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INTRODUCTION

General.

The term 'gum', in its broadest sense, refers to both hydrophobic and
hydrophilic substances of high molecular weight which usually exhibit colloidal
properties when dispersed in an appropriate solvent. Hydrophobic substances
often called gums include high molecular weight hydrocarbons and other petroleum
products, rubbers, certain synthetic polymers and resinous saps which often
exude from evergreens.

lore specifically, the term gum applies to plant polysaccharides or their
derivatives which are dispersible in either cold or hot water to produce viscous
solutions or suspensions. As much as three-quarters of the dry weight of plants
may be polysaccharide and, consequently, such substances are of wide occurrence.
The most important gums, however, are those which are readily obtainable in
large amounts from the plant. Some of these gums are used industrially and,
indeed, many have been known since ancient times. One of the chief sources of
such polysaccharides is seaweed which furnishes agar, algin and carrageenin
while seed gums, such as gum guar and locust bean gum, are also important,
particulerly from the point of view that the plant which produces the seeds is
often grown extensively as a food crop. In contrast to these naturally occurring
gums, other gums are obtained from cellulose, one of the main components of
the plant cell wall, and starch, a food reserve polysaccharide, by esterification
and etherification. Commercially, however, the most important gums are plant
exudates and most plant families have been found to include species which exude
gums to a greater or lesser degree.

In this context, the term 'exudate gum' strictly refers to those commercially
important gums which exude in copious amounts from shrubs or low-growing trees,

forming, on exposure to the atmosphere, glossy nodules or flekes which are usually
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brown or yellow in colour. These gum producing trees grow predominantly in
Africa or Asia indicating the climatic requirements for their growth.

The most likely function of gum,formation is to prevent infection of
the plant tissue and to prevent loss of moisture (1). This is evident from
the fact that tepping of the trees immediately results in the sealing off of
the exposed arez by the gum and the tree continues to grow without apparent
damage.

Several suggestions have been made as to the origin of these gums. They
mey be products of normal plant metebolism but healthy Acacia trees, grown under
favourable conditions of moisture, soil and temperature do not produce any gum,
while trees which are grown under adverse conditions do secrete gum (2).

A most challenging problem to the chemist is the mode of formetion of these
gums. This requires a knowledge of the complex processes whereby they are first
of 2ll1 synthesised in the plant from simple compounds and then transported as
required from the site of formation to the injured site. Work on the early stages
of biosynthesis concerning the reactions involved in the transformations of
monosaccharides, the building units of polysaccharides, into one another and
into derivatives capable of enzymic polymerisation has been reviewed by J.K.N.
Jones (3) and by Neufeld and Hassid (4). At present, little is known of the
reactions involved in the enzymic polymerisation stage of complex hetero-
polysaccharide biosynthesis although, in this respect, recent advances have
been made in the biosynthesis of complex lipopolysaccharides from the cell wall
of Gram-negative bacteris (5). Clearly, a better understanding of the problem
would be obtained from a knowledge of the structural relationships between
different polysaccharides such as cellulose, hemicelluloses, pectins and gum
exudates and between individual polysaccharides at different stages in their

formation.



Clessification of exudate gums.

Until recently, gums were clessified according to their behaviour when
treated with water. This classification gave rise to two groups of gums. The
first group, which included gum arabic, mesquite, damson and cherry gums,
dissolved completely in water, while the second group were only partly soluble
in water and usually swelled to give very viscous solutions. This latter group
was typified by gum tragacanth. This classification was of limited application,
however, since many gums did not readily fell into either of these groups.

Another classification was based on the nature of the acidic sugar present
in the gum. Acacia gums, including gum arabic, were found to differ in the
nature of their neutral sugar components, but each contained __g-glucuronic acid
while gum tragacanth and linseed and slippery elm mucilages were each found to
contain D-galacturonic acid (6). This classification does not, however, include
gums composed only of neutral sugars or those seaweed polysaccharides such as
agaer and carrageenin, which contain sulphate groups. Now it is of little value
as it hes since been shown that Khaya gums, and Sterculia gums contain both
D-glucuronic and D-galacturonic acids (7,8).

At present, plant polysaccharides in general are classified on a siructural
basis (9,10) and mey be divided into groups of related polysaccharides, the
members of each group having certain common structural features. In general,
the structural feature shared by polysaccharides of a particular group is a
similar arrangement of sugar residues in the basal chains of the molecules.
Such polysaccharides mey however differ quite merkedly in other aspects of
their molecular structure, notably in the arrangement of the sugar units in
the outer chains of branched polysaccharides. Thus, within a particular group,

it is not surprising to find polysaccharides which are obtained from vastly



v

different sources. For example, the most intensively studied groups of structur-
ally related polysaccharides are the xylan, mennan-glucomsnnan, and arabinogalactan
groups. Bach of these includes, on the one hand, polysaccharides which are
generally regerded as hemicelluloses and, on the other hand, polysaccharides

which are more frequently referred to as cereal gums, exudate gums or mucilages.
Fig. 1. gives a partial classification of various groups of polysaccharides and
also indicates the categories of plant products within which the members of

each group are commonly included.
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Fig.1l.
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POLYSACCHARIDES H CG EG 2 M
Xylans H
Arabinoxylans H CG
(¥Ac)(4~0-methyl )Glucuronoxylens H
Arabino (4-O-methyl )glucurono- H EG

Xylans
Complex xylans H
Mennans M
Galactomannans M
(iAc)Glucomannans H M
(:AGJGalactogiucomannans H M
Arabinogalactans H
Glucuronoarabinogalactans H EG
Rhamnoglucuronoarabinogalactans EG
(and other complex acidic
polysaccharides)

Galactans z
Acidic galactans H
Complex acidic galactans H EG
Arabans P
Galacturonans r
Fucogalactoxylogalacturonans EG
Complex galacturonorhamnans EG i M

A structural clessification of plant heteropolysaccharides.

