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Combretum leonense gum contains residues of D-galactose, L-
arabinose, L-rnamnose, D-galacturonic acid and D-glucuronic zcTd.
AutohydrolySis of the gum acid affords a substezltizlly arabinose free
degraded gum and a mixture o1 sugars including the disaccharide
3=0-f=L=arabinopyranosyl-L-arabinose. Graded acid hydrolysis gave
a mixtdre of neutral and Tecidie oligosaccharides amongst which the
following have been characterised:

the first two members of the series

g—ﬁ-g-galactop;ranos%lsiareﬁ)-Qrﬁ-E-galhctOEJranosyl]—(l-+6}—
D-g@lactose (n=0-3),

3=0-f-D-galactopyranosyl-Il—arabinose
2—@-%a-D-galactopyranosylﬁronic aoidS—L—rhamnose, and

6-0- Bzz-glucopyranOSJluronio acid)-g-ﬁuldctose.

In addition the following oligosaccharides, present in minor
amounts have been tentatively identified:
4-0-f=-D-galactopyranosyl-l-galactose,
O-o=-D-galactopyranosyluronie acid-(1—2)=0-L-rhamnoyyranosyl-
(154 )-D-galactose, and =
grgggalgEtO“jranosyl—(l——43 or 4)-0-a-D-gulactopyranosyluronic
&Tid=(l=3?)=-L-rhamnose. —

Hydrolysis of methylated degraded gum yields

2,3,4,0-tetra-0-methyl-D-galactose,
293y4=tri-Q-methyl-D-galactose,
2,3-di-0=-methyl-D=galactose,
3,4-di-0-methyl-T~-rhemnose,
3-mono-Q-me thy¥-Ll-rhamnose, and
243,4-tri-g-methyl-D=glucuronic acid, together with traces
of other sugars.

Hydrolysis of the metnylated gum afiords

2,3,5=tri-Q-methyl-L-arabinose,
2,3-di-0-me thyl-L=-arabinose,
2,5-di=-0-me thyl-T-arabinose,
2,3,4=-tri=0-methyl=D-galactose,
2,3,6=-tri-0-methyl-D-galuctose,
243-di-0-methyl-D-galactose,
2,4-di~-0-methyl-D-galactose,
2,6-di-0-methyl-D-galactose,
2-mono-Q-methyI-D-galactose,
3-mono-o-me thy l-T~-rhamnose
-rhemnose, end
2,3-di-C-methyl-D-xlucuronic acid,
together with smZller amounts of other sugars.

Partial structures for the gum, in terms of the galactan frame-
work, acidie fragments and the acid-labile periphery, are discussed
in the lizht oi these results.

The structural festures of the gum have been compared with those
of other guas, Special reference being made to its relutions T




cont.

the gums of the Combretaceae family and the simnilarly constituted
Virgilia oroboides gum.

The nature of heterogeneity that exists in the gum was investi-
gated by fractionating the gum on anion-exchange cellulose columns,

The periodate resistant portion of the gum was ulso investigated.
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INTRODUCTTION.

A wide variety of substances having gummy cheracteristics
are termed as gums. Thus the terpenoid resins, rubber, hemi-
celluloses, seed extracts, seaweed polysaccharides and the poly-
saccharide exudates from plants have all been cslled gums. In
this thesis the word gum refers to the last of the types mentioned
above., Thus gums may be defined as "those cearbohydrate materials
which are exuded from the outer portions of trees and fruits
spontaneously, after mechanicel injury or after attack by micro-
organisms."

The plants after injury exude a rather mobile solution which
soon becomes s sticky syrup and dries slowly to give hard and
brittle nodules. These nodules are composed almost entirely of
carbohydrate material, together with amali amounts of impurities
such as terpenoid resins (which colours the nodule yellow, brown
or red), proteins, dust, pieces of wood etec. If the noaules
contain acetylated polysaccharides then they smell faintly of
acetic acid due to decomposition, Most gums dissolve in water
to give highly viscous solutions znd others swell up to give gels.
Almost all gums are soluble in dilute alkali and insoluble in
organic solvents. Molecular weights of the gums are usually
very high, as high as 9,500,000 has been guoted for Karaya gum (1).

The gums may consist of more than one polysaccharide and
these are heteropolysaccharides as their molecules comprise
anjthing from two to four main neutral sugars eand one or two

uronic acid residues. The most common neutral sugars are D=



galactose, L-arabinose, L-rhamnose, D-mannose, and D-xylose,

whereas L-fucose occurs in rare ceses. The uronic acids are
D-glucuronic acid (sometimes as its 4-O-methyl ether) and D-

galacturonic acid. Bach of these sugars may be involved in

more than one type of linkage in the same polysaccharide.

The gum polysaccharides have a highly branched molecular
structure and they are amongst the most complicated known to
organic chemists. Their structure resembles closely those of
the bacterial polysaccharides and the mucilages. In fact, there
are no general structural differences between plant gums and
mucilages and they are usually reviewed together (2-6), in spite
0of the difference in their mode of origin and their function in
the plant. Mucilages are products of normal plant metabolism,
they are isolated by extraction of different parts of the plant
in which they are known to serve as food reserves or as reservoirs
of water.

The origin of gum exudates, however, is still in doubt.

The gums could, like the mucilages be the product of normal plant
metabolism, or they could arise from pathologicel conditions.

There is evidence to favour both these views. For example, gum
tragacanth is produced immediately after mechanical injury and is
thus probebly a product of the tree itself. Also the exudates
from one tree or different trees of the same species, are remark-
ably similar in their composition, whereas one might expect dif-

_ ferent bacteria to produce different gums on trees of the same
species. The latter view, which is the less favoured of the two (5)

has its main support from experiments curried out by innoculating

N
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bacteria into trees, thus producing gummosis. The observation
that healthy Acacia trees do not produce any gums, whereas the
ones growing under adverse conditions such as high elevation and
lack of moisture produce gums in great quantities, is claimed as a
support for this view. This, however, could be due to the fact
thet under such conditions the bark of the tree cracks, causing
gum exudation, In this context it is interesting to note that
the supposedly infected and diseased Acacia trees continue to
survive and propogate.

It is not possible at the moment to draw conclusions on this
problem, and it is not unlikely that there is more than one reason
for the production of gum by plants.

The most likely funection of gum formation is to prevent loss
of moisture by sealing off the injured portion and to prevent
invasion of the tissue by micro-organisms (3). The capsular poly-
saccharides of pneumococcus &are known to offer protection to the
pneumococcus organism; guas which are very similar to the above
polysaccharides have been suggested to have a2 similar function of
protecting the plant tissues (2).

Some of the other problems facing the carbohydrate chemists
are the source of structural material for gum within the plant, and
whether gums are formed at the site of injury or whether they are
generated elsewhere inthe plant and then transported to the
injured site. Some understanding of these problems could be
expected if the structural relationship of the various carbohydrate
materials present in the plant, such as sterch, cellulose, hemi-

cellulose, gum end pectin were investigated.
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Whatever the exact origin of the gum exudates may be, it is
believed that they; are more probably formed by some type of
enzymic polymerisation, rather than by direct chemical poly-
merisation (2).

There is no generally accepted system of classification of
gums, even though classifications based on physicel properties such
as solubility and those based on chemical composition, such as
nature of uronic acid, are available.

A large number of plants, particulerly the fruit trees and the
thorny shrubs which are found in hot dry climates are capable of
producing gums. The bulk of the gum for industry is collected
from wild trees, by hand picking. Some of it comes from trees
specially grown for this purpose in gardens. Over one hundred
species of genus Acacia produce gums known commercially as Gum
Arabic. Other gums of commercial importance are from the species

of Astragalus, Prunus, Streculia and Combretaceae. The marketing

of gums under collective names leads to confusion in structural
work and definite conclusions cannot be drawn unless botanical
origin of a particular sample is known.

Gums have been of use to man from ancient times, Egyptians
used them for paint thickening and embalming purposes, as far back
as 2000 B,C, At present, they are used in industry for a variety
of purposes, such as textile printing, paper-masking, adhesives and
emulsifiers. Being tasteless and harmless they are also used in
pharmaceuticals, confectionery and cosmetics.

The scientific investigation of gums is desirable from the

point of view of their importance in industry end their close
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similarity to bacterial polysaccharides. But perhaps the most
important reason lies in the fact that "it leads to some of the
fundamental problems in carbohydrate chemistry, namely, the
mechanisms by which the primary products of photosynthesis, which
appears to be based on D-glucose, are transformed into other

hexoses, uronic acids, methyl pentoses and pentoses." (5)



PURIFICATION AND FRACTIONATION,

The polysaccharide material in the gum usually exists as the
neutral or slightly acid salts of cations such as calcium,
magnesium, sodium and potassium.

The powdered gum is dissolved in water or in dilute sodium
hydroxide and the inscluble extraneous matter such as pieces of
wood, insects and sand are filtered off. The free gum acid is
then precipitated by addition of acidified organic solvent, usually
ethanol, leaving the low molecular weight material in solution,
Other organic solvents such as methanol, acetone and acetic acid
have also been used. Further purification of the polysaccharide
may be effected by reprecipitations, diazlysis or by treatment with
ion exchange resins. The purified polysaccharide is either
freeze dried or dried by trituration with absolute zalcohol or
acetone followed by drying in a vacuum pistol. However, it is
reported (8) that carbohydrate materials which have been either
freeze dried or vacuum dried up to temperatures st which the de-
composition of the material begins, still retain weter and organic
solvents. Also, the solvent used for purification might have
some effect on the polysaccharide. Drummond and Percival (9)
found 2 fast moving sugar corresponding to a monofgrethyl sugar
in the partial acid hydrolysate of the gum exudate of Albizzia
gygia, which they had purified from ethanol. They consider this
sugar to be an artefact produced by the ethanol, since this sugar
was not detected when propan-2-ol was used instead of ethenol for

purification.

In all polymer chemistry the most important and at the same
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time the most difficult problem is to establish the homogeneity

0of the starting material. Unfortunately complete homogeneity

of a sample cunnot be established directly. However deviations

from it may be detected by examining the sample by as many as
possible of the methods available to assess homogeneity. In
polysaccharide work the necessity to assess homogeneity is even
greater now that new chemiczl and biochemical technigues of high
degree of precision have been developed to investigate the fine
structures. Several polysaccharides, including some gums, are
known definitely to be heterogeneous. For example, gum tragacanth

(13) end Khaya senegelensis gum (12) have been fractionated into

polysaccharides with entirely different chemical structures. In
._other cases, the polysaccharides are assumed to be homogeneous
mainly because of the failure to effect fractionation by any of the
severazl methods available. The heterogeneity of a polysaccharide
may be of three different types. The polysaccheride may be made
up of a mixture of
(i) polysaccharides containing different sugar components or
the same sugar components linked in different ways,
(ii) polysaccharides containing the same component sugars linked
in the same wey but in different proportions,
(iii) polysaccharides differing only in their molecular sizes.
The last type of heterogeneity is not very serious in that
it does not prevent correct interpretation of the results.
In many instances purification and fractionation of poly-
saccharides are done in one operation. Thus for example if pre-

cipitetion or extraction of polysaccharides, which are essentially
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purification techniques, are carried out in stages it might be
possible to isolate two different polyseccharides. There are
several such technigues by which purification (and fractionation)
of polysacchurides may be effected on a preparative scale,

Graded extraction has often been used to isolate pure
polysaccharides from the raw materizls, Cold or hot water,
alkali, alkali-borate mixtures are the common solvents used for
extraction, However, if the conditions of extraction are too

drastic, modification of structure and or molecular weight might

ocecur. Dimethyl sulphoxide is considered to be a good solvent
for preferentizl extraction of polysaccharides (10), especially
for those containing QO-acetyl groups.

Another method commonly used for isolating pure polysaccha-
rides is fractional precipitation. By eradual addition of
organic solvents such as ethanol to aqueous solution of the gum
and immediate removal of any precipitate formed, components of
different solubilities can be separated. The separation is rough
and several reprecipitations may be necessary to obtain the
fractions pure. The two components of Olibanum gum (11) =nd the

Khaya senegalensis gum (12) have been fractionated by this method.

This type of fractionation can zlso be used to fractionate mixtures
of acetylated, methylated, or nitrated polysaccharides. For
example, gum tragacanth (13) has been fractionated into an acidice
polysaccharide, an arabogelactan and a glycoside, after complete
methylation. Purification of polysaccharides can 2lso be

achieved by adding salts to agueous solution of the mixture. For

example, corn hull hemicellulose (14) has been precipitated by
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addition of ammonium sulphate to an agueous extract. Most poly-
saccharides form insoluble complexes with certain inorganiec
compounds and are thus precipitated out of solution. Fenling
solution (15), cupric acetate (16), cupric sulphate (17), cetyl
trimethyl ammonium bromide (Cetavlon) (18), and Cetavlon-boric
acid mixtures (19) have all been used to effect fractionation.
Some polysaccharides are also capable of complexing with other
polysaccharides and with certain proteins. This fact has been
used to purify polysaccharides in a few instances, Wider
application of this method is expected in the future (2).

Enzymes can also be used to purify polysaccharides, by
enzymolysis of the unwanted component by specific enzymes. For
example, the glucomannan in Iles mannan can be purified by decom-
position of amylose-like impurities with amylase (2).

Adsorption or displacement chromatography has had only
little success in separating mixtures of polysaccharides. Some
instances in which it has been used are, the separation of muco-
pvolyseccharides on cellulose columns by gradient elution with
increasing concentrations of ethanol containing 0°¢3% barium acetate
solution (23), the fractionation of sugar beet araban on a charcoal

column (24), and of polysaccharides from Mycobacierium tuberculosis

on silica gel column (25).

A more efficient chromatographic procedure for polysaccharide
has been recently developed by Neukom et al., (26). Their method,
which makes use of anion-exchange cellulose,was developed for

analytical purposes, but can be extended to small scale yrepara-

tive separations. They found, in analogy to the precipitation of
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acidic and neutral polysaccharides with quaternary smmonium salts,
that acidic polysaccharides were absorbed readily on anion-
exchange cellulose at neutral pH values, whereas neutral poly-
saccharides were not or only weakly absorbed. Thus by using
DiEthylAminoEthyl (DEAE-) cellulose in different forms (borate,
phosphate, hydroxyl etc.) together with a suitable elution medium
at differing pH values and electrolytic concentration they were
able to fractionate wheat starch dextrin, a mixture of sugar beet
areaban and pectic acid, the cold water soluble wheat flour poly-
saccharides, and other similar nixtures (26). They have also shown
that in the case of pectic substances the extent of absorption on
to the cellulose derivative depends on the degree of esterification,
the degree of polymerisation and the content of side groups (27).
This method has also been used to assess the homogeneity of gum

polysaccharides. In the case of Khaya senegalensis gum a complete

separation of the two componen$ polysaccharides has been achieved
by this method (28); fractional precipitation gives only a rough
separation of these components (12).

The ultrafiltration technigue using membranes of graded pores
size would probably be useful in separating mixtures of poly-
saccharides of different molecular size. Using this method Jones
and co-workers (20) have separated dextran into fractions of
different molecular weights.

There is no unambiguous method to sssess the homogeneity of
polysaccharide obtained by the above methods of fractionation.
However, there are several tests of differing criteria aveilable,

to which the fractions could be subjected. Chemical analysis
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(qualitative and quantitative) of component sugars and determina-
tion of physical constants of the polysaccharide (for example
optical rotation, uronic anhydride content) are often useful to
detect differences between fractions. The method of anion-
exchange cellulose chromatography as described earlier can also
be used as a diagonistic test for homogeneity.

Electrophoresis (ionophoresis) using filter paper and borate
buffer, has been used in a few instances to test the homogeneity
of polysaccharides (30, 31, 32). This method, however, is
restricted because of the absorption of polysaccharides on to the
paper and because it reqguires specific spray reagents for
detecting the polysaccharides that are not interferred with by
the cellulose paper, To overcome these difficulties an inert
support such as glass fibre paper has been used (32, 33). Using
this technique with 2N-sodium hydroxide as electrolyte and alkaline

permanganate as spray gum ghatti, gum tragacanth, the gums of

Acacia pycnantha, Acacia senegal, and Acacia szrabicum has been

claimed to be heterogeneous, since they all showed more than one
spot (34). Electrophoresis in Tiselius apparatus (29) and on
thick gless fibre paper or column of powdered glass (35) could be
used to effect separations of polysaccharides on a preparative
scale.

Another important analytical test for homogeneity depends
on the faet that antipneumococcus horse sera will give precipitate
with polysaccharides which are structurally related to the anti-
pneumococcus polysaccharides. Thus gum arabic gives a precipi-

tete with Type II antipneumococcus serum from which a
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polysaccharide having less rhamnose than the original gum ecan
be recovered (21).

The molecular weight distribution of a mixture of poly-
saccharides can be investigated by sedimentation analysis in
an ultracentrifuge (7). This method also gives an estimate of
the molecular weights of the components, Molecular weight
distribution could also be studied by turbidimetric measurements
using light-scattering photometers.

A few investigations of the inter-nodule variations in gums
have been reported in the literature. Torto (36) examined

nodules from different trees of Fagera xanthoxylides and found

no significant variations in opticel rotations and equivalent

weights. Three different nodules from Brachychiton diversifolium

examined for ash, nitrogen, methoxyl, and acetyl contents did not
show any significant difference (37). Some samples of Acacia
pycnantha gum he'e been shown to be heterogeneous by glass fibre
ionophoresis (34, 38). An exzmination of severzl gum nodules

from Combretum leonense has shown significant variations among

other things in uronic anhydride content, much greater than can
be explained by analytical error (39).

In view of the possibidity of heterogeneity in gums, caution
must be exercised when interpreting the experimental results.
Thus most if not all interpretations of results, specially those
regarding the fine structure of polysaccharides, represent only
the most probable one,and not the only one. It has not been
possible to assign a unigue structural formula for any gum.

However, the main structural features of many gums have been



w X3 -

elucidated and compared with other gums of the same or related
botanical origin. It has been suggested that gums from related
botanical species, as in the case of the hemicellulose group of
polysaccharides, may have similar basal units of molecular
structure and differ considerably in fine structure (38). Such
similarities in backbone h&’© been shown to exist in gums from
botanically related species, such as between gum arabic and

Acacia pycnentha gum (38) and between gum ghatti and Anogeissus

schimperi gum (40). These pzirs of gums zlso show remarkable
similarities in other important structural features, such as the

aldobiouronic acid units and the acid labile units.
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STRUCTURAL INVESTIGATION OF POLYSACCHARIDES.

An idea of the generel nature of the polysaccharide under
investigation can be obtained by determination of physical
constants, This'involves the measurement of optical rotation,
neutrelisation equivalent, viscosity coefficient, uronic acid
enhydride, acetyl, methoxyl, nitrogen,and ash contents.

For the structural investigation of & purified poly-
saccharide, a number of different technigues are reguired.
Firstly, the nature and proportions of the sugar components are
determined by examination of the total acid hydrolysate of the
polysaccharide. Secondly, information on the mode of linkage
of each sugar unit and in many instances, on the ring structure
of sugars and the proportion of non-reducing terminal groups,
are obtained by methylation procedure, Finally, the order of the
sugar units and the linkages are determined by partial hydrolysis
studies. Supplementary and additional information can zlso be
obtained from periodate oxidation, alkaline degradation, enzymic
degredation,and immunological studies, In many instances
valuable information can be obtained from investigation of the
modified (reduced, oxidised or acid degraded) polysaccharide.

Composition of the polysaccharides.

Characterisation of the sugar components is done by total
hydrolysis of the polysaccharide with 1 or 2N sulphuric acid at
1000, sepaeration of the products by column chromatography (22)
and preparation of crystalline derivatives.

The proportions of the neutral sugars are best estimated

by the method developed by Flood, Hirst and Jones (4). The
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product of totul hydrolysis of the polysacchuride is chromato-
graphed on paper und the suger components are located by spraying
side strips. The sugars are then eluted from the pazper and
estimated independently by some micro volumetric methods (42,43)
or colorimetric methods (44-46). Any error in this method of
determining proportion is due to incomplete breakdown of the
neutral sugars linked to uronic acid and to decomposition of
sugars during hydrolysis. From the results of this determination
and the uronic anhydride determination it is possible to calculate

the totael composition of the polysaccharide.

METHYLATION PROCEDURE.

The problem of determining the mode of linkages present in
the polysaccharide is best solved by the classical method of
methylation. Complete methylation blocks all the hydroxyl groups
which are not involved in any glycosidic linkages by converting

~them into non-reactive methyl ethers. Hence on hydrolysis of
the resulting methylated polysaccharide the methyl sugars obtained
will carry free hydroxyl groups only on those carbon atoms which
were involved in glycosidic linkages or ring formation. Identi-
fication of these partly methylated sugers will then provide
evidence as to the nature of the sugar residues, and to their
modes of linkage in the polysaccharide if the ring size of the
sugar residues is known. The methylation results will also
indicate the non-reducing terminal residues, the points &t which

brenching occurs and the number of residues per averzuge building

unit. Thus in the case of & homopolysaccharide it is possible
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to construct the building unit with a fair significance, from

me th, lation results alone. In the cuse of heteropolysacchurides,
however, it is necessary to know: the order in which the different

sugur residues occur before such a unit cun be constructed.

The standard method of methylation is still the original
procedure initially developed by Haworth (47), using methyl
sulphate and agueous sodium hydroxide. The above method even
though efficient does not usuully give complete methylation,
especially with zecidie polysaccharides. The methylation can
then be completed by Purdie's method (52), using methyl iodide
and silver oxide. Modifications of the Purdie methylation by
Kuhn mekes use of N,N-dimethyl formemide (53) as & solvent and
barium oxide instead of silver oxide (54).

Other less commonly used methods available for methylation
make use of thallium hydroxide wnd methyl iodide (56), diezo-
methene (57) and methyl iodide with sodium in liguid ammonia (58).
The last method has been adopted to the micro scale (2-10 mg.)
by Isbell et al. (60).

The fully methylated polysaccharides are insolWole in hot
inorgenic acids and therefore cannot be directly hydrolysed.

This difficulty may be overcome by preliminary methanolysis, or
formolysis or treatment with cold acid (61, 62). The products
of hydrolysis cen be separated by the various chromeatogrephic

techniques available and the methylated sugers characterised by

meuns of crystelline derivatives.
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PARTIAL HYDROLYSIS. (LINKAGE ANALYSIS).

By methylation studies it is not possible to determine
the order in which the sugar units are linked together in the
polyseccharide. Rgpecially in a heteropolysaccharide contuin-
ing five or six different sugur residues the task of determining
the order is a difficult one, The method of partizl hydrolysis
is by far the most useful for this purpose and probably the only
unumbiguous method available. In addition to the order of
sugar residues, the order of glycosidic chain linkage and the
anomeric configuration of the linkages in the polysaccharide cen
be determined by this method. Since the development of the
various chromatographic techniques (22) required for the
separation of frugments liberated on partial hydrolysis, the
method has become even more important.

The glycosidie linkages in a polysaccharide display extreme
differences in stability, enebling one to carry out a stepwise
degradation of the polysaccharide. Thus, by this method it is
possible to get information on different portions of the mole-
cule such as the periphery, the backbone and the acid resistant
core.

Sugars existing in the furanoside ring form are much more
acid-labile thun those in the pyranose form. Thus these
furenose sugurs are easily removed by heating a solution of the
polysuccharide with very dilute (22.0-0%2) acid or in the case of
acidie polysacchurides by just heating an aqueous solution. This
latter process is known a&s sutohydrolysis. The degraded poly-

saccharide obtained after the removial of the acid-labile groups
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&8 mono- &and di-saccharides, is less complicated than the
original polysaccharide. A comparison of the methylation
results of the original and degraded polysaccharides will provide
informution regarding points of attachment of the acid labile
groups (71 and 72).

The degraded gum after autohydrolysis is composed of mono-

saccharides linked by pyranoside and uronic acid glycosidic
linkages. The pyranoside linkages can be selectively hydrolysed
with stronger acids (gg. 0°1N) giving rise to monosaccharides and
oligosaccharides conteining only neutrzl sugars. By vigorous
hydrolysis (ca. 1:ON) of the degruded gum obtained after the
above hydrolysis, f;ugments containing uronic acids can be
isolated. This is made possible by the stebility of the zlyco-
slduronic acid linkages. In addition to the aldobiouronic acids
in good yields, smealler amounts of sldotriouronic acids have also
been isolatgﬂl(4o. 6l1).
' The structurzl significance of oligosaccherides present in
minute guentities in the partial acid hydrolysates are doubtful,
because acid hydrolysis is u-reversible reaction. Thus when a
solution of one or more monosaccharides is heated with acids
oligosaccharides are formed (73). However, & possible way of
distinguishing acid reversion products is that they reach an
egquilibrium concentration end thus do not disappear on prolonged
heating (74). During acid hydrolysis artefacts could also @rise
from acid catelysed truns glucosylation of oligosaccharides (75).

The differing stability of glycosidic linkages in poly-

saccharides, which wllows great degrees of selectivity in

N
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hydrolysis, hus its disadventage too. Thus it is very difficult
t0 determine the nature of the very acid-labile linkuges. This
is because this linkage will be among the first to be cleaved on
acid hydrolysis and will not be present in any of the oligo-
saccharides isolated. To obtain information about such linkages
it is therefore necessary to resort to other methods than direct
partial acid hydrolysis.

Partial acetolysis of polysaccharide with a mixture of acetic
eanhydride, acetic acid and sulphuric acid, followed by deacetyla-
tion of products give oligosaccharides which cannot be obtained by
partial acid hydrolysis. Thus the rhamnose residue in gum arsbie,
which is acid labile, has been shown to be attached to position 4
of the glucuronic acid by isolation of the oligosaccharide 4-0-1-
rhamnopyranosyl-D-glucose from partial actolysis products of the
reduced gum arabic (76). Mercaptolysis and methanolysis have
been similarly used to study complex seaweed polysaccharides that
contain acid-labile anhydro sugars.

Other disadvantages of direct partial acid hydrolysis, are
the destruction of sugars which results in low yields of oligo-
saccharides and the removal of functional groups such as sulphate
and N-acetyl. An elegant method has been developed by Painter
to overcome this difficulty, by caerrying out hydrolysis in a
dialysis bag and continually removing the products. Thus by
carrying out auto-hydrolysis of sulphated polysaccharide (77) in
a dialysis bag he was able to isolate sulphatedmono and oligo-
saccharides. This method has been extended to other polysaccha-

rides by carrying out the hydrolysis in the dialysis bag with
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water soluble non-dialysable polystyrene-sulphonic acid (78).
The partial hydrolysis of inulin with high yields (40-60%) of
di- td octa-saccharides (78) and of a mucopolysaccharide without
appreciable N-deacetylation of hexosamine (79) has been

achieved by this method. Another advantage of this method is
that it eliminates the possibilities of acid reversion of the
monosaccharides produced.

A novel method of determining the mode of attachment of very
acid labile groups to the adjacent sugar residues has been
developed by Aspinall et 21.(80)., This is done by conversion
of acid-labile furanoside linkage in polysaccharide to the acid
resisting furanosiduronic acid linkage by oxidation with oxygen
in the presence of a platinum catalyst. It is now possible to
isolate and identify aldobiouronic acids from the acid hydrolysate
of the oxidised polysaccharide, indicating the nature of the
original glycosidie linkage.

Hydrolysis of polyuronides such as pectic acid, alginie
acid or gums of high uronic acid content without considerable
degradation is impossible, These polysaccharides are more easily
hydrolysed if they are converted to the corresponding neutral
polysaccharide by reduction. Sisel pectic acid has been con-
verted to a galactan ( containing 5-6# uronic anhydride) by first
treating with ethylene oxide followed by reduction of the ethy-
lene glycol ester with potassium borohydride (81). Heduction
of acidie polysaccharide cen also be achieved with diborane if

a derivative of the polysaccharide (acetate, propionate) soluble
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in ether type of solvent can be prepared. For example, mes-
quitic acid acetate has been almost completely reduced in this
manner (82).

In comparison to acid hydrolysis, enzymic hydrolysis
(enzymolysis) has the advantage of specificity. For example,
the action of p-amylase on l:4'-linked unbranched glucan amylose
gives maltose as the only final product. However, acid hydrolysis
of amylose gives glucose and maltosaccharides arising through random
scission of bonds. In the case of homopolysaccharides such as
starch and glycogen enzymolysis hus been used with success. But
in the case of heteropolysaccharides which contain a diversity of
building units and linkages the use of enzymes have been restricted.
However, if pure enzyme preparations are available it will be
possible to obtain valuable information, such as to the presence
or absence of a linkage for which the enzyme is specifiec. Also,
since & pure enzyme will split only one particular bond out of a
variety, it will ope possible to obtain fragments of great
structural significance.

The mixture of neutral oligosaccharides from partial hydrolysis
can be separated from monosaccharides and from one another by
chromatography on charcoazl-celite (88), cellulose (64) or resin
(89) columns. The acidic oligosaccharides are separated from
the neutral sugars by absorbing them on weakly basic anion
exchange resin columns and washing the column with water till free
of neutral sugar. The absorbed acidic oligosaccharides may then
be fractionated by eluting the column with increasing concentra-

tions of formic acid (90). Further separation of the
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oligosaccharides may be effected by thick paper chromatography.

The component sugars of the oligosaccharides are identified
by hydrolysis, after reduction for acidic oligosaccharide,
followed by peaper chromatography of the products. It is also
possible to detect the reducing end group of the oligosaccharide
by first reducing it to the glycitol followed by hydrolysis and
identification of the products.

An idea as to the identity of the oligosaccharide can be
obtained from its chromatographic speed in different solvent
systems, ionophoretic behaviour and optical rotation. The nature
of the linkages can be established by complete methylation of the
oligosaoch&ride, followed by hydrolysis (after peduction with
lithium @aluminium hydride for acidic oligosaccharides) and
identification of the resulting methylated sugars. When only
very small quantities of oligosaccharide are available, it is
possible to get an idea of the linkage by carrying out the
methylation on a micro scale (2-3 mg.), methanolysing and
examining the resulting methyl glycosides by gas-liquid partition
chromatography.

Periodate (83) and lead tetra acetate (84) oxidations can
also be carried out on small amounts of oligosaccharides. The
consumption of oxidant and the formation of products (formalde-
hyde, formic acid) depend on the type of substitution of the
reducing residue znd thus the measurements of these values will
give information about the linkage. Periodete oxidatien is
better done on a derivative of the oligosaccharide such as

osazone (86), acid or alcohol (87). By degrading the



“ 25 =

disaccharides to the glycer itol glycosides with lead tetra
acetate and comparing with suthentic specimens, Perlin et 21.(85)
have been able to assign the anomeric configuration of
disacharides. Many oligosaccharides and their derivatives
(osazone, acetate, methyl ether) are crystalline and thus can

be identified by compering with authentic synthetic specimens.

Periodate Oxidation.

