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INTRODUCTION

General

Meny different chemical substances occurring in
nature have been termed gums. The word gum has been applied
to terpenoid resins, rubber, water-soluble hemicelluloses,
seed extracts, seaweed polysaccharides and the polysaccha-
ride exudates from plants. In this thesis, when the word
gum is used, the reference will be to the last of the types
mentioned. Gums may then be defined as: "Those poly-
saccharides which are obtained as exudates from plants
either spontaneously or after some kind of eﬁternal
influence."

Little definite proof is as yet to hand, for the forma-
tion and origin of plant gums. Most theories indicate,
however, that they are enzymatically synthesised and not
produced by a direct chemical polymerisation process. The
gums could be the product of normal plant metabolism or
they could arise from pathological conditions, and there
is evidence to support both these views. In support of
the first suggestion, it has been observed (1) that the
chemical structures of gums are to some extent related to
the botanical origin of the tree from which they are

exuded. Guns with chemical structures having strikingly



similar general features were found to be yielded by
different trees of the same type. If the second theory
were correct, however, one might expect different bac-
teria to produce different gums on trees of the same
species; and since this is not so, the first suggestion
has the most support (2). The suggestions that gums
could arise from pathological conditions is supported by
experiments carried out by innoculating bacteria into trees.
Thus it has been observed that the parasite Stereum
purpureum on plum trees causes the formation of consider-
able amounts of gum at the actual site where the parasite
grows (3). It has also been noted that healthy Acacia
trees do not produce any gums, whereas ones growing in
undesirable conditions such as high elevation and drought
yield gums in great quantities. This, however, could be
expleined in that under such conditions the bark tends to
erack, resulting in gum formation.

It is not possible at the moment to give any definite
answer to this problem and it is more than likely that
there are several reasons for the production of gums by
plants. It seems probable that the gums are synthesised
by the trees themselves but their formation is stimulated
by mechanical injury or attack by miecro-organisms. Thus
they serve the purpose of preventing loss of moisture
and in addition prevent further injury by forming a

protective shield at a vulnerable place.
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The plants, after injury, exude a sticky, viscous
substance which slowly hardens to give a hard and brittle
nodule. These are composed almost entirely of carbo-
hydrate material with traces of terpenoid resins (which
give the nodules their varying colours of yellow, brown
and black), dust and pieces of bark. Recently certain
detailed analyses, such as uronic anhydride and acetyl
contents, have been carried out on different nodules of
the same gum: slight variations, greater than can be
explained by analytical error, have been shown to exist
(4, 5), Some of the polysaccharides in gum exudates are
partly acetylated and these smell faintly of‘acetic acid
due to decomposition. The majority of gums dissolve in
water to give highly viscous solutions and others swell
to give gels. The purified polysaccharide material,
generally known as the 'gum acid' can be precipitated from
agueous solution by addition of organic solvents such as
ethanol. Almost all gums can be dissolved in dilute
alkali with concomitant deacetylafion. Molecular weights
of plant gums vary greatly but are generally very high, as
high as 9,500,000 has been gquoted for Karaya gum (6).

The usual means of measurement is by sedimentation tech-
nigues, but not many molecular weight determinations have
been carried out.

Plant gums may consist of one or more polysaccharides

and these are heteropolysaccharides since each molecule



comprises two to four neutral sugars and one or two

uronic acid residues. The neutral sugars which so far
have been detected are g-galactose, g-xylose, é—arabinoae,
é—rhamnoae, g—mannoae and é—fucose. The uronic acids in
gums are gtglucuronic acid, 4-ggmethy1-£tglucuronic acid
and grgalaoturonic acid. 0f course, each of these sugars
can occur in different types of linkage within the one
polysaccharide. A typidal gum possesses a highly branched
structure, resembling closely the polysaccharides obtained
from the mucilages and the bacterial polysaccharides.

In fact, there are no general structural differences betwaen'
the gums and the mucilages and they have usually beeh
reviewed together (2, 7-12). The only distinction lies

in their mode of origin, the one resulting from exudation
after injury and the other being found in the root, bark,
cortex, leaves, stalks, flowers, endosperm and seed ccating.
Mucilages are normal products of metabolism and they are
used as water reservoirs and food reserves.

The collection and distribution of plant gums is an
important branch of commerce, for example the yearly sales
of gum from Acacia trees (gum arabic) exceeds 20 million kg.
Gums have been used since civilisation began. Egyptians
used them for paint thickening and embalming purposes and
today these materials serve a wide variety of purposes,
including sizing, the printing and finishing of textiles,

paper-making, the preparation of water colours,
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pharmaceutical preparations and in the confectionery trade.
The study of these gums "leads us directly to some of
the fundamental problems in carbohydrate chemistry, namely,
the mechanism by which the primary products of photo-
synthesis which appear to be based on D-glucose, are
transformed into other hexoses, uronic acids, methyl

pentoses and pentose sugars." (2).
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Purification and Fractionation.

Before starting the investigation of a gum, &an
enquiry should be made as to its origin. Wherever
possible, samples should be used which have been collected
by a reliable botanical or chemical expert in preference
to gums from commercial sources.

The polysaccharides in the crude gum usually exist
in the form of the neutral or slightly acid salts of cations
such as calcium, magnesium, sodium and potassium; in
addition a few of the hydroxyl groups may be acetylated.
Purification is carried out by dissolving the gum in water,
followed by precipitation with an organic solvent. = Gener-
ally acidified ethanol is used but methanol and acetic acid
(13) have been also used.  If the gum is not, or only
slightly soluble in water, alkali can be used to effect
dissolution, with concomitant removal of any acetyl groups
which may be present. Great care should be tzken in con-
trolling the reasction conditions, however, since alkali
also tends to degrade the polysaccharide. Tis occurs
mainly at the reducing end (14) but it has also been
reported (15,16) that cleavage of the chain can be achieved
with alkali at the non-reducing end of a wuronic acid
residue, if the latter is present as the methyl ester.
The purity of carbohydrate material obtained is assessed

by meeasurement of nitrogen and ash content.
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The next stage in the structural study of & poly-
saccharide is examination for heterogeneity. This is
usually done by the simple method of fractional precipita-
tion, which involves the addition of a precipitant to an
aqueous solution of the gum and the subsequent isolation
of components of different solubilities. Co-precipita-
tion of two fractions often occurs and so seversal
reprecipitations may be necessary to obtain pure fractions.

The polysaccharides from Khaya senegalensis gum were

fractionated in this way (17), by preferentially precipi-
tating the less soluble major frection, a polysaccharide
of high uronic acid content similar to the polysaccharide
from Khaya grandifolia gum (18). The minor fraction, a

low uronic acid containing polysaccharide having meny
similar structural features to gum arabic was isolated
from the supernatant liquors as the calcium salt.
Olibanum gum (19) was also separated into two different
polysaccharides by means of fractional precipitation.
Another method now available for separating poly-
saccharide mixtures makes use of the fact that some
polysaccharides form insoluble salts or complexes with
certain reagents, The commonest of the complexing agents
are cupric acetate (20), Fehling's solution and long
chain guaternary ammonium salts, such as cetyl trimethyl-
ammonium bromide (Cetavlon). The latter give precipitates

with many acidic polysaccharides (21,22) and may be used



-

to separate them (23). In this laboratory (24) frac-

tionation of Anogeissus schimperi gum into two poly-

saccharides differing considerably in their uronic acid
anhydride content, has been effected by means of complex
formation with Cetavlon.

By means of preferential solubility, one of the
polysaccharides from gum tragacanth has been obtained in
a homogeneous state (25). The arabinogalactan was
separated from the acidic polysaccharide by dissolving
it in 70% ethanol. It is feasible that more use might
be made of this technique in the future.

The fractions obtained by fractional precipitation
and complex formation can then be examined for homogeneity
by means of chromatography, gel filtration or electro-
phoresis. The first two of these technigues have also
been used on & preparative scale.

The separation of polysaccharide mixtures by
chromatography has recently taken great steps forward
with the introduction of ion exchange celluloses such as
diethyl amino ethyl (DEAE)-cellulose (26) and ECTEOLA-
cellulose (27). Anion exchange cellulose, in different
forms (phosphate, borate etc.) retains acidic poly-
saccharides at neutral pH values, whereas neutral
polysaccharides are not or only weakly absorbed. Thus
by using a suitable elution medium at differing pH values

and electrolytic concentrations, various polysaccharide
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mixtures have been fractionated. The homogeneity of
the polysaccharide frzctions obtained from Khaya

senegalensis gum has been assessed in this way.

Separations of polysaccharide mixtures can be
effected by filtration through a bed of packed grains of
a cross-linked polysaccharide, known as Sephadex (28).
This technique, known as 'gel filtration' should prove
to be & useful tool in assessing polymer homogeneity, in
the field of plant gums. A clear-cut separation of some
acid mucopolysaccharides has been obtained by ion-exchange
chromatography on DEAE-Sephadex (29).

The main advantage of electrophoresis (ionophoresis)
in assessing polymer homogeneity is its speed and also
the fect that very little material is reguired. Smith
and Lewis (30) have examined several polysaccharides by
electrophoresis on glass fibre paper in 2£-sodium hydroxide.
Several of these preparations were claimed to be hetero-
geneous, but it is possible that some apparent hetero-
geneity may have resulted from degradation under the
strongly alkaline conditions used. When possible,
electrolytes which are unlikely to degrade polysaccharides,
should be used.

Examples of the various kinds of heterogeneity'which
occur in gums.can now be discussed and shown to range from
the kind in which the constituent polysaccharides have

slight differences in proportions of certain residues to
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the kind of heterogeneity in which the polysaccharides
are of a completely different nature.

a) It has been reported (31) that many hemicelluloses
may be considered to be members of a family of olosely;
related polysaccharides possessing a backbone of constant
structure, to which side chains of varying constitution
are attached. This type of micro-heterogeneity has been
found amongst the polysaccharide components of Combretum
leonense gum (32). The gum was separated into fractions
which differed in uronic acid content, and probably also
in the relative proportions of neutral sugar residues.
Structural investigations on these polysaccharide frac-
tions, however, failed to reveal any major differences in
the nature of the suger units or of the types of linkage
by which they are joined. The presence in Qombretum
leonense gum of closely-related polysaccharides, which
differ slightly only in the relative proportions of the
various structural units, probably accounts for the inter-
nodular differences (4), already mentioned. The hetero-
geneity in samples of gum arabic, whieh was demonstrated
by Heidelberger (33) is probably also of this type.

b) In recent work (24) on Anogeissus schimperi gum,
two polysaccharides, differing considerably in uronic acid
anhydride content, have been obtained. Although the two
fractions have not yet been compared in great structural

detail, there are indications of common structural features
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in the two polysaccharides and it would seem that this
type of heterogeneity is intermediate between the kind

of micro-heterogeneity occurring in Combretum leonense

gun and the gross heterogeneity found in Khaya senegalensis

gum and gum tragacanth.
As has been mentioned previously, two polysaccharide
fractions have been isolated from deacetylated Khaya

senegalensis gum (17).  Structural investigations have

shown that these two polysaccharides are of entirely
different types and that the gum is grossly heterogeneous.
Similarly, fractionation of gum tragacanth furnishes two
structurally unrelated polysaccharides, a highly acidic
polysaccharide, tragacanthic acid, and an arabinogalactan
which contains only a very small proportion of acidic
sugar units. Two completely different polysaccharides

have also been isolated from Olibanum gum (19).
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Structural Investigations of Gums

In investigating the structure of & polysaccharide,
there are available several long established, but still
invaluable, methods of attack which coupled with the
latest techniques of chromatography ete., can give us
an insight into the chemical layout of the polymeric
molecule. The first step is to determine what the mono-
saccharide residues contained in the polysaccharide are,
and this is achieved by a total acid hydrolysis.
Information is then obtained as to the mode of linkage
of each sugar unit, the proportion of non-reducing end-
groups and in some cases the ring structure of the sugars.
This is achieved by the methylation procedure. Partial
hydrolysis is used to determine the sequence of the
monosaccharide constituents, by the isolation of the
oligosaccharides formed during the breakdown of the poly-

saccharide molecule. Oxidation of the polysaccharide
with periodate yields a polysaccharide of lower molecular
weight which, on investigation, will give us some
information as to the structure of the original poly-
saccharide.

After total acid hydrolysis of the polysaccharide,
the monosaccharides are separated by column chromatography

(34), characterised and their relative proportions

determined. The latter determination can be carried out
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rapidly on a micro scale by paper chromatography, using
the method of Flood, Hirst and Jones (35) in conjunction
with some micro-analytical technique for estimating
sugars such as the anthrone (36) or phenol-sulphuric acid
(37) methods. Errors may arise due to incomplete break-
down of the polymer znd degradation of the monosaccharide
units liberated: so care must be taken in choosing

conditions which will reduce these errors to & minimum.

METHYLATION STUDIES

The method of structural investigation, most useful
generally, is still probably the classical method of
methylation, followed by hydrolysis and identification
of the hydrolysis products. The methoxyl group was chosen
as the ether group to be introduced because of its rela-
tively small bulk thus reducing the effects of steric
hindrance to & minimum. The etherifying of hydroxyl
groups in suger residues occurs quite readily and the
methoxyl groups when in position are chemically very stable.

The principle underlying the method of methylation,
is that after complete methylation and subseguent
hydrolysis of the methylated polysaccharide, only those
hydroxyl groups involved in glycosidic linkages will
remain free. Thus by identifying the various methylated

sugars obtained we can get an understanding of their modes
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of linkage and whether they are derived from the end group
of a chain, a mamber of a straight chain or a branch
point.

The methylation of the polysaccharide is usually
carried out by Haworth's procedure using dimethyl sulphate
and agueous alkali (38). The partly methylated material
obtained is methylated to completion using Purdie's
reagents, silver oxide and methyl iodide (39).

Kuhn has attempted to improve on the Haworth and
Purdie methylationa by carrying out the reaction in non-
agueous solvents, The sugar is dissolved in dimethyl
sulphoxide and dimethyl formamide and methylation effected
with methyl iodide, barium oxide and barium hydroxide
(40,41). Recently, using dimethyl sulphate as methylating
agent (42), he has menaged to methylate mono- and oligo-
saccharides to completion in one step.

Fully methylated polysaccharides cannot be directly
hydrolysed since they are insoluble in hot organic acids,
This difficulty may be overcome by preliminary treatment
with cold acid, in Arder to lower the chain length (43)
or by boiling with a methanolic solution of hydrogen
chloride (44): in both cases, hydrolysis is afterwards
completed by treatment with hot dilute mineral acid.
Another method involves the use of hot 90%# formic acid
(45) after which the polysaccharide is boiled with dilute
sulphuric acid for & short time to hydrolyse the formyl esters.
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When a methylated acidic polysaccharide is being
investigated, the methylated acidic sugars can be separated
from the methylated neutral sugars by absorbtion on ion
exchange resins (46). The products of hydrolysis can
be separated by chromatography on cellulose columns (47)
supplemented by charcoal celite columns (48).

A preliminary indication as to the nature of the
individual methylated sugar can be obtained by its
chromatographic mobility (49), periodate oxidation (50)
and demethylation (51). Gas liguid partition chromato-
graphy for the separation of methylated and partly
methylated methyl glycosides was first reported by
Bishop (52). This provides a highly selective method
for the analysis of individual methylated sugars and of
the cleavage products from methylatedloligo— and poly-
saccharides. The relative retention times of a large
number of such methyl glycosides are now available (53).
The methylated sugars are finally completely characterised
by the formation of crystalline derivatiyves.

Linkage Anelysis

The problem of determining the sequence of sugar units
in a polysaccharide is an extremely complex one. Partial
hydrolysis is by far the most useful for this purpose and
probably the only unambiguous method available. This

involves the characterisation of di- and oligosaccharides
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Scheme showing graded hydrolysis of gum arabic

total hydrolysis (54)
Arabic acid —> L-arabinose (3° 0), L-rham-
< nose (1-1)

D-galactose (3~1), D—gluc—
uronic acid (¥'2)

L-arabinose, L-rhamnose

and 3-0-a-D-galactosyl-L-
arabinose (I)
+

Partial acid hydrolysis Degraded Gum (A)
(57) (substantially arabinose and
rhamnose free)

further az utohydrolysis
(56) (13% soln., 95 hrs.
100°)

v
W monosaccharides +

monosaccharides +
3= O-E-D-galact)ayl-D-galactose (11)

o- O—ﬂ—D—glucuronos%l—

ﬁ—gafactose (III Degraded Gum (B)

CH,OH CH,OH CH,OH

HO/ H H H
OH H,OH OH H,OH

(1) (11)
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which have resulted from the incomplete breakdown of the
polymeric molecule.

The stability of glycosidic links to acids varies
considerably according to the class of the sugar, and
according to the ring form. Furanosides are in general
much more acid-labile than pyranosides; in fact the acidity
of the hot aqueous solution of a gum may be sufficient to
strip off arabinose end-groups, which usually exist in the
furanose form. The process, which is known as auto-
hydrolysis, is a very useful one, since the degraded poly-
saccharide produced has a simpler structure than the
original gum, and is more easily identified. The use of
weak mineral acids in agueous solution will generally give
reasonable yields of neutral di- and higher oligosaccharides
Aldobiouronic acids may be isolated after hydrolysis of the
polysaccharide under more vigorous conditions. An example
of the use of partial acid hydrolysis is shown in the
accompanying diagram where the degradation of gum arabic
is illustrated.

Another very important method of linkage analysis is
acetolysis using a mixture of acetic anhydride, acetic acid
and sulphuric acid as the hydrolytic agent, the rates of
hydrolysis of the different linkages are altered; linkages
readily broken by partial acid hydrolysis may be found to
remain intact. Using this technique, an oligosaccharide

of great structural importance, E-Qfa-g—fucpsyl—g—xylose,
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was isolated from gum tragecanth (25). This enabled the
point of attachment of the a-fucose end groups to the
polysaccharide to be assigned.

In comparison with acid hydrolysis, enzymic hydrolysis
has the advantage of specificity. When the 1-4 linked
unbranched glucan, amylose, is hydrolysed by means of PB-
amylase the fragmentation occurs in a systematic fashion
to yield maltose as the final product. In contrast, acid
hydrolysis, cleaves glycosidic linkages at random. In
the case of homopolysaccharides such as starch and glycogen,
enzymolysis has been used with success, But in the case
of heteropolysaccharides which contain a diversity of
building units and linkages, the use of enzymes has been
restricted. |

Recently attempts have been made to increase the
stability of certain very acid-labile linkages, by first
modifying the polysaccharide before attempting the partial
hydrolysis. So far, this has been done in two ways.

The method devised by Aspinall (58) involves oxidising
these end groups with oxygen in the presence of a platinum
catalyst and thus producing a stable glycosiddronic acid
linkage. It is then possible to isolate and characterise
the aldobiouronic acids, indicating the nature of the
original glycosidic linkage. The polysaccharide to be
oxidised, must contain only & few primary hydroxyl &roups

for this method to be of maximum value, e.g. in arabinoxylans
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or hexose containing polysaccharides with a large
proportion of 1,6 linkages.

The second method of modifying the polysaccharide is
to reduce the uronic acid residues to the corresponding
alcohols. The linkage at the reducing end of the residue,
which was previously a uronic acid residue, then becomes
of ordinary stability and can be much more readily cleaved.
In this way 4fgru—£rrhamnosyl-g—glueose was isolated from
the products of acetolysis of reduced gum arabic (59).

The structural significance of oligosaccharides
present in trace quantities in the hydrolysis products
is doubtful, because acid hydrolysis is a reversible
reaction and it has been shown that on heating a solution
of monosaccharides with acid, oligosaccharides are formed
(60,61). However these can be distinguished since they
reach an equilibrium concentration and do not disappear
on prolonged heating (62).

Another difficulty encountered in partial acid
hydrolysis is the breakdown of the oligosaccharides as
the reaction proceeds. This difficulty can be overcome
by carrying out the hydrolysis in a dialyses bag and
continually removing the low molecular weight material
formed (63). This method was first used for autohydrolysis
but by using a water-soluble acidic resin as the hydrolytic
agent, its scope can be greatly increased (64). An
advantage of this method is that it eliminates the



possibility of acid reversion products.

The mixture of oligosaccharides obtained from partial
hydrolysis of the polysaccharide can be separated on
charcoal-celite columns (65). Aldobiouronic ecids can
be successfully separated from weakly basic anion exchange
resin columns (66).

Several oligosaccharides and their derivatives are
themselves crystalline and so can be identified directly.

In the majority of cases, however, to completely charac-
terise the unknown oligosaccharide, much more work is
involved. An indication as to the identity of the
oligosaccharide can be obtained from its hydrolysis

products, its chromatographic mobility in various solvents,
ionophoretic behaviour and optical rotation. The mode (S)
of linkage 1is e stablished by methylation, followed by
hydrolysis and characterisation of the methylated derivatives.
Identification of the oligosaccharide can be carried out

on & miero-scale, by complete methylation and examination

of the methanolysis products by gas/liquid partition
chromatography (53). Another useful tool in ascertaining
the nature of an oligosaccharide is periodate oxidsation (67).

Measurement of the optical rotation will give an
indication as to the anomeric configuration of the di-
saccharide. By degrading the oligosaccharide to the
glyceritol glycosides with lead tetra-acetate and comparing
with suthentic specimens, Perlin (68) has been able to assign

the definite anomeric configuration of disaccharides.
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PERIODATE OXIDATION

Periodic acid and its salts are capable of cleaving
the carbon-carbon bonds in 1,2-diol and 1,2,3-triol groups.
The scission of each linkage requires one molecule of the
oxidant and the reasction seems to occur via an intermediate
complex in which the two hydroxyl groups are held in a cis
position. Thus it has been observed that in a poly-
saccharide, certain sugar residues might not undergo
cleavage by periodate, if the stereochemical arrangement
of the polysaccharide molecule forces them to assume a
rigid conformation in which the adjacent hydroxyl groups
take up a fixed trans position with respect to each other
(69). Generally, however, all o-P glycols are cleaved.
In most instances the arrangement of diol or triol groups
may be deduced from measurements of the consumption of
oxidant and determination of the nature of oxidation
products (formaldehyde, formiec acid, carbon dioxide).

The periodate oxidation is influenced by temperature,
pH, concentration of reactants and light. It is possible
to utilise abnormal conditions to achieve controlled over-
oxidation (70) but in general the reaction conditions &are
carefully regulated to avoid this excess oxidation.

In the application of periodate oxidation to poly-
saccharides, advantage is taken of the fact that some

of the sugar units are not susceptible to attack by the
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reagent since they do not possess adjacent hydroxyl groups;
the unoxidisable residues of each type of monosaccharide
can be characterised and their relative proportions
determined (71). This method has been improved on, by
selectively removing the fragments of cleaved residues,
thus leaving the unoxidised residues open to further oxida-
tion. So in the case of a complex polysaccharide, it is
possible to cause stepwise degradation by & series of
oxidations, followed by elimination of the fragments of
the cleaved sugars. In the Barxy degradation (72), the
polyaldehyde is treated with phenylhydrazine and the fragments
removed as the phenylosazones. Using this procedure, as
shown in the accompanying diagram, gum arabic was found to
have a backbone of 1,3 linked galactose units (71).
Recently, a modified periodate degradative procedure
hes been devised, known as the Smith degradation and based
on the mild acid hydrolysis of the polyalcohol obtained
after borohydride reduction (73). The oxidised poly-
gaccharide is converted to the polyalcohol since the
polyaldehydes yield interfering products on hydrolysis (74).
The conditions of hydrolysis are such that true acetal
systemalare cleaved whereas glycosidic bonds are stable.
The low molecular weight alcohols and glycosides may then
be examined and the precipitated polysaccharide can be
treated again with periodate or subjected to partial

hydrolysis, methylation or other means of structural
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investigation. By carrying out & Smith degradation on
degraded gum arasbic, a linear 1,3 linked galactan was
obtained (75) similar to the one isolated by Dillon from
the Barry degradation of arabic acid.

Difficulties are encountered when applying the Smith
degradation to acidic polysaccharides since the oxidised
fragments which contain uronic acid groups are less
readily removed by mild acid hydrolysis than the other
acetal systems. So it is preferable to reduce the uronic
acid residues to the corresponding neutral sugar residues
before commencing with the oxidation. There are several
methods available for the reduction of these uronic acid
residues but best results have been obtained by reducing

the fully acetylated polysaccharide with diborane (76).

Barry Degredation of %
Eum Araﬁic IZ;!.

R = Araf-- or Arapl-3Araf-- or Galpl-3Araf-- or Arefl-3Araf

Arabic Acid
Rhagl——4G§ﬁ Rhapl—4GpA thal———4G§A
6 6 o
R1 JGalp Rl——ﬁGilg R Rl—3Galp
6 )
GalgLu-——-aGalg}-——aGaLgL—*—aGaLRL———~3Galg;————3Galgl-—
(I) TIO04'

(II) phenylhydrazine

Degraded Polysaccharide A [contains 507 less
arabinose and 1l less galactose,

plus no rhamnose or glucuronic acid].
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Arafl—3Galp Arafl—>5Araf Arafl—3Galp Arafl—3Araf Arafl—3Galp
T 1 - 1
6 6 1 l
Galglh———————ﬁGaLEL——————-nSG&lgl————————aGalgl———————}GaLEL-
(1) I04°

(II) phenylhydrazine
Degraded Polysaccharide B [contains galactose and

arabinose ]
Gal Araf Gal Araf Gal
1 £ 1~ 1 R 17 1 2
6 6 6 6 l
Galpl 3Galpl—3Galpl 3Galpl—3Galpl--
(1) 104"

(II) phenylhydrazine
Degraded polysaccharide C [contains only galactose])

Galpl— 3Gelpl—30Galpl—3Galpl—3Galpl--

IMMUNOLOGICAL _STUDIES

It is known that cross reactions take place between
bacterial antisera and polysaccharides which are specific
to them. The result of these cross-reactions is mutual
precipitation of the serum and the polysaccharide (77).
The ability of the polysaccharide to give co-precipitation
reactions with antipneumococcus sera has been correlated

to the presence of particular structural features in the



- 25 -

polysaccharide (78). Several of these bacterial poly-
saccharides have been subjected to structural investigations
and have been found to contain some of the groupings known
to be present in gum exudates. It has in fact been shown
(79) that many gums give co-precipitation reactions with
antipneumococcus sera. As this field of knowledge is
expanded, it will become increasingly easy to predict
structural features of a polysaccharide of unknown con-
stitution, if it is known with which bacterial antisera
it precipitates.

| The cross reaction which occurs between certain
polysaccharides and pneumococcus antisera'to form a complex
which precipitates has been used (33) to obtain two frac-
tions from gum arabic, one with a smaller proportion of
rhamnose residues than the other. The co-precipitation
observed to take place between Cochlospermum gossypium gum
and antipneumococcus serum Type II suggested the presence
of, among other things, D-glucuronic acid end groups in
the polysaccharide (78)._ This was later confirmed to be
present in the gum by Aspinall and Johnston (80).
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Object of the Present Investigations

I. Khaya senegalensis gum

The sample of gum used was the same as that investi-
gated by Aspinall, Johnston and Stephen (17). This was
shown to be heterogeneous by the results of fractional
precipitation which gave two markedly different poly-
saccharides.

The major fraction (ca. 70% of the crude gum) was
examined in detail and found to be & polysaccharide of high
uronic acid content having many of the structural features

of Khaya grandifolia gum (18). From the results of

methylation studies and from a knowledge of the order of
linkage of sugar residues in the aldobiouronic acid units,
which had been isolated, the following structure was
proposed. The back bone (I) of the polysaccharide molecule
consists of 1,4 linked gfgalacturonic acid and 1,2 linked
érrhamnopyranose residues, side-chains being attached to

it through position 4 of the rhamnose residues. g-Galacto—
pyranose residues (I1) are present as end groups, as are
4—9fmethy1-£rglucuronic acid residues, the latter being
linked to position 4 of g—galactose in aldobiouronic acid’
units (III). The units (II) and (III) are therefore
present as side-chains in the polysaccharide and it is
probable that they are directly attached to position 4 of

L-rhamnopyranose residues in the main chain.
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—4D-Gal p Al———4D-Gal p Al—2L-Rha p 1
(1)
D-Gal p l—— 4MeD-G p Al 4D-Gal p 1I—
(I1) (1I1)

Methylation results also indicated the presence of
k—arabinofuranose and érrhamnopyranose end-groups together
with 1,2 linked rhamnose and 1,6 linked galactose residues.
No definite statement could be made as to whether these
arose from units attached in some way to the main chain
(I) or from the presence of some of the minor polysaccha-
rides in this material. We intended to re-examine the
question of heterogeneity and when as homogeneous fractions
as possible had been obtained to methylate the major
fraction and examine the products of hydrolysis by gas/
liguid chromatography (53). In this way it was hoped
to find which of these constituents present in small
quantities belonged to the major fraction and which arose
from contamination by the other polysaccharide.

Some preliminary investigations have also been carried
out on the minor polysaccharide fraction from the gum (81).
These structural studies indicated the presence of the

following residues in the polysaccharide.

D-Gal p & 6 D-Gal p 1— ceae Qngl P I—
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—2 D=0GA 1—— D-GA 1—4 D-Gal p 1— L-Ara f—
= = = = =

There were also indications of the presence of trace
amounts of the residues:-
——4 L-Rha p 1— —4 D-Gal A I—
=5 =

Since these latter residues are important structural
features of the major polysaccharide fraction from the
gum, they could have arisen from contaminating major
fraction. We intended to examine this problem, after
re-fractionating the minor fraétion by chromatography to
obtain as homogeneous & polysaccharide as possible.

The uronic acid content of this polysaccharide was
much lower than that of the major fraction and it was
suggested that the structure of the minor component is
that of a basic framework of galactose units, the charac-
teristic linking points being carbon atoms 1,3 and 6 with
arabinose and uronic acid residues occupying peripheral
positions. The object of our research was to make &
complete structural investigation of the minor fraction
and see if this polysaccharide showed any resemblance to

gums from another species.