H = hemicellulose; CG = cereal gum; EG = exudate gum; P = pectic substance;

M = mucilage.
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Application of this classification to exudate gums permits the recog-
nition of three distinct groups of polysaccherides of which sufficient is
known to permit reasonably detailed structural formulations. It should be
stressed that these groups may need to be extended, or other groups recog-
nised, to accommodate the discovery of new polysaccharides with further vari-
ations in structure, or to accommodate well known exudete gums such as mesquite
gun (16), cholla gum (16,17) and the verious Prunus gums (16). These latter
gums have been investigated to some extent but, as yet, evidence is not sufficient
to provide a clear indication of which sequences of sugar units comprise the
basal chains of the polysaccharides and which are attached as side chains to
these interior chains.

Gums of the Acacia genus provide examples of the first group of exudate
guns and are referred to as galactans since each polysaccheride contains a
brenched core ofF-@?galactopyranose residues mutuvally joined by 1-3' and
1-6' linkeges. The 1-3' linkages are found to predominate in the interior
chains while the 1-6' linkages are concentrated in the outer chains. These
polysaccharides vary to some extent, however, in the degree of branching of
the galactan core and also in the sites of attachment of the peripheral L-
arabinofuranose and g:rhamnopyranose residues and in the nature of the m;;e
complex substituted.;;arabinofuranose units. One of the most complex gums
of this group and also one of the most thoroughly investigated is Acacia
senegal or gum arabic. Work on this gum by Dillon and O'Colla (18) and by
Smith (16) established for the first time the mode of distribution of the
1-3' and 1-6' linkages in the branched galactan core. A possible structure
for this gum is shown in Fig. 2. While this indicates the main structural
features of the gum it should be pointed out that this is not a unique

representation of the very complex molecule and is probably an oversimplification.
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Of the various peripherel acid-labile units (R), only the location of the

L-rhamnopyranose units is known with certainty. This knowledge was obtained

—

by utilisation of the resistance to cleavage by acetolysis of rhamnosidic linkages

and the isolation of the oligosaccharides 4-0O-oX-L-rhamnopyranosyl-D-glucose and

0- x =L~rhamnopyranosyl-(1—>4 )—Q—P ~D-glucopyranosyl-(1->6 )-D-galactose after

acetolysis of carboxyl-reduced arabic acid (19). (see Fig. 3.).
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&K ~L-Rhap 1-—->4 D-Gp + o« -L-Rhap L“*4[3‘QEQR 1—-6 D-Gal

Fig. 3. Location of L-rhamnopyranose end groups in arabic acid.

Exudate gums with a highly branched gelzctan core are not confined to
the Acacia species and are also obtained from a number of botanically unrelated
trees. Coniferous wood arabinogalactans, notably those from larches (20),also
have the same type of basal structure. These polysaccharides tend to be less
highly branched than the Acacia gums and contain a lower proportion of sugar
residues other than D-galactose. On a broad structural basis, however, there
is no clear line of E;marcation between exudate gums of the galactan group and
coniferous wood zrabinogalactans.

The second group of exudate gums is the glucuronomannan group. As the
neme suggests, these gums are made up of inner chains of D-glucuronic acid

and D-mannose residues, and, like the galactan group, contain peripheral acid-

labile pentose units. The first gum to be assigned to this group was gum ghatti

from Anogeissus latifolia (Combretaceae), which, on partial hydrolysis, yielded
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two polymer-homologous series of 1-6¢ linkedj,-il -D-galactose~containing oligo-

saccharides, one series with and the other without 3-O-substituted L-arabinose

reducing wnits. On the basis of these results, it was first supposed that
the gum bad a mein chein of B -D-gelactopyranose residues interrupted at intervals

by L-arabinose residues, with units of the two aldobiouronic acids, 2 -0-(3-D-

lico
ga;a-cﬂ;o;)yranosyluronic acid )-D-mennose and 6—g—({3-_12-g1ucopyranosyluronic acid)-

— —

D-galactose, also obtained from partial hydrolysis, attached as side chains.

That the gum has, in fact, mein chains of D-glucuronic acid and D-mannose residues
and a structure indicated in Fig. 4 (21,22-; was shown by mrther—experiments
involving two successive degradations by Smith's procedure (23) followed by
partial hydrolysis which furnished the oligosaccherides &Qﬁ—p_—galactopyranosyl—
D-galactose, 3-0-B-D-galactopyranosyl-L-arabinose, and }_Q—é—a;abinopyranosyl—
_;G_—mannose (24). Th;-se oligosaccharide; can only arise from—a structure of the
-1-:-ype shovmn.

Evidence that some of the side chains are terminated by D-glucuronic acid

is rather indirect, but this would explain the formation of the disaccharide
6-0-(3-D~glucopyranosyluronic acid)-D-gelactose on partial hydrolysis. The

oligosaccharide 2—9—Q.%—-_D_—glucopyranosyluronic acid )-D-mannose seems to arise

from blocks of alternating D-glucuronic acid and D-mennose residues rather than

s —

from isolated disaccheride units since the alternating tetrasaccharide 0-5-D-
glucopyrenosyluronic acid—(1l—>2)-0-D-mannopyranosyl-(1—4 )—_Q_—;;—E—glucopyran:-—
syluronic acid-(1-> 2)=D-mennose haa—recently been isolated (25).

Even more strikin:g-. evidence for the presence of an alternating backbone of

D-glucuronic acid and D-mennose units in certain plant exudates was obtained

from studies on the gum from the tree Anogeissus leiocarpus (formerly A.
aohimgeri). A structural similarity to gum ghatti was realised when partial

hydrolysis gave the same neutral and acidic oligosaccharides, although in
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vastly different amounts (26). Fractionation of the gum with cetyltrimethyl-
ammonium bromide (27) gave rise to two distinct but structurally related poly-
saccharides and further studies were carried out on the major component,
leiocarpan A. Like gum ghatti, leiocarpan A was found to contain D-glucuronic

acid, D-mannose and L-arabinose as main sugers but, in contrast, relatively

large amounts of D-xylose and only a very low proportion (ca. 4%) of D-galactose.