Valueble structural information can be obtained from a study
of the action of periodate ion on the polysaccharide. Because
of the aqueous solvent required and the mild nature of the
reaction which does not affect the sensitive carbohydrate struc-
ture, periodate oxidation is widely used in carbohydrate work (83).
Periodic acid and its salts are ceapable of cleaving the
carbon-carbon bonds in 1l,2-diol and 1,2,3-triol groups. The

general reaction schemes 8re shown below.

l

tHOH b !’:HO e
R + IO 3 +I10

CHOH ? 4 CHO ?

| I

CHOH CHO

HOH + 2I0, ) + H'COOH + 2I0y
CHOH ?HO

CH,OH ] H-CHO o
--§-F- & 10 > + 103

?HOH FHO

Thus in general, the arrangement of diol or triol groups may be

deduced from measurements of the consumption of oxidant and
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determination of the nature and amount of oxidation products
(formaldehyde, formic acid, carbon dioxide). In meny instances
_theae deductions will give informetion on the nature and
proportion of the repeating and interchain linkages. From
periodate oxidation studies it is also possible to get informa-
tion on molecular weights, degree of polymerisation znd chain
length of the molecule. The periodate oxidation is influenced
by temperature, pH, concentration of reactants and light (83).
If the oxidation is carried out in excess oxidant or at higher

( 5°) temperature in alkaline solution (pH 8) and presence of
light, then bver-oxidation' will occur, that is oxidation pro-
ceeds beyond the ideal reaction, with over-consumption of
periodate and further oxidation of the normzl products such as
formic acid and formaldehyde. In certain cases useful informa-
tion can be obtained by causing deliberste over-oxidation (91).
But in normeal ceses it is essentizl to avoid under- or over-
oxidation and hence the reaction conditions must be controlled

carefuliy.
In the case of gums and other similar highly branched hetero-

polysaccharides, many different interpretations of the analytical
data are possible. Also, polysaccharides which have uronic acid
residues are liable to behave abnormally, since over-oxidation
is a common feature with uronic acid residues (92). Thus in
these cases the results should preferably be interpreted in the
light of information obtained by other methods.

Alternative periodate methods involve examinestion of the

residual oxidised polysaccharide. Thus for heteropolysaccharides
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such as gum, the proportion of unoxidisable residues of each

type of monosaccharide may be determined by hydrolysis of the
oxidised polysaccharide (polyaldehyde). It should be also
possible to obtain a simpler polysaccharide, for further struc-
tural investigation, by removing the oxidised sugar residues from
the polyaldehyde by mild hydrolysis. However, on such direct
hydrolysis the polyaldehyde decomposes to a great extent and

also gives rise to interfering products.

Barry (93) has shown that treatment of the periodate oxidised
polysaccharide with phenylhydrazine removee the fragments of the
cleaved residues as phenylosazones. Thus, in the case of com-
plex polysaccharides it is possible to cause stepwise degradation
by & series of oxidation with periodate and treatment with phenyl-
hydrazine. For example, after three such treatments gum arabiec
gave & material which was resistant to further oxidation
indicating the 1l,3'-linked galactan backbone of the gum.

A similar method developed recently by Smith (94) is
generally preferred in being experimentally cleaner. It involves
the reduction of the polyaldehyde to a polyalecohol by borohydride
followed by treatment with dilute mineral acid at room tempera-
ture. Under such conditions only the acetal linkages of the
oxidised residues are cleaved leaving the normal glycosidic
linkages intact. An illustration of such & degradation of a
hypothetical polysaccharide molecule is shown in the following

scheme.
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QOther liethods.

In addition to the general methods of structural investi-
gation discussed above, a number of other procedures are
available. At least one or two of these special methods need
mentioning.

Polysaccharides on treatment with alkali undergo degradation,
In general the degradation begins at the reducing end and
proceeds in the stepwise manner. The saccharinic acids produced
on such degradation are characteristic of the linkages in the
polysaccharide and thus afford valuable structural informetion
(95).

The ability of pol,saccharides to give co-precipitation
reactions with antipneumococcus sera has been correlated to
the presence of particular groupings in the polysaccheride (96).
Thus, it is possible by use of antisera precipitation reactions
to predict or confirm the presence of structural features in

polysaccharides.
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Qb ject of the Present Investigation.

Preliminary investigations (98) of the Combretum leonense

gum showed it was composed of D-galactose, L-rhamnose, L-arsbi-

nose, D-galacturonic acid and D-glucuronic acid. In this work,
it was intended to carry out a detailed structural investigation
of this gum and compare its structural features with those of

gum ghatti and ¢um of Anogeissus schimperi.both of which belong

to the same fumily (Combretacesze)es the above gumy but to a

different genus,(Anogeissus).

Such comparisons of structures will enable one to under-
stand the structural relationships of the vastly complicated gums
belonging to related and unrelated botanical species.

This work was also intended to study the nature of hetero-
genity of the gum, in view of the inter-nodular differences noted

by previous workers (39).
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DISCUSSION,

The sample of Combretum leonense gum used in the present

investigation was collected in Nigeria (1952) and kindly provided
by Dr. R. J. MeIlroy. The consignment consisted of large clear
glassy nodules, varying in colour from reddish brown to light
yellow and developed a distinet odour of acetic acid when stored
in & closed bottle.

Preliminary investigations showed that the purified gum
had uronic acid anhydride, 14:9-20°1%; specific rotation, -6 -
150; nitrogen, 0°03-0-05%; &acetyl, 1+7-4-4%; and methoxyl,
nil. The equivalent weight calculated from the free titratable
acidity was found to vary from 870 to 1168 (39). The neutral
sugars present in the gum were identified by preparing
crystalline derivatives as g—galactose, Erarabinose, and 5?
rhamnose, which were present in an spproximate ratio of 5:4:1
(98 and 109). The main uronic acid present in the gum was
identified as g—galacturonic acid and the presence of g-gluc—
uronic acid was indicated by chromatographic evidence (109).

The crushed gum nodules dissolved in water with comparative
ease and solutions up to 1l0% (w/v) could be made at room
temperatures. The purified gum polysaccharide was obtained
as a creamy white amorphous powder by precipitation with acid-
ified ethanol.

Preliminary studies (98) showed that the gum contains three
types of glycosidie linkages with distinctly different rates of

hydrolysis. This is a common feature in msny other gums, and
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advantage had been taken of this fact to obtain selective
hydrolysis of the linkages. In the present investigation the
gum was subjected to a stepwise degradation, as shown in the
flow sheet below, to yield fragments from various parts of the

gum molecule.

Scheme showing graded hydrolysis.

D-Galuctose (5), L-arabinose (4), L-rhamnose (1),

D-galaucturonic scid and D-glucuronic acid.

Combretum Autohydrolysis . Degraded gum I
leonense Gum . 107 solution, 36 hrs (substantially arebinose
(uronic anhy- 100°. free, uronic anhydride
dride, 15-2%) 25+ 7%)
+
g
L-Ara p 1l——3 L-Ara.
+
05N - HpS504. ~ Monossaccharides
+
2")1‘. y 1000. *
Other disaccherides
A D-Gal p }ﬁ{—) 6D-Gal p liﬁbﬁg-f}al.(n=0-3)
ﬂ.
Degraded gum II + Q;Gal P l——)42—Ga1.
g
Q-Gal B l—waBE-Ara.
Monosaccharides.
N - HpS04.
3br., 100°. D-Gal E.Al—fagé-ﬁha.
v D-G p Al-f»6D-Gal.
Monosaccharides + w =

D-Gal p Al—>2L-Rha p 1—»4D-Gal.
D-Gal p 1——;(?)2—Gal 2 Al=——2L-Rha.
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* These disaccharides were not fully identified, but arsbinobioses
and an arabinosyl-galactose were probably present.
# vVork carried out by King (109), numbers within brackets

denotes approximate molecular proportions of the sugars.

Hydrolysis results.

An aqueous solution (4%) of the purified gum acid was
heated on a boiling water bath and the autohydrolysis was
followed by measuring the change in optical rotation. The
changes in optical rotation were large at the beginning and
after 48 hr. the changes were very small, indicating that most
of the acid-labile groups had been released by the end of this
time. It was found that in addition to large amounts of
arabinose residues, some galactose and rhamnose residues were
also released after only 4 hr. heating. The amount of rhamnose
residues released did not seem to change, whereas the amounts of
erabinose and galactose residues released increased with in-
creasing heating time, A pentose disaccharide (subseguently
identified as 3fg—ﬁ:£-arabinopyranosgl-é—arabinose) was azlso
detected after 12 hr. autohydrolysis and the amount of this
disaccharide released feaﬁhed a maximum at 48 hr. and then
decreased.

The proportion of arabinose residues relative to gslactose
residues in the degraded polysaccharide decreased with increas-
ing time of hydrolysis and the polysaccharide remeining after
96 hr. autohydrolysis had a very small proportion of arebinose

residues in it. The proportion of rhamnose residues in the
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degraded polysaccharide, again appeared to remain constant.

It is probable, therefore, that a part of the rhamnose residues
present in the gum are acid labile and are thus easily removed
on sutohydrolysis and the rest of the rhamnose residues are in
the acid resistant core and are not removed even on prolonged
autohydrolysis. Even though some of the galactose residues
were easily qgmoved on autohydrolysis, subsequent methylation
studies showed that all the galactose residues in the gum were
present in the pyranose ring form. In this conneetion it may be
noted that Bouveng (110) failed to find any significant differ-
ence in the rates at which the galactopyranosidic residues and
arabinofuranosidic residues were released from the arabino-
galactan of Western larch on mild hydrolysis.

A large scale autohydrolysis was carried out by heating a
10% solution of the gum acid for 36 hr. (constant rotation) and
the degraded gum I was precipitated with ethanol. The mixture
of mono- and oligosaccharides was fractionated by chromatography
on charcoal-Celite. Most of the fractions obtained were
mixtures and even after several fractionations by partition
chromatography on cellulose, these fractions weré?ghtained in a
chromatographically pure form.

Only one disaccharide was obtained chromatographically
pure and in sufficient amount for detailed structural investi-
gation. Its structure was proved to be 3-g-ﬁjé-arabino—
pyranosyl-L-arabinose, even thougnh it had a specific rotation

(+164°) lower than the values guoted in the literature (gg.
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+200°) for the disaccharide. This low specific rotation was
probably due to contamination of the disaccheride with non-
carbohydrate material.

The disaccharide gave a phenylosazone which was identical
(mixed m.p. and X-ray powder photograph) with that prepared from
an authentic sample of 3ﬁ2761£-arabinopyranosy1—£-arab1nose.

The phenylosagone on periodate oxidation yielded formaldehyde

but no mesoxaldialdehyde l,2-bisphengihydrazone. This result

is in sgreement with those for a 1,3'-linked pentose disaccha-
ride, since both the 1,4'- and 1,5'-linked pentose disaccharides
will not yield formaldehyde on periodate oxidation (86). The
structure was confirmed by methylation of the disaccharide,
followed by methanolysis of the fully methylated disaccharide
when the methyl glycosides of the following methylated sugars:-
2y3,4=-tri-O-methylarabinose; 2,4-di-0-methylarabinose and 2,5-
di-O-methylarabinose (trace); were detected by vapour phase
chromatography . The mixture of methyl glycosides was hydrolysed
and the 2,4-di—g¢methylfé—arabinose separated by chromatography on
filtaf sheets was characterised as its aniline derivative.

Small amounts of various other disaccharides liberated on
autohydrolysis were not fully characterised as they were not
obtained in a sufficiently pure form. One of the fractions
contained a disaccharide which was chromatographically identical

to 3-Q-arabinofuranosyl arabinose isolated from Anogeissus

schimperi gum (40).

Another fraction contained a sugar, which was chromatogra-
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phically pure end indistinguishable from 3-0-f-D-galactopyrano-
ayl~£rarabinose and gave only galactose and arabinose on
hydrolysis. But on reduction with potassium borohydride followed
by hydrolysis, the fraction gave mainly galazctitol and arabinose
in addition to traces of arabitol and galactose. This indicates
the presence of a (7)-0Q-arabinosyl galactose in addition to some
3-0O-gelactopyraenosyl arabinose in this fraction.

Partial hydrolysis of the gum with O*ﬁg sulphuric acid
gave the degraded gum II and & mixture of mono- and oligo-
saccharides. The oligosaccharides were obtained pure by fraec-
tionation on a charcoal column, followed by partition chromato-
graphy on cellulose.

The main products were members of an homologus series (I)
of gaelactose-containing oligosaccharides.
gfe—g—galactopyranosyl-[(lra6)—grﬂ-a-galuctogyranosy1]n-(l—+6)-27
galactose (I).

The first member was a disaccharide, which on complete
methylation followed by hydrolysis gave eguimolecular proportions
of 2,3,4,6-tetra- and 2,3.4—tri-g¢methy1-2rgalactose proving the
structure of the disaccharide to be G—Qrﬁ-g—galactopyranosyl-g—
galactose (I, n = 0). The presence of a P-linkage was indicated
by the low positive rotation ([a]p+30°) of the disaccharide, which
was similar to that recorded for 1l,6-linked galactobiose isolated
from partial acid hydrolysate of gum ghatti (102). The di-
saccharide gave & phenylosazone which was identical (mixed m.p.

and X-ray powder photograph) with that prepared from the
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corresponding disaccharide from gum ghatti.

The second member of the series was a trisaccharide which
on partial hydrolysis gave galactose and 6-0-f-galactosylgalactose.
Hydrolysis of the fully methylated trisaccharide gave 2,3,4,6-
tetra- and 2,3,4-tri-g¢methyl-g—galactose in the proportion 1:2
(approx.), thus proving the structure of the trisaccharide to be
g-ﬁ-grgalaetopyranoayl—(1—*6)fg-ﬂ-grgalactopyranosy1—(1—+6)—2;
galactose. (I, n=1).

The third member of the series (I, n = 2) was chromato-
graphically indistinguishable from the 1,6'-linked galacto-
tetraose isolated from gum ghatti (102). Partiel hydrolysis
gave only one disaccharide, the 0-0-p-galactosylgalactose.

The fourth member of the series (I, n = 3) was chromato-
graphically indistinguishable from the 1,6'-linked galacto-

pentaose isolated from Anogeissus schimperi gum (40). Agein

6-0-p-galactosyl galactose was the only disaccharide obtained
on partial hydrolysis.

In addition to the above series of galactose-containing
oligosaccharides, small amounts of two other disaccharides were
isolated from the partial acid hydrolysate of the gum. One of
these disaccharides was chromatographically identical to 3-0-
p-D-galactopyranosyl-L-arabinose isolated from gum ghatti (102).
The disaccharide was obtained crystalline which was identical
(mixed m.p. and X-ray powder diagram) with an authentic
erystalline sample of 3-g—Bfg-galactopyranosyl—érarabinose.

However the disaccharide had a m.p. (175°) and specific rotation
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(#+22+.4°), which are lower than those guoted in the literature
(102)., These low values are probably due to contaemination of
the disaccharide with non-carbohydrate material.

The second minor disaccharide is tentatively identified as
4-g-a-£—galact09Jranosyl—g—galactose from the following evidence.
The disaccharide was chromatographieally and ionophoretically
identical to 4-g—ﬁf£7ga1act09yranosy1fg—ga1actose and distin-
guishable from 3-g—ﬁ-g—galactopyranoayl-g—galactose and 4—93
n-g—galactOpyranoayl-gbgalactoae. Lead tetra-acetate oxidation
of the disaccharide folliowed by hydrolysie gave a tetrose in
addition to other products, which can arise only from a 1,4'-
linked galactobiose. A 1,3'-linked galactobiose would have
yielded lyxose on the same treatment. Methylation of & small
sample of the disaccharide followed by methanolysis and examina-
tion of the products by vapour phase chromatography showed that
methyl-2,3,6-tri- and methyl-2,3,4,6-tetra-0-methyl galactosides
were the major components.

Hydrolysis of the degraded gum II with Ersulphuric acid
gave 2 mixture of acidic cligosaccharides. The acids were
separated from neutral sugars by adsorbing the acids on basic
resins and eluting with dilute formic acid. Further fractiona-
tions of the acids were effected by chromatography on filter
sheets.

The main component was the aldobiouronie acid, 2-g-(a12—
galuctopyranosyluronic acid)-L-rhamnose whose structure was

proved as follows, Reduction of the derived methyl ester
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methyl glycosides with potassium borohydride followed by
hydrolysis gave galactose and rhamnose. Methylation afforded
the crystalline methyl glycoside penta methyl ether of the acid,
which was identical (mixed m.p., specific rotation and X-ray
powder diagram) with a sample prepared from the same aldobio-

uronic aecid isolated from the pectic acid of Medicago sativa

(105). Reduction of this methylated acid with diborane,
followed by hydrolysis gave equimolar proportions of 2,3,4-tri-
grmethyl-g-galaotose and 3,4-d1-g—methyl-g-rhamnose.

'The second acid fraction gave galaectose, glucose and a
trace of rhamnose on potassium borohydride reduction of the
derived methyl ester methyl giycosides followed by hydrolysis.
The trace of rhamnose was probably due to contamination by the
aldotriouronic acids, since on complete methylation the frac-
tion afforded a crystalline derivative identical (mixed m.p.,
specific rotation and X-ray powder diagram) to an authentic
sample of methyl ester methyl glycoside of 6-Q§S-R-g1uc 0-
pyranosyl uronic acid)—grgalactose hexa methyl ether (kindly
provided by Prof. F. Smith).

The third acidic component isolated was chroma&tographically
and ionophoretically homogenous and appeared to be an aldotrio-
uronic acid, Hydrolysis with gracid gave galactose, rhamnose,
and 2-0-galacturonosyl rhamnose. Reduction of the derived
methyl ester methyl glycosides with potassium borohydride
followed by hydrolysis gave galactose and rhamnose. But re-

duction of the potassium salt of the acid to the glycitol
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followed by hydrolysis gave galactitol, rhamnitol, galactose,
rhaemnose snd Z2-0-galectouronosyl rhamnose suggesting that there
wae more than one acid component in this fraction, On the
_ basis of the above evidence, some probable structures for the
aldotriouronic acids in the mixture are IV, V and VI.

Gal Al— 2 Rha 1——Gal (IV)

Gal 1—> Gal Al—— 2 Rha (V)

Gal Al— 2 Rha \29)

g&l

In & trial experiment it was found that 2-0-galacturonosyl-
rhamnose was unattacked by alkali. This is in agreement with
the known fact that reducing sugars with position 2 blocked
are not degraded by cold alkali. Hence, the aldotriouronic
acids V or VI will not be attacked b; alkali, whereas the «ldo-
triouronic acid IV would be degraded to ?=0-galacturonos;l-
rhamnose and & saccharinic acid, provided. the rhamnose is
attached to positions 3 or 4 of the gslactose residue.

The mixture of aldotriouronic acids on trestment with
alkali wes partly converted to 2-0-galacturonosylrhoumnose while
the other part wes unattacked. This indicates that the mix-
ture contains an aldotriouronic acid having the structure
Gal Al—2 Rha 1—(3 or 4) Gal in addition to at least one
more acid having structure V or VI.

Methylation of the mixture of acids followed by reduction
with lithium eluminium aydride and hydrolysis yielded the

following methylated sugers.
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243,4,6-Tetra-Q-methylgalactose

2,3,4-tri-0-methylgalactose

2,3,6-tri-Q-methylgelactose

2y4-di~-0-methylgalactose (major)

2,3-di-0-methylgalacto

se (minor)

3,4-di~-0-methylrhamnose.

The methylated sugars were identified by paper chromato-

graphy eand by vapour phase chromatography of their methyl

glycosides. Since no mono-Q-methylrhamnose was detected, the

branched structure VI can be eliminated from the possibilities.

Aldotriouronic acids having structures IVa, Va and Vb would

give rise to the metaylated sugars shown in table 6 after

methylation, reduction and hydrolysis.

Methylated sugars arising from

Aldotriouronic acid

Galactose Rhamnose
residue residue

Galacturonic
acid residue

Gal Al-—2Rha 1—4 Gal (IVa)

2,3,6-Mey Gel|3,4-le Rha

Gal 1-—3 Gal Al—2 Rha(Va) [2,3,4,6-Mes |3,4-MeoRhe 2,4-MeoGal
Gal '
Gal 1—4 Gal Al—2 Rha(Vb) 2,3,4,6-Mey |[3,4-MepRha | 2,3-MesGal
Gal &
Table 6.

Thus if the aldotriouronic acids IVa and Va were present in

the unknown mixture of acids, all the methylated sugars obtained

after methylation, reduction and hydrolysis ccn be accounted for

except the small amount of 2,3-di-Q-methyl galactose.

This

dimethyl ether probably arises from a third aldotriouronic acid
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(Vb) in the mixture, unless it was present as a result of
undermethylation.

Gal Al—2 Rha 1—4 Gzl IVa

Gal 1——3 Gal Al—>2 Rha Va

Gal 1—> 4 Gal Al—2 Rha Vb

Thus, on the basgis of the evidence availabhle so far we can

. conclude that the mixture consists of the two aldotriouronie

acids IVa and Va and probably a smaller amount of & third com-

ponent Vb,

Methylation results.

A sample of the substantially erabinose free degraded gum I,
which was prepared by autohydrolysis of the gum acid, was methy-
lated with methyl sulphate and sodium hydroxide. The partially
methylated polysaccharide was esterified by treatment with
diazomethane and the methylation was completed by several treat-
ments with methyl iodide and silver oxide. The fully methyléted
polysaccharide (OMe, 43%) was hydrolysed with sulphuric acid and
the hydrolysate neutralised by treatment with barium hydroxide
and barium carbonate. In order to separate the neutral and
acidic methylated sugars, the syrup contaeining the acidic sugars
a8 barium salts and obtained by concentration of the hydrolysate,
was placed on a cellulose column and eluted with butan-l-ol
half saturated with water to give fractions A and B, followed
by water to give fractiomsC and D.

Fraction A consisting almost entirely of neutral sugars
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wes further fractionated on cellulose giving the following
methylated sugars.

Approximate weight

2,3,4,G—Tetra-grmethyl-g—gulactose 0115 g.
2,3,4-tri~g¢methylfgrgalaotose 0.263 g.
2,3-di-gfmethyl-g-galaotose 0-050 g.
3,4-di-Qrmetnyl-érrhamnose 0.020 g.
3~mono-gfmethyl—érrhamnose 0.020 &.

The rhamnose derivatives were characterised by their
erystallinity and the tetra and tri methyl galactosegwere
charascterised by formation of erystalline aniline derivatives.
The aniline derivative of the dimethylgalactose failed to
crystallise and hence its identity is based only on its optical
rotation, the chromatographic behaviour of the sugar and its
periodate oxidation products, and paper ionophoresis of the
sugar., In addition to the above major components, traces of
the following were detected ohromatggfafnically:— 243,4-tri-0-
methylarabinose; 2,3,6-tri, 2,4-&1-,}&1& E—mono-ggmethylgalac—
tose, 2,3,4-tri-0-methylglucuronic acid and also unmethylated
rhamnose and galactose.

Fraction B was found to be a mixture of acidic sugars,
2,3,4,6-tetra- and 2,3,4-tri-O-methylgalactose, chromeatographi-
cally.

Fractions C and D consisted entirely of acidic sugars, In
the latter the acidic sugars were present as barium salts.

Paper chromatographic examination of fraction D after removal
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of barium ions showed that it consisted of four components.
A sample of the main component (referred to as subfraction
D) was obtained pure by chromatography of the barium ion free
fraction D on thick filter sheets. Fractions C, D(sub.) and
D(main) were separately converted to the methyl ester methyl
glycosides, reduced with lithium aluminium hydride and
hydrolysed. Paper chromatographic examination of the pro-
ducts and vapour phase chromatography of the derived methyl
glycoside samples showed that all three frazctions contained
the same partially methylated sugars (given below), but in
'differing proportions.
3,4,-Di-0-methylrhamnose,
3-mono-Q-methylrhamnose,
243y4-tri-0-methylglucose,
243y4-tri-0-methylgelactose,
2,3,6-tri-0-methylgalactose (trace),
2,3-di-0-methylgalactose.
Subfraction D, however, had in addition appreciable
amounts of an unidentified component (T 1-45 in system c).
The rest of the products, obtained after reduction and
hydrolysis of the fractions C, D(mein) and D(sub), were com-
bined and fraectionated on cellulose giving the following
methylated sugars.

Approximate Weight

2,3,4-Tri-0-methyl-D-galactose 0-032 &.
2,3-di-Q-methyl-D-galactose 0.090 &.
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Epproximate Weight

3,4—di—g-methyl-érrhamnosa 0-024 g.
3-mono-0-me thyl-L-rhamnose 0-054 g.
2,3,4-tri-g—methyl—£-gluoose 0-014 g.

The rhamnose derivatives were characterised by their
erystallinity and the trimethyl galactose by formation of its
crystalline aniline derivative. The 2,3-di-0-methyl galactose
and 2,3,4-tri-0-methyl glucose were identified on the basis of
optical rotation,and by paper chromatography of the sugars and
of the products obtained on periodate oxidation.

In addition to the above methylated sugars traces of 2-0-
methyl galactose and rhamnose were also detected chromzto-
graphiecally.

The undegraded gum was methylated with methyl sulphate and
sodium hydroxide, followed by treatment with methyl iodide and
silver oxide. The methylated polysaccharide was fractionally
precipitated with light petroleum-chloroform and the fraction
having OMe, 40.8% was hydrolysed with sulphuric acid. A good
separation of the neutral and acidic (as barium szlts) methy-
lated sugars was achieved by preliminary frazctionation on a
cellulose column.

The mixture of neutral sugars was fractionated by partition
chromatography on cellulose and the following sugars were

characterised by formation of crystalline derivatives and/or

by crystallisation of the sugars.
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Approximate Weight

2,3,5-Trifg-methyl—;—arabinose 0550 g.
2,3-d11gnmethyl-érarabinose 0-105 g.
2,S-di-g—methyl-grarabinose 0.-072 g.

2,3,4—tri-g-methyl—g—galactose 0.625 g.

2,3,6-tri—gymethyl—g—galaetose 0.155 g.
2,3—di—ggmethyl-£—galaotose 0.104 g.
2,6~difgymethyl-g-galaotose 0.085 g.
2,4—di-g¢methyl-grgalactoae 0.577 &.

2-monofg—methylfg-galactose 0.539 g.
3-mono-Q-methyl-L-rhamnose 0.040 g.
L-rhamnose 0.030 &.

In addition to the above major components, small amounts
of 2,3,4-tri-O-methyl arabinose (optical rotation, paper
chromatograph)) and 3-0-methyl galactose (paper chromatography
of the sugar and its periodate oxidation products) were also
detected. Traces of the following sugars were detected paper
chromatographically and/or paper ionophoretically: 2,3,4,6-
tetra-0-methyl galactose; 3,5-di-0O-methyl arabinose; 3,4-
di-Q-methyl rhamnose; 2,3,4-tri-O-methyl galacturonic acid;
arabinose and galactose.

The acidic fraction, which was uncontaminated with neutral
methylated sugars, was converted into the corresponding mixture
of methyl ester methyl glycosides, reduced with lithium alumi-

nium hydride and hydrolysed to give a mixture of neutral sugars.
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This mixture of sugars was fractionated on cellulose and the

following sugers were characterised by crystallisation of the

sugars and/or by the formation of erystalline derivatives.
Approximate Weight

2,3,4-Tri—g—methyl-g-galactoae 0:020 g.
2,3-di-g¢methyl-g—galactose 0-230 g.
2,4-d1—g—methylig-galactose 0-022 g.

3—mono-g-methylfé-rhamnoae 0110 g.
L-rhamnose 0-028 g.
2,3-di-Q-methy l-g-glucose 0+050 g.

In addition, a fraction containing small amounts of 2-0-
methyl galactose and an unidentified suger (probably a mono-
methyl glucose) was also present.

The methylation results on both the undegraded and
degraded gums are tabulated below. The proportions of the
methylated sugars given are only very; approximate, since many
fractions were mixtures cnd several refractionations had to
be performed to separate the components. The error is even
more in the case of sugars from acidic fractions of the
methylated gum, since hydrolysis of acidic polysaccharides

are usually accompanied by some decomposition.
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Hydrolysis products of methylated Combretum leonense gum and

of methylated degraded Combretum leonense gum.

Approximate molecular proportﬂmﬂ
_ Undegraded Degraded
e utra%uic idic | Ne utra%mAc idic
2,3,4,6—Tetra—gfmethyl—g-galactose trace - 6 -
2,3,4-trifg-methy112~galactose 28 ; 13 1.5
2,3,6-tri-g-methylﬁg—galactose T - trace -
2,4-di-§kmethyl-gugalactose 28 1 trace -
2,3-d1-0-me thyl-D-galactose o I 2.5 4”
2,6—di~97methyl—grgalactoae 4 - - -
3,4-di—grmethylfg-galaotose - - trace -
2-mono-Q-methyl-D-galactose 275 1 trace | trace
3—mono—gymethy1—g—galactose 2 - - | -
grgalactose trace - trace ; -
2,3,5-tri-g¢methylfg—arabinoae 27 - - -
2.3,4—tri-grmethylfg—arqbinoaa 1 - trace -
2,3~-di-0-methyl-L-arabinose 9.5| = = -
2,5-di—grmethyl-égarabinose 4 - - -
3,5—di—g¢methylfg-arabinoae trace - - -
érarabinoae trace - - -
3,4-di-0-methyl-L-rhamnose trace | - X 1
3-mono-Q-me thy l-L-rhemnose 2 6 1 | 3
L-rhamnose 2+5 1.5 trace L trace
2,3,4-tri-0-methyl-D-glucuronic acid - - trace 0-5
2,3-di-grmethyl-gﬂglucuronic acié - -2 - -
2,3,4-tri-Q-methyl-D-galacturonic | trace | - - o
- = acid
* Arises mostly from E,3-di-g—methifg—galacturonic acid.



& AT =

The yield of arabinose ethers is lower thun that expected
from the results of total hydrolysis, which gave an approximate
molecular proportion of 5:4 for galactose:arabinose. This
low yield is most probably due to the loss by evaporation of
the highly volatile 2.3,5-trifgfmethyl—é—arabinose.

structural features of the gum.

The structural features of the Combretum leonense gum,

on the basis of the partial hydrolysis and methylation results,
in turn
can be conveniently discussed by considering/the galactan

framework, the acidic fragments and the acid-labile units.

The galactan framework.

The isolation of the homologous series of 1,6'-linked
galactbae oligosaccharides (I), indicates a main chein of 1,6'-
linked ﬁ—g—galactoeranose residues in the gum. The methyl
galactose from the methylated degraded gum consisted pre-
dominantly of 2,3,4—tri~gfmethyl—g—galactose, thus confirming
the evidence from partial hydrolysis.

Even though only small amounts of the disaccharide 4-0-
ﬁ—g—galactopyranosjl—g—galactose were isolated it must be =
true hydrolysis product and not an acid reversion product.

This is so because the major acid reversion product of galactose
is 6-0-c-D-galactopyranosyl-D-galactose (73) and it wes not
present in the partial acid hydrolysate of the gum. It is
difficult to predict, on the present evidence, how this 1,4-

galactobiose is incorporated in the molecular structure,
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but it most probably arises from side chuins attached to
position 4 of the galactose residues on the main chain, The
presence of branching points at C4 of galactose is also
indicated by the isolation of 2,3-di-g¢methyljgfgalactose from
both methylated undegraded and degraded gums end of 2,3,6-tri-
Qrmethylfg-galaotose from the methylated gum. The large
amounts of 2-0-methyl-D-galactose isolated from the methylated
gum must represent double branching points through positions

3 and 4 as shown in II. Hence the main chain of galactose

|

g g g 3
-6 Gal pl—— 6 Gil pl—6 Gal pl——6 Gil pl—

T |

1 31,
Gal p

The portion of the gum molecule most resistant to hydrolysis

residues in the gum is as follows:

heidic fragments.

consists of two aldobiouronic acid residues, namely 6-Qg(8—2~
gluc opyranosyluronic acid)-g-galactose (VII) which is the
most common aldobiouronic acid residue encountered among gums
and 2—9—(a—g—galactopgranoayluronic acid)-&-rhamnose (VIII)
which is commonly encountered as a fragment from gums (61 & 62)
and mucilages containing main chains of R-galacturonic acid and

&rrhamnose residues.
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VII VIII

Again, it is difficult to prediet on the present evidence,
how these aldobiouronie ecid units are incorporated in thé
general molecular structure of the gum.

