of 1:4-

linked mannopyranose units.

Despite their similar constitutions Klages considered that

the two mannans were not built up identically since their

derivatives showed differences in rotatory power, as given in

the following tables

Mannan A Mannan B

+ 0.65 + 0.50

cuprammoniu®.

[o^of triacetyl mannan

Mof mannan in :
*

2S NaOH
13$ NaOH

44
44.5
29.5 - 26

in OHClg
U\pt trimethyl mannan

ins
CHOIg
C8H6

21
60
51.5

- 17
56.5

- 49

Thus the mannans might be constructed differently, or one or
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both might be contaminated with another carbohydrate. However,

KLages considered the second suggestion to he unlikely since the

difference of rotatory power of all the derivatives of the two

aannans was almost constant. It was possible that, as

postulated for mannan A, mannan B consisted of ckr and p> -
naimans which, if present in different amounts in each mannan,

might explain the difference in rotation.

The kinetics of hydrolysis of methylated mannan B agreed

with those of methylated mannan A and, by studying the

oligosaccharides produced by partial cleavage of the methylated

polysaccharide Klages found that mannan B contained 87^ <A- and

13$ p- linkages (compared with 80 and 20$, respectively,
obtained in a similar series of experiments on methylated

mannan A). As for mannan A, he assumed that the cA- linkages

were more readily hydrolysed than the fi- linkages and were,
therefore, first to appear in the oligosaccharide fractions.

The above summary has reviewed the work on ivory nut mannans

carried out before that undertaken in the present investigation,

the purpose of which was to decide whether mannans A and B were

similarly constituted and to discover the fine structure of each.

In particular, in the case of mannan A it was necessary to decide

whether the comparatively long unbranched structure postulated by

Klages or the short repeating unit structure indicated by the

work of Ward represented the true form of the molecule. In the
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present investigation frequent use was made of the modern

methods of chromatography, which proved of great value in the

detection of small amounts of material, and which had not

previously "been applied to the study of ivory nut mannans.
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MANNAN A

Discussion

Ivory nut shavings, cleaned by extraction with benzene

and with methanol, were delignified under mild conditions with

sodium chlorite and acetic acid at pH 4,0, Mannan A was

extracted by shaking the delignified material with potassium

hydroxide and was precipitated by acidifying the extract with

acetic acid and adding methylated spirits. Using the general

method of purification which was introduced by Salkowski (116) in

his work on yeast mannan, the mannan A was purified as the copper

complex by precipitation from alkaline solution by the addition

of Fehling's solution. After a second precipitation as the

copper complex, the purified mannan A had - 46° (c, 0.7

in N sodium hydroxide) compared with the value - 45°

(in N sodium hydroxide) given by Klages (104) for mannan A.

After hydrolysis and examination on a paper chromatogram the

purified mannan was found to yield, in addition to mannose, traces

of gluoose and galactose. In an attempt to remove these sugars

the mannan was fractionally precipitated from slightly acid

solution by the gradual addition of methylated spirits. Pour

fractions were obtained and they were hydrolysed and examined by

paper chromatography but there was no apoarent reduction in the
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amount of glucose or galactose present in any fraction.

Anhydrous formic acid has been used by Jones (60) for the

hydrolysis of mannan and this reagent was found to be suitable

for the hydrolysis of ivory nut mannans. The hydrolysate from

mannan A was separated into its component sugars by paper

partition chromatography and the amounts of sugars present were

estimated, mannose being determined by oxidation with sodium

periodate, using the method described by Hirst and Jones (117).

The hydrolysate had been spotted onto the chromatogram papers

from a micropipette and, since the amount of sugar was the same

on each chromatogram, for the estimation of the trace constituents

several papers were combined and the sugars estimated by the

colorirnetrie method of Nelson (118). Thus it was found that the

amounts of sugars present in the mannan hydrolysat® were:

raannose 97.6^» galactose l.£$, and glucose 0.8^.

To determine the total amount of mannose present in the

raannan a weighed sample of a reference sugar (xylose) was added

to the hydrolysate after treatment with formic acid, the solution

neutralised, and the ratio of mannose to xylose estimated after

separation on a paper chromatogram. A central experiment was

also run in which a sample of mannose was treated with formio

acid to determine the amount of mannose destroyed during hydrolysis.

The results obtained showed that from the mannan 96$- mannose was

recovered, and from pure mannose the recovery was 9^.
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Because of the difficulty of achieving complete separation

of the small quantities of glucose and galactose present a

separate estimation of these two sugars was carried out in the

absence of a reference sugar, as described above.

The mannan was acetylated by the method of Pacsu and

Mullen (119). After dispersal in pyridine and treatment with

acetic anhydride an acetate was obtained which had -25°

(c,1.0in chloroform) and an acetyl content of 43.^1 (calculated

for a triacetate, 44.#). The molecular weight of the acetate,

determined by Barger's method, corresponded to a degree of

polymerisation of 10 - 13.

A value for the molecular sise of a polysaccharide can be

obtained by determining its reducing power by oxidation of the

potential aldehydie group to a carboxyl group and measurement

of the consumption of oxidising agent. The values for chain

length obtained by this method are of doubtful value since,

first, previous oxidation of some of the reducing groups nay

have taken place, and, secondly, the presence of small amounts

of highly reducing substances would give a higher value for

the reducing power. Bearing these facts in mind, two methods

of estimation of the reducing power of the polysaccharide were

carried out since they might give some value of the order of

molecular weight of mannan A and might be used to compare

mannans A and B.
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In the first method, the mannan was oxidised with alkaline

hypoiodite in a "buffered medium {pH 11.4) and the results

indicated that one reducing group was present for every 100

mannose units. The second method, introduced "by Meyer,

Woelting, and Bemfeld (120), depends on the reduction in hot

(65° 0) alkaline solution of 5?5-dinitro-salicylic acid to a

highly coloured compound. Using known weights of mannose a

graph of the absorption (measured photometrically) against

concentration was drawn and "by comparing the absorption of a

known weight of polysaccharide with the curve the chain length

of the mannan was calculated and found to be 28. Instead of

mannose, it would have been better to use as a standard a

mannobiose having the same linkage as that of the mannan, but

unfortunately no such biose was available. It has been found

that the reducing power per mole of disaccharifie is greater

than that of the corresponding monosaccharide and, therefore,

the degree of polymerisation determined using mannose as a

standard is low. However, the results obtained from

measurements of the reducing power of mannan A do not agree

with values for the molecular size determined by other methods

(e.g., from the molecular weights of the acetate and

trimethyl derivative) and doubt is cast on their validity.

The classical technique of methylation, followed by

hydrolysis and identification and estimation of the
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methylated monoses, gives a valuable insight into the

structure of a polysaccharide and this method, combined with

recent chromatographic methods, has proved very useful in the

study of ivory nut mannans. Mannan A was methylated eleven

times by the method of Haworth (121) using dimethyl sulphate

and sodium hydroxide and twice by Purdie's method (106) using

methyl iodide and silver oxide. The crude methylated material

was fractionated by dissolution in light petroleum-chloroform

mixtures of increasing chloroform content, and in this way two

major fractions were obtained. They had, respectively, -82°,

-23° (c,1.0 in chloroform) and methoxyl contents of 44.4 and 44.5^,

and were combined.

A sample of fully methylated mannan was hydrolysed with

formic acid and the hydrolysate neutralised and examined on a

long paper chroraatogram. This indicated the presence of

tetramethyl and trimethyl mannoses, and smaller quantities of

tetramethyl galactose and dimethyl mannose.

The methylated mannan was hydrolysed by heating with

anhydrous formic acid and then with dilute sulphuric acid.

The hydrolysate was neutralised and separated on a cellulose

column, the recovery being 9Sf«,

The fractions obtained from the column were examined}

Fraction I was identified as 2:5:4}6-tetramethyl D-mannose
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by formation of the anilide by heating under reflux with

ethanolic aniline. A sample was converted to the lactone

by oxidation with bromine water and from this the

phenylhydrazIde was formed by treating the lactone in dry

benzene with phenylhy&rasine. Fraction I was obtained partly

crystalline and needle shaped crystals were obtained which

melted at 109-111°G. Tetramethyl mannose has usually been

obtained as a syrup, but it has been obtained crystalline by

Greene and Lewis (122) and by Hendricks and Bundle (123). The

crystalline material melted at 49-5000 and had ♦ 6°

falling to an equilibrium value of 0°, Although it was

impossible to obtain tetramethyl mannose in a completely

crystalline form in the present investigation, a mixture of
r

crystals and syrup had 23° (c, 0.7 in water) which fell

to an equilibrium value of + 10®, indicating at least a

predominance of the - form.

Fraction II was identified as 2;3s4:6-tetramethyl D-galactos©

by conversion to the anilide, which had the correct rotation and

melting point (which was undepressed on admixture with a sample

of 2s3s4s6-tetramethyl galactose anilide).

Fraction III consisted of 2s3s6-trimethyl D-mannose, which

was identified by conversion to the anilide. The fraction
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was also oxidised to the lactone, which was converted to the

phenylhydrazide of 2:3:6-trimethyl D-mannonic acid.

Fraction IV was partly crystalline and was separated on

thick paper chromatograms into two fractions. Fraction IVa

(208 isg.) crystallised and fraction ITb (34 mg.) remained as a

syrup.

Fraction IVa:

Initially this fraction was partially crystalline and was

reducing, as shown by its reaction with aniline oxalate, and

travelled on a paper chromatogram at a speed corresponding to

that of © triraethyl hexose hut different from 2:3:6- and

3s4:S-trimethyl mannoses. After several weeks the fraction

crystallised almost completely and failed to react with

aniline oxalate, and it was also non-reducing to Fehling's

solution and to alkaline hypoiodite. Failure to react with

aniline oxalate containing phosphoric acid on a

chromatogram at 100° C indicated that the compound was not

readily hydrolysed. The crystalline material (X) was analysed

and found to contains

0, SO.^s H, 7.9^} (Me, 42.9$.

These figures corresponded to those required for a hexamethyl

disaccharide.

The substance (x) had the following constants:
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melting point, 148-150°C;

[efl* + 55° (c, 1.4 in water, unchanged in 48 hours)5

mC* 650 (c, 0.7 in methanolis hydrogen chloride,

unchanged in 100 hours).

Colour tests showed that the substance (X) was not a

ketose derivative, and deraethylation followed by examination

on a paper chromatogram showed it to be a derivative of mannose.

The molecular weight of the substance (X) was determined by

Barger's method and found to correspond to that of a

disaccharide.

From the previous evidence the crystalline material (X)

appeared to be a non-reducing disaccharide of the trehalose

type, i.e., having a 1:1 linkage. On hydrolysis only one

sugar (j) was produced since the hydrolysat© gave only one

spot on paper chroma tograms run in different solvents.

Methylation of the disaccharide (X) followed by hydrolysis

gave a substance which ran on paper chromatograms at the same

speed as 2:3:4:6-tetramethyl mannose, and which was identified

as the latter by conversion to the anilide (yield, 90^1).

The previous evidence indicated that the disacchailde (X)

was composed of two trimethyl mannopyranose units (X) which were

the same and, since they had been shown to be different fro®

the 2:3:6- and 3:4:6-isomers, must be either 2:3:4- or

2:4:6-trimethyl mannose.

Oldham and Rutherford (124) showed that when a sugar
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derivative having a p-toluenesulphonic ester residue on a

primary, hut not on a secondary alcoholic group is heated with

sodium iodide in acetone solution, iodine replaces the tosyl

residue. The disaccharide was tosylated and the tosyl

derivative heated with acetonic sodium iodide and although only

7% iodine was introduced (theoretical, 39f>) the experiment

showed the presence of some material containing a fare® primary

hydroxyl group.

Oxidation of the unknown trimsthyl raannose (X) with lead

tetraacetate showed the presence of two adjacent hydroxyl

groups, and oxidation with periodate liberated formaldehyde,

showing that the free hydroxyl groups were attached to carbon

atoms five and six.

These facts showed that the monosaccharide (x) was

2s3s4-trimethyl D-manoose and, therefore, the disaccharide (X)

was 1- [ 2s 3s 4-trimethyl D-raannopyranosido J -2:5s4-trimeihyl

D-mannopyranose.

When fraction XVa was obtained from the column it was

dried in vacuo at 50°0. The product was shown by treatment

with aniline oxalate to be reducing, and formation of the

disaccharide took place on standing at room temperature. The

formation of disaceharides by condensation of two

monosaccharide units under more drastic conditions has been

reported, and the pyrolysis of ivory nuts has been found to give
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1:6-anhydro-^> -D-mannopyranose (125), "but this appears to "be
the first occasion on which the condensation of two aldose

units to form a &isaccharide has taken place at room

temperature.