The mein structural features of the polysaccharide are shown in Fig. 5. In
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contrast to gum ghatti, in which relatively short main chains of D-glucuronic

acid and D-mannose residues are shielded in the interior of the molecule by
long side chains, the main cheins of leiocarpan A ere readily exposed, being
substituted at 0(3) and 0(6) of the El—manno;;yranose residues, largely by single
L-arabinofuranose and D-xylopyranose side chains. The small amounts of D-

galactose residues encountered in leiocarpan A are probably located in side

chains similar to but probably shorter than those occurring in gum ghatti.

R

l

3

6 6

| I

1 3
D-Xylp D-Xylp

Fig. 5. Leiocarpan A.

L—Araf Levs L—Araf 1->3 L—Araf leeay L—Arag 123 L—Ara.f Llsce,
B —D—GP_A 1--(—)6[1—1)-{}5112 1-)~e»3 L—Arap_ leos

3 =D-Gelp 1-(>6 3 -D-Galp 1- )73 L-Arep 1...

Conclusive proof that the interior chains are mede up of regularly
alternating sequences of 4-O-substituted p-D-glucuronic acid and 2-0-substi-
tuted X ~D-mannopyranose residues was obtained by isolation of the series of

neutral oligosaccharides shown in Fig. 6, after acetolysis of the carboxyl-

reduced gum (28).
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Fig. 6. QOligosaccharides from carboxyl-reduced

leiocarpan A.
Although certain other plant gums, notably those from the Prunus genus,

give rise to the aldobiouronic acid, 2-0-(B-D-sglucopyrenosyluronic acid)-D-
mannose, on partial hydrolysis, it is not yé; clear whether these gums ca;.be
properly regarded as members of the glucuronomannan family of polysaccharides.
However, the presence of blocks of D-glucuronic acid and D-mannose units in
some part of the structure of apric:£ gum has been demons;;ated by Zitko and
his co-workers (29) who have isolated and partially characterised, as partial
hydrolysis products, a series of oligosaccharides composed of these sugar
residues. As yet, the glucuronomannan type of structure has not been encountered
in plant polysaccharides other than exudate gums.

Gums of the third group of exudate gums are referred to as galacturonans
or galacturonorhamnans and may be divided into three structurally related sub-
groups. Tragacanthic acid, the main polysaccharide component of gum tragacanth,
is the only known member of the first sub-group and, at present, it is sufficient
to sey that this polysaccharide may be regarded as a gelacturonan because of
the high proportion of D-galacturonic acid residues in the main chains. Poly-
saccharides of the other two sub-groups are represented by gums of the Khaya

and Sterculia genera. These polysaccharides contain both D-galacturonic acid
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and L-rhamnose residues in their interior chains and also peripheral units

of D-glucuronic acid or its 4-O-methyl ether. The three sub-groups will later

be discussed individually in more detail.
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Structural features of Sterculia gums .

Gums of the Sterculia genus are of widely different origins and include

Sterculia urens gum (India), S. setigera gum (West Africa) and S. caudata gum

(Australia). These are grouped with the structurally similar gum from the

botanicelly unrelated Cochlospermun gossypium (Bixineze).

Early work on these gums (8,30-33) wes hindered by the inadequacy of the
experimental techniques available and difficulties were encountered in the
separation of acidic oligosaccharides. However, later investigations (34,35)
involving more advanced techniques, notably the application of diethylamino-
ethyl (DEAE)- Sephadex chromatography to the separation of acidic oligo~
saccharides, showed that the four gums were closely structurally related and,
from a structural point of view, could be considered together.

The mein structural units present in the gums mey be deduced from the
methylated sugars obtained from each gum, which are shown in Table I.

Rhamnose occurs as terminal non-reducing end groups, chain units and
branch points while galactose is present as terminal non-reducing end groups
and chain wits only. D-Glucuronic acid residues occur as non-reducing end

group only, in contrast to those of D-galacturonic acid which are present

mainly as branch points and, to a lesser extent, as chain units. Terminal

non-reducing D-galacturonic acid residues are of infrequent occurrence. These

main structursl units zre swmmarised in Fig. 7.
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Acidic Oligosaccharides from Partial Hydrolysis.
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TABLE I

(+ indicates approx. relative proportions)

S. urens

4+

ot

++

trace

s

ot

S. ceudata

TABLE II

+++

+++

i

o

ot

S. setigera
+++

et

++

++

ot

trace

++

Aok

Oligosaccharide

(I) GalA 1—>2 Rha

(ITI) GalA 14 Gal

(III) GA 1»>3 GalA

(IV) GA 13 GelA 1->2 Rha

(V) GelhA 1-»4 GalA 1->2 Rha

C. gossypium

Tt

4

e

e

trace

o

it

S. urens S. caudata S. setigera C. gossypium

+

+

+

+

3

+

+

+
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Fige T. lMain structurel units present in Sterculia gums.

The acidic oligosaccharides obtained from partial hydrolysis of each gum
are shown in Teble IT and their structural significance, in terms of structural
units (VI )-(XV) (Fig. 7.), is discussed below.