The tentative identification of the aldotriouroniec acids
(IVa, Va, Vb) suggests that the aldobiouronic aecid (VIII) is

flanked by galactose residues as shown in IX,
a
Gal pl——(3 or 4) Gal p Al——2 Rha pl—>4Gal pl— IX.
4

The major rhamnose derivative from the methylated gum is
3=0-methyl-L-rhamnose. It follows that almost all the rhamnose
residues in the gum are branched at position 4 (IX). Also,
the isolation of eppreciable amounts of rhamnose from the
methylated gum,all of which cannot be due to undermethylation,
suggests the presence of some doubly branched rhamnose residues
in the gum molecule as shown in X, |

a 3
Gal pl—> (3 or 4) Gal p Al—2 Rl;a p1—>4 Gal p1— X

|
The point of attachment of the galactose residue to the

galacturonic acid residue in IX can be either 3 or 4. Since
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the major galactose derivative isolated from the acidie portion
of the methylated gum after reduction was 2.3-d1-g—methyl-2-
galactose the point of attachment must be C4. But the detec-
tion of the aldotriouronic acid Va among the hydrolysis products
of the gum suggests that at least some of the gulactose residues
are attached to C3 of the galecturonic acid residue.

The main gelactose derivative isolated from the acidie
portion of the methylated degraded gum after reduction was also
2,3-di-g-methyl—g—galactose, hence the galactose residues
attached to C4 of galacturonic acid are still intact after

autohydrolysis.

The acid-labile periphery.

The main acid-labile units in the gum are arabinofuranose
end groups, Ara f 1— . This follows from the fact that a
large proportion of the arabinose is easily removed under the
mild conditions of autohydrolysis and that the main arabinose
derivative from the methylated gum is 2,3,5-tri-gfmethyl-£r
arabinose.

The presence of some arabinopyranose end groups is indicated
by the isolation of 2,3,4—tri-gfmathyl-&rarabinose from the
methylated gum. Most of it must be attached to other arabinose
units &s shown in XI. But some of it is probably attached
directly to galactose residues, this is indicated by the detec-
tion of an arabinopyranosyl-galactose (as yet unidentified) in
the autohydrolysate. These are probably the few arabinose

units which were not removed on sutohydrolysis and were thus
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present in the degraded gum giving rise to the only arabinose
derivative, nemely 2,3,4-tri-O-methylarabinose, on methylation
and hydrolysis.

The presence of non-terminal arabinose in the periphery of
the molecule is indicated by the isolation of arabinobioses
and 3-0-galactosylarabinose. Thé main arabinobiose present
was the 3-Q-arabinopyranosylarabinose. This disaccharide was
easily released on autohydrolysis and therefore the reducing
end of the disaccharide probably exists in the furanose form
in the polysaccharide. Thus the structural unit giving rise
to this arabinobiose may be represented by

Ara gl—ﬁ—ﬂ Ara § 1— XI.

The disaccharide 3-0-galactosylarabinose was ulso liberated
on mild acid hydrolysis and hence represents a peripheral unit
in which the arsbinose residue must be in the furanose form (XII).

Gal pl—>3 Araf 1— XII.

The traces of 2,3,4,6-tetra~g—methyl—ergalactose detected
in the methylated gum must arise from a few galactopyranose
end groups present in the gum.

The -3Aratl— units (XI and XII) in the gum would give
rise to the 2,S-di—ggmethyl-é-arabinose, which was isolated
from the methylated gum. On the other hand a unit of the
type =3Are £1~ would give rise to 2,4-di-QO-methylarabinose,
which was not detected among the hydrolysis products of the
methylated gum and therefore is not present in the gum.

The isolation of substentiazl amounts of ?,3-di-Q-methyl-
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é-arabinose from the methylated gum shows the presence of
doubly linked arebinose residues such as ~5Ara fl-- and/or
-4Aire pl-. such units were also indicated by the detection
of other unidentified arcbinobioses in the zutohydrolysate of
the gum. Since practically &ll the arabinose residues were
removed by autohydrolysis, the arabinofuranase unit (-5Ara f1-)
seems to be more likely to be present, rather than the arabino-
pyranose unit (-4Ara pl-).

Hence we may conclude that the main acid-labile group in
the gum is Ara fl- and other present in small proportions are

Ara pl-

Ara pl-— 3Ara fl-
Gal pl-—3Ara fl-
-(5)Ara fl-

and Gael pl-

The equimolecular proportions of 2,3,4-tri- and 2,4-di-0-
meth;l—g-galuctoae in the methylated gum and the presence of
only a trace of 2,4-di-0-methyl-D-galactose in the metaylated
degraded gum showsg that most of the acid-labile groups are
attached to position 3 of the galactose residues in the gum.
This ie further indicated by the presence of only a trace of
2-grmeth31—£—galactose and an increased proportion of 2,3-di-
g-methylﬁg-galactoae in the methylated degraded gum.

The acidic portions of the methylated undegraded and
degraded gums after reduction gave rise entirely to 2,3-di-0-

methylgg-glucose and 2,3,4-tri-g-methJ1-2rglucose respectively.
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This implies that all the g—glucuronic acid residues occupy
& penultimate position in the gum with acid-labile groups
attached to them through position 4.

The increased proportion of 3-O-methyl-L-rhamnose to
rhamnose in the methylated degraded gum compared to the pro-
portion in the methylated gum indicates that almost all the
- suger residues attached to position 3 of rhamnose are acid-
labile. The presence of only a trace of 3,4-di-g-methylfé-
rhamnose in the methylated gum and an increaséd propcrtion of
it in the methylated degraded gum indicates that at leact some
of the residues attached to position 4 of rhamnose are acid-
labile.,

Thus on the evidence available so far, we can conclude
that the acid-labile units present in the gum are attached
mostly to positions C3 of galactose and C4 of glucuronic acid
residues. Some of them are also attached to positions C3 and

C4 of rhamnose residues.

General structure of the gum.

It is not possible to put forward a complete structure

for Combretum leonense gum and it is doubtful if a discrete

repeating unit exists. However the following structural
features (XIII, XIV and XV) may be put forwerd for the gum,
on the basis of the experimental evidence available so far.
The galactan chain in the gum is composed of g-galacto-
pyrancse residues linked 1,6-P-, with acid-lebile units

attached to position 3 and acid resistant units attached to
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position 4 of thg galactose residues.
R
T T
3

3
-62—G&121-E-> 62—0{1121—& 62-6212_1—&; 62—(}54119_1— XIII

The acidic fragments present in the gum are XIV and XV.

R
!
-D-Galpl—>(3or4 )D-Galpal-%»2L-Rhapl— 4D-Galpl-  XIV
= 4 =
|
R-4D-GpAl-£56D-Galpl- xv.

The acid-labile units present in the gum, represented by
R in XIII, XIV, and XV, are

L-arafl- (major)

L-Arapl £ 3L-irafl-

érAraln—+(5)g-Ara£1-

D-Galpl-fy3L-arafl-

=L—Arap_l-

_2-- Galpl-

On the present evidence it is difficult to say how these
different structural units (ZXIII, XIV, and XV) are incorporated

in the gum molecule.

Nature of heterogeneity of the gum.

Previous workers (39) analysing pure polysaccharides
isolated from a number of different nodules of Combretum
leonense gum found veriations in composition, especially in
uronic anhydride and acetyl contents. These variations were

greater than could be ascribed to possible experimental errors.
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Also, in the present investigation the purified polysaccharides
obtained from two different batches of gum had different
optical rotations and uronic anhydride contents.

These results indicated that some kind of heterogeneity
exists in the gum polysaccharide. Since the polysaccharide
has two different acidic residues (galacturonic and glucurcnic),
there is a possibility that these acidic units have their
origin in different polysaccharides.

Chromatography of gum samples on columns of DEAS-cellulose
in the phosphate form using phosphate buffers followed by
sodium hydroxide for elution, gave rise to polysaccharide frac-
tions having different uronic enhydride contents. ‘

The first sample (4) of the gum polysaccharide examined
by the above method gave two fractions (A; and Ap) having
different uronic anhydride contents. Fractions A; and Ap
were eluted from the column with phosphate buffers, the sodium
hydroxide eluate contained only traces of polysaccharide.

The fractions Aj and Ap, which were freed from inorganic ions
by dialysis and treatment with ion exchange resins, were
subjected to partial acid hydrolysis. Both the fractions
geve the same neutral and acidic oligosaccharides, as shown
in table 7.

A second sample (B) of the gum polysaccharide was frac-
tionated on DEAE-cellulose column in a similar manner. In
this csse, elution with increasing concentrations of phosphate

buffer gave small emounts of polysaccharide (fraction By) in
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the early stages 2nd later a major fraction (B,).

Elution

with sodium hydroxide gave a third fraection (83) of higher

uronic anhjydride content.

After preliminary examination of

these three fractions (B;, B, and 33), it was thought desirable

to obtain more of these fractions in order to study them in

detail.
Polysac- | % uronie Particl hydrolysis products
charide anhydr- [e]p [Monosacche-[Neutral oligo-| Acidic oligo-
fractions| ide rides saccharides saccharides
Ay 10.3 -12+2°|6al, Ara, |1,6-Gal-Gal |1,2-GalA-Rha
Rha 1,3-Gal-Ara 1,6-GA-Gal
Ay 15.9 -9+2° |Gal, Ara, |1,6-Gal-Gal 1,2-GalA-Rha
Rha 1,3-Gal-Ara 1,6-GA-Gel
By 4.2 +4i2O Gal, Ara, 1,6-Gal-Gal -
Xy (trace)
B, 15-4 -8+2° |Gal, Ara, [1,6-Gal-Gal 1,2-Gali-Rha
Rha 1l,3=-Gal-Ara 1,6-GA-Gal
3, 20+3 -3+2° |eal, Ara, |1,6-Gal-Gal 1,2-GalA-Rha
Rhe 1,3-Gal-Ara 1,6-GA-Gal
Table 7.

Accordingly, two large scale fractionations (2g. polysaccharide

each time) were carried out.

By following the fractionation

with the phenol-sulphuric aeid colour test, it was found that

a successful separation of the fractions was achieved.

How-

ever, considerable difficulty and loss of material was en-

countered in isolating the pol,saccharide fractions free from
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the comparatively large amounts of inorgenic ions, Fraction
By, obtained from the phosphate buffer eluate, had & very low
uronic anhydride content,. On partial hydrolysis this fraction
gave G-Q-ﬁ-galaotoss1~galactose, galactose, arabinose and
traceg of xylose, but no rhamnose or acidic fragments could

be detected in the hydrolysate (table 7). Fraction By,
obtained from the phosphate buffer eluate, and frazction B3

from the sodium hydroxide eluate had differing uronic anhydride
contents. However, partial hydrolysis of these two fractions
(B2 and B3) gave the same neutral and acidic oligosaccharides

_ (see table 7).

Samples of fractions By and B3y were fully methylated and
the mixtures of the methyl glycosides obtained by methanolysis
were examined by vapour phase chromatography in three different
systems. The vapour phase chromatographic patterns were
gqualitatively identical, showing thet both fractions give rise
to the same methyl glycosides on methylation and methanolysis.
However, there was some variation in the proportions of the
components in the two samples. These variations were not very
great, except in the case of the methgl-2,3,5—tri-g-mathyl-é-
arabinoside which is highly volatile and hence could have been
lost (to a greater extent in one of the samples) during the
working up of the methanolysis product.

Due to the complexity of the vapour phase chromatograms

all the methyl glycosides present in the mixture could not be

identified. However, peaks corresponding to the methyl
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glycosides of most of the methylated sugars previously iso-
lated from the methylated gum were present in the vapour phase
caromatograms.

Ultracentrifuge examination (kindly carried out by Dr.
C. T, Greenwood) of the fractions B2 and B3 did not reveal
any difference in them and their sedimentation coefficients
were found to be the same.

From these results we could probably conclude, that the

Combretum leonense gum nodules consist of varying amounts of

_structurally similar polysaccharides which differ in the pro-
portions rather than in the nature of the constituent struc-
tural units.

At present there is no evidence available to suggest that
the two acidic units (galacturonic and glucuronic) arise from

different polysaccharides.
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Comparison of the structural features of Combretum leonense

gum with those of other guums.

For the above purpose, the gums may be conveniently divided
into two main groups.
(a) Gums based on inner chains of grgalaotose residues, &nd
(b) Gums based on inner chains of gggalacturonic acid and
érrhamnoae residues.
The only gums which do not belong to either of these
groups are those few gums based on inner chains of D-xylose

residues [e.g.:- Sapota achras gum (111)]. Since Combretum

leonense gum does not have any structural features in common
with these gums, the above grouping is justified.
The Khaya, Sterculia and Cochlosggnﬁm gums belong to
I

group (b). The sugar components of these gums and the acidie
oligosaccharides isolated from them are summarised in table 8.

" The aldobiouronic acid 2fg—(n—£~g&l&ct093ranosyluronic acid)-L-
rhamnose had been isolated from all the gums of this group,

except the Sterculis caudata gum. It may be noted here, that

this aldobiouronic acid had also been isclated from many acidic
mucilage polysaccharides showing the close relationship of

this group of gums to the mucilages.

The zbove aldobiouronic acid is the méin acidic fragment

from Combretum leonense gum. However, so far there is no

evidence to show that this acidic fragment has the same signi-

ficance in Combretum leonense gum s in the above group of

gums where it arises from the main chain. The only other gum
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which is known to have g—gulacturonic acid residues linked to
g-rhamnose and still does not belong to group (b) of gums is
the Cholla gum (100 and 112).

The gums belonging to group (2), in general have & back-
bone of galactose residues which carry side chains containing
aldobiouronic acid units and have acid-labile (mainly pentose)
units on the periphery of the molecule. The gums of this
group may be further divided into three sub groups on the basis
of the neture of the linkages in the galactan backbone.

(i) Gums which have highly branched core of g—galactose

residues which are involved in l,3- and 1,6-linkages.
(ii) Gums having main chains composed of 1,3-linked D-
galaectopyranose residues, with 1,6-linked g—galac—
tose incorporated in the side chains.
(iii) Gums which have main chains composed of 1,6-linked
g—galactopyranose residues.,

The Prunus gums and other gums such as Lemon, €holla, .
Mesguite belong to sub group (i). The major structural features
of this group of gums are summarised in table 9 in terms of the
galactan framework, the acidic fragments and the acid-labile
units.

The acid-labile periphery of this group of gums is com-
posed mainly of pentose units. But in addition to éparabinose
residues, some of the gums of this group also contain appreci- =
able guantities of g—leose units in the periphery, and in this

menner differ from the gums of sub groups (ii) and (iii).
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The common acidic unit of this group of gums, with the
exception of Cholla gum, is g-glucuronic acid which occurs
sometimes wholly or partly as its 4-Q-methyl ether. Partial
hydrolysis of these gums gives rise to one or two of the
following aldobiouronic acids, 4-0-c- and 6-0-f-[(4-0-methyl)
Erglucopyranosyluronic acid]-ﬁ-galactoses, and 2—976-[2—
glucopyranosyluronic acid]-D-mannose.

The Acacia gums and the Asofoetida gum belong to sub
:group (i1) and their main structural features are summarised
in table 10.

In addition to acid-labile pentose units, some of the gums
of this group have gwrhamnopyranose as end-groups in the
periphery of the moleculs. All the gums of this group so
far investigated have only g-glucurogic acid as the acidic
sugar residue. In Asofoetida gum part of the g-glucuronic
acid is as its 4-0-methyl ether. The aldobiouronic acid, 6-0-
(B-grglucopyranoayluronic acid)fg—galaetose has been charac-
terised as a fragment from all the gums of this sub group.

The Combretaceae gums and the Virgillia oroboides gum

belong to sub group (iii) and the known structural features
of these gums are summarised in table 1ll.

The majority of the acid-labile unite in the gums of this
sub group are made up of érarabinose residues. In the

Combretaceae gums the arasbinose residues occur prinecipally as

single L-arabinofuranose end-groups. But Virgillia oroboides

gum contains s large proportion of L-arzbinopyranose, in
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addition to %—arabinofuranose, end-groups. Evidence for the
presence of two adjoining arabinose residues in the acid-labile

beriphery has been obtained for A.schimperi, C.leonense and

V.oroboides gums by the isolation of arabinobioses. In the

case of gum ghatti no arabinobioses were isolated from the
hydrolysis. However, the presence of substituted arabinose
residues (e.g.:- 3Arafl-) in the acid-labile periphery of
gum ghatti is indicated by methylation studies on the unde-
graded and Smith-degraded gums (102 and 107). In addition

to the above units, the V-oroboides gum has & small amount of

g-xylopyranose residues in the acid-labile periphery linked
(1—5) to L-arabinose.
Since methylation studies have not been carried out on

A.schimperi gum it is not possible to predict the mode of

attachment of the acid-labile units in this gum. In the case
of the other three gums, the positions of attachment of the
acid-labile units to the rest of the gum structure asre given

in the table below.

Positions to which acid-labile units are
Gum attached

D-galacto D-glucuronie | D-mannose | L-rhamnosej
[pyrenose| = acid 5 =

A.latifolia 3 & 3&6 -

C.leonense 3 4 o 3

V.oroboides 3& 4 ? 3 -
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Alllfour gums of this sub-group give rise to the same
homologous series (I) of galactose-containing oligosaccharides
on partial hydrolysis, indicating the presence of chains of
1,6-B-linked a-galactopyranose residues in all of them. How-
ever, in the case of the two Anogeissus gums, that grarabinose
residues are incorporated in the mein chain is shown by the
isolation of a2 second homologous series of oligossccharides
CIX1).
O-p-D-galactopyranosyl-[(1—6)-g-D-galactopyranosyl], -(1—3)-
L-arabinose. (v = 0=3) 332,

The Anogeissus gums and the V.oroboides gum give rise to

3-0-f-D-galactopyranosyl-D-galactose (in varying proportions)
indicating the presence of 1l,3-linked g—galactose in the

branches attached to the main chain. C.leonense gum differs

from the above three gums in having l,4-linked galactose in
the branches, as shown by the isolation of 4-0-f-D-galacto-

pyranosyl-D-galactose.

All the three Combretgcease gums give rise to 3-0-f-D-
galactopyranosyl-L-arabinose on partial hydrolysis. In the

case of the Anogeissus gume this unit is a fragment from the

main chain where the arabinose residue is probably present in
the pyranose form. Evidence for the presence of é—arahino-
oyranose residues in the main chain of gum ghatti has been
obtained by the isolation of 2,4-di-Q-methyl-arabinose from
the hydrolysis products of the methylated Smith-degraded gum
(107). In C.leonense gum the above disaccharide is liberated
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on autohydrolysis and hence probably represents a peripheral
unit in which the arabinose residue is present in the furanose
form.

The Anogeissus gums and the V.oroboides gum contain 2—

glucuronic acid as their only acidic sugar residue. (In

V.oroboides gum some of these acid residues occur as the 4-0-

methyl ether). Whereas C.leonense gum has{gugalacturonic acid
s its main acidic sugar residue, in addition to smaller
amounts of g—glucuronic acid.

All four gums have the aldobiouronic acid fragment 6-Q0-
(ﬂ-g-gluoopyranosyluronic acid)-gggalaetose, but in varying

emounts. The Anogeissus gume and the V.oroboldes gum have

2-9-(&fgfglucopyranosyluronic acid)-g—mannose as their meain
aldobiouronic acid. But the main aldobiouronie acid in

C.leonense gum is 2ng~(ufg—galuctogyranosyluronic acid)-&r

rhamnoge, which, as mentioned earlier, is commonly encountered
“as a fragment from gums and mucilages containing interior
chains of g—galacturonic acid and é—rhamnose residues.

It is thus seen that the greatest resemblances is

between the Anogeissus and the V.oroboides gums.  The

C.leonense gum, although it has the same general pattern of

molecular structure as the above gums, differs greatly in the

detailed structural features. The V.oroboides and the

C.leonense gums resemble each other and differ from the

Anogeissus gums in not having L-arabinopyranose residues in

the main cheain.



- 65 -

Only preliminary investigation has been done on

Combretum verticillatum gum (108), which belongsto the same

family and genus as Combretum leonense gum. The soluble

fraction (90%) of the C.verticillatum gum was found to be

made up of galactose, arabinose and glucuronic acid by
pertial hydrolysis studiss. It would be of interest to
carry out a detailed investigation of this gum with a view

to comparing its structural features with those of C.leonense

gum.
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osmith degradation studies on the gumg.

The gum was subjected to Smith degradation studies (94)
in order to obtain information on the periodate resistant part
of the molecule. It was hoped that these studies would also
provide information as to the relationship between the struc-
tural features Qut forward for the galactan framework and the
acidic fragments of the gum.

Since the periodate oxidised uronic acid residues are not
completely cleeved during Smith degradation (107), it wes
thought desirable to reduce the gum to the corresponding
neutral polysaccharide before subjecting it to Smith degradation.

Accordingly, the gum (uronic annydride, 13.9%) was acetylated
and the gum acetate reduced with diborane (82) to give the
almost neuiral polysaccharide (uronic anhydride, ca. 1l-4%).

This polysaccharide on hydrolysis with N-acid gave only traces
of acidic sugars.

A trial experiment was carried out by oxidising the
reduced gum (1 g.) with sodium periodate until no more oxidant
was consumed (30 hr.). It was found that 076 mols of the
oxidant wecs consumed per sugar unit. The polyaldehyde was
reduced with potassium borohydride to the polyalcohol and the
acetal linkages in the polyalcohol were cleaved with mineral
acid at room temperature without affecting the glycosidie link-
ages. This procedure is referred to as Smith degradation (94).

The degraded polysaccharide (yield ca. 5%), obtained by
precipitation with excess ethanol, on hydrolysis gave meinly

1l,6-galuctobiose «nd galactose together with smaller amounts of
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wrabinose and rhamnose, The main part of the carbohydrate
matérial (non-reducing oligosaccharides), together with the
low molecular weight material such a&s glycerol and threitol,
was obtained by evaporation of the supernatant mother liguor.
This mixture did not have any free reducing sugars, but after
hydrolysis galactose, arabinose and rhamnose were detected
among the products. This showed the presence of glycosides
of mono- &and oligosaccharides in the above mixture.

A larger sample of the reduced gum (l4 g.) was subjected
to Smith degradation and the degraded polysaccharide 'P' wus
precipitated with excess ethanol as before. Evaporation of
the mother liquor gave the material 'A' in about 60% yield.

The ethanol soluble material 'A' was extracted with dry
acetone to remove most of the glycerol and threitol. Attempts
to effect fractionation of the acetone insoluble matericl by
charomatography on Dowex resin X2 and charcoal-Celite columns
were not very successful. However, seven fractions (A1._7)
were obtained by adding increasing amounts of acetone to a
solution of the materizal in water.

A portion of fraction A] was methylated by Haworth and
Purdie procedures. The methylated sample [OMe, 39.9%;

(e]lp -31-9° (e, 0:86, cnloroform)] was hydrolysed and among
the products the following methylated sugars were detected, by
paper chromatography and by vapour-phase chromatography of the

derived methyl glycosides.
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2,3,5-Tri-Q-methyl arabinose

29344,0-tetra-0-methyl galactose

243,4-tri-Q-methyl galactose

~di-Q-methyl galactoses (2,3- and 2,4-)
3,4-di-0-methyl rhamnose

3-mono-Q-methyl rhamnose.

The detection of 2,3,5-tri-O-methyl arabinose indicates
the presence of arbinofuranose end-groups in the degraded gum.
In the original gum these arabinose residues must have been
substituted on either 2- or the 3-positions in order to be
unsusceptible to periodate oxidation.

R— (2 or 3)£~Ara 1-

The presence of appreciable amounts of 2,3,4,6-tetra-0-
methyl galactose indicates thaet a large proportion of non-
reducing galactose end-groups have arisen on Smith degradation.
It is probable that such groups arose by cleavage of the 1,6-

linked galactose chain as shown below.
-6Gall—— 6Gall -
! 3
B
R
The unsubstituted galactose residue and the sugar unit R
would be removed on Smith degradation.
Since 2,3,4-tri-0-methyl galactose was the main galactose
derivative, a considerable proportion of the 1,6-linked
galactose residues in the gum must have been unsusceptible to

periodate oxidation, probably due to substituents at position 3.
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The dimethyl galactoses must have arisen from galactose
residues carrying a periodate resistant sugar unit at

position 3. For example,

-6 Gal 1—
% gg%;?lgifﬁidggéon} 2,4-di-0-methyl galactose
2 = +
%rai hydrolysis. 2,3,5-tri-0-methyl arabinose

I
The detection of 3,4-di-Q-methyl rhamnose is evidence

that rhamnose residues substituted at C4 by periodate cleavable
sugar units ' -2 Rha 1-

4

R
are present in the gum.

Since 3=-0-methyl rhamnose was also present, at least some

of the substitutents at C4 of rhamnose must be periodate
resistant. For example, -2 R&a 1-

T
Gal

3
|

Another portion of the fraction A] was subjected to partial
acetolysis and the products were deacetylated by two treatments
with barium methoxide. The products on chromatographic
examinationwere found to consist of at least three non-reducing
cligosaccharides. In order to investigate these oligosaccharides
in detail, a large scele partial acetolysis was carried out on
the combined fractions (Al1-7) znd the degraded polyszccharide 'P'.

Attempts to fractionate the deacetylated products by

adsorption chromatography on charcoal and by partition
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chromatography on cellulose were unsuccessful. A trial
experiment showed that the non-reducing sugar glycosides
could be separated from the reducing sugars by adsorbing the
latter on strongly basic resin, such as Amberlite resin
IR400(0H).

Hence, the rest of the partial acetolysis products were
placed on & column of De-Acidite F(OH) resin and eluted with
water. Five fractions containing non-reducing oligosaccharides

were obtained, which were further fractionated on thick filter

sheets.
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EXPERIMENTAL.

General Methods.

Evaporations were carried out under reduced pressure at
or below 40°.

Small scale hydrolyses were carried out by heating the

sample with the given normality of acid at 100°. Where sulphuric
acld was used, saturated barium hydroxide solution was added until
the solution was almost neutrzlised and neutralisation was com-
pleted by addition of solid barium carbonate. The barium sul-
phate and excess barium carbonate were filtered off through a
celite bed and the filtrate taken to dryness.

Hydrochloric acid hydrolysates were worked up by neutralising
with excess silver carbonate, filtering, passing hydrogen sulphide
filtering through celite and evaporating to dryness. Products
of methanolysis were neutralised in the same manner.

Paper chromatography - Qualitative work was done on Whatman

No.l or 4 psapers. Descending development with the following
solvent systems (v/v) was employed.
(A) Ethyl Acetate - Pyridine - Water (10 : 4 : 3).
(B) Ethyl Acetate - Acetic Acid - Formic Acid - Water
(LB X't ' ¢ #)
(C) Ethyl Acetate - Acetic Acid - Formic Acid - Water
(382 8 ¢+ 3 ¢'9).
(D) Buten-l-o0l - Ethanol - Water (4 : 1 : 5, Upper layer).
(E) Butan-l-0l - Acetic Acid - Water (4 : 1 : 5, Upper layer).
(F) Benzene - Lthanol - Water (11 : 3 : 1, Upper layer).
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(G) Butan-2-one half saturated with water.
(H) Butan-l-ol - Ethanol - Water (1 : 1 : 1, Upper layer).
(I) Butan-2-one - Acetic Acid - Water (9 : 1 : 1, saturated
with boriec acid).
The chromatograms, after development for the reqguired length
of time, were air dried and the sugars located by using the
following spray reagents.

I. Aniline oxalate.

Unless otherwise stated, reducing sugars were located by
spraying with saturated aqueous solution of aniline oxalate and
heating at 140-160° for ebout 5 minutes. The colours of the

sugar spots quoted refer to that of this spray.

II. Silver nitrate (48).

Polyhydroxy compounds in general, whether reducing or not,
were detected by dipping the chromatogram in the silver nitrate
reagent (1 ml. of saturated agueous silver nitrate solution added
to 20 ml. of acetone), drying and then dipping in aqueous
ethanolic sodium hydroxide (O-SE). These chromatograms were
preserved by treating with an agueous solution of sodium thio-
sulphate (10%), followed by washing in flowing water for half an
hour and drying.

With this reagent the sugars show up as grey to black spots,
the reducing sugers appear immediately, the more inert compounds

take longer.

III. Hydroxylamine-ferric chloride (49).

Esters and lactones were detected by spraying the
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chromatogram with a methanolic solution of hydroxylamine (made

by mixing equal volumes of g—hydroxylamine hydrochloride in methanol
and grpotassium hydroxide in methanol and filtering), followed

after 10 minutes by a ferric chloride solution (1.6%) in hydro-
chloriec acid (1%). Lactones and esters show up as mauve spots

on & pale yellow background.,

IV. Periodate-benzidine (50).

Glycitols were detected by spreying the chromatograms with
an agueous solution of sodium periodate (0-.2%), air drying for 5
minutes and dipping in an ethanollic solution of benzidine (025 g.
in 80 ml. of ethanol, and 20 ml. of acetic acid). Any suger
wnich reacts with periodate shows up as a white spot on & blue

background, the blue colour fades after a few days.

“r

/. Periodate-acetylacetone.

Compounds that will yield formeldehyde with periodate were
ietected on chromatogram by spraying with a sodium periodate
solution (0.03M, buffered with acetate to pH 3-4). ~After 3
ainutés the chromatogram is sprayed with potassium iodide solu-
tion (1%) followed by sodium thiosulphate (1%) to destroy
veriodate. Finally on spraying with a solution &n &acetyl-
2cetone (1 ml.) and ammonium acetate (15 g.) in methanol (50 ml.)
compounds yielding formaldehyde give yellow spots, which appear
wore intense under ultraviolet light.

Unless otherwise stated, the R; values of methylated sugars

refer to the rate of movement relative to 2,3,4,6-tetra-0-

methyljgaglucose on No.l paper in solvent system D.
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Paper electrophoresis (51) was carried out in borate buffer

(pH 10) at 500 volts for 5-6 hr., saturated agueous aniline
oxalate with little glacial acetic acid was used for spraying
the dried ionophoretograms.

Gas-liquid partition chrom=tography (55).

This was carried out on a 'Pye Argon Chromatograph' using
argon as the mobile gas phase. The stationery liquid phase
was supported on Celite and consisted of

a) Apiezon M

b) Butanediolsuccinate polyester

¢) Polyphenol.

Operating temperatures used were 150°C for a), 175°C for b),
and 200°C for ¢).

The T (retention times) values of the methyl ether methyl
glycoside is relative to that of methyl-2,3,4,6-tetra-O-methyl-
B—a-glucopyranoside.

Optical rotations were observed for water solutions (unless

otherwise stated) at ca.20° using sodium D-line as light source.

guantitative separation of sugars.

Thick paper - Whatman 3MM and 1T7MM papers were used. The

position of the sugars after separation was ascertained by cutting
out and spraying a narrow centre strip. The sugars were eluted
from the paper with cold water in the cases of neutral and acidic
unmethylated and mono-methylated sugars. The higher methylated
sugars were extracted in & soxhlet with hot methanol.

‘Cellulose columns - were packed dry and washed with water,
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followed by the solvent to be used. The solvents were purified
as below.

Butan-l-0l was refluxed for 1-2 hours with potassium hydro-
xide (17 w/v) and distilled.

Light petroleum was shaken overnight with concentrated
sulphuric acid (10% v/v) washed free of acid with distilled
water and distilled.

Pyridine was refluxed with potassium hydroxide (1% w/v)
and distilled.

The sugar mixture was placed on the column either by freege
drying it on to cellulose powder or by dissolving in a small
quantity of butanol in the case of barium salt free methylated
sugars.