2) Acacia senegal gum (gum arabic).

It is known that ;rrhamnopyranose residues in gum
arabic occur mainly, if not exclusively, as non-reducing

end-groups (82). Since ;—rhamnose and g—glucuronic acid
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residues occur in almost equal proportions it has been
suggested (83) that the rhamnose is linked to the non-
reducing end of the glucuronic acid residue. Methylation
studies indicated the presence df 2+3 H82 glucuronic acid
(82) and it is probable therefore that the rhamnose is
linked to position 4 of the glucuronic acid. In addition,

alkaline degradation of the gum at 160° results in the
loss of both glucuronic acid and rhamnose residues,
leaving an arabinogalazctan (84). Since this type of
reaction appears to result in the selective cleavage of
glycosiduronic acid linkages, sugar units attached to
glucuronic acid would also be lost, thus supporting the
above theory.

A. J. Charlson tackled this problem in this labora-
tory by first reducing the gum arabic with diborane (76)
and then subjecting the reduced polysaccharide to acetolysis.
Deacetylation of the resulting mixture of acetylated sugars
gave an assortment of oligosaccharides among them a
rhamnosyl-glucose which he partially characterised.
It was our task to completely characterise this disaccha-
ride and, in addition, see if any other structurally
significant oligosaccharides could be found among the
acetolysis products. '

In order to show that this sample of gum arabic con-
tained similar structural features to those of the sample

used by Smith in his investigations (82), it was intended
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to methylate the gum and to examine the methanolysis
products from the methylated polysaccharide by gas/ligquid
partition chromatography (53).

3) Acacia mollissima gum.

Slight differences in structure have been found to
exist between samples of the same gum when these samples
are of different origin. Since there was available a

sample of Acacia mollissima gum (black wattle gum) of West

Indian origin and since a report was available (85) of a
preliminary investigation of the same gum of South African
origin, we intended to investigate this matter by carryiﬁg
out an examination of the structure of the gum of West
Indian origin, in conjunction with J. J. Carlyle and

R. Stirling.

In Stephen's investigation, the gum was found to have
the same constituents as gum arabic on acid hydrolysis,
but in different proportions. érArabinose (6), ;rrhamnose
£3); g-galactose (5) and gﬂglucuronio acid (1) have been
shown to be combined in the approximate molecular ratios
indicated. The aldobiouronic acid, 6-Q¢ﬁ-g-glucuronosyl—
g—galactose, which is found on partial hydrolysis of the

gum, is the same as that isolated from gum arabic.



SECTION I

KHAYA SENEGALENSIS GUM




. 31 =

HETEROGENEITY OF KHAYA OSENEGALENSIS GUM

The semple of Khaya senegelensis gum used, was the

seme as that investigated by Aspinall and co-workers (17).
The gum was in the form of nodules of varying size and
colour and, in addition, there was still an appreciable
quantity of bark adhering.

Previous work on this gum (17,81) indicated the presence
in the gum of two polysaccharide fractions, differing con-
siderably in molecular structure. The gum was investigated
by DEAE-cellulose chromatography to ascertain how many
polysaccharides were, in fact, present. Dissolution of
the erude, crushed nodules was effected using sodium
hydroxide with concomitant deacetylation of the poly-
saccharides. Five fractions were obtained.

Fraction I was freed from inorganic material by
treatment with ion exchange resins, followed by & desalting
process on charcoal. No dialysis was attempted since the
carbohydrate material was thought to be of low molecular
weight. Investigation of the syrup obtained showed it to
be mainly arabinose with a trace of galactose; mno poly-
saccharide material was present in Fraction I.

The polysaccharides from Fractions II and III were
investigated and found to be identical. The two fractions

were combined to give polysaccharide B, [a]D +8° and uronic

anhydride content 21%. The constituent sugars of this



- 32 -

polysaccharide were shown to be galactose, arabinose,
4-0-methyl-glucuronic acid and a trace of glucuronic acid.
Polysaccharide B was estimated to constitute 23% of the
crude gum.

Polysaccharide A was obtained on dialysing and freeze-
drying Fraction IV. This polysaccharide, which represented
77% of the erude gum, had [a]D +136O and uronic anhydride
content 55%. Hydrolysis gave rhamnose, galactose,
galacturonic acid, 4-0-methyl-glucuronic acid and a trace
of arabinose.

Fraction V, which was obtained when the column was
washed with stronger sodium hydroxide, must have been
cellulose bleeding from the column &s it had no uronic
anhydride content and on chromatographic examination of
the hydrolysis products only glucose was obtained.

DEAE-Cellulose chromatography of the crude gum shows,
therefore, that Khays senegalensis gum, is composed of

two polysaccharides:- polysaccharide A, with the high
uronic acid content, present as the main component, and

polysaccharide B with the much lower uronic acid content.

Isolation of polysaccharide B on a preparative scale.

A fractional precipitation experiment was carried
out on the erude gum, using the same conditions as reported
by Aspinall (17). The two polysaccharide fractions

obtained were examined for heterogeneity by DEAE-cellulose
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chromatography.

The major fraction was found to consist mainly of
polysaccharide A, but with an appreciable amount of
contaminating polysaccharide B still present. The minor
fraction was grossly heterogeneous consisting of almost
equal amounts of the two polysaccharides.

Several fractional precipitations of the crude gum
were carried out, using varying concentrations of ethanol
and water, until a system was devised for obtaining a
pure sample (checked by DEAE-cellulose chromatography) of
polysaccharide B. This method, however, gave a low yield
(ca. 4%) and so extensive extraction of crude gum had %o
be carried out. After every extraction, the polysaccha-
ride material obtained was analysed for rhamnose, since
the presence of this sugar indicated the presence of

contaminating polysaccharide A.

Isolation of homogeneous polysaccharide A.

a) Methylation. A sample of polysaccharide A, obtained

from DEARE-cellulose chromatography of the crude gum, was
fully methylated. The mixture of methyl glycosides
obtained by methanolysis was examined by vapour phase
chromatography in two different systems. A sample of
the methylated gum was reduced and this polysaccharide
examined in the same way. Evidence was obtained for the

presence of all the methylated sugars previously reported
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to be present in polysaccharide A from Khaya senegalensis

gum. However, since arabinose was not a sugar residue
which had been previously reported to be a constituent of
gums, having the same structural features as polysaccharide
A, such as those of the Sterculia genera. it was suspected
that this sugar may have arisen from contaminating poly-
saccharide B.

b) Laerge-scale DEAB-cellulose chromatography. A sample

of polysaccharide A obtained by the fractional precipita-
tion technigue was chromatographed on a DEAE-cellulose
column. Large quantities of the effluent known to desorb
polysaccharide B, was used until the eluate was sugar free.
Elution with more concentrated phosphate buffer gave
fraction ii which corresponded to pure polysaccharide A.

c¢) Methylation of fraction ii. This fraction was fully

methylated and the derived methyl glycosides examined by

gas phase chromatography. The results obtained were exactly
the same as those obtained for the previous sample of
methylated polysaccharide A. Most importantly, there was
still an appreciable amount of 2,3,5-tri-QO-methyl-arabinose
present.

d) 2 x DEAE-Cellulose chromatography. Fraction ii from

DEAE cellulose chromatography of polysaccharide A material,
was refractionated on DEAE-celluloge chromatography. It
was shown to be heterogeneous, containing about 4% of con-

taminating polysaccharide 3. So again the fraction
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corresponding to pure polysaccharide A was isolated and
methylated as before. Exemination of the methanolysis
products by vapour phase chromatography in both solvent
systems showed the absence of any methylated arabinose
derivatives. So it would appear that we have at last
obtained a sample of homogeneous polysaccharide A, It
is interesting to note that in the methylated polysaccha-
ride, there was a large amount of 2,4-di-Q-methyl-galactose
present which had previously been thought to have arisen
from contaminating polysaccharide B and which was not
reported previously to be present as a constituent of

methylated Khaye grandifolia gum (18).
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PARTIAL HYDROLYSIS STUDIES ON POLYSACCHARIDE 3B

By carrying out several trial experiments, it was
ascertained that the best conditions for formation of
acidic oligosaccharides from polysaccharide B, was hydroly-
sis of the polysaccharide with g sulphuric acid for 4 hours
at 100°. A small scale partial hydrolysis under these
conditions, after removal of the neutral sugars, yielded
two acidic oligosaccharides, zldobiouronic acid A (RGAL
0.50 in solvent C) and aldobiouronic acid B (R;,q 0-77),
together with acidic monosaccharide material,

A sample of polysaccharide B was hydrolysed with g
sulphuric acid for 4 hours. After neutralisation, the
sugar solution was allowed to soak into an anion exchange
resin column, generated to the formate form, the neutral
sugars were removed with water and the acidic sugars
eluted with increasing concentrations of aqueous formic
acid. The fractions obtained were not homogeneous and
had to be subfractionated on filter sheets. Aldobiocuronic
acid A and aldobiouronic acid B were isolated, together
with some glucuronie acid, 4-0O-methyl-glucuronic acid and

glucuronolactone.

Identification and characterisation of aldobiouronic acid A.

This acidic oligosaccharide had [a.]D -39 and RgaL 0.19

in solvent B and 0:-50 in solvent C. It was chromatographi-

cally pure and indistinguishable from 6-0-p-D-glucuronosyl-
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g—galactose and gave only galactose and glucuronic acid
on hydrolysis. Reduction of the derived methyl ester,
methyl glycoside with potassium borohydride followed by
hydrolysis gave galactose and glucose. The latter sugar
must have arisen from reduction of glucuronic acid.
Methylation afforded a crystalline derivative which was
identical (mixed m.p., specific rotation, OMe content and
X-ray powder diamgram) with an asuthentic sample of the
methyl ester of methyl 6-(h3xa—g—methyl—B—g-glucopyranoayl

uronic acid)-p-D-galactoside.

The above evidence proves that aldobiouronic acid A,

derived from polysaccharide B, has the following stracture:-

Ildentification and characterisation of sldobiouronic acid B.

This acidic oligosaccharide had [e], +48° and was
homogeneous in several solvent systems, Rg,y, 0.61 in sol-
vent B and 0-77 in solvent C. Hydrolysis and examination
of the products by paper chromatography indicated the
presence of galactose and an acidic monosaccharide, with
the same chromatographic mobility as 4-grmethyl—£;glucuronic
acid. Reduction of the derived methyl ester methyl glyco-
side with borohydride followed by hydrolysis gave g—galaotose
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and 4—g¢methy1—£—glucose. These two sugars were separated
on a filter sheet and characterised, the latter giving a
erystalline phenylosazone which was identical in mixed m.p.,
optical rotation and X-ray powder photograph with authentic
4-grmethyl-g—g1ucose phenylosazone.

Although aldobiocuronic acid B was chromatographically
homogeneous, the fact that it had a rotation of +48°, com-
pared with +8°% already reported (89) for the 6-linked aldo-
biouronic acid, suggested that it might be & mixture of the
6~ and either the 2,3, or 4-linked anomers. The presence
of 2,3,4- and 2,3,6-triﬁg-methylfg-galactoses in the reduced
methylated acidic sugars (see next section) indicated that
there might be & 1-4 linked aldobiouronic acid present in
the polysaccharide. The presence of the 4-linked anomer
in aldobicuronic acid B would be consistent with an increase
in positive rotation, since its reported rotation was +86O
(89).

To clear up this question it was decided to subject
a small portion of the syrup to periodate oxidation and
observe if any formaldehyde was released. This of course
can only result from a 2,3 or 4-linked &ldobiouronic acid
aend not from a 6-linked, as the latter has no free primary
hydroxylgroups (90).

Since the formaldehyde released wes to be measured
.colorimetrioally by the chrom@tropic acid method (91) a

standard curve of optical density against amount of
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formaldehyde, was prepared by the action of periodate on
erythritol. A 0.5% periodate solution was used and the
solution buffered at pH 8, waile with the aldobiouroniec
acid, a 1% periodate solution was used at the same pH.

A definite release of formaldehyde was observed in amount
indicating that a 2,3 or 4-linked anomer was present as
ca. 237 of the total fraction.

The mein component in aldobiouronic acid B was charac-
terised e&s S—Qrﬂ-(4fg¢methyl—g;glucopyranoayl uronic acid)-
ébgalactose by conversion into the fully methylated
derivative, which was identical (mixed m.p., optical rota-
tion, OMe content and X-rey powder photograph) to an
authentic sample. Therefore this component has the follow-

ing structure: -

COOH
o 'Hz
H
o oH H.OH
CH,
H

To ascertain the mode of linkage of the minor component
in aldobiouronic aecid B, the remeining syrup was fully
methylated. A portion of the methylated material was
reduced and the methanolysis products of both the reduced
and unmodified methylated disaccharides examined by vapour
phase chromatography. GEvidence was obtained in two systems

for the presence of 2,3,6-tri-O-methyl-galactose. This
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proves that the minor component in aldobiouronic acid B is
1-4 linked. An attempt was made to isolate this tri-0O-
methyl-galactose on a charcoal column but this proved
unsuccessful as only & small amount of material remained.
Thus the third aldobiouronic acid present in poly-

saccharide B must have the following structure:-

OOH CH,OH

. H,OH

CHSO

H H
N.B. An a-glycosidic linkage is postulated here due to
the high positive rotation of aldobiouronic acid B. All
aldobiouronic acids of this structure so far isolated have

had an e-~linkage.
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METHYLATION STUDISS ON POLYSACCHARIDE B

A sample of polysaccharide B was methylated with
dimethyl sulphate and sodium hydroxide. The partially
methylated polysaccharide obtained was converted to the
silver salt with silver carbonate and the methylation was
completed by several treatments with methyl fodide and
silver oxide. The fully methylated product had [a]p =
-26:5° and -OMe, 41-1%.

From & preliminary vapour phase chromatographic examina-
tion of the methanolysis products of the methylated polyr
saccharide, the methylated polysaccharide éfter reductigg
with lithium aluminium hydride and the reduced methylated
polysaccharide after remethylation, evidence was obtained
for the presence in the methylated polysaccharide of
residues of tetra-,6 tri- and di-Q-methyl-gelactoses, tri-0-
methyl-arabinose and tri-O-methyl-glucuronic acid.

The fully methylated polysaccharide was depolymerised
with methanolic hydrogen chloride (37#) end after neutralisa-
tion, the methyl ester of the acidic component was
saponified with agueous barium hydroxide. Continuous
extraction of this solution with boiling light petroleum
gave fraction X, The residual aqueouslaolution was treated
with Amberlite resin 1R120, and passed through an anion
exchange resin Duolite A4. The acidic component was

selectively removed and the neutral methylated sugars eluted
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with water to give fraction Y. The acidic component 2
was isolated from the column by displacement with sodium
hydroxide.

Examination of the fractions by gas phase chromatography
showed that the separation between acid and neutral methylated
sugars had been adequate but that there was not a sufficient
difference between fractions X and Y to warrant working them
up separstely so they were combined to give fraction W.

After hydrolysis of the methyl glycosides, Fraction W,
consisting almost entirely of neutral sugears, was further
fractionated on cellulose, complemented by charcoal column

and filter sheet separations, giving the following me thylated

sugars.

Approximate Weight
2.3.5-Tri-g¢methy11é-arahinoaa ‘120 mg.
2,3,4.6-tetra-grmethyl-g—galactoae 100 mg.
2.3,4—trifg-methyl—g-galactose 130 meg.
2.4,6—trifgrmefhyl—gfgalactose 65 mg.
243,0-tri-Q-methy l—g—galac tose 55 mg.
2,4-di-g~methyl—g:galactose 31C mg.
2,o-difgrmethyl-g-aalactoaa 95 mg.
2-mono-O-nethyl-D-galactose 75 me.

All of these methylated sugars were characterised by
means of cerystalline derivatives. In addition to the
above major components, traces of the following were

detected chromatographically:- 2,5~ and 2,3-di-QO-methyl-
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arabinoses and 4-mono-O-methyl-galactose.

A small sample of fraction Z was treated with dilute
sulphuric acid to hydrolyse the methyl glycosides and was
deionised to convert the barium salts to free acid. An
investigation was made as to the pd‘hibility of isolating
the methylated aldobiouronic acids present in this fraction,
in an attempt to ascertain how the uronic acid residues were
linked to the main chain. The chromatographic mobilities
of the methylated acidic sugars were too similar for a
geparation to be possible, however,

Fraction Z was then reduced with lithium aluminium
hydride, followed by total hydrolysis. Fractionation on
charcoal, aided where necessary by filter paper separations,
gave the following methylated sugars.

Approximate Weight.

2,4-Diﬁg-methyl-g—galactose ° 12 me.
2,6—difg-methyl-g-galactose 10 mg.
2,3.4-trifg-methyl*£—galactose 25 mg.
2,3,6-tr1—g—methylfg-galactose 35 mg.
3,4-d1-grmethylf£—gluoosa 20 mg.
2,3.4—tri-g-methyl—£-glucose 90 mg.

All of these methyleted sugars, save one, were charac-
terised by means of crystalline derivatives. 3,4-Di-0~
. 1
methyljg-glucose was identified by optical rotation, by gas

chromatography of the methyl glycosides, by paper chromatography
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0of the suger and of the products of demethylation and of
periodate oxidation, and by the positive staining reaction
of the sugar with triphenyl ®etrezolium hydroxide which
indicated the presence of an unsubstituted hydroxyl group
at C(2). i.

The methylation results on polysaccharide B are tabula-
ted below. The proportions of the methylated sugars given
are only very approximate since many fractions were mixtures
and several refractionations had to be performed to separate

the components.

Hydrolysis products of methylated polysaccharide B from Khaya

senegalensis.

Approx.molecular
proportions.
2,3,4,6-Tetrafg-methyl—R—galaotose 4.3
®
2,3,4-tri-0-methyl-D-galactose T2
2,4,6—tri-g—methyl-g-galactoae 3.0
2,3,6-tri-ggmethyl-£rga1actose 4.1
2,4-di-0-methyl-D-galactose 15.8
2,6-di-0-methyl-D-galactose 5.3
2—monofg—methyl—D-galaotoae 4.0
2,3,4-trifg—methy112-glucoae " 4.1
3,4-di-0-methyl-D-glucose * ° 1.0 -
— ==
2,3,5-tri-0-methyl-L-arabinose 6.4
2,3- or 2,S-di-grmethy1-ggarabinosg trace
N A

* aprise from the corresponding glucuronic acid derivatives,
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AUTOHYDROLYSIS OF POLYSACCHARIDE B

Polysaccharide B was hydrolysed with sulphuric acid,
the monosaccharides fractionated on thick paper and the
sugar: proportions estimated, by the gfamino benzoic acid
method (106) &s follows:- L-arabinose (25%), D-galactose
(55%) and uronic acids (20%).

A small aoale.autohydrolysis was carried out on poly-
saccharide B, and the reaction followed by paper chromato-
graphy and change in optical rotation of the reaction
mixture. The rotation, which increases due to the release
of grargbinoae residues, rose from +8° to +32° after 32 hours
and was then stationary. The only hydrolysis product for
the first 30 hours was arabinose and thereafter a trace of
galactose appeared. Examination of the degraded poly-
saccharide by hydrolysis and subsequent paper chromatography,
showed that all the L-arabinose residues were not hydrolysed
until the reaction had been in progress for 48 hours.

A 2% aqueous solution of polysaccharide B was refluxed
for 42 hours. After cooling, the solution was poured into
ethanol, thus precipitating out the degraded polysaccharide.
After several reprecipitations this polysaccharide was taken
up in weter and freeze-dried. The combined filtrates were
evaporated to dryness giving the low molecular weight sugars
which had been hydrolysed from the original polysaccharide.

The low molecular weight sugars, on paper
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chromatographic examination were found to consist of
galactose and arabinose. A sample of the mixture was
fractionated on thick paper and the proportion of arabinose:

galactose found to be 3.3 : 1. These results show that if

we assume that all the arabinose residues have been removed
from polysaccharide B, the degraded polysaccharide will
contain 7 out of every 8 galactose units present in the
unmodified polysaccharide. Since this is the ratio of
galactose units present as end groups, as indicated by
methylation studies, it seems likely that only end-group
galactose units have been hydrolysed, leaving the galactan
framework intact.

The degraded polysaccharide [a]y 0° and uronic acid
content - 28%, gave galactose, uronic acids and a trace of
arabinose on hydrolysis. Partial acid hydrolysis gave 1,3~
and 1l,6-galactobiose in addition to monosaccharides. The

polysaccharide was methylated to give methylated degraded
polysasccharide, [e]p —/8° and OMe, L3 ©7>. Reduction with
lithium aluminium hydride in tetrahydrofuran gave reduced
methylated degraded polyssccharide, [alp =/6° and OMe, ki'2/.
The methanolysis products of the reduced and unmodified
methylated polysaccharides were examined by gas-chromato-
graphy in both solvent systems. The results obtained, in
addition to the results obtained by paper chromatographic
examination of the hydrolysed methylated degraded poly-
saccharide, showed that methylated degraded polysaccharide B
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contained the methylated sugars shown in table A. A
comparison is drawn between the relative proportions of
these sugars in the methylated polysaccharide and the
methylated degraded polysaccharide

TABLE A.
Relative Proportions
Sugar Methylated [Methylated
polysaccharide |degraded ]
B polysaccharide B
243,5=-Tri-0-methyl arabinose +++ trace
2,3,4,6-tetra-0-methyl galactose| +++ ++
2,3,4-tri-0-methyl galactose +++ 4+
2,4,6-tri-0-methyl galactose + S+
243,6-tri-0-methyl galactose ++ ++
2y4-di-0-methyl galactose ++++++ +++4
2,6-di-Q-methyl galacfoae +H++ e+
2-Q-monomethyl galactose +4++ ++
243y4-tri-0-methyl glucuronic ++ 4+
acid
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Smith Degradation studies on polysaccharide B.

The occurrence of 2,4,6—tri-g-methyl-g-galactose
residues in the methylated polysaccharide, indicated the
presence of 1,3-linked g-galactose units in the poly-
saccharide. The polysaccharide was therefore subjected
to a Smith degradation in order to obtain information on
the location in the polysaccharide of these periodate
resistant fragments. Difficulties are encountered when
applying the Smith degradation to acidic polysaccharides,
since the oxidised fragments which contain uronic acid
groups are less readily removed by mild acid hydrolysis
than the other acetal systems (109). The polysaccharide
was, therefore, first converted into the acetate and re-
duced with diborane (76).

A trial experiment was carried out by degrading
reduced polysaccharide B with sodium metaperiodate untii
no more reagent was consumed., It was observed that 0.82
moles of the oxidant was consumed per sugar unit.

A large quantity of reduced polysaccharide B was
oxidised with sodium metaperiodate until no more reagent
was consumed. The polyaldehyde was reduced with potassium
borohydride to the polyalcohol. The acetal linkages in
the polyalcohol were cleaved with mineral acid at room
temperature and the degraded polymer was precipitated with

ethanol, leaving in solution the fragments resulting irom
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clegved residues. This procedure is referred to as the
smith degradation.

The soluble portion obtained by evaporation of the
supernatant mother liguor contained non-reducing smgars
together with the low molecular weight material such as
glycerol and threitol. Hydrolysis of this fraction with
g—aulphuric acid and subsegquent chromatography of the
hydrolysate showed the presence of galactose, arabinose
and 4-0-methyl glucose together with the low molecular
weight alcohols.

The degraded polysaccharide B obtained, by precipi-
tation with ethanol, on hydrolysis gave galaotose and a
trace of arabinose. Partial hydrolysis of this degraded
polymer gave 1l,3-galactobiose, 1l,3-galactotriose, and
higher oligosaccharides, with only a trace of 1l,6-galacto-
biose. A small sample of the degraded polysaccharide was
subjected to periodate attack; it was observed that 0-26
moles of the oxidant were consumed per sugar unit. This
indicated that the polymer was approximating to a 1,3 linked
galactan, the galactose and arabinose end-groups plus a
few remaining 1,6-linked galactose residues being respons-
ible for the small amount of periodate that was consumed.
The postulation was confirmed by methylation of the
degraded polysaccharide and subsequent gas chromato graphic
examination of the methanolysis products. The methylated

polysaccharide was shown to contain a large amount of
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2,4,6-tri-0-methyl galactose with small amounts of 2,3,4,6-
tetra-, 2,3,4-tri- and 2,4-di-0-methyl galactose and traces
of 2,3,5-tri-0-methyl arabinose.
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STRUCTURAL FEATURES OF POLYSACCHARIDE B

(ex. Khaya senegalensis gum)

The structural features of the gum based on methylation,
partial acid hydrolysis and Smith degradation studies are
discussed below, by considering in turn the galactan frame-

work, the acidic fragments and the acid-labile pentose units.

The galactan framework.

It is clear from methylation studies that polysaccharide
B is highly branched and that Rrgalactopyranose residues are
substituted at positions 3 and/or 6. Galactose residues
are mutually joined by 1—3 and 1—%6 linkages since di-
saccharides having the chromafographic mobility of 3- and
6fg-ﬁ-£—galactopyranoaylﬂg-galactoses were .detected as
products of partial acid hydrolysis.  Although 4—gfsuhstituted
g—galactose residues are present in the polysaccharide, the
1,4-1linked galactobiose was not detected as a partial
hydrolysis product, and it is probable that the majority of
such galactose residues are substituted by 4-O-methyl-D-
glucuronic acid residues.

When carboxyl-reduced polysaccharide B was degraded by
Smith's procedure a degraded galactan was isolated, which
contained only & very small proportion of arabinose residues
and in which galactose residues were mainly 1,3-linked.

It follows that the majority of D-galactose residues which
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had been involved in 1l,0-linkages were cleaved by periodate.
The galactan framework may, therefore, be represented, as
in (I) with a main chain of 1,3-linked units carrying side-
chains attached by 1l,6-linkages.

3 vagl R 1l 3 D-Gal p 1—3 Qngl 2 3—3 p-Ga) p I——
1 1
Q-G‘gl 2 D-Gal p
1
D-Gal p (1)

Acidic fragments.

The portion of the molecule most resistant to
hydrolysis consists of three aldobiouronic acid residues,
namely 6-97(ﬁ-g-glucopyranosyluronia acid)-g-galactoae £EL Y,
which is the most common aldobiouronic acid residue encoun-
tered among gums, 6-9-(4-gfmethy1-Bﬁ2—glucopyranosyluronic
acid)-ﬁbgalaetose (III), which is encountered in gums from

oleogum resins, such as asafoetida gum (105) and

frankincense gum (110) and 4-(4-grmethyl-aﬂg-glucopyranosyl

uronic acid)-D-galactose (IV), which is present in many
gums, including lemon gum (62, 111-113) and grapefruit gum
5 b 5% 1 g
(11) D-G p Al 6-2-631 BL e
B
(III) 4-0-Me-D-G p A 1—6 D-Gal p 1 ...

B

(IV)  4-0-Me-D-G p A 1——4 D-Gal p 1 ...
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Again, it is difficult to predict on the present
evidence, how these aldobiouronic acid units are incor-
porated in the general molecular structure of the poly-
saccharide. It is likely, however, that the two 1,6-
linked aldobiouronic acids terminate the 1,6-linked
galactose side-chains, as is the case in gum arsabic. No
differentiation in structural position in the polysaccha-
ride can be made between these two acidic units (II) and
(111). It is probable, since the majority of the glucuronic
acid units are end-groups, that the 1l,4-linked aldobiouronic
acid units are also present as side-chains, but it is impos-
sible to say how these fragments are attached to the 1,3-
linked galactose backbone.

The fact that appreciable quantities of 2,4- and 2,6~
di-0-methyl-D-galactoses were found in the acidic methylated
sugar fraction, indicates that some of the galactose
residues in the aldobiouronic acids must be substituted.
Fragments V and VI must be of structural significance in
the polysaccharide.

(4-0-Me)-D-G p 4 1—F6 ’I')'-Gil B & e
v

4-0-Me-D-G p A 1—4 g-G§1 21l...

L VI

(R = unknown sugar residue).



i Bf =

Althougnh there is no substitution of the glucuronic
acid residues at position 4 in this polysaccharide, as is
the case in gum arabic (59). 1 in 5 of the uronic acid
residues carry a substituent at position 2; this is
indicated by the presence of 3,4-di-0-methyl-D-glucuronic
acid in the methylated polysaccharide. It i; impossible
to say which, if not all, of the aldobiouronic acids are
so substituted. Fragment VII must, therefore, be present
in the polysaccharide.

4-0-Me-D-G p A 1 .....
=2 VIiI

R (R = unknown sugar residue)

The presence in the methylated polysaccharide of
appreciable amounts of 2,6-di-0- and Q-Q—mono-methyljg-
galactose indicates that there must be branch points at
position 4 in the 1,3-linked grgalactoae units composing
the main chain as shown in (VIII). There is little evi-
dence available for the nature of grouping R.

R R

l L

e Q—Ggl p 1—3 D-Gal p 1——3 D-Gal p 1—

(VIII) (R = unknown sugar residue)

The acid-labile pentose units.

L-Arabinose residues have been found to constitute 25%
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of the total polysaccharide. The majority of these
residues are in the form of %—arabinofuranose end-groups,
L-Ara £ 1 ... This is indicated by methylation studies
and by the fact that almoét all the éparabinose units are
removed by mild acid hydrolysis. The mild acid hydrolysis
also removes & small proportion of g—galactose residues;
the inference that these galactose units are in the furanose
form is refuted by methylation studies. Bouveng has, in
fact, shown recently (l14) that g—galactopyranose end
groups gre hydrolysed with mild acid at a comparable speed
to the rate of hydrolysis of érarabinofuranose end-groups,
thus explaining the release of‘g-galactose residues during
autohydrolysis of polysaccharide B.