In oligosaccharide (IV), O-(D-glucopyranosyluronic acid)-(1->3)-0-(D-

galactopyranosyluronic acid)-(1—>2)-L-rhamose, terminal non-reducing D-

glucuronic acid is linked to 0(3) of a D-galacturonic acid residue. Structural

units (XIII) and (XIV) show that D-galacturonic acid cannot be linked through
c C c b i .
(1) and (3) or (1) and 0(2) alone but must also be linked through 0(4)

Further, the L-rhamnose residue may exist as a branch point. Hence, partial

structure (XVI) (Fig. 8) is a fezture of these gums and defines the mode of

attachment of the D-glucuronic acid residues as single unit side chains. It

is assumed that oligosaccheride (III), 3-0-(D-glucopyranosylurcnic acid)-D-
galacturonic acid, arises from further hydroz&tic cleavage of oligosacchazgde
(IV) and so its location in the gum is zlso indicated in pertiel structure
(XVI).

The main product of partial hydrolysis is oligosaccharide (I), 2-0-(D-

gelactopyranosyluronic acid)-L-rhamnose. Since D-galacturonic acid is only

present in very smzll amounts as terminal, non-reducing units, this oligo-

saccharide can only be accommodeted in partial structure (XVII) and must have
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arisen from the inmer chains of the molecule. This is also evident from the
fact that the same oligosaccharide hes been characterised as a hydrolysis
product from the degraded polysaccharides obtained from S. urens and S. caudata
(36) gums by degradation using Smith's procedure (23).

Another structural feature of the inner chains of the molecule is showm
in partisl structure (XVIII), which indicates the environment of oligo-
saccharide (II), 4-0-(D-galactopyranosyluronic acid)-D-galactose. A related
oligosaccharide, obtai;;d from partial hydrolysis of ;;ch of the gums, is
2-0-acetyl-4-0~(D-galactopyranosyluronic acid)-D-gelactose and almost certainly
arises from hydr;iysis of incompletely de—acetizgted gum. O-Acetyl groups
indeed have a remarkeble stability to acidic hydrolysis as is showm by the
fact that the acetyl content of certain hardwood xylans, after the drastic
conditions of pulping, is in the region of 7-9%. Like oligosaccharide (I),
the oligosaccharides 4~0~(D-galactopyrenosyluronic acid)-D-galactose and 2-0-
acety1-4-gr(Qrgalactopyran;;yluronic acid)=D-galactose ha;; also been obtained
as partial h;érolysis products from the per;;date resistant gum acid from
S. caudata gum (36).

A second acidic trisaccharide, (V), O-(D-gelactopyranosyluronic acid)-
(1—>4 )-0-(D-galactopyranosyluronic acid)—(1~:é)1g—rhamnose, not completely
characteri;;d in some ceses, has also been isola;;d and may be accommodated in
the partial structure (XIX)., This oligosaccharide has also been obtained
from the periodate resistant portions of S. urens and S. ceudata (36) gums
and, like oligosaccharide (I), is possibly a constituent of the main chains

of the molecule.
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Fig. 8. Pertizl structures of Sterculia gums.

The following oligosaccharides have also been isolated from partial
hydrolysis of carboxyl-reduced S. urens gum and tentatively characterised (36).
(xX) 0-D-galactopyranosyl~L-rhamnose.

(XX1) Qri}rhamnoPyranosyl—Q:éalactose.

(XX1I) 3-§—_I£1—galactopyranos;l—_)@_—galacto Se.

(XXIII) 4~£}£;galactopyranosyl-i;galactose.

(XxXIV) grgrgalactopyranosyl—(1:ﬁ)1gﬁ§—galactopyranosyl-(1—2)—erhamnose.

(XXV)  0-D-gelactopyrenosyl-{1l-4)-0-D-galactopyranosyl-(1-4)-D-galactose.

Interpretation of these results to give further structural information
on the Sterculia gums is difficult since it is not possible to decide whether
the galactose residues in the carboxyl-reduced gum came originally from
galacturonic acid or galactose residues in the parent gum acid. Attempts
to clarify this problem have been made in the present work by comparing the
neutral oligosaccharides obtained from partial acetolysis of carboxyl-reduced
S. urens gum with those obtained from partial acetolysis of the periodate-
resistant polymer, isolated after periodate oxidation of carboxyl-reduced
S. urens gum. VWork by Nasir-ud-din (37) established that the periodate-

resistant portion of the gum acid contained rhamnose, galacturonic acid and
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only small amounts of galactose. Hence, the galactose residues in the carboxyl-
reduced periodate resistant polymer must originally have been present to a large
extent as galacturonic acid residues in the parent gum acid.

In conclusion, it appears that gums of the Sterculia genus have a very
complex, highly branched structure. The main chains seem to consist of units
of g?galacturonic acid linked through positions C(l) and 0(4) and %?rhamnose
linked through positions C(l) and 0(2)’ possibly with regions of contiguous
D-galacturonic acid residues. D-Galactose residues may also be located in
zgese mein chainse. The backboﬁ; of the molecule is highly substituted and
carries a large number of side chains, which may vary from the single wnit,
D-glucuronic acid, to complex branched side chains having terminal non-reducing

units such as D-galactose and L-rhamnose and with D-galacturonic acid, D-

galactose and possibly L-rhamnose residues present as chain units and branch

points.
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Relationship of Sterculia gums with other polysaccharides.

The Sterculia gums occur naturally as partly acetylated polysaccharides
and, in the cases discussed, the gum acids, obtained from the perent poly—
saccharides by de-acetylation with sodium hydroxide or dilute ammonia, have
been shown to exist as homogeneous polymers. The Khaya gums, which include

K. grandifolia (7), K. senegalensis (38) and K. ivorensis (39) gums, are also

pertly acetylated in the natursl state, but the de-acetylated polymers have
been shown to consist of more than one polyssccharide.

The main polysaccharides, however, have many structural features in
common with the Sterculia gums and furnish similer fragments when subjected
to the same experimental procedures such as partial hydrolysis and methylation.
The main chains of these gums appear to have a grezter proportion of contiguous
D-galacturonic acid residues, but these are again interposed by L-rhamnose

residues, giving rise to the oligosaccharide 2-0-(X-D~galactopyranosyluronic

acid)—I_r-rhanmose on partial hydrolysis. Non-reducing end groups of D-glucuronic
acid (;-s the 4-O-methyl ether) are also structursl features of these—gwns.