The sugars were thnen eluted from the column using the given
eluants and the eluate was collected on an cutomatic turntable
in fractions of a suitable volume. A small sample (ca. 5-8 ml.)
from every fifth tube was taken to dryness and examined
chromatographically. Fractions were bulked accordingly, and
evaporated to dryness, and the syrups obtained were cleaned by
dissolving in water and treating with charcozl or by extracting
with acetone and filtering in the case of acetone soluble sugars.
The final filtrate was taken to dryness, dried over phosphorus
pentoxide and weighed.

In the case of sugars which have been eluted with butan-l-
ol containing solvents, evaporation gave & high boiling oil.

Purification of this was effected by distribution between water
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end benzene (or light petroleum), but considerable amounts of
sugar are lost in this process. Another way of purification is
by placing the mixture on thick paper and eluting with benzene.
The movement of the 0il can be seen as it colours the paper
yellow. When the oil has run off, the paper is thoroughly
dried and extracted with cold water.

Charcoal-Celite columns were used to sepafate oligosaccha-

rides from monosaccharides and from one another (88). Celite

was washed with concentrated hydrochloric acid: water (1 : 1)
allowed to stand overnight, filtered, washed till free of chloride
with tap water and finally washed with distilled water. Charcoal
was washed thrice with boiling distilled water. The mixture

(1 : 1) was packed as a slurry into columns and washed thoroughly
with water.

The mixture of sugars in small quantity of water was allowed
to soak into the column and the monosaccharides were eluted with
water. The oligosaccharides were then sgeparated by stepwise
elaution with agueous ethanol. The eluate (ca. 2 1.) was evapor-
ated to & small volume treated with Amberlite resin IR 4B(OH),
taken to dryness and chromatographically examined.

DEAE-cellulose columns used for fractionation of poly-

saccharides (26). Diethyl aminoethyl cellulose (30 g.) was
washed alternately with 0+5 N HCl and 0-5 N NaOH (500 ml. for
each washing). The cellulose was stirred with the acid (or base)
for 5-10 min., centrifuged and the turbid solution decanted off.

The cellulose was then washed twice with distilled water. A
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perforated disc was placed at the bottom of the column (2 cm.
diameter), then a layer of glass wool, followed by a 1 cm, layer
of silver sand and finally 1l cm. leyer 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 cellulose to avoid air bubbles. A layer of glass wool was
placed at the top as well. The initial generation and sub-
sequent re-generations of the cellulose in the phosphate form
was done by eluting the column with 2 litres of 0°'5 M sodium
dihydrogen phosphate solution (pH-6 adjusted by adding NaOH)
followed by equilibration with 1 litre of 0°005 u aodiuﬁ dihydro-
gen phosphate solution of the saume pH. The rate of flow of the
column during this operation was adjusted to ca. 40 ml./hr.
Methoxyl determinations were carried out by means of the
semi-micro Zeisel method (59). A 10% solution of sodium
antimony tartrate (1 ml.) was used as scrubber. In almost all
cases the methylated compound dissolved in hydriodic acid and
therefore no other solvent was required. In the case of
methylated polysaccharides heating was carried on for 13-2 hours.

Demethylations (69) were carried out by heating the sugar

(ca. 5 mg.) with hydriodic acid (1 uml.) in a sescled tube on a
boiling water bath for 8 min. The contents were immediately
diluted with water (gg. 10 ml.,) silver carbonate added until
neutral, a small quantity of charcoal stirred in and filtered.
The last trace of silver was removed by hydrogen sulphide and

filtration through charcoal bed. The filtrate evaporated to
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dryness and was examined chromatographically in solvent A.

Small scale periodate oxidation of methylate!l sugars was
carried out by the method of Lemieux and Bauer (70). The
sugar (l-2 mg.) was dissolved in Oéﬁ‘sodium metaperiodate
solution (0.2 ml.)and kept at 0° for 1 hour. The excess of
periodate was destroyed by the sddition of ethylene glycol (1
drop) and the solution, after 5 min,, was made alkaline to
phenolphthalein with 0-2& sodium hydroxide solution. The solu-
tion was taken to dryness, extracted with acetone, taken ¢o a
syrup and examined chromatographically in solvent D. Results

were obtained as follows for some standard sugars:-

Sugar Oxidation Products
Rg Colour
2-methyl galactose 0-24 yellow
2,4-dimethyl galactose (unaffected) 0.50 pink/brown
2,3-dimethyl galactose 0.82,0.93 grey, brown
) end 1.05 and grey
2,6-dimethyl galactose 0.24 yellow
3,4-dimethyl galactose 0-93 pink.

Aniline derivatives of methylated sugars were prepared by

refluxing the sugar in ethenolic redistilled aniline (eguimolar
gquantities) for 30 min., in the dark. In most cases the syrup
erystallised on removal of the solvent in vacuum desiccator and
was recrystallised from ethyl acetate.

Lactones of aldonic acids of methylated sugars were prepared

by oxidation with bromine water. The sugar (100 mg.) was
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dissolved in water (2-3 ml.,) and bromine (1 ml.) was added and

the mixture was kept in the dark at room tempergture for 2 days.
Excess bromine was removed by aeration and the solution evaporated
to dryness. The residue was extracted with ether and the

lactone was recrystallised from the given solvent.

Aldonamides. The lactone prepared as above was dried in a

vacuum desiccator, dissolved in dry methanolic ammonia (prepared
by bubbling ammoniz 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.

Phenylosazones. Sugar (10 mg.) was heated for 30 min. on

& boiling water-bath with 0:01 ml. each of phenylhydrazine (re-
distilled) and glacial acet{c acid, water (0°2% ml.,) and a drop
of saturated sodium bisulphéte solution. On cooling and adding
water (ca. 1.5 ml.) the phenylosazone was precipitated and was
recrystallised from boiling water.

Potassium borohydride reductions of sugar to sugar alcohols

(65) were effected by dissolving equael weights of the sugar and
the reducing agent in water and allowing the solution to stand
overnight at room temperature. Excess hydride was then destroyed
eand potassium ions removed by shaking the solution with Amberlite
resin IR-120 (H) for about 30 min. The filtrate was taken to
dryness and the borate ions were removed by repeated evaporation

with methanol.

Lithium aluminium hydride reductions (66) were carried out
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in dry tetrahydrofursan. Tetrahydrofuran which had been
standing over sodium wire was filtered and distilled off
lithium aluminium hyadride.

The acidic material was converted to the methyl ester
methyl glycoside and was dissolved in the solvent. Lithium
&luminium hydride was added and the mixture refluxed, with
exclusion of moisture, on a boiling water bath for 1 hour, more
lithium «luminium hydride was added and refluxing continued for
& further hour. Excess hydride was destroyed by a2ddition of
ethyl acetate and water. The hydroxide precipitates were
filtered and the residue extracted repeatedly with chloroform
and acetone. The combined extracts and the filtrate were
teken to dryness, extracted with dry chloroform and again
concentrated to 8 syrup.

Diborane reduction (382). The diborane was prepared by the

dropwise addition of boron trifluoride etherate (4:0 g.) in

diglyme (10 ml.) to & stirred solution of lithium borohydride

(0*5 g.) in diglyme (10 ml.) in an atmosphere of nitrogen, and by
bubbling the evolved gas into tetrshydrofuran (40 ml.) over a
period of 1-1% hr. The diborene solution was then added to the
sample dissolved in tetrahydrofuren and allowed to stand for a few
hours. The excess diborane was destroyed by addition of ethanol,
solvent removed under reduced pressure and the product treated with
portions of methanol to remove boric acid and evaporated to dryneas.

Alkaline degradation. Small scale alkaline degradation was

carried out by dissolving the suger (10 mg.) in saturated lime

water (2 ml.,), bubbling nitrogen to expel oxygen and zllowing the
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solution to stand in a stoppered flask at 25° for the required
length of time (2-4 weeks). At the end of this time, the solu-
tion was treated with Amberlite resin IR-120 (H), evaporated to
dryness and examined chromatographically in acidic solvent systems
such as B. Any saccharinolactone formed could be detected by
spray reagent IIIL.

Purification of methyl iodide for use in Purdie methylation
was done by refluxing with silver oxide zand distilling in a dry
system,

Preparation and drying of silver oxide used in Purdie

methylation. The silver oxide which was prepared by addition
of sodium hydroxide (40 g. in 500 ml.) to & solution of silver
nitrate (170 g. in 500 ml.), was washed with cold water (4 1.),
and hot water (1 1,). Aiter filtering with suction and draining
the water completely, the silver oxide was ground with acetone
(1 1.), filtered and finally washed with ether to dry. The
siiver oxide was further dried in vacuum desiccator and stored
in a dark bottle.

Small scale methylations. The sugar (2-4 mg.) was weighed

out into a small conical flask and dissolved in water (1 ml.).
Methyl sulphate (0+3 ml,) and sodium hydroxide (30#%, 03 ml.)

was added slowly over a period of one hour with magnetic stirring.
Further gquaentities of methyl sulphate (0+3 ml.) and sodium
hydroxide (0+6 ml.) were added and stirring continued overnight.
The reaction flask was kept immersed in ice water to prevent

excessive heating due to stirring. Two more additions of the
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reagents were mude on two successive days. The reaction mixture
was then heated on a boiling water bath for 15 min, and extracted
with chloroform in a liguid-liguid extractor for 10 hr. The
chloroform extract was dried over anhydrous sodium sulphate and
taken to dryness. The product was then dissolved in methyl
iodide (5 ml.) and refluxed for six hours with additionsof silver
oxide (ca. 0°5 g. in all). The silver oxide was filtered and
extracted with hot chloroform in a solid-liquid extractor. The
combined filtrate and chloroform extract were taken to dryness,
dried in a vacuum desiccator and methanolised. The products
were examined by ges-liquid partition chromatography.
Methanolysis, was carried out by heating the sugars with

dry methanollichydrochloride (2%) in a sealed tube for 12-15 hr.

on a boiling water bath. The solution was neutralised with silver
carbonate, filtered, silver carbonate washed with acetone and the
combined filtrate and washing were taken to dryness under vacuum.

Anthrone method for estimetion of sugers (46). The reagent

was made by dissolving anthrone (20 mg.) in 100 ml. of AnalaR
sulphurie acid (70% v/v). It was aged at least for 2 hours
before use and discarded after 24 hours. The reagent was stored
in an ice box when not in use.

Various volumes (0+05 to 1+00 ml.) of the polysaccharide
solution (containing about 100 }»g./l ml.) were pipetted into
Quickfit tubee and diluted to 1 ml. with distilled water. The
tubes were cooled in a mixture of ice and salt and anthrone

reagent (10 ml.) was added to each tube from a burette. The
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tubes were immediately stoppered, shaken, heated on a boiling
water-bath for 7 minutes and cooled in the dark for half an hour.
The intensity of the green colour produced was measured using an
Unicaem spectrophotometer (at 620 mﬁ,) against a blank prepared
with water (1 ml.).

The standard curve was obtained by plotting/ag. polysaccha-
ride/ml., ageinst the optical intensity (¢ ).

The polysaccharide content of the fractions from DEAE-
cellulose columns wes then estimated by treating 1 ml. (or 0-1
ml, diluted to 1 ml. if sugar concentration is high)of the frsaec-
tion as above and measuring the optical intensity .

Phenol-sulphuric acid method for estimation of sugars (44).
The reagent was made by dissolving AnalaR phenol (5 g.) in 100 ml.
of copper free distilled water.

Various volumes (0+05-1+00 ml.) of the polysaccharide solu-
tion wes pipetted into test-tubes (15 x 2 cm,) and diluted to
1 ml. with water, Phenol solution (1 ml.) was added to each,
followed by concentrated Hp504 (5 ml., AnelaR), which was added
from a pipette, the stream of the acid being directed on to the
solution surface so as to let the temperature rise to the maximum
and to facilitate mixing. The tubes were allowed to stand for
10 minutes, shaken and placed for 10-20 minutes in & water-bath
at 25-30°C. The optical intensity was now measured with a
Unicam at 485 mﬁ.againat & blank prepared with water (1 ml.).

The standard curve was obtained as in the case of the Anthrone

method.
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Uronic acid anhgdride determinations.

(a) Carbazole method (67). The solution (2 ml.) was pipetted

into Quickfit tubes and cooled in freezing mixture. Concentra-
‘ted sulphuric acid (12 ml.) which was previously cooled to 3°C
was added from a burette. The tube was immediately stoppered,
contents mixed and cooled to about 5°C. The tube was then
placed in a boiling water bath for 10 minutes, cooled to 20°C,
1 ml, of 0+15% carbazole reagent [prepared by dissolving 0°15 g.
of reagent grade carbazole in 100 ml, of spectroscopic ethanol]
added, shaken and allowed to stand at room temperature for 25 &
5 minutes.

The optical intensity of the pinkish mauve colour developed
was immediately measured on a spectrophotometer at 520 m
against a blank prepared with water (2 ml.). The uroniec acid
anhydride content was then calculated by referring to the
standard curve made with galacturonic acid.

(b) Decarboxylation method (95). More accurate, but reguired

more material,
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Purification of Gum.

The crude gum (30 g.) was crushed to small pieces and was
dissolved in water (600 ml,) with mechanicel stirring. The
gum dissolved with comparative ease and only mechanical
impurities (wood particles) were left undissolved. The solution
was filtered through muslin cloth and to the filtrate was poured
slowly with stirring concentrated hydrochloric acid (18 ml.)
followed by ethanol (2+5 litres). The precipitate was allowed
to settle and the supernateant liquid decanted off. The gum acid
was then washed repeatedly with ethanol till the washings were
free of chloride ions. The purified gum acid was obtained by
centrifugation and drying first in a vecuum oven at 40°-50° for
12 hours and then in z vacuum desiccator over phospherous

pentoxide for two days, as & white powder. Yield - 23 g. (ca.T77%).
[c]D -15.9° (e, 3-98 'g/lo sodium hydroxide).

Uronic acid anhydride 15.2%¢ (by decarboxylation method).
A second lot of gum (40 g.) was purified in exactly the sume

WEY .« Yield - 32 . (80%).
[c:.]D -9.8° (e, 1-01 ’1‘.{/10 gsodium hydroxide).

Uronic acid anhydride 13:9% (by decarboxylation method).
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Autohydrolysis of purified gum acid.

Irial experiment.

A solution of the gum aecid (2 g. in 50 ml., water) was
heated on & boiling water bath for 96 hours. Samples (10 ml.)

were withdrawn et various times and opticel rotation was measured.

Time in
hours 0 4 12 24 48 96

(elp -10-5° +10:3° +30:5° +43:0° +49.0° +48.5°

After measuring the rotetion the samples were treated with
Amberlite resin IR 4B (OH), concentrated snd poured into ethanol
(4 volumes) to precipitate the polysacchuride present. The
precipitated polysaccharide was cosgulated by addition of
ealcoholic potassium iodide, centrifuged and washed with ethanol.
The filtrates and ethanol washings were concentruted and
examined chromatographicelly in solvents A end B, Table below
shows the sugars present and a rough idea of the amounts (visual

estimation).

Time in hr, Galactose Arabinose Rhamnose Arabinobiose
(later identified

a8 1,3-f-)
4 1 8 1 tr. Other
12 1 6 1 1 disac-
24 2 6 1 1 cherides
48 3 6 1 2 were also
96 4 8 1 | preseht.
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An attempt to separate the mono and disaccharides by using
a charcoal column did not give any additional information.

The degraded polysaccharides obtained after various times
were hydrolysed in a sezled tube with g—sulphuric acid for four
hours, worked up in the usual way and examined chromstographically
in solvents A and B, [Iodine was interfering with the chromato-
graphy as a result of the addition of potassium iodide]. The

results are tabulated below.

Time in hr. Galactose Arabinose Rhamnose 1,2-GalA-Rha.

4 6 4 1 1
12 6 4 1 1
24 6 2 1 2
48 6 1 1 2
96 10 1 1 2

Large scale autohydrolysis.

A solution of gum acid (20 g. in 200 ml.) was heated on a
boiling water bath for 36 hours till rotation became constant
[+43-0°].

The solution was neutralised with saturated barium hydroxide
solution followed by addition of solid barium carbonate, filtered
and poured into ethanol (4 volumes). The precipitated poly-
saccharide (degraded gum I) was centrifuged, washed twice with
ethanol, dissolved in water (200 ml.) and re-precipitated with
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ethenol and finally dried (10.5 g&.), [a]D +51.3 (e, 1.13).
Uroniec acid anhydride -25.7# [Average of taree determinations
by the decarboxylation method].

The filtrate and ethanol washings were combined, concen-
trated (200 ml.), treated with Amberlite resin IR 120 (H) to
remove barium ions and then with Amberlite resin IR 45 (OH) to
remove acidic sugars. Concentration yielded a syrup (92 g.)
which was found to be a mixture of mono and oligosaccharides by
chromatographic examination.

The IR 45 resin column was eluted with 1% formic acid, the
elute concentrated and examined chromatographically in solvent B
and C showed galactose, arasbinose, galactotriose and two un-
identified acidic oligosaccharides.

Partial hydrolysis of degrasded gum I.

The degraded gum wes hydrolysed with g/z-sulphuric acid
for 2 hr. at 100°. The product on chromestographic examination
in solvent A was found to contain galactose (main), arabinose,
raamnose (traces) and 1l,6-gelactobiose, no 1,3-galactosylarabinose
could be detected. The rest of the syrup was placed on a smell
charcoal column end eluted first with weter (300 ml.) followed
by ethanol (15%, 500 ml.). The eluates were tzken to dryness
and exazmined in different solvent systems. The water eluate
conteined galactose, areabinose, rhamnose ©¢nd 1l,2-galacturonosyl-
rhamnose. The ethanol eluate contained 1,6-galactotriose,
1l,6-galactobiose, l1,2-galacturonosylrhamnose and traces of 1,3-

galactosylarabinose, galactose and arabinose. The rest of the
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degraded gum I was subjected to methylation studies. See page(129).

Separation and examination of the sugers obtained by auto-

hydrolysis.

The syrup (9-2 g.) was placed on a charcoal-Celite column
(30 x 5.5 em.) and eluted first with water, and later with
gradually increasing concentrations of ethenol, Fractions of
about 2000 ml., were collected, concentrated to dryness and
examined chromatographically in solvents A and B. (Table 1).

Sixteen fractions were collected in 2l1l1l, but satisfactory
separation was not obtained. Fraction A (7+9 g.) which in
addition to monosaccharides contained some oligosaccharides was
reseparated on the same column. The column was first eluted
with water and then with 20% ethanol. Fractions of about 500

ml, were concentrated and examined. (Table 2).

Table 1 —~ (Initial separation).

Fraction Eluant Wt.in g. Contents

A water T-9644 Monosaccharides and small amounts
of disaccharides.
B water 0-1610 Monosaccharides, galactobiose, traces

of galactosyl arabinose and erabino-

biose.
o) water 0-1799 Mixture of various mono and oligo-
saccharides.
water 0-1706 -do=-

D

E water 0- 0740 -do-

F 54 ethanol 0°1433 1l,6-Gelactotriose.

G 204 ethanol 0+6531 Mixture of various sugars.
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Table 2 = gﬁesegaration of fraction A!.

Fraction Eluant Wt.in g. Contents
a water 6:6438 Monosaccharides.
b water 0.-0714 Arabinobiose (Main), with traces

of other sugers.,
e water 0.0684 Mixture of disaccharides.
d 20% ethanol 0.2722 -d0=-

Fractions B, C, D, E, ¢ and d were combined (0:956 g.) and
separated on a cellulose column (44 x 2 cm.) using butanol half
saturated with water as eluant. Fractions (20 ml.) were

collected every half hour and examined in the usuzl mannef.

Fraction Tubes wWt. in mg. Contents
i ;—38 310 Arabinose and rhamnose
ii 39-100 76 Galactose (main), arabinose and
two disaccnarides
iii 101-125 25 l,3-arabinobiose and truces of
other sugars
iv 126-270 o7 Mixture of disaccharides
v 271-470 16 l,4-galauctobiose and traces of

other sugars

vi water 288 Mostly 1,6-gzlactobiose.
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Examination of the fractions.

Fraction ii.

This fraction (76 mg.) consisted of galactose (main),
arabinose, 3-0-p-L-zrebinopyrenosyl-L-arabinose and & suger
neving Rggi 1-20 in solvent A and giving & pink stain with
aniline oxalate. After two fractionations on thick paper using
solvents B and A, & syrup (11 mg.) having [a]; +28-0° (e, 0.36)
was obtained from the mixture. This syrup was mainly the un-
identified sugar (Rggl 1°20) with & trace of galactose. Total
hydrolysis of a sample gave aclmost entirely arabinose with only
a trace of galactose. Another sample after reduction with
potassium borohydride and hydrolysis gave arabitol, galactitol
and arabinose.

The rest of tne syrup (3 mg.) was methylated, methanolysed
and tne mixture of gl,cosides obtained, exumined by vepour
phase chromatography in systems a and b. The following methyl
glycosides were detected: -

Methyl-2,3, S-tri-o-metng1-L—arabin081de (T 0-55 and 0-T72-0-73
In system b)

Metny1-2,3,4-tri—gymethdl—;rarabinosida (2 1-04 in system b)

lethyl-2,3-di- O—methyl—L—arabinoside (2 1-56 and 1°95 in system

b

Methy1-2,3,4,0-tetra-0-methyl-D-galuctoside (T 1-80 in system b
- = and 1°25 and 1°37

in system &)

Methyl-2,3,5,6-tetra-0-methyl- D-galactofurgnoslde (T 1-12 in
system &, &a very
small peak).



- 96 -

Eraction iii was combined with fraction b and purified on thick

paper using solvent B. The pure partially crystalline sugar
(50 mg.), had Rggy 0:82, 0:68 in solvents A and B respectively
and [e]p +164-0° (e, 1:0).

The disaccharide gave &a phenyl osagone, which after two
recrystallisations from water had m.p. and mixed m.p. (with
authentic sample 230-232°) 225-228%, and [alp +42.0° (e, 0-07
acetone). The X-ray powder diagram of the phenylosazone was
identical to that of the authentic sample, Periodate oxidation
of the phenylosazone gave 1°12 and 1°45 molecules of formelde-
hyde after 30 =nd 300 minutes respectively, but no mesoxaldialde-
hyde-1l,2-bisphenylhydrazone was formed. This result is con-
sistant with thet of Hough et al. (86), reported for a 1,3-
linked arabinose disaccharide. From this evidence the
disaccharide appears to be 3—g—ﬁ-£rarabinopyranosgl—érarabinose.

Attempts to recrystallise the partially crystalline sugaf
from agueous ethanol were unsuccessful.

The syrup (20 mg.) was methylated by four additions of
methyl sulphate and 30% sodium hydroxide. The methylation was
completed by a treatment with methyl iodide and silver oxide.

A sample on methanolysis &nd vapour phase chromatographic
examination showed methy1l-2,3,4-tri-Q-methylarabinoside (T 1-04
in system b), methyl-2,4-di-0-methylarabinoside (T 2°26 «nd 2+37
in system b) and only a trace of methg1-2,5-dij9-methylarabino-
side (I 0-41-0:42 in system a), indicating that the methylation

was complete. The rest of the methylated disaccharide was
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nydrolysed with N-hydrochloric acid at 100° for 4 hr. and the
products (19 mg.) frectionated on thick paper using solvent D.

Subfractions. The syrup (6.7 mg.) was chromztographically

pure and identical to 2,4-di—g¢methyl-&—arubinose. The aniline
derivative was prepared which after recrystallisation from
ethyl acetate had m.p. and mixed m.p. (with authentic sample
129-130°) 120-122°,

Subfraction 2. This fraction (8 mg.) was chromatograpnically

pure and identical to 2,3,4-tri-Q-methyl-L-arabinose. The
amide of &ldonic acid of the methylated sugar was prepared, but
failed to crystallise.

Fraction iv.

The syrup (67 mg.), [a]lp +67:7° (¢, 0:74) was fractionated
on thick paper using solvent A.

Subfraction (iv)a.

This fraction was a mixture of two sugars having the same
chromatographic mobilities as 3-gra-ga1actosy1arabinose and
3=-0-p-arabinopyranosylarabinose. The sugar having the same
speed as 3-0-P-galactosylarabinose was obtained pure (9 meg.)
by separation on thick paper using solvent B, [a]p +52:7°
(¢, 0°46), Rgay 0°69 (solvent 4). A sample (1+5 mg.) on
hydrolysis with N-sulphuric scid for 2 hr. at 1009 gave galac-
tose and arabinose only. Another sample (1°5 mg.) after
reduction with potassium borohydride and hydrolysis gave mainly
arabinose and gulactitol with treces of galactose and arabitol.

A third sample (3 mg.) was methylated, methanolysed and the
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products examined by vapour phase chromatography.

The mein component (T 0-:90 in system b and 0-85 in system c)
was unidentified, other components which were present are methyl-
2,3.5-tri-grmethyl-érarabinoside (T 0+55 and 0-72 in system b),

- methyl-2,3,4~-tri-0-methyl-L-arabinoside (T 1-04 in system b),

methyl-2,3,4,6—tetra-g¢methyl-g-galactoaide (T 1-80 in system b
and 1+54, 162 in system ¢), methyl-2,4-di—gfmethyl-£-arabinoside
(2 2-34 in system b and 1.15 in system ¢) and methyl-2,3,6-tri-0-
methyl-D-galactoside (T 3-30, 4-30 and 4:74 in system b).
Subfraction (iv)b.

This fraction gauve the same chromatographic pattern as the
original mixture.

Subfraction (iv)e.

This frection (6 mg.) was a mixture of 3-0-p-L-arabino-
yyranOSyl-é—arabinose and an unknown which had Rg.p 0-93 in
solvent A and 0+53 (same as 3-Q-p-galactosylarabinose) in sol-
vent B.

On hydrolysis with grsulphuric acid for 3 hr. it gave
arabinose, galactose and a trace of xylose. On potassium boro-
hydride reduction, followed by hydrolysis with i—aalphurie acid
for 3 hr., it gave & product in which gulactose and arabinose
were still present;, the glycitols in this mixture could not
be identified due to heavy strezking. The rest of this frac-
tion was methylated, methanolysed and the products exumined by
vapour phase chromatography. The pattern obtained was com-

plicated, the following glycosides were the major components.
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Methyl~2,3,5-tri-grmethylfé-arahinoside (g 055 and 0.72 in
system b), methy1-2,3,4-tri-0-methyl-L-arabinoside (T 1-04 in
system b), methy1l-2,3,4-tri-0-methyl-D-xyloside (T 0-46 =nd 0-55
in solvent b), methyl—2,3,4,é—tetra—ggmethyl—g-galactoside (e
1-53 and 1+62 in system ¢), methyl-2,3,4-tri-0-methyl-D-
galactoside (T 2:64 and 29.2 in system c¢) und metayl-2,5-di-0-
me thy 1-L-arabofuranoside (T 0-71 and 1.03 in system c¢).

Fraction vy,

Purification of this fraction on thick paper gave a
chromatographically pure suger (5.7 mg.), [a]D +93.0 +80-:7°
(¢, 0¢57), having the same chromatographic mobility as 4-0-p-
D-galactopyrenosyl-D-galactose in solvents A and B. However
this sug@r gave a pinkish brown stain with aniline oxalate,

whereas the authentic sugar gives a brown stain.

Fraction vi.

This fraction (288 mg.) was chromatographically a bit
streaky, but had the same mobility as 6-g¢ﬁ-£-galactosyl-£-
galactose in different solvent systems.

A sample (4 mg.) was methylated, methanol;sed and the
products examined by vapour phase chromatography. The major
peaks were those of metth-2,3,4,ﬁ—tetra:g-methy119—galactoside
(T 1-80 in system b) and methyl—?,3,4—tri—0—methylzg_galacto-
side Q@ 4.50 and T7+45 in system b), however minor peaks corres-
ponding to metnyl-Z,3,5,6—tetraig—methyl:g—galactofuranoside
(2 1+41 2nd 2.04 in system b), methyl—2,3,6—tri1g—metth1£—
galactoside (T 3-26, 4-20 and 4.72 in system b) and methyl-
2,y3,4=tri=0-methyl-L-erabinoside (I 1-07 in system b) were also

present.
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Partisl hydrolysis I. Neutral Oligosaccharides.

Trial experiment.

The polysaccharide was dissolved in water and filtered
through muslin. The solution was heated on a boiling water
bath and the appropriate guantity of 4§;sulphuric acid was added
to meke the strength of the resulting solution 0'5£. Refluxing
was continued and samples (equal volume) were removed after 0-5,
l, 2, 3 and 4 ﬁours. Neutralisation and subseguent operations
were carried out with care in order to minimize losses of the
hydrolysate, which after concentration was spotted as one spot
on Whatman 3MM paper and examined in solvent A. Visual inspec-
tion of the resulting chromatograms suggested that the best
yield of neutral oligosaccharides could be obtained by hydrolysing

the gum with O-5N-sulphuric acid for 2 hours at 100°.

Large scale hydrolysis.

Accordingly, the gum (30 g.) was hydrolysed with 0-5N-
sulphuric acid (450 ml.) for 2 hours at 100°. After cooling,
neutralisation was effected, by first adjusting the pH to about
5 by addition of saturated solution of barium hydroxide and
subseguently adding solid barium carbonate. The resulting
solution was centrifuged, filtered through Celite, concentrated
to about 200 ml. and poured into ethanol (800 ml.) to precipi-
tate the unhydrolysed gum (degraded gum II). This precipitete
was separated by centrifugation, washed twice with ethanol and

dried (10.0 &.). The supernatant wes concentrated to a syrup

(16°5 g.).
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ceparation of the neutral oligosaccharides.

The above syrup (16.5 g.) was dissolved in water and placed
on top of a charcoal-Celite column (50 x 7 cm.). The column
was first eluted with water, till most of the monosaccharides
hed come off, and leter with gradually increasing concentrations
of agueous ethanol. Fractions (ca. 2000 ml.) collected every
24 hours were evaporated to & small volume, treated with
Amberlite resin IR 4B (OH), evaporated to dryness and examined
chromatographically in solvents A, B znd H. The latter solvent
is suitable for the higher oligosaccharides which are very slow
in solvent A. These fractions (36 in all) were combined
according to their contents and the following eight final frae-

tions shown in table 3 were obtained.
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Frection BEluant Vt. in g. Contents

A Water 11:-569 Galactose, arabinose, rhemnose
and traces of disaccharides

B 2+5% ethanol 0+500 l1,6-galactobiose,
l,3-gelactosylarabinose and
traces of mono znd trisaccha-
rides

C 2+5% ethanol 0-130 l,6-galactotriose, 1l,6-gclacto-
biose and 1,3-galactosylarsa-
binose

D % ethanol 0+080 1,6-galactotriose, 1,6-galacto-
biose and 1l,4-galactobiose

B 5% ethanol 0-332 l,6-galactotriose (main) and
l,6-galactotetraose

F 10%# ethanol 0:512 1,6-galactopentaose,
1l,6-gelactotetraose =nd
1l,6-gulactotriose

G 15% ethanol Q0-116 Mixture of sugars, chromatograms
not clear due to strezking

H 20% ethanol 0+ 050 Galactose, arsbinose and
other sugars.

Table 3.

Examination of the frections and identification of the neutral

oligosaccharides.

Fraction A. 11°'569 g.

Since this fraction contained mainly monosaccharides, which

had zlrecdy been identified in the preliminary investigation (98),

it was not examined further.

Fraction B, O-

500 &.

Chrometography in solvents A and B indicated this fraction
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to be a mixture of sugars, the main component of which was 6-0-
p-galactosylgalactose. The syrup was separasted into four
fractions on = cellulose column (45 x 2 cm.) using solvent A.
The fractions bulked appropriately, evaporated to small volunme,
treated with charcoal and taken to dryness.