- There is also evidence for the presence of a few non-
terminal arabinose units, probably 1,3- and 1,5-linked,

as shown in (IX) and (X). The evidence for this lies in
the presence of traces of 2,3- and 2,5-difg-methyl<g-
arabinoses in the methylated polysaccharide. The presence
of fragment (X) in the polysaccharide is confirmed by the
occurrence of Eraru;inoiuranose end-groups in the Smith
degraded polysgecharide, which must have arisen from
cleavage of the arabinobiose as shown. The substituent
attached to the non-terminal arabinose units is probably
&-arabinofuranose gsince if it had beenlg—galactoae, the
relatively stable galactosyl-arabinose should have been

detected as a partial hydrolysis product.
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é—Ara f 1—5 (or 4) L-ara ¥ s (IX)
g—Ara £ 1—3 é—Ara L1 wenn _ (X)
IO4"
é—Ara £1....

The points of attachment of the acid-labile residues
to the galactose residues in the polysaccharide, follow
from a comparison of the proportion of g-galactose methyl
ethers formed on hydrolysis of the methylated polysaccharide
and of the methylated degraded polysaccharide. The most
striking difference is the large increase in the proportion
of 2,4,6—tri—g¢methyl-g—galaetose from the methylated
degraded polysaccharide and the corresponding decrease in
the proportion of 2,4—di-g-methyl-grgalactose. It
follows that the majority of the acid-labile groups are
attached to position 6 of 1—3 linked galactose residues
in the main chain of the molecule and so fragment (XI)

must be a major structural feature in the polysaccharide.

L-Are £
- X

| (X1)
3 D-Gal p 1L——

It is also feasible that a few of the acid-labile
groups may be attached to position 3 in the 1,6-linked
galactose side-chains.

By incorporating the above fragments (I) to (XI), a

structure for the polysaccharide can be put forward as
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shown in (XII), which is consistent with the experimental
results. It should be stressed, however, that other

variants are possible.

1
i
1
D-Gal p 6—1 L-Ara £

1

D-Gal p 1—6.D-Gal

- W g %4-9—13) D (1'12 A
7 | 6

L-Ara £ 1—4-.=D=—G§.1 2 6—1 D-Gal p

L-Ara £ ‘
e °
l 1
2 D-Gal p 6—1 L-Ara f
4-0-MNe g RA i -
4 1
D-Gal p 1——4.D-Gal p (4-0-Me) D-G % A
- 3
1 6
g-Ggl‘g 6 ——1 D-Gal p 6—1 ng§1 R
(X1) ‘
1 1

ngal 2 g—Gal P
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Comparison of the structural features of polysaccharide B

(ex. Khaya senegalensis gum) with those of other gums.

Although a ldrge number of gums have received pre-
liminary investigations, but relatively a few have been
investigated in detail. The structural evidence so far
obtained indicates that the gums in general may be arranged
in the following two groups.

(a) Gums based on inner chains of D-galactose residues.
(b) Gums based on inner chains of g-galacturonic acid
and é—rhamnose residues.

The following gums belong to groups (b); polysaccharide
A (ex. Khaya senegalensis gum), Khaya grandifolia gum (18),

Sterculia setigera gum (115, 116), Sterculis urens gum (117)

and Cochlospermum gossypium gum (118, 80). The aldobio-

uronic acid 2-93(ofg—galactopyranosyluronic acid)—é—rhamnoae
nas been isolated from all the gums of this group, and all
of these gums have a high uronic acid content (ca. 50%).
Polysaccharide B does not belong to this group and has few
structural features in common with these gums, except that
aldobiouronic acid (IV) has also been isolated from Khaya
grandifolia gum and Cochlospermum gossypium gums.

The gums belonging to group (&), in general have a
backbone of gzlactose residues which carry side-chains con-
taining aldobiouronic acid units and have acid-labile

(mainly pentose) units on the periphery of the molecule.
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The gums of this group may be further divided into three
sub groups on the basis of the nature of the linkages in
the galactan backbone.

(i) Gums which have highly branched core of'grgalactosa
residues which are 1nv01;ed in 1,3~ and 1l,6-linkages.
(ii) Gums having main chains composed of 1,3-linked 27
galactopyranose residues, with 1,6-linked gfgalaetose
incorporated in the side-chains.

(iii) Gums which have main chains composed of 1,6-linked
grgalaotopyranose residues.

The Prunus gums (Damson (119), Cherry (120) and golden
apple (121, 122))and other gums such as Lemon (62, 111-113),
Cholla (123) and Mesguite (124-127) belong to sub group (i).
These gums have been classified together since it is not
yet clear what the nature of their galactose backbone is.

If 2 Smith degradation were carried out on each gum it

could be shown whether the gums belonged to sub group (ii)
or whether indeed they were a separate group. Apart from
the question of the galactose backbone, the gums, notably
Cholla gum and golden apple gum, differ from polysaccharide
B in that they have acid-labile xylose residues, in addition
to arabinose residues, on the periphery of the molecule.
Lemon gum and grapefruit gum (111-113) are similar to
polysaccharide B in that aldobiouronic acid (IV) has been
isolated from them.

Anogeissus latifolia gum (gum ghatti) (128-130),




w0 =

Anogeissus schimperi gum (131), Combretum leonense gum

(32) and Virgilia oroboides gum (108 and 132) all belong

to sub group (iii). These gums differ considerably from
polysaccharide B in their galactan backbone and in that
most of them contain‘g—mannoae residues, and do not con-
tein 4-QO-methyl glucuronic acid.

Polysaccharide B is most akin to the gums in sub group
(ii) which includes the Acacia gums and Asofoetida gum (105).

The Acacia gums which have been extensively investigated,

such as gum arabic, Acacia mollisima gum (85) and Acacia

pycnantha gum (103) can be compared, along with Asofoetida
gum, to polysaccharide B. All of the gums contain the
same galactan framework as shown in (I). The differences
amongst them occur in the nature of the acidic fragments
and the acid-labile units, as can be seen in table I. |
The main difference between polysaccharide B and the
rest lies in the fact that the former contains a 1l,4-linked
aldobiouronic acid (IV) and that a higher proportion of
the 1,3-linked g—galaotose residues in the main chain are
4-0-substituted. In addition the Acacia gums contain é—
rhamnopyranose end-groups, which is not a structural feature
of polysaccharide B. Another structural feature which is
unigue to polysaccharide B is substitution of a few of the

uronic acid residues at position 2.
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TABLE I.
Asofoetidal Acacia | Polysac—-| Acacia |Acacia
Structural units gum agﬁggal gh?gic}e %&- 2¥cgan—
arabiec)| Khaye
senega-
lensis)
é—Ara £1 + + + + +
L-ara £ 1 3 L-ira trace +
g—Gal p1l1 3 é—Ara +
é—Ara pl 3 é—Ara + +
__I.._-Rha 21 trace + + trace
4-0-Me-D-GpAl 6D-Gal + + 4
D-Gp Al 6 D-Gal + + + + +
4—9_—Me—2—(}2_A1 4_2-(}9.1 +
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EXPERIMENTAL

GENERAL METHODS

PAPER CHROMATOGRAPHY - Descending chromatography, used

for qualitative work, was carried out on Whatman No.I,

unless otherwise stated. The following solvent systems

(v/v) were employed:

A) ethyl acetate - pyridine - water (10:4:3)

B) ethyl acetate - acetic acid - formic acid - water (18:3:1:4)

C) ethyl acetate - acetic acid - formic acid - water (18:8:3:9)

D) butan-l-ol - ethanol - water (4:1:5, upper layer)

£) butan-l-ol - acetic zcid - water (4:1:5, upper layer)

F) benzene - ethanol - water (169:47:15, upper layer)

G) benzene - acetic acid - water (169:47:15, upper léygr)

H) methyl ethyl ketone saturated with water (+ trace of
ammonia)

I) butan-l-0l - acetic acid - water (9:1:1, saturated with

boric acid).

Explanation of symbols used in connection with paper

chromatography.
Re = Rate of movement of substance
F Rate of movement of solvent front
RgaL, = Rate of movement of substance

Rate of movement of g—galactose

Rn = Rate of movement of substance
G iate of movement of 2,3,4,0-tetra-Q-methyl-
D-glucose (in solvent D)
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The chromatograms were run for a predetermined length
of time, zair-dried and the sugars located by spraying with
one of the following reagents.

I Aniline Oxalate - Unless otherwise stated, non-methy-

lated reducing sugars were detected by spraying with a
saturated agueous solution of aniline oxalate and heating

at 140-160° for about 5 minutes.

II p-Anisidine HCl - A 1% solution of p-anisidine HCl

in butan-l-0l was used to detect methylated reducing sugars.
Examination of the chromatogram in u.v. light revealed the
presence of trace components, by their fluorescence.

III Silver Nitrate (92) - This reagent was used to

detect the presence of sugar alcohols as well as reducing
sugars.

IV Periodate Benzidine (93) - Glyeitols were also

detected, by this method, as white spots on a blue background.

Preparative separation of sugars on thick paper.

whatman 3MM and 31 (extra thick) were used. The
position of the sugars was determined by cutting off narrow
side-strips to which a chromatographic spray was applied.
The appropriate parts of the filter sheet were then cut out
and eluted. Usually, cold water was used for this purpose,
until the eluate gave a blank reading with the phenol-sul-

phuric acid reagent (37).
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Cellulose columns.

The cellulose was washed thoroughly with water and
dried for several days in & vacuum oven. The column was
pbacked dry and washed with water, f;llowed by the solvent
to be used. Butan-1-0l for use on columns was purified
by refluxing for 1-2 hours with potassium hydroxide (10 g&./
litre), and distilling; 1light petroleum was shaken over-
night with concentrated sulphuric acid (10% v/v), washed
free of acid with distilled water and distilled.

Fractionation was achievedlby collecting the eluate
in tubes on an automatic turntable. At suitable intervals,
the contents of a tube were evaporated to dryness and
examined by paper chromatography. Fractions were bulked
accordingly, and evaporated to dryness, and the syrups |
obtained were cleaned by dissolving in water and treating

with charcoal. The final filtrate was taken to dryness,

dried over phosphorus pentoxide and weighed.

Charcoal-Celite Columns.

Preparation of charcoal-celite columns was carried
out as follows.

Activated charcoal was washed thrice with boiling
distilled water. Celite (grade 545) was washed with con-
centrated hydrochloric acid:water (1l:1), allowed to stand
overnight, filtered, wgshed till free of chloride with
tap water and finally washed with distilled water. Equal
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weights of charcoal and Celite were mixed well in a slurry
which was poured into a glass column. Before applying

the sugar mixture, the column was washed thoroughly with
water. The columns can be used for separating (a) mixture
of oligosaccharides (65), and (b) mixture of methylated
sugars (48).

a) The mixture of sugars was allowed to soak into the
column and the monosaccharides were eluted with water.

The oligosaccharides were then separated by stepwise elu-
tion with aqueous ethanol of increasing concentration

(o - ca.15%).

b) The mixture of methylated sugars was fractionated by
eluting the column with a gradient of aqueous methyl ethyl
ketone (0 - 6.5%). The less fully methylated sugars are
eluted first followed by the completely methylated residues.
In some cases the elution pattern was followed by evaporating
tubes to dryness at suitable intervals, forming the methyl
glycosides and examining the products by gas/liguid
partition chromatography.

In all instances, when the fractions were bulked to-
gether and evaporated to dryness, guantities of Celite were
obtained along with the carbohydrate material. In the
case of the methylated sugars, the sugars were dissolved
in A.R, acetone and the solution filtered, leaving the
Celite benind; with oligosaccharides, the residues had to

be taken up in water and evaporated to dryness several
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times, leaving the Celite on the walls of the flask.

DEAE=-Cellulose Columns.

Diethyl amino ethyl cellulose (26) was washed alter-
nately with 0-1N HCl and O-1N NaOH (500 ml. for each
washing). The cellulose was stirred with acid (or base)
for 5-10 mins., centrifuged, and the turbid solution
decanted off. The cellulose was then washed twice with
distilled water. A perforated disc was placed at the
bottom of the column, then a layer of glass wool, followed
by a 1 cm. layer of silver sand and finally 1 cm. layer
of acid washed Celite. The cellulose was poured in as
a water slurry and slight air pressure applied at the top.
The solvent level was always kept above the cellulose to
avoid air bubbles. A layer of glass wool was placed at
the top as well. The initial generation and subseqguent
re-generation of the cellulose in the phosphate form was
done by eluting the column with 2 litres of 0*5& sodium
dihydro genphosphate (adjusted to pH 6 by adding sodium
hydroxide), followed by equilibration with 1 litre of
0-005& sodium dihydrogen phosphate solution of the same pH.
The polysaccharide mixture was taken up in a little water
and allowed to soak into the column overnight. The
elution pattern was followed by analysing a small fraction

of each tube by the phenol-sulphurie acid method (37).



Optical Rotation.

The optical rotation of a substance was measured at
18° + 2° using water as the solvent, unless otherwise

stated.

Evaporations were carried out under reduced pressure at

or below 40°.

Gas-Liguid Partition Chromatography (52,53).

This was carried out using a 'Pye Argon Chicumatograph!'
according to the procedure of Bishop and Cooper. Separa-
tions were made on the following columns (120 x 0*5 cm.)
at gas flow rates of 80-100 ml./min.: &) 15% by weight of
butan-l,4-diol succinate polyester on acid-washed Celite
(80-100 mesh) at 175°, D) 10% by weight of polyphenyl ether
[m-bis-(m-phenoxyphenoxy) benzene] on acid-washed Celite
at 200°.

) Methyl glycosides were formed by refluxing the sugar
with”methanolie hydrogen chloride (3%) for ca. 6 hr. Longer
reaction times (gca.18-24 hr.) were employed during the
methanolyses of methylated polysaccharides in order to

achieve adequate depolymerisation.

Small-scale hxdrolgggs.

Hydrolyses were carried out by heating the sample with
the given normality of acid on a boiling water-bath. Where

sulphuric acid was used, barium hydroxide solution was added
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until the solution was almost neutralised: this was
completed by addition of solid barium carbonate. The
solution was filtered and the filtrate evaporated to
dryness. If uronic acids were present the filtrate was
first stirred with cation exchange resin for ca.3 hour to
convert the barium salt of the acid into the free acid.
Hydrochloric acid hydrolysates were neutralised with
excess silver carbonate and filtered. The residue was
washed thoroughly with water, filtered and the filtrates
combined. The solution was evaporated to dryness, The
products of methanolysis were also neutralised with silver

carbonate.

Methoxyl determinations.

The determination of methoxyl content was carried out

by means of the semi-micro Zeisel method (94).

Demethylations (51)

The sugar derivative (1-10 mg.) was dissolved or sus-
pended in dry, purified methylene chloride (1-2 ml.) and
cooled in acetone/cardice. Borom trichloride (1-2 g.)
cooled in the same way, was added. The mixture was kept
at -80° for 30 mins., allowed to warm to room temperature
and kept for 16 hours under anhydrous cbnditiopa. Any
solvent or BCl3 remaining was removed at low pressure.
Boric acid was removed by adding methanol (3 x 3 ml.) and

evaporating.
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Small-scale periodate oxidations.

This was carried out by the method of Lemieux and
Bauer (50). Methylated sugar (1-2 mg.) was dissolved in
0-5 sodium metaperiodate solution (02 ml.) and kept at
0°C for 1 hour. The excess of periodate was destroyed by
the addition of ethylene glycol (1 drop) and the solution,
after 5 mins., was made alkaline to phenolphthalein. The
solution was taken to dryness, extracted with acetone,

taken to a syrup and examined chromatographically in solvent

D. The following results were obtained for some standard
sugars.
Sugar Oxidation Products

Rg Colour with p-anisidine HCl

2-0-Me-aldohexoses 0-20 brilliant yellow

3=-0-Me-glucose 0-35 plum

4-0-Me-glucose 0+53 citrine

6-0-Me-glucose 0-7T1 canary yellow

2,4-di~-0~Me-D-galactose 6-50 pink/brown
“(unaTfected)

2,6-di-97Me1g—galactoae 0-20 brilliant yellow

2,3-di-0-Me-D-galactose 0-66é60~78 grey, brown, grey
0-

3,4-di-Q-Me-D-galactose 0-.93 pink

Aniline derivatives

The methylated sugar was refluxed in ethanolic
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redistilled aniline (equimolar gquantities) for 30 mins.,
in the dark. Evaporation of the solvent géva the aniline
derivative, which was generally recrystallised from ethyl

acetate.

Aldonolactones.

The methylated sugar (10-100 mg.) was dissolved in
water (2-3 ml.), bromine (5-20 drops) was added, and the
mixture was kept in the dark at room temperature for three
days. Excess bromine was removed by aeration and the
solution evaporated to dryness. The residue was extracted
with ether and the lactone recrystallised by slow

evaporation of an ethanolic solution.

Aldonamides.

The lactone, prepared as above, was dried in a vacuum
desiccator, dissolved in dry methanolic ammonia (prepared
by bubbling ammonia gas into dry, ice-cooled methanol,
until saturation) and left in the ice box for 2 days.
Evaporation of the solvent gave the crystalline amide

which was recrystallised from the given solvent.

Di-Noo-benzoates.

The methylated sugar (15 mg.) was dissolved in dry
pyridine (2 ml.) and treated with p-nitro benzoyl chloride
(reerystallised from pyridine) (50 mg.) for 30 mins. at

65-7000. After leaving overnight at room temperature,
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a saturated solution of sodium bicarbonate was added
dropwise to the reaction mixture until no further effer-
vescence occurred. Water (5 ml.) was added, and the
product extracted with chloroform (3 x 15 ml.). The
chloroform extract was dried (anhydrous sodium sulphate)
and evaporated to small volume. Addition of light
petroleum and leaving in the ice-box for a time induced
crystallisation of the derivative, which was filtered

off and recrystallised from methanol.

Phenylosazones.

Sugar (10 mg.) was heated for 30 mins, on & boiling
water bath with 0-0l1 ml. each of phenylhydrazine (re-
distilled) and glacial acetic acid, water (0-2% ml.), and
& drop of saturated sodium bisulphite solution. On
cooling and adding water (ca, 15 ml.), the phenylosazone

was precipitated and was recrystallised from boiling water.

Aaetyl determinations.

The acetyl content of an acetylated polysaccharide
was determined by saponifying with sodium hydroxide,
acidifying and distilling off the acetic acid, which was
then titrated with standard alkali (94).

Reductions.

a) Methylated polysaccharide. An aliguot of tetrahydro-

furan was purified by allowing to stand over sodium wire
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for 48 hours, distilling over fresh sodium and finally
distilling from lithium aluminium hydride. Methylated

gum (100 mg.) was dissolved in tetrahydrofuran (3 ml.) and
lithium aluminium hydride (100 mg.) in tetrahydrofuran

(3 ml.) was added. After 0.5 hrs. at room temperature,
the mixture was refluxed for 3 hours. Excess of hydride
was destroyed with ethyl acetate and water. The resulting
mixture was shaken with dilute sulphuric acid and the

reduced methylated polysaccharide extracted with chloroform.

b) Aldobiouronic acid. The acidic material was converted

to the methyl ester methyl glycoside by heating in a sealed
tube with methanolic hydrogen chloride (2.5%) for 3 hours,
After dissolving in the solvent, lithium aluminium hydride
was added, and the mixture refluxed, with exclusion of
moisture, for 1 hour; more hydride was then added and
refluxing continued for a further hour. The mixture was

worked up as above.

¢) Sugar to sugar alcohols. Equal weights of sugar and

sodium borohydfide were dissolved in water and the solu-
tion allowed to stand overnight at room temperature.

Excess hydride was then destroyed and potassium ions removed
by shaking the solution with Amberlite resin 1R-120(H") till
the solution was just acidic. The filtrate was taken to
dryness and the borate ions were removed by repeated

evaporation with methanol.
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Preparation and Purification of Purdie's reagents.

Methyl iodide for use in Purdie methylations was
purified by refluxing with silver oxide and distilling
in a dry system.

The silver oxide was prepared by addition of sodium
hydroxide (40 g. in 500 ml.) to a solution of silver
nitrate (170 g. in 500 ml.) and washing the product with
cold water (4 1.) and hot water (1 1l.). After filtering
with suction and draining the water completely, the silver ﬁ
oxide was ground with acetone (1 1.), filtered and finally
washed with ether to dry. The silver oxide was further

dried in vacuum desiccator and stored in a dark bottle.

Lstimation of sugars.

a) Anthrone method (36). A standard curve for this

reagent was made from the polysaccharide A. Disadvantages
of the method were that the reagent had to be prepared fresh
every day and that the colours produced were only stable

for a limited period.

b) Phenol-sulphuric acid method (37). This was the method

used for suger estimations, unless otherwise stated.

Uronic acid anhydride determinations.

aj Carbazole method (95). Uronic acid anhydride contents
estimated by this reagent, were not zltogether reliable but
useful as an indication on a smzall scale.

b) Decarboxylation method (96). This method is much more

accurate but more material is required.
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Purification and Fractionation of the Gum.

DEAE-cellulose chromatography of Khaya senegalensis gum.

Crude gum (1-2 g.) was left to soak overnight in water
(35 ml.). Sodium hydroxide (1+4 g.) was added, i.e. a N
solution was now obtained, and the solution stirred for
about 8 hours. After filtering through muslin, the solu-
tion was stirred with Amberlite resin 1lR-120, until the pH
was 6 (ca. 4 hours). The sugar concentration of the
solution was estimated (26 mg., per ml.) and an aliguot (30
ml.) of this polxs&ccharide solution pipetted onto the
DEAE-cellulose column, which had been prepared in the usual
way . The gum (780 mg.) was aliowed to soak into the
column overnight. The column was eluted successively with
a) 0.025 M (500 ml.)
b) 0.05 (500 ml.) of sodium dihydrogen phosphate
e¢) 0.10 M (500 ml.) buffer, pH 6
d) 0.25 M (500 ml.) )

= =

e) agueous sodium hydroxide gradient (0—0-3%) (2 litres)
f) sodium hydroxide (0-5%).

Fractions (10 ml,) were collected every half hour and
the amount of polysaccharide present in the fractions was
determined by the phenol-sulphuric acid method. The curve
obtained by plotting the polysaccharide content of each
fraction against the fraction number is shown in Figure I.

Five fractions were obtained.
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Fraction I, (tubes 6-15). This fraction was bulked as

indicated, and after evaporating to small volume was
stirred with mixed resins and freeze dried (550 mg.). No
dialysis was attempted since the carbohydrate material was
suspected to be of low molecular weight. On analysis of
this meterial for sugar content, it was found that the
majority of the product was ionic material and the remainder
carbohydrate material (40 mg.).

The freeze-dried product was dissolved in water (20 ml.)
and placed on a column (9 x 2 cm.) of Ultrasorb charcoal (86)
which had been prepared by weshing with water (500 ml.) to
remove alkaline water-soluble metter. Elution was effected
with water until the eluent was phosphate free (silver
nitrate test). Desorption of the carbohydrate material
was carried out using 25% aqueous ethanol (200 ml.). The
sugar solution obtained was evaporated to dryness and
examined chromatographically. The main constituent was
found to be arabinose, with traces of galactose and some
unidentified oligosaccharides.
Fraction II (tubes 56-75) and Fraction III (Tubes 80-85)

were bulked as indicated. The resulting sugar solutions
were dialysed against tap water for 2 days, stirred with

mixed resins, evaporated to small wolume and freeze-dried
to give two polysaccharide products (40 and 80 mg. respec-
tively). These two polysaccharides had the same specific

rotation, [a]D = +11 (c, 1-0) and the same uronic anhydride
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content (21:5%4). On chromatographic examination of the
products of acid hydrolysis (22 acid, 6 hrs,) they were
shown to be made up of the same monosaccharide residues -
galactose, arabinose and 4-Q-methyl-glucuronic acid.

No differences could be detected between these two poly-
saccharide fractions and so they were combined.

Fraction IV (tubes 125-155) gave a polysaccharide (400 mg.)
having [a]p +136° (¢, 0:54) and uronic acid enhydride
content = 55%. Hydrolysis of this polysaccharide with
2N acid for 6 hours gave rhamnose, galactose, galacturonic
acid, 4-O-methyl-glucuronic acid and a trace of arabinose.

Fraction V was obtained on bulk elution of the column

with 0-5 N sodium hydroxide. This was shown to be cellulose
bleeding from the column since it had no uronic acid content
(carbazole method) and since on hydrolysis and subsequent

chromatographic examination, only glucose was obtained.

Khaya senegalensis gum, therefore must consist of only

two polysaccharides, polysaccharide A (Fraction IV) and
polysaccharide B (Fractions II and III).

Fractional Precipitation of the Gum (17).

Finely ground gum (20 g.) wes stirred with N-sodium
hydroxide (500 ml.) for 6 hrs., and the resulting solution,
after being kept overnight, was poured into ethanol con-
taining concentrated hydrochloric acid (ethanol concentration

of resulting solution was 697). The gel, which separated,
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was removed &t the centrifuge and the supernatant ligquid

(as also from subsequent reprecipitations) was immediately
neutralised by the addition of calcium carbonate. The gel
was dispersed in water and reprecipitated 5 times from
aqueous solution by pouring this solution into ethanol

(net ethanol concentration was 725 for the first and 62%
for subseguent reprecipitations). This procedure furnished
fraction I (7.5 &.) [a]D + 1369 (e, 0.095) uronic acid
anhydride 557.

From the combined supernatant liguors neutralised with
calcium carbonate there was isolated (as insoluble calcium
salt) fraction 2. (4-3 g.), [a]lp + 7-5 (g, 1:06), uronic
acid anhydride content 27-33%.

Fraction 1 was examined for homogeneity by chromatography
on & DEAE-cellulose column in the same way as for the crude
gum. A small peak was obtained corresponding to poly-
saccharide B but the majority of the fraction corresponded
to polysaccharide A. The supposedly pure polysaccharide A
fraction was recovered and found to have [c.]D 140° (¢, 1°01)
and uronic anhydride 55%.

DEAE-cellulose chrometographic examination of fraction 2
ghowed it to be heterogeneous consisting of approximately
equal amounts of polysaccharides A and B. Polysaccharide B
was isoleted and hed [e]j + 11° (c, 0-52) and uronic acid

content 20-9%, Hydrolysis of a smell sample gave galactose,
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arabinose and 4-0-methyl-glucuronic acid but no trace of

rhamnose could be detected.

Method for obtaining homogeneous polysaccharide B.

Since the samples of polysaccharide B, isolated by
DEAE-cellulose chromatography have been shown to have no
rhamnose on hydrolysis, the absence of this suger residue
was now used as a ready criterion of purity; corroborated
by the value obtained for the uronic acid anhydride content.

Fractionsl precipitation experiments were carried out
using varying concentrations of ethanol and water until a
method could be devised for obtaining pure polysaccharide B
on a preparative scale. This was achieved as follows.

The gum (100 g.) was allowed to swell in water (1350
ml.) overnight. Sodium hydroxide (53 g.) was added slowly
and stirring continued for 7 hours, after which time most
of the gum had gone into solution. After filtering through
muslin, a white gel was obtained on adding the filtrate
with stirring to ethanol (4240 ml.) conteining HC1l (200 ml.).
This was allowed to settle and coagulate overnight at 0°C
and separated from the supernatent liquid by decantation
and centriifugation. From the supernatant liguor, neutra-
lised with calcium carbonate there was isolated (as in-

soluble calcium salt) polyszccharide B (4-0 &.). The

gumn acid was obtained on stirring with cation exchange resin.

No rhemnose was detected on hydrolysis of this polysaccharide
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and DEAE-cellulose chromatography gave only one peak.
Since the yield of polysaccharide B was so small (ca.
4%) extensive extraction of crude gum had to be carried
out. In every instance the sample of polysaccharide B
obtained was checked for homogeneity by examination of the
polysaccharide for the presence of rhamnose and if found

to be heterogeneous was discarded.

Attempt to obtain pure polysaccharide A.

A sample (800 mg.) of polysaccharide A, isolated by
DEAE-cellulose chromatography, was subjected to several
Haworth methylations, with the usual precautions being
taken. Aliguots of dimethyl sulphate (12 ml.) and 30%
sodium hydroxide (24 ml.) were added on five successive
days. On working up, & syrup (490 mg.) of partly methy-
lated polysaccharide was obtained. Conversion of the
methylated polysaccharide to its silver salt, was followed
by two Purdie methylations, using methyl iodide (10 ml.)
and silver oxide (5 g.) in methanol (5 ml.). The
methylated polysaccharide obtained (350 mg.) had Olle,

40- 3%.
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TABLE 2.
Methyl glycosides of T in system & I in system b
Methylated| Reduced |Methylated Reduced
Gum Hethylated Gum Methylated
Gum ; Gum
243,5-Tri-0-methyl-L- 0-55 & 0-55 & (0-46) & [(0-46) &
arabInose = (0-72) (0:72) (0-60) (0-60)
2,3,4=-Tri-Q-methyl-L~ 0-45 0-45 (0-46) (0-46)
rhamnose =
3,4-Di-Q-me thyl-L- (0-72) & |[(0-72) & | (0-60) (0-61)
rhamnose = 1.01 1.02
3-0-Methyl-L-rhamnose 3.60 (3-72) 1.01 1.02
2,3,4,6-Tetra-0-methyl- 1.80 1.80 (L.57) &| (1-59)
D-galactose 1.52
2,3,6-Tri-0-methyl-D- (3-21) & 3.21 & (1.57) &|(1-59) &
galaCtose - (4.60) 4.70 (2.49) 2.50
2,3,4—Tri—g—methyl—1)— (3'21) & 2'18 &
gluelronic acTd 2.49 1.72
2 ,3=-Di-0-methyl-D-
glucuronic™acid 3.18 &
(2-49)
2,43=-Di-Q-methyl-D=- 5.30 6.2 &
galacturonic acid 7-35
2,3y4-Tri-Q-methyl-D- 7.5 7.5 2.88 2.88
galactose
2,4,6-Tri-Q-methyl-D- (4.70) 2-08
galactose
2,4-pi-0-Methyl-D-galactose 4-40 4-40
2 4 3-Di-0-me thyl-D- 2:50 &
galactose 4.20
2,3,4-Tri-0-methyl-D- (3-72) & 1-82 &
glucose 262 1.34
2,3-Di-0-methyl-D-glucose 3.27

when & T value corresponds to more than one methyl glycoside it
— is given within parenthesis.
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A portion (200 mg.) of methylated polysaccharide A
was reduced with lithium aluminium hydride in tetrahydrofuran.
The methanolysis products of the methylated poly-
saccharide and the reduced methylated polysaccharides were
examined by vapour phase chromatography in both systems.
It is not possible to interpret unambiguously the complicated
patterns obtained but since we already have an idea of the
possible methylated sugars present, from previous studies
(17) on methylated polysaccharide A, we can assign the major
peaks with fair accuracy. Table 2 gives the g values of

the methyl glycosides of the methylated sugars present.