Fraction IVh:

This syrupy fraction was shown by demethylation to be a

mannose derivative. It ran on a chromatogram at the same speed

as 2: S-dimethyl mannose and a speed different from that of

3:4-dimethyl mannose and was, therefore, assumed to be the

former. Since the amount of dimethyl sugar was less than the

amount of tetramethyl galactose the 2j3-diraethyl mannose appeared

to have no structural significance and had arisen from under-

and/or demethylation.

Fraction 7 was the water wash from the column and contained

colouring matter and a trace of glucose.

From the yields of the fractions obtained from the column

it was possible to calculate the molar ratios of the methylated

sugars present. The results are collected in the table

given below:
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Fraction
No.

Contents of
Fraction

Yield

unr
Moles
xl0a

Molar
Hatio s

I 2:3;4:S-Tetramethyl
mannose.

0.242 1.02 \ 4.5"
.

II 2:3:4:6-Tetraraethyl 0.058 0.24 0.2 1 .

TV

galactose.

HI 2: 5:6-Trimethyl 2.625 11.8 11.6 49 ^
maraiose.

fTVa 2i 5t4-Trimethyl 0.206 0.97 0.95 4.0
raannose (isolated as
disacchariae).

10

I F/b 2:3-Dim3thyl 0.054 0.16 0.16 0.7
marmose.

Colouring matter 0.074
and trace (5 mg.)
of glucose.

While it was impossible to separate completely on paper

ehromatograms tetramethyl mannose from tetramethyl galactose

and 2s3s4- from 2:5s6-trimethyl mannose, the ratio of

tetramethyl to trimethyl sugar was determined. The ratio of

1 part tetramethyl sugar to 9 parts trimethyl sugar agreed with

the results obtained from the cellulose column.

Estimations on mannan A had shown it to yield after

hydrolysis 1*0$ galactose, while the amount of tetramethyl

galactose obtained from the cellulose column was 1.7^.

Combined with the absence of any other methylated galactose

derivatives in the hydrolysis products of methylated mannan A

the complete recovery of galactose as end group showed that the

mannan was not contaminated by a galactan and the galactose must
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be present sb the non-reducing end group of a galactomannan.

As no methylated derivative® of glucosewere isolated from

the cellulose column, the small amount (0.3$) of #ucose

present in the original polysaccharide must have arisen from

a small quantity of glucosan, which was removed during the

•aethylation procedure.

Because of the stability of the polysaccharide to acid

hydrolysis it must to® composed of pyranos® units, and since

the main component of the hydrolysate from methylated mannan

was 2s 3s6-trimethyl mannose the natulan must toe built mainly of

Is 4-1inked anhydroaannose units. The optical rotation of the

mannan in sodium hydroxide 46° (ofi.7) in

anhydrous formic acid joQ^-SS® («, 0,8, unchanged in 70 hours),
and of the derived acetate in chloroform (oG^-25° (c, 1.0),
indicated that the majority of the linkages in the polysaccharide

were of the p -type.
The molecular weight of methylated mannan A was determined

toy larger* s method (128) which gave a value of 9-11 for the

chain length. Determination of the viscosity of a sample of

methylated merman and application of the Standing®? constant

(187) gave a value of 9 for the degree of polymarleatlonf tout

too much value could not to® attached to this latter determination

since the method is not accurate at the low value of viscosity

shown toy the methylated polysaccharide.

Firm the foregoing evidence it is obvious that not all
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the molecules present in mannan A possess identical structures

and it is impossible to suggest unambiguous structures for the

molecular types present in the mixture. However it is possible

to suggest two structures for mannan A. The mannan may consist

of a mixture of two molecular types:

(a) a linear molecule of 10 anhydra-B-marmopyranose units linked

through carbon atoms 1 and 4, and one residue with a l:6-linkage$

and,

(b) a linear molecule of 10 anhydro-B-m&rmopyranose units

linked through carbon atoms one and four, terminated at the

non-reducing end by a D-galactopyranose residue.

Determination of the relative amounts of tetraiaeihyl

mannas© and tetramethyl galactose required that the molecular

types (a) and (b) should be present in the ratio of 4:1. The

amount of 2t3s4-trimethyl m&nnose obtained from the column

appeared insufficient to indicate the presenpe of a l:S-linkag®

in all members of both molecular types, but was sufficient to

contribute four such linkages to each five molecules. These

investigations did not show whether the l:6-linked mannose
or

residues were situated at the end of/near the middle of the

molecules, nor whether all such linkages were present in the

mannan molecules (type (a)) and none in the galactomannan

molecules (type (b)), or distributed at random between the two

types. Another possible structure which would agree with
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methylation and molecular -weight results is a mixture of two

molecular types:

(c) A linear molecule of oa. 13 mannose residues linked through

carbon atoms 1 and 4, terminated at the non-reducing end by a

mannose residue; and,

(d) A linear molecule of 4 mannose residues linked through

carbon atoms 1 and 6, terminated at the non-reducing end by

a galactose residue.

The types (o) and (d) would be present in the ratio 4:1 and

would give a mixture having a -mean degree of polymerisation of

approximately 13.

The structures suggested above would give, after

methylation and hydrolysis, the sugars obtained from methylated

mannan A and in the same yields. The two different molecular

species have sufficiently similar physical properties not to be

separated either in the initial extraction and purification of

mannan A or during fractionation of the methyl ether.

Malaprade (128) showed that in a compound containing hydroxy!

groups on adjacent carbon atoms oxidation could take place with

periodic acid, as shown below:

R.CH(OH).OH(OH).E' + HI04 = R.CHO + S'.OHO + HIO3 ♦ HgO,

whereas if two hydroxyl groups or a hydroxyl and an amino

group are not attached to contiguous carbon atoms no oxidation

occurs (129, 130). Normally the reaction is quantitative and

one mole of periodste is consumed for each C-C bond broken.
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When more than two adjacent hydroxyl groups are present

oxidation may proceed further with the production of formic

acid from ~CH(OH).CH(OH).CH(OH)- groups and formaldehyde from

-CH(QH).CH20H groups. The amounts of formic acid and

formaldehyde liberated, as well as the amount of periodate

consumed, may he determined.

The results of experiments utilising sodium periodate as

a reagent specific for adjacent hydroxy! groups are valid only

if it can he shown that no other reactions take place during

reaction with sodium periodate and that the formic acid and

formaldehyde produced are not appreciably attacked by the

reagent. It has been shown that the effect of side reactions may

be minimised by carrying out the reaction in the dark (131, 132)

and by careful control of the pH of the reaction medium (133, 134,

135, 136). In some cases it has been shown that the primary-

products of reaction of a carbohydrate with the periodate ion

are further attacked by this reagent (133, 137).

The results of studies on the oxidation of mannan A by

periodate showed that?
consumed

(a) The amount of sodium metaperiodate/during oxidation of

the mannan, which was measured against sodium arsenite, showed

a point of inflexion at approximately 1.7 moles of periodate

per anhydrohexose unit, but oxidation did not cease at this

stags.
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(b) Carrying out the reaction in a buffered solution at

pH 3.8, the periodate uptake became constant at a value of

1.1> moles of periodate per anhydrohexose unit.

(c) Oxidation with aqueous potassium metaperiodate showed that

one mole of formic acid was liberated from each 4.0 anhydrohexose

units. During this experiment iodine was liberated and the

amount of formic acid present diminished, a phenomenon which

had been noticed previously by Halsall, Hirst, and Jones (137)

and which indicated that secondary oxidation had occurred.

From these results it appeared that the reaction taking

place was not the simple one outlined above but that

complications due to over-oxidation had arisen. Potter and

Bassid (138), following a scheme proposed by Halsall, Hirst,

and Jones (137), explained the over-oxidation of amylose by

sodium metaperiodate as being due to attack at the reducing

end of the molecule. Initial oxidation of this group would

give a compound of structure (a) which contained an active

carbon atom (marked with an asterisk in the diagram) and further

oxidation could ensue to give a compound of structure (b) which

is readily oxidised by periodate.

H o H

i/tUO* c ^ c
-O JnCHO „q JVCH0

Over-oxidation of the type described above may have occurred

during periodste oxidation of mannan A.
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EXPT'IRBCSWTAL

Extraction of mannan A.

Ivory nut shavings were freed from wax and colouring

matter by extraction for twenty four hours in a Soxhlet

extractor with benzene and then with methanol. The residue

(100 g.) was delignified by the method of Wise (139) as

modified by Chanda, Hirst, Jones, and Percival (140), by

treating it with water (51.), glacial acetic acid (500 c.c.),

and sodium chlorite (500 g.). The mixture was heated to

60°C and, after addition of sodium acetate (20 g.), maintained

at 30°C in a water bath for 20 hours with occasional stirring.

The white residue was filtered through muslin, washed with ice

water then water to remove acid, and dried by suction on a

Buchner funnel.

For the extraction of raannan A the cleaned ivory nut

shavings were shaken fbr 16 hours with potassium hydroxide

solution {lf«), and centrifuged. The solution was slightly

brown, due possibly to the presence of traces of lignin, and

was aeidified with glacial acetic acid and the mannan

precipitated by the addition of an equal volume of methylated

spirits. The polysaccharide was freed from acid by washing

with water, dried by washing first with ethanol and then ether,

and allowed to dry in air. The yield of white powder was 28$

of the weight of the original ivory nut shavings. Further

treatment of the residue from the above potassium hydroxide
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extraction gave: second extraction, mannan A in a yield of

15$ of the weight of ivory nuts used; third extraction 4$.

Total yield, 45$* The crude raannan had -39° (o, 1.0

in N sodium hydroxide).

Purification of mannan A

The crude mannan was allowed to swell in water and then

dissolved by the addition of aqueous potassium hydroxide,

the final concentration of potassium hydroxide in the solution

being 7$. The solution was filtered through glass wool to

remove traces of insoluble material. Fresh Fehling's solution

was added to the polysaccharide solution until the supernatant

liquid was deep blue, and the bulky gelatinous complex was

removed at the centrifuge and washed with, water, care being

taken not to remove all the alkali, as the eonplex becomes

soluble in water when the alkalinity is reduced below a certain

limit. The complex was suspended in water by vigorous stirring

and decomposed by careful acidification with hydrochloric acid

(2N), and the slightly turbid solution was filtered through

glass wool. An equal volume of methylated spirits was added

and the mannan precipitated, washed with hydrochloric acid (n)

to remove copper and then with water to remove acid. The

product was dried as usual by washing with ethanol and ether.

Yield, 85$ of the weight of crude mannan. Paper
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chromatographic examination of the products of hydrolysis of

this material showed, in addition to mannose, traces of glucose,

galactose, and a pentose (possibly arabinose).

The polysaccharide was purified further by a second

treatment as above, and the product shown by hydrolysis and

examination of the hydrolysate on a paper chromatogram to contain

mostly mannose, with traces of glucose and galactose. This

material will be referred to as •purified raannan Aw and had

[oC] -46° (c, 0.7 in N sodium hydroxide) and -28®

(c, 0.8 in anhydrous f omic acid, unchanged after 70 hours).

Attempted removal of galactose from purified mannan A.

A sample of the purified mannan was dissolved in 7f

aqueous potassium hydroxide, the solution acidified feebly with

glacial acetic acid, and fractionally precipitated by the

gradual addition of methylated spirits. In this way four

precipitates were obtained and after hydrolysis they were

examined on paper chromatograms, but there was no apparent

reduction in the amount of glucose or galactose present.

Quantitative estimation of the sugars present in purified
mannan A.

Preliminary experiments had shown that the purified

mannan gave on hydrolysis, in addition to mannose, traces of

glucose and galactose and the amounts of these three sugars

were determined.
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(1) Estimation of the ratios of the sugars present*

A sample of the polysaccharide (ca. 200 mg.) was heated

in a sealed tube with formic acid ( 2 c.c., A.R., 98-100$)

at 100°C for seven hours and the solution evaporated to dryness.