Subfraetion B (i). 0-055 g.

This fraction was chromatographically found to contain
3-0-galactosylarabinose mixed with galactose and arsbinose. It
was fractionated on 3MM paper using solvent A and the pure 3-0-
galactosylarabinose obtained was combined with the next fraction
for further examination.

Subfraction B (ii). 0+-080 g.

This fraction was mainly 3-0-galactosylarabinose with some
6-0-galactosylgalactose. It was separated on 3MM paper and
combined accordingly.

Identification of 3-gf2-ga1act055l:&-arabinose.

The syrupy suger (87 mg.) had Rgg10°59 and 0¢53 in solvent
systems A and B respectively, [a]p +22:4° (g, 1-25).

Total hydrolysis of a sample (5 mg.) with N-sulphuric acid
for 4 hours and chromatographic examination of product in solvents
A and B showed galactose and &arabinose only.

The syrup crystallised after two months and was recrystallised
from ayueous ethanol. m.p. and mixed m.p. 175-177° (with
authentic sample of 3-grﬁ-£-ga1actosyl—érarabinose melting &t
202-203°). X-Ray powder photograph of the crystals was
identical with that of the authentic sample.
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Subfraction B (iii).
This fraction, 0+289 g., Rggy 0:23 in solvent A, [a]p +30-0°

(g, 0:15), was chromatographically pure and identical to Gfg-
galagtosylgalactose in solvents A and B,

A T totally hydrolysed with N-sulphurie
acid at 100° for 6 hours and examined chromatographically in
solvent A, only galactose was detected.

All attempts to crystallise the sugar were unsuccessful.
when methanol was tried as & solvent some crystals appecred but
these lost their erystallinity on taking out of the solvent.

The phenylosazone of the sugar was prepared and recrystallised
from water. m.p. and mixed m.p. 179-181°. X-Ray powder photo-
graph of the osazone was identical with that of an authentic
sample.

Two attempts to prepare the phenylosotriazole (96) from the
phenylosazone were unsuccessful.

The syrup (100 mg.) was dissolved in water (5 ml.) and
methylated by three additions of the reagents methylsulphate (12
ml,) and 304 sodium hydroxide solution (16 ml.) with the usual
precautions. Extraction with boiling chloroform gave the
methylated sugar (60 mg.). A sample (3 mg.) on hydrolysis with
N-sulphuric acid for 4 hours at 100°, gave in addition to
;,3.4;6-tetra— and 2,3,4-tri-0-methylgalactoses small smounts of
dimethyl gelactoses due to incomplete methylation. Hence the

syrup was dissolved in water and methylated by a further addition

of the reagents. The fully methylated sugar was seeded with a
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crystal of methyl hepta-O-methyl S-Q-Bfg-galactOSJl-g-galacto-
side zand left in a desiccator over phosphorous pentoxide,
erystals appeared after a long time. These crystals could not
be separated from the adhering syrup for melting point deter-
mination.

The methylated disaccharide (42 mg.) was hydrolysed with
ﬁ—hydrochloric acid for 4 hours at 100° and worked up in the
usual manner, The product was fractionated into three fractions
on thick paper using solvent D.

Fraction z. 3-2 mg. Chromutographically identical to 2,3-di-

O-methyl-D-galactose in solvent systems D and F.

Fraction b. 120 mg. Chromatographiecally pure and identiecal

to 2,3,4-tri-Q-methyl-D-gzlzctose. It was identified by con-
version to the aniline derivative, m.p. 165-166° and mixed m.p.
163-165° (with authentic sample of 243,4-tri-Q-methyl-N-phenyl-D-
galactosylamine).

Fraction c. 101 mg. Chromatographically pure and identical

to 2,3,4,6-tetra—g—methyl-grgalactose. When heated with ethanolic
aniline, afforded an aniline derivative, m.p. and mixed m.p. 183%-
190°, (with suthentic sample of 2,3,4,6-tetra-0-methyl-N-phenyl-
g-galactosdlamine m.p. 198°).

Subfraction B (iv). 0-064 g.

This fraction was chromatogtaphically pure and identical to
1,6-galactotriose and was hence combined with the same cbtained
from fraction E and examined further.

Fraction C. 0-130 g.

This fraction was found to be 2 mixture of 1,6-galactotriose,
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l,6-galactobiose and 1,3-galactosylarabinose.

It was separated on 17MM paper using solvent system A into
1l,6-galactotriose (30 mg.), l,6-galactobiose (45 mg.) zand 1,3-
galactosylarabinose (12 mg.). These sugars were combined with
the appropriate subfractions and examined further.

Fraetion D. 0-080 g.

This fraction on paper chromatography separated into 1,6-
galactobiose, l,6-galactotriose and a third component having
chromatographic mobility faster then 1,6-galactobiose and giving
a brown stain fluorescent in u.v. light with spray reagent I.

It was separated into three fractions on thick paper using
solvent system A.

Subfraetion D (i). 0-040 &.

This was chromatographically pure and identical to 1,6-
galactotriose.

Subfraction D (ii). 0-013 &g.

This fraction was found to be a mixture of l,6-galactotriose
and 1l,6-galactobiose.

Subfraction D (iii).

This fraction (0-016 g.), [a]p +35°5— +27-6° (e, 0-82), had
Rggy 0-49 and 0-40 in solvent systems A and B respectively. It
was chromatographically end ionophoretically different from 3<g-‘
p-gelactopyranosylgalactose end 4-0-c-galactopyranosylgalactose,
but was identiczl to 4-0-p-galactopyranosylgalectose. Attempts
to erystallise the syrup were unsuccessful.

The suger (2 mg.) was dissolved in water (0-02 wl.) and the

solution diluted to 0+2 ml. with glacial acetic acid. Lead tetra
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ecetate (10 mg.) in glecial acetic acid (0°8 ml.) was added and
the mixture allowed to stand for two hours (97). Excess oxalic
acid (10X in acetic acid) was added to destroy excess reagent
and precipitate lead ions. The precipitate was filtered, the
filtrate evaporated to dryness and the residue was taken up in
a few drops of water and heated for 2 hours to effect hydrolysis.
Chromatographic examination of the product in solvents A and B
showed galactose, & trace of arabinose «nd a tetrose (slower
than erythrose). Since no lyxose (which would arise from 3-0-
g—galactOSJl—grgalactose) was detected, the sugar is most
probably 4-gfﬁ-£—galact093ranosylfg-galactose.

The syrup (4 mg.) was methylated, methanolysed and the
products on exzmination by gas-liquid partition chrometography
showed peaks corresponding to methyl—2,3,4.6-tetra—g—methyl—g—
galactoside (T 1-80 in system b), methyl-2,3,5,6-tetra-Q-methyl-
D-galactofuranoside (T 1-44-1-45 in system b), methyl-2,3,6-
tri-0-methyl-D-galactoside (T 3°28 and 4°76 in system b), a
trace of methyl-2,3,4-tri-Q-methyl-D-galuctoside (T 7-46 in
system b), methyl-2,3,4-tri-0-methyl-L-arabinoside (I 1-04 in
system b), and methyl-2,3,5~tri-0-methyl-L-arabinoside (2 055
and 0°74 in system b).

Fraction B.

This fraetion (0330 g.) had 1,6-galactotriose as its main
component together with 1l,6-gulactotetrazose and a trace of an

unknown sugar.

It was fractionated on a cellulose column (45 x 2 cm.) using

solvent A as eluant, into three fractions.



subfraction E (i).

The sugar (0.011 g.) had a chromatographic mobility
slightly slower than galactose and gave a pink stzin with
aniline oxalate spray. It was tentatively identified as 3-0-
B-g—arabinoyyranosyl-grarabinose, larger quantities of which
were obtained from the autohydrolysate of the gum acid.
Subfraction E (ii). 0.252 g.

Eggy 0+68 in solvent H. [alp +32-6° [g, 1-5].

Chromatographic examination in solvents A, B and H showed
this fraction to be pure and identiczal to gyﬁﬁg—galactopyrano—
syl-(1—96)-gr6-g—galact0pyranosyl-(1—?6)-£rgalactose.

Total hydrolysis with N-sulphurie acid for four hours at
100°C gave only galactose. Partiasl hydrolysis with 0-5N~
'msulphuric acid for half an hour at 1009 and chromatographic
examination of the product showed galactose, 1l,6-galzctobiose
and some unhydrolysed trisaccharide.

The syrup (150 mg.) was dissolved in water (5 ml.) and
methylated by three additions of methyl sulphate (12 ml.) and
30% sodium hydroxide (18 ml,) on three successive days, the
usual precautions being observed. The solution was heated on
a water bath for one hour, cooled, and extracted with chloroform
in the cold to give the methylated product (51 mg.). Continuous
extraction in a Soxhlet with boiling chloroform gave another 52 mg.

A sample (3 mg.) of the product was hydrolysed with gfhydro
chlorie acid at 100° for three hours and examined chromato-

graphically in solvent D. The main components were 2,3,4,6-
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tetra-Q-methylgalactose and 2y3,4-tri-Q-methylgalactose, but
considerable amounts of di and mono methyl galactoses were also
present.

The partizlly methylated trisaccharide (100 mg.) was
dissolved in water and treated to two more additions c¢f the
above reagents. Extraction with boiling chloroform in soxhlet
gave the fully methylated product (102 mg.). Hydrolysie of a
sample (3 mg.) and chromatographic examination showed only
2,3,4,6—tetra—g¢methyl-g—galactose and 2,3,4-tri-grmethjl-£-
galactose.

The remeainder of the methylated trisaccharide was hydro-
lysed with Ersulphurio acid for four hours at 100°, neutralised
with Amberlite resin IR 4B (0OH) and concentrated to dryness.
The resulting syrup was separated on thick paper using solvent
system D, into two fractions.

Fraction (a). 0-035 g., BRg 0.89.

Chromatographically pure and identical to 2,3,4,6-tetra-0-
methylﬁg-galaotose. It was identified by conversion to the
aniline derivative, which crystallised readily and was recrys-
tallised twice from ethanol. m.p. and mixed m,p. 190-191°
(with authentic sample of 2,3,4,6-tetra-Q-methyl-N-phenyl-D-
galactosylamine melting at 195-1396°).

Fraction (b). 0-059 g., Rg 0+73.

This was chromatographically pure and identical to 2,3,4-
tri-g-methyl—grgalaotose. It was identified by conversion to

the aniline derivative, which after recrystallisation from ethyl
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acetate had m.p. 160-162° and mixed m.p. 165-166° (with
authentic sample melting at 169°).
Subfraction E (iii) was chrometographically identical to 1,6-

galactotetraose.

Fraction F. 0-512 g.

Chromatographic examination in solvents A and H showed this
fraction to be a mixture of 1,6-gzlactopentaose, 1,6-gzlacto-
tetraose and l,6-galactotriose. These were chromatographically
checked with the corresponding sugars which had been isolated
from gum ghatti. Fractionation of the mixture on charcoal-Celite
column (30 x 3 cm.), followed by separation on thick paper gave
two pure fractions.

Subfraetion F (i). 0°098 g. Rggl 0°26 and Rp 0°ll in solvnnt H.

[a]D +11-1° (g, 2°T). Chromatographically indistinguisheble

from Qrﬁfg-galactopyranosyl-[(1~+6)fg-ﬂfg-galactopyranosyl]2_
(1-?6)-£-galactose. Total hydrolysis gave galactose only and
partial hydrolysis yielded 1,6-galactobiose, a slight trace of
sugar having Rgy] 0.63 in solvent B, and galactose.

Subfraction F (ii). 0-038 g. Rggy 0°15 and Rp 0°04 in solvent H.
T +7-1° (e, 1.:12). Chromatographically indistinguishable

from grﬁ-grgalactopyranosJl—[(l—*6)-grﬁfg-galaotopyranosyl]3—
(l~?6)12-galactose. Total hydrolysis gave galaectose only and

partial hydrolysis yielded 1,6-gelactobiose and galactose.
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Partial Hydrolysis II - Acidic Oligosaccharides.

Trial Hydrolysis.

The gum acid (100 mg.) was dissolved in water (5 ml.),
heated on a water bath and added 4£rsulphuric acid (15 ml.) to
make the strength of the resulting solution normsal. Refluxed
on a boiling water bath and 1 ml. samples were removed after
2,3,4,6, 9 and 20 hours. These samples were neutralised with
barium curbonate, deionised with Amberlite resin IR 120 (H),
evaporated to dryness and spotted as one spot 3MM paper and
examined in solvents B and C. Visual inspection of the result-
ing chromatograms suggested that the best yield of acidie
oligosaccharides could be obtained by hydrolysing the gum scid
with grsulphuric acid for 9 hours at 100°.

In later triel hydrolysis experiments two-dimensional
chromatographic development technigue using solvents system A,
followed by B, was used with a view to getting & better guali-
tative separation of the wcidic and neutral oligosaccharides.
But tne results of these chromutograms were not very satis-
factory; only traces of acidic oligosaccharides could be seen
on final spraying. Hence the separation was effected by
spotting the sugars on No.4 paper and first developing in sol-
vent A for 4-5 days and when all the neutral sugars hed run
off the paper, it was dried znd developed overnignt in solvent
system C., Tis method proved more useful.

Similar trial hydrolysis on the unhydrol,sed portion of the

gum (degraded gum II) obtained after initi«l hydrol, sis (see
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pageloo) snowed that the best yield of acidic oligosaccharides
could be obtained by hydrolysing this degraded gum II with N-
sulphuric acid for 3 hours at 100°¢.

Large scale hydrolysis. .Mv////ﬁhx\\

The degraded gum II (9:5 g.) was hydrolysed with N-sulphuric
acid at 100° for 3 hours, after cooling neutralised with barium
carbonate, deionised with Amberlite resin IR 120 (H) and taken
to a syrup. (5-65 g.).

Gum acid (1 g.) was also hydrolysed with N-sulphuric acid
at 1009 for 9 hours and worked up as above. (0-80 g.).

cSeparation of the acidic oligosaccharides.

'Tne combined syrup (6-45 g.) was placed on a column (60 x
2+5 cm.) of Amberlite resin CG 45 generated in the formate form.
(Made by pouring 250 ml. of the resin into the column and washing
thorougnly with distilled water). The column was first eluted
with water till no more sugars (neutral) cueme off. The acidie
sugars were now eluted with agueous formic acid of increasing
eoncentration (0°5%, 1%, 24). The elution of the sugurs was
followed by collecting fractions of about 1 litre, concenirating
to dryness and exemining chrometographically in the solvents A, B
and C. The weidic oligosaccharides which were very slow on
chromatograms developed in solvent B, moved much faster cnd

separated well from one another in solvent C.
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Fractions Eluant Weight Contents
1 to 6 water 2+9524 llonosaccharides
7 to 10 water 0+0770 Neutral oligosaccharides

11 to 17 Q+5% HCOOH 1-9928 3 zcidic oligosaccharides and
traces of other unidentified
sugars

18 and 19 14 HCOOH 05263 Traces of acidic oligosaccharides,
contaminated with inorganic matter

20 2% HCOOH 0°0960 lMostly resin

The mixture of acidie oligosaccharides (Fr. 11 to 17:
1.9928 g.) was separated on 1TMM paper using solvent system C

into five subiractions.

Subfraction I. 2—gfat£-galaoturonosgl-%—rhamnose.

This sugar (0:635 &.), [e]p +66-3° (e, 3-4), had Rgay 4 079
and 0+82 in solvent systems B and C respectively, it gave a
characteristic brown/yellow stuin with aniline oxalate, which
appears orange in ultra violet lignt.

A sample of the sugar was converted to the methyl ester
methyl glycoside with methanolie hydrochloride, reduced with
potassium borohydride and hydrolysed with g-sulphuric acid at
100° for 4 hours. The product on chromatographic examination,
was found to contain galazctose and rhamnose only.

The acid (0°515 g.) wes dissolved in water (10 ml.) and 1 ml.
each of methyl sulphate znd 307 sodium hydroxide solution were

added dropwise over &« period of one hour with vigorous stirring.
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The reaction flask was kept in ice and an atmosphere of nitrogen
was maintuined to prevent degradation by alkali, Methyl
sulphate (30 ml.) and 30% sodium hydroxide (60 ml.) were added
dropwise over & period of 3-4 hours and the mixture stirred over-
night. Three more additions of the reagents were made during
the next three consecutive days. Vigorous stirring was main-
tained during and between methylaticns. After the finsal
methylation the solution which was alkaline was heated on a
boiling water bath for 30 min., cooled and just acidified with
dilute sulphuric acid. The sodium sulphate was precipitated by
addition of ethanol. The precipitate was filtered and washed
with ethanol, and the combined filtrate and washings were made
slightly alkuline and concentreted to small volume (about 50 ml.).
The solution was now again made acidic (just acidic, as any free
sulphuric scid might cause hydrolysis) and extracted 4 times
with chnloroform in the cold. The combined extrazcts were con-
centrated to about 10 ml., filtered and the methylated acid was
precipitated by addition of excess light petroleum (b.p. 60-800).
Yield, 0.459 g. (Found: OMe, 40-2%. Cele.: OMe, 44.0%).

A sample (10 mg.) was reduced with diborzne and hydrolysed
with E—hddroehloric acid at 100° for 4 hrs. After treatment
with Amberlite resin IR 4B and concentration the product wes
examined chromatographically in solvent D. It was found to
contain 2,3,4—tri-grmethgl-g—galactose, 3,4—di-g~meth;1-£—
rhamnose, & trace of sugar travelling between the two and a faint

gpot on the starting line. This spot on the starting line did
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not move in solvent & and hence is not the unreduced acid.

A portion of the methylated acid was recrystallised from
light-petroleum (b.p. - 100-120°). The colourless plates had
m.p. 67-70° and mixed m.p. 70-71° with an authentic sample of
methyl Z—Qr(a-g—galactopyranosyluronic acid)—érrhamnoside
penta-methyl ether dihydrate. This product had OMe, 42.3%,

[alp +94-4° (¢, 1-335 in chloroform), and gave an X-ray powder
photograph identicwl to that obtained from the authentic sample.

The rest of the methylated acid was reduced with diborane.
Yield - 0-342 g. A portion of this reduced methylated acid
(150 mg.) was hydrolysed with N-hydrochloric acid at 100° for
4 hours, neutralised with Amberlite resin IR 4B and taken to
dryness. Chromatogrsaphic examination of the product in solvents
D, F and G showed 2,3,4—tri—grmethyl—g—galactose and 3,4-di-0-
mathyl-;rrhamnose, but none of these solvents were found suitable
for separation. Hence the mixture was separated into three
fractions on a cellulose column (50 x 2 cm.) using light
petroleum (b.p. 100-120°):butanol (7:3) saturated with water as
eluant.

Fraction (a).

This fraction (0°062 g.; Rg 0°90) was chromatographically
pure and indistinguishable from 3.4—di—g—methyl-£rrhamnoae.
The syrup crystallised and was recrystallised from ether-light
petroleum (b.p. 40-60°)., The clusters of needles obtzined had

a m.p. 86° and mixed m.p. 88-90° (with authentic sample melting

at 89-909).
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Fraction (b).

This fraction (0.008 g.) was found to be a mixture of
2y3,4-tri-0-methylgalactose and 3,4-di-Q-methylrhamnose.

Fraction (c).

This fruction (0.085 g.; Rg 0.72) was chromatographically
pure and identical to 2,3,4-tri-g-methylfg—galactose. It was
identified by conversion to the aniline derivative, which
crystallised and was recrystallised from acetone, m.p. 153°.
After another recrystallisation from ethyl zcetate it had m.p.
159-160° and mixed m.p. 165-166° (with suthentic sample of 2,3,4-
tri-Q-methyl-N-phenyl-D-galactosylamine melting at 165-166°).

A second portion of the partielly crystalline reduced

methylated acid (50 mg.) was dissolved, in acetone-light pet-
roleum (40-60°) and left to stend in an ice box. No crystallisa-
tion occurred even after months. However, on allowing the
solution to stand at room temperature the solvent evaporatéd and
the syrup crystallised spontaneously yielding long blackish
needles which melted in the range of 99-118°. Attempts to
purify these crystals by recrystallisation were unsuccessful.
The rest of the reduced methylated acid (80 mg.) was
remethylated with methyl iodide and silver oxide. The resulting
methyl ester methyl glycoside of Qfg-awg-galacturonosylﬁé—
rhamnose pentacmethyl ether was dissolved in warm n-hexane.
Spontaneous evaporation gave long needles which after separation
on porous tile had & melting point of 109°. A melting point of

93-94° (indefinite) is given in the literature. Severzl attempts
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to recrystallise the product from n-hexane gave gelatinous
crystals on the sides of the flask.

cubfraction II. 2—Galacturonic acid.

This fraction (0.040 g.), had Rggyys 1:00 in solvent B and
(o], +16-3° [c, 1-84].

A sample (5 mg.) was converted to the methyl ester methyl
glycoside, reduced with potassium borohydride and the methyl
glycoside obtained was hydrolysed for 2 hours with‘g—hydrochloric
acid. The product on chromatographic examination was found to
contein galactose only.

The sugar (20 mg.) was dissolved in water (1 ml.) and a
solution of 2,5-dichlorophenylhydrazine (20 mg.) in hot methanol
(1 ml.) was added to it. Evaporation of the solution on a
boiling water bath gave & syrup which crystallised spontaneously.
The product was washed with ether to remove excess reagent and
recrystallised from dioxane (very difficultly soluble). The
erystals obtained had a melting point of about 350°.

The 2,5-dichlorophenylhydrazone made with authentic
galacturonic acid had = m.p. 180°.

subfraction III. 6—9_—&:2—G1ucuronosy l-a-galactose i

This fraction (0-305 &.), had Rggy 0-41 and 0.54 in solvent
systems B and C respectively, [a,]D +21-49 (g, 2.1),.and wes
chromatographically homogenous. A sample was subjected to
methanolysis, reduction with potassium borohydride and hydrolysis.
The product on chromatogrephic examination was found to contain

galactose, glucose and treces of rhamnose. The rhamnose had
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probably arisen from the triuronic acid (Subfraction IV) which
traevels just slower thun this aldobiuronic acid.

The acid (154 mg.) was dissolved in water (5 ml.) and
methylated with methylsulphate and sodium hydroxide following
the saéme procedure &s for 2-0-D-galacturonosyl-L-rhamnose
(Subfraction I). Extraction with chloroform gave & syrup (139
mg.) OMe, 40-8%.

This syrup was dissolved in methyl iodide (4 ml.) and the
mixture refluxed with four equal additions of silver oxide (29
g€. in all). The silver oxide wus filtered and repeatedly ex-
tracted with boiling chloroform. Evapgfation of the combined
filtrate and chloroform extracts gave the fully methylated acid
(122 mg.). The syrup crystallised on standing in a desicecator
and was recrystallised from acetone-light petroleum (b.p. 40-60°)
mixture. The rosette-like crystals obtained had m.p. and mixed
m.p. 81-83% with an authentic sample of the methyl ester methyl
glycoside of B—ng—glucuronoayl—g—galactose hexzmethyl ether,
of m.p. 85°. The crystals had [a]y -16-2° ([g, 0-802].

The X-ray powder photograph was identical with that of the
zuthentic sample.

Subfraction IV. Triuronic acids.

This fraction (0+116 g.), had Rggy 0-16 and 0.27 in solvent
systems B and C respectively, [a]p +62. % (g, 0-64) and was
chromatographically homogenous but stresaky. Paper ionophorogis
showed one homogenous spot about 127 cm. from the origin.

A sample (3.5 mg.) was hydrolysed with N-sulphuric acid at
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1009 for 4 hours. Chromatographic examination of product in
solvent B showed galactose, 2-0-galacturonosylrhamnose and some
rhamnose.

Chromatograpnic exumination of the product after methanoly-
sis, borohydride reduction and hydrolysis showed galactose and
rhamnose only.

A sample (10 mg.) was dissolved in water and converted to
the potessium salt by adding potassium carbonate (10 mg.).
Potassium borohydride (15 mg.) was é&%gd to the solution and left
to stand overnight. Next day the sofﬁtion was deionised with
Amberlite resin IR 120 (H), repeatedly evaporated with methanol
and hydrolysed with N-sulphuric acid at 100° for 4 hours.

After neutralisation with barium carbonate, deionisation and
evaporation to dryness the product was exzmined chrometographi-
cally using solvent I and spray reagent IV,

The chromato gram showed the presence of gulactitol and
rhamnitol in egual amounts in addition to galactose, rhumnose
and 2-0-gulacturonosylrhamnose. Hence it appears that this
fraction is & mixture of aldotriuronic acids.

Trial alkaline degradation on 2-0-galacturonosjlrhamnose
showed that it was not affected by ~  alkzli up to 3 weeks.
Trizl degradations done on maltose and 3,6-anhydrogalactose
gzve two different saccharinolactones travelling at different
speeds on chromatograms.

A sample (6 mg.) oi the triuronic acid was subjected to

alkaline degradation. After 2 weeks half the solution was
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worked up and spotted on two papers and developed in solvent A,
One puper wus sprayed with reagent III, no spots due to acid
lauctones were visible., The second paper was gprayed with
reagent I showing unchanged triuronic acid and almost an egqual
amount (visible inspection) of 2=-Q=-galacturonosylrhamnose,

The rest of the solution was worked up after about 2 weeks
and examined as above. Still no saccharinolactones could be
detected, however spray reagent I showed unchanged triuroniec
acid travelling a bit faster than the original mixture of acids,
2-0-galuctouronosylrhamnose and & trace of a pink spot travell-
ing slightly faster than arabinose.

The mixture of triuronic scids (25 mg.) was dissolved in
water and methylated with four additions of methyl sulphate and
sodium hydroxide following the szme procedure as for 2-2-2—
galacturonoayl-g-rhamnose. Bxtraction with chloroform gave a
syrup (21 mg.).

Hydrolysis of = sample (1 mg.) with gfsulphuric acid for
four hours followed by chromatography in solvent D showed that
the methylation was incomplete.

The syrup wezs dissolved in water and remethylated by two
more additions of the reagents. The fully methylated zcid was
converted to the methyl ester methyl glycoside by refluxing with
methanolic hydrochloride, reduced with lithium aluminium hydride
and hydrolysed with g—sulphuric acid for 6 hours at 100°. The
product was examined chrometographically in solvents D, F-and G,

snd found to contain the following sugars.
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2,3,4,6-Tetra-Q-methyl-galactose
~tri-Q-methyl-galactose (one or more)
-di-Q-methyl-galactose (one or more)
and 3,4-di-0-methyl-rhamnose.

No 3-0-methyl-rhamnose was detected.

The rest of the syrup was converted to the methyl glycosides
and examined by veapour phase chromatography in all three systems.
The methyl glycosides of the methylated sugars given in the
table below were detected. T values in parentheses are those

corresponding to more than one glycoside.

Methyl glycosides of T in system b T in system ¢
2,3,4,6-Tetra-0-methyl-galactose 1-80 1:52 & (1:62)
2y3y4-tri-O-methyl-galactose 476 & T-50 2:66 & 2-94
243,6-tri-Q-methyl-galactose 3-2;, 4-33 & (1:62) & (2+50)
4-37
2,3-di-Q-methyl-galactose 223 & 2-62 52°503, 3+2%;
(system a) 3:74) & (4-36)
2,4-di-0-methyl-galactose - (3:74) & (4-36)
3,4-di~Q-methyl-rhamnose 0-73 & 1-00 0-6l

Subfraction V.

This fraction (0-032 g.) wes found to be a mixture of 2-0-
galacturonosylrhamnose and arabinose by chromatographic

examination.
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Methylation of degraded gum.

The degraded gum I (9 g.) was dissolved in water (50 ml.)
and treated with methyl sulphate (72 ml.) and 30% (w/v) agueous
sodium hydroxide (144 ml.) below 20° in an atmosphere of nitrogen
and with vigorous stirring. Six further additions of the same
quantities of the reagents were made on six successive days.

The final mixture was heated on a boiling water bath for 1 hr.
and filtered. The filtrate was dizlysed in running water until
free of sulphate ions. The residue which was insoluble in
water and most organic solvents (acetone, dioxan, ethanol and
methanol), was shaken with water, dislysed, acidified and extrac-
ted with chloroform. The dialysed filtrate was also acidified
and extracted with chloroform. The combined chloroform ektraots
were dried over anhydrous sodium sulphate and evuporated to
dryness., (4 g.5 OMe, 30-3%; Ash 1:9%). The combined agueous
solutions were concentrated to & smell volume and treated with
two more lots of methyl sulphate and sodium hydroxide. The
reaction mixture was heated on a boiling water bath acidified
until Jjust neutral and extracted with chloroiorm, nothing came
into caloroform.

The reaction mixture was therefore dialysed for about a
week, concentrated to & small volume &nd freeze dried (1°5 g.;
OMe, 32:5%; Ash, 3+2%).

The combined methylated degraded gum (5°5 g.) was dissolved
in anhydrous ether and a little methanol. The solution was

cooled in ice and etheresl solution of diszomethane (prepared by
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treating nitrosomethyl urea with potassium hydroxide) was added
in small portions until evolution of gas ceased. The presence
0of excess diszomethane was ascertained by removing a few drops
into a test tube and introducing & glass rod moistened with
glacial acetic acid when immediate evolution of gas occurred.
The solvent was removed under reduced pressure to give the
methylated degraded gum. (4:-7 g.; OMe, 35-2%).

This was then methylated thrice with methyl iodide and
silver oxide to give & product (2-98 g.; Olle, 42.8%) whose
methoxyl content was not increased on further treatment with
methyl iodide and silver oxide.

Hydrolysis of the methylated degraded gum.

The methylated degraded gum was suspended in 2§ sulphurie
aeid (100 ml.) at room temperature for 5 deys and at 40-50° for
a further day. The resulting solution was diluted to 200 ml.
heated on 2 boiling water bath for 10 hr. (constant rotation),
cooled, neutralised with saturated barium hydroxide followed by
barium caerbonate, filtered and washed with precipitate thrice
with water. The combined filtrate and washings were concentrated
to & thick syrup (1.7 g&.) which was placed on a cellulose column
I(45 x 2+5 em.) and eluted with butan-l-ol half saturated with
water to give irasctions A to C, followed by elution with water

to give fraction D.
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Fraction Wt. in mg. Contents
820 . Neutrzal methylated sugars (ebout 7)
83 Tetra-0-methyl galactose, tri-0-

methyl galactose and acidic sugars

c 103 - Acidic methylated sugars
D 637 Barium salts of acidic methylated
sugars

Examinations of the fractions.

Praction A: The syrup (820 mg.) was pleced on a column (55 x
1:5 cm.) and eluted with light petroleum (b.p. - 100-120°) -

butan-l-0l (733, later 1l:1l) saturated with water, followed by
butan-l-0l half saturated with water to give 10 fractions. A
further fraction was obtained by elution of the cellulose with
water. The fractions were examined chromatographically in
various solvent systems end the probable sugar content of the

fractions are tabulated below.



Fraec- Wt. in
tion  Tubes mg. Colour Rg Contents
1 1-37 135 Pink/brown 0°86 2,3,4,6-tetra-0-methyl
galactose and 3,4-0-
dimethyl rhamnose
2 38-55 7 Brown and 084 2,3,6-tri-Q-methyl galac-
pink tose,
0+73 2,3,4-tri-Q-methyl ara-
binose
3 56-90 243 Pink 073 2,3,4-tri-O-methyl galac-
tose
4 91-154 41 Pink 077 2,3,4-tri-Q-methyl galac-
Khaki 0+66 tose 2nd 3-Q-methyl
rhamnose (trace)
5 155-170 8 Khaki 0'53 3-0-methyl rhamnose
6 171-200 12 Light pink streak Same as fraction C
T 201-300 46 Brown 0°50 2,3-0-dimethyl gzlactose
8 301-370 7 Light pink 0°48 2,4-Q-dimethyl galactose

and 2,3-0-dimethyl galac-
tose

9 371-510 23 Khaki and 0°35 Rhamnose

pink 0°43 2,4-0-dimethyl galactose

and 3,4-0-dimethyl galac-
tose

10 510-7T17 = 30 Pink streak 2,3,4-0-trimethyl glucur-
onie acid, 2yQ-methyl galac-
tose, gulactose and unknown

11 Water 28 Pink streak Barium salts of Acidie
methylated sugars.



Fraction 1. 2,3,4,6-Tetre-Q-methyl-D-galactose,

3,4-di-0-methyl-L-rhamnose.