These are linked, not to D-gelacturonic acid as in the Sterculiz gums, but to
D-galactose residues whic; in turn are probably linked to L-rhamnose branch
;oints. Structural features of the Khaya gums are showm i; fig. 9.

Another polysaccharide with certain structurel festures in common with
the Sterculia gums is tragacanthic acid, the only known member of the third
sub-group of the galacturonan-galacturonorhamnan exudate gums. In this poly-
saccharide, the main chains are composed almost entirely of 1-4' linked& -D-
gelacturonic acid residues. However, evidence that these chains are occas;on—
ally interrupted by L-rhamnose residues has been obtained by the isolation
of 2-0-(xX-D-galactopyranosyluronic acid)-L-rhamnose as 2 partial hydrolysis

product (40). The side chains attached to the D-galacturonic acid backbone
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Fig. 9. lMajor polysaccheride components of gums

from Khaye spp.

appear to be short, consisting of either single ﬁ—g—xylopyranose residues or
2-0-o=1L~fucopyranosyl-D-xylopyranose and Q—Q—E-Q—gzlactopyranosyl—_]?_—:qylo—
pyranose units. These—two oligosaccharides hav; been obtained as ;roducts of
partial acetolysis of tragacenthic acid while the singlep -D-xylopyranose side
chainsg have been isolated as the oligosaccharide B—Q-fé,-g—-x;yr;opyranosyl-g—
galacturonic acid, which was obtained by enzymic hydrol;sis of the degr;ded
tragacanthic acid liberated after controlled hydrolysis of the parent poly-
saccharide (41). Unlike the Sterculia and Khaya gums, tragacanthic acid contains
D-glucuronic acid only in trace amounts, although this sugar is again likely
:o be present as non-reducing end group, probably terminzting some of the
side chains. The mein structural features of the gum are showvm in Fig. 10.

It is clear that the galacturonan-galacturonorhzmnan group of exudate
gums consists of structurally related polysaccharides ranging from tragacanthic
acid on the one hand with a2 high percentage of contiguous D-galacturonic acid

residues interrupted infrequently by L-rhamnose units, to the Sterculia gums

on the other with relastively few contiguous D-galaciuronic acid residues and

a much larger proportion of IL-rhamnose residues inserted in the main chains.
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Fig. 10. Tragacanthic acid.

The interior galacturonan chains found in tragacanthic acid are also
structural features of pectins. However, the occurrence of pectic galactur—
onans, as strictly homopolysaccharides, is infrequent and recent work has
established that L-rhamnose residues are integral constituents of certain pectic
galacturonans sin;; several pectins such as those from lemon peel (42),
lucerne (alfalfa) (43), and the bark of Amabilis fir (44) give rise to 2-0-(X-
D-galactopyranosyluronic acid)-L-rhamnose and higher oligosaccharides con-
;;ining these sugars on partial“;wdrolysis. Thus pectic substances are related
to the galacturonan-galacturonorhamman group of exudate gums in that they contain
not only similarly linked blocks of D-galacturonic acid residues but also
L-rhamnose residues interposed at oe;;ain points in the galacturonan chain.

- The following oligosaccharides (Fig. 11) have been isolated as partial
hydrolysis and/or partial acetolysis products from the pectin-like acidic poly-
saccharides obtained from soybean cotyledon meal (45) and soybean hulls (46).

These polysaccharides thus combine the structural features of the whole
range of galacturonan-galzcturonorhamnan exudate gums and provide most striking
examples of polysaccharides in which different areas of the galacturonorhamnan

chain may contain (a) blocks of galacturonic acid residues (b) sequences of

at least two rhamose residues, and (c) alternating galacturonic acid and
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-GalA >GalA—>GalA —>GalA —>Rha—>Galh —>Rha —>Cali—>GalA—>Rha—> Rha-
T partial acid hydrolysis and/or acetolysis
o{—l)_—Galp_fr 1-4 D-Galph
o(——Q_-—Galp_A 152 iv—Rha
u-i—Galp_A 1—*40?—2—%1311 1->4 D-GalpA
u-éé—Galgﬁ 1—94cx-£;calgﬁ -2 i;ﬁha
d—i—Galp_A 12 Q-;i-hag 1—>2 _I_.a'-R;a
M-ééﬂalgﬁ 1—2 i;thE 1~+4;:;§fGal2A 1—2 L-Rha

A =D—-GalpA 1—>4 -D-Galpd 12 L~-Rhap 1—2 L-Rha

Fig. 11. Fragmentestion of the interior chains of soybean

polysaccharides.

rhamnose residues. The side chains of tragacanthic acid, namely}i-@f
xyloPyranose,Q~1g:ﬁ-§rgalactopyranosyl-grzylopyranose, and 2—Qﬁx-grgﬁco—
pyranosyl—grxylopyra;;ae, are also stru:£ural features of these s;;hean
polysacchazides.

In contrast to the exudate gums, the soybean polysaccharides also contain
linear chains of 1-4' linked 8 ~D-galactopyranose residues. There is no doubt
that these galactan chains are ;;tegral constituents of an acidic polysacchar-
ide, rather than of a contamineting neutral galactan, since acidic oligo-
saccharides containing contiguous 1-4' linked B-D-galactopyranose residues
linked either directly or through xylose or rhamnose units to a single D-
galacturonic acid reducing unit have been isolated as partial degradatigh
products from the acidic polysaccharide from soybean cotyledons. These

oligosaccharides, which have not been completely characterised, and the

techniques employed in their isolation are shown in Fig. 12.
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u-i;ivcp.l~é2 E;Xyl
- acetol;;is

Acidic polysaccharide from soybean cotyledons

controlled acid hydrolysis followed

Vby hydrolysis with "pectinase"

3-D~Xylp 1-3 D-Galh

>-Xylp

j-D-Gelp 1-(>4 B-D-Gelp 1-)—>4 R-D~Galp l..... D-Gald

..L.-Bf'az

Fig. 12. Frezgmentation of the side chains of

soybean cotyledon polysaccharide.