Water was added and evaporation repeated to remove excess formic

acid, and the residue was heated in a sealed tube with sulphuric

acid (1 c.c., N) at 100°C for three hours to hydrolyse formyl

esters. The solution was allowed to cool and acid was removed

with Amberlite resin 1 R-4B(0H). Using a micropipette to

ensure that the same amount of sugar was present on each paper,

the solution was spotted onto a chromatogram paper which had,

as usual for quantitative paper estimations, two reference

strips one at each edge of the paper. The solvent used for

separation of the sugars was the upper phase of a mixture of

n-butaml-pyridine«water-bensene (5j3:3sl, v/v) (141),

The chromatograms were run for 50 hours then allowed to dry in

air, the positions of the sugars were detected as usual by

spraying the reference strips with a saturated solution of

aniline oxalate in water and developing for a few minutes at

100°C, and the chromatograms cut into sections, each containing

one sugar. For the determination of glucose and galactose

several papers were combined and the sugars estimated by the

arsenomolybdate - Somogyi reagent (118) as described later.

Mannose was determined by periodste oxidation by the method of

Hirst and Jones (117).
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Estimation of glucose and galactose

No pre-treatment of the paper strips was necessary,

and the sugars were eluted with cold water by the method of

Laidlaw and Reid (142), Standard solutions of glucose and

galactose of the same order of conoentration as the unknown

solutions were treated s imultaneously w ith the unknown solutions

and with water and paper blanks.

Reagents?

Copper reagent A:

Dissolved
in 11. water

25 g, anhydrous sodium carbonate,
25 g, sodium potassium tartrate,
20 g, sodium bicarbonate.
.200 g, anhydrous sodium sulphate.

Copper reagent Bs

1£$> copper sulphate pentahydrate containing
1 or 2 drops of concentrated sulphuric acid
per 100 c.c,

25 c.c, A and 1 c.c, B mixed on day of use,

Arsenomolybdate reagent:

25 g. ammonium raolybdate in 450 c.e. water,
21 c.c. concentrated sulphuric acid, mixed
with 3 g. HaEAs04.7Hg0 dissolved in 25 c.c,
water.

The solutions were heated at 100°C for 15 minutes to

minimise the amount of dissolved oxygen in each, and after

cooling copper reagent (2 c.c.) was added and the solutions

heated at 100°G for 20 minutes then cooled. Arsenomolybdate

reagent (2 e.c.) was then added, followed by water to make the



51 -

solutions up to 25 c.c., and the absorptions of the solutions

were measured colorimetrically in a Spekker photoelectric

absorptiometer using spectrum-green 604 filters, the standard

solutions being measured against the water blanks and the

unknown sugar solutions against the paper blanks. From the

graphs constructed using the known solutions, the amounts of

glucose and galactose in the unknowns were obtained.

Estimation of mannose.

To remove the solvent completely the paper strips were

suspended over water in an evacuated vacuum desiccator

overnight. The mannose was then eluted with cold water and

the solutions heated with sodium metaperiodate solution

(2 c.c., 0.25M) for 30 minutes in a boiling water bath in

tubes sealed with B 24 ground glass stoppers. To minimise

loss of formic acid by e vaporation the upper parts of the

tubes were surrounded by ©soling coils. After cooling ethylene

glycol was added to destroy excess periodate and the solutions

were titrated with carbonate-free sodium hydroxide (0.01N)

using methyl red-methylene blue indicator (143), Blanks were

also run on paper strips of the same area as the strips

containing the sugar and the titration figures given below

have been corrected for blanks.

From the calibration curves, four chromatograms contained

Results;
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2.8 x 10~7 moles galactose and 1.5 x 10~7 moles glucose.

One chromatograra contained mannose which liberated formic

acid on periodate oxidation requiring 1.95 c.c. of 0.00980 W

sodium hydroxide for neutralisation, therefore, since 1 mole of

hexose gives 5 moles of formic acid on periodate oxidation, the

above titration figure corresponds to 5.82 x 10~6 moles of

raannose.

Thus the mannan gave on hydrolysis the following sugars*.

mannose, 97.
galactose, 1.8^>j
glucose, 0.8P&.

(2) Estimation of total amount of mannose present.

A weighed sample of purified mannan A (51.02 mg.) was

hydrolysed as before using formic acid and, after cooling, a

reference sugar, in this case xylose (51.90 mg.), was

weighed in and the acid removed with Amberlite rosin

1R-4B(CH). The sugar mixture was separated on a paper

ehromatogram as before and the xylose and mannose estimated

by periodate oxidation. An estimate was also made of the

destruction of raannose during hydrolysis by treating a sample

of raannose (57.11 mg.) with formic acid as before, adding

xylose (32.67 mg.) and estimating the sugars after

chromatographic separation.

The titration figures (c.c. of 0.00980 N MaOH) are given

below;
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Mannan A.

Mannose . .... 1.34 0,0.

Xylose 1.2S c.o.

Mannose Standard.

Mannose ..... 2.28 c.o.

Xylose ...... 2.05 c.c.

These figures showed that the amount of mannose recovered

from the mannan hydrolysate was 9f$S, and from the mannose standard,

9Ep5.

Preparation of the acetate of mannan A.

The method used was that of Pacsu and Mullen (119). The

purified mannan (1 g.) was allowed to swell in water (10 c.c.)

for two hours at room temperature, then at 40°C for one hour.

Purified pyridine (25 c.c.) was added and the water-pyridine

azeotrope removed by distillation until 25 c.c. of solution

remained. Addition of pyridine and distillation was repeated

twice and t he final mannan suspension in pyridine was heated

at 100°0 with acetic anhydride (15 c.c.) for 48 hours. The

dark liquid was centrifuged and the solution on pouring into

ice water gave a brownish solid which was washed with water until

free from acid, and dried.

The acetyl content was determined by treating a weighed

amount of the compound (ca. 0.2 g.) with acetone (40 c.c., A.R.)

and sodium hydroxide (25 c.c., 0.1N). After allowing the

mixture, and a blank in which the polysaccharide was omitted, to
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stand at room temperature for 16 hours they were titrated with

sulphuric acid using phenolphthalein as indicator. The

acetate contained 43.S{$ IHgCO;calculated for a triacetate,

44.65? CHjPQj and had (o, 1.0 in chloroform).

Molecular weight of mannan acetate

The molecular weight of mnnan A acetate was determined hy

Barger's method (126). A solution of the acetate in chloroform

(0.26QC$£) was compared with a series of standard solutions of

sucrose octaacetate in chloroform. The determination was

carried out in capillary tubes with a bore of 1 - 2 mm. and

about 10 cm. long. Seven drops, (the second, fourth, and sixth

being mannan acetate solution and the others standard solution)

were introduced into each tube, one tube for each standard

solution, and the tubes were sealed in a miero-bunsen flame.

The first and seventh drops were larger to allow for evaporation

and their lengths were not measured. The tubes, fastened by

plasticine to microscope slides, were immersed in water in a

thermostatically controlled room (20°C) for one hour and the

lengths of the drops, excluding the larger end drops, were measured

with a travelling microscope having a vernier reading to 0.02 mm.

While their lengths were being measured the drops were

illuminated by an electric lamp, placed behind a water cell to

remove heat radiation. After 24 hours the lengths of the drops

were again measured and the change in size with respect to the
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mannan acetate noted. The isopiestic condition was that at

which the drops did not change in size and at which the

molarity of the unknown and standard solutions were the same.

If x s the degree of polymerisation of the acetate, then
26

the acetate solution contained 288. 2 X x X 'lo raoles/1. , and

at the isopiestic condition this ms equal to the molarity of

the standard solution.

The results obtained are given in the table given belows

Molarity of
sucrose octa-
acetate solution

X104 • ~™

6
7
8
9
10
11

Corresponding
value of x

for
equilibrium

15
13
11
10
9
8

Sua of changes of
sizes of drops
'with ""inspect''to
solution of
acetate

XYO2 "mm.

+ 16
+ 10

0
- 7
- 6
- 7

Thus, the degree of polymerisation of the acetate was 10-13.

Reducing power of purified mannan A.

(a) Hypoiodite oxidation.

The method used was that described by Chanda, Hirst, Jones,

and Percival (140).

A sample of the polysaccharide (ca. 50 mg.) in a boiling tube

fitted with a B24 ground glass joint was allowed to swell in

water (5 c.c.), then iodine (l e.c., 0.1W) was added followed

by 2 c.c. of the buffer solution (25 c.c. 0.1N disodium hydrogen
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50 c.c. with water). The glass stopper was moistened with

fresh potassium iodide solution (1QS) and inserted, and the

tube allowed to stand in a cool dark place overnight. The

stopper was rinsed into the boiling tube, the solution acidified

with sulphuric acid (2 c.c., S!J) and titrated with sodium

thiosulphate (0.G1N). Blanks in which the polysaccharide was

omitted were also run.

21. N iodine are equivalent to -CUD.

Normality of sodium thiosulphate a 0.01048.

Weight of mannan As 50.98 mg.; 52.88 mg.

Titre s 8.70 c.c.; 8.84 c.c.

Blank s 9.34 c.c., 9.36 c.c.

Mean Blank : 9.35 c.c.

Whence, number of anhydrohexose units per reducing group

a 92; 122.

(b) Colorimetric method (120).

Standard solutions of mannose ( 5 c.c.) were treated with

3:5-dirdtrosalyeylic acid (1 c.c., 1.$j£) and sodium hydroxide

(1 c.c., 6N) at 65°C for 30 minutes. The solutions were cooled,

diluted to 25 c.c. and compared in a Spekker photoelectric

absorptiometer, using spectrum-green 604 filters, with a blank

treated under the same conditions. Thus a standard graph was

prepared.

A weighed sample of mannan A (ca. 10 mg.) was treated as
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above with 5 c.o. of water and 1 c.c. of each reagent# A blank

using approximately the same weight of polysaccharide was run

in which the dinitrosalieylic acid was added only after the

solution had been cooled. The absorption of the mannan

solution was measured against the mannan blank, and from the

graph the weight of mannose having the same absorption was

obtained and the apparent degree of polymerisation of the

mannan calculated.

Standard solutions;

Moles of
Ifannose Spskker
XlO7 reading

7.11 0.004
14.2 0.008
21.3 0.017
28.4 0.033

Moles of
Mannose
X107

42.7
49.7
56.9

Snekkgr
reading

0.083
0.111
0.133

Mannan As

Weight of sample:

Moles of anhydro-
mannose units:

Spekker reading:

From graph, moles
of reducing group:

11.42 mg., 12.52 rog.

7.04 X 10"5, 7.72 X 10"5

0.027, 0,028.

26.0 X 10""7, 26.5 X 10"7.

Thus, the mannan contained one reducing group per 27, 29

anhydrohexose units.

The values of the chain length of mannan A obtained by the

above two methods were different and disagreed with the value

obtained by other methods. Values of the chain length of the
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polysaccharide which are derived from measurement of the

reducing power are, therefore, of doubtful validity.

Methylation of roannan A

Two batches of purified mannan A (each of 10 g.) were

methylated, each being treated as follows:

The mannan (10 g.) was placed in a flask and allowed to

swell overnight in water (60 c.c.) and then, after the air in

the flask had been displaced by nitrogen which had been freed

from oxygen by passage through alkaline pyrogallol solution (a

gentle stream of nitrogen being maintained throughout the

methylations), sodium hydroxide solution (100 c.c., 40^ by

weight) '®s added and the mixture stirred vigorously for four

hours. The flask was cooled in water, and dimethyl sulphate

(100 c.c.) was added from a dropping funnel over the next six

hours and the reaction completed by stirring overnight. Pour

more methylations were carried out using sodium hydroxide solution

(170 c.c., 4Qg£ by weight) and dimethyl sulphate (100 c.c.).

After the fifth raethylation the solution was carefully

adjusted to pH 8 using glacial acetic acid and cooling, and

dialysed in a cellophane bag against running tap water until

nearly free from sulphate ions (tested with barium chloride

solution). The solution was then evaporated to dryness under

diminished pressure at 40°C and the residue methylated as before.

After the eleventh methylation the solution was adjusted to
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pH 8, dialysed, and evaporated to dryness. The residue was
\

extracted repeatedly with hot chloroform, filtered hot, and the

extracts evaporated to dryness. Yield of slightly Ibrpwn
'

\

powder, 11 g. j OMe, 4O.40J ash, 0.9f4 The low yield of

methylated mannan may be due to loss of polysaccharide during

dialysis.

The crude methylated mannan was further methylated by
Vs *

Purdie*s method. The methylated polysaccharide (11 g.) was

dissolved in methyl iodide (150 c.c.) and heated under reflux
V \

on a water bath. Silver oxide (75 g.) was added slowly with
'■ V

shaking and the mixture heated overnight. The methylated
t \

mannan was recovered by repeatedly extracting the solid residue
\

with hot chloroform, and the extracts were combined, evaporated

to dryness, and dried. Yield of slightly yellow solid, |

9 g.; OMe, 43. 8$,.
\

\
i

Fractionation of methylated mannan A.