DEAE-Cellulose chromatography of Polysaccharide A.

A sample (1+30 &.) of polysaccharide A, obtained by
fractional precipitation, was chromatographed on & DEAE-
cellulose column. The column wes eluted successively with

the following:

2) 0.25 M sodium dihydrogen phosphate buffer pH 6 (700 ml.)
b) 0.50 M sodium dihydrogen phosphate buffer pH 6 (1000 ml.)

¢c) 0.50

H= u= i

potassium chloride (500 ml.).

Theeluate was changed after making sure, by testing a
few ml. of the eluate with phenol-sulphuric acid, that no
more polysacchari&e was coming off with the preceding eluant.

The eluates were collected separately in bulk and
after carrying out the usuazl procedure of dialysis, deionisa-

tion and freeze-drying, three polysaccharide fractions were
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obtained as shown in table 3.

TABLE

Buffer Fraction | Yield (mg.) [alp
0.25 M phosphate : ) 225 +130° (e¢y 1.1)
0.50 M phosphate ii 812 +139° (e, 1.01)
0.50 M KC1 iid 41 +140° (g, 1.05)

Methylation of Fraction ii.

Fraction ii (250 mg.) was methylated by the Kuhn
procedure (42) using barium oxide (1-7 g.), barium hydroxide
(1.7 g.) end dimethyl sulphate (3-5 ml.) in dimethyl sul-
phoxide (10 ml.) and dimethyl formamide (10 ml.). Examina-
tion of the cleavage products of the methylated product
(175 mg.) by pcper and gas phase chromatography indicated
that the reaction had not gone to completion and that
further methylation was necessary. Methylation of partly
methylated polysaccharide (165 mg.) was completed with
methyl iodide (1 ml.) and silver oxide (1-0 g.) in dimethyl
formamide (3 ml.) (87).

The methylated polysaccharide (144 mg.) had -OMe = 40-9%.
This indication of complete methylation was confirmed on
ex&mination of the methanolysis products of a small sample

by gas/liguid chromatography. These gas phase chromeatographic
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results were almost identical to those obtained from the
previous methylation of polysaccharide A. Most impor-
tantly, there was still an appreciable amount of 2,3,5-
tri-grmethyl-é-arabinoae present. Retention times of the

methyl glycosides of this methylated derivative were: -

Column a:- 0°54 and O0°T0
M
Column b:- 0+47 and 0-61
———————

DEAE-Cellulose chromatography of Fraction ii (i.e. 2 X

DEAE-cellulose fractionation of polysaccharide A).

Fraction ii (150 mg.) from the DEAE-cellulose chromato-
graphic fractionation of polysaccharide A was further
fractionated on DEAE-cellulose. Two peaks were obtained.

A small one, corresponding to contaminating polysaccharide
B, represented ca. 4% of the whole. The fraction con-
taining polysaccharide A was worked up in the usual way
and again chromatographed on DEAE-cellulose. This time
only one peak was obtained, indicating that this fraction
was pure, homogeneous polysaccharide A. This poly-
saccharide was methylated in exactly the same way as
fraction ii (i.e. by two Kuhn methylations) to give methy-
lated polysaccharide A (102 mg.), OMe 41-1%.

A small sample of the methyldted polysaccharide was
depolymerised with methanolic hydrogen chloride and the
derived methyl glycosides examined by vapour phase chromato-

graphy in both systems. No evidence for the presence of
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2,3,5-tri-0-methyl-arabinose could be seen, confirming
that the sample of polysaccharide A was homogeneous.

It is interesting to note that there was an appreciable
amount of 2,4-di-O-methyl-D-galactose present (T = 4-24
and 3.55 in column b) since this had been thougﬁi to have
arisen from contaminating polysaccharide B. The vapour
phase chromatogram on column b for homogeneous poly-

saccharide A is shown in the accompanying diagram.
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PARTIAL HYDROLYSIS STUDIES ON POLYSACCHARIDE B

Samples (100 mg.) of polysaccharide B were hydrolysed
at 100°C with a) 0.5 N sulphuric acid, b) N sulphuric
acid and ¢) 2N sulphuric acid. Aliguots (5 ml.) were
removed from t;; hydrolysates (initially 20 ml.) at
regular intervals, neutralised in the usual way, cations
removed with Amberlite resin 1R120 and examined by paper
chromatography in solvents A and B. The optimum con-
ditions for the formation of acidic disaccharides appeared

to be hydrolysis with N sulphuric acid for 4 hours.

A small scale partial hydrolysis was carried out on
a sample (750 mg.) of polysaccharide B with g sulphuriec
acid for 4 hours. After neutrelisation and removal of
the cations with cation exchange resin, the hydrolyseate
was separated into a neutral and an acidic component by
chromatography on anion exchange resin.

Examination of the acidic sugars by paper chromato-
graphy indicated the presence of two oligosaccharides,
aldobiouronic acid A. Ryap 0019 in solvent B and 0-50
in solvent C and aldobiourcnic acid B RGAL 0.63 in
solvent B and 0-77 in solvent C. In addition there was

a large amount of acidic monosaccharides present.

Isolation and Characterisation of the Acidic Oligosaccharides

Polysaccharide B (4-0 g.) was hydrolysed with.gksulphuric
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acid (100 ml.) for 4 hours at 100°C. The hydrolysate
was cooled, neutralised with barium hydroxide and barium
carbonate and the barium ions removed by stirring with
cation exchange resin. The sugar solution obtained was
evaporated to small volume (5 ml,) and placed on an
Amberlite CG45 resin column (350 ml. resin) which had been
regenerated with 4% sodium hydroxide (6 bed vols.), con-
verted to the formate form with 15% formic acid (6 bed
vols.) and finally washed with CO, free water, until the
eluate was acid free. After allowing the sugars to soak
well in over two nights, the neutral sugars were eluted
with 002 free water until the eluate gave a blank reading
with phenol-sulphuric acid reagent. The solution con-
taining the neutral sugar residues was evaporated to a
syrup (2:33 g.).

The acidic sugars were desorbed from the column with
increasing concentration of formic acid. The following

elution pattern was used:-

Eluent Total vol.| Size of Frac- | No.of tubes
tion
1 | 0-5% formic acid| 1000 ml, 10 ml. 1-100
gradient
2 5% formic acid 500 ml. 10 ml. 101-150
3 5-155% formic 1000 ml. 20 ml. 151-200

acid gradient
4 |15% formic acid 500 ml. 20 ml. 201-225
5 | 25% formic zcid 500 ml. Bulk recovery

B
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Samples were removed from every fifth tube and
examined by paper chromatography in solvent C (developed
for 16 hours). All the sugars were eluted into tubes
40-130, i.e. &all were eluted with 5% formic acid. The
different acidic sugars were not completely resolved
however and so the tubes could only be divided into three
fractions, none of these fractions being homogeneous.

The different fractions obtained are shown in table 4.
The recovery from the column was 92%

During the small scale partial hydrolysis, formyl
esters (detected by alkaline hydroxylamine, ferric chloride
(88)) were formed when the formic acid, sugar containing
solutions were being evaporated to dryness. To avoid
this here, before evaporating, as much of the formic acid
as possible was removed by means of repeated extractions
with ether.

Fractions I, II and III, from the resin column frac-
tionation of the acidic oligosaccharides, were sub-frac-
tionated on filter sheets (Whatman No.31l) by developing in
solvent C for 3§ hours (for Fractions II and III).
Difficulty was encountered in locating the position of the
different sugars; side strips could not be used, since
the chromatographic mobilities of the different fractions
were too similar, Several indicator sprays were
experimented with, chiefly bromo-thymol blue and bromo-

cresol green, but inconclusive results were obtained.
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TABLE 4
Fractions wt. sub-frac- Wt. Constituent Sugars
obtained | (in mg.) tions from| (in
from filter- me.
column sheets
) ¢ 110 a 10 | unknown (Rgup0-1l) + glue-
(s@me uronosyl-galactose
(tuves material
used for ) 20 glucuronosyl-galactose
41-75) testing
sprays) c 33 | 4-0-methyl-glucuronosyl-
galactose i
II 223 a 17 | unknown (Rgap0+1ll) + &lucu-
ronoayl-gaiactose
(tubes
b 34 glucuronosyl-galactose
76-86)
c 151 | 4-0O-methyl-glucuronosyl-
galactose
III 832 a 75 | glucuronosyl-galactose
(tubes b 349 | 4-0-methyl-glucuronosyl-
galactose
87-130)
c 36 contain mixtures of gluc-
uronic acid, 4-0-methyl-
d 64 glucuronic acid and
glucuronolactone
e 38

The sugars were finally located by placing the filter

sheets in the oven at 160°C for 3-4 mins. and immediately

examining under u.v. light.

The bands corresponding to

the different sugars, fluroesced and were seen to be very

irregular, but could be easily marked and cut out.

The
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fluorescence is believed to be due to the charring of the
sugars. FractionsI, II and IiI were thus sub-fractionated
as shown in table 4.

Fractions Ib, IIb and IIla were combined to give the
aldobiouronic acid A, detected during the small-scale
partial hydrolysis. Fractions Ic, IIc and IIIb were
similarly combined to give aldobiouronic acid B.

Identification and Characterisation of Aldobiouronic Acid A.

Aldobiouronic acid A (Rg,y =050 in solvent C) had
[a]D % (E’ 2-0). Hydrolysis with 2N sulphuric acid for
4 hours and subsequent paper chromatographic examination
of the products gave galactose and glucuronic acid (R, 1-60),
in egual proportions (visual examination only). The aldo-
biouronic acid (5 mg.) was converted to the methyl ester,
methyl glycoside by heating with 2% methanolic hydrogen
chloride for 2.5 hours. The glycoside was dissolved in
water (1 ml.) and sodium borohydride (25 mg.) in water (1 ml.)
added. After leaving at room temperature overnight .the
excess hydride was destroyed and the resulting neutral
disaccharide hydrolysed with gbsulphuric acid for 4 hours.
On examination of the products by paper chromatograppy in
solvent A, the presence of galactose and glucose was indicated.
The latter must have arisen from reduction of glucuronie
acid. Although no information was yet available as to

the position of linkage between the glucuronic acid and
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galactose residues, the aldobiouronic acid was chromato-
graphically identical to 6-0-p-D-glucopyranosyl uronic

acid-D-galactose in solvents B and C.

Methylation of aldobiouronic acid A.

A sample (100 mg.) of aldobiouronic acid A was dissolved
in water (5 ml,) and 1 ml. each of dimethyl sulphate and 30%
sodium hydroxide added during a period of 1-2 hours. The
reaction mixture was kept in an ice-bath and the solution
stirred vigorously (magnetic stirrer) in an atmosphere of
nitrogen. Aliguots of dimethyl sulphate (10 ml.) and 30%
‘sodium hydroxide (20 ml.) added over a period of 5 hours;
similar additions were made on four successive days. The
mixture was heated on a boiling water bath for 30 mins. to
destroy unreacted dimethyl sulphate, acidified with dilute
sulphuric acid till just acidic and the sodium sulphate
precipitated by addition of methylated spirits. After
filtering, the residue wes washed thoroughly with methylated
spirits and the filtrate and washings combined. After
making the solution slightly alkaline, it was concentrated
to a small volume (50 ml.), made acidic and extracted with
chloroform (4 x 100 ml.) in the cold. The chloroform
extracts were concentrated, filtered and the methylated
disaccharide precipitated by addition of light petroleum
(b.p. bO—BOo). The partly methylated product (80 mg.)
was methylated to completion with methyl iodide (4 ml.)
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and silver oxide (2 g.) in dry methanol (3 ml.). The
mixture was filtered and the residue continuously extracted
with boiling chloroform overnight. The extracts and
filtrate were combined and evaporated to a syrup. Another
Purdie methylation was cearried out in an analagous manner,
but the methoxyl content was not increased..

The methylated derivative (50 mg.) had -OMe = 52.5%
and was recrystallised from acetone-light petroleum (b.p.
40-60°). A minimum of acetone was used, and after
leaving at Ooc for several weeks, rosette like crystals
were obtained which had m.p. = 90° unchanged on mixing
with authentic methyl ester of methyl hexa-Q-methyl-06-0-f-
D-glucopyranosyl uronic aeidﬂg-galactoside. These
;;ystals had [a]Dz -40° (c, 0-42 in GH013) and gave an
identical powder photograph to the one obtained from the

authentic specimen.

Identification and Characterisation of Aldobiouronic Acid B

Aldobiouronic acid B (RGAL 0-63 in solvent B) had
[a]D +48° (g, 1-0). Hydrolysis of this disaccharide with
%g sulphuric acid for 5 hours and subsequent paper chromato-
graphic examination of the products in solvent B gave
galactose and 4-Q-methyl glucuronic acid (RBHA 0-98) in
equal proportions (visual examination only).

The acidic disaccharide (150 mg.) was converted into

the methyl ester, methyl glycoside by heating with 3%
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methanolic hydrogen chloride iof 4 hours. The resulting
syrup was dissolved in water (3 ml.) and sodium boro-
hydride (150 mg.) was added. After leaving the mixture
at room temperature overnight, the excess hydride was
destroyed and cations were removed with Amberlite resin
1R120. Boric acid was removed by evaporating the solu-
tion several times to dryness with methanol. The
resulting methyl glycoside of the neutral disaccharide was
hydrolysed with 25 sulphuric acid for 4 hours, After
neutralisation and evaporation, a syrup (100 mg.) was
obtained, which on paper chromatographic examination in
solvent A was found to be composed of galactose and 4-0-

methyl-glucose (Rpy, 0-87). The latter must have arisen

[

from reduction of 4-Q-methyl-glucuronic acid.

The syrup was fractionated on a filter sheet in
solvent A. 4-0-Methyl-D-glucose (32 mg.) had [t:l.]D +60°
(¢, 0:53). It was converted to the phenylosazone in the
usual way by treatment with freshly distilled phenyl-
hydrazine (0-2 ml.) in glacial acetic acid (0-2 ml.). On
recrystallisation from agueous alcohol orange crystals were
obtained m.p. 15600, not depressed on mixing with authentic
4-Qrmethyl1£-glucose phenylosazone. This derivative had
[a]p =-20° (e, 0°31 in pyridine) and its X-ray powder
photograph was identical to that obtained from the authentic

sample.,
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D-Galactose (43 mg.) had [a]D =+76 (equil.)(ec, 0-40)
and was characterised by recrystallisation from absolute

ethanol. m.p. and mixed m.p. 156°.

Periodate oxidation of aldobiouronic acid B.

A standard curve for formaldehyde estimation was
prepared using a standard erythritol solution. 1 NMole
of erythritol, when oxidised with periodate yields qguan-
titatively 2 moles of formaldehyde. The reaction was
buffered at pH 8 and a 0-5% sodium periodate solution was
employed. The amount of formaldehyde released was
estimated by treating with chromotropic acid reagent (91)
and measuring the opti¢a1 density of the resulting solu-
tion at 570 mH.

A sample (4-00 mg.) of aldobiouronic acid B was dis-
solved in water (3 =1,). To this solution, 05 E phosphate
buffer (1 ml.) and 1% sodium periodate solution (1 ml.) were
added. The mixture was left in the dark for 24 hours to
ensure that the reaction had gone to completion, after
which time an aliquot (1 ml.) was removed and the amount

of formaldehyde present estimated.

The formaldehyde released (15-7# g.) corresponded to
an amount (IBGF g.) of a 2, 3 or 4 linked disaccharide;

80 the latter must be present as 23% of the mixture.
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Methylation of asldobiouronic acid B.

1) Aldobiouronic acid B (151 mg.) was converted to its
full} methylated derivative by the same methylation
procedure as was used for the aldobiouronic acid A. The
methylated derivative was recrystallised from acetone-light
petroleum (b.p. 40-60°) giving rosette-like crystals, m.p.
89°, not depressed on mixing with an authentic sample of
the methyl ester of methyl hexa-g-methyl-ﬁ—ﬂig-glucopyranosyl—
uronic acid-D-galactoside. These crystals had OMe = 51-9%,
[a.]D ==35° (¢, 123 in CHCl3) and gave an identical powder
photograph to that obtained from the authentic sample.
2) ‘The remainder (105 mg.) of aldobiouronic acid B was
methylated with additions of dimethyl sulphate (5 ml.) and
30% sodium hydroxide (10 ml.) on five successive days.
After working up in the usual way, the methylated disaccha-
ride mixture was obtained. A sample was methanolised
with 5% methanolic hydrogen chloride overnight and the
derived methyl glycosides examined by vapour phase chromato-
graphy in both systems,

" The methylated aldobiouronic acid mixture (75 mg.)
wes converted into the methyl ester, methyl glycosides by
heating with methanolic hydrogen chloride (2-5%) for 2
hours in a sealed tube at lOOP. After neutralisation,
the derived methyl esters were reduced with lithium
aluminium hydride in tetrahydrofuran. The methanolysis

products of this reduced material were examined by vapour



phase chromatography.
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The results for the reduced

methylated aldobiouronic acid mixture and for the un-

modified derivatives are shown in table 5.

TABLE 5.

Methyl Glycosides of

T for metayl
Tlycosides from
methylated aldo-
biouronic acids

T for methyl
Zlycosides from
reduced methyla-
ted aldobiouronic
acids

2 ’ 3 ’ 4-Tri-_9_-me thy l-
galactose

2,3,6-tri-Q-methyl-
galactose

243,4-tri-Q-methyl-
glucose

2,3,4-tri-0-methyl-

glucuroniec acid

2.85 & 258

1-63

2.18 & 1.74

2:86 & 2-58

1.66 & 2-24

1-80 & 1-33

T is retention times for column Db.

Methyl Glycosides of

T for methyl
¥lycosides from
methylated aldo-

biouronic acids

T for methyl
Elycosides from
reduced methylated
aldobiouronic acids

243,4-Tri-0-methyl-
galactose

galactose

glucose

2,3,4-tri-0-methyl-

glucuronic acid

T-4

4-68

3:22 & 2-49

T-4

3:19 & 4-65

3.70 & 2.59

T is retention times for column &.
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An attempt was made to isolate the 2,3,6-tri-O-
methyl-galactose from the remainder (60 mg.) of the
reduced methylated aldobiouronic acid B. Gradient
elution with aqueous methyl ethyl ketone (0-5%) on
charcoal Celite column wag used and the elution pattern
followed by gas phase chromatography. A pure sample of
the required methylated 3ﬁgar could not be obtained.
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METHYLATION STUDIES ON POLYSACCHARIDE B

Methylation of Polysaccharide B.

A sample (10 g.) of polysaccharide B was dissolved in
N sodium hydroxide (250 ml.) and methylated in an atmos-
phere of nitrogen at 0-5°C. Dimethyl sulphate (120 ml.)
and sodium hydroxide solution (62 g. in 140 ml. H,0) were
added dropwise with stirring over a period of about 8 hours
and continued stirring overnight. Four additions of
dimethyl sulphate (120 ml.) and 30% sodium hydroxide solu-
tion (240 ml.) were made on four successive days. Secondary
octyl alcohol was added occasionally to control frothing.
The reaction mixture was heated on a boiling water-bath
for 30 mins. On cooling, @ quantity of sodium sulphate
precipitated out; +this was filtered and the filtrate
dialysed in running water for 3 days. The partly methylated
polysaccharide (4-5 g.), which was isolated by concentrating
the agueous solution to small volume and freeze-drying, had
OMe, 32.3%.

The methylated polysaccharide (45 g.) was dissolved in
water (150 ml.), stirred with Amberlite resin 1R120 to
remove sodium ions, treated with silver carbonate, filtered,
concentrated and freeze-dried. Yield of silver salt - 5-0 &.

The silver salt (5 g.) was dissolved in the minimum '
volume (20 ml.) of dry methanol. Methyl iodide (65 ml.)
was added and the mixture refluxed for 10 hours with the
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addition of silver oxide (8 g.) at intervals. The residue
was filtered and extracted repeatedly with boiling chloro-
form. The combined filtrate and extract were concentrated
to & small volume and the methylated gum was precipitated
by addition of excess light petroleum (b.p. 60-80°). The
methylated polysaccharide (3-8 g.) had OMe, 37-1%.

Another Purdie methylation was carried out in a similar
manner and the isolated methylated product had an increased
methoxyl content. Another Purdie methylation could not
increase this any further.

Methylated polysacchuride B (3.5 g.) had [a]; ==26.5°
(¢, 0-49 in CHCl;) and OMe, 41.1%.

A sample (100 mg.) of the methylated polysaccharide
was dissolved in tetrahydrofuran (3 ml.) and reduced with
lithium aluminium hydride (100 mg.) in the ususal way. The
resulting reduced methylated polysaccharide was remethylated
in dimethyl formamide (3 ml.) with methyl iodide (1-0 ml.)
and silver oxide (1-0 g.)

Thé methanolysis products of the methylated polysaccha-
ride and the reduced methylated polysaccharide after re-
methylation were examined by ges phase chromatography in
both solvent systems. The results obtained are shown in
table 5. When a g value corresponds to more than one methyl

glycoside it is given within parenthesis.



TABLE

Methyl glycosides of

T in system &

T in system

Methylated Methﬁlated b
polysacch-| Red:
aride Methylated
Polys.
243=Di=Q-methyl-L- 1.58 0- 64
arabinose =
2y4-di-0-methyl-L— 2. 30 1.10
arabinose =
2,5-di-0-methyl-L-
arabinose = 0-70
2,3,4- tri—O»metth- 1.04 L+1% 0-83
arabinose
2,3,5-tri-0-methyl-L- 0.55 & 0.56 & 0-46 & 0-59
arabinose = 0.74 0.72
D~galactose
2,3,4-tri-0-me thyl-D- 7.5 742 2.62 & 2.92
galacTose :
,3,6-tri—0-methyl-D— (3-24) & 3:26 & (1.61)
galactose (4.77) (4.71)
2:4, 6~tri-0-methyl—D- 4.16 & 4.23 & 2:.09 & 2-39
galactose (4.77) (4-71)
2,4-di-0-me thyl-D- (3-70) & 4-40
gaTlactose
2,6-di-0-methyl-D- (3-70)
galactose =
2,3,4~ tri—O-methyl-D— 2.49 & 1-78 & 2.23
glucuTonic aci® (3.24)
2,3,4,6-tetra-0-methyl- 1.0 &
D-glucose 1+44
*
25354~ tri—e—methyl- 3.71 &
glucose 2+59
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* This methyl glycoside results from incomplete remethyle-
tion of the reduced methylated polysaccharide.

The vapour phase chromatogram on coclumn b for fully
methylated polysaccharide B is shown in the accompanying
diagram.

Hydrolysis of the methylated polysaccharide.

Methylated polysaccharide B (2+5 g.) was refluxed in
3% methanolic hydrogen chloride (65 ml.) for 16 hours.

The solution was neutralised with silver carbonate, filtered
and evaporated to dryness giving a syrup of methyl glyco-
sides. To saponify the methyl esters of the acidic eom-
ponents, the syrup was dissolved in barium hydroxide
solution (32 ml. saturated at room temperature) and heated
for 2 hours at 60°. The cooled agueous solution was
continuously extracted with boiling light petroleum (b.p.
40-60°) (150 ml.) to give fraction X (55 mg.).

The aqueous solution was filtered from traces of solid,
passed through a column of Amberlite resin 1R120 and the
resin washed until sugar free.

A column of purified and regenerated Duolite A4 resin
was prepared and the effluent from the cation exchange
resin passed through. The acidic component was selectively
removed and the neutral sugers eluted with water. A large
quantity of water (ca.2”1l.)was used to wash the column and

the eluate and washings were evaporated to a syrup,



fraction Y (1-378 g.).

The acidic component was isolated from the column by
displacement with N sodium hydroxide (250 ml.) and the
eluate passed through a column of Amberlite resin 1R120
to remove the cations. Evaporation of the eluate and

washings gave fraction Z (0.777 &.).

A small sample of fraction Z was refluxed overnight
with 2.5% methanolic hydrogen chloride and the products,
along with fractions X and Y, examined by gas phase chromato-
graphy . The results obtained indicated that the separation
between acid and neutral methylated sugars had been
adequate but since fractions X and Y contained similar
mixtures of neutral methylated glycosides, they were
combined to give fraetion W (1l-41 g.).

The mixture of methyl glycosides in fraction W was
heated in N hydrochloric acid (30 ml.) at 100° for 5 hours.
The solution was neutralised with silver carbonate,
filtered and the residue extracted with hot methanol.

The filtrate and washings were combined to give on evapora-

tion the neutral methylated sugars (1.17 g.).

Fractionation of neutral methylated sugars.

The neutral methylated sugars (1.17 g&.) were separated

by chromatography on cellulose column (3 x 55 ecm.). The

column was eluted successively with the following solvents:-



—
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Light petroleum (b.p. 100-120 ): butan-l-ol (3:7, saturated

with water).

Butan-l-0l, half saturated with water,.

recovery was 92.1% (1-078 g.).

Eleven fractions were collected in all and the

TABLE 6
; T —
Frac-| Tubes Wt. | T values Rg Contents
tion (in =
mg.) |Column |Column
a b
1 21-34 | 231 0-45 1.02 | Unknown (trace)
0.55 & |0.47 &|0.98 | 2,3,5-tri-0-methyl-
0.T71 0.59 arabinose
1.79 1.60 |0.89 | 2,3,4,6-tetra-0-methyl-
galactose
T+5 - 0.73 | 2,3,4-tri-0-methyl-
galactose (trace)
2 |35-43 | 206 | 7-4 |2-89 &|0-71 |2,3,4-trj-0-methyl-
2.60 galactose
4.14 & |2.36 &|0.72 | 2,4,6-tri-0-methyl-
(4.68)] 2.07 galactose
3.19 & 1.62 10.73 |2,3,6-tri-Q-methyl-
(4.68) galactose
1.88 0.70 |0.83 | 2,5-di-0-methyl-
arabinose (trace)
2+65 galactose
4.70 & | 2-36 &|0-72 | 2,4,6-tri-0-methyl-
4.16 2.08 galactose (trace)
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TABLE 6 (cont.)
- o ] -
Frac~| Tubes wt. T values RG Contents
tion (in =
mg)| Column| Column
a 1)
4 68-91 (127 4.55 &| 0-53 | 2,4-di-0O-methyl-
3.85 galactose
i 5 92-105 | 67 4.56 &| 0-53 |2,4-di-Q-methyl-
3-85 galactose
2.60 | 0-55 |2,6-di-0-methyl-
galactose (trace)
o 6 |106-280 |112 4-51 &| 0.53 |2,4-di-O-methyl-
3.80 galactose
2.55 | 0-58 |2,6-di-0-methyl-
galactose
281-304 135 2.56 | 0-58 |2,6-di-0-methyl-
galactose
4.52 &| 0.53 | 2,4-di-Q-methyl-
3.83 galactose
0+30 | 2-0-methyl-galactose
8 305-310| 35 0.30 | 2-0-methyl-galactose
9 311-324 | 29 030 [ 2-0-methyl-galactose
0.27 | 4-0-methyl-galactose
o 30 |325-350| 28 0.30 | 2-0-methyl-galactose
streak| acidic methylated
sugars
11 351-420| 54 streak| acidic methylated
sugars
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Examination of the Fractions.

Fraction 1 - mainly 2,3,S—tri-gbmethyl-arabinose and 2,3,4,6-

tetra-grmethyl—galactosa.

This fraction (231 mg.) was shown by paper chromatography
in solvent D to be & mixture of methylated sugars as shown in
table 6. The presence of these derivatives was confirmed
by examination of the methanolysis products of a small sample
by gas phase chromatography in both solvent systems. Frac-
tion 2 had [a]p +34° (g, 1.0 in CHCly) indicating that there
was almost equal quantities of the tri-Q-methyl-arabinose
and tetra-O-methyl-galactose present.

The syrup was fractionated on a cellulose column
(1.8 x 55 em.) using light petroleum (b.p. 100-120°):butan-
l-ol (8:2, saturated with water) as eluent and finally
washing the column with butan-l-ol (half saturated with

water). The results are shown in table 7.

Subfraction a.

This fraction had the same Rz value in solvents D and F
as 2.3,4-tri-g¢methyl-é—rhamnose and gave the characteristic
green stain when sprayed with p-anisidine HCIL. No peaks
were obtained, however, on gas cahromatograms of the derived
methyl glycoside, suggesting that most of the weight was
made up of extraneous mechanical material. On decolorising
the syrup with charcoal, this was shown to be the case since

there was only & trace (3 mg.) of the sugar left. No sugars
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TABLE 7
R Frac-| Tubes Wt. Colour with RG Contents
tion (in p-enisidine
mg. ) HCl
a 6-16 10 Green 1. 02 | Unknown
b 17-28 35 Green 1. 02 | Unknown
Black 0.98 | 2,3,5-tri-0-methyl-
arabinose
¢ 29-44 80 Black 0-98 | 2,3,5-tri-0-methyl-
arabinose
d 66-114 | 100 Red-brown | 0.87 | 2,3,4,6-tetra-Q-methyl
galactose
3 176-244 22 Brown-pink| 0.76 | 2,3,4-tri-Q-methyl-
galactose
Brown 0.82 | mixture of di- and tri-
O-methyl-arabinoses
Red-brown | 0.89 | 2,3,4,6-tetra-0-methyl-
galactose
£ 300 ml. 13 Red-brown 0-89 2,3,4,6-tetra-Q-methyl-
bulk galactose

could be detected on chromatographic examination of the

products from demethylation.