The structural relationship of the Sterculia gums with other exudate gums
and the pectic substances is summarised in Fig. 13.

From the biosynthetic point of view, it is at present unknown whether these
complex heteropolysaccharides are synthesised either in a stepwise manner
involving first the formation of the main chains followed by apposition of the
side chains or in a much more ordered manner involving the polymerisation of
pre-formed branched structures. The structural relationships which have been
shown to exist, particularly in the main chains, between the plant polysaccharides
discussed favour the former alternative as the mechanism of polysaccharide
biosynthesis. If this is the case, it would appear that the exudate gums,
end products of plant metabolism, mey be formed by the apposition of additional
sugar residues to polysaccharide structures already present in the plent,

possibly as cell-wall constituents.
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DISCUSSION

Partial acidic hydrolysis.

In previous investigations (33), the oligosaccharides 2-0-(x-D-
galactopyranosyluronic acid)-L-rhemnose and O-(D-glucopyranosyluronic acid)-
(1-3)=0~(D-galactopyranosyluronic acid)-(1-2)-L-rhamnose were obtained as

partial hydrolysis products from Sterculia urens gum (see Table II). In

addition, the oligosaccheride 4~0-(D-galactopyranosyluronic acid )-D-galactose
wes partizlly cheracterised in admixture with the above named trisaccharide.

These oligosaccharides were obtained as partial hydrolysis products from

S. caudata, 5. setigera and C. gossypium gums, which also gave the oligo-
saccharide 3~0-(D-glucopyranosyluronic acid)-D-galacturonic acid and, in
the cases of S. :audat&: and S. setigera gtms,—the oligosaccharide O-(D-
galactopyranosyluronic acid)-(1-4)-0-(D-gelactopyranosyluronic acid )-—
(1-2)=L-rhamnose (see Table II). In o;der to investigate the possible
occu:rr-;nce of 3-0-(D-glucopyranosyluronic acid)-D-galacturonic acid and
O-(D-galactopyrano s}luronic acid)-(1-4)-0- (Q-ga];ctopyranosyluroni c acid)-
(l-gj—krhamose and to establish without d:ub't the occurrence of 4-0-(D-
galact:pyranoayluronic acid)=~D-galactose as partial hydrolysis products:
a partial hydrolysis of S. lz_r_;_r_l_s_ gun was undertaken.

Sterculia urens gum acid, prepared from the crude gum by deacetylation
with ammonia, was hydrolysed in N-sulphuric acid to give a mixture of
neutral sugars and acidic mono- ;nd oligosaccharides. The hydrolysate
was adsorbed on a DEAE-Sephadex colum in the formate form and neutral

sugars were eluted with water. A partial fractionation of acidic oligo—-

saccharides was obtained by eluting the columm with water containing
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increasing concentrations of formic acid. Separation of the resulting
oligosaccharide mixtures by filter sheet chromatography gave six oligo-
saccharides of which oligosaccherides 1, 2 and 5 were obtained as main
products, together with smaller amounts of oligosaccharides 3, 4 and 6.
Oligosaccharide 1 was assigned the structure shown below on the
basis of the following observations. Hydrolysis gave galacturonic acid
and galactose, hydrolysis of the derived glycitol gave galacturonic
acid as the only reducing sugar, and reduction followed by hydrolysis
of the derived methyl ester methyl glycosides gave galactose only.
Also, gas-liquid chromatography of the methanolysis products from the
methylated oligosaccharide showed the presence of the methyl glycosides
of 2 3,6—tri—O-methyi—D—galactose and 2 3,4—tri-0—methyl—b-galacturonic

acid. On the basis of the specific rotation ( F*— + 73 ) of the oligo-

saccharide, it was not possible to assign with certainty the configuration

of the glycosidic linkage.

COOH c[Hp.r—l
HO/ Q. L0/

Ol

Oligosaccharide 1. 4-0-(D~galactopyranosyluronic acid)=D-galactose.

Oligosaccharide 2 was found to be a disaccharide containing galact-

uronic acid and rhamnose with the latter as reducing unit by hydrolysis,

glycitol formation followed by hydrolysis, and methyl ester methyl glycosides
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formation followed by reduction and hydrolysis. Identification of the
methyl glycosides of 3, 4~di-O-methyl-L-rhamnose and 2, 3y4-tri=O-
methyl—%rgalacturonic acid by gas~liquid chromatography of the methanolysis
products from the methylated oligosaccharide is consistent with the
structure shown below for the oligosacchsride. The glycosidic linkage

was assigned the X-configuration on the basis of the specific rotation

( L j = 880) of the oligosaccharide.

p

COH

i

Oligosaccharide 2, 2-0-(o~=D-galactopyranosyluronic acid)-L-rhamnose.

Oligosaccharide 5 was found to be a trisaccharide containing glucurmnic
acid, galacturonic acid and rhamnose with the latter as reducing unit by
hydrolysis, glycitol formation followed by hydrolysis, and methyl ester
methyl glycosides formation followed by reduction and hydrolysis. The
oligosaccharide was converted into the methyl ester methyl glycosides
with methanolic hydrogen chloride under mild conditions to minimise
cleavage of glycosidic linkages, reduced with borohydride to give the
methyl glycosides of the corresponding neutral oligosaccharide and
methylated. The methyl glycosides of 2,3,4,6-tetra-O-methyl-D-glucose,

2,4,6-tri-O-methyl-D-galactose, and 3,4-di-O-methyl-L-rhamnose were
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identified by ges-liquid chromatography of the methanolysis products. The

oligosaccharide thus has the following structure.