This fraction (0-135 g.), hed Ry 0:86 end [a] +84.1°
(¢, 0°58).

Paper chromatography in solvents (D) and (G) showed a
single component, but in solvent (F) it separated into two com-
ponents corresponding to the above two sugers and a trace of an
unknown sugar faster than tetra-0O-methyl-glucose.

The syrups were separated into 4 fractions on thick paper
using solvent system (F).

Subfraction la.
The syrup (0015 g&.), Ry 0:87, [a], +18:0° (g, 0:60) gave

a khaki stein with aniline oxalate spray, and was chromato-

graphically and ionopnoretically pure and identical to 3,4-di-Q0-

methyl-L-rhamnose. It crystallised on seeding as long white

fibres of m.p. 93-94° and was recrystallised from ether-light

petroleum (40-60°) m.p. and mixed M,P, 95-96° (with authentic
... semple of 3,4-di-0-methyl-L-rhamnose).

Subfraction 1lb (0-005 g.).

Paper chromatography in solvent F showed this to be a mixture
of 3,4-di-Q-methyl-rhemnose 2nd 2,3,4;6-tetra-ggmethy1—galactoae.
Subfraction le.

This frection (07094 g.), Ry 0°89, [elp +90+7° (e, 0:97) wes

chromatographically and ionophoretically pure and identical to
2,3,4,6-tetra-0-methyl-D-galactose. The aniline derivative was
prepered and recrystallisation gave lohg white needles m.p. 191-192°
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and mixed m.p. 1950; with authentic 2,3,4,6-tetra-~0-methyl-

D-galuctosylamine of m.p. 198°,

oubfraction 1ld.

This fraction (0°012 g.) had Rg 0-89 and 1-01 (trace).

Paper chromatography showed it to be mainly 2,3,4,6-tetra-
Q-methyl-D-galactose with & trace of an unknown which moves a
bit faster than 2,3,4,6—tetra-g~methylag—glucose.

Freection 2. 2,3,4—Tri—gfmethylié-arabinose and

243,6=tri-0-methyl-D-galactose.

This fraction (0-007 g.) had [e], +95:2° (g, 0-40),
Rg 0-84 (pink) and 0-73 (brown), Paper chromatography in sol-
vents D, ¥, and G showed it to be & mixture of the above two
sugars. Demethylation gave galactose, arabincose and traces of

mono-O-methylgalactoses.,

Fraction 3. 2433y4-Tri-Q-methyl-D-galactose.

Tais fraction (0243 g.), had [o.]D +117-7° (equil.) (e; 0:97),
Rg 0-73. Gas-liquid partition chromatography and paper chromato-
graphy in the three solvents D, F and G, showed it to be pure
and identical to 2,3,4-tri-0O-methyl-D-galactose.

The suger was characterised by conversion to the aniline
derivative m.p. 166-167° and mixed m.p. 168-169° (with authentic
sample of 2,3,4-tri-0-methyl-D-galactos;lemine of m.p. 161-162°).

Fraction 4. 2,3,4-Tri-Q-methyl-D-galactose and 3-0-methyl-L-

wam
—
——

rhamnose.

This fraction (0-041 g&.), had [a]p+67-1%(c, 0°30), Rg 0+77 (pink)
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and 0.66 (khaki).

Paper chromatography in the three solvents D; F and G showed
it to be a mixture of the above two sugars., The sugars were
separated into two fractions oy thick paper using solvent system F.

Subfraction 4a. 0.012 g.

This was chromatographically pure and identical to 3-0-
methyl-;rrhamnose and was combined with fraction 5.

This was chromatographieally pure and identical to 2,3,4-

tri-Q-methyl-D-galactose.
Fraction 5, B-Qrﬂethyljgrrhamnoae.

This fraction (0-008 g&.), [e], +25-0° (e, 0-24), Ry 0-68
(kheki) was chromatographicaelly pure and identicel to 3-methyl-L-
rhamnose in three different solvent systems. -

The combined syrups of subfraction 4a end this fraction
crystallised on seeding and leaving in the vacuum desiccator.

m.p. and mixed m.p. (with authentic sample 115~116°) 115-118°,
Attempts to recrystallise it from methanol-ether were unsuccessful.

Frection 6. [lMethyleted acidic sugars.

This fraction (0.012 g.) streaked in four different solvent
systems tried (A, D, F &nd G). In solvent system E it separated
into 4 components and was found to contain the same sugars as
fr. C. Hence this fraction which consists of methylated acidic

sugars was combined with fr. C for further examination,
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Fraction 7. 2,3-Di-grmathyl-a-galactose.

This fraction (0.-046 g.), [a]D +80.6° (equil.) (e, 0-72),
RG 0.50, was chromatographically (3 solvents) and ionophoreti-
cally indistinguishable from 2y3-di-0-methyl-D-galactose,
Chromatography of the periodate oxidised sugar showed three
spots grey (Rg 0.82), brown (Rg 0:93) and grey (Rg 1.05) iden-
tical to those given by 2,3-d1-g-methyl-£-galactoae. The

aniline derivative was prepered but failed to crystallise.

Fraction 8. 2,4-Difg—methyljargal&ctose and

2y 3=di-0-methy ]:R—galac tose.

Chromatographic examination of this fraetion (0.007 &.),
Rg 048 in solvents A, D and F showed it to be a mixture of the
above two sugars, Ionophoresis gave a streak of about 5 cm,
long starting from the origin line. Periodate oxidation
followed by examination of the products by chromatography showed
the three spots characteristic of 2,3-di—ggmethyl—g-galactoae
and unchanged 2,4-di-gpmethyl-grgalactoae.
Fraction 9. Rhamnose (main), 2.4-di—g-methy1-§—galactose and

3,4-di-grmethy1-£-galactoae.

Paper chromatography of this fraction (0+023 g.), Ry 0-43
(trace) and 0+35,in solvents D and F showed it to be a mixture
of rhamnose, 2,4-di-g-methyl-g-galactose end & third component
which gave a2 pink stain with aniline oxalate. In solvent B

this fraction seperated into four components corresponding to

rhamnose, 2,4-di-Q-methylgelactose (trece), an acidic sugar
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(trace) and a sugar having the same chromatographic speed 28
344-4i-0-methylgalactose.

Paper ionophoresis gave three spots, a pink spot (1.2 cm.
from origin) due %o 2,4-di-O-methylgalactose, a khaki spot (4.4
em, from origin) due to rhamnose and a& brown spot (6.7 cm, from
origin) probably due to 3,4-d119-mathylgalactose. Periodate
oxidation followed by chromatographic exeamination of the product
showed a pink spot due to unchanged 2,4-dimethylga1actose, a
trace of slowing pink spot probably due to &2n acid and a pink
spot (Rg 0-81) of a dimethyl pentoae,'which must have arisen from
3y4-di-0~-methyl-D-galactose.

Fraction 10. 2,3,4-Tri—g¢methylaaiglucuronic acid traces of

2-Qrmethy11%—galactose and galactose &and an

unknown.,

This fraction (0+030 g.) streakel in solvents A, D and F and
also indicated prohable presence of galactose. However in
solvent E it gave e discrete pink spot (Rg 0.88) most probably
due to & tri-methyl hexauronic acid and two faint spots corres-
ponding to galectose and 2-Q-methylgalactose.

In solvent B it separated into a very fast moving pink spot
due to the acid and three other spots due to galactose, 2-0-
methylgalactose and an unknown.

Paper chromatographic pattern in solvents A, D and E of the
syrup after treatment with Amberlite resin IR 120 (H) was not
much different from that of the original syrup. The pattern
also did not chenge on hydrolysis of the syrup with grsulphurio
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eacid for two hours.
The rest of the syrup (ca, 10 mg.) was separated into two
fractions on 3MM paper using solvent system B,

Subfraction =a.

Chromatogrephic examination of this fraetion (0.002 g.) in
solvent B showed galactose, 2-0O-methylgalactose and an unknown
moving between the above two. Pariodﬁte oxidation and examina-
tion of product in solvent D showed two yellow spots of Ry 0-24
(methoxymalondialdehyde from 2-Q-methylgelactose) and Rg 075 (7).

Subfraction b.

This fraction (0.003 &.), Rg 0.85 (solvent E) was chromato-
graphically pure in solvents B and E. Chromatographic examination
of the product after metheanolysis, pdtaasium borohydride reduction

. and hydrolysis showed 2,3,4~tri-grmethyl-g-glucose.

Fraction 1ll. Barium salts of acidic methylated sugars.

This fraction (0.028 g.) stresks in solvents D and E. When
it was deionised with Amberlite resin IR 120 (H) and examined in
the above two solvents it was found that this fraction had the
same components as fraction C and was therefore combined with
frection C for further examination.

Fraction B.

Chromatographic examination of this fraction (0.083 g.) in

solvents D, E and F showed it to be a mixture of 2,3,4,0-tetra-0-

me thyl-D-galactose, 2,3,4-tri-0-methyl-D-galactose and fraction C.

This fraction was not examined further.
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Fraction C.

This fraction (0-103 g.), had Rg 0-19 (streaky) and gave
2 stein with aniline oxalate which appeared purplish pink in
U.V. light.

Chromatography of this syrup in solvent A showed a streak
at the origin, but no spots corresponding to neutral methyleted
sugars were detected.

In solvent £ it separated into the following 4 components:-

EQ Colour in daylight Colour in U,V, light
007 pink -

0+44 brownish pink purplish pink

0+65 light khaki orange

0-76 pink purple

A few mg. of this fraction was deionised with Amberlite
resin IR 120 (H) and examination in solvent B gave the same
pattern as above, except that spot (Rg 0:07) was absent.

The combined Fraction C, 6 and 11 was dissolved in water,
shaken up with Amberlite resin IR 120 (H) and taken to dryness.
The dry syrup was converted to the methyl ester methyl glyco-
side by refluxing with methanollic hydrogen chloride, cooled,
neutralised with silver carbonate and taken to dryness.

The dry syrup was dissolved in purified dry tetrahydrofuran
and lithium aluminium hydride was added and the solution re-
fluxed for 1 hr., & little more of lithium aluminium hydride was
added and refluxed for a further hour. The excess hydride was

destroyed by adding ethyl acetate and water alternately.
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Filtered and the residue was extracted several times with
acetone and chloroform. The combined filtrate and extracts
were taken to dryness, extracted with dry chloroform and again
concentrated. Yield - 110 mg.

Chrometographic examination of this syrup in solvents D
end E showed & pink spot of Rg 0°19 (solvent D) end Rg 0+14
(solvent E).

This syrup was hydrolysed with Efsulphuric acid by reflux-
ing at 100°C for 6 hours. The cooled solution was neutralised
with barium hydroxide followed by barium carbonate, filtered
through Celite, shaken with Amberlite resin IR 120 (H) and taken
to dryness.

Paper chromatogrephy in solvents (A, D and F) and visual
examination showed the presence of the sugars shown in table 4.

The mein bulk of this syrup was combined with the corres-
ponding syrup from Fraction D for separation and examination,

Fraction D.

This fraction (0637 g.) did not move on chromatograms
developed in solvents D and E, hence it consists of barium salts
of acidic sugars only. The syrup was deionised by treating
with Amberlite resin IR 120 (H). Yield - 489 mg.

The deionised syrup streaked in solvent A, but in solvent E

it separated into the following four components,

Eg Colour in daylight Colour in U,V, light
0-18 light grey pinkish orange

0+ 39 (main) brown pinkish orange
0-55 pink -

074 crimson -
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16 mg. of the sugar (Rg 0.39) was obtained pure by
separating 50 mg. of the deionised syrup on thick paper using
solvent E. This sugar (16 mg. Rg 0+39) was examined separately
and is referred to as subfraction D.

This aubfraotion D and the mein fraction D (468 mg.) were
both separately subjected to methanolysis, reduction with
lithium aluminium hydride and hydrolysis with N-sulphuric acid
for 6 hours st 100°. Paper chromctographic exemination of the
resulting syrups in solvents A, D and F showed the presence of
the sugars shown in table 4. An approximate proportion of

the sugars (visual estimation) is also given in the table.

Sugars Fraction GSubfraction Main fraction

c =§ D
3,4—di-grmethyl-érrhamnose +H++ Ry T+t
3=0-methy l-é—rhamno se ++ ++++ +4+++
2,3,4-tri—g¢methyl-g-glucose o+ ++ trece
2.3.4-tri-grmetnylﬁg-galaotose + trace +
2,3(?)-di-g—methyl—g—galactoae ++ +++ ot

Table 4.

Subfraction D had an unidentified sugaer, which gave a pink

stain with aniline oxalate and had low Rg value.

Small samples of the above three fractions were treated
with dry methanollic hydrochloride and the resulting mixtures of

methyl glycosides were analysed by vapour phase chromatography.
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The results are shown in the table below.

Methyl glycosides T values in | Fraction Subfrac- Mein fraction

system ( ) C tion D D
Methyl-3,4-di-0- 0.61(e) + + +
methyljgprhamnoaide
Methyl-3fg-methy11£- 1.00(e) + + +
rhamnoside
Methyl-2,3,4-tri-0- | 1.34 & + + + (little)
methylﬁg-glucoside 1.81(c)
Methyl-2,3,4-tri-0- | 4.74 & + +(little) +
methyl-grgalactoside 7-48(b)
Methyl-2,3,6-tri-0- - 1.27(a) & trace trace trace
methyl—gfhalactoside; 1.66(c)
Methyl-2,3-di-0- 2+.46,3.69 + + +
me thyl-D-galactoside| & 4.20(c)
Unknown I 0.43(b) - + trace
Unknown II 1.45(e) | = + +(little)

The combined syrup (285 mg.) from fractions C and D was
T placed on a cellulose column (45 x 2 cm.) and eluted with light
petroleum (b.p. - 100-120°) - butan-l-ol (7:3, later 1l:1)

saturated with water and finally with water.
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Fraction Tubes Wt&gin Colour Re Content
L €%) 1-150  38*4 Kheki end 0°86 3,4-di-O-methyl-L-rhamnosel
pink 2,3,4-tri-g-methyl-g—
glucose
(ii) 151-270 32*0 Pink 0°72 2,3,4~-tri-0-methyl-D-
galactose

(ii1) 271-335 45.1 Khaki 0.67 3-0-methyl-L-rhamnose

(iv)  336-435 92.6 Brown and 2y3-di-0-methyl-D-galac-
trace of tose, 3=0-methyl-L=-
khaki rhamnose and rhamnose

(v)  436-576 13.9 Brown  0.54 2,3-di-Q-methyl-D-galac-
tose and 2-Q-methyl-D-

galactose

(vi) Water 12.3 Grey Streak

Fraction (i). 2.3'4—Tri—grmethjlﬂg-glucose and

3,4-8i-0-methyl-L-rhamnose.
= ey

This fraction (0-038 g.), had Rg 0-86, [a]p +45:5° (g, 0-72).

Paper chromatography in solvents D, F, G and I showed either
a spot or streak with two overlapping colours, suggesting that it
is a mixture of at least two sugars. On paper ionophoresis it
separated into two distinet spots, & khaki spot 4.8 cm. below

starting line corresponding to standard 3,4-di-gfmethyl-£-
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rhamnose and & pink spot 2.4 cm. above the starting line cor-
responding to standard 2,3,4—tri—g—methyl-g-glucose.

The syrup was separated into two fractions by ionophoresis
on 3 MM paper, (borate buffer pH 10, 500v, 7 hrs.). The
sugars were located by cutting out a centre strip and spraying
with saturated aqueous aniline oxalate acidified with acetic
acid. The borate complex was then eluted with cold water,
treated with Amberlite resin IR 120 (H) to remove sodium ions,
taken to dryness and repeatedly evaporasted with methanol to
remove borate.

Fraction (i)a.
This fraction (0-008 g.), Rg 0-91, [alp +46.1% +73.0°

(¢, 0-26), was chromatographically and ionophoretically pure
and identical to 2.3.4-tri-grmeth31fg—glucoae. The aniline
derivative was made, but failed to crystallise.
Fraction (i)b.

This fraction (0-0l4 &.), Rg 0-90, [alp +23-0° (g, 0:32),
was chrometographically and ionophoretically pure and identical

to 3,4-di-grmethyl-grrhamnose. The syrup erystallised on
standing in desiccator as a cluster of long needles and was re-
erystellised from ether - light petroleum (40-60°). m.p. 93-95°
and mixed m.p. 91-92° with sample of zuthentic 3,4-di-Q-methyl-
£rrhamnoae.

Fraction (ii). 2,3,4-Tri-Q-methyl-D-galactose.

This fraction (0.032 g.), Ry 0:72, [a]y +125-0° (g, 0-20),
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was chromatographically pure and indistinguishable from standard
' 2,3,4-tri-Q-methyl-D-galactose in solvents D and F. It was
characterised by preparing the @niline derivative, m.p. and mixed
m.p. 162-163°,

Fraction (iii).  3-0-Methyl-L-rhamnose.

This fraction (0-045 g.), R, 067, [a], +38:3° (g, 0.47),
was chromatographically pure and indistinguishable from 3-0-
methyl-L-rhemnose in solvents D and F. The syrup crystallised
on seeding and leaving the desiccator and was recrystallised from
methanol ether. m.p. and mixed m.p. 115-117°.
Fraction (iv). 2,3—Di-grmethyl-2-ga1actose with traces of

3-grmethyl—£rrhamnose and rhamnose.

This fraction (0.093 g.), had Rg 0-52, and [a]p +78-2° (e,
0:62).

Chromatography in solvent D showed = brown spot (Rg 0-52).
with a trailing (khaki) probably due to 3-0-methyl-rhamnose.
In solvent F the mein component gave & brown streak corresponding
to 2,3-di-0-methyl-galactose and there was & trace of & khaki
gpot just below starting line'correaponding to rhamnose. In
solvent G it separated into three spots corresponding to 2,3-di-

Q-methyl-gelactose (Main), 3-QO-methyl-L-rhamnose and rhamnose.

Paper ionophoresis gave a brown spot 2 cm. from the line, with a

khaki trail, standard 2,3-di-g¢methylgal&ctose moved 2+1 cm. on

the same paper.

Periodate oxidation and chromatography in solvent D gave a
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pattern characteristic of 2,3»di-grmethyl-g-galactose (2 grey
and one brown spot) and a trace of brown spot ( Rg 1-00, pink
in u.v. light) due to 3-0-methyl-rhamnose.

This fraction was separated into three fractions using
solvent G.

Subfresction &. (0-009 g.).

Chromatography in solvents F and G showed mostly 2,3-di-0O-
methyl-galactose and some rhamnose.

Subfraction b. (0-041 g.).

Chromatographically pure and identical to 2,3-d1-grmethylﬁ2-
galactose. It was converted to the amide of the aldonic acid,
but all attempts to crystallise it were unsuccessful.

Subfraction c. (0°008 g.).

Chromatography showed this fraction to be a mixture of 2,3~
di-0-methyl-D-galactose and 3-0O-methyl-L-rhamnose.

Fraction (v). 2,3-Di-0-methyl-D-galactose and

2=0-methyl-D-galactose.
= =

Chromatography in solvents D, F and G and ionophoresis showed
this frazction (0.014 g.), Rz 0:52 and 0.29, to be 2 mixture of
the above two sugers. These two sugars had greatly differing
mobilities in solvent system G. Periodate oxidation and chroma-
tography showed & light pattern characteristic of 2,3-di-0-
methyl-a-galaetose end a bright yellow spot.

Fraction (vi).

This fraction (0-0l2 g.) streaked in solvents D, E and F,
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the streak was greyish in deylight and violet in u.,v. light
(characteristic of inorganic ions). After treatment with
Amberlite resin IR 120 (H) it etill did not give any clear picture
in solvent D, E and A. Among other things this fraction probably

consists of traces of galactose, arabinose and rhamnose.,

Methylation of whole gum.

The gum acid (20 g.) was dissolved in water (200 ml.) and
methylated in an atmosphere of nitrogen below 20°C. Methyl
sulphate (160 ml.) and sodium hydroxide solution (30%#; 240 ml,)
were added dropwise with stirring over a period of about 8 hours
and continued stirring overnight., Four similar additions of
methyl sulphate and sodium hydroxide were made on four successive
days. Secondary-octyl alcohol was added occasionally to control
frothing. The reaction mixture was heated on a beiling water
bath for half an hour and the solid which separated was filtered
. while hot. The residue was dissolved in water, diclysed in
running water till free of sulphate ions, concentrated under re-
duced pressure and freeze-dried. (10°0 g.; OMe, 35-6%).

The filtrate too was dialysed till free of sulphate ions,
concentrated under reduced pressure and freeze-dried. (4-0 2.3
OMe, 1T7.4%).

The methylated polyssccharide (10 g.) was dissolved in
water (300 ml.) and passed through a column of Amberlite resin
IR 120 (H) to remove sodium ions, treated with silver carbonate,

filtered, concentrated and freeze dried. Yield of silver salt -

120 g.
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The silver salt (12 g.) was dispersed in methyl iodide
(125 ml.,) and methanol (50 ml.). The mixture was refluxed in a
dry flask fitted with a dry double walled condenser protected
by a caleium chloride tube. Silver oxide (15 g.) was added in
four batches one at the start and one every fourth hour. The
residue was filtered and extracted repeatedly with hot chloroform.
The combined filtrate and extract were concentrated to a small
volume and the methylated gum was precipitated by addition of
excess light-petroleum (b.p. 60-80°). [9.5 g., ash 2.4,
OMe, 38.0% (corrected for ash)]
. Two further Purdie methyletions on this product did not

change the methoxyl content appreciably.

Attempted fractionation of the methylated gum.

The methylated gum was successively extracted by boiling
for about an hour with mixtures of light petroleum (b.p. 60-800)
and chloroform, containing increasing amounts of chloroform.

Two main fractions of OMe contents 38.0% and 39.0% were
obtained with mixtures containing 75:25 and T0:30 v/v of light-
petroleum and chloroform respectively.

Another Purdie methylation of the fraction having OMe, 39.0%
did not increase the methoxyl content further.

Two further portions of gum (20 g. and 10 g.) were
methylated separately by Haworth's procedure as described above.
Yield 7 &. (lost some by accident) and 9.5 g. respectively.

OMe, 35:0% and 31.4% respectively.
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These were separately converted to silver salts and methylated

with methyl iodide and silver oxide as described earlier,

Yield 5 g. and 7.5 g.

OMe, 38:.7% and 37.3%.

The above two methyleted gums after another treatment with
methyl iodide and silver oxide had methoxyl contents 39.3% and
39.5% respectively.

These were now combined (12 g.,) and methylated with methyl
iodide (180 ml,) and silver oxide (15 g.). The combined filtrate
and chloroform extracts were concentrated under reduced pressure
to about 100 ml. and the methylated polysaccharide was precipi-
tated in two stazges by additicn of light petroleum (b.p. 60-800)
300 ml, and then & further 100 ml.

Fraction I. 7.5 8., ash, 2+3%, OMe, 40.8% (corrected for ash).
Fraction II. 35 g., OMe, 38-8%.

A fuarther Purdie methylation on fraction I did not increase
its methoxyl value and hence it was taken to be the fully
methyleted gum.

Hydrolysis of the methylated gum.

A trial hydrolysis was dons on 50 mg. The gum was refluxed
with methanolic hydrochloric scid (24, 5 ml.) for 6 hours, treated
with Amberlite resin IR 4B (OH), eveporated to dryness and the
hydrolysis completed by refluxing for a further 6 hours with
0-5K hydrochloric acid. The solution wes neutralised with
Amberlite resin IR 4B (OH) and taken to dryness, Chromstography

in solvents D and &5 showed mixtures containing at least ten

different methylated sugars.
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The rest of the methylated gum was dissolved in sulﬁhuric
acid (2&, 200 ml.), left to stand at room temperature for 3 days,
diluted to double the volume with water and heated on a water-
bath, when slight precipitation occurred. Hence it was left to
gtand at 40° for another 3 days, then at 80° overnight and
finally heated in a boiling water bath for 8 hours until rotation
became constant ([aly ca +320).  Only very slight precipitation
occurred. Neutralisation of the solution was effected by addi-
tion of saturated solution of barium hydroxide (0-44N) until the
pH of the solution was about 6, followed by addition of solid
barium cerbonate. The solution was centrifuged, the precipitate
washed with water (thrice) and the filtrate and washings evapo-
rated to & small volume (100 ml.). The solution was again
centrifuged to remove some barium sulphate which was still
present, filtered and the filtrate was concentrated to & syrup
(5:7 &.).

Separetion of acidic and neutral methylated sugars.

The gyrup was placed on & cellulose column (80 x 3-5 cm.)
by freeze-drying it on to cellulose, and the column was eluted
with butan-l-ol saturated with water.

Ten fractions each of about 400 ml. were collected, evaporated
and examined chromatographically in solvents D and E, and were
found to be entirely neutral methylated sugars. Since nothing
more cume off with this eluant, the column was washed with water.
The first 500 ml. was evaporated and examined chromztographically

in solvent D and E. No spots were visible on the chromatograms
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developed in the solvent D, showing the absence of neutral
sugars. A small amount of this syrup was deionised with
Amberlite resin IR 120 (H) and examined in solvent E. It
wes streaky and seemed to contain at least four components, =
but nothing could be detected in the region corresponding to
2,3,4—tri—g—methylfg—glucuronic acid. The elution with wgter
was continued until no more czme off,

Wt. of neutral methylated sugars = 3.40 g.

Wt. of acidic methylated sugars (as barium salts) = 0-98 g.

fxeminetion of neutral methylated sugars.

The neutral methylated sugars (3-40 g.) were separated by
chromatography on cellulose column (8-0 x 3-5 cm.). The column
was eluted successively with the 1ollowing solvents:

Light petroleum (b.p. - 100-120°): butan-l-ol (7:3, saturated
_ with water)

" " : " " " ( 1:1 " )
" " . " " " ( 1:2 " ) =
Butan-l-ol half saturated with water and finally with water.

Twenty-two fractions were collected in all:-
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Frac- Tubes Rg Colouf W¢, in Contents
tion mg.
1 21=50 1°01 Yellow 31 Unknown
2 61-100 0*99 Black,red 535 |2,3,5-tri-Q-methyl-L-arabinose
in u.v. P
3 101-225 0°99 Black & 22 2,3,5-tri-Q-methyl-L-arabinose
& = (mein)
0+93 brown 2,3,4,6-tetra-Q-methyl-D-galac-
tose (?) and an unknowhl (trace)
4 311-410 0.86 Black,red 128 |2,5-di-Q-methyl-L-arabinose,
in u.v. 345-di-0-methyl-T-arasbinose
» (tracez &
3,4-di-Q-methyl-L-rhemnose (trace)
5 411-500 087 Black,red 35 |Same sugars as in fraction 4 and
& in u.v. &
0-78 brown/pink 2,3,4-tri-0-methyl-L-arebinose
6 501-600 0°80 Black,red 28 Same sugars as in fraction 5 and
& in u.v.&
0°74 brown/pink an unknown sugar (trace)
601-660 0*76 Brown 34 2,3,6-tri-g-methyl-D-galactose
661-765 0°73 Brown & 423 |Tri-Q-methyl-D-galactoses and
& black,red =
0+61 in u.v. 2,3-di-Q0-methyl-L-arabinose
9 766-875 0-68 Pink/brown 361 |2,3,4-tri-Q-methyl-D-galactose
10 876-975 0-74 Pink/brown 55 |2,3,4-tri-0-methyl-D-galactose
& & * (main)
0.62 khaki 3-0-methyl-L-rhzmnose and an
unknown sugaer
11 976~ 0.62 Khaki & 44 3-Q-methyl-L-rhamnose and
& 1100 pink 2,3,4-tri-g=methyl-D-galactose
12 (trace) (trace)
13 1101~ 0+54 Brown 94 2,6-di-0-methyl-D-galactose
Y 1260 .- (mein) &
2y3-di-Q-methyl-D-galactose
14 1261~ 054 Brown 105 2,3-di-0-methyl-D-galactose &

2,4-di-0-methyl-D-galactose
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Frac- Tubes Rg quohr Wt, in Contents
tion : mg,
15 liigg 0.50 Pink/brown 337 2y4-di-0-methyl-D-galactose
16 1409- 0.52& Pink/brown 268 2,4-di-0-methyl-D-galactose
1500 0.42 & khaki and rhamnose
17 1501~ OStreak Pink 37 2-Q-methyl-D-galactose,
1600 rhamnose (t¥ace) and an un-
known sugar (trace)
18 160l1- 0-29 Brown 99 2-0-methyl-D-galactose and
1680 above unknoWn sugar (trace)

19 1681~ 0°30 Black/brown 427 2-Q-methyl-D-galactose
& 1880 , =
20

21  1881- 0°12 Brown etc, 97 (3)-ggmethy1—2gga1actose,
2140 etec. : galactose, arabinose and
2,3,4=tri-0-methyl-D-galact-
uronic acid

22 water streak Pink 45 Aeidic methylated sugsrs

Total weight recovered 3°145 g. (92°5%).

Examination of the fresctions.

Fraction 1. ' &

This fraction (0-031 g.), had the same chromatographiec
mobility (Rg 1°04) as 2,3,4=-tri-0-methyl-L-rhamnose, but it hed
[a]y -22:2° (g, 0-45), whereas the above suger has [a]p +24.0°,

Chromatographic examination in solvent D of the products
after treatment with O-lg—sodium hydroxide for 0+5 hr. showed a
brown spot (Rg 0¢19) and a heavy pink spot (Rg 0°97). Hydrolysis
of & further sample (5 mg.) with grhydrochloric acid for 2 hr. and
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chromatography in solvent E gave & similar pattern, the products
of acid hydrolysis were streaking in solvent D.

This fraction is most probably a methylated disaccharide.
Fraction 2. 2,3,5-Tri-grmethy15£ranabinose.

This fraction (0:535 g&.), Rg 0+99, [a]p =33:0% -41.0%equil.)
(¢y 0-49) gave & characteristic black stain with aniline oxalate
whigh appears red in u.v. light.

Paper chromatography in solvents D, F and G showed it to be
pure and identieal to 2.3,S-tri-grmethyl-%rarabinose. It was
characterised by conversion to the crystalline amide of the
aldonic acid, recrystallised from ethyl acetate. m.p. and mixed
m.p. - 137-138° (with authentic ssmple melting at 129-130°).

Fraction 3. 2.3.5-Tri-g¢methy1—£rarqhinosg\(nain)
2,3,4,6-tetra-grmethylja-galactose and unknown.

Chromatography of this fraction (0°022 g.) in solvent D
showed two spots Rg 0°99 and Rg 0°93, touching each other, In
solvent F it gave a black streazk corresponding to the trimethyl-
arabinose and the top of the streak was pink. But chromatography
in solvent G showed two distinet spots, the pink spot corres-
ponding to 2,3,4,0~-tetra-Q-methylgalactose separated well from
the black streak.

The syrup was separated into two fractions on thick paper
using solvent system G.

Subfraction a.