Subfraction b.

Paper chromatography of this fraction, [a]; -40° (equil.)
(¢, 0.35), showed it to be mainly 2,3,5-tri-Q-methyl-arabinose



with a trace of the same unknown sugar, found in subfraction
8. Demethylation gave only araninose. The main component
in the fraction was characterised by conversion into 2,3,5-
tri-gfmethyl—%rarabonamide, which was recrystallised from
ethyl acetate, and had m.p. and mixed m.p. 135° (with an
authentic sample melting at 1360).

subfraction c.

This fraction (80 mg.), Ry 0-98, [n]D -41° (equil.)

(¢, 0°75) gave a characteristic black stain with aniline
oxalate, which appears red in v.v. light. Paper carom&to-
graphy in solvents D and F showed it to be homogeneous and
identical to 2,3.S-tri-grmethylfg-arabinoae. Demethylation
yielded arabinose only. The sugar was characterised by
conversion into 2.3,S-tri-grmethyl-érarabonamide, m.p. and

mixed m.p. 134-6°, with authentic sample melting at 136°.

Subfraction d.
This fraction (100 mg.), K, 0-89, [e], +100° (e, 0+50)

was chromatographically identical to 2,3,4,6=tetra-Q-methyl-
D-galactose in solvents D and F. The derived 2,3,4,6-tetra-
E—methyl-ﬁrphenyl-g-galactosylamine, after recrystallisation
from ethanol, had ;g and mixed m.p. 194-3° (with authentic

sample, m.p. 1959).

Subfraction e.

Paper chrometography of this fraction (22 mg.) in solvents

D, F and H gave three spots, corresponding to the methylated
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sugare given in table 7. Demethylation gave galactose and
arebinose in egual proportions (visual examination only).

Gas phase chromatography of the derived methyl glyco-
sides, gave the results listed below.

Methyl glycosides of g‘in column & g in column b
2,3,4-Tri-Q-methyl-galactose T-5 2.91 & 2:65
2,3,4,6-tetra-0-methyl- 1.82 1-.58

galactose
243y4-tri-Q-methyl-arabinose 1-04 0-82
243-di-0-methyl-arabinose 1.51
2y4-di-0-methyl-arabinose 224 1.-04
2y5=di-0-methyl-arabinose 0-76

Subfraction f.

This fraction (13 mg.) resulted from bulk elution of
the column with butan-l-o0l (half saturated with water).
It had the same chromatographic mobility as 2,3,4,6-tetra-
g—methylwg—galactose in solvents D and H. Demethylation

gave only galactose.

Fraction 2 - mixture of tri-Q-methyl-gulactoses.

Paper chromatography in solvents D, F and H showed
this fraction (206 mg.) to consist of tri-O-methyl-galactoses.
The results of gus phase chromatography showed the mixture
to nhave roughly equal proportions of 2,3,4-, 2,3,6- and
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2,4,6-tri-g—methy1ﬁg-galactoses with & trace of di-Q-methyl-
g—arabinoae. The retention times are given in table 6.

Gradient elution with sgueous methyl ethyl ketone
(1.5-67) on & charcoal-Celite column (45 x 2 cm.) gave the
following fractionation.

Frac- Tubes | Wt. Sugars present
tion (in
mg)
- a 45-58 | 51 |2,3,4-tri-O-methyl-D-galactose + di-O-

me thyl-L-arabinose™

59-65 | 26 ?y3,4-"and 2,4,6-tri-Q-methyl-D-galectose

b

¢ 66-74 | 29 2y4,6-tri-0-methyl-D-galactose

d 75-89 | 40 2,4,6- and 2,3,6—tri-g-methy1-2;galactose

e 90-120 30 2,3,6-tri-gfmethyl-g;galactose

f 121-150| 7 |[2,3,6=tri- and 2,3,4,6-tetra-0-methyl-
g—galactoae

I3 151-190| 5 2,3.4,6-tetru-gfmethy1~g—galactose

subfraction a.

Tais fraction (51 mg.) had [a], +134—+105° (equil.)
(e, 0-51). Gas phase chromatography indicated that the
syrup was substantially pure 243,4-tri-Q-methyl-galactose
with a trace of 2,3-di-0-methyl-arabinose. Demethylation
gave galactose and a trace of arabinose. The main component
was characterised as 2,3,4-tri—ggmethyl—g—galactose by con-

version into the aniline derivative, which, after



recrystellisation from ethyl acetate, had m.p. and mixed

m.p. 167-8°.

subfraction c.

The syrup (29 mg.), [a]D +91° (e, 0-29), crystallised
and was recrystallised from acetone:ether:light petroleum
(L:1:1) to give 2,4,6-tri-0-methyl-D-galactose, m.p. and
mixed m.p. 98-100°. The aniline derivative, after re-
crystallisation from ethyl acetate, had m.p. 163° and mixed
m.p. 167° on mixing with an authentic sample m.p. 168°.

Subiraction e.

Subfraction e (30 mg.) had [a]p +2025+81° (equil.)
(E’ 0-30) and was characterised as 2,3,6-tri-0-methyl-D-
galactose by conversion irnto 2,3,G-tri-g-methylﬁg—galactono-
lactone, which after recrystallisation from ether, had m.p.

97-992, unchanged on mixing with an authentic sample m.p. 98°.

Fraction 3 - mainly 2,3,4-tri-O-methyl-D-galactose.
-t

The fraction (54 mg.) had [a]p +109° (g, 0-46) and on
demethylation gave galactose only. Gas phase chromatography
(as shown in table 6) indicated that the main component was
2,3,4-tri-0-methyl-galactose with a trace of 2,4,6-tri-O-
methyl-galactose. The main coﬁponent was characterised as
the aniline derivative, which was recrystallised from ethyl
acetete to give m.p. 158° not depressed on mixing an authentic

specimen (m.p. 1689).
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Fractions 4 and 5 - mainly 2,4—di-grmethyl-grgalactose.

These two fractions were combined (190 mg.), since gas
phase and paper chromatography showed them to be the same,
consisting almost entirely of 2,4-di-O-methyl-D-galactose
with traces of 2.3,4—tri—g—methyl-g—ga1actose ;Qd 2,6-di-
Qfmethyl—g—galactose. Demethylation gave galactose and
Lemieux Bauer (50) periodate oxidation gave one spot
(Rg 0-53) in solvent D, corresponding to unchanged 2,4-di-
O-methyl-galactose.

The sugar had [a], +104%25+91° (equil.) (c, 1.0) and
after recrystallisation from agueous acetone, it had m.p.
end mixed m.p. 94-95°. The sugar was finally characterised
by conversion into 2,4—di-g-methyl—ﬁ—phenyl—g—galactoaylamine
m.p. and mixed m.p., 210° (with an authentic sample 2127).

Fraction 6. 2,4~ and 2,6-di-O-methyl-D-galactoses.

Chromatography of this fraction (112 mg.) in solvents D
end H Rg 0.53 and 058, showed it to be a mixture of the

above two sugars. This was confirmed by the results obtained

from gas chromatographic examination (shown in table 6).
Demethylation gave galactose only. Periodate oxidation of
a small sample, and examination of the products in solvent D,
gave two spots Rg 0«50 and 0.22, corresponding to unchanged
2,4-di-0-methyl-galactose and methoxymalonaldialdehyde (from
2,6=-di-0-methyl-galactose).

Separation of the two components was achieved by



- 111 -

chromatography on filter sheets in solvent H, using the
technique of stepwise development (3 x 6 hours), and giving

subfractions & and b.

Subfraction a.

This fraction (37 mg.) was shown by gas phase and paper
chromatography and by its resistance to periodate oxidation
to be identical to 2,4—difg¢methylfg-galaetose. It
erystallised on standing to give 2.4-di—gfmethyl-g-galactoae
monohydrate m.p. and mixed m.p. 93-94°, [a]D +103Q_>+87°“_”//
(equil.) (c, 0:30), and the identity of the sugar was con-
firmed by conversion into the aniline derivative, which,
after recrystallisation from ethyl acetate, had m.p. 2129

(unchanged on mixing with an authentic sample m.p. 2120).

Subfraction b.

Chromatography of this fraction (41 mg.), Rg 0.58,
[n]D +40°—+86° (equil.) (e, 0-41) in three solvent systems,
D, F and H indicated that it was homogeneous and identical
to 2,6-difg-methyl—grgalaotoae. Chromatography of the
periodate oxidised product gave & brilliant yellow spot
(RG 0«22), which would be consistent for a 2,0 substituted
hexose. Finally, on demethylation, only galactose was
obtained.

The syrup crystallised and weas recrystallised by

dissolving in a few drops of chloroform and adding light
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petroleum (b.p. 40-60°), m.p. and mixed m.p. 113-115°% (with
2,6-d1-g¢methyl-£-galactose). The sugar was finally
characterised by conversion into the anilide, which was
recrystallised from ethyl acetate. The derived 2,6-di-
Qrmethyl—ﬁgphenylﬂg—galactosylamine had m.p. and mixed m.p.

119°.

Fraction 7. 2,4- and 2,6-dijg—methyl-galactoses and 2f2:

methyl-galactose,

Chromatography of this fraction (135 mg.) in solvents D
and H, showed it to be a mixture of the above sugars. The
mono-QO-methyl derivative was separated from the di-Q-methyl-
galactoses by fractionation on filter sheets in solvent D.
The di-Q-methyl-galactoses were separated from each other
by chromatography on filter sheets in solvent H as in frac-

tion b. Three subfractions were obtained.

Subfraction a

This fraction (25 mg.) had Rg 0°30 and [elp +82° (equil.)
(e, 0.25). It was chromatographically indistinguishable
from 2-g-methyl-g—galaotose in solvents A, D and H. De-
methylation gave galactose and periodate oxidation gave a
bright yellow spot (Rz 0-20), which is correct for a 2-sub-

stituted hexose.

Subfraction b.

Gas phase and peper chromatography showed this fraction
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(60 mg.) to be pure 2,4-di-O-methyl-galactose. The sugar
was registant to attack by periodate and on demethylation
gave galactose. On standing, the syrup crystallised and
was recrystallised from aqueous acetone to give 2,4-di-0-
methyl—g—galaotose monohydrate, m.p. and mixed m.p. 960,
[elp +10425+87° (equil.) (e, 0-50).

The sugar was further characterised by formation of
the aniline derivative which after recrystallisation from
ethyl acetate, had m.p. 213% (unchanged on mixing wi th
authentic 2,4—di-gfmethyl-ggphenyl-a-galactoaylamine, m.p.
212" ),

subfraction c.

This fraction (37 mg.) was proved to be a homogeneous
sample of 2,6-di-0O-methyl-galactose by paper chromatography
in solvents A, D and H. Periodate oxidation products gave
a spot (RG 0.22) in solvent D. The syrup crystallised after
several weeks and recrystallisation gave needles m.p. 1l4-
116°, [e]p +40%2>+80° (equil.) (g, 0-25).

Attempts to make the aniline derivative, however, met

with no success.

Fraction 8. 2-0-Methyl-D-galactose.

Chromatography of this fraction (35 mg.) showed it to
be homogeneous and with an identical mobility (Rg 0-30) to
2-0-methyl-D-galactose in solvents A and D. Demethylation
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gave only galactose and chromatographic examination of
the periodate oxidation products gave a bright yellow
spot (Rg 0-22) corresponding to methoxymalonaldialdehyde.

The sugar was recrystallised from aqueous acetone
and had m.p. and mixed m.p. 150o felp +53q—-7:+820 (equil.)
(¢, 0.20).

Fraction 9. 2-0- And 4-O-mono-methyl-D-galactoses.

This fraction (29 mg.) gave two spots, Rg 0-30 and
0.27 on paper chromatdgraphic examination in solvent D.
Galactose was the only sugar obtained on demethylation.
Chromatography of the periodate oxidised product gave &a
bright yellow spot (Rg 0-20) and & citrine spot (Rg 0-58).
The latter corresponded to 2-0-methyl-erythrose and must

have arisen from a 4-substituted hexose.

Sxamination of the acidic methylated sugars.

The acidic methylated sugars (0-777 g&.), fraction Z,
were hydrolysed with g‘hydrochloric acid for 5 hours, to
remove the methyl glycosides, neutralised with silver car-
bonate, filtered and evaporated to small volume. The
solution was deionised with Amberlite resin 1R120, decolorised
with charcoal and taken to a syrup (0-536 g.).

A small portion (30 mg.) of this syrup was chromato-
graphed on & filter sheet in solvent A, with 2,4-di- and
2,5,4-tri-grmethylpgtgalactoses as standards. The acidic



sugars were recovered by cutting out the strip around the
starting line, eluting the strip with water and evaporating
to a syrup. This acidic material was examined by paper
chromatography in solvents B, D, E and G, with 6—grﬁ-£-
glucuronosyl-grgalactoae hexamethyl ether as standard.
Best separation was achieved in solvent G, when thpee
spots were obtained. A spot corresponding to the standard
(Rp, 0-45) was obtained but it could not be resolved from
the spot (Rp, 0-51) corresponding to 2.3.4-tri-grmethyl—2-
glucuronic acid. A chromatographic separation of these
two sugars would have been impractical. The third spot
(Rp 0°35) may have arisen from 4—grgrglucuronosylfg-galactose
hexa-methyl ether or from & methylated aldobiouronic acid,
in which one of the hydroxyls of the galactose moiety was
unsubstituted or it may correspond to 3,4—di-grmethy1-gr
glucuronic acid.

A small portion (50 mg.) of the acidic methylated
sugars was retained for further investigation of this matter.

The remeining acidic methylated sugar (425 mg.) was
refluxed with 2% methanolic hydrochloric acid for 4 hrs.,
neutralised with silver carbonate and concentrated to a
syrup. The product was dissolved in anhydrous tetrahydro-
furan (30 ml.) and lithium aluminium hydride (400 mg.) in
tetrahydrofuran (10 ml.) was added dropwise. The mixture
was refluxed for 2 hrs. and further additions (50 mg.) of

hydride were made. Excess hydride was destroyed by
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successive addition of ethyl acetate and water. Dilute
sulphuric acid was added until the solution was pH 3 and

the solution extracted with chloroform (5 x 100 ml.) in

the cold. The extracts were combined, dried with anhydrous
sodium sulphate, and on evaporation to dryness & syrup (265
mg.) of the reduced acidic methylated sugars was oltained.
The reduced material was hydrolysed with g:pydroohlorio
acid (40 ml.) at 100° for 6 hr., neutralised with silver
carbonate and concentrated to a syrup (237 mg.).

This mixture of methylated sugars was separated into
seven fractions by chromatography on a charcoal-Celite
column (35 x 2.5 cm.) using a gradient elution of aqueous
methyl ethyl ketone (0-5%, 2 litres). Fractions (8 ml.)
were collected and the elution pattern followed by paper
chromatography in solvent D. Positions of breakdown,

in many cases, however, required the evidence of gas phase

chromatography.
frac- | Tubes | Wt.| Rg |I in column Contents
tion (in o b
mg. )
1 96-108 | 26 |0.28 2-0-methyl-D-galactose
0-47|4-29 & 3.61 | 2,4-di-0-methyl-D-
galactose -
0-50|2-44 2,6-di-Q-methyl-D-
galactose -
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F
Frac-| Tubes | Wt.| Ry |I in column Contents
tion (in = b
: mg. )
2 109-122| 26 |0.47 (4.30 & 3.61 | 2,4~di- O—methyl-D-
galactose
o 0. 50 2,6-di-0-me thyl-D-
galactose
0.65 |2.82 & 2.56 | 2,3,4~-tri-Q-methyl- D-
galactose
3 123-136| 13 |0-65 |2:89 & 2-61 | 2,3,4~ trl-o-methyl-D—
galactose
0-54 2.42 3,4-di-0-methyl-D-
glucose
4 137-143| 26 [0-54 2-36 3,4-di-Q-methyl-D-
glucose =
0-67 |1.-63 & 2-54 | 2,3,6-tri-O-methyl- D—
galactose
5 144-175| 25 |0-67 |1-63 & 2-54 |2,3,6- tri-o-methyl-D-
galactose
6 176-180 3 |0.67 [1-63 & 2-55 | 2,3,6-tri-Q-methyl- D—
galaotose
0-74 |1-24 243,4-tri-0-methyl-D-
glucose
7 181-254 | 89 |0-74 |[1:25 & 1-83 |2,3,4~ trl-O—methyluD-
glucose

Total weight recovered 208 mg. (88%).

Fraction 1.  2-0-Methyl-D-galactose and 2,4~ and 2,6-4i-0-
—

methyl-D-galactoses.
S

Paper chromatography in solvent D indicat®d the presence
of three components (Rg 0-28, 0-47 and 0.50) in this fraction
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(26 mg.). Demethylation of a small sample gave only
galactose. Separation of the frazction into mono-methyl
hexose and dimethyl hexoses was effected on a filter sheet

in solvent D.

Subfraction la.

Subfraction la (5 mg.) contained the mono-methyl
galactose derivative. The hexose was shown to be 2-0-
methyl-galactose since on periodate oxidation, a bright
yellow spot (Rg 0-20) was obtained.

Subfraction lb.

This frazction (17 mg.) contained the di-QO-methyl-D-

galactoses and was combined with subfraction 2a.

Fraction 2. 2,4~ And 2,6-di-g-methyl—grgalactoaes and

243,4-tri-0-methyl-D-galactose.
=

Paper chromatographic examination of this fraction (26
mg.) gave three spots (Rg 0.47, 0-50 and 0-65). Only
galactose resulted from demethylation. The syrup was
separated into di-methyl-galactoses (7 mg.),(subfraction a),
and 2,3,4-tri-Q-methyl-galactose (subfraction b), by

chromatography on a filter sheet in solvent D.

Subfractions 1b and 2a.

These two fractions were combined (24 mg.), since they
both contained a mixture of di-methyl-galactoses. The

mixture was fractionated on a filter sheet in solvent H.



244-Di-0-methyl-D-galactose. The first frsction (12 mg.)

had the same chromatographic mobility as the above sugar in
solvents D and H. The syrup crystallised out on standing
and was recrystallised from ethyl acetate m.p. and mixed
m.p. 93° (with asuthentic sample of 2,4-di-Q-methyl-D-
galactose monohydrate) [a]D+1009¢+79° (equil.) (e, 0-10).

2,6~Di-grmethy112—galactose. The second fraction (10 mg.)

was shown by paper chromatography in solvents D and H, to

be homogeneous and identical to the above sugar. Chromato-
graphic examination of the periodate oxidised product in
solvent D gave a brilliant yellow spot (Rg 0-20), confirm-
ing that the sugar was a 2,6 substituted hexose. Attempts
to get the syrup crystalline failed.

Subfraction 2b.

This fraction (17 mg.) had [ae]p +109° (g, 0+17) and
Rg 0-65. It was shown by paper and gas-liqguid phase
chromatography to be identical to 2,3.4-tri—g—methyl-g—
galactose. The aniline derivative was prepared in the
usual way and recrystallised from ethyl acetate m.p. 167°,

not depressed on mixing with an authentic specimen (m.p.

168°).

Fraction 3.  3,4-Di-Q-methyl-D-glucose and 2,3,4-tri-0O-

methy lﬁ-galacto se.

This fraction (13 mg.) had [e]g +102° (e, 0-13) end



on paper chromatography in solvent D, two spots (RG 0.65
and 0.54) were obtained, which were indistinguishable
from the above two sugars. The presence of these two
sugars was confirmed on examination by gas phase chromato-
graphy. Demethylation gave galactose and glucose in
equal gquantities (visual examination only) in solvent A.
Chromatographic examination of the periodate oxidised
product gave two spots (Rg 0-70 and 0-61) corresponding
to unchanged 2,3,4-tri-Q-methyl-galsctose and 2,3-di-0-
methyl arabinose, the latter arising from oxidation of
3,4-di-0-methyl glucose.
A chromatogram was run in solvent D and sprayed with
1:1 agueous solution of triphenyl tetrazolium (2¢) and X
sodium hydroxide. A red spot was obtained which had
exactly the same R value (0-54) as the methylated glucose
derivative. This suggests that the sugar was 3,4-di-0O-
me thyl-D-glucose since triphenyltetrazolium reagent (88)

detects sugars with 2-position free.

Fraction 4. 3,4—Di—g¢methyl-g-glucoae and 2,3,6-tri-O-

me thy l-g- galactose.

Chromatography of this fraction (26 mg.), Rg 0-54
and 0-67, in solvents D and F showed it to be & mixture of
the above two sugars. On demethylation and examination
of the products in solvent A, two spots corresponding to

glucose and galactose were obtained. A red spot (Rg 0°54)
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was obtained with the triphenyltetrazolium spray.
A separation was achieved on thick paper in solvent

H (stepwise development, 3 x 3 hrs.).

Subfraction a.

This fraection (10 mg.), [a]D +91° (¢, 0-10), had the

same mobility in solvent D (Rg 0-54) and the same T value
on column E}(2-39) as an authentic sample of 3,4-di-0-
methyl—g-glucose. Demethylation gave glucose and a red
spot was obtained with the triphenyl tetrazolium spray.
Attempts to obtain the syrup crystalline have so far
failed.

subfraction b.

This fraction was chromatographically pure and
identical to 2,3,60-tri-Q-methyl-D-galactose. The syrup
(12 mg.) wes added to fraction 5.

Fraction 5. 2,3,6-Tri-0-methyl-D-galactose,

Fraction 5 (25 mg.) was combined with Subfraction 4b
after preliminary chrometographic examination. Paper and
gas liguid chromatography showed the syrup to be identical
to 2,3,6-tri-Q-methyl-D-galactose. It was characterised
by conversion into 2,3,6~trifg-methylfg-galactonolactone
which after recrystallisation from ethyl acetate, had m.p.
97—980, unchanged on admixture with an authentic sample

m.p. 980.
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Fraction 6. 243,6-Tri-0-methyl-D-galactose and 2,3,4-

tri-Q-methyl-D-glucose.

This fraction (3 mg.) only contained enough material
for an analysis by gas chromatography. Peaks were obtained

with T values corresponding to the above two sugars.

Fraction 7. 2,3,4-Tri-0-methyl-D-glucose.

This fraction (89 mg.), [a]D=+75° (¢, 0:-89), was
chromatographically indistinguishable (Rg 0°74) from an
authentic sample of 2,3,4-tri-O-methyl-D-glucose and was
characterised by conversion to the aniline derivative

m.,p. and mixed m.p. l31°.
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AUTOHYDROLYSIS OF POLYSACCHARIDE B

Sugar proportions in polysaccharide B.

A sample (50 mg.) of polysaccharide B was hydrolysed
with 2N sulphuric acid at 100° for 8 hours. The solution
was neutralised with barium hydroxide and barium carbonate,
treated with Amberlite resin 1R120 to remove barium ions
and concentrated to a syrup (45 mg.). The syrup was frac-
tionated on thick peaper in solvent A, The sugars were
eluted with water and estimated by the following modifica-
" tion of the p-amino benzoic acid method (106).  Sugar
solution (1 ml.), containing (20—130/43) was added to a
1+5% solution of ggamino benzoic acid in glacial acetic
acid (3 ml.) and 1.5% sulphursalicyclic acid (3 ml.).

The mixture was heated at 100° for 1 hour, cooled and the
optical density measured against a reagent blank at 375 ﬁp.
The amount of sugar in each fraction was obteined by
reference to standard curves of optical density against
sugar concentration, for galactose and arabinose. The

fractions were galactose (23-1 mg.) and arabinose (11-3 mg. ).

Small-scale autohydrolysis.

Polysaccharide B (500 mg.) was dissolved in water (25
ml.) and the solution was refluxed for 48 hours. Aliquots
were removed =t intervals and their optical rotations were

measured, with the following results.
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le]; +8% 4120 +16° +24° +28°  +30°  +32°
Time (hours) - 0-75 1-5 6 12 24 48

After measuring the optical rotation of each aliguot, the
solution was poured into ethanol (4 volumes), the precipitated
polysaccharide was removed at the centrifuge and the filtrate
was concentrated to a syrup. Paper chromatographic examina-
tion of these syrups in solvent A showed that for the first
30 hours, the only hydrolysis product was arabinose and
thereafter a trace of galactose was indicated. After 48
hours, the remainder of the reaction mixture was poured into
ethanol (200 ml.) and the precipitate (162 mg.) was removed
at the centrifuge. After washing several times with
ethanol, the degraded polysaccharide was treated with 0-2N
sulphuric acid for 1 hour and the products were examined

by paper chromatography in solvents A and B. Spots were -
obtained corresponding to 1,3- and 1,6-galactobioses in
addition to higher oligosaccharides. The combined filtrates
and washings were concentrated and, on paper chromatographic
exemination of the resulting syrup (135 mg.), shown to con-
tain arabinose with traces of galactose and 4-0-methyl

glucuronic acid.

Lgrge-scale autohydrolysis.
Polysaccharide B (2.3 g.) was dissolved in water (115
ml.) and the solution refluxed for 42 hours. After cooling,

the solution was poured into ethanol (600 ml,) and the
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degraded polysaccharide was precipitated out. This poly-
mer was redissolved in water and precipitated with ethanol.
After several such re-precipitations, degraded polysaccha-
ride B (1-12 g.), [e]lp 0° (e, 0:50) was obtained.

The combined filtrates were concentrated to small
volume, treated with charcoal and evaporated to & syrup
(660 mg.). A portion (40 mg.) of this syrup was fractionated
on thick paper in solvent A and the fractions containing
galactose and arabinose were obtained. Estimation with p-
amino benzoic acid reagent showed the following guantities:-
galactose (8+1 mg.) and arabinose (26:9 mg.).

Degraded polysaccharide B, uronic anhydride content 28%,
gave on hydrolysis, galactose, uronic acids and a trace of
arabinose. Treatment with 0-2£ sulphuric acid for 1-5 hours,
followed by paper chromatographic examination of the products
gave 1,3- and 1l,6-galactobioses in addition to galactose,
uronic acids and a trace of arsbinose. The degraded poly-
saccheride (1+0 g.) was methylated successively with dimethyl
sulphate and sodium hydroxide, and methyl iodide and silver
oxide to give methylated degraded polysaccharide B, [u]D'“lao
(e, 050 1n.0HCl3) (Found: OMe,L3-0%). A sample (250 mg.)
of the methylated material in tetrahydrofuran (8 ml,) was
reduced with lithium aluminium hydride (250 mg.) in tetra-
hydrofuran (8 ml.), in the usual way to give reduced methy-

leted degraded polysaccharide B (195 mg.) [e]p -16° (g, 017
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in CHCl3) (Found: OMexl2%). The two methylated poly-
saccharides were methanolysed and the resulting mixtures
of methyl glycosides analysed by gas-chromatography. The

results obtained are shown in the following table.

Column & Column b
Methyl glycoside of i 3 T 3
Methylated Red. Methylated Red.
me thy lated me thylated
2,3,5-Tri-0-methyl 0-56 & |0:56 & |0-47 & [-47 &
arabinose 0-73 0-73 0+62 0-60
2,3,4,6-tetra-0-methyl 1.80 1.81 (1.62) & (1-62)
galactose 1-53
2,3;4-tri"'0"methyl 7'3 T-4 2'91 & 2‘89 &
galactose 25T 2:60
2,3,6-tri-0-methyl (3-21) & 3-20 & (1-62)& ((1-62) &
galacTose (4-66) (}-68) (2437) | (2-37)
2,4,6=-tri-0-methyl 4.13 & 4.15 & 2.-09 & 2:00 &
galacTose (4-66) (4-68) (2.37) | (2-37)
2,4-di-0-methyl 3:63 & | 360 &
galactose ~ 4-35 4.28
2,3,4-tri-0-methyl 2.49 & 1-75 &
glucuronic acid¥ (3.21) 2.23
2,3,4-tri-0-methyl 2.62 & 1-35 &
glucose 3-71 1-81

When a T value corresponds to more than one methyl
glycoside it is given within parenthesis,
* present as methyl ester.

A sample (10 mg.) of the methylated polysaccharide was
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treated with 2N hydrochloric acid at 100° for 8 hours.
After neutralisation, the hydrolysate was examined by
paper chromatography in solvent D. Evidence was obtained
for, in addition to the methylated sugars listed above,
the presence of 2,6-di-O-methyl galactose (Rg 0+58) and
2-0-monomethyl galactose (Rg 0:30).
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SMITH DEGRADATION OF POLYSACCHARIDE B.

Reduction of polysaccharide 3B.

The polysaccharide was acetylated in formamide solution
with acetic anhydride and pyridine by Carson and Maclay's
method (104) to give acetylated polysaccharide B, [a], -10°
(¢y 1-02 in CHCl3) (Found: OAc 36:7%). Polysaccharide B
acetate (5.0 g.) was dissolved in 1,2-dimethoxyethene (100
ml.), (which had been dried twice over sodium wire and
distilled from lithium aluminium hydride). Sodium boro-
hydride (1 g&.) was dissolved in the solution, and diborane

was generated in situ by the addition of portions (ca. 5
ml.) of & solution of boron trifluoride-ether complex (10 g.)
in 1,2-dimethoxyethane (40 ml.) during 1+5 hr. After each
addition the stoppered flask was shaken gently and then
vigorously to break up the gel which separated. The mix-
ture was set aside overnight and was then poured into ice-
water (500 ml.). The mixture was made just alkaline and
was concentrated under reduced pressure to a thick paste.