The methylated mannan (9 g.) was heated under reflux with

occasional shaking on a water bath with solvent (150 c.c.) for

30 minutes and filtered hot. The residue was extracted again

with the same solvent (150 c.c.), filtered hot, and the extracts

combined, evaporated to dryness and dried on the hyvac. The

solvent used was light petroleum (b.p. 60 - 65°C, purified by

treatment with concentrated sulphuric acid), and then mixtures

of light petroleum and alcohol-free chloroform of increasing

chloroform content.

The fractions obtained are summarised in the table given
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belows

Fraction Solvent Yield

Huraber Chloroform Petroleum g.

* %

1 Q 100"
Very2 2 98

3 4 96 Small

4 8 94 _

Fractions

5 10 90 2.66
6 15 85 4.80
7 20 80 0.27
8 100 0 0.09

Fractions 5 and 6 had, respectively, -22°, -23°

(c, 1.0 in chloroform) and OMe, 44.4, 44.and -were combined and used

in the subsequent work on the methylated raannan.

Hydrolysis of methylated mannan A.

A saraple of fractions 5 and 6 (4 g.) was dissolved in

formic acid (25 c.c., A.&. , 98 - lOQfi) and heated under reflux

on a boiling water bath for 8 hours. The solution became too

dark to follow the course of the reaction polarimetrically, but

a preliminary small-scale hydrolysis had shown that these

conditions gave complete hydrolysis of the polysaccharide. The

solution was evaporated under reduced pressure at 1G0°C to remove

formic acid, vater was added and the water-formic acid aaeotrope

removed by distillation. Addition cf water and distillation

was repeated several times. To hydrolyse formyl esters, the
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thick, dark "brown syrup was heated under reflux on a boiling

water bath for 6 hours with sulphuric acid (lQc.c., N). The

cool solution was treated with Amberlite resin 1R-4B(CR) to

remove acid, the resin removed by filtration, and the solution

evaporated to a syrup and dried.

Paper chromatographic examination of the sugars obtained by
hydrolysis of methylated mannan A.

The hydrolysate was examined on a long paper chromatograra,

(50 on.), using as mobile phase the upper layer of a mixture of

n-butanol - ethanol - water (4:1:5, v/v). After development

with aniline oxalate the following sugars were detected:

(a) the largest component gave a pink spot of Rq 0.81

corresponding to 2:5:6-trimethyl mannose;

(b) a smaller amount of a sugar of Rq. 0.98 giving a pink

spot, corresponding to 2;3:4:6-tetramethyl mannose;

(c) a very small amount of sugar giving a brown spot of

Kg 0.58 indicating the presence of a dimethyl mannose; and

(d) a substance giving a pink spot of Rq 0.88, corresponding

to 2:3:4:6-tetramethyl galactose.

Examination of the mixture on a paper chromatogram using

as mobile phase the upper layer of a mixture of bensene-ethanol-

water (167: 47: 15, v/v) showed the same sugars to be present.

Separation of hydrolysis products on a cellulose column.

A column of powdered cellulose (90 X 3 cm.) was

prepared as described by Hough, Jones, and Wadman (144). The
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column was washed with water until the eluate was non-reducing

to Fehling's solution, then with n-butanol (500 c.c.) and

solvent (500 c.c.). The solvent used was a mixture of light

petroleum (b.p, 100-120°C, purified by treatment with

concentrated sulphuric acid) and n-butanol (purified by

distillation over sodium hydroxide) in the ratio 60:40 by volume,

saturated with water.

The syrup (5.45 g.) obtained on hydrolysis of methylated

mannan A was dissolved in n-butanol and light petroleum was

added until there were signs of separation of the solution

into two liquid layers. Solvent was allowed to flow from the

cellulose column until about one inch at the top was dry, and

then the sugar solution was added slowly and allowed to soak

in. When all the solution had been added a pad of cotton wool

was placed on top of the cellulose, the constant-level reservoir

was filled with solvent and inverted over the top of the column,

and the column allowed to run. The first 50 c.c. of eluate

were collected in a flask since they were not expected to

contain sugar, and the rest was collected in 4 c.c. fractions

in test-tubes which were changed by the automatic device

described by Hough, Jones, and Wadman (144).

The contents of each tenth tube were evaporated to dryness

at 100°C in a current of air, one drop of water was added to

the residue, and this solution was examined on a paper
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chroma togram beside standards of known values. Control

of the concentration of spotting onto the chromatograras gave

an indication of the variation in concentration of the sugars

being eluted from the column. The chromatograms were allowed

to run for 16 hours using as mobile phase the upper layer of

a mixture of n-butanol-ethanol-water (4:Is 5, v/v), dried in

an oven, sprayed with aniline oxalate and developed by

heating at 100°C for a few minutes. Thus the distribution

of sugars among the tubes was found and the contents of tubes

with the same sugar (or mixture of sugars, where separation had

been incomplete) were combined, the tubes rinsed with acetone,

and the fractions and rinsings evaporated to dryness under

diminished pressure at 40°C, The fractions were purified by

dissolution in a little distilled water, treated with a little

animal charcoal and filter eel, warmed, cooled, and filtered

through a washed bed of filter cel. The filtrate was

evaporated to a syrup at 40°C under diminished pressure, and

dried. The fractions were examined on paper chromatogfams

to detect traces of sugar other than the main component.

Since a preliminary paper chromatograra on the hydrolysis

products of the methylated mannan had shown very little sugar of

less than that of dimethyl mannose to be present, when the

latter had been eluted the solvent was changed to water. Some

yellow colouring matter from the resin 1R-4B(0H), which had been
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retained at the top of the column then moved down and was

eluted. The recovery from the column was 98f$,

Examination of the fractions obtained from thecellulose column.

Practionl. (2:3s4;6-tetramethyl D-rnannose).

This fraction was contained in tubes up to 160 and was

shown by paper chromatography to contain tetramethyl mannose.

The syrup was dried and gave at once some needle-shaped

crystals in a golden syrup. Yield, 0.242 g. The syrup

had 1.4600, and + 20® ^C| 4.0 in methanol) which

agrees with the value * 24° (c, 1.1 in methanol) given

by Smith (41) for 2:3:4:6-tetramethyl mannose. The purity of

the fraction as determined by oxidation with alkaline hypoiodite

was 82$t and by methoxyl determination, 96$,

After re-crystallisation from dry ether crystals were

obtained which melted at 109-llloc. It was not possible to

obtain sufficient crystals free from syrup to determine their

specific rotation, but a mixture of syruo and crystals showed

[oGjj ♦ 25° (c, 0.7 in water) falling to an equilibrium value

of + 10°.

Preparation of anllide.

A sample of the fraction (100 rag.) was heated under reflux

with freshly distilled aniline (0.04 o.c.) in dry ethanol

(2 c.c.) for 5 hours, then evaporated to dryness. The product
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crystallised and after re-crystallisation from light petroleum

gave colourless needles which melted at 144-145°C, undepressed

on admixture with an authentic sample of 2;3;4;6-tetraraethyl
.e

mannose anilide. The anilide had -94° (c, 0.8 in

acetone) which, on addition of a trace of hydrochloric acid,

changed to -42°, which agreed with the value -95.5° —^

-39° (c, 2.0 in acetone) given by Irvine and McNicoll (145)

for 2:3;4;6-tetramethyl raannose anilide.

Analysis;

Pound; C, 61.79^j H, 8.04$.

Calculated for C16Hsg)gf: C, 81.74$; H, 8.04$.
Preparation of lactone and phenylhydrazide.

A sample of the fraction was oxidised with bromine water

at 35°0 until the solution was non-reducing to Pehling's solution.

The solution was aerated to remove bromine, neutralised with

silver carbonate, and treated with hydrogen sulphide. It was

then filtered and evaporated to dryness and the residue extracted

with chloroform. The extracts were evaporated to dryness,

wlactonised* by heating for 2 hours at 95O0 on the water pump,

and the lactonedistilled at 120-140°C (bath temperature)/0.01 mm.

The product was a syrup which showed no tendency to crystallise

and which had + 148° (initial value, c ,1.0in water) falling

rapidly.

The lactone (80 rag.) was allowed to react at room temperature



- 66 -

for 16 hours with phe nylhydrazine (0.04 c.c.) in dry benzene

(2 c.c.). The resulting crystalline mass, after

recrystallisation from benzene, melted at 185-186°C.

The constants obtained agreed with those given by

Haworth, Hirst, and Isherwood (52), namely, 2:3:4-: 6-tetramethyl
r ~ii€>

mannonolaetone 150° (initial value, c, 2.0 in water),

and 2;3:4:6~tetramethyl mannonic acid phenylhydrazide m.p.

184-185°C.

Fraction II (2:3:4:6-tetramethyl D-galactose}.

This syrupy fraction was collected in tubes 161-185 and

contained a sugar which ran on a chromatogram at the same speed

as an authentic sample of 2:5s4:6-tetramethyl D-galactose.

Yield, 0.058 g. The purity of the fraction, as determined by

hypoiodite oxidation was 65$, and by methoxyl content, 87Jv.

Preparation of anilide.

The anilide was prepared by heating a sample of the syrup

with aniline in dry ethanol for 5 hours. After removal of the

solvent a crystalline mass was obtained, which after

recrystallisation from dry ethanol gave colourless needles

melting at 195-196°C, undepressed on admixture with an

authentic specimen of 2:3:4:6-tetramethyl galactose anilide.
IV» IV

The anilide had -136° (c, 0.4 in pyridine) and Ms.-76°
(c, 0.5 in acetone). For 2s3:4:6-tetramethyl galactose

anilide Smith (41) found -140° (c, 0.5 in pyridine, and
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Irvine and MoNicoll (145) found [pQ^j -77° (c, 1.0 in acetone).

Fraction III (2:5:6-trimethylU-mannose)

This fraction extended over tubes 184-415 and gave

2.623 g. of syrup having [o(3^-70 (c, 4.6 in waiter) which
r— s iS

agreed with the value L^ii-6.50 (c, 0,6 in water) given by-

Smith (41) for 2:3:6-trimethyl mannose. The purity of the

fraction determined by oxidation with alkaline hypoiodite was

and by methoxyl content,

Preparation of anilide.

The anilide was prepared in the usual way and after

recrystallisation from ether had a melting point of 127-12S°C,

agreeing with the value 129°C given by Smith (41) for 2s3:6-

trimethyl mannose anilide.

Preparation of lactone and phenylhydrazide.

The lactone was prepared in the usual way by oxidation of

the syrup with bromine water. The lactone distilled at

150-160°C (bath temperature)/0.03 mm. as a slightly brown syrup
which crystallised and after recrystallisation from ether

melted at 8l-82°C, undepressed on admixture with 2:3:6-trimethyl
C "1 ^

D-mannono- jj* -lactone. The lactone had (cm-,, + 64.5° (c, 3.2 in
water) which fell slowly indicating the presence of a Y -lactone.

r Vs
Saith (41) found ♦ 65.5° (initial value, e,1.0 in water)
for 2:5:6-tri.methyl mannonolactone.
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A sample of the lactone (40 ®g.) in ethanol (2 e.c.} was

heated with phenylhydrazine (0.02 c.c.) on the water bath

at 95°C for 2 hom^s. After removal of the solvent the residue

crystallised and was recrystalUsed from dry ethanol as

colourless elongated prisms. Determination of the melting

point under the microscope showed that some change occurred at

1S5°C , and melting took place at 146-14-7°C. An authentic

specimen of 2:Si6-trimethyl D-mannonic acid phenylhyd razide

melted at 132-133°C and was possibly the monohydrate. After

melting, cooling, and recrystallisation fro® dry ethanol the

authentic specimen melted at 152-13S°Q while portions, possibly

the anhydrous for®, melted at 142-143°C* A sample of the

phenylhydrazide prepared from fraction III after recrystallisation

from moist ethanol melted at 132-135°0, undepressed on admixture

with ahe authentic specimen of 2:3s 6-trimethyl manncnic acid

phenylhydrazide. Bafique and Smith (45) obtained 2:5:6-trimethyl

mannonic acid phenylhydrazide as the monohydrate ra.p. 153°C

which could be converted to the anhydrous form having m.p. 144°C.

Fraction IV (a mixture of 2:3s4-trimethyl S-mannose and 2:3-
diraethyl D-rnannose).