This fraction (0°007 g&.) was chromatographically identical
to 2,3,4,0-tetra-0-methyl-D-galactose.
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An attempt to prepare the aniline derivative was not
successful, as the derivative failed to crystallise. The sugar
was recovered by treating the aniline derivative with Amberlite
resin IR 120 (H) for 0+5 hr., filtering =nd concentrating.
Demethylation of this syrup gave galsctose only.

Subfraction b.

Chromatography of thié fraction (0°013 g.) in solvent D
indicated mainly 2,3,5-tri-Q-methylarabinose, but in solvent G
a trace of an unidentified suger separated from above sugar.
This second component was not identicael to 2,3,4-tri-Q-methyl-,
2,4=-di-Q-methyl-, 2,5-di-Q-methylarabinoses or to 3,4-di-0-
methylrhemnose. Hydrolyéia of a sample (3 mg.) with N-hydro-
chloric scid for 2 hours, did not change the chromatographic
pattern in solvents D and G.

Fraction 4. 2,5-Di—grmethyl-irarabinose (main) and
smell amounts of other sugsrs.

Chromatography of this fraction (0.128 g.) in solvents A, D,
G and I showed only one component (Rg 0°86) which was black in
deylight and red in u.v. light, characteristic of methylsted
arabinofuranoses. But chromatography in solvent F gave two
spots, & long black spot which in addition to dimethylarabinose
geemed to contein dimethylrhamnose and & brown spot which had
the same speed as trimethylgalactose.

Paper ionophoresie gave two distinct spots one at the origin

and a pink spot 15+4 cm. from the origin.
The syrup wes separated into three fractions on thick paper
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using solvent F.

Subfraction 4a and Subfraction 6a

0004 g. &and 0-006 g.

These fractions were chromatographically identicel to 2,3,6-
tri—grmethylmgrgalactose in different solvent systems.
Subfraction 4b and Subfraction 6b.

0034 g. and 0:007 g.

(alp -19:0% -6:0° [const.] [e, 0:33].

These fractions were chromztogreaphically and ionophoretically

homogeneous and corresponded to 2,5-di—grmethyl-;rarabinoae. It

was characterieed by conversion to the amide of the zldonic acid.
m.p. = 125-127%, mixed m.p. - 126-127° (with authentic sample of
2,5-di-0-methyl-L-arabinamide melting at 127-128°),
Subfraction 4c and subfraction 6e.

0+026 g. 0-016 g.

[a]lp -23:0 [equil.] (e, 0-61)

Paper chromatography suggested these fractions to be 2 mix-

ture of 3,4-dimethylrhamnose and dimethylarabinose. However
paper ionophoresis showed three spots corresponding to 2,5-di-Q
dimethyl-%rarabinoae, 3,4-di-0-methyl-L-rhamnose end 3,5-di-0-
methyl—%rarabinoae. Demethylation of a sample gave arabinose
and rhamnose.

Fraction 5. Same sugars as Fraction 4 and 2,3,4-tri-Q-methyl-
grarabinoae.

Paper chromatographic examination of this fraction (0035 &.),
RG 087 and 0+78, showed this to be a mixture of the above sugars.
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It was combined with fraction 6 for separation and further
eXxamination.

Fraction 6. Same sugers as Fraction 5 and an unknown.

Chromatographic examination in solvents A, D, F and G
showed this fraction (0.028 g.), Eg 0-80 and 0.74 to contain the
same sugars as the above fraction and in addition a component
with same chromatographic speed as 2,3,5-tri-Q-methylarabinose
was also detected.

The combined syrup (63 mg.) of fractions 5 and 6 was sepa-
rated into five fractions using solvent F.

Subfraction 6a 0.006 g. These three were examined

Subfraction 6b 0-007 g. ) with the corresponding

Subfraction 6¢ 0.016 g. fractions of 4.

subfrzction 6d.

This fraction (0-011 g.) [a]p +113-5° (g, 0.37) was chromato-
graphically pure and identiczl to 2,3,4-tri-Q-methyl-L-arabinose,.
The amide of the aldonic acid was prepared, but all é;tempts to
erystallise it were unsuccessful,

Subfraction 6be.

This fraction (3 mg.) was chromatographically identieal to
2,3,5=-tri<Q-methyl-L-arabinose in three solvent systems,

Fraction 7. 2,3,6-Tri—grmethylfgrgalactose.

This fraction (0:034 g.), Ry 0-76, [a]p +10:0°—+83+3%(equil.,)
(e, 0°60) was chromatographically indistinguishable from 2,3,6-
tri-Q-methyl-D-galactose in four different (A, D, F and G) solvent

systems. It was characterised by preparing the aldonolactone



which crystallised on evasporation of the solvent and was re-
crystallised from ether as rossettes of needles.

m.p. - 97-98°, mixed m.p. - 98-99° (with suthentic sample melting
at 98-99°).

Fraction 8. 2,3—Di-g¢methyljgfarabinose and tri-Q-methyl-

galactoses.

Paper chromatography of this fraction (0+423 g.) Rg 0¢73
and 0°61, [a]y +94:6%5+115-0° (equil.) (g, 0-30) in solvents A,
B, D, F and G suggested it to be a mixture of 2,3-dimethyl-
arazbinose and trimethyl-galactose. But in none of these solvents
did these sugars separate well enough for & proper guantitative
fractionation, Paper ionophoresis gave no separation either,
it gave a spot 3 cm. above the starting line.

Demethylation gave galactose and arabinose (in the appro-

ximate ratio of 2:1, visual estimation) and a trace of & mono-
methylgalactose.,

Separation of the syrup (250 mg.) was attempted on & small
cellulose coiumn using light petroleum (b.p. - 100-120°): butan—
l-0l (1l:1) saturated with water as eluant. Two fractions were
collected.

(a) 0°143 g. (lost by accident).

This gave the same chromatographic pattern as the original
frection and was therefore a mixture of the suspected sugers.,

(b) This fraction (0°043 g.) was however chromatographically pure
and identical to 2,3,4-tri-g¢methyl-g-galactose. It was charac-

terised by preparing the aniline derivative m.p. and mixed m.p. -



162-164° (with an suthentic semple of 2,3,4-tri-O-methyl-N-
phenyl-D-galactosylamine). #

The remaining syrup (160 mg.) was fractionated on 17MM
papers using solvent G. In this solvent a long streak was ob-
tained and this streak was divided into three by visual guess.
Fr. (i

This fraction (0+012 g.) was chromatographically identiecal
to 2,3,4-tri-g¢methyl—g-galactose.

Fr, (ii

This fraction (0118 g.) was & mixture of toth the com-
ponents,
Fro. (iii

This fraction (0028 g&.) [alp +86°4° (¢, 0:55) was almost
pure chromatographically and was taken to be 2,3-dimethyl-
arebinose. The amide of the aldonic acid was prepared and
recrystallised twice from ethyl acetate.
m.p. - 147-149°; mixed m.p, - 142-144° (with authentic sample
of 2,3-di—grmethyl-érarabonamide melting at 153-1549).
: Vapour phase chromatographic examination of a semple of
the original fraction after converting to the methyl glycosides
showed methyl-2,3-di-0-methyl-L-arabinoside (T, 1-57, 1-78 and 1-96
in system b), methyl-2,3,4-tri-0-methyl-D-galactoside (T, 4-76
and 7+48 in system b) und methyl-2,3,6-tri-Q-methyl-D-galactoside
F?, 327, 431 in system b).

Since the m.p. and mixed m.p. of the amide of the aldonic

acid of 2,3-dimethyl-arabinose, was not very satisfactory,
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attempts were made to obtain a purer sample of this sugar.

Amides of the zldonic acids of 2.3-di-grmethyljg-arabinose;
2,3.4—tri-g¢methyl-g-galactose and 2.3,6—tri-grmethy11£-galac-
tose were spotted on chromatograms and developed in solvents
B, D, E and I. The chromatograms after drying were sprayed
with a 0°2% solution of ninhydrin and heated in the oven for 15
minutes. It was found that 2,3-dimethyl-arabonamide and 2,3,4-
trimethyl-galactanamide had the same chromatographic speed in
these solvents, whereas 2,3,6-trimethyl-galactanamide did not
give & stein with ninhydrin and was therefore not located.

Trail chromatography of a2 synthetic mixture of the above
three sugars on paper impregnated with dimethyl sulphoxide using
dimethylsulphoxide in benzene (5% v/v) as the mobile phase (68),
showed that 2,3-di-O-methylarabinose can be obtained pure by this
method. Hence the syrup (30 mg.) was chromatographed on 3MM
filter sheets impregnated with dimethyl sulphoxide and zfter
development with the above solvent, side strips were cut, dried
in the oven for 5 min. and sprayed with aniline oxalate. The
section of the chromatogram corresponding to 2,3-di-Q-methyl-
arabinose was cut out and placed in a vacuum desiccator over
water for about two days. The peper was then eluted with water
end the eluate taken tc dryness. A thick o0il smelling of
dimethylsulphoxide was obtained, which on chromatographic tpaper
and vapour phase) exemination was found to consist almost entirely
of 2,3-di-Q-methylarabinose, with a trace of trimethylgalactose.

The ¢il was treated with bromine and the resulting aldono-

lactone crystallised. The lactone was converted to the
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aldonamide, which crystallised on leaving in the desiccator.
m.p. 140-145°. After two recrystallisations from ethyl acetate
it had m.p. 154-155° and mixed m.p. (with authentic sample
153-154°) 153-154°.

Fraction 9. 2.3.4—Trifgrmethyljg-galaetose.

This fraction (0.361 &.), Ry 0.68, [a]p +136.09—+109.0°
(egquil.) (e, 0-40), was chromatographically pure and indistingui-
shable from standard 2,3,4-tri-O-methyl-D-galactose, in solvent
systeme A, D, F and G. It was characte;;aed by preparing the
aniline derivative, which crystallised on taking to dryness and
was recrystallised from ethyl acetate. m.p. 168-169°. Mixed
m.p. 169-170° (with authentic sample melting at 161-162°).

Fraction 10. 2,3,4-Tri-0-methyl-D-galactose (main)
3-0-me thyl-L-rhamnose and unknown.

This fraction (0:055 g&.), Ry 0:74 and 0.62, [“]D +57.0°
(¢, 0.32) on paper chromatography in solvents D and F appeared to
be a mixture of 2,3,4-tri-O-methylgalactose and 3-Q-methylrhamnose.
But in solvent G a sugar having the same chromatographic speed
as 2,6-di-g¢methylgalactoae, but moving faster than 2,4-di-0O-
methylgalactose was located. The stain which this sugar gave
with aniline oxzlate suggested it to be the 2,3-isomer. However,
chromatography of the periodate oxidised product showed a yellow
spot (methoxymalonaldehyde) in addition to unchanged trimethyl-
galactose and spots characteristic of 3-Q-methylrhamnose. Only
the 2,6-dimethylgalactose would give methoxymalonaldehyde on

periodate oxidation.



A semple (3 mg.) waes hydoolysed with N-sulphuric acid for
2 hours, chromatography of the hydrolysis product in solvent G
showed traces of two slower moving sugars (pink stains with
aniline oxazlate) in addition to the three original sugars.
These traces could have been some demethylation products.

Frgction 11 and 12. 3-Q-lMethyl-L-rhamnose and trace of
2y3,4-tri-Q-methy l-g—galac tose.

These two fractions were combined after chromatographie
exzmination. 0.044 g., Rg 062, [a]p +49.024+27.40 (equil,)
(¢, 0:29).

Chromatography in solvents D and G showed a khaki spot with
a pink trail, but in solvent F these two separated well. Hence
this fraction was separated on thick paper using solvent F into
two compounds.

Subfraetion a.

This fraction (0.006 g.) was chromatographically indistingui-

shable from 2,3,4-tri—g-methyl—R—galactose in solvents D and F.

Subfraetion b.

This component (0.029 &.), (el +27-4° (e, 0:32) was
chromatographically (paper and vapour phase) pure and indis-
tinguishable from 3-0-methyl-L-rhamnose.

The syrup cerystallised on seeding and leaving in a desiccator
m.p. = X14-318°, Recrystallised with difficulty from methanol
ether. m.p. - 336-117°; mixed m.p. - 115-117°9, (with authentic

0
3-0-methyl-L-rhamnose melting at 115-116").
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Fraction 13. 2,6-Di—grmethyl-2rgalactose (main) and
2y 3-di-g—methyl-£-galac tose.

Chromatography of this fraction (0.094 &.), Ry 0-54, [a]D +37-00°
— +80-0° (equil.) (e, 0.38) in three solvent systems D, F and G
suggested the presence of a sugar having the same chromeatographic
speed as 2,6- and 2,3-di—g¢methylgélactosea. Paper ionophoresis
however showed it to be 2 mixture of the above two sugars, the
main one being 2,6-di-Q-methylgalactose. Chromatography of the
periodate oxidised product gave a dbright yellow spot (Ry =0-24)
end traces of 2 grey and one pink spot, this is in agreement with
the ionophoresis results. The syrup crystallised on seeding
with a crystal of 2,6-difg-methyl-£-galactose and leaving in the
desicecator, m.p. - 104-106°., Several attempts to recrystallise
were unsuccessful. The syrup (30 mg.) was converted to the
aniline derivetive which crystallised on seeding with a crystal
of 2,6-di-g¢methyL§-phenyl-grgalactosylamine. Recrystallised
from ethyl acetate m.p. and mixed m.p. - 115-117° (with authentic
sample of 2,G-di-grmethyl-g-phenylﬂg-galactosylamine). X-ray
powder diagram of this sample was found to differ from that of
2,3-di—grmethyl-g-phenyl-g—galactosylamine.

Fraction 14. 2,3-Di-grmethyljg—galactoae (main) and
2y4-di-Q-methy 1'2_ galactose.

This fraction (0.105 g.), had Ry 0+54 and [a]p +50+0°%—
+76+0° (equil.) (e, 0-40).
Demethylation gave only galactose. Chromatography in

solvents D and I gave no separation of the components in solvents



Fand G it separated into a long brown streak corresponding to
2,3~ (or 2,6)-di-O-methylgalactose and a pink spot above this
streak corresponding to 2,4-di-Q-methylgalactose.

Paper ionophoresis gave only one spot 2.2 cm. from the
origin, 2,6-di-Q-methylgalactose moved 5+3 cm. on the same paper,

Chromatography of the periodate oxidised product gave the
three spots characteristic of 2,3-di-Q-methylgalactose, but
unchanged 2,4-di-g¢methylgalactoae could not be detected.

The syrup was separated into two fractions on thick paper
using solvent system F.
Subfraction l4a.

This fraetion (0-:007 &.), [c.]D +62.5° (¢, 0-16) was
chromatographically indistinguishable from 2,4—difg-methylig-

galactose in solvents D and F.

The syrup crystallised and was recrystallised from ethyl
acetate, m.p., and mixed m.p., 89-91° (with authentic sample of
2,4-di-0-methyl-D-galactose).

Subfraction 14Db.

This fraection (0.072 &.), [u.]D +70.6° (2. 0.64) wes
chromatograpnically and ionophoretically pure and identical to
standard 2,3-di-Q-methyl-D-galactose. It was finally charac-
terised by conversion to the aniline derivetive which after
recrystallisation from ethyl acetate was coloured brown had
m.p., = 122-124°, After a second recrystallisation it had m.p.
and mixed m.p. - 124-126° (with authentic sample of 2,3-di-0-
me thyl-N-phenyl-D-galactosylamine melting at 142—1440). X-Ray
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powder photograph of the aniline derivative was identical to

that of an authentic sample.

Fraction 15. 2,4-Di—ggmethyltgggalaotose.

This fraction (0-:337 g.), Ry 0°50 was crystalline and had
[a]p +104.5— +90.6° (equil.) [e, 0.29].

It was chromatographically pure and indistinguishable from
standard 2,4-di—g-methyl-R-galactose, in three different solvent
sy stems.,

After recrystallisation from agqueous acetone it had an m.p,
88-94°, A small guantity of this was recrystallised from ethyl
acetate and had m.p. and mixed m.p. 103o (with authentic 2,4-di-0-
me thy l-D-galactose Y

It was finally characterised by preparing the aniline
derivative which crystallised on evaporation of solvent. After
recrystallisation from ethyl acetate it had m.p., - mixed m.p.
215-216°5° (with authentic 2,4-di-0-methyl-N-phenyl-D-galactosyl-
amine melting at 212-214°),

Fraction 16. 2.4-Di-grmethylfgrgalactose and rhemnose.

Chromatography of this fraction (0-268 g.), Rg 0+52 and 0-42,
in solvente D and F showed it to be a mixture of the above two
sugars.

This was fractionated on thick paper using solvent F.

Subfraction l6a. Crystalline (0°205 g&.).

Chromatograpnically pure and identical to 2,4-di-grmethy1-2-

galactose. Recrystallised from ethyl acetate it had m.p. -
mixed m.p. - 90--91O (with authentic sample of ?,4-di-grmethy1ﬁ2—

galactose).



Subfraction 16b.

This fraction (0-026 g.) [a]p +6+35— +12.7° [, 0-63] was
chromatographically pure and identical to rhamnose in solvents
A and D. Crystallised on seeding and was recrystallised from
aqueous acetone. m.p. 86-88°.

Fraction 17. 2—9—Methylﬁg-galactose, traces of rhamnose and

an unknown.

Chromatography in solvents D, F and G showed this fraction
(0-037 g.) to be a mixture of 2-Q-methylgalactose, rhamnose and a
third component which gave a pink stein with eniline oxalate and
was chrometographically faster than 2-methylgalzctose in solvent
D and moved at the same rate as 2,4-dimethylgalactose in solvent F.

The syrup wes separated into two subfractions on thick paper
using solvent F, irrigated for 88 hours.

Subfraction 17a.

This fraction (0-010 g.) was suspected to be a monomethyl-
arabinose. In solvent D it showed a component moving faster
than 2-Q-methyl-l-arabinose. In solvents A dnd D it moved
faster than arabinose, ribose, xylose and lyxose.

Periodate oxidised 3-grmethyl-£—xylose gave a brown spot
(Rg 0+74) =2nd a yellow spot (Rg 0:22), 4-Q-methyl-D-xylose gave
a brown spot (Rg 0.83) on chromatographic examination in solvent
D. Since this fraction on periodate oxidation gave a grey spot
(Rg 0-74), the possibilities of it being a 3-0-methyl- or a 4-0-

methyl pentose can be ruled out.



- 160 -

Subfraction 17b. Crystalline (0°017 g.).

Chromatography in different solvents showed this fraction
to contain mostly 2-Q-methyl-D-galactose with a trace of rhamnose.

Fraction 18. 2fg4Methyl:2-galactose and a trace of the

above unknown (Fraction 17a).

This fraction (0-099 &.), Rg 0-29, was crystalline and hed
[a]y +78-2° [e, 0-42].

Chromatography in solvents D and F showed it to be mainly
2-grmethyl—2ugalactose with a trace of the unknown (pink colour

with aniline oxzlate) encountered in the previous fraction.

After two recrystallisations from aqueous acetone it had
m.p. and mixed m.p. - 153-155° (with authentic sample of 2-0-
methyl—grgalacjose melting at 1570).
Fraction 19 and 20. 2-0-Methyl-D-galactose.

Combined after preliminary chrometographic examination.

This fraction (0-427 g.), Ry 0-30, was crystalline and had
[a]y +40-5— +85.0° (equil.) [e, 0.49]. It gave a brown stain
with aniline oxalate which was flourescent in u.v. light.

It was chromatographically pure and indistinguishable from
2-grmethyl-27galactose. in three different solvent systems.
After recrystallisation from agueous acetone it had m.p. - 154-
155° and mixed m.p. - 155-156° (with authentic sample of 2-0-

methyl-D-galactose melting at 157°9).

Fraction 21. 2,3,4—Tri-gymethyl—grgalacturonic acid

(37)=-0-methyl-D-galactose, galactose and arabinose.

This fraetion (0.097 &.), Rg 0-12, was partially crystalline,
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but the greasy crystals could not be separated from the adhering
otl.

Paper chromatographic examination in solvents A, D, F and G
was not very satisfactory due to streaking, but gave indications

for the presence of at least the last three mentioned sugars.

In solvent E a component (pink stain with aniline oxalate) separ-

ated well from the others, but the three neutral sugars were
overlapping. However chromatography in solvent B gave z clear
picture, it showed four well seperated spots, the acidic com-
ponent was very much faster than the other three.

The syrup was separated into four subfractions on thick
paper using solvent B.

Subfraction 21b.

Chromatography of this fraction (0°012 g.) showed arabinose
and a trace of 3-O-methyl-D-galactose.

Subfraction 2la. (0-007 g.).

Chromatographically indistinguishable from galactose.
Subfraction 2le. (0013 g.)

Chromatographically indistinguishable from 3-ggmethjl—£-
galactose. Chromatography of the periodate oxidised product
gave a pink spot (REg 0°40), [mono-methyl pentose]. The syrup
wes seeded and left in a desicecator, but feiled to erystzllise.
All attempts to crystallise it from a solvent were also unsuccess-
ful.
Subfraction 21d.

This fraction (0:010 g&.) which was obviously an acidic

component, was converted to the methyl ester methyl glycosides



with dry methanolic hydrochloric acid, reduced with lithium
aluminium hydride in tetrahydrofuran and hydrolysed with hydro-
~chloric acid. Chromatographic examination of the product in
solvent D showed 2 spots, a heavy pink/brown spot (Rg 0.66) cor-
responding to 2,3,4-tri—g-methylﬂg-galactose and a weak pink

spot (Rg 0-38). This second spot did not show up in solvents E
and B, hence this is probably due to unreduced 2,3,4-tri-O-methyl-
R—galacturonic acid which would move at the same speed as 2,3,4-
tri-0-methylgalactose in these two solvents.

Fraction 22, Acidic methylated sugars.

This fraction (0:045 g.) obtained by water elution was com-
pletely free of neutral methylated sugars and was therefore
combined with the bulk of the escidic methylated sugars for further
examination,

Examination of the acidic methylated sugars.

The barium szlts of the acidic methylated sugars obtained
from the preliminary separation together with fraction 22 (1-025
g.) was dissolved in water and treated with Amberlite resin
IR 120 (H). The brown syrup cbtained on concentration was re-

fluxed with 2% methanolic hydrochloriec acid (150 ml.) for 6 hr.,
neutralised with silver carbonate and concentrated to a syrup.
The product was dissolved in anhydrous tetrahydrofuran, lithium
aluminium hydride added, the mixture refluxed for one hour, more
lithium zluminium hydride added and refluxed for a further hour.
Excess hydride was destroyed by addition of ethyl acetate and

The solution was i
water slternztively. /filtered and the residue WX repeatedly
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extracted with hot acetone and chlorofornm. The combined extracts
and filtrate were taken to dryness and the product was extracted
with dry chloroform and again concentrated to a syrup (0.870 g.).
The reduced material was hydrolysed with N-hydrochloric acid

(100 ml.) at 100° for & hr., neutralised with silver carbonate

and concentrated to a syrup (0°760 g.).

This mixture of methylated sugars was separated into seven
fractions by chromatography on a cellulose column (45 x 2+5 cm.)
using light petroleum (b.p. - 100-120°)-butan-l-0l (7:3, then
1l:1) both saturated with water and finally butan-l-ol half

saturated with water as elpsuts.

Frac- Wt. in
tion Tubes Rg Colour mg. Contents
1 71-100 0-75 Pink/brown 17-4  2,3,4-tri-O-methyl-D-

galactose

2 101-139 0-75 Pink and 103-6 24y3=-di-0-methyl-D~glucose,
khaki 3-0-methyl-L-rhefinose =nd
2,3,4=-tri-0=methyl-D-
galactose (trace) ™

3 140-156 0.66 Khaki 36-7  3-Q-methyl-L-rhamnose

4 157-177 0°51 Pink/brown  30*3 2,3-di-Q-methyl-D-galactose
0+60 Khaki and 3-Q-methyl-L=rhamnose

178-228 0°52 Pink/brown 180-2 2,3-di-0-methyl-D-galactose
6 229-290 0.51 Pink/brown 96.6 2y3=di-0-methyl-D-galactose
040 Khaki 2,4-di-0-methyl-D-galactose

and rhamnose (trice)

7 291-350 0°50 Pink 58+8  Unknown and
0*35 Brown 2-0-methyl-D-galactose.
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Fraction 1. 2,3,4-Tri-Q-methyl-D-galactose

This fraetion (0-017 &.), Rg 0°75, [Q]D +68:0— +100-4°
(equil.) [e, 0:26], was paper chromatographically pure and in-
distinguishable from 2,3,4-tri-grmethyl-g—galactoae in solvents
D, F and G. It was characterised by conversion to its aniline
derivative which after recrystellisation from ethyl acetate had
m.p. and mixed m.p., - 168° (with authentic sample melting at
161-2°),

Fraction 2. 2,3-Di-g¢methyl—2:§lucose, 3—Q¢methyl—grrhamnose

and & trace of 2,3,4-tri-O-methyl-D-galactose.

This fraction (0°104 g.), Rg 0°75 and 0+66, had [o.]D +33:5%>
+39-49 (equil.) [e, 1-01].

Paper chromatography in solvents D and G showed only two
components with chromatographic speeds the same as trimethyl-
galactose and mono-methylrhamnose. In solvent F it separated into
three components, two of them close to each other and having the
same speed as mono-methylrhamnose and di-Q-methylglucose, the
third, which was very light, corresponded to 2,3,4-trimethyl-
galactose and separated well from the above two. Paper iono-
phoresis showed two components having the same mobility as 3-0-
methylrhamnose and 2,3-di-0-methylglucose.

Chromatographic examination of the products obtained on
periodate oxidation of the original syrup and on periodate
oxidation of the borohydride reduced syrup, gave indications

that this fraction consists of the above mentioned sugars. The



chromatographic patterns were compared with those of periodate
oxidised zuthentic samples of these sugars and other suspected
sugers such as 3,4-di-0O-methyl-D-mannose (which would give the
same products as 3,4-di—g-methyl-£—glucose).

This fraction was separated on thick paper using solvent F
into 3 ccomponents, No attempts were made to collect the trimethyl-
galactose which was a minor component as the paper had to be
irrigated for a long time to get a good separation of the major
components and by that time the trimethylgalactose had run off
the paper.

Subfraction a.

This fraction (0:036 &.), [a]y +32-2° (g, 0-30), was

chromatographically pure and identical to 3—gfmethyl—£—rhamnoae,
crystallised after long time in the desiccator m.p. 108-114°,

Subfraction b.

Paper chromatography showed this fraction (0:021 g.) to be
a mixture of 2,3-di-Q-methyl-D-glucose and 3-0-methyl-L-rhamnose.

Subfraction c.

This fraction (0-031 g.) wes partially crystalline and had
[a]lp +13:0—+17-3° (equil.) [g, 0-69].

Periodate oxidation gave the same product as authentic 2,3-
dimethylgélactoae. It was finally characterised by preparing
the phenyl hydrazide of the aldonic acid.

The lectone of the zldonic acid of the methylated sugar was
prepared in the usual manner., To the partially crystalline

lactone an eguimolar portion of redistilled phenylhydrazine was
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added and the mixture heated on boiling water bath for one hour.
Zxcess phenylhydrazine was removed by ether extraction and the
residue was recrystallised from ethyl alcohol. m.,p. and mixed
m,p. = 173-175° (with derivative prepared from an authentic

sample of 2,3-di-O-methyl-D-glucose which had a m.p. of 174-175°),
Fraction 3. 3—Q¢Methy1-é:£pamnoae.

This fraction (0-037 &.), Rg 0+66, [alp +10°0—>+34+6° (eguil.)
(g, 0+41), was indistinguishable from 3-0-methylrhamnose in three

different solvent systems. The syrup crystallised on standing
in an ice box m.p., - 108-114°. Reerystsllised from methanol-
ether with difficulty it hed m.p. and mixed m.p. - 106-108° (with
authentic sample of 3-0-methyl-L-rhamnose melting et 115-116°).
The X-ray powder diagram was identical with that of the authentic
sample.

Fraction 4. 3-0-Methyl-L-rhamnose (mein) and

2.3-di-g¢methyl—grgalactose.

This fraction (0.030 g&.), had Rg 0:60 and 051 and [a]p +41-5°
[e, 0-39].

Paper chromatography in solvents D and F gave & poor separa-
tion, but in solvent G the separation was better and the components
corresponded to 3-QO-methylrhemnose and 2,3- or 2,b6-dimethylgalactose.

Demethylation gave rhamnose, gelactose and traces of 2- and
3-monomethylgalactoses.,

Periodate oxidation and chromatographic examination gave
evidence for the presence of 3—grmethjlf£-rhamnose and 2,3-di-0-

methylfg-galactose. No methoxymslondialdehyde was detected,
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thus showing the absence of 2,S-di-gfmethyl-g—galactose.

Fraction 5. 2,3-Di-grmethyl—g-galactoae.

This fresction (0.180 g.), had Ry 0-52 and [a] +85.00
{e, 0:57].

Paper chromatography in solvent system D, F and G showed it
to be either 2,3- or 2,0-di-methylgalactose. Paper ionophoresis
showed a single spot 3.4 cm. from the origin, standard 2,3-di-Q-
methylgalactose moved 3.6 cm. on the same paper, Periodate
oxidation and chromatographic examination of the products con-
firmed the zbove observation, giving the characteristic pattern
of 2,3-di-0-methylgalactose. It was finally characterised by
preparing the aniline derivative, which on recrystallisation
from ethyl acetate gave colourless short needles of m.p., =
133-135° and mixed m.p. - 131-132° (with authentic sample of
2,3—di—g¢mathyl-g—phenylfg-galactosylamine of m.p. - 135-1379).

Fraction 6. 2,3-Di-0-methyl-D-galactose,

2,4-di-g¢methglia-galactose and rhamnose.

This fraction (0.097 &.), had Ry 0-51 and 0-40 and [a]p +35:7°
—>+55.7°% (equil.) [e, 0-50].

Paper chromatography in solvents D and G showed two com-
ponents corresponding to rhamnose and dimethylgalactose. In
solvent F it separated into & khaki spot (rhamnose) and two other
spots close to each other and of different colour (pink and brown);

these had the same speed as 2,4- and 2,3-di-O-methylgalactoses

respectively.
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The mixture was separated on thick paper using solvent F
into three fractions.

cubfraection a,

This was fraction (0.018 g.), chromatographically pure and
identical to rhamnose in solvents A and D.I The syrup crystal-
lised and was recrystallised from agueous acetone. m,p. =
90-92°.

Subfrection b. Crystalline.

This fraction (0.014 g.) was chromatographiecally pure and
identical to 2.4-di-grmethyl—grgalactose. The crystals melted
in the range 82-85°,

subfraction c.

Paper chromatography showed this fraction (0:028 g.) to be
mainly 2.3-di-gymethyl-g-galactose with a trace of 2.4-dipethy1-
galactose.

Chromatographic examination of the periodate oxidised

product gave the pattern characteristic of 2,3-dimethylgalactose.

It was finally characterised by preparing the aniline derivative,
which crystallised after two months and was recrystallised from

ethyl acetate m.p. 110-1129(7?).

Ergction 7.  An unknown and 2-0-methyl-D-galactose.

This fraction (0-059 &.), Rg 0:50 and 0-35, had [a]p +76-0°
[e, 0-20].
Paper chromatogrephy in solvent D showed & component moving

slightly faster than 2-Q-methylgalactose and a pink unidentified
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spot. In solvents F and G the pink spot had the szme speed as
2,4-dimethylgalactose. This spot did not correspond to either
4- or 3-Q-methylglucose. Periodate oxidation gave & yellow

spot (methoxymalondialdehyde). Demethylation gave a trace of

glucose, galactose and 2-Q-methylgalactose.
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DEAE-cellulose column chromatography.

Experiment I.  (With polysaccheride uronic anhydride 13.9%).