The paste was dissolved in 0-1N sodium hydroxide, and the
solution was adjusted to pH 9 and heated for 1 hr. at 55 .
The resulting solution was dialysed against tap water for

48 hr. and ageinst distilled water for 24 hr., filtered,
concentrated, and poured into a stirred mixture of ethanol
(250 ml.) and ether (50 ml.). The gummy precipitate was
triturated with ethanol and dried to give a residue (3:5 8.).
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The crude polysaccharide was dissolved in water (75 ml.),
and the solution was deionised by passage through columns
of Amberlite resins 1R-120 (H) and 1R-45 (OH), concentrated
to 30 ml., and freeze-dried to give reduced polysaccharide
B (3-0 g.). No traces of acidic material could be
detected on paper chromatographic examination of the
hydrolysis products of the reduced polysaccharide and the
neutral sugars were galactose, arabinose, 4—2—methy1 glucose
and glucose.
Doubts as to the reduced polysaccharide being fully
deacetylated were raised, when the amount of periodate
(0«26 moles) consumed per sugar unit in the polysaccharide,
was found to be much lower than the anticipated value.
The presence of acetyl groups in the polysaccharide was
confirmed by infra-red analysis. The polysaccharide was
completely de-acetylated by stirring in a 20% (w/v) ammonia
solution for 24 hours. An infra-red spectrum of the
polysaccharide obtained showed the absence of acetyl groups.
The reduced polysaccharide (0.50 g.) was dissolved in
water (20 ml.), freshly prepared sodium metaperiodate solu-
tion (44 ml. of 0-2&) was added and the solution was made
up to 100 ml., In other flask 44 ml, of the same periodate
solution wes diluted with distilled water to 100 ml. In a
third flask 44 ml. of the periodate solution was treated
with ethylene glycol (8 ml.) and the mixture diluted %o

100 ml. to give a sodium iodate solution of the same molarity

1
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as the above two solutions. The three solutions were
kept in the dark at room temperature and were periodically
shaken.

After certain intervals of time aliquot samples (1 ml.)
were removed from each solution, diluted to 1000 ml. and
the optical densities of the resulting solutions were
measured in the "Unicam" spectrophotometer at 222-5 m (107).
From the results obtained, the consumption of periodate per
sugar unit after various intervals of time were calculated

and are tabulated below.

Time (hrs.) 0.5 1.5 5 18 25 35
Moles of periodate 0.63 0-79 0-80 0-82 0-82 0-82

consumed per sugar
unit

After 35 hours the rezction was stopped by the
addition of ethylene glycol (6 ml.) and the solution was
dialysed against tap water for four days. The dialysate
was concentrated to a small volume (30 ml.), potassium
borohydride (150 mg.) was added and the solution wes
stirred for six hours. A further addition of potassium
borohydride (150 mg.) was made and the solution was allowed
to stand overnight. The excess borohydride was destroyed
by the addition of Amberlite resin 1R-120 (H) and the
solution was stirred for 15 minutes, filtered and concentrated
to a syrup. The syrup was repeatedly dissolved in methanol
(3 x 15 ml.) and the solution was evaporated to dryness to
give the polyalcohol (284 mg.).

The polyalecohol was dissolved in g'sulphuric acid
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(30 ml.,) and shaken. The optical rotation of the result-
ing solution was measured at intervals and the following

results were obtained:-

Time (in hours) 0 0.5 1.5 3 4
Rotation (in 1 dm,tube) +0.20° +0:22° +0-26° +0-28° +0-28°

The reaction was stopped here by neutralising with
barium hydroxide and barium carbonate. After deionising
with Amberlite resin 1R-120 (H), the solution was evaporated
to small volume and poured into ethanol (4 vols.). A
degraded polysaccharide (66 mg.) wes obtained, which on
hydrolysis gave galactose, & trace of arabinose and no
sugar alcohols.

The supernatant liquid, remaining after precipitation
of the degraded polysaccharide, was concentrated to give a
syrup (170 mg.). Chromatography of this meterizl in sol-
vent systems A and B using spray reagents II and III showed
the presence of glycerol and other sugar alcohols, but no
reducing sugars.

A sample of the low molecular weight material was
hydrolysed with g éulphuric acid for.five hours. Paper
chromatography of the hydrolysate indicated the presence
of galactose, arabinose and & trace of 452-methyl glucose
in addition to glycerol, erythritol and other sugar alcohols

(R 1-15, 1-68 and 2-63).

GAL
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Large-scale Smith degradation.

Reduced polysaccharide B (3-2 g.) was dissolved in
water (200 ml.), sodium metaperiodate (13-2 g.) was added
and the solution was diluted to 500 ml. The solution was
kept in the dark at room temperature. The periodate up-
take was followed spectrophotometrically and no change in
periodate concentration was observed after twenty hours.

The reaction was stopped after thirty-two hours by the
addition of ethylene glycol (20 ml.) and the solution was
dialysed against tap-weter for four days.

The dialysate was reduced in volume, potassium boro-
hydride (600 mg.) added and the solution was stirred for
six hours. Another addition of potassium borohydride (600
mg.) was made and the solution was allowed to stand over-
night at room temperature. The solution was treated with
Amberlite resin 1R-120 (H) and the resulting solution was
concentrated to a syrup. The syrup was repeatedly dissolved'
in methanol (5 x 30 ml.) and evaporated to dryness.  The
resulting polyalcohol (2.9 g.) was hydrolysed with gfsulphuric
acid (66 ml.) for 5 hours at room temperature. After
neutralisation, ethanol (5 volumes) was added to the solu-
tion and the resulting precipitate was removed at the
centrifuge. The precipitate was repeatedly washed with
ethanol (5 x 20 ml.) and then dried in a vacuum oven to give
the Smith degraded polysaccharide (678 mg.).

The supernatant liguid and the washings were combined,

-
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reduced in volume apd the resulting syrup (1+73 g.) was
examined chromatographically. The presence of components
similar to that obtained in the trial experiment was

observed.

Examination of the Smith degraded polysaccharide.

The degraded polysaccharide, [a]D-+a§Tng-oo ) gave
galactose and a trace of arabinose on total hydrolysis;
paper chromatographic examination of a partial acid
hydrolysate indicated the presence of 1,3-galactobiose
(Rgag, ©-51), 1,3-galactotriose (Rgay, 0°25) and a trace of
1,6-galactobiose (Rgay 0°36). A sample (50 mg.) of the
degraded polysaccharide was treated with O-;E sodium meta-
periodate solution (100 ml.). The uptake of the oxidant
was followed spectrophotometrically and found to be 0°+26
moles per suger unit.

The degraded polysaccharide (150 mg.) was methylated
with barium oxide (1+35 g&.), barium hydroxide (1-35 &.)
and dimethyl sulphate (3 ml.) in dimethyl sulphoxide (8 ml.)
and dimethyl formamide (8 ml.) according to the method of
Kuhn and Trischmann (42). Methylation of the partly
methylated polysaccharide (105 mg.) was completed with methyl
iodide and silver oxide in dimethylformamide. Methylated
Smith degraded polysaccharide (85 mg.) had [u]p-'0°(g, I-o
in CHCl3) (Found: OMe,LkI%). Gas-chromatographic examina-
tion of the methanolysis products of this methylated
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polysaccharide gave the following results.

Methyl glycoside of T in column & | T in column b

2,4,0-Tri-Q-methyl 4.15 & 4.71 2.07 & 2.38
galacTose

2,3,4,6-tetra-0-methyl 1.81 1.64
galactose

2,3,4-tri-0-methyl ) 2.90
galactose

2,4-di-0-methyl galactose 3.70 & 4.35




SECTION II

ACACIA SENEGAL GUM (Gum Arabic)
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Acacia senegal (gum arabic).

The Location of é:Rhamnopyranose Residues.

The differing stability of glycosidic linkages in
polysaccharides, which allows great degrees of selectivity
in hydrolysis, has its disadvantage too. Thus it is
very difficult to determine the nature of the very acid-
labile linkage, since this linkage will be among the first
to be cleaved on acid hydrolysis and will not be present
in any of the oligosaccharides isolated. For this reeason,
the location of L-rhamnopyranose residues in gum arabic
has not yet been definitely established.

It is known that érrhamnose residues in gum arabic
occur as non-reducing end-groups and that glucuronic acid
residues are mainly substituted at position 4. Therefore,
since these sugar residues occur in almost egual propor-
tions in gum arabic, it has been suggested by several
authorities (7, 83) that L-rhamnose is glycosidieally linked
to g-glucuronic acid residues in the polysaccharide mole-
cule. Further evidence was obtained for this when
Hemilton and Thompson (84) showed that alkaline hydrolysis
of gum arabic at 160° leads to the loss of both glucuronic
acid and rhamnose residues with the formation of an arabino-

galactan. Since this type of reaction appears to result

in the selective cleavage of glycosiduronic acid linkages,

sugar units attached to glucuronic acid residues would
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elso be lost; so this observation would be consistent
with the theory that the ;rrhamnose is attached to the g—
glucuronic acid. Recently (97) it has been shown that
Fénton's reagents degrade gum arabic giving 107 of low
molecular weight material, consisting of rhamnose, ara-
binose, galactose and a disaccharide. Since it is con-
sidered that Fenton's reagents cleave the glycosiduronic
acid linkages, an association of rhamnose and other sugar
units with glucuronic acid residues is suggested. Ve
have confirmed these postulations by isolating oligosaccha-
rides containing & rhamnosyl-glucose linkage, from

reduced gum arabic.

Methyletion Studies on Gum Arabic,

In this study Acacia senegal gum, obtained through

the courtesy of Mr. Videl-Hall of the Forest Department

of the Sudan Government, has been used. In order to show
that this sample contained similar structural features to
those of the sample investigated by Smith and co-workers
(98), we methylated the gum and examined the methanolysis
products by gas-liguid partition chromatography.

Arabic acid was methylated with methyl sulphate and
sodium hydroxide. The partially methylated polysaccharide
was methylated to completion by several treatments with
methyl iodide and silver oxide. The fully methylated gum
arabic had [a]D -47.5 and OMe, 41.3%. The methanolysis
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products of a sample were examined by gas phase chromato-
graphy in both solvent systems. The results obtained
showad the presence of components having the same retention
times as those of the methyl glycosides of all the major
cleavage products which had been characterised by Smith
(99); these were:-

2.3,4—tri-g¢methyl-grrhamnose

243,5-tri- and 2,5-di—grmethyl—érarabinose

2,4-di- and 2,3,4,6-tetrafg¢methylﬁg—galactose

243,4-tri- and 2,3-di-g¢methylﬁg-glucuronic acid
In addition there were indications of traces of the following
sugars, not reported present by Smith:-

2,3,4-tri-0-methyl-arabinose
244,6~-tri-0-methyl-galactose.

A sample of the methylated polysaccharide was reduced
with lithium aluminium hydride and remethylated. Oon
examination of the methanolysis products of reduced methylated
and methylated reduced methylated gum arabic, evidence was
obtained for the presence of 2,3-di- and 2,3,6-tri-O-methyl-
glucose in these polysaccharides respectively. This was
further proof that thela-glucuronic acid residues in the
gdm were 479-substituted. The presence, however, of traces
of 2,3,4-tri- and 2,3,4,6—tetraf2—mathyljg—glucose, was
an indication that not all the D-glucuronic acid residues

were substituted.
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Characterisation of rhamnosyl-glucose.

A. J. Charlscn reduced acetylated gum arabic with
diborene (7€) end carried out a partial hydrolysis on the
reduced gum with acetic anhydride-sulphuric acid. Column
chromatography on cellulose and charcoal-Celite led to the
isolation of a rhamnosyl-glucose. This was partially
characterised by periodate oxidation and other means, and
indications of the presence of a 1l-4 glycosidic linkage
obtained. From the hydrolysed methylated disaccharide,
Charlson characterised 2,3,4-tri—g-methyl—grrhamnose but
failed to characterise the derived methylated glucose
residue. It was at this stage that we took over from
Charlson,

The rhamnosyl-glucose disaccharide from another frac-
tion was methylated with methyl sulphate and sodium
hydroxide. Methylation was completed using Purdie's
reagents methyl iodide and silver oxide. The methylated
disaccharide was hydrolysed and separated into two
methylated derivatives on a filter sheet, 2,3,4-tri-0O-
methyl—k—rhamnose and 2,3,6—tri—g¢methyl—£—glucose were
characterised by the formation of crystalline derivatives.
The configuration of the glycosidic linkage is indicated
by the similarity of the optical rotation ([a] -60) to
that ([e]p -0°1 ) of the isomeric disaccharide, 6-0-c-L-
rhamnoPyranosyl-ﬁbglucose. for whose configuration ind;pen—

dent evidence has been obtained by Gorin and Perlin (99).
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Thus the rhemnosyl-glucose disaccharide has the following

structure (I).

C ,OH

H
M H,OH

OH OH H

(1)

4-Q—u1£—Rhamnopyranosyl—grglucopyranose

Isolation of other oligosaccharides from acetolysis of

reduced gum arabic.
Paper chrometographic investigation of another frac-

tion from the acetolysis products of the gum indicated the
presence of three components. These were separated on a
filter sheet giving Fractions 1, 2 and 3.

Fraction 1 - Hydrolysis and paper chromatographic examina-

tion of the products gave only galactose. The sugar had
the same chromatographic mobility in several solvents as
319-ﬁ-2—galactosyl—gggalactose, and was characterised as
such by m.p. and mixed m.p. of the recrystallised disaccha-
ride. It gave an identical X-ray powder photograph to

that obtained from an authentic sample. Thus the galactose

disaccharide had the following structure.
CH.OH
CHZOH oH/A
Ui H,OH
OH O—
QH H
H

3-0-p-D-galactosyl-D-galactose
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Fraction 2 - Paper chromatography of the hydrolysis

products of this fraction, indicated the presence of
galactose, glucose and rhamnose in equal proportions.
Thus the sugar is probably a trisaccharide. Reduetion
of the trisaccharide, followed by hydrolysis and paper
chromatographic examination, gave rhamnose, glucose and
galactitol, indicating that the galactose residue was
situated at the reducing end. Chromatography of the
products of mild acid hydrolysis gave three spots, cor-
responding to rhamnose, an unknown spot and the starting
material; this indicates that the rhamnose residue is
situated at either the reducing or non-reducing end of
the trisaccharide. Since it has already been shown that
galactose is at the reducing end, the inference is that
the rhamnose occupies the non-reducing position.
Methylation of the trisaccharide followed by hydrolysis
gave three methylated sugars, which were separated by column
chromatography. These were characterised by the formation
of ecrystalline derivatives, as 2,3,6-trifggmethyl—£rglucose.
2,3,4—tri-g—methy1-%rrhamnose, and 2,3,4-tri—g-methyl-gr
galactose. Thus the isolated trisaccharide has the
following structure (II).

II  o-L-Rhapl 4 g-D- Gpl——6-D-Gal.pl—

Fraction 3. The third fraction was chromatographically

homogeneous and appeared to be a neutral trisaccharide.
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Total hydrolysis gave galactose and mild acid hydrolysis
gave 1,3-galacto b iose and galactose (N.B. no other
galactose disaccherides obtained). This suggestion that
the sugar is g—g—g&lactopyramul(1—3)-Q-g-galaotopyranoay1
(1-3)-g—galactoae could not be confirmed by the procuring
of a erystalline derivative, although the Rg,p value and
optical rotation are similar to those reported for the

above trisaccheride (100).

Attempted isolation of an acidic trisaccharide.
Using the same conditions of acetolysis as for reduced

gum arabic, an attempt was made to isolate the acidic tri-
saccharide, O-L-rhamnopyrenose (1-4) -_Q-g-glucuronoayl( 1-6)-
g—salactoae from the unmodified gum. Although & small
amount, of what we supposed to be the above oligosaccharide,
was obtained, it could not be completely characterised.
Mild acid hydrolysis of this sugar gave rhamnose and a spot
with the seme chromatographic mobility in several solvents
as G-Q-B-g-ﬁlucuronosyl—g—galaotoae, while total ascid
hydrolysis gave rhemnose, galactose and glucuronic acid
in roughly egual proportions.

The characterisation of the rhamnose containing oligo-
saccharide (I) as a partial hydrolysis product of reduced
gum arsbic provides clear evidence that aomé of the Er

rhamnopyrenose residues in the gum are glycosidically linked

to C-4 of D-glucuronic ecid residues. loreover since a
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rhamnose containing trisaccharide II, isolated in the

same way from gum arabic, has also been characterised,

it is obvious that most of these Erglucuronic acid residues
are linked in turn to position 6 of the D-galactopyranose
residues; a fact already indicated by t;; isolation of
G-Q-B-Q—glucuronoayl-g-galactose as a partial hydrolysis
product of gum arabic (57). The majority of:g-galacto-
pyranose residues are 3,6-di-Q-substituted (98) and so

it may be concluded that the structural unit (III) is an

important fragment of the gum molecule.

a-L-Rhapl—4p-D GpAl—6-D-Gal.pl .....

(III) .

L-Rhamnopyranose residues occur in two completely
different structural positions in plant gums. In the
first instance they are found in the main chain, linked

through position 2 to a-galacturonic acid. Khaya,

Sterculia and Cochlosperymum gums have érrhamnose residues
situated in this structural position in the molecule and
from all of them has been isolated the aldobiouronie acid
ng-(n-g:galactoPyranosyluronic acid)—érrhamnose.
a-Rhamnopyranoae residues occur also in plant gums
as non-reducing end-groups situated on the periphery of
the molecule, as in gums of the genus Acacia. Up until

now, no rhamnose containing oligosaccharides have been
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isolated from these gums and so their exact location has
been in doubt. We have now proved that in gum arabic

they are linked to position 4 of the gbglucuronic acid
residues. It is possible that this is also the case in
Acacia cyanophylla gum (83) and Acecia mollissime gum (85),

although in our preliminary examination of the methylated
sugars obtained on hydrolysis of methylated Acacia

‘mollissima gum, only & small amount of the methylated

glucuronic acid derivatives were found to be unsubstituted
at position 4 suggesting that some of the rhamnose residues
may have a different mode of linkage.

In other gums from this genus such as Acacia karoo

(101) and Acacia sundra (102), the L-rhamnose residues are

probably also attached to position 4 of glucuronic acid,
but the amount of gtglucuronic acidlreaidues is much higher
than the amount of é—rhamnose residues, and thercfore some
of the glucuronic acid residues must be unsubstituted, have
other sugar residues attached or are present as their 4-0-
methyl ethers.

It is significant that in Acacia pycnantha gum, on

which detailed methylation studies have been carried out (103),
no 2,3-di—g¢methylﬁg-glucopyranosyl uronic acid was found in
the hydrolysis products of the methylated polysaccharide.

The érrhamnose residues present in this gum, must therefore
have a different mode of attachment to the backbone of the

molecule than they have in gum arebic.
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EXPERIMENTAL

Methylated gum arabic and derivatives.

Gum arabic (20 g.) was methylated successively with
dimethyl sulphate and sodium hydroxide, and with methyl
iodide and silver oxide, to give methylated gum arabic
(11-2 &.), [alp -47-5° (e, 1-0l in CHC1l3) (Found: OMe, 41+3%).
Lithium aluminium hydride (150 mg.) in tetrahydrofuran (5 ml.)
was added to methylated gum arabic (150 mg.) in tetrahydro-
furan (5 ml.), and after 05 hr. at room temperature the
mixture was refluxed for 3 hr. The excess of hydride was
destroyed with ethyl acetate and water, and the resulting
mixture was shaken with dilute sulphuric acid and extracted
with chloroform. The chloroform extract afforded reduced
methylated gum arabic (105 mg.), [u]D -43.5° (¢ 1:06 in
CH013) (Found: OMe, 39-6%). Hydrolysis of a sample of
the reduced methylated gum followed by chromatography of the
products in solvents D and E showed that the reduction of
hexuronic acid residues was complete. Reduced methylated
gum (90 mg.) was methylated in NN-dimethyl formamide with
methyl iodide and silver oxide, to give methylated reduced
gum arabic (78 mg.), [alp -47-5° (e, 1-02 in CH013) (Found:
OMe, 41.3%).

Samples of the methylated gum, reduced me thylated gum,
and methylated reduced gum were heated with methanolic 2.5%
hydrogen caloride in sealed tubes at 100° for 16 hr., the
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cooled solutions were neutralised with silver carbonate,

filtered, and concentrated, and the resulting syrups were

examined by gas-chromatography, with results shown in the

following tables.

The gas chromatogram on column b for the

methyl glycosides from methylated gum arabic is shown

opposite.

Relative retention times (2) of methyl glycosides

on column a

Sugar Methylated| LReduced Methylated
gum methylated| reduced
arabic gum arabic| gum arabic

2,3,4-Tri~-Q-methyl rhamnose 0°44 044 0-+45
2,3,5=-tri-Q-methyl arabinose |0.:55 & 0-54 & 0:55 &
0.72 0.71 0.71
2,3,4-tri-Q-methyl arabinose 1-04 1-04 (1-02)
2,5-di-0-methyl arabinose (1-84) & |(1-86) & |(1:87) &
- 3-47 3-41 (3-50
2,3,4,6-tetra-0-methyl (1-84) (1-80) (1-87)
galactose
2,4,6-tri-0-methyl galactose 4.19 & 4-15 & 417 &
- 4-80 4-70 (4-82)
2,3,4-tri-0-methyl glucuronic |2:52 &
acid * ~ 3.28
2,3—di-0-méthyl glucuronic 8.4 &
acid™* 9.3
2,3,4=-tri-0-methyl glucose 2.54 &
T 3.-70
2,3,4,6-tetra-0-methyl glucose (1-02) &
(1-49)
2,3,6-tri-0-methyl glucose 3.50&4.82
Unknown sugar 1.51 1.49 (1-49)
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Relative retention times (T) of methyl glycosides on column b.
= -]

MethylateJ Reduced

Sugar Methylated
gum methylated| reduced
arabic gum arabic|gum arabic

2,3,4-Tri-0-methyl rhamnose (0-46) (0-46) (0-46)
2,3,5-tri-0-methyl arabinose [(0.46) & (0-46) & |(0-46) &
0.59 059 0-59
2,3,4-tri-0-methyl arabinose 0.84 0-83 0-82
2,5-di-0-methyl arabinose 0-69 & 0.70 & 0.69 &
1-06 1-05 (1-06)
2,3,4,6-tetra-Q-methyl 1.52 & 1.52 & 1.52 &
galactose 1.61 1.61 1.61
2,4,6-tri-0-methyl galactose | 2.09 & 2.10 & (2.21) &
(2.41) (2.46) 2.39
2,4-di-0O-methyl galactose 3.71 & 3.68 & 3.69 &
4.40 4.40 4.40
2,3,4-tri-Q-methyl glucuronic | 1-78 &
acid * 224
2,3-di-0-methyl glucuronic (2.41) &
acid * 311
2y3,4-tri-0-methyl glucose 1.36 &
1-86
2,3-di-0-methyl glucose (2-46) &
3.28
2,3,4,6-tetra-0-methyl glucose (1-82)4&
*3
2,3,6-tri-0-methyl glucose 1-72?§
22

* Methyl glycosides present as methyl esters.

Figures in parentheses indicate T values of components which

were incompletely resolved.
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Characterisation of the rhamnosyl-glucose.

Fraction 2a from the acetolysis products of reduced gum
arabic (59) had [a]D -5° (e, 1-02) and was found to be

chromatographically homogeneous (R = 1.0). Hydro lysis

GAL
with O-QE sulphuric acid gave glucose and rhamnose

The sugar (fraction 2a; 102 mg.) was methylated
successively with dimethyl sulphate and sodium hydroxide,
and with methyl iodide and silver oxide, to give methylated
disaccharide (55 mg.), [n]D T b (e, 0+55 in GH013).
Bssentially complete etherification was indicated by
a) paper chromatography of the hydrolysate, which showed
two main components, and b) gas-chromatography of the
methanolysis products on columns & and b, which showed
the presence of major components having the retention times
of methyl glycosides of 2,3,4-tri-O-methyl rhamnose (g 0-46
and 0+46 on columns a and b) and 2,3,6—tri-g-methy1
glucose (g_ 3.50 and 4.78, and 1.31 and 1.61 on columns &
and D). The methylated disaccharide (50 mg.) was hydrolysed
in N sulphuric acid et 100° for 4 hr., and after neutralisation
with barium carbonate furnished a mixture of sugars (45 mg.)
which was chromatographed on & filter sheet in solvent F,
to give two fractions (Ry 0-84 and 0-50).

Fraction 1 (20 mg.) was chromatographically homogeneous &and

had [a], +18° (¢, 0-20); the suger was characterised as

243y4~tri-0-methyl-L-rhamnose by conversion into the aniline
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derivative, which after recrystallisation from ethyl
o

acetate, had m.p. and mixed m.p. 111 , with authentic

sample, m.p. 111°.

Fraction 2 (15 mg.) was chromatographically homogeneous

end had [e]; +68° (equil.) (e, 0+15 in CHCl3); the sugar
was characterised as 2,3,6-tri-0-methyl-D-glucose by
conversion into the 1l,4-di-p-nitrobenzoate, which after
recrystallisation from methanol, had m.p. and mixed m.p.

191° on mixing with an authentic sample.

Investigation of other oligosaccharides found in the

acetolysis products of reduced gum arabic.

Paper chromatographic examination in several solvent
systems of Fraction 4c¢ (from the acetolysis products of
reduced gum arabic (59)), showed it to have three compon-
ents. The mixture (500 mg., containing Celite) was
chromatographed on thick paper in solvent B, giving frac-
tions 4, B and C.

Examination of fraction A. Fraction A (91 mg.) had

Rgyp O-51 in solvent A and hed [e]p +58° (c, 0-48). It
afforded only galactose on hydrolysis and was chromatogra-
phically indistinguishable from 3—gfﬂ-grgalactopyranoayl—
g—galaetoae in solvents A, B and C. The sugar crystallised
and was recrystallised from agueous acetone, to give 3-0-f-
g-galactopyranosyl—gﬂgalactose monohydrate, which had m.p.
and mixed m.p. 158°, and gave an X-ray powder diagram

jdentical to that of an zuthentic sample.
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Examination of fraction B. Fraction B (170 mg.) wes

chromatographically homogeneous in several solvents

(Rgap, O-35 in solvent A) and hed [a]p +10° (g, 0.43).
Hydrolysis gave galactose, glucose and rhamnose in equal
proportions (visual examination only). Reduction of the
oligosaccharide (10 mg.) with sodium borohydride (10 mg.)
in water (1 ml.) gave the corresponding glycitol. The
latter on hydrolysis with 0-5X sulphuric acid at 100° for
5 hr., gave rhamnose, glucose and galactitol. Treatment

of the oligosaccharide with 0.1lN sulphuric acid for 1 hr.

and examination of the products by paper chromatography in
solvent A indicated the presence of rhamnose, an unknown
spot (RGAL 0-45) and the original trisaccharide.

Fraction B (165 mg.) was methylated successively with
dimethyl sulphate and sodium hydroxide, and methyl iodide
and silver oxide to give methylated trisaccharide (140 mg.).
Incomplete methylation was indicated by a) paper chromato-
graphy of the hydrolysate, which showed, in addition %o
the three expected methylated sugers, a spot corresponding
to dimethyl hexoses, and b) gas-chromatography of the
methanolysis products, ihich showed the presence of com-
ponents having the retention times of methyl glycosides of
243,4-tri-0-methyl rhamnose (g 0-46 and 0-46 on columns &
and b), 2,3,6-tri-0-methyl glucose (g 3.54 and 4.78, and
1-70 and 220 on columns a and D), 2,3,4-tri-0-methyl
galactose (3 7.4, and 2+66 and 2-90 on columns & and b)
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Unfor-

tunately the oligosaccharide was inadvertently hydrolysed

with N sulphuric acid for 5 hours before methylation could

be completed.

The hydrolysis products (130 mg.) were

allowed to soak into & cellulose column (60 x 2 cm,) and

elution performed with light petroleum (b.p. 100-120°):

butan-l-o0l (70:30, saturated with water), followed by light

petroleum (b.p. 100—1200): butan-l-ol (50:50, saturated with

water). Five fractions were collected in all.
Frac- Tubes | Wt.|T values for methyl | Rg Contents
tion in = lycosides
(mg) [column & |[column b
1, [(11-35 | 40 0-46 0-46 1.01 | 2,3,4-tri-Q-methyl
rhamnose
2 T74-199| 16 | 352 & 1.72 & 0-85| 2,3,6-tri-0-methyl
4.76 2.19 glucose
3 200-225| 12 3:-54 & 1.72 & 0.-85 | 2,3,6-tri-0-methyl
4.76 2,22 glucose
2.95 galactose (trace)
4 226-280| 21 3.53 & 1.74 & 0.85 | 2,3,6-tri-0-methyl
4.76 2.24 glucose (Trace)
T-5 2.73 & 0.72 2,3’4-tri-9*methyl
2.95 galactose
5 |281-380| 34 4-04 & 0.56 | di-0-methyl hexoses
3-00

Fraction 1.

This fraction (40 mg.), [a]p +23° (g, 0-40) was

chromatographically identical to 2,3,4-tri-grmethyl-érrhamnose.
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It was characterised as such by conversion into the
aniline derivative which, after recrystallisation from
ethyl acetate, had m.p. 114°, unchanged on mixing with

an authentic sample, m.p. 1119,

Fraction 2. Paper chromatography showed this fraction
(16 mg.) to be mainly 243,6-tri-0-methyl-D-glucose; it
had [a.]D +72° (e, 0-16). The main component in the frac-
tion was characterised by formation of the derived 1,4-di-
p-nitrobenzoate, which after recrystallisation from
methanol had m.p. and mixed m.p. 193° (on mixing with an
authentic sample).