This fraction was contained in tubes 416-954 and was

shown by paper chromatography to contain di- and tri-methyl

sugars. Yield, 0.240 g.
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The fraction tended to crystallise and an attempt was

made to separate the components by extraction with ether. In

this way a number of fractions were obtained and were examined

on paper chroma tograms which showed that although complete

separation had not been achieved there had been partial

separation of di- and tri- methyl sugars. The fractions

were spotted separately onto thick paper chromatograms,

(ihatman 3 Mi paper) which were run using as solvent the upper

layer of a mixture of n-butanol - ethanol - water (4;1:5, v/v).

The chromatograms had side reference strips, as used with

quantitative chroiaatograas» which were cut off and developed

with aniline oxalate to show the position of the sugars in the

centre strip, The filter paper sections containing the

separated sugars were extracted with acetone in a Soxhlet

extractor and the sugars obtained by evaporation of the

solutions were purified as usual by dissolution in water and

treatment with charcoal and filter cel. The fractions thus

obtained were examined on paper chrornatograms and found to

fall into two classes, fraction I¥a having a higher, and

fraction IVb a lower, % value. After correction for the

amount of sugar removed with the side reference strips the

yields of the fractions were, respectively, 206 and 34 mg.

Fraction I¥a

This fraction tended to crystallise and gave crystals
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of a substance (X) which melted at 148-15Q°C.

A sample of the substance (X) was demethylated by the

method described by Hough, Jones, and Wadman (146). The

methylated sugar (X) (ca.5 mg.) was heated at 1Q0°C for 5

minutes in a sealed glass tube with hydrobroraic acid (48f!' w/w,

1 c.c,) then cooled and diluted with water (10 c.e.). Silver

carbonate was then added until the solution was neutral, the

solution filtered, and hydrogen sulphide passed. The solid

was removed by filtration and the solution, concentrated by

evaporation, was examined on a paper chromatogram using as

mobile phase the upper layer of a mixture of pyridine - n-

butanol - water - benzene (5:5s5:1, v/v) and shown to contain

rnannose.

After standing for several weeks the fraction became

almost completely crystalline and failed to give a colour

reaction with aniline oxalate or with aniline oxalate containing

Sf* phosphoric acid. It was also non-reducing to Fehling's

solution and to alkaline hypoiodite.

The crystalline material (X) was found to have the

following constants:

* S0» (c. 1.4, in water, unchanged after 48 hours)j
V4

* 65° (c, 0.7 in IjfS methanolic hydrogen chloride ,

unchanged after 100 hours).

Analysis of the crystalline substance (X):
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Found: 0, 50. H, 7.9^j OMe, 42.9^.

Cl8Hs4.0iirequires: C, 50.7^j H, 8.0$; CMe, 45.7$; M.W. 426.

The molecular weight of the substance (l) was determined

by Barger's method, as described on page 54. The results are

collected in the table given below; the substance was

dissolved in chloroform to give a solution of concentration

a .78 X 10"%.
Sum of changes
of sizes of

Molarity Corresponding drops withw»— n iiii ,nmma> ■ ——ii aim *m mm n »nnn i n mi nmw mmurmrn

of sucrose value of M.W. respect to
octaacetate of crystalline solution of

'

X 104 substance for unknown
inoles7l« equilibrium XIO'^ mraT

1 877 +36
2 459 ♦ 22 '

5 292 - 45
4 219 - 94
5 175 - 15
6 146 - 35

Since the isopiestic condition lay between sucrose

octaacetate solutions of molarity 2 X 10"4 and 3 X 10"4

moles/1., the molecular weight of the unknown substance (X)

was 292-439.

The crystalline material (X) was hydrolysed with sulphuric

acid (N) for 4 hours at 100°0 and after neutralisation the

hydrolysate was examined by paper chromatography using as

solvents the upper layers of mixtures of n-butanol - ethanol -

water (4:1:5, v/v) and benzene - ethanol - water (167:47:15, v/v).

Only one spot was obtained, which ran at a speed different from

those of authentic samples of 2:3:6- and 3:4;6-trimethyl

raannose. Spots of the monosaccharide (Y) on filter paper were
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sprayed with urea oxalate and with naphthoresoreinol and

hydrochloric acid and developed by heating at 100°C for a few

minutes. No colours were produced, thus showing the absence

of ketose derivatives.

Methylation of the crystalline substance (X)

A sample of the material (X) (60 mg.) was methylated by

Purdie's method and the methylated compound extracted from

the reaction mixture with chloroform. The chloroform

extracts were evaporated to a syrup (69 mg.} which was

hvdrolysed by heating at 100°0 for 4 hours with sulphuric

acid (N). The solution was neutralised with Amberlite resin

IR-4B(0H) and evaporated to a syrup (60 mg.). The syrup was

examined on paper chromatograms run in n-butanol - ethanol -

water (4:1:5, v/v) and in benzene - ethanol - water (167:47:15

v/v) and in each case only one spot was detected on

development with aniline oxalate, which ran at the same soeed

as an authentic sample of 2:5:4:8-tetram@thyl D-mannose. The

syrup was converted to the anilide by heating with dry ethanol

(2 c.c.) containing aniline (0.02 o.c,), the solvent removed,

and the residue crystallised. After recrystallisation from

ether the anilide (70 mg.) melted at 144-145°0, undepressed on

admixture with an authentic specimen of 2:3:4:S-tetramethyl D-

manoose anilide.

Tosylation and iodination
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Tosylation and iodination

The disaccharide (l) was dissolved in dry pyridine and

allowed to react with o-toluene sulphonyl chloride for 44 hours

at room temperature. The reaction mixture was poured into ice

water and the precipitated tosyl compound dissolved in chloroform

and washed with water, dilute acetic acid, sodium bicarbonate

solution, and then with water. The tosyl compound was obtained

on removal of the chloroform and was dissolved in acetone and

heated under reflux for 4 hours with its own weight of sodium

iodide. The reaction mixture was poured into water and the

precipitated iodo-compound dissolved in chloroform and washed

with water until free from iodide. The chloroform solution

was evaporated to dryness and the residue washed with a little

warm water. The washings were acidified with dilute nitric

acid and gave a negative test for iodide on addition of silver

nitrate.

The compound was analysed for iodine (147) by heating

with potassium acetate, glacial acetic acid and bromine on a

boiling water bath for SO minutes, the solution cooled and

diluted with aqueous sodium acetate solution. The solution was

treated with formic acid to remove bromine and after addition of

potassium iodide and sulphuric acid the liberated iodine was

titrated with sodium thiosulphate. A blank was also run on

the reagents. The compound was found to contain 7% iodine
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(C18H52°9I2 iodine).

Oxidation of the trimethyl mannose (Y).

The trimethyl mannose (Y) obtained after hydrolysis of the

crystalline substance (X) was chromatographically pure and was

treated as follows?

(a) Following the method used by Buchanan, Dekker, and Long

(148) the monosaccharide (Y) was spotted on filter paper and

treated with lead tetraacetate in benzene. After remaining in

air at room temperature the sugar zone appeared as a white spot

on a brown background, showing that oxidation had occurred.

(b) Following the method described by Ghanda, Hirst, Fercival,

and Ross (149), a solution of the substance (Y) was oxidised

for SO hours at room temperature with sodium periodate solution

(0.25M), then potassium chloride was added to reduce the

periodate concentration, and the solution centrifuged. To

the clear solution were added solutions of phenylhydrazine

hydrochloride, potassium ferricyanide, and concentrated

hydrochloric acid. The colour produced was the same as that

produced by treatment of formaldehyde with the same reagents.

These results showed that the trimethyl mannose (Y) had

two adjacent hydroxyl groups, and since formaldehyde had been

liberated on periodate oxidation the hydroxyl groups were on

carbon atoms 5 and 6. Therefore, the monosaccharide (Y) was

2:3:4-trimethyl mannose and the disaccharide (X) was
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1- [ 2:3i 4-1rimethy1 D-mannopyranosido~^ - 2:3:4-trimethyl

D-mannopyranoside.

Fraction BTb

This fraction showed no tendency to crystallise and was

found to contain a sugar which ran on chromatograras at the

same speed as 2:3-dimethyl mannose and a speed different from

that of 3s^.-dimethyl raannose. The sugar was shown by

demethylation followed by examination on a paper chromatogram to

be a mannose derivative. Therefore, the fraction contained

2s 5-dimethyl taannose.

Fraction V

This was the water wash from the column. The fraction

(74 mg.) contained mainly colouring matter and this was

separated from a trace of sugar by running on a thick paper

chromatogram. The sugar (5 mg.) ran on a chromatogr&ra at

the same speed as a sample of glucose.

Estimation of the sugars obtained on hydrolysis of methylated
mannan A after separation by oaper chromatography.

A sample of methylated mannan was hydrolysed with formic

acid as described previously. After various solvents had

been tried, the upper layer of a mixture of benzene - ethanol -

water (167$47sl5, v/v) was used as the mobile phase and it was

possible to obtain good separation of the tetramethyl sugars

from the trimethyl sugars. It was not possible to obtain



- 76 -

sufficient separation of the two tetramethyl sugars to estimate

them separately, and no attempt was made to estimate the small

amount of dimethyl sugar present. After the chromatograras had

run they were allowed to dry in air overnight at room

temperature, the reference strips were cut off and developed,

and the sections containing the sugars to he estimated were cut

and the sugars extracted with "boiling water for 45 minutes.

The sugars were estimated "by oxidation with alkaline hypoiodite

as described on page 55 , oxidation being allowed to proceed

overnight. Blanks were run on paper sections equal in area to

the sections containing sugar and which had been treated with

solvent and allowed to dry in the same manner as the chromatograms

The results are collected below, the titrations being

carried out with 0.01N thiosulphate:

Titre difference from Molar
"blank (c.c. )* Ratio of

tetra-to
Tetramethyl Trimethyl tri-methyl
sugars sugars sugars

0.16 1.43 1j9.2
0.41 3.68 Is 8.9

Molecular weight of methylated mannan A.

The molecular weight of methylated mannan (fraction 5)

was determined by Barger's method, which is described on page 54.

If x = degree of polymerisation of the methylated mannats

(0.911JfS in chloroform) then the solution contained —
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moles/I. and at the isopiestic condition this will equal the

molarity of the sucrose octaacetate solution. The results

obtained are collected in the table given belows

Molarity of
sucrose oota-
aeetate solution

x'1'63 —

2
3
4
5
8

Corresponding
value of x

X2£
equilibrium

22
15
11
9
7

Sum of changes
of sises of drops
with respect to
methylated mannan

iS5—
♦ 37
♦ 55
♦ 18
- 15
— 16

Thus the degree of polymerisation of the polysaccharide

was 9-11.

Viscosity of methylated mannan A

A methylated mannan A which had [pG-g, -21.5° (c9 LP in

chloroform) and a methoxyl content of 44.0$ was used. Viscosity

determinations were carried out in a thoroughly clean Ostwald

viscometer. A solution of the substance (0.0580 g.) was made

in freshly distilled m-cresol (10 c.c.) and its time of flow

compared with that of the pure solvent in the viscometer

maintained at 20°C in a thermostat.

Time of flow of solution (T^) » 504 seconds.

Time of flow of solvent (Tg) = 474 seconds.

Whence, relative viscosity ( ) as 504 3 1.062,
474

and the specific viscosity (^Jf ) a -1 = 0.062.
From the Staudinger equation, Vse K«.M,
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where c = concentration of solute in gra,mol./l.»

Kjju = a constant,

M = molecular weight of solute,

using Ka a 12 I 10"4 (the constant obtained for methylated

cellulose (127)) a value of 9 was obtained for the degree of

polymerisation of the methylated mannan.

Periodate oxidation of mannan A

(a) Determination of formic acid released

The method of Halsall, Hirst, and Jones (114) as modified

by Chanda, Hirst, Jones, and Percival (140) was used. Dry

purified mannan A (ca.100 mg.) was weighed into a number of

clean, dry bottles and treated with potassium chloride solution

(5 c.c. , 16®!), sodium metaperiodate solution (prepared from

sodium paraperiodate by the method of Hill (150)) (10 c.c., 0.083

M), and water (10 c.c.). Blanks were also run. The bottles

were stoppered and shaken in the dark and at intervals bottles

were removed, the contents allowed to settle, and 90 c.c. of the

solution removed, treated with ethylene glycol (1 c.c.) to

destroy excess periodate and titrated with carbonate-free

sodium hydroxide (0.010183^ using as indicator methyl red-

methylene blue (143). Corrections were made for the slight

acidity of the polysaccharide by titrating a known weight with

alkali, and in the following table the titration figures have

been corrected.
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Duration of
oxidation
(hoursi

Weight of

w
Titre

te.c.)