CooH HO/—Q
3 \4 | OH
\ \ | {|I !

/
’_,r'

-J_\ ]y

NOH 7 | )

HO \_\! |/ O

| OH
Oligosaccharide 5. O-(D-glucopyranosyluronic acid)-(1-3)-0-(D-galacto~-

AT

pyranosyluronic acid)-(1-2)-L-rhemnose.

Oligoszccharide 3 was found to contain gelacturonic acid, rhamnose
and galactose with galactose as reducing unit by hydrolysis, glycitol
formation followed by hydrolysis, and methyl ester methyl glycosides
formation followed by reduction and hydrolysis. Colorimetric estimstions
of the relative amounts of each sugar residue both in the oligosaccharide
and the oligosaccharide glycitol showed that the oligosaccharide was a
trisaccharide containing galacturonic acid, rhamnose, and galactose in
the proportions of 1:1:1. Lime-water degradation of the oligosaccharide
gave 2-0-(x¢-D-galactopyranosyluronic acid)-L-rhamnose showing that this
disaccharide—formed part of the oligosaccha;ide and also that the reducing
galactose unit was substituted at 0(3) or 0(4). These results, together
with the identification of the methyl glycosides of 3,4~di-O-methyl-L~-
rhamnose, 2,3,6-tri-0-methyl-D-galactose and 2,3,4-tri-O-methyl-D-

galacturonic acid by gas-liquid chrometography of the methanolysis products



from the methylated oligosaccharide and the identification of the methyl
glycosides of 3,4-di-O-methyl-L~-rhamnose and 29 394~tri-0-methyl-D-
galacturonic acid together with 1,2,3,5, &penta—g-methyl-g—galac:itol
by gas-liquid chromatography of the methanolysis products—from the
methylated oligosaccharide glycitol, are consistent with the following

structure for the oligosaccharide.

Oligosaccharide 3. O-(D-galactopyranosyluronic acid)-(1l-2)-0-(L~rhamno-

pyranosyl )-(1-4)-D-galactose.

Oligosaccharide 4 was found to contain galacturonic acid and rhamnose
with galacturonic acid zs reducing unit by hydrolysis, glycitol formation
followed by hydrolysis, and methyl ester methyl glycosides formation
followed by reduction and hydrolysis. Colorimetric estimations of the
relative amounts of each sugar residue both in the oligosaccharide and
the oligosaccharide glycitol showed that the oligosaccharide was a
trisaccharide containing galacturonic acid and rhamnose in the proportions
of 2:1. Mild acidic hydrolysis of the oligosaccharide gave 2-O-(xX-D-
galactopyranosyluronic acid)-L~rhamnose and galacturonic acid while

mild acidic hydrolysis of the oligosaccharide glycitol gave the above
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named disaccharide only. 2-0-{(X=D=Gelactopyranosyluronic acid )-L-rhamnose
was also obtained by lime water d;gradation of the oligosaccharige. Thus,
the disaccharide 2-0-(x-D=-galactopyranosyluronic acid )~l~rhamnose formed
part of the oligosaccharide and also the reducing galac:uronic acid wnit
was substituted at C( 3) or C( 4)* The oligosaccharide and the oligo-
saccharide glycitol were converted to the corresponding neutral oligo-
saccharides, as described for oligosaccharide 5, and methylated. The
methyl glycosides of 2,3,4,6~tetra~O-methyl-D-galactose, 2,3,6~tri-O-
methyl-D-galactose and 3,4—di—g-methy1-l._r-rha;nose were identified by
gas-liq:id chromatography of the meth.an:lysis products from the methylated
neutral oligosaccharide. The methyl glycosides of 2,3,4,6-tetra-O-
methyl-D-galactose and 3,4-di-O-methyl-L-rhamnose together with 1,2,3,5,6~
penta.—p_:methyl—@_—galactitol and also sm;n amounts of the methyl glycosides
of 2,3,6—tri—_q_-;ethyl-.p_-galactose, assumed to arise from incomplete
methylation of galacto;e residues, were identified by gas-liquid chroma-
tography of the methanolysis products from the methylated neutral
oligosaccharide glycitol. These results are consistent with the following

structure for the oligosaccharide.

Oligosaccharide 4. O-(D-galactopyranosyluronic acid)-(1-2)-0- (L~

rhammopyranosyl )-(1-4 )-D-galacturonic acid.
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Oligosaccharide 6, which was contaminated by smell amounts of
oligosaccharide 5, was found to be a disaccharide containing glucuronic
acid and galacturonic acid with the latter as reducing unit by hydrolysis,
glycitol formation followed by hydrolysis, and methyl ester methyl
glycosides formation followed by reduction and hydrolysis. The oligo-
saccharide was converted to the corresponding neutral oligosaccharide, as
described for oligosaccharide 5, and methylated. The methyl glycosides
of 2,3,4,6-tetra-0-methyl-D-glucose, 2444 6~tri~0-methyl-D-galactose, and
3y4-di~-0-methyl-L-rhamnose (traces) were identified by g;s—liquid chroma~—
tography of the methanolysis products. The oligosaccharide thus has the
following structure, and was assumed to arise from further hydrolytic
cleavage of the oligosaccharide O-(D-glucopyranosyluronic acid)-(1-3)-

0~ (D-galactopyranosyluronic acid)-(1-2)-L-rhamnose.

Oligosaccharide 6. 3-0-(D-glucopyranosyluronic acid )=-D-galacturonic acid.