The puriiied polysaccharide (600 mg.) was dissolved in
water (20 ml.), run on to the DEAE-cellulose column (40 x 2 em.)
and left to stand overnight.

The column was first eluted successively with

a) 0-0254 (500 ml.) b) 0-05M (500 ml.)
o'\o
c) 6?252 (500 ml.) d) 0-25M (500 ml.)
of sodium dihydrogen phospnate buffer pH 6. Any remaining

polysaccharide wus finally eluted by gradient elution with
sodium hydroxide (0-0-+3M, 2 litres).

Fractions (20 ml.) were collected every half hour and the
amount of polysaccharide present in the fractions was determined
_by the phencl-sulphuric acid method, using & calibration curve
based on the polysaccharide.

The curve obtained by plotting the polysaccharide con-
centretion in each fraction against the fraction number is
shown in fig.l.

The uronic acid content of the fractions (given below)
were determined by the carbszole method using a calibration

curve based on galacturonic acid.

Fraction No. 53 59 70 76 T 79

% Uronic anhydride 11-:0 11-1 12-4 163 179 16-8

Fractions were bulked as indicated in table 5, redﬁced in



volume, dialysed, treated with Amberlite resins IR 120 (H) and
IR 4 B(OH), and freeze dried. The yield estimated by the
pnenol-sulphuric acid method and actually isolated, specific
rotation and uronic anhydride content of the fractions are
given in table 5. Values for the original polysaccharide are

also included.

| | | & l

. Yield in mg. | % Uronéc anhydr-| [c.]D
Fraction Tubes ide | in o IRownal
lusti-|Actually Carba-| decarbo- | hydrexide uﬂ
mated|isolated  zole | xylation | ‘y
! | | | |
I | 52-74|173 156 | 11-5 | 10-3 | -12s+2 (g,0-92)
| | L ' | |
i i | i I '
II 75-84 | 390 | 354 | 17.0 | 15.9 -9:2 (¢,1+03)
[ |
Polysac- - - - | 16.5 \ 13-9 -9.8%g,1:01)
charide |
Table .

These fractions (I and II) were hydrolysed with 0«58~
sulphuric acid for 2 hr. and 4 hr., worked up in the usual way
and examined chromatographically. Both fractions gave galac-
tose, arabinose, rhamnose and 1,6-galactobiose, no other oligo-
saccharides could be detected. The s;rups were placed on
charcoual in & sintered glass crucible und eluted first with
weter (300 ml.) a2nd then with aqueous ethanol (107, 300 ml.).
The eluates were concentrated and examined chromatographically
in solvents A and B. The water eluate in both cases had
galuctose, arabinose, rhumnose, l,3-guluctosylarabinose (trece)

and traces of two unidentified sugars (RGal 0+19 and 0-28) both
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of which gave pink stains with @aniline oxalate. The ethanol
eluates in both cases had mainly 1l,6-galactobiose together
with some 1,3-galactosylarabinose.

Hydrolysis with N-sulphuric acid for & hr. at 1000
followed by chromatogrephy of the products in solvent A (5
days) and then in solvent B (2 days) showed the presence of

2=-0-glucuronosylgalactose in botah the fractions.

Experiment II. (With polysaccharide uronic eanhydride 15°8%).

The polyseccharide (300 mg.) was used in this experiment.
The procedure was exactly the seme as in experiment I, except
that the anthrone colorimetric method was used to determine the
emounts of polysaccharide in the fractions.

The curve obtained is shown in Fig.2 and the results are

tabulated below,

Frection No. 13 15 9l 92 9% 97 145 147
% Uronic anhydride 0 0 13.2 13-6 13-8 13-4 16+5 17-2
(carbazide method)
| r
Yield in mg. |¢% uronic anhy- talp
Fraction| Tubes «1N-
Esti- Actually|Carba- |decarbo- iﬁygrg%iggdium
mated Esolated zole |xylation
1
I 7-21 | 19:7 | 20+0 0 n.d +12+2 (c,0°68)
|
X 89-108| 203+2| 1602 | 13°5 154} -17+1 (e,0°96)
|
4 143—162i 32-9| 28.0 16-9 n.d -20+5 (g,0-40)
Polysao-| - | - | - 13.6 | 15.2 -15.9%(¢,3-98)
naride | | J
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HBydrolysis of fraction I with 0-5N-sulphuric acid for 2 hr.
and with Zgrsulyhuric acid for 4 hr. gave gealactose and arabinose
only.

Hydrolysis of fraetion II with 2N-sulphuric acid for 4 hr.
gave galactose, arsbinose, rhamnose, l,6-galactobiose, 2-0-
galacturonosylrhamnose and 6-0-glucuroncsylgalactose.

Hydrolysis of freaction III with N-sulphuric acid for 6 hAr.
and with QE-aulghuric acid for 4 hr. gave galactose, arabinose,
l,0-galactobiose, 2-0-galacturonosylrhamnose and 6-0-glucuronosyl-

galactose (slight trace).

Experiment III. (Large scale fractionation of the poly-

saccharide used in experiment II).

The polysaccharide (2 g.) dissolved in water (25 ml.) was
run on to & DEAR-cellulose column (70 x 3.5 em.), and sllowed
to soak in overnight.

The column was eluted successively with the following:

a) 0-0254 sodium dihydrogen phosphate buffer pH 6 (1.7 1.)
b) 0-25% sodium dihydrogen phosphate buffer pH 6 (2 1.)
c) 0+30M sodium hydroxide (1 1.).

The eluant ~was changed after making sure, by testing a
few ml. of the eluate with phenol-sulphuric acid, that no more
polysaccharide was coming off with the preceding eluant.

The eluates were collected separately and an estimate of
the amount of polysaccharide in each eluate was obtained by
the phenol-sulphyric acid method.

To isolate the polysaccharides, the eluates were evaporated



o

to a smell volume and dialysed against tap water for ten days.

A precipitate was formed in the dislysis bag, which on
removal by centrifuging and hydrolysing gave traces of glucose
and amino acid (detected on paper chromatogram using a solu-
tion of ninhydrin for spraying). It dissolved easily in
dilute nitric acid and gave a bright yellow precipitate with
ammponium molybdate indicating that most of it was inorganice
phosphate.

The centrifugates were passed through columns of Amberlite
resins IR 45 and IR 120, concentrated to a small volume and
freeze dried. The polysaccharides thus obtained were found
to contain a lot of extraneous matter, mostly inorganic phos-
phate, Hence these fractions were again dissolved in water
and diaslysed against distilled water (changed every 24 hr. and
kept stirred all the time) for five days. The dialysates,
wnich now gave & negative test for phosphates, were then
freeze dried. However, nothing was obtained from eluate (a).

A second lot (2 g.) of the same polysaccharide was frac-
tionated in a similar manner, on the same DEAE-cellulose
column after regenereting it to the phosphate form.

The results of these two fractionations are tabulated

below.
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Examination of the fractions.

Frection I.

A sample was hydrolysed with O-5£—sulphuric acid for 1 hr.
and products examined chromatographically in solvents A and B.
Galactose, arabinose and a smcell amount of xylose were detected
in both sclvent systems. In the adld solvent a sugar moving
between gelactose and arabinose and giving a yellow stain with
spray reagent I was also detected.

Hydrolyeis with N-sulphuric acid for 3 hr. gave 1,6~
galactobiose in addition to the above menticned sugars, but

no &aldobiourcnic acids were detected.

Fraction II.

On hydrolysis with Ersulphuric acid for 8 hr. followed
by chromatogrephy in solvent A, galectose, arasbinose, rhamnose,
l,6~-galactobiose, and 1,3~-galactos;larabinose (trace) were
detected. Chromatography of the products in solvent A (5
days) followed by solvent B (2 days) showed the presence of
2-Q-galacturonosylrhamnose, 0-Q-glucuronosylgulactose and a
trace of en unidentified sugsr (Rggp, 0-60 in solvent B) which
gives a brown stain appearing black in u.v. light with spray
reagent I.

The polysaccharide (300 mg.) was methylated by six aidi-
tions of methyl sulphate (2 ml.) and sodium hydroxide (30%, S5
ml.) in an atmosphere of nitrogen and at low temperatures.
After heating the resasction mixture for half an hour on a boil-
ing water bath, it was extracted with chloroform. The chloro-

form extract wes dried, concentrated to z small volume =nd the

R §
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methylated polysaccharide (302 mg.) precipitated by addition
of light petroleum (b.p. 100-120°). The partially methylated
polysaccharide was subjected to three treztments with methyl
iodide and silver oxide. The methylated polysaccharide (102

4

mg.) recovered had OMe, 39:6% and showed a very small hydroxyl
peak in the I.R absorption spectira.

Another treatment with the above reagents gave the fully
methylated polysaccharide (72 mg., OMe, 40-65%) which was
methanolysed and the products were examined by vepour phase
chromatography. The results are compared (see below) with
those obtained from fraction III.

Fraction III.

Hydrolysis of this fraction with g—aulphurio acid for
8 hr. gave the same sugars (neutral and scidie) as fraction II,
except thet the unidentified sugar (Rg,p,; 0-6C solvent B) was
absent in this case.

The polysaccharide (250 mg.) was methylated as above.
After six treatments with methyl sulphate and sodium hydroxide,
the partially methylated polysaccharide (259 mg.) was recovered
and treated thrice with methyl iodide and silver oxide. The
methylated polysaccharide (15 mg.) which gave negligible
hydroxyl peak in the I.R sbsorption spectra, was methanolysed
and examined by vapour phase chromatography.

Vapour phase chromatographic examination of the methanolysed

products of methylated fractions II &and III.
These products examined in 2ll three systems gave identical

patterns, indicating that the components present in both cases



were the same. However, there were slight differences in the
. proportion of the components present as indicated by the
height of the peaks. The most obvious difference in proportion
wes in that of 2,3,5-tri-g—methy15£-arabinose which was present
in a comparatively smell amount in fraction III. It is very
probable that this difference in proportion is mainly due to
the loss of the very volatile methyl-2,3,5—tri—g¢methy1-é—
arabinoside during the working up of the methanolysis products.
It is not possible to interpret unambiguously the com-
plicated patterns obtained. Since we already have an idea of
the possible methylated sugars present, from studies on
methylated whole gum, we c&n assign the major peeks with fair
aecuracy. The following table gives the T values of the
methyl glycosides of the methylated sugars present. When a
T vzlue corresponds to more than one methyl glycoside it is

given within parenthesis.



Methyl glycosides of

T in system b

I in system ¢

2,3,5-Trifg—methyl:%—arabinose
2,3.4~tr1fg-methylﬂé-arabinoae

2y3-di-0-methyl-L-arabinose
2,5—difg-methyljé-arabinose

3,4—difg-methdlﬁg—rhamnose

3-0-methyl-Ll-rhemnose
233s4,6-tetra-Q-methyl-D-galactose

253y4-tri-Q-methyl-D-galactose
243,6-tri-0-methyl-D-galactose

2y4-3i-0-methyl-D-galactose

243=di=-Q-methyl-D-galacturonic
i acid
Unknown I

Unknown II

Unknown III

0:55 & (0-72)
(1-02)
1.56 & 1-78

(0:72)&(1.02)
3-63 & 5.38

1.80(8)

(4-71) & 7-50

(3‘26)s4'13 &
(4.71)

5-36

2.53 & (3+26)
0-46

| 2.52,3-2
(

0-47 & (0-59)
(0-84)

0:64-0-65 &
(0-84)

0-71 & (1-03)

(0-59)
(1-03)
1.52-1:53 &
(1-62)
2.64 & 2-94
(1:62) & 2-52(S)

(3-74) & 4-40

2:25

when T is not of = peak, but that of & shoulder on a peak it is

denoted by a '(9)' after the value.

All the methylated sugars except those usterisked, were

isolated and identified from the hydrolysis products of
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methylated whole gum. The T's of the unknowns I and II cor-
responds to those o1 methyl-2,3,4-tri-g-methyl-g—glaeuronic acid
and of methyl-2,3,4-tri-Q-methyl-L-rhamnoside (and/or) methyl-
2,3,4-tri-0-methyl-D-xyloside respectively. None of these
sugars were detected in the hydrolysis products of methylated
whole gum. While unknown III is most probably methyl-2,3-di-
gfmetnylfg—galactoside, which however has been isolated and

characterised from the methylated whole gum.
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Smith degradation on the reduced gum.

Acetylation of the gum acid.

The gum acid (20 g.) dried in a vacuum oven at 40-50° over
sodium hydroxide was dispersed in formemide (250 ml.) by
stirring at 45-50°. Pyridine (135 ml.) was added slowly over
e period of half an hour, with vigorous stirring. The reac-

tion mixture was cooled to 30° and scetic znhydride (50 ml.) was
added with stirring over a period of one and a half hours. A
second portion of acetic anhydride (50 ml.) was added likewise
and the reaction mixture was allowed to stend overnight at room
temperature. Rext day a further portion of acetic anhydride
(20 ml.) was added and. stirring &KX continued stdixydun® for one
hour. The mixture was poured into water (1-5 1l.) coantaining
concentrated hydrochloric acid (20 ml.) and crushed ice. After
stirring {or half an hour, the precipitate was filtered and
washed with hydrochloric acid (0-5¢%) followed by water. The
precipitate wus resuspended in water, allowed to stend over-
night, filtered and dried in a vacuum oven at 30-50° over
sodium hydroxide for four days (31-0 g.).

Reduction of the gum acetate with diborane.

The gum acetate (31 g.) was completely dissolved in 1,2-
dimethoxyethane (400 ml.) which had been dried over sodium and
then distilled from lithium aluminium hydride. Sodium boro-
hydride (8 g.) was added with stirring, it did not dissolve
completely. To the mixture, boron trifluoride etherate (60 &.

in 100 ml. of 1,2-dimethoxymethane) was added in portions
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(15 ml.) every 10 min. After each addition the flask was
stoppered with a rubber dbung and shaken by hand, gently at first
and then vigorously to break up any gel formed. On the first
addition of boron trifluoride the whole mixture solidified, hence
more 1l,2-dimethoxyethane (200 ml.) was added. At the end of
the additions, the flask was stoppered z=nd allowed to stand
overnight. The mixture was then poured into ice znd water

(1 1.) and neutralised with dilute sodium hydroxide. Chloro-
form was added und the resulting emulsion was concentrated to &
thick syrup. The s rup was taken up in sodium hydroxide (300
ml., O*1N), the pH of the solution adjusted to 9 by addition of
strong alkali and warmed for half an hour at 50-60°. The reac-
tion mixture was dialysed first against running tap water for
three days, followed by chunges of distilled water for two days.
The dialysed solution wes filtered, to remove some preciyitate
formed in the dialysis bag, and the filtrate was concentrated

to a thiek syrup. This syrup was poured into @ stirred mixture
of ethanol (750 ml.) and ether (250 ml.) and the white precipi-
tate was filtered, washed with acetone and dried. The gum was
redissolved in water, treated with Amberlite resins IR 120 (H)
end IR 45 (OH) concentrated to & small volume =nd freeze dried.
The reduced gum (15 g.) had a uronic annydride content of only
1-4%, whereas the original gum acid had & uronic anhydride con-

tent of 13°9%.
A small sample of the reduced gum was hydrolysed with E-

sulphuric acid for 8 ar. at 1009, Puper chrometogrephy of the



products in different solvent systems showed the presence of
only & trace of ecidic material (identicul to 2-0-D-galact-
uronosyl1a—rhamnose). However, it was not possible to detect
cny glucose among the hydrolysis products. This is not
surprising, since on heuvy spotting the galactose was streaking
and would have masked the small amount of glucose present.

Irial Smitn degradation.

The reduced gum (1 g.) was dissolved in water (20 ml.)
freshly prepared sodium metaperiodate solution (7§ml., O-1884N)
weas added and the solution was made up to 100 ml. In another
flask 75 ml. of the same periodate solution was diluted to 100
ml, with distilled water. In a third flask 75 ml. of the
periodate solution was treated with excess ethylene glycol and
the mixture diluted to 100 ml. to give & sodium iodate solution
0of the same molarity as the above two solutions. All the
three solutions were shaken and kept in the dark at room
temperature.

After certein intervals of time a 1 ml. aliguot was removed
from each solution, diluted 2500 times and the optical density
of the resulting solution measured in the Unicam spectrophoto-
meter at 222°*5 %M,(99). From these results the consumpiion of
periodate per sdgar unit after various intervels of times were

calculated. The results are tabulated below.

Time (har.) 4 11 24

Moles of periodate 0:73 0-75 0-76
consumed/suger unit
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After 30 hr. the oxidation was stopped by addition of
ethylene glycol (2 ml.) and the solution was dialysed against
tap water for three days. The dialysate was concentrated to
a small volume (25 ml.), potassium borohydride (200 mg.) was
added and the solution was allowed to stand for six hours.

At the end of this period, a further portion (200 mg.) of potas-
siun borohydride was added and the solution was allowed to stand
overnight at room temperature. The solution wes tfeated with
Amberlite resins IR 120 (H) and IR 45 (OH), concentrated to a
syrup, methanol was added and the solution taken to dryness.

The residue was dissolved in g—aulphuric acid and allowed
to stand at room temperature. After 3 hr. the solution was
neutralised by addition of barium hydroxide followed by barium
carbonate. The neutralised solution was treated with Amber-
lite resin IR 120, and concentrated to & small volume. The
degraded gum (50 mg.), precipitated by pouring the concentrated
solution into excess ethanol, was centrifuged off and washed
repeatedly with ethanol and finzally with methanol. The combined
centrifugate and washings were taken to dryness ﬁo give the low
molecular weight material (331 mg.).

On chromatographic examinetion in solvent A and B, using
_apray reagents I and II this material was found to contain
glycerol, threitol( and/or erytaritol) and other glycitols, but
no free reducing sugars were detected on paper, However, on
hydrolysis with E—aulphurio acid for 6 hr. tais material yielded

galactose, arabinose and rhamnose, in addition to the above



sugar alcohols,

A sample of the degraded gum (see above) on partial
hydrolysis with O-5i-sulphuric acid for half an hour at 100°
gave galactose, arabinose, rhamnose, l,0-galactobiose and an
unidentified non-reducing sugar (RGly 0:91, in solvent B), but
no glycerol, threitcl or other sugar alcohols were detected in
~this partial jydrolysate.

Large Scale Smith degradation.

The reduced gum (14 g.) was dissolved in water (500 ml.),
sodium periodate solution (45 g. in 500 ml.) wes added &nd the
mixture was shaken and ellowed to stand in the dark &t room
temperature. The change in periodate concentration was followed
spectrophotometrically, and no further upteke of the oxidant
was cbserved after 26 hours. At the end of 36 hr. excess
periodate was destroyed by addition of ethylene glycol and the
reaction mixture was dialysed against tap water for three days.

The dialysate was concentrated to a small volume and
reduction to the polyalecohol effected by addition of potassium
borohydride (3 &.) and leaving the mixture at room temperature
for two days. The solution was treated with Amberlite resins
IR 120 and IR 45, concentrated to a small volume and poured into
excess ethanol containing 5% light petroleum. The polyalcohaol
separated in & colloidal form and could not be isolated. Hence
the solution was taken to dryness and the residue was repeatedly
evaporated with methanol to remove borate ions,

The polyaleohol (10°5 g.) thus obtained was dissolved in
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N-sulphuriec acid (150 ml.) and allowed to stand at room tempera-
ture. The hydrolysis was followed by observing the change of

optical rotation (a).

Time (hr.) 0 1 2 3

¢ (in & 0+5 dm. tube) =0:50° -0:45° -0-41° -0-40°

The nydrolysis was stopped after 3 hr. by neutralisation
with barium hydroxide and barium carbonate. The neutralised
solution was filtered, treated with Amberlite resin IR 120,
concentrated to a small volume and poured into excess ethanol.

The degraded polysaccharide separated on adding & few crystals
of ammonium acetate. The degraded polysaccharide III, was
removed on the centrifuge, washed with ethanol and dried (0-818 g.).

A small sample of this degraded polysaccharide on hydrolysis
with O-5N-sulphuric acid gave galactose, srabinose, 1,6~-gelacto-
biose and an unidentiiied reducing sugar (RRha 1.10 in solvent A),
but no sugar alcohols were detected in the acid hydrolysate.

The centrifugate and alcohol washings were taken to dryness

to give the low molecular weight materials (8.7 g.).

Exemination of the low molecular weight materials.

Chromatographic examination revealed it to have exactly
the seame components as the corresponding mixture obtained in the
trial experiment described earlier.

An attempt was made to remove most of the glycerol and
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threitol by extracting the mixture with dry acetone.

The acetone soluble fraction (1°*7 g.) by chrometograyhiec
examination in solvents A, B, H and I was found to contain
almost entirely glycerol, threitol and glycollic aldehyde, with
traces 01 rhzmnose and two unidentified reducing sugars.
Hydrolysis of a smell sample gave traces of galactose and ara-
binose. Another sample on reduction with potassium borohydride
followed by hydrolysis gave galactose, arabinose, rhumnose,

thareitol and two unidentified components.

The rest of the acetone soluble fraction was placed on a
charcoal-Celite column (45 x 2 cm.) and eluted with water,
followed by 20% ethanol and finally with 407 ethanol. The

following fractions were collected.

Fraction Eluant Wt. in mg. Contents

81 Water 3253 Glycerol, threitol, glycollic
aldehyde and traces of arabinose
and rhamnose

82 water 43 Two non-reducing oligosaccharides
(Rggl 0-88 and 1:08 in solvent A)

83 207 ethanol 33 Three non-reducing oligosaccharides
(above two and third Rggl 0-53

in solvent A).

40% ethanol 46 A non-reducing oligosaccharide
(Rgay 1°08 in solvent A) and a

streak from origin.

[ 4]
-

The acetone insoluble fraction (7.0 g.) on caromatographic

exumination in solvents B, H and I, using spray reagent II showed



a heavy black streak and a trace of glycerol, whereas spray
recgent I failed to give any stains indicating the absence of
free reducing sugars.

On hydrolysis with O*5N-sulphuric acid, this frection gave
galactose, arabinose, rhamnose, 1l,6-galazctobiose, glycerol,
threitol and an unidentified reducing sugar (RRha 1-10 in
solvent A).

A sample (800 mg.) of the acetone insoluble fraction was
placed on a Dowex resin X2 (lithium form) column (70 x 2 cm.)
wnd eluted with water. Fractions (1-5-2 ml.) were collected
every 12 min, and every fifth fraction was evaporated and
examined chromatographicélly. These chromatogrums were streaky
and hence did not reveal any fractionation. Therefore, every
tenth fraction was hydrolysed by heating at 100° for 1 hr. with
Amberlite resin IR 120 (H) and examined chromatographically in
solvent A using sprey reagents I and II. The fractions were

oulked according to the hydrolysis products.

¥Fraction Tubes Wt.in mg. Chromatography Chromatography of
in solvents A hydrolysis products

& H
D 1-50 260 Sugar stays on Galactose, arabinose,
line rhemnose & threitol
D> 51-80 75 Streak. Yellow Galactose, arabinose,
spots with glycerol & threitol
sprey reagent V
Dy 81-125 154 Glycerol, threitol Glycerol, threitol, &
glycollic alde- t{races of galuctose &
hyde & streak arabinose
D4 126-200 41 Streak Galactose, arabinose,

& traces of glycerol
& threitol




The rest of the acetone insoluble fraction (6°2 g.) was
fractionated into seven fractions (table below) by dissolving

in water and adding increasing amounts of acetone.

Fraction Ay Ao A3 A4 As Ag AT
Volumes of 2 3 4 5 6 8 Mother
acetone liguor

Wt.in mg. 0°231 1-557 0°756 0-380 0+201 0-249 2+411

These fractions were chromatographically examined in sol-
vents A, B, C and H using spray reagents I, II and V, no free
reducing sugars were detected in any of the fractions. Frac-
tion Aq was found to be composed meinly of glycerol and
threitol, with small amounts of other slow moving components.
Fractions Ap=-A3 did not move to any appreciable extent on
chromatograms and thus were composed of high molecular weight
materials, Fractions Ag-Ag did not give a clear pattern on
chromatogra®s due to streaking.

Small samples of the fractions Aj-Ag were hydrolysed with
0-5£—aulghuric acid for 1 hr. and the products examined
chromatographically in solvent using spray reagents I and II.
All the frauctions gave the following components, but in varying
amounts: - gelactose, srabinose, rhamnose, tnreitol, 1,b-galacto-
biose and at least four unidentified reducing sugars (Rgpg 9°90,
110, 131 and 1:-59 in solvent A).

Fraction A (2-411 g.) was placed on a charcoal-Celite

column (47 x 2 cm.) and eluted with water followed by inereasing
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concentrations of ethanol. The following fractions were col-

lected a2nd evaporated to dryness and examined chromatogrephically.

Fraction Eluant Wt. in mg. Chromatography of fractions

B1 Water 892 Glycerol =nd threitol
B, water 63 Glycerol, threitol and two non-
By 107 ethanol 84
By 154 ethanol 97

)

g reducing oligosaccharides

)
Bg 20% ethanol 185 %

Not clear
Bg 40% ethanol 283
By 50% ethanol 78
Examination of Fraction A;.
lMethylation of A,. A sample (100 mg.) was methylated by four

additions of methyl sulphate and sodium hydroxide solution (30%),
followed by two treatments with methyl iodide and silver oxide.
The fully methylated product (62 mg.) OMe, 39:9%, [e]lp -31-9°

(¢, 0°86 in chloroform) was hydrolysed and the products examined

by paper chrometography in solvents D and F. The following

sugars were detected 2,3,4,0-tetra~Q-methylgalactose; 2,3,4-
tri-gfmethylgalactose; 2,4-di—9—methylgalactose; 2,3,5—tri—27
methylarabinose; 3,4-di-Q-methylrhamnose; 2,3-di-Q-methyl-
rhamnose; 359—methylrhamnose and a trace of mono-O-methyl-

galactose.

A small sample of the hydrolysis product was methanolysed



end examined by vapour phase chromatography.
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The presence of

the methyl glycosides of the following methylated sugars (table

below) were indicated.

3=0-methyl-L-rhamnose

llethyl glycosides of T in T in T in
system(a) system(b) system(c)
2y3,5-Tri-Q-methyl-L-ara- 0+ 39 0:55 & 072 | 0-46-0-47 &
binose 0+60
2,3,4,6-tetra-0-methyl- D- 1.29 & 1-41 1-80 1-49 & 1l-61
galactose -1:42
2y3,4-tri-0-methyl-D- 176 & 1-90 |4-74 & 7+50 | 2+65 & 2-94
galactosa
2,4-di- O-methgl-D—Salac- - - 375 & 4-44
tose
2 3-di-0-methgl-D-ngac- 1162 & 220 - 2+49, (3-75
tose & 4-44)
3,4-di-Q-methyl-L- 053 1-01 0+60
rhamnose =
0+70 363 1-01-1-02

In addition to these, a peak (I 060 in system @) and 1-48 in

system ®) which could be due to methyl 2,3-di-O-methyl-L-rhamnoside

and & peak (T 0°45 in system b) which could be due to either

methyl-2,3,4-tri-0-methyl-L-rhamnoside or methyl-2,3,4-tri-0-

metthjE—xyloside, were 2lso present.

Partiel Acetolysis on fraction Aj.

Another portion (97 mg.) of fraction A] was added to a

chilled mixture of acetic anhydride (5 ml.,) and concentrated

sulphuric aeid (015 ml.).

After standing in the ice bath for

half an hour, the mixture wes mechanically shaken for 6 hr. and




- 192 -~

allowed to stand at room temperature. A sample (2-5 ml.) was

pipetted out after 18 hr. and the rest was zallowed to stand for
a further 24 hr. These two sumples were separately worked out
as described below.

Each sample was poured into ice water (100 ml.), pH of the
solution ad justed to 4 with sodium bicarbonate and the mixture
was extracted with chloroform (5 times). The chloroform
extracts were dried over sodium sulphate, taken to a syrup and
dried in vacuum desiccator over sodium hydroxide. The dried
syrups were dissolved in dry methanol (2 ml.), chilled and
barium methoxide in methencl (5 ml., 0+5N) was added =nd the
mixture was left to stund overnight in the ice box. The basic
solutions were poured into water (50 ml.), treated with Amberlite
resins IR 120, IR 45, again IR 120 and taken to dryness. Paper
chromatographic examination of these products suggested that
the dezctylation was incomplete. Hence the syrups were again
treated with barium methoxide, as described above.

Chromatographic examination in solvent A showed mono-
saccharides and at least three non-reducimg oligosaccharides
which gave positive reactions with spray reagents I[I «nd V.

The product obtained after 24 hr. partial acetolysis had a

higher proportion of these oligosaccharides.

Large scale partial zcetolysis.

The fractions D3, Do, Aj-Ag, Bg-Bg and the deg@raded poly-
saccharide III were all combined (4°+86 g.) and dried thoroughly

in a vacuum desiccator. The dried materisl wes dissolved



completely in a chilled mixture of acetic anhydride (85 ml.)‘
and concentrated sulphuric acid (2+5 ml.) by mechanical sheking
for 7 hr,, and the solution was allowed to stand at room
temperature for 19 hours. The dark solution wes poured into
ice water (1 1.), stirred for 15 min., and extracted with
caloroform (6 times). Trouble was encountered due to emulsions,
which were broken up by centrifuging. The chloroform extract
was washed with water, sodium bicarbonate and finally with
water., The extract wes then dried over anhydrous sodium sul-
phate, evaporated to & syrup and dried in a vacuum desiccator
over sodium hydroxide.

The syrup was dissolved in dry methanol (50 ml.) and de-
ecetylated with methanollic solution of barium methoxide (50 ml.,
0+5N). The syrup (3-08 g.) which was isolated as described
above still contained acetyl sugars. Hence, the syrup was dis-
solved in dry methanol (50 ml.) and barium methoxide (1 g.) was
added, when a white precipitate was formed. The suspension wes
allowed to stand for 24 hr. in an ice box and methanol was
evaporated off. The residue was taken up in water (200 ml.),
and treated with Amberlite resins IR 120, IR 45 and again IR 120.
Concentration gave a syrup (2+32 g.), chromatographic examination
of which showed that deactylation was almost complete.

The syrup (2:32 g.) was placed on a charcoal column (27 x 3
em, ) and eluted with water followed by increasing concentrations
of ethanol. Six fraections were collected, but the chromato-
graphic pattern of these were not clezr due to streaking.

One of the fractions (To, 157 mg.) was dissolved in water



- 194 =

and extrected with ether in a soxhlet for 18 hr., to remove

—any polymerised aldehydes which might be the cause of streaking.
The ether phase wus found to contain mainly glycerol, and
threitol with traces of galactose, arebinose and reducing oligo-
saccharides. The sugers present in the water phase were still
streaking on chromatograms.

A sample of the fraction Tp was reduced with potassium
borohydride and examined chromatographically. Chromeatograms
spreyed with reagent I gave no stains, indicating khat reduc-
tion was complete &nd the chromatograms sprayed with reagent II
showed several stains but there was streasking, even though
less than beiore reduction.

Another sample of T, was heated with N-sodium hydroxide
at 100° for 1 hr. end neutrelised with Amberlite resin IR 120 (H).
On concentration and chromatographic examination no reducing
sugars were detected, but at least three non-reducing oligo-
saccharides giving a positive reaction with spray reagents II
and V were found to be present. The alkali treated sample, on
acid hydrolysis guve galactose, rhamnose and traces of other
sugars.

{et another sample of Tp wés placed on & sm=ll column of
the strongly basic Amberlite resin IR 400 (OH) and eluated with
water, Chromatographic examination, of the water eluate znd
of the acid hydrolysis product of this eluate gave similer
results as above, but the yields of theoligosaccharides were

better in this case.
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