Number of Gf^HioOg
residues oer mole
of formic acid

191 109,8 12,74 4.18
290 x 103,0 12.48 4,00
359 104,3 12.60 4.01
455 4 110,0 8.40 6.55

This solution was tested with starch but gave a negative

reaction for iodine.

This solution gave a positive reaction for iodine.

Determination of periodate uptake.

(unbuffered solution

Batches of purified mannan A (ca. 100 rag.) were

shaken in the dark with sodium met&perlodate

solution (25 c.c.t 0.2SM) and blanks were also

run. Bottles were removed at intervals, 20 c.c«

of solution reeved and made up to 250 o. c# with

water, and 50 c,c, of this solution was treated

with sodium bicarbonate (ca.l g.) and a known

excess of sodium arsenite solution followed by

potassium iodide (l g,}, After standing for 15

minutes the solution was titrated with iodine •

(0.1052N). The results are collected below, the

titration figures being the difference from the

blank.

Duration of height of Titr® Perlodate uptake
93.4#Uqp .ww "laaAaftfidgioga
XfeOilEsl XiSEtl

191 101.7 5.16 1.66
S81 108.9 5.44 1.68
455 105.0 4.40 2.23
502 104.7 4.09 2,59
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In buffered solution

The periodate solution was prepared (151) by

shaking sodium paraperiodate (17 g.) with water

(250 c.c.) and glacial acetic acid (25 c. e.).

After filtration the solution was found to have

pH 5.8 (which was constant throughout the experiment)
and a weighed sanple (0,09591 g.) of purified

mannan was treated with the periodate solution

(100 c.c.) in a glass-stoppered flask and was

allowed to stand in the dark with occasional

shaking. The polysaccharide dissolved quickly,

and portions (10 c.c.) of the solution were

withdrawn at intervals and titrated with iodine

solution (0.1052H) after addition of sodium

bicarbonate, sodium arsenite, and potassium

iodide. Blanks were also run and the titration

figures given in the table below represent

differences from the blank

Periodate uptake
(moles /fcsIUQOB

residue)

1.65
1.60
1.60

Duration of Titre
oxidation

(c,c.)

70 1.86
93 1.80
171 1.80
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MAMAN B

Discussion

After the extraction of mannan A from ivory nut shavings

by means of 7potassium hydroxide solution, the residue was

shown by hydrolysis and examination of the hydrolysate on a

paper chromatograra to yield a large amount of icannose. Using

the nomenclature of ludtke (99), the raannan present will be

referred to as "mars-nan B*. Mannan A was removed from the

residue as completely as possible by treatment with 14^ potassium

hydroxide solution. Ludtke (99) and Klages (115) prepared

raannan B by treatment of this residue with cupr&KzaoEsium

hydroxide (cuprammonium) and on addition of sodium hydroxide

solution until the resulting mixture was 0.® with respect to

sodium hydroxide mannan B was precipitated as its sodium

hydroxide complex while cellulose remained in solution arid

was deposited on acidification. The earlier workers decomposed

the mannan complex with acid and precipitated the polysaccharide

by the addition of methanol.

In the present investigation the scheme adopted by the

earlier authors was modified slightly in an attempt to obtain

a purer product. The scheme is shown dingrammatically on

page 84. The ivory nut residue after removal of mannan A was

dissolved in the dark in cuprammonium containing sucrose to

minimise oxidation of the polysaccharide, and sodium hydroxide
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solution was added to precipitate the mannan complex. The

complex was decomposed with acetic acid and the mannan

precipitated by the addition of methylated spirits. By

extraction of the mannan preparation with 7fi> potassium hydroxide

solution a quantity of soluble material was removed. The

residue, freed from alkali by washing, was dissolved in

cupratanonium and fractionally precipitated with sodium hydroxide.

The first sodium hydroxide complex was decomposed with

acetic acid and precipitate (i) was deposited. After removal

of this precipitate, methylated spirits was added to the solution

and precipitate (ii) was obtained.

The second sodium hydroxide complex was acidified and

precipitate (iii) separated.

These three precipitates were hydrolysed and examined on

paper chromatograms and gave the following results;

Precipitate (i) (yield, 40 g.) gave after hydrolysis

mostly mannose, smaller amounts of glucose and galactose, and a

trace of pentose (possibly arabinose).

Precipitate (ii) (yield, 2 g.) gave the same sugars as

precipitate (i) but no pentose was present.

Precipitate (iii) (yield, 15 g.) gave mostly glucose,

and smaller amounts of mannose and pentose.

Precipitate (i) was considered to contain manmn B and was

further purified. It wtsjs extracted with 7$ potassium hydroxide
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solution to remove mannan A, washed free from alkali and dried.

The preparation after hydrolysis gave mostly mannose together

with a considerable quantity of glucose (approximately the same

amount as that in precipitate (i)) and a little galactose (less

than in precipitate (i))} no pentose was detected. Following

a suggestion by Dr. J.K.N. Jones (152) that mannans may be

separated from contaminating glucosans by dissolution in

anhydrous formic acid, the residue was shaken with anhydrous

formic acid and raannan precinitated by the addition of alcohol

to the solution. The mannan was hydrolysed and examination

of the hydrolyaate on a paper chromatogram showed that the

glucose content had been considerably reduced by this treatment

but a small amount of glucose and galactose still remained.

The preparation, whichwill be referred to as "purified mannan B,"

had -26° (e, 0.8 in anhydrous formic acid). The residue,

insoluble in anhydrous formic acid, was shown by hydrolysis and

examination on a paper chromatogram to yield mannose and a

considerable quantity of glucose.
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Diagrammatic representation of the scheme
used for the separation of mannan B.

Hesidue from extraction of mannan

Dissolved in cuprammonium.
Added HaOH until solution
0.2N with respect to NaOH

Solution Precipitate

, Acidified with
• acetic acid

Precipitate
Possibly
cellulose. Residue

Extracted with
KDH

* •

Dissolved in
cuprsuamonium.
Added NaOH.

Precipitate Solution

Stirred with . Added more

water. Acidified * WaOH
with acetic acid. #•*• * « « « « •

Solution

[ Acidified
. with acetic
, acid. Added
• methylated
« spirits

Precipitate

Possibly
xaannan A.

# •

r_
PrecipitateCi

40 g.

* Solution
Solution •

Precipitate

* • Acidified . Stirred
« Added • with acetic • with water.
. me thy- , acid. Added . Acidified
« lated • methylated # with acetic
• spirits, spirits, # acid.

*
- * * W • « • 0 *

i3-l No .

precipitate Precipitated iii'
2 g.

15 g.

Liquid
« Added
. meth-
• lated
. spirits

No

precipitate
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The purified maxima B, which was used in all subsequent

work on the polysaccharide, was hydrolysed withforaic acid and

the component sugars separated by paper chromatography and

estimated as in the case of raannan A, glucose and galactose by

the arsenomolybdate reagent and mannose by periodate oxidation.

Mannan B gave on hydrolysis mannose, 98.galactose, 1.1$;

and glucose, 0.f$.

Estimation of the reducing oower of mantsan B gave

inconsistent values of one reducing group for each 12 anhydrohexose

units by oxidation with alkaline hypoiodite at pH 11.4, and one

reducing group for each 130 anhydrohexose units by the colorimetric

method of Meyer, Noel ting, and Bemfeld (120).

The largest section of the work on mannan B was devoted to

methylation studies and it is from these that most information

on its structure has been obtained. The raannan was methylated

twelve times with dimethyl sulphate and sodium hydroxide and

twice with silver oxide and methyl iodide. The methylated

mannan showed a marked tendency to separate from cold chloroform

solution as a gel. The fully methylated mannan had a methoxyl

content of 44.9$ and was fractionated by dissolution in mixtures

of light petroleum and chloroform of increasing chloroform content.

In this way a ma.jor fraction was obtained having a methoxyl content
r* -if ^

of 45.Q$ and -20° (c, 10in chloroform). This was used in

the subsequent investigations on methylated mannan B. Hydrolysis
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was effected with anhydrous formic acid and after neutralisation

the hydrolysate was separated on a cellulose column. The

fractions were collected and identified as detailed below:

Fraction I contained a mixture of 2:3:4:6-tetramethyl

D-mannose and 2:3;4:6-tetramethyl D-galactose. The sugars

were separated on a thick paper chromatogram and examined

separately. The tetramethyl mannose was identified by

conversion to 2:3:4:6-tetramethyl mannose anilide and the

tetramethyl galactose by conversion to 2:3:4:6-tetramethyl

galactose anilide.

Fraction IX was identified as 2:3:6-triraethyl D-mannose

by conversion to the anilide, and by oxidation to the lactone

followed by formation of the phenylhydrazide.

Fraction III consisted of a mass of crystals with some

syrupy component and on a paper chromatagrara gave a faint spot

running at a speed corresponding to a trimethyl hexose. The

crystalline substance melted at 149-151°0.

Fraction IV was similar to fraction III but it was shown

by paper chromatography to contain, in addition to a trimethyl

hexose, some dimethyl sugar which ran at the same sueed as

2:3-dimethyl mannose and gave the same colour on development

with aniline oxalate and it was, therefore, concluded that the

fraction contained some 2:3-diraethyl mannose. The mixture was

heated with dilute sulphuric acid to hydrolyse any disaccharide
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which might be present and the mixture of di- and trimethyl

sugars was separated on thick paper ohromatograras, when the

trimethyl fraction gave crystals melting at 148-15Q°C,

undepressed on admixture with crystals from fraction III, or

with the crystalline material (X) obtained in fraction IV from

methylated raannan A. These substances were, therefore, the

same as the disaccharide (X) obtained from the hydrolysate of

methylated manrtan A, namely, 1-^ 2:3:4-triraethyl D-martnopyranosidoJ
- 2:5:4-trimethyl D-mannopyranoside, and had been formed by the

condensation of two molecules of 2s 3:4-trimethyl mannose.

Fraction V was a brown syrup and was shown by

demethylation to be a mannose derivative. It had an Sq.

value of 0,29 when run on a paper chromatogram using as the

mobile phase the upper layer of a mixture of n-butanol - ethanol -

water (4:1s5, v/v), and gave a brown spot on development with

aniline oxalate. The syrup was considered to be a monomethyl

mannose.

Fraction VI contained a substance giving a positive

naphthoresorcinol test for uronie acid and having an Ry value of

0,69 when the solvent used was a mixture of ethyl acetate -

acetic acid - water (3:1:3, v/v).

Fraction VII was freed from colouring matter by separation

on a paper chromatogram and yielded a small amount of sugar

( 2 mg.), which was identified on a chromatogram as glucose.
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From the yields of the fractions obtained from the column

it was possible to calculate the molar ratios of the methylated

sugars present. The results are collected in the table given

below:

Fraction
No.

II

III

IF

V

VI

VII

Contents of
Fraction

Yield Moles
TgTT FiP"

Molar
Ratios

i
2:3:4:6-Tetramethyl 0.027 1.2 1
D-mannose

2:3:4:6-Tetramethyl 0.028 1.2 1
D-galactose

2% 3:6-Trimethyl
D-mannose

2:3:4-Trimethyl^ ~
mannose (isolated
as disaccharide)

(66 mg.)

2:3:4-Trimethyl
mannose (isolated
as disaccharide)

(203 mg.)

2:3-Dimethyl I>
mannose

0.

0.029 1.4

Monomethyl raannose 0.006

Uronic acid 0.007

Colouring matter 0.012
and trace (2 mg.)
of glucose.

r i i

1.640 73.8 63 6 32^

12.6 11 1 5.3

37

The mixture of methylated derivatives obtained on hydrolysis

of the methylated raannan was separated by paper chromatography

and the sugars estimated by alkaline hypoiodite. The results

t
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indicated that one non-reducing end group was present for

each 39-41 trime thy1 roannose residues.

An analysis of purified mannan B had shown it to yield

on hydrolysis 1,2$ galactose, whereas the amount of tetramethyl

galactose obtained from the hydrolysis of fully methylated

mannan was 1, Also, since no other methylated galactose

derivatives were shown to he present, the galactose must he

present in the mannan only as end group and not as a separate

galactan, As no methylated derivatives of glucose were

isolated from the cellulose column, the small amount of glucose

(0.£j$) present in the original polysaccharide must have arisen

from contamination by glucosan, which was removed during the

methylation process.