Fraction 3. This fraction (12 mg.), [e], +85° (g, 0:12)
was shown by paper chromatography to be & mixture of 2,3,6-
trifgrmethyl-grglucose and 2,3.4-tfi-g—methylfg-galactoae.
Demethylation gave glucose and a trace of galactose.

Fraction 4. Paper chromatography of this fraction (21 me.),

[a]D +118° (¢, 0-21), showed to be almost pure 2,3,4-tri-0-
mathylig-galactose. It was characterised as such by con-

version into the aniline derivative, which after recrystal-
lisation from ethyl acetate, had m.p. 1540, unchanged on

mixing with an authentic sample.

Fraction 5. Paper chromatography by this fraction (34 meg.)

gave only one spot (Rg 0-56) but gas-chromatography of the
methyl glycosides indicated the presence of several di-0O-
methyl hexoses which could not be identified. Deme thyla-

tion gave glucose and gelactose in egual proportions.
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Examination of Fraction C. This fraction (89 mg.)

[a]D +56° (¢, 0.89), was chromatographically homogeneous

in solvents A and B (Rg,y = 0-17 in solvent 4). Hydrolysis
gave only galactose and treatment with OolE sulphuric acid
for 1 hour gave galactose, l,3-galactobiose and the start-
ing material. Attempts to obtain the sugar crystalline,
failed.

Attempted isolation of an acidic trisaccharide.

One of the acetolysis products from reduced gum arabic
obtained by A. J. Charlson (69) appeared to be an acidie
trisaccharide, resulting from incomplete reduction of
hexuronic acid units. This was used as a chromatographic
standard in an attempt to obtain this acidic trisaccharide
by acetolysis of the unmodified gum. Since this tri-
saccharide readily breaks down to give 6-gr51g-glucuronosyl-
g—galaetose, it was necessary to be able to distinguish
between these two sugars by paper chromatography. This
was achieved by chromatography on Whatman No.4 paper in
solvent B for 5 days, when the acidic trisaccharide had
Ry 0-71 (where X = 6-97B-ggglucuronoayl-g-galactoae).

Arabic acid (30 g.) was acetylated in formamide solu-
tion with acetic anhydride and pyridine (104), to give
acetylated arabic acid [a]y -21% (e, 1-0 in CHClj3).
Acetolysis was carried out on the acetate (40 g.) with

acetic anhydride (720 ml.) and concentrated sulphuric acid
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(22 ml.) for 1 hour at 0°C and for e further 3 hours at
room temperature. The mixture was worked up in the same
way as for acetolysis of reduced gum arabic (59) and after
deacetylation with barium methoxide, a mixture (21 g.) of
sugars was obtained. The acidic sugars were selectively
removed on cation exchange resin, and after elution of the
neutral sugars with water, elution was carried out with
increasing concentration of formic acid. Thick paper
chromatography of one of the fractions from the column,
gave finally a pure sample (75 mg.) of the acidic tri-
saccharide, [o]p +18° (g, 0-40).

Hydrolysis with'0°l§ sulphuric acid for 1 hour afforded
rhamnose and 6-Q¢B-£—glucuronosyl—grgalactose. Total
hydrolysis with g sulphuric acid for 12 hours at 100°%, gave
rhamnose, galactose, glucuronic acid and a trace of the
aldobiouronic acid. The acidic trisaccharide (60 mg.) was
methylated successively with dimethyl sulphate and sodium
nydroxide and methyl iodide and silver oxide to give methy-
lated sugar (30 mg.). Paper chromatographic examination of
the hydrolysis products indicated the presence of 2,3,4-tri-
O-methyl-D-galactose and 2,3,4-tri-0-me thyl-D-glucuronic acid,
but provided no evidence of rhamnose derivatives. Gas-
chromatographic examination of the methanolysis producits
confirmed the presence of the methyl glycosides of the above
two sugars, together with a trace of the methyl glycoside of

2,3,4-tri-0-methyl-L-rhamnose.
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ACACIA MOLLISOIMA GUM

DISCUSSION

Slight differences in structure have been found to
exist between samples of the same gum, when these samples
are of different origin (7). Since there was available

a sample of Acacia mollissime gum of West Indian origin

and since a report was available (85) of a preliminary
investigation of the same gum of South African origin, we
intended to investigate this matter by carrying out an
examination of the structure of the gum of West Indian
origin. This gum was obtained for us from the one tree,
through the courtesy of Dr. Jean Tyler. Another sample

of South African Acacia mollissima obtained from Professor

A. Stephen, was available as the fully methylated derivative.
The three semples of the gum had the following physical

constants: -
Sample of Acacia mollissima [a]p | Bquivalent Equivalent
gum (by titra- | (by uroniec
tion) anhydride
estimation)
A.Stephen's first sample of -49° 1880 -
South African origin (85)
A.Stephen's new sample of B85S 1920 1730
South African origin
cample of West Indian origin 529 - 1550
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The sample of West Indian Acacia mollissima gum, was

methylated to give methylated polysaccharide, [a]D -66°
and OMe, 42-4%. A sample of this was reduced with lithium
aluminium hydride to give reduced methylated polysaccharide,
[a]p~tb®and OMe, LO-57,. The methanolysis products from the
reduced and unmodified methylated polysaccharides were
compared with the results from gas-chromatographic analysis

of the methanolysis products from methylated South African

Acacia mollissima, [u]D -66° and OMe, 42:6% and from the
derived reduced methylated polysaccharide, [a]D‘ééaand
OMe, 40 87 The proportions of the different methyl
glycosides were estimated by visual examination and are

tabulated below, Table A.

TABLE A
sSugar Proportions of sugars
South African West Indian
sample sample
2,3,4=-Tri-0-methyl rhamnose + ¥
243 4,5-tri-Q-methylarabinose ++++ ' 4+
2y3,4-tri-Q-methyl arabinose + : - +
2,3-di-0-methyl argbinose 4 4
2,5-di-0-methyl arabinose +H++ 4
2,3,4,6-tetra-0-methyl ' + trace
galactose
2,4,6-tri-O-methyl galactose bt 4+
2,3,4-tri-0-methyl galactose |  +++ +
2,4-di-0-methyl galactose +++++ e+
2y3,4-tri-Q-methyl glucuronic +++ 4+
acid

2,3-di-0-methyl glucuronic ac%d trace trace
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As can be seen from the table, all the methylated
sugars found in the one polysaccharide were also present
in the other, but significant differences were observed
in the relative proportions of the methylated sugars.

The gum acid was investigated for heterogeneity by
chromatography on DEAE-cellulose. Two polysaccharide”
fractions, equal in amount, were obtained, but no appre-
ciable difference in uronic acid content could be detected
between them. It is still uncertain whether this frac-
tionation resulted from a difference in molecular size or
from the two fractions having slightly different structural
features.

A number of experiments, as shown in the flow sheet
below, were carried out to obtain an insight into the

structure of the gum molecule.
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methylation
Acacia mollissima gum > Methylated gum
(TeT, =520, uronic acid-11%) ([a]p-66°, OMie, 42.4%)
reduction
AutoRydrolysis Reduced methylated gum
([alp -66°, OMe,nos%)
Partial methylation
Degraded gum Yy Methylated degraded gum
hydrolysis ([a D-31-4°, uronic ([a]p-46°, OMe, 43.1%)
acid-19%)
monosaccharides

Ara p 1—3 Ara
+ (Gal p 1—3 Gal
Gal p 1—f Gal

" Galactose + Arabinose G.p A 16 Gal
+ aldobiouronic acids
+ Rhamnose 4-0-Me-G.p Al—0 Gal

Hydrolysis of Acacia mollissime gum gave g-galactose,

g-arabinoaa and %-rhamnose, all of which)after separation
on thick peper, were characterised by means of crystalline
derivatives, in addition to acidic material. The same
sugars were obtained by Stephen from his first sample of

South African Acacia mollissima gum in the proportions

indicated,‘g-galactose (5), érarabinose (6), érrhamnose (1)
and g—glucuronic acid (1), (85).

The gum acid was autohydrolysed by heating an agueous
solution (2%) at 90° for 64 hr. The degraded polysaccharide,

(alp -31-4° and uronic acid content 18-7% (corresponding to
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an equivalent weight of 938), was obtained from the aqueous
solution by precipitation with ethanol; evaporation of
the filtrate to dryness gave the low molecular weight
hydrolysis products.

Methylation of the degraded polysaccharide gave
methylated degraded Acacia mollissima gum, [a]D -46° (e, 0.30)

(Found: OMe, 43.1%). The derived methyl glycosides from

this methylated polysaccharide were examined by gas-chromato-
graphy. This showed the presence of the methyl glycosides
of 2,3,4,0-tetra-, 2,3,4-tri-, 2,4,6-tri- and 2,4-di-Q-methyl
galactose and 2,3,4-tri-Q0-methyl glucuronic acid.

The oligosaccharides obtained from autohydrolysis of
the gum were allowed to soak into & charcoal-celite column
and the monosaccharides were eluted with water,. Elution
with increasing strengths of ethanol gave fractions contain-
ing three oligosaccharides, which were purified by further
fractionation on thick paper.

Oligosaccharide A had [alp +183° and was chromato-
graphically identical to 3<g—8§£-arabinopyranosylﬁé-arabinoae
in solvents A and B. Hydrolysis gave only arabinose;
methylation of the disaccharide and subsequent examination
of the methyl glycosides, formed on methanolysis of the
methylated derivative, by gas-chromatography showed the
presence of the methyl glycosides of 2,3,4-tri-, 2,4-di and
2,5-di-0-methyl arabinose, indicative of a 1,3 linkage.

The sugar wuas characterised as 3-g¢ﬁ-érarabinopyranosyl—é—
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arabinose by conversion into the crystalline phenylosazone.

Oligosaccharide B had similar chromatographic mobility
and optical rotation, [e]p +50°, to an suthentic sample of
3-975-2-galactopyranosyl-grgalactose. It was characterised
as such by its crystallinity, the crystals, after re-
crystallisation from agueous acetone, having m.p. 225%,
(Although this m.p. is higher than the normal value reported,
it is comparable with one reported by Stephen (108) for the
same sugar). An X-ray powder photograph of oligosaccharide
B was identical to that obtained from an authentic sample
of 3-0-p-D-galactopyranosyl-D-galactose, m.p. 168°.

Oliégéaccharide c, [a]lD +45°, was chromatographically
identical to B-Qr5—2—galactopyranosyl-g-galactoae in several
solvents, and was characterised as this sugar by conversion
into the phenylosazone.

Partial hydrolysis of the gum acid with g sulphurie
acid at 100° for 7 hours gave & mixture of mono- and oligo-
saccharides. Column chromatography with anion exchange
resin was used to separate the acidic from the neutral
sugars. Paper chromatographic fractionation of the acidic
sugars gaeve two aldobiouronic acids.

Aldobiouronic acid I, [a]p -3°, was chromatographically
identical to 6-grﬁf£-glucopyranos;1uronic acidjg-galactoae

in several solvents. Reduction of the derived methyl ester,

methyl glycosides with sodium borohydride, followed by
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hydrolysis gave galactose and glucose; the latter must
have arisen from reduction of glucuronic acid. The aldo-
biouronic acid was methylated but the expected methyl
ester of methyl G—Qrﬁ—grglucopyr&noayl-ﬁﬁg-galaotoside,
hexa-methyl ether, has so far failed to crystallise.
Aldobiouronic acid II, [a]p +6°, was chromatographically
identical to 6fg-(4ﬁgfmethyl—B-Erglucopyranosyl uronic acid)-
g—galactoae in several solvents. Reduction of the derived
methyl ester, methyl glycosides with sodium borohydride,
followed by hydrolysis gave galactose and 4-O-methyl glucose;
the latter must have arisen from reduction of 4-O-methyl
glucuronic acid. No formaldehyde was released on periodate
oxidation of the aldobiouronic acid, which is consistent
with a 1,6 linkage. The methanolysis products of the
methylated aldobiouronic acid were examined by gas-chromato-
graphy. Bvidence was obtained for the presence of the
methyl glycosides of 2,3,4-tri-O-methyl glucuronic acid and
2,3,4- and 2,3,5-tri-Q-methyl galactose, thus confirming
that the linkage is 1->6 in this disaccharide.

The main structural features of Acacia mollissima gum.

It follows, from the methylation studies on the degraded
gum, and from the isolation of 1,3 and 1,6 galactobioses on
partial hydrolysis of the original gum, that the degraded
gum contzins @ highly branched stable framework of 1:3- and
1l:6-linked grgalactopyranose residues for which partial
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structures (I), (II) and other variants may be advanced.

SOE _Q-Gg.l p 1—3 D-Gal p 1—3 _Q—Ggl Pl—3D-gal p 1 ...

1 1
D-Gal p D-Gal p (1)
e e 3 Q—G&l £ 1—3 -D-Gal R 1 "o e

R
1 1

D-Gal p D-Gal p

-3 - 3
| | (11)
1 1

D-Gal p D-Gal p

It is impossible, with the results availeble, to distinguish
between these structures. This could be done by Smith
degradation studies, as was the case in gum arabic (75),
where the results obtained could only be consistent with

structure (I).

p-(4-0-methyl-D-G.p A)1—6 D-Gal p 1 .... (111)
B-D-G.p A 1—6 D-Gal p 1 .... (Iv)

The isolation of two aldobiouronic acids from Acacia

mollissima gum, indicate that fragments (III) and (IV) must

be important features of the gum molecule, but there is no
evidence yet for the positions of linkage of these units to
the galactan framework.

From methylation studies on the undegraded polysaccharide,
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and from the isolation of 3-0~f-L-arabopyranosyl-l-
arabinose, it is evident that the following moieties are
attached to the galactan backbone.

L-Ara £1 ..., L-Rhapl..., L-irapl... (V)
L-Ara p 1—3 érAra 2L ies 9y X1—H &ra gl ...
or .
[X = unknown suger] X1—4 Ara p 1 ...

The points of attachment of the acid-labile residues
to galactose residues in the gum, follow from & comparison
of the proportion ofig-galactoae methyl ethers formed on
hydrolysis of the methylated gum and of the methylated
degraded gum. The most striking difference is the large
increase in the proportion of 2.4,6-triﬁg-methyl1g-
galactose from the methylated degraded gum and the cor-
responding decrease in the proportion of 2:4-difg-methyljg-
galactose. It follows that & large proportion of the
acid-labile groups are attached to position 6 of 1—3 linked
g-galactopyrahose residues in the main chains of the mole-
cular structure. A second but significant difference is
the increase in the proportion of 2,3,4.6-tetra—gfmethylﬁg-
galactose which corresponds approximately with the decrease
in the proportion of 2,3,4-tri—grmethyl-g—galactoae. Further
wecid-labile groups are therefore linked to position & of 2—
galactopyranose residues present as side chaine in the gum.

It is not possible to ascribe particular points of attachment
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to the various types of acid-labile groups, but on the
basis of present knowledge, the main structural features

of Acacia mollissima gum would be consistent with structure

(VI) with aldobiouronic acid units, (III) and (IV) attached

in a manner as yet unknown.

«ss 3 D=Gal l1—3 D-Gal p 1—3 D-Gal 1—3 D-Geal
= 6 < = 6 = = 6 < = 6 <

|

1 R 1 R
Qngl jo) D-Gal p
R (vI)

R = any of the moieties given in (V).

Comparison of the structure of Acacia mollissima gum with

that of gum arabic and Acacia pycnentha gum (103).

A comparison of the structural features of these three

gums may best be summarised in table form as follows:-

[
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All three gums contain highly branched backbones
of galactose residues in which the mein chain is linked
l—>3 and the side-chains are attached by 1—>6 linkages,
but whereas all the galactose residues in the main chain
of gum arabic carry galactose-containing side-chains,
such side-chains are attached only to every second

galactose residue in the main chains of Acacia pycnantha

and Acacia mollissime gum. Although the three gums con-

tain the same aldobiouronie¢ acids in the side-chains, in

Acacia mollissima gum some of the glucuronic scid residues

are present as their 4-0O-methyl ethers, as is the case in

Asafoetida gum (105). Similarities between the three

Acacia gums are also shown by the L-arabofuranose and é—
rhamnopyranose end-groups which are removed by mild acid
hydrolysis. The gums differ, however, in the nature of

the more complex side-chains also removed under these
conditions, as can be seen from the table. in gum arabic,
the &rrhamnopyranosa residues have been shown to be
attached to position 4 of the glucuronic acid residues (59).
This cannot be the case in the other two gums due to the
absence of any appreciable amount of 2,3-di—g¢methyl—2r
glucuronic acid residues in the methylated polysaccharides.

Thus in Acacia pycnantha gum and Acacia mollissima gum,

the é-rhamnose residues must have a different mode of
attachment to the backbone of the molecule.

In view of the heterogeneity present in Acacia
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mollissimae gum as indicated by DEAE-cellulose chromato-

graphy, care must be exercised in the interpretation of
the results of structural investigation of such a complex
polysaccharide. There is indeed evidence for & measure
of heterogeneity in some samples of gum aradic (30, 33)

and of Acacia pycnantha gum. Nevertheless it is already

clear from the comparisons made, that the major components
of the three gums have important structural features in

common.
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ACACIA MOLLICSIMA GUM

EXPERIMENTAL

Preparation of the gum acid.

Crude gum (18 g.) was crushed and allowed to swell
in water (2 litres) overnight. Dissolution was achieved
by heating the solution to 709, while keeping the pH T7-9
by the addition of dilute ammonia. After cooling and
centrifugation, the agueous solution was poured into
acidified methylated spirits (4 volumes) and the precipitate
was removed at the centrifuge. Several reprecipitations
of this residue were reqguired to obtain the pure gum acid
(12 g.).

Acacia mollissima gum acid had [a]D -52% (e, 1°0 in

NeQOH) and uronic acid anhydride content 11-1%, corresponding
to an equivalent weight of 1550.

Methylation Studies on Acacia mollissima gum.

West Indian Acacia mollissima gum acid was methylated

successively with methyl sulphate and sodium hydroxide,
and with methyl iodide and silver oxide, to give methylated
Acacia mollissima gum, [a]y -66° (¢, 0+97 in CHCl3) (Found:

OMe, 42.4%). Lithium aluminium hydride (250 mg.) in
tetrahydrofuran (8 ml.) was added to the methylated gum acid
(250 mg.) in tetrahydrofuran (8 ml.), and after 0.5 hr. at
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room temperature the mixture was refluxed for 3 hours.

The excess of hydride wes destroyed with ethyl acetate and
water, and the resulting mixture wzs shaken with dilute
sulphuric acid and extracted with chloroform. The chloro-

form extract afforded reduced methylated Acacia mollissima

gun (200 mg.), [a],-66° (¢, 0-80 1in CHCly) (Found: Ohﬁe,bo's%)
Samples of the methylated gum and reduced methylated gum

were treated with methanolic hydrogen chloride (2-5¢) and

the resulting syrups, after neutralisation, examined by

gas-chromatography as shown in table I.

The vapour phase chromatogram on column a for

methylated West Indian Acacia mollissima gum is shown in

the accompanying diagram.
Through the courtesy of Professor A. Stephen, a sample

of South African Acacia mollissima gum, [c.]D -55° (¢, 1l-4 at

pH 8) and equivalent 1920 (by titration), was obtained as
the fully methylated derivative. The gum acid had been
methylated successively with dimethyl sulphate and sodium
hydroxide, methyl iodide and silver oxide, and barium
oxide, barium hydroxide hydrate and dimethyl sulphate in
dimethylformamide (42). We gave the methylated material
another treatment with Purdie's reagents to ensure that the

final methylation conditions were the same in the samples

of South African and West Indian Acaciz mollissima gua.

Methylated South African Acacis mollissima gum,
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TABLE I
T in system & I in system b
Methyl glycosides of = =
Methylated Reduced |Methylated Reduced
gum me thy lated gum methylated
gum gum
2,3,4-Tri-0-methyl 0- 46 0-45 (0-46) (0-45)
rhamno se
2,3,4-tri-0-methyl 1.04 1.05 0-80 0-81
arabinose '
243,5=t%ri-0-methyl 056 & 055 & (0- 46& & |(0-45) &
arabinose 072 073 (0-66)
2y3-di-0-methyl 1.56 & 1.57 & (0+66) & [(0-66) &
arabinose (1-89) (1-89) 096 096
2,5-di-0-methyl (1-89) & | (1-89) & [(0-66) & [(0-66) &
arabinose 3-42 3-44 1-02 1-02
2,3,4,6-tetra-0-methyl| (1-89) (1-89) 162 1-61
galaotose
2,4,6-tri-O-methyl 4.15 & 4.-15 & 2+36 2+ 38
galactose 4.67 470
2,3,4-tri-Q0-methyl T-4 T4 2+98 2-90
galactose
2,4-di-0-methyl 3:60 & 3:60 &
galactose 4-26 4.-27
2,3,4=-tri-0-methyl 2-50 & 1-76 &
glucuroﬁfc acid* 3.22 2:22
2,3-di-Q-methyl 8:3 &
glucuronic acid* 9.2
2,3,4-tri-0-methyl 2.59 & 1.32 &
glucose 3Tl 1.79

* Methyl glycosides present as methyl esters.
Figures in parenthesis indicate $ values of components which

were incompletely resolved.
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[a]D -66° (¢, 0.99 in GHCIB) (Found: Ofe, 42.6%) was
reduced, in the same way as the West Indian sample, to

give reduced methylated South African Acacia mollissima,

[n]D-bb°(g,l-o in CHCly) (Found: OMe,Lo- & ). Samples
of the methylated gum and reduced methylated gum were
treated with methanolic hydrogen chloride and the resulting
syrups were examinéd by gas-chromatography. The results
obtained were closely analagous to those obtained from gas-
chromatography of the methanolysis products of methylated

West Indian Acacia mollissima gum. Exactly the same

constituent methylated sugars were present in each, although
their relative proportions differed slightly as shown in
table A (in the discussion section).

DEAE-Cellulose chrometography.

A sample (50 mg.) of the gum scid was placed on a DEAE-
cellulose column (3 x 30 em.), which had been generated to
the phosphate form in the usual way. The column was eluted
suscessively with phosphate buffers of increasing strengths,
0.05M, O-1M, 0+25M and 0-50M, all at pH 6 (250 ml. of each).
The graph of tube number against sugar concentration was
caloulated and is given in the accompanying diagram. Two
fractions were obtained, Fraction (i) (42-2% of the whole)
13.6%, and Fraction (ii) (57-8%)

had uronic acid content

had uronic acid content = 14.7%. The experiment was

repeated on another sample of the gum acid, using a
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different DEAE-cellulose column and exactly the same

results were obtained.

Isolation and characterisation of the neutral monosaccharide

constituents.

Gum acid (5 g.) was hydrolysed with N sulphuric acid for
5 hours at 100°. After neutralisation and deionisation,
the solution was allowed to socak into a CG45 resin column,
generated to the formate form. Elution with water gave &
mixture of neutral monosaccharides, part (500 mg.) of which
was fractionated on thick paper in solvent B.

Fraction (1) (78 mg.) was characterised as L-rhamno-
pyranose by conversion into the benzoylhydrazone, m.p. and
mixed m.p. 178-9°,

Frection (ii) (244 mg.) wes characterised as L-arabinose
by conversion into the benzoylhydrazone, m.p. and mixed m.p.
186°.

Fraction (iii) (106 mg.) was characterised as D-galactose
by conversion into p-1,2,3,4,6-penta-acetyl-D-galactose, m.p.

and mixed m.p. 142°,

Autohydrolysis of the gum acid.

A small scale test hydrolysis wes carried out by
heating a 24 agueous solution (50 ml.) of the gum acid at
90°., Comylete solvation was not achieved until the reaction
had been in progress for 3.5 hr. Samples (5 ml.) were

removed at intervels and their optical rotations were
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measured with the following results: -

Time (hours) 3-5 10 25 50 65
ey +4° +12° +15° 4189 418.5°

After measuring the rotation of each aliguot, the
solution was poured into ethanol (4 volumes), thus pre-
cipitating out the degraded polysaccharide whilst keeping
all mono- and oligosaccharides in solution. After removing
the residue, the filtrate was concentrated to a syrup and
examined by paper chromatography. The low molecular
weight material, which had been removed from the poly-
saccharide, was composed of g-galactose, é-arabinose, 5?
rhamnose and unidentified oligosaccharides. The degraded
polysaccharide which remained after 65 hours gave, on
hydrolysis, gelactose and acidic material, but no trace of

arabinose or rhamnose.

Large-scale autohydrolysis. Gum acid (8 g.) was dissolved

in water (400 ml.) and the mixture was heated at 90° for 64
hours. The reaction mixture was then poured into ethanol
(1+5 litres) and filtered, the filtrate being concentrated
to a syrup (65 g.) of low molecular weight sugars.

The residue was washed five times with ethanol and

dried overnight in a vacuum oven to give degraded Acacia

mollissime gum (1°8 g.), [elp -33° (¢, 0+85) and uronic acid

anhydride content 19%, corresponding to an equivalent of 938.
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The degraded gum (1-06 g.) was methylated successively
with methyl sulphate and sodium hydroxide, and with methyl
iodide and silver oxide to give methylated degraded Acacia
mollissima gum (84 mg. - low yield due to accident),

[a]p -46° (c, 0-84 in CHCl3) (Found: OMe, 43°1%). A

sample of the methylated polysaccharide was methanolised
and the mixture of methyl glycosides obtained, were examined

by gas-chromatography on both solvent systems as shown in

table II.
TABLE II
Methyl glycoside of I in column & 2 in column b
2,3,4,6-Tetra-0-methyl 1.75 1.68 & 1-55
galactose
243,4-tri-0-methyl 7-30 2.70 & 2.97
galactose
2,4,6-tri-0-methyl 4:-08 & 4-62 2:14 & 245
galactose
2,4-di-grmethyl galactose 372 & 4-43
2,3,4=-tri-0-methyl 2:44 & 3-17 1-82 & 2-28
glucuronic acid*

* Methyl glycoside present as methyl ester.

The syrup (6+5 g.) containing the low molecular weight
sugars removed from the polysaccharide, was dissolved in
water (10 ml.) and placed on a charcoal-celite column. The
monosaccharides were eluted with water and were found, by

paper chromatographic examination, to consist of galactose,
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arabinose and rhamnose. The oligosaccharides were desorbed

by graded elution with agueous ethanol 23-10% (3 litres in

all), The fractions obtained contained three oligosaccharides,
which were purified by fractionation on thick paper in solvent

B.

Qligosaccharide A. This fraction (24 mg.), Rg,q 0-91,

[elp +183° (¢, 0-24) was chromatographically identical to
3—g—ﬁ—é~arabopyranosylfg-arabinoae in solvents A and B.
Hydrolysis gave only afgbinose. The oligosaccharide (2 mg.)
was methylated with dimethyl sulphate and sodium hydroxide;
the methylated sugar obtained was treated with 2:5% methanolic
hydrogen chloride and the mixture of methyl glycosides
obtained were analysed by gas-chromatography. The results

are shown in table III.

TABLE III
Methyl glycoside of I in column & |T in column b
2,3,4-Tri-0-methyl arabinose 1-04 0+82
2,4-di-0-methyl arabinose 2.29 & 2.18 |1,14 & 1.07
2,5-di-0-methyl arabinose 1-86 & 3+41 0-69

The derived 3—grﬂ-£rarabopyranosy1—£-arabinose phenylosazone
after recrystallisation from etheanol:water (1:10), had m.p.
and mixed m.p. 221° and 223° respectively (on mixing with an

authentic sample). An X-ray powder photograph of the
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phenylosazone was identical to that obtained from an

authentic specimen.

Oligosaccharide B. This fraction (20 mg.), Rgup 0°51,

[alp +50° (g, 0-20) wes chromatographically identical to
3-Qgﬁfg~galactopyranosylfg—galaotose in solvents A and B.
Hydrolysis gave only galactose. The sugar crystallised on
standing and was recrystallised from acetone-water. The
erystals had m.p. 225°. A wide range of recorded values
for the m.p. of 3<grsa2rgalactopyranosylﬁa-salactose is
available. The only authentic sample we had gave & m.p.
168° and this gave an identical X-ray powder diagram to
that obtained from oligosaccharide B.

Oligosaccharide C. Tais fraction (16 mg.) Rgpp ©-36,

[a]D +45° (¢, 0°16) was chromatographically identical to
Bfg—ﬁ—grgalactopyranosyl-grgalaotose in solvents A, B and C.
Hydrolysis gave only galactose. The sugar was characterised
as the above disaccharide by conversion into the phenyl-
osazone which was identical in m.p. 179°, mixed m.p. 180°

and X-ray powder diagram to an authentic sample, m.p. 181°.

Partial Hydrolysis of the gum.

Gum acid (6°3 g.) was treated with E;sulphuric acid
(310 ml.) at 100° for 7 hours. The hydrolysate was neutra-
lised with barium hydroxide and barium carbonate, treated

with Amberlite resin 1R120(H) to remove barium ions,



- 176 -

evaporated to small volume and placed on a column of
Amberlite CG45 resin (formate form, 400 ml.). The neutral
sugars were eluted with water, and the eluate concentrated
to give a syrup (4-47 g.) consisting of neutrasl monosaccha-
rides.

The acidic sugars were desorbed from the column with
84 formic acid and the eluate was concentrated tc a syrup
(1-18 &.). Paper chromatographic examinetion in solvent B,
showed this syrup to consist of a mixture of monosaccharides,
acidic and neutral, plus two aldobiouronic acids, Rg,p 025
and 0-60. These two disaccharides were obtained pure by

fractionation on thick paper in solvent B.

Aldobiouronic acid I. This fraction (380 mg.), Rgap ©°25,
[n]D «39 (¢, 1+0) was chromatographically ideantical to 6-0-
ﬁ-g—glucuronosylﬁg-galaotose in solvents B and C. Redue-
tizg of the derived methyl ester, methyl glycosides with
sodium borohydride, followed by hydrolysis and paper
chromatographic examination of the products, gave glucose
and gealactose. Hydrolysis of the unreduced disaccharide
gave galactose and glucuronic acid. The aldobiouronic
acid was methylated in an exactly analagous manner to the
methylation of thealdobiouronic acids obtained from Khaye
senegalensis gum. The expected crystalline methylated

derivative has so far failed to appear.
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Aldobiouronic acid II. This fraction (200 mg.), Rguq, 060,

[e]lp +6° (¢, 1°02) was chromatographically identical to
6fg-(4-grmethyl-ﬁ-grgluoopyranosyl uronic acid)fg-galactose
in solvents B and C. Reduction of the derived methyl
ester, methyl glycosides (10 mg.) with sodium borohydride,
followed by hydrolysis and paper chromatographic examination
of the products gave galactose and a spot (Rppg 0:91) with
the same mobility as 4-0-methyl glucose. Part (5 mg.) of
the hydrolysis products from the reduced disaccharide was
subjected to Lemieux-Bauer periodate oxidation. Paper
chromatographic exzmination of the products gave a spot,

Rp O0+54 in solvent D which is consistent for a 4-0-sub-
stituted hexose.

Another sample of aldobiouronic acid II was treated
with sodium metaperiodate but no formaldehyde was released,
as detected by the chromotropic acid method (91). This is
consistent with a 1,6-linked disaccharide. The remainder
(108 mg.) of the fraction was methylated with barium oxide,
barium hydroxide &nd dimethyl sulphate in dimethyl formamide
and dimethyl sulphoxide. The methylated disaccharide
obtained (52 mg.) was methanolysed and the products were
examined by gas-phase chromatography in both solvent systems
with the results shown in table IV,
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TABLE IV

Methyl glycoside of I in column & '2 in column b

2,3,4=-Tri-0-methyl glucuronic|2:47 & 3-20 1-77 & 2-22

acid*
2y3,4-tri-Q-methyl galactose T-5 2:.62 & 2-94
2,3,5-tri-0-methyl galactose 4.45 1.94

* Present as the methyl ester.
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317. The Location of L-Rhamnopyranose Residues in Gum
Arabic.

By G. O. AspiNALL, A. J. CHARLsSON, E. L. Hirst, and R. Youna.

p-Glucuronic acid residues in gum arabic are reduced to D-glucose
residues by treatment of the acetylated gum with diborane. Acetolysis
of the reduced polysaccharide, followed by deacetylation, furnishes a
mixture of oligosaccharides amongst which the disaccharide, 4-O-o-L-
rhamnopyranosyl-p-glucose, has been characterised. These experiments
establish the location of some of the L-rhamnopyranose residues in the gum.

L-RHAMNOPYRANOSE residues in Acacia semegal gum (gum arabic) are known to occur
mainly, if not exclusively, as non-reducing end groups.! Since L-Thamnose and D-glucu-
ronic acid residues are present in the approximate ratio of 1: 1 in gum arabic, and also in
Acacia mollissima® and Acacia cyanophylla® gums, Charlson, Nunn, and Stephen?
suggested that this might indicate that L-rhamnose is glycosidically linked to D-glucuronic
acid residues in these three gums. A similar suggestion has been made by Smith and
Montgomery.4 Hamilton and Thompson ® have shown that alkaline hydrolysis of gum
arabic at 160° leads to the loss of both glucuronic acid and rhamnose residues with the
formation of an arabinogalactan. Since this type of reaction appears to result in the
selective cleavage of glycosiduronic acid linkages, sugar units attached to glucuronic acid
residues would also be lost. Although other interpretations are possible, this observation
seems to support the contention that L-rhamnose is attached to p-glucuronic acid residues
in gum arabic. Very recently, O'Colla and his collaborators® have shown that degradation
of gum arabic with Fenton’s reagent yields 109, of dialysable material which includes
rhamnose, arabinose, galactose, and a disaccharide. The mechanism of this degradation
is not yet understood, but since glycosiduronic acid linkages are apparently cleaved an
association of rhamnose and other sugar units with glucuronic acid residues is indicated.
We now report definite evidence for such a rhamnose-glucuronic acid linkage.

In this study Acacia senegal gum, obtained through the courtesy of Mr. Videl-Hall of
the Forest Department of the Sudan Government, has been used. In order to show that
this sample of gum arabic contained similar structural features to those of the sample used
by Smith in his investigations,! the gum was methylated and the methanolysis products
from the methylated gum were examined by gas-liquid partition chromatography.”®
This highly selective analytical technique showed the presence therein of components
having the same retention times as those of the methyl glycosides of all the major cleavage
products which had been characterised by Smith,! namely, 2,3 ,4-tri-O-methyl-L-rhamnose,
2.3 5-tri- and 2,5-di-O-methyl-L-arabinose, 2,3,4,6-tetra- and 2,4-di-O-methyl-D-galactose,
and 2,3,4-tri- and 2,3-di-O-methyl-p-glucuronic acid; smaller relative amounts of methyl
glycosides of 2,3 4-tri-O-methylarabinose and 2,4,6-tri-O-methylgalactose were also
indicated. Further indications that the p-glucuronic acid residues in the gum were
4-O-substituted, and, to a smaller extent, present as end groups, were obtained by gas-
chromatographic examination of the methanolysis products of the methylated gum after
reduction of the glucuronic acid to glucose residues with lithium aluminium hydride, and
also after subsequent remethylation. In these methanolysis products the components
having the retention times of methyl glycosides of 2,3-di- and 2,3 ,4-tri-O-methyl-D-
glucuronic acid were replaced by components having the retention times of methyl
glycosides of 2,3-di- and 2,3 ,4-tri-O-methyl-np-glucose and of 2,3,6-tri- and 2,3,4,6-tetra-0-
methyl-p-glucose, respectively.

The acetylated gum was then reduced by using the diborane procedure of Smith and
Stephen; ¢ examination of the reduced polysaccharide, which was isolated in high yield
after deacetylation of the reaction product, showed that ca. 82% of the carboxyl groups



had been reduced. Partial hydrolysis of the reduced gum was effected by acetolysis with
acetic anhydride—sulphuric acid ¥ for 24 hours at room temperature. Paper-chromato-
graphy of the sugars formed on deacetylation of the acetolysis products showed the
presence of monosaccharides and at least eight oligosaccharides. Column chromato-
graphy on cellulose and charcoal-Celite led to the isolation of a syrupy disaccharide which
was characterised as its crystalline phenylosazone. The structure of the disaccharide as
4-0-u-L-rhamnopyranosyl-p-glucopyranose (I) follows from the following considerations.
Glucose and rhamnose were detected on paper chromatograms after hydrolysis of the
disaccharide, but only rhamnose was detected on hydrolysis of the derived phenylosazone.
The nature of the reducing portion of the disaccharide was established by the isolation of
p-glucitol on hydrolysis of the glycitol formed on reduction of the disaccharide with sodium
borohydride. Oxidation of the disaccharide with an excess of lead tetra-acetate in acetic
acid containing 29, of water for 2 hours at room temperature * followed by hydrolysis of
the product gave rhamnose and erythrose. These experiments show that the disaccharide
is a rhamnosylglucoside and that 1 —»= 2 and 1 — 3 linkages are absent. Oxidation
of the disaccharide with periodate gave 0-55 mol. of formaldehyde, which could only have
arisen from the glucose portion, thus indicating the absence of 1 —» 5 and 1 —» 6
linkages. Positive evidence in favour of a 1 —» 4 linkage was obtained by examining
the cleavage products from the methylated disaccharide. The methanolysis products
from the methylated disaccharide were examined by gas-liquid chromatography,”® and
the presence was indicated of methyl glycosides of 2,3,4-tri-O-methylrhamnose and 2,3,6-
tri-O-methylglucose. Hydrolysis of the methylated disaccharide gave 2,3,4-tri-O-methyl-
L-thamnose and 2,3,6-tri-O-methyl-p-glucose, both sugars being characterised by the
formation of crystalline derivatives. The configuration of the glycosidic linkage is
indicated by the similarity of the optical rotation ([e],, —6° in water) to that ([o], —0-1°)
of the isomeric disaccharide, 6-0-«-L-rhamnopyranosyl-D-glucose, for whose configuration
independent evidence has been obtained by Gorin and Perlin.!?

CH,-OH

KoKy

HO OH

a-L-Rhap | —»= 4 B-D-GpA | —= 6 D-Galp |... (II)
3

The characterisation of 4-O-u-L-rhamnopyranosyl-D-glucopyranose (I) as a partial
hydrolysis product of reduced gum arabic provides clear evidence that some of the
L-rhamnopyranose residues in the gum are glycosidically linked to C-4 of D-glucuronic
acid residues. Since earlier work ! on gum arabic showed that L-rhamnopyranose residues
were present as terminal groups, that the majority of p-glucuronic acid residues carried
substituents at position 4, and that the majority of p-galactopyranose residues were 3,6-di-
O-substituted, and since the aldobiouronic acid, 6-0-(B-D-glucopyranosyluronic acid)-n-
galactose, is formed on graded hydrolysis of the gum, it may be concluded that the
structural unit (II) is an important fragment of the gum molecule.

In addition to isolating the rhamnose-containing disaccharide (I), we have obtained
evidence that higher oligosaccharides containing rhamnose residues are produced in the
acetolysis. One of these appeared to be an acidic trisaccharide, resulting from incomplete
reduction of hexuronic acid units, which gave, on graded hydrolysis, sugars with the
chromatographic mobilities of L-rhamnose and 6-O-(8-D-glucopyranosyluronic acid)-p-
galactose. It was shown subsequently (unpublished results) that this substance



is more readily formed from the unmodified gum. It is noteworthy that. several oligo-
saccharides containing terminal 6-deoxyhexose residues have been isolated by using
acetolysis for the cleavage of glycosidic linkages. Kuhn and his collaborators 13 have
isolated 2-O-z-L-rhamnopyranosyl-p-galactose and 2-O-z-L-thamnopyranosyl-(3-0-f-D-
galactopyranosyl-p-glucose) on acetolysis of the steroidal glycoside solanin. In this
laboratory 2-O-a-L-fucopyranosyl-nD-xylose has been recently isolated from gum tragacanth
by a similar procedure.’ It is clear, therefore, that acetolysis provides a valuable alter-
native method for the linkage analysis of polysaccharides containing 6-deoxyhexose
residues which are relatively labile towards hydrolysis with aqueous mineral acid.

EXPERIMENTAL

Paper chromatography was carried out on Whatman Nos. 1 and 3MM papers with the
following solvent system (v/v): (A) butan-l-ol-ethanol-water (4:1:5, upper layer); (B)
butan-1-ol-acetic acid—water (4:1: 5, upper layer); (C) benzene—ethanol-water (169 :47: 15,
upper layer); (D) butan-2-one, half saturated with water; (E) ethyl acetate—pyridine—water
(10:4:3); ethyl acetate-acetic acid—formic acid-water (18:3:1: 4).

Gas-liquid partition chromatography of the methyl glycosides of methylated sugars was
carried out in a Pye argon chromatograph according to the procedure of Bishop and Cooper z
(see also accompanying paper8). Separations were carried out on the following columns
(120 x 0:5 em.) at gas flow rates of 80—100 ml./min.: (a) 15%, by weight of butan-1,4-diol
succinate polyester 7 on acid-washed Celite at 175°; (b) 10%, by weight of polyphenyl ether
[m-di-(m-phenoxyphenoxy)benzene] on acid-washed Celite at 200°; (¢) 209 by weight of
Apiezon M on acid-washed Celite at 150°. Retention times (T) are quoted relative to methyl
2,3,4,6-tetra-0-methyl-B-p-glucopyranoside as an internal standard.

Optical rotations were observed at ca. 18°.

Methylated Gum Avabic and Derivatives—Gum arabic (20 g.) was methylated successively
with methyl sulphate and sodium hydroxide, and with methyl iodide and silver oxide, to give
methylated gum arabic (112 g.), [o], —48° (¢ 1:0 in CHCl,) (Found: OMe, 41-5%,). Lithium
aluminium hydride (150 mg.) in tetrahydrofuran (5 ml.) was added to methylated gum arabic
(150 mg.) in tetrahydrofuran (5 ml.), and after 0-5 hr. at room temperature the mixture was
refluxed for 3 hr. The excess of hydride was destroyed with ethyl acetate and water, and the
resulting mixture was shaken with dilute sulphuric acid and extracted with chloroform. The
chloroform extract afforded reduced methylated gum arabic (105 mg.), [«l, —43-5° (¢ 1-06 in
CHCl,) (Found: OMe, 39-6%). Hydrolysis of a sample of the reduced methylated gum
followed by chromatography of the products in solvents A and B showed that reduction of
hexuronic acid residues was complete. Reduced methylated gum (90 mg.) was methylated
in NN-dimethylformamide with methyl iodide and silver oxide, to give methylated reduced
gum arabic (78 mg.), [o], —47-5° (¢ 1-02 in CHCl,) (Found: OMe, 41-3%,).

Samples of the methylated gum, reduced methylated gum, and methylated reduced gum
were heated with methanolic 2:5% hydrogen chloride in sealed tubes at 100° for 16 hr., the
cooled solutions were neutralised with silver carbonate, filtered, and concentrated, and the
resulting syrups were examined by gas-chromatography, with results shown in the Tables.

Carboxyl-reduced Arabic Acid.—Arabic acid (equivalent weight, 1380) was prepared from
Acacia senegal gum by precipitation from aqueous solution which had been acidified with hydro-
chloric acid by the addition of ethanol (4—5 vol.), and the gum acid was acetylated in formamide
solution with acetic anhydride and pyridine by Carson and Maclay’s method ** to give
acetylated arabic acid, [«], —21° (¢ 0-94 in CHCly). Acetylated arabic acid (30 g.) was
dissolved in 1,2-dimethoxyethane (400 ml.), lithium borohydride (6:5 g.) was dissolved in the
solution, and diborane was generated ix situ by the addition of portions (ca. 5 ml.) of a solution
of boron trifluoride—ether complex (10 g.) in 1,2-dimethoxyethane (40 ml) during 1-5 hr.
After each addition the stoppered flask was shaken gently and then vigorously to break up the
gel which separated, and further solvent (200 ml.) was added during the additions when the
mixture became too thick. The mixture was set aside overnight and was then poured into
ice—water {1-5 1.). The mixture was made just alkaline and was concentrated under reduced
pressure to a thick paste. The paste was dissolved in 0-1x-sodium hydroxide, and the solution
was adjusted to pH 9 and heated for 2 hr. at 55°. The resulting solution was dialysed against
tap water for 48 hr. and against distilled water for 24 hr., filtered, concentrated, and poured into



TaABLE 1.
Relative retention times (7T') of methyl glycosides on column (a).

Reduced Methylated
Methylated methylated reduced

Sugar gum arabic gum arabic gum arabic
2,8,4-Tri-O-methylrhamnose ..........ccoeveininnn. 0-44 0-44 0-45
2,3,5-Tri-O-methylarabinose ...........coooieeennnen 0-55, 0-72 0-54, 0-71 0-55, 0-71
2,3,4-Tri-O-methylarabinose .............cooeevnnns 1-04 1-04 (1-02)
2,5-Di-O-methylarabinose ............. coee o (1-84), 3-47 (1-86), 3-41 (1-87) (3-50)
2,3,4,6-Tetra-O-methylgalactose (1-84) (1-86) (1-87)
2,4,6-Tri-O-methylgalactose ..............coovennn 419, 480 4-15, 4:70 4-17, (4-82)
2,3,4-Tri-O-methylglucuronic acid *............... 2:-52, 3-28
2,3-Di-O-methylglucuronic acid * .................. 84, 9-3
2,3,4-Tri-O-methylglucose .............ooiiiiiinnns 2:54, 3-70
2,3,4,6-Tetra-O-methylglucose ..................... (1-02) (1-49)
2,3,6-Tri-O-methylglucose ............cooceinennen. 3-50, 4-82
UNROGWI SUBAL .oorsrmacsriinisesfosinshnisesbeshnsinis 1-51 1-49 (1-49)

* Methyl glycosides present as methyl esters.
Figures in parentheses indicate T values of components which were incompletely resolved.

TABLE 2.
Relative retention times (7T) of methyl glycosides on column (b).
Reduced Methylated
Methylated methylated reduced

Sugar gum arabic gum arabic gum arabic
2,3,4-Tri-O-methylrhamnose ........................ (0-46) (0-46) (0-46)
2,8,56-Tri-O-methylarabinose ............cccoovvenne. (0-46), 0-59 (0-46), 0-59 (0-46), 0-59
2,3,4-Tri-O-methylarabinose ............c..coccueene 0-84 0-83 0-82
2,5-Di-O-methylarabinose ...........c.ooviininnns 0-69, 1-06 0-70, 1-05 0-69, (1-08)
2,3,4,6-Tetra-O-methylgalactose .................. 1-52, 1-61 1-52, 1-61 1-52, 1-61
2,4,6-Tri-O-methylgalactose .............ccooenneee 2:09, (2-41) 2:10, (2-486) (2-21), 2-39
2,4-Di-O-methylgalactose .............coceinviinns 3-71, 4-40 3-68, 4-40 3-69, 4-40
2,3,4-Tri-O-methylglucuronic acid *............... 1-78, 2-24
2,3-Di-O-methylglucuronic acid * .................. (2-41), 3-11
2,3,4-Tri-O-methylglucose ..., 1:36, 1-86
2,3-Di-O-methylglucose ..., (2-46), 3-28
2,3,4,6-Tetra-O-methylglucose ...........ccoevennns (1-02), 1-34
2,3,6-Tri-O-methylglucose ...........ccoviviniernnes 1-72, 2-21

* Methyl glycosides present as methyl esters.
Figures in parentheses indicate T values of components which were incompletely resolved.

a mixture of ethanol (750 ml.) and ether (250 ml.)). The gummy precipitate was triturated
with ethanol and dried to give a residue (20 g.). The crude polysaccharide was dissolved in
water (200 ml.), and the solution was deionised by passage through columns of Amberlite resins
IR-120(H) and IR-45(0OH), concentrated to 100 ml., and freeze-dried to give the reduced poly-
saccharide (15 g.), which had [e], —16° (¢ 0-94 in H,0) and equivalent weight 7800. Hydrolysis
of the reduced polysaccharide followed by paper chromatography of the products showed
rhamnose, arabinose, galactose, and glucose with only traces of aldobiouronic acid (6-O-B-p-
glucuronosyl-p-galactose).

Acetolysis of Carboxyl-reduced Avabic Acid.—The reduced polysaccharide (14 g.) was added
with stirring to acetic anhydride (250 ml.) and concentrated sulphuric acid (7-5 ml.) at 3°,
stirring was continued for 0-5 hr. at 3° and at room temperature for 6 hr., and the mixture was
kept overnight. The resulting dark solution was poured into ice-water (500 ml.), and after
being stirred for I5 min. the mixture was extracted with chloroform (4 x 225 ml.). The
chloroform extract was washed with water and sodium hydrogen carbonate solution, dried,
and concentrated to a syrup (23-9 g). The syrup was treated with methanolic 5%, sodium
methoxide (50 ml.) for 18 hr. at 3°, and the resulting mixture was neutralised with acetic acid
and concentrated to a syrup, which was dissolved in water, deionised by passage through
cation- and anion-exchangers and concentrated to a syrup (10 g.). A further quantity (9 g.)
of the mixture of sugars was similarly formed from the reduced polysaccharide (10 g.).

The combined syrups (19 g.) were fractionated on cellulose (35 x 6-8 cm.) by elution with
benzene—ethanol (5: 1 in steps to 1:5) containing small amounts of water (0-5 to 5%), and
later with ethanol-water (4:1) and with water. The earlier fractions contained mono-
saccharides (rhamnose, arabinose, galactose, and glucose) and substances of higher chromato-



graphic mobility (probably partially acetylated sugars). Later, four fractions containing
oligosaccharides were collected.

Fractionation of Oligosaccharides.—Fraction 1. Chromatography of the syrup (0-7 g.;
eluted with 1:1 benzene-ethanol containing 1%, and 29, of water) indicated galactose, oligo-
saccharide 1 (Rgapaetose 0:69 and 0-75 in solvents A and F), and traces of arabinose and galactosyl-
arabinose. Galactose (70 mg.) separated from the syrup and the remaining syrup was fraction-
ated on charcoal-Celite (1: 1; 29 x 3-8cm.). Elution with water afforded galactose (150 mg.),
elution with water containing 29, of ethanol (3 x 500 ml.) gave fractions la to 1¢, and elution
with water containing 49, of ethanol gave fraction 1d. Although no sugars could be detected
in fractions la and 1d, these fractions were concentrated and combined with fraction 2 for
re-fractionation. Fraction 1b was concentrated, dissolved in methanol, filtered, and taken to
dryness to give oligosaccharide 1 (110 mg.), [o],, —6° (¢ 0-97 in H,0), which was substantially
pure except for a trace of galactosylarabinose. Concentration of fraction l¢ gave further
oligosaccharide 1 (150 mg.) probably contaminated with Celite.

Fraction 2. Chromatography of the syrup [1-62 g.; eluted with benzene-ethanol (1: 2,
later 1: 5, containing 3%, and 59, of water, respectively)] indicated galactose, arabinose, and
oligosaccharides 1 and 2. Elution of the syrup from charcoal-Celite (1:1; 33 x 3-8 cm.) with
water (1 1.) afforded monosaccharides, but further elution with water (6-5 1.), and with water
(2 1.) containing 39, of ethanol, gave an unresolved mixture (115 g.) of oligosaccharides 1 and 2.
The oligosaccharides were fractionated on cellulose (38 x 2:3 cm.), elution with butan-1-ol,
half saturated with water, furnishing oligosaccharide 1 (fraction 2a; 0-31 g.) containing only
a trace of galactosylarabinose, and elution with methanol-water (9 : 1) furnished oligosaccharide
2 (fraction 2b; 0-57 g.), which was chromatographically indistinguishable from 3-0-x-D-
galactopyranosyl-L-arabinose, Ry,yctese 0°50 and 0:72 in solvents A and E.

Fraction 3. Chromatography of the syrup [(1-16 g.; eluted with benzene—ethanol-water
(1:10: 1) and ethanol-water (4 : 1)] indicated oligosaccharides 2 and 3 (Rgaiqetose 0°2, 0-50, and
0-29 in solvents A, E, and F) and traces of galactose and arabinose. Oligosaccharide 3 was
probably a galactobiose since a sub-fraction from chromatography on charcoal-Celite, which
was rich in this component, gave mainly galactose on hydrolysis.

Fraction 4. Chromatography of the syrup (6:63 g.; eluted with water) indicated a complex
mixture of higher oligosaccharides. The syrup was chromatographed on charcoal-Celite
(35 x 6-8 cm.), elution with water removing traces of monosaccharides and elution with water
containing 2, 5, 10, and 209%, of ethanol furnishing fractions 4a (0-2 g.), 4b (0-7 g.), 4¢ (0-62 g.),
and 4d (0-91 g.). Fraction 4a, Rgyactose 0-17 and 0-0 in solvents F and E, was probably an
acidic trisaccharide which gave rhamnose, an aldobiouronic acid (probably 6-0-B-p-glucuronosyl-
D-galactose), and a trace of galactose on hydrolysis. Fractions 4¢ and 44 contained higher
rhamnose-containing oligosaccharides which gave rhamnose, glucose, and galactose amongst
the hydrolysis products.

Examination of oligosaccharide 1. Oligosaccharide 1 had Ryqqot0se 0-69 and 0-75 in solvents
A and F, but cochromatographed with glucose in solvent E and afforded rhamnose and glucose
on hydrolysis. The sugar (fraction 2a; 0-2 g.) was reduced with sodium borohydride (0-1 g.)
in water (10 ml.) for 18 hr. The solution was acidified with acetic acid, shaken with Amberlite
resin IR-120(H), filtered, concentrated, and taken to dryness with methanol to remove boric
acid. The product was chromatographically homogeneous, but treatment of a portion with
acetic anhydride and pyridine failed to yield a crystalline acetyl derivative. The remainder
of the glycitol was hydrolysed with 0-5n-sulphuric acid at 100° for 5 hr., and chromatography
of the hydrolysate indicated rhamnose and glucitol. The hydrolysate was heated with aqueous
barium hydroxide at 100° for 3 hr. to destroy reducing sugar, and the solution was acidified
with dilute sulphuric acid, filtered, neutralised with Amberlite resin IR-45 (OH), and taken to
dryness. The residue was treated with acetic anhydride and pyridine, and the product after
recrystallisation from ethanol furnished p-glucitol hexa-acetate, [«], +9° (¢ 2:4 in Me,CO),
which was identified by m. p. and mixed m. p. 100° and by its infrared spectrum.

The sugar (fraction 1&; 95 mg.) was heated with phenylhydrazine hydrochloride (0-2 g.)
and sodium acetate (0-3 g.) in water (2 ml.) at 100° for 2-5 hr. and furnished a phenylosazone
which had m. p. 165—167° after recrystallisation from ethanol-water (Found: C, 55-3; H, 6-4;
N, 10-8; and after drying at 100°: C, 57-1; H, 6-9. C,H,;,N,04,H,0 requires C, 55-2; H, 6-6;
N, 107. C,H, N,O; requires C, 57-2; H, 6-49%). Hydrolysis of the phenylosazone gave
rhamnose as the sole reducing sugar.



Lead tetra-acetate (15 mg.) in acetic acid (1 ml.) was added to the sugar (fraction 15; 5 mg.)
in acetic acid (3 ml.) and water (0-08 ml.), and the solution was kept at room temperature for
2-5 hr. The excess of lead tetra-acetate was destroyed and lead was precipitated by the drop-
wise addition of 109, oxalic acid in acetic acid. The filtered solution was concentrated, the
residue was hydrolysed and chromatography of the hydrolysate showed rhamnose and erythrose.
Periodate oxidation of the sugar (fraction 15; 10 mg.) in sodium hydrogen carbonate buffer 1®
afforded formaldehyde, identified as the dimedone derivative, m. p. 190°.

The sugar (fraction l¢; 130 mg.) was methylated successively with methyl sulphate and
sodium hydroxide, methyl iodide and silver oxide, and methyl iodide and silver oxide in NN-
dimethylformamide, to give methylated disaccharide (128 mg.), [¢«], —23° (¢ 1:33 in CHCl,).
Essentially complete etherification was indicated by (a) paper chromatography of the hydro-
lysate, which showed two main components, and (b) gas-chromatography of the methanolysate
on columns a and ¢, which showed the presence of major components having the retention times
of methyl glycosides of 2,3,4-tri-O-methyl-L-thamnose (T 0-46 and 0-46 on columns a and ¢)
and 2,3,6-tri-O-methyl-p-glucose (7" 3-50 and 4-78, and 1-31 and 1-61 on columns a and ¢) and
only traces of other components. The methylated disaccharide (95 mg.) was hydrolysed in
0-5n-sulphuric acid at 90° for 4 hr., and after neutralisation with barium carbonate furnished a
mixture of sugars (85 mg.) which was chromatographed on cellulose with benzene-ethanol
(20:1; later, 10: 1) containing a trace of water, to give three fractions. Chromatography in
solvent A indicated that fraction 1 (44 mg.) contained 2,3,4-tri-O-methylrhamnose, fraction 2
(14 mg.) contained a mixture of sugars, and fraction 3 (12 mg.) contained 2,3,6-tri-O-methyl-
glucose. Fraction 1 had [«],, +18° (¢ 1-1 in H,O) and the sugar was characterised as 2,3,4-tri-O-
methyl-L-thamnose by conversion into the aniline derivative, which was identified by m. p.
and mixed m. p. 112—114° and by its infrared spectrum. The relative yield of tri-O-methyl-
glucose (fraction 3) was low and it is possible that the methylated disaccharide was incom-
pletely hydrolysed. Attempts to characterise the sugar by the formation of a crystalline
derivative failed, but in a separate experiment methylated disaccharide (from fraction 2a) was
hydrolysed and the corresponding methylated sugar was characterised as 2,3,6-tri-O-methyl-p-
glucose by conversion into the 1,4-di-p-nitrobenzoate, m. p. and mixed m. p. 191°.

We acknowledge the award of an I.C.I. Fellowship (to A. J. C.) and of a D.S.I.R. Main-
tenance Allowance (to R. Y.).

CHEMISTRY DEPARTMENT, THE UNIVERSITY,
WesT Mains Roap, EpDINBURGH, 9. [Received, August 30th, 1962.]

1 Smith, J., 1940, 1035.

* Stephen, /., 1951, 646.

3 Charlson, Nunn, and Stephen, J., 1955, 269.

4 Smith and Montgomery, ““ Chemistry of Plant Gums and Mucilages,” Reinhold Publ. Corp., New
York, 1959.

3 Hamilton and Thompson, Pulp and Paper Mag. Canada, 1960, 61, No. 4, 263,

& O’Colla, O'Donnell, and Feeley, Proc. Chem. Soc., 1962, 68.

7 Bishop and Cooper, Canad. [. Chem., 1960, 38, 388.

8 Aspinall,

9 Smith and Stephen, Tefrahedron Letters, 1960, No. 7, 17.

10 Smith and Srivastava, J. Amer. Chem. Soc., 1956, 78, 1406.

1t Charlson and Perlin, Canad. . Chem., 1956, 34, 1200.

12 Gorin and Perlin, Canad. J. Chem., 1959, 87, 1930.

13 Kuhn, Léw, and Trischmann, Chem. Ber., 1955, 88, 1492,

14 Aspinall and Baillie,

18 Carson and Maclay, [. Amer. Chem. Soc., 1946, 68, 1015.

16 Reeves, [. Amer. Chem. Soc., 1941, 63, 1477.

PrinTED 18 GREAT BrRITAIN BY RicHARD Cray anp Company, LTD.,
Buncay, SUFFOLK,