Because of the stability of the raannan to acid hydrolysis

it must be composed of pyranose units, and since the main

component of the hydrolysate from methylated mannan was

2:3:6-trimethyl roannose the mannan must be built mainly of

l:4-lin,red anhydroroannopyranose units. The optical rotation
C -»! **

of the roannan [jot]^ -26° (c, 0.8 in anhydrous formic acid)
indicated that the majority of linkages in the polysaccharide

were of the - type.

Prom methylation studies the following structures could

be proposed for mannan Bj

(a) an equimoleeular mixture of two types of linear molecules,
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one having a mannose - and the other a galaotose non-reducing

end group, which would have a mean degree of polymerisation of

38; and

(b) branched structures, containing mannose - and galactose

non-reducing end groups in the same molecule, which would have

a mean degree of polymerisation of at least 76.

Determination of the degree of polymerisation of

methylated mannan B by Barger's method gave a value of 35-43

showing that the mannan had a structure of type (a). 'Viscosity

determination on the methylated polysaccharide gave a value of

9 for the degree of polymerisation, but since the viscosity of

the methylated mannan solution was low little value can be

attached to this result.

From the results no unambiguous structure could be

proposed for mannan B, but or® possibility is an equimolecular

mixture of two linear types of molecule, each composed of

32 l:4-linked anhydro-D-mannopyranose units and 5 l:6-linked

anhydro-3-mannopyranose units, one type having a isannose -

and the other a galactose non-reducing end group. It was

not possible to determine tha distribution of IjS-linked

residues between the two types or the position of such units

in the molecule.

An attempt was made to obtain further evidence for the

structure of the mannan by studying its oxidation by the
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periodate ion. The theoretical aspects of this reaction have

been discussed on page 45. The experimental results showed that

one mole of formic acid was liberated from each 2.4 anhydrohexose

units, and that the periodate uptake was 0.98 moles per

anhydrohexose unit, Manuan B reacted more slowly than mannan A,

reaction not reaching completion until after approximately 600

hours. No definite conclusions could be drawn from the results

and the high formic acid release could be due to degradation of

the periodate oxidised mannan by prolonged contact with the acid

medium. This reaction, which has been postulated by Moe,

Miller, and Iwen (153), would produce additional points of

attack for the periodate ion leading to the liberation of formic

acid.
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EXPERIMENTAL

The solid remaining after the extraction of mannan A with

70 potassium hydroxide solution from cleaned ivory nut shavings

was shaken with 140 potassium hydroxide solution. After removal

of solid at the centrifuge, the clear solution was acidified with

glacial acetic acid and an equal volume of methylated spirits

added, A small amount of white powder was precipitated and,

therefore, the residue was re-extracted with 140 potassium

hydroxide solution to remove all mannan A and then freed from

alkali by washing with water. It was dried as usual with

ethanol and ether. The white, fibrous material obtained served

as starting material for the preparation of mannan B«

Extraction of mannan B«

The scheme finally adopted for the separation of mannan B

(which is shown diagraramatically on page 84 ) was that described

below. The starting material was allowed to swell in

concentrated ammonia to facilitate solution (155), sucrose was

added to minimise oxidation of the polysaccharide (154), and the

mixture was shaken for 16 hours in the dark with cuprarnmonium

solution prepared as described by Carver (155). To minimise

oxidation of the mannan the bottles containing the mixture were

almost completely filled with solution. After shaking, the

mixture was centrifuged in closed bottles and the solid

re-extracted with cuprammonium. Sodium hydroxide solution (2N)
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was added slowly with stirring to the solution until it was

0.2N with respect to sodium hydroxide. The large, bulky

precipitate produced was removed at the centrifuge, stirred

with water, and dissolved by acidification with acetic acid.

Addition of an equal volume of methylated spirits gave a

precipitate of crude mannan B.

The clear solution remaining after removal of the sodium

hydroxide-mannan B complex was acidified with acetic acid and

gave a precipitate of cellulose. Addition of methylated spirits

to the solution after removal of the cellulose gave no further

precipitate.

The crude mannan B was freed from copper by washing with

water, shaken with 7% potassium hydroxide solution, and

centrifuged. The centrifugate was acidified with acetic acid

and methylated spirits was added. A large precipitate

(possibly Haannan A) was obtained and, therefore, the crude

snannan B was repeatedly extracted with 7% potassium hydroxide

solution until no further solid dissolved. The residual solid

was then washed with water until free from alkali.

The residue was dissolved in cuprammonium, filtered through

a sintered glass filter to remove traces of solid, and then

sodium hydroxide (2W) was added to give a considerable quantity

of precipitate, but not to completely precipitate the mannan.

The precipitate was removed and sodium hydroxide (2N) was added
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to the solution to complete precipitation.

The precipitates were each removed at the centrifuge,

washed once with sodium hydroxide (Si) - ammonia (0.88)

(1:1, v/v), stirred with water, and acidified with acetic acid.

In this way the first fraction gave a precipitate (i) which

was removed by filtration, and the filtrate treated with an equal

volume of methylated spirits to give a precipitate (ii).

The second fraction gave a precipitate (iii) with acetic

acid, but addition of methylated spirits gave no further

precipitation.

The solution remaining after removal of the second sodium

hydroxide-mannan B complex was treated with further sodium

hydroxide to ensure complete precipitation, acidified with

acetic acid and methylated spirits added, but no further

precipitate was obtained.

Precipitate (i) was considered to be mannan B. The

hydrolysate was shown by examination on a paper chromatogram, to

contain, in addition to mannose, considerable quantities of

glucose and galactose and a trace of pentose (possibly arabinose).

The precipitate was freed from mannan A by repeated extraction

with 7f» potassium hydroxide solution. The residue was washed

with water until free from alkali and a sample on hydrolysis

yielded mainly mannose, but also a considerable quantity of

glucose and a trace of galactose; no pentose was detected.

A comparison with the hydrolysate from precipitate (i) shewed
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approximately the same quantity of glucose but less galactose to

be present.

This preparation was shaken with formic acid (98-100^),

centrifuged, and the cloudy solution filtered through filter cel.

Mannan was precipitated from the filtrate by the addition of an

equal volume of ethanol, separated and washed free from acid.

Chromatographic examination of a sample hydrolysate showed mannose

to be present in large amount together with a little glucose and

galactose. The amount of glucose had been considerably reduced

by this treatment with formic acid. The residue, insoluble in

formic acid, gave on hydrolysis matmose and a considerable amount

of glucose.

The product obtained by the above treatment and which was

soluble in formic acid will be referred to as "purified mannan B",

and was used in all the subsequent work. It had [oil -26°
(c, 0.8 in anhydrous formic acid, unchanged after 70 hours at

room temperature).

Quantitative estimation of the sugars present in purified mannan B.

(1) Estimation of the ratios of the sugars present.

The method used was that described on page 49. A sample

of mannan B was hydrolysed with formic acid and the sugars

separated on paper chromatograms. Glucose and galactose were

estimated by the arsenomolybdate-Somogyi reagent, and mannose
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by periodate oxidation.

From the calibration curves, four 'chromatograms contained
•7 —7

1.6 X 10 moles galactose and 1.5 X 10 moles glucose, and the

raannose present on one chromatogram gave after periodate oxidation

formic acid equivalent to 1.90 c.c. of 0.00980N sodium hydroxide,

i.e., 5.72 X 10""® moles of mannose.

Thus, the mannan gave on hydrolysis?

mannose, 98.

galactose, 1.3$;

glucose, 0.8$.

(2) Estimation of total amount of aannose present.

This was carried out as described on page 52, using xylose

as a reference sugar and estimating the sugars, after separation

on a paper chrotnatogram, by periodate oxidation.

The weight of mannan B hydrolysed was 30.58 tag., and the

amount of xylose reference sugar added was 29.15 mg. The

titration figures (c.c. of 0.0098QF NaOH) were? mannose, 1.44}

xylose, 1.30. These results showed that 93$ mannose was

recovered from the hydrolysate.

Reducing oower of purified mannan B.

(a) Bypoiodite oxidation

The method used was that described on page 55.

21. M iodine are equivalent to -OHO.

Normality of sodium thiosulphate s 0.01048.
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Weight of maunan B: 54.13 mg.; 56.11 rag.

Titre i 4.03 c.c.; 3.95 c.c.

Blank : 9.34 c.c., 9.56 c.c.

Mean Blank j 9.35 c. e.

Whence, number of anhydrohexose units per reducing group

= 12, 12.

(b) Oolorimetric method (120)

The method used was that described on page 56, and the

standard marmose curve used for mannan A was also used for

mannan B.

Weight of mannan B s 41.86 rag. 57.81 mg.

Moles of anhydro-raannose units : 25.69 X 10"® 25.31 X 10"5

Spekker reading : 0.017 0.011

From graph, moles of reducing group : 19.7 X 10"7 16.0 X 10"7

Thus, the raannan contained one reducing group per ISlj 146

anhydrohexose units.

The values of the chain length of tnannan B obtained by the

above two methods were different and disagreed with the' value

obtained by other methods. Values of the chain length of the

polysaccharide which are derived from measurement of the

reducing power are, therefore, of doubtful validity.

Methylation of mannan B.

Purified mannan B (11 g.) was methylated twelve times by
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(106)
Haworth's method (121) and twice by Purdie' s method and the

product isolated as described for raannan A on page 58.

Methylated mannan B showed an even greater tendency than did

methylated raannan A to separate from solution in chloroform as

a gel. The crude methylated mannan B (5.5 g.) had a methoxyl

content of 44.9®v and was fractionated with light petroleum-

chloroform mixtures to give the following fractions}

Fraction Solvent Yield
Light g.

Chloroform

%
Petroleum

f

A 0 100 0.06
B 5 95 0.07
C 10 90 0.10
D 15 85 0.33
E 20 80 2.83
F 100 0 0.14

Fraction E was an almost white solid having -20°

(c# l.o in chloroform) and methoxyl content of 45.Cp» and was

used in the subsequent work on methylated mannan B.

Hydrolysis of methylated mannan B.
i mm—nwi i^^.iwuu. mm~mmm I'm ■ ■»> ■wwmw

A sample of methylated mannan B (2.5 g.) was dissolved

in formic acid (15 c.c., A.R., 98«100f») and heated under reflux

on a boiling water bath for seven hours. The solution became

too dark to follow the hydrolysis polarimetrlcally. Porayl

esters were hydrolysed as described for mannan A on page 60,

acid removed and the solution concentrated to a syrup.
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Paper chromatographic examination of the sugars obtained "by
hydrolysis of methylated rnannan B,

The mixture of sugars was separated on a paper

chroroatogram using as solvent the upper layer of a mixture of

n-butanol - ethanol - water (4:1:5, v/v), The chromatogram

after development with aniline oxalate showed spots corresponding

to those obtained from methylated aannan A (page 61) except that

in mannan B the amounts of tetramethyl mannose and tetramethyl

galactose were approximately equal. Examination of the methylated

sugars on a ehromatogram using as mobile phase the upper layer of

a mixture of benzene - ethanol - water (167s47s15, v/v) showed

the presence of the same sugars which had been detected using the

previous solvent.

Separation of hydrolysis products on a cellulose column.

The syrup (2.01 g.) obtained after hydrolysis of methylated

mannan B was dissolved in solvent and separated on a cellulose

column in the manner described on page 61. The solvent used

was a mixture of light petroleum - n-butanol (60:40, v/v)

saturated with water, which was replaced by n-butanol saturated

with water when all the trlmethyl sugars had been eluted, and by

water when all the monomethyl sugar had been eluted.

The fractions were purified as described for mannan A, and

were examined.
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Examination of the fractions obtained from the cellulose
column.

?raction_I.( 2j 3:4:6-tetramethyl D-manriose and 2:3:4:6-
tetramethyl D-galactose}.

This fraction extended over tubes 1-264 and was shown by

paper chromatography to contain tetramethyl mannose and

tetramethyl galactose. Yield, 55 rag. The fraction was

spotted onto a long paper chroraatogram (80 cm.) with side

reference strips and run using as mobile phase the upper layer

of a mixture of benzene - ethanol - water (167:47:15, v/v).

The reference strips were cut off and developed and the centre

section containing the sugars divided and the sugars extracted

with acetone in a Soxhlet extractor. The individual sugars

were purified as usual and examined, the yields having been

corrected for material removed on the side reference strips.

FractionaIa (2:3:4:6-tetramethyl D-raannose).
Yield, 27 tng. The anilide was prepared in the usual way

by heating the syrup in dry ethanol with aniline and after

recrystallisation from light petroleum melted at 144-1450C,

undepressed on admixture with an authentic sample of

2:3:4:6-tetramethyl mannose anilide. The anilide had

-96° (c, 0.1 in acetone) changing to -41° on addition of a

trace of acid, which agreed with the value [o(Xt, "96°
(c, 2.0 in acetone)-4 -39° given by Irvine and McNicoll (145)

for 2:3:4:6-tetramethyl mannose anilide.
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Fraction lb (2:3:4:6-tetramethyl D-galactose).

Yield, 28 mg. The anilide was prepared and after

reerystallisation from dry ethanol melted at 195-196°C,

undepressed on admixture with a specimen of 2:3:4s6-tetramethyl

galactose anilide. The anilide had [oQ^ -137° (c, 0.5 in

pyridine), which agreed with the value ^oCJ^-1400 (c, 0.5 in

pyridine) given by Smith (41) for 2:3:4:6-tetramethyl galactose

anilide.

Fraction II (2:3:6-trimethyl D-mannose).

This fraction was collected in tubes 265-475. Yield,

1.640 g. It was a pale brown syrup having [pO*, -10° (c,=- 6.0
r n '8

in water). Smith (41) gave -6,5° (c, 0.6 in water) for

2:3:6-trimethyl mannose. The purity of the fraction determined

by hypoiodite oxidation was 95.3$, and by methoxyl content,

94.9$.

Preparation of anilide

The anilide was prepared in the usual way and xvas

recrystallised from dry ether giving long needles which melted

at 127-128°C, undepressed on admixture with the anilide prepared

from fraction III obtained from methylated mannan A, and had ML
-155? (c, 0.1 in methanol) changing to -40°, which agreed with

the values m.p. 129°0 and IXJm -150° (c, - 0.5, in methanol) —^

-38° given by Smith (41) for 2:3s6-trimethyl mannose anilide.

Analysis:

Found: C, 60.9$; H, 7.9fi N, 4.2$.
Calculated for Cj^ggOgN:
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C, 60.6^; H, 7,8$; N, 4.7^.

Preparation of lactone and phenylhydrazide.

The lactone was prepared by oxidising the syrup with

bromine water and isolated by the usual procedure. It was

recrystallised from dry ether and melted at 80-8l°C, undepressed

on admixture with a specimen of 2s3:6-trimethyl D-mannonolactone.

The lactone had + 69.5° (initial value, c, 0,6 in water)

which fell slowly, indicating the presence of a y -lactone.
Smith (41) reported [oCl'j,* 65.5° (initial value, c, 1.0 in water)
for 2:3:6-trimethyl y-mannonolactone.

The phenylhydrazide was prepared by heating the lactone in

dry ethanol with the theoretical amount of phenylhydrazine.

It was recrystallised from moist ether and melted at 130-131°C,

undepressed on admixture with a sample of 2;3:6-trimethyl 0-

mannonic acid phenylhydrazide. The phenylhydrazide had \p(] ^
-17° (c, 0.4 in water) which agreed with the value [od^-180
(c, 1.7 in water) given by Smith (41) for 2:3:6-trimethyl

mannonic acid phenylhydrazide.

This fraction was contained in tubes 476-870. Yield,

66 mg. The fraction crystallised slowly and was found to

contain a substance which ran on a chromatograra with a speed

corresponding to that of a trimethyl hexose. After washing
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with ether the crystals melted at 149-15L°C, undepressed on

admixture with the substance (X) obtained from fraction I? in

the investigation on methylated mannan A.

Fraction IV

This fraction was collected in tubes 871-1044. Yield,

0.232 g. The fraction tended to crystallise and was shown by

paper chromatography to contain a substance running at the same

soeed as the component of fraction III and also a substance

running at the same speed as an authentic sample of 2:3-

dimethyl mannose and giving the same colour as the latter on

development with aniline oxalate.

The mixture was treated at 100°C with sulphuric acid (N)

to hydrolyse any disaccharide present, and the hydrolvsate was

separated on thick paper chromatograms run in n-butanol - ethanol «f—

water (4:1:5, v/v). In this manner two fractions were obtained:

(yield, 203 mg.) which crystallised and melted

at 148-150°C, undepressed on admixture with the crystalline

material (X) obtained from fraction 17 of methylated mannan A

hydrolysate. This fraction was combined with fraction III and

its structure determined as described on page 69. The

crystalline material (X) was 1 - [ 2:3:4-trimethyl D-mannopyranosido]
2:3:4-trimethyl D-mannooyranoside and had been formed by

condensation of 2:3:4-trimethyl D-mannose.
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Fraction V (monomethyl rnannose).

This fraction was collected in tubes 1045-1114. Yield,

6 mg. of brown syrup. Using as mobile phase the upper layer

of a mixture of n-butanol - ethanol - water (4:1:5, v/v) the

substance had an Hq. of 0.29 and gave a brown spot on

development with aniline oxalate. Demethylation (1^6)

followed by chromatographic examination showed the substance

to be a raannose derivative.

Fraction VI (uronic acid).

Yield of brown syrup, 7 mg. A portion of the syrup was

dissolved in a little water and a solution of naphthoresorcinol

in alcohol (0.5 c.c., 1$) and concentrated hydrochloric acid

(0.5 c.c.) were added. The mixture was boiled, cooled, ether

added and the mixture shaken, when the ether layer became

coloured violet showing the presence of uronic acid.

Il3ing as mobile phase a mixture of ethyl acetate - acetic

acid - water (3:1:3, v/v) the syrup was examined on a paper

chromatogram and gave, after development with aniline oxalate,

a pink spot with an % value of 0.69.

Fraction VII

This was the water wash from the column. The fraction

(12 rag.) was dark brown and was separated on a thick: paper

chromatogram to give a sugar which was separated by cold water

elution by the method of Laidlaw and leid (142). The sugar
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(2 mg.) obtained ran on a chromatogram at the same soeed as a

sample of glucose.

Sscimation of the sugars obtained on hydrolysis of methylated
nannan B after separation by paper chromatography.

The methylated mannan was hydrolysed with formic acid

and the sugars estimated by the method described on cage 75.

A micropipette was used to control the amount of hydrolysate on

each chromatogram and several papers were combined to enable the

tetramethyl sugars to be determined; in the table given below

this is given as a factor, by which the end group titrations must

be divided. The titration figures represent differences from

the blank.

Tetramethyl Trimethyl Molar Ratio
sugars sugars of tetra- to

tri-methyl
Titre Factor Titre sugars

0.34 4 3.50 41
0.30 4 2.96 39

Molecular weight of methylated mannan B.

The molecular weight was determined by Barger's method,

as described on page54. The methylated mannan (52.10 mg.) was

dissolved in chloroform (10 c.c.) to give a solution containing

moles/1., where, x = degree of polymerisation
204.2 X 10 X x
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of the methylated mannan. The results obtained are collected

in the table given below:

Molarity of
sucrose octa-

acetate
solution X 10^

1
2
3
4
5
6
7
8

Corresponding
value of x
for

equilibrium

255
128
85
64
51
43
35
32

Sum of changes
of sizes of
drops with
respect to
methylated

mannan

X mm.

+ 11
♦

♦

*

♦

+

6
5
2
5
4
1
3

Thus the degree of polymerisation of the polysaccharide

was 35-43.

Viscosity of methylated mannan B.

This was determined by the method described on page 77.

A solution of the polysaccharide (87.8 rag.) in m-cresol (10 c.c.)

had a time of flow of 287 seconds, compared with 262 seconds for

the pure solvent. Thus, from the Staudinger equation, using

= 12 X 10""S a value of 9 was obtained for the degree of

polymerisation of methylated mannan B.

Periodate oxidation of raannan B.

(a) Determination of formic acid released

The method used is described on page 78 and the results
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obtained are given in the table below.

Duration of
oxidation
(hours}

Weight of
mannan litre

S3
Titre

Number of CgHioOs
residues per

mole of formic
acid

191
290
554
502
594
645
691

100.9
102.5
109.1
103.6
103.1
100.9
107.2

5.89
8.05
11.81
18.62
20.64
20.07
20.38

8.31
6.18
4.48
2.70
2.42
2.44
2.55

(*>) Determination of periodate uptake

This was carried out in an unbuffered medium using the

method'described on page 79.

The iodine used for titration was 0.1052N, and the titration

figures are differences from the blank.

Duration of Weight of Periodate uptake
oxidation mannan

(,ho"rs) "S3
191 101.9
281 103.6
358 109.2
643 101.9
691 107.9

0.24
1.04

1.89
1.93

1.36

0.25
0.54
0.66
0.99
0.95
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SCTfflliff

Mannan A

Marman A was extracted from delignified ivory nut

shavings with 7ft potassium hydroxide solution, and the

polysaccharide precipitated by acidification of the extract and

addition of methylated spirits.

The mannan, purified by means of the copper complex, gave

on hydrolysis 97. mannose, 1.8$ galactose, and 0.8^ glucose.

The reducing power of the raannan determined by oxidation

with alkaline hypoiodite gave a degree of polymerisation of 100,

and by treatment with 5s5-dinitrosalicylic acid, 28. The values

of the chain length of mannan A obtained by these two methods

were different and disagreed with the value obtained by other

methods. Values of the chain length of the polysaccharide which

are derived from measurement of the reducing power are, therefore,

of doubtful validity.

A triacetate was prepared which was found by Barger*s method

to have a degree of polymerisation of 10-15.

The rnannan was methylated and the methylated polysaccharide

hydrolysed. The hydrolysate was separated on a cellulose column

and the following sugars were obtained: 2:5:4:Q-tetramethyl D-

mannose, 2:5:4:6-tetrameth,yl D-galactose, 2:5:6-trimethyl D-

mannose, 2:5:4-trimethyl D-mannose, and 2:5-dimethyl D-raannose in

the molar ratios of, respectively, 1.0: 0.2: 11.6: 1.0: 0.2.

All the galactose present in the purified mannan was accounted
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for as 2:3:4:6-tetraraethyl galactose.

The 2:3:4-trimefchyl mannose fraction crystallised as a

disaccharide, which was shown to he 1 - [2i5:4-trimethyl D-
mannopyranosido ^ - 2:3:4-trimethyl D-mannopyranoside.

The degree of polymerisation of the methylated mannan was

determined by Barger* s method and found to be 9-11.

Periodate oxidation experiments on the mannan showed that

l.fc moles of periodate were consumed per anhydrohexose unit, and

one mole of formic acid was liberated per 4 anhydrohexose units.

On the basis of these results possible structures for the

mannan are proposed.
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Mannan B.

Mannan B was extracted from the residue left after removal

of maraian A from ivory nuts. The residue was extracted with

cupraranonium hydroxide and the solution treated with sodium

hydroxide. Several fractions were obtained and one which was

considered to be raannan B was purified by dissolution in

anhydrous formic acid and precipitation with ethanol.

Purified raannan B gave on hydrolysis 98. JJ& mannose, 1.1*

galactose, and 0.8^ glucose.

The reducing power of the mannan was determined by

hypoiodite oxidation and colorimetrically by means of 3:5-

dinitrosalicylic acid. The first method gave an apparent degree

of polymerisation of 12, the second, 130. The values of the

chain length of mannan B obtained by these two methods were

different and disagreed with the value obtained by other methods.

Values of the chain length of the polysaccharide which are derived

from measurement of the reducing power are, therefore, of doubtful

validity.

Mannan B was methylated and the methylated polysaccharide

hydrolysed. Separation of the mixture of sugars on a cellulose

column gave 2:3s 4s6-tetramethyl D-mannose, 2:3j4s 6-tetramethyl

D-galactose, 2:3:6-trimethyl D-mannose, 2:3:4-trimethyl D-raannose,

and 2:3-dimethyl D-mannose in the molar ratios of, respectively,

Is 1:63:11:1. All the galactose present in purified raannan B was

accounted for as 2:3:4:6-tetramethyl galactose.

The 2:3:4-trimethyl raannose fraction crystallised as a
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disaccharide, which was shown to "be 1 - £ 2:3j 4-trimethyl

D-mannopyranosido J - 2:3j4-trimethyl D-mannopyranoside.
The degree of polymerisation of methylated mannan B was

determined by Barger's method and found to be 35-43.

Periodate oxidation experiments on the mannan showed that

0.98 moles of periodate were consumed per anhydrohexose unit,

and one mole of formic acid was liberated per 2.4 anhydrohexose

units.

On "the basis of these results possible structures for the

mannan are proposed.
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