Thus, Sterculis urens gum is similar to S. caudata, S. setigera and
C. gossypium gums in that the oligosaccharides 4-0~(D-galactopyranosyluronic
acid )-D-galactose and 3-0~(D-glucopyranosyluronic acid)-g-galacturonic

acid are obtained as partial hydrolysis products in addition to the

oligosaccharides 2-0-(x=D-galactopyranosyluronic acid)-L-rhamnose and
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O-(D-glucopyranosyluronic acid)-(1-3 )—_Q— (D-galactopyranosyluronic acid)-
(1-2)-L-rhemnose. Further, the isolatioﬁ? in this case, of 4-0-(D-
galactopyranosyluronic acid)-D-galactose indicates without doubt :ge
occurrence in S. urens gum of-;egions containing contiguous galact-
uronic acid and galactose residues. However, in contrast to S. setigera
and S. caudata gums, no evidence was obtained for the presence of

0~ (D~-galactopyranosyluronic acid )=(1-4 )--_Q— (D~galactopyranosyluronic acid)-
{lgga—grrhamnose a8 a partial hydrolysis pggéuct from S. urens gum. The
struct;;al significance of these partial hydrolysis products, including
the oligosaccherides O-(D-galactopyranosyluronic acid)-(1=-2)=0-(L~-
rhamnopyranosyl )-(1-4 )—_I;galactcse and 0-(D-galactopyranosyluronic acid )=
(1-2)-0- &-rhamnopyrano;yl )=(1-4 )-D-galacturonic acid, from S. urens gum

is discussed later.
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Partial acetolysis.

Acetolysis of Sterculia urens gum acetate gave a mixture of neutral

sugar acetates and acidic mono- and oligosaccharide acetates which, after
deacetylation, were partially fractionated by DEAE-Sephadex chromatography.
Paper chromatography of the resulting oligosaccharide mixtures showed the
presence of components chromatographically identical to the partial
hydrolysis products galacturonic acid, 2-0-(x{~D-galactopyranosyluronic

acid )-L-rhamnose and &Q—@-galactopyranosylur:nic acid)-D-galactose. In
addition, a further oligosaccharide, not detected 28 a pa:tia.l hydrolysis
product, was found to be present and was isolated after further fractionation
by filter sheet chromatography.

This oligosaccharide, oligosaccharide 21, was found to contain galact-
uronic acid and galactose in the approximete proportions of 1:2 with
galactose as reducing unit by hydrolysis, glycitol formation followed by
hydrolysis, and methyl ester methyl glycosides formation followed by
reduction and hydrolysis. Partial acidic hydrolysis of the oligosaccharide
gave 4-0-(D-galactopyranosyluronic acid )-D-galactose which was not
detected a: a pertial hydrolysis product ;rom the oligosaccharide glycitol,
showing that this disaccharide formed part of the oligosaccharide and
also that the galacturonic acid unit in the oligosaccharide was attached
to the reducing galactose wnit. Gas-liquid chromatography of the
methanolysis products from the methylated oligosaccharide showed the
presence of the methyl glycosides of 2,3,4,6-tetra-O-methyl-D-galactose,
243, 6-tri-O-methyl-D-galactose and 3,4-di-O-methyl-D-galacturonic acid.
These results are c:nsistent with the following structure for the

oligosaccharide.
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Oligosaccharide 21. O-(D-galactopyranosyl)-(1-2)-0-(D-galactopyrenosyl-

uronic acid)-(1-4)-D-galactose.
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NMR spectroscopy of acidic oligosaccharides.

The nuclear magnetic resonance spectra of the acidic oligosaccharides
2-0~(*-D~-galactopyranosyluronic acid )=L-rhamnose, 4~0-(D-galactopyranosyl—
uronic acid)-D-galactose, and O~ @-glu-c-:olayranosylumnic—acid )=-(1-3 )=0~ (D~
galactopyranogyluronic acid)—(l-Z;;grrhamnose were examined, using deut;;iUm
oxide as solvent, in order to deter;ine the configurations of the glycosidic
linkages in the oligosaccharides (72). No clear resolution of proton sigmls
could be obtained (see Spectra 1,3,5). The spectra of the glycitols of
these oligosaccharides were also examined. The spectrum of 2-0-(X~D-
galactopyranosyluronic acid)~L-rhamitol (Spectrum 2) shows a doub1;¥ at
4.77T, corresponding to the aﬁzgeric proton of the glycosidic linkage. The
coupling constant of 2.8 c.p.s. is consistent with the anomeric proton
having an equatorial conformation and confirms that the glycosidic linkage
in the glycitol, and hence in the oligosaccharide itself, has the -
configuration. The spectrum of 4~0-(D-galactopyranosyluronic acid)-D-
galactitol (Spectrum 4) shows a doub1;; at 4.8T, corresponding to tﬁg
anomeric proton of the glycosidic linkage. The coupling constent of
3+4 cep.8. is cdnsistent with the anomeric proton having an equatorial
conformation and shows that the glycosidic linkage in the glycitol,
and hence in the oligosaccharide itself, has the X~-configuration. No

clear resolution of anomeric proton signals was obtained in the spectrum

of the trisaccharide glycitol (Spectrum 6.
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Oxidative degradations of 2-O-(X-D-galactopyranosyluronic acid)-L-rhamnose.

(a) using lead tetraacetate

(b) using sodium periodate

A reducing disaccharide containing gelactose as non-reducing wnit
may be degraded to the correspondingo(- orp- anomer of 2-0-D-galacto-
pyranosyl-glycerol by sequential lead tetrazacetate ox:'.dation-and boro-
hydride reduction, using the procedure of Charlson, Gorin and Perlin (67).
The anomeric galactopyranosyl-glycerols, which are crystalline compounds,
may be distinguished by their physical properties or by crystalline
derivative formation, and hence the configuration of the glycosidic
linkage in the parent disaccharide may be determined. In the case of
disaccharides containing galacturonic acid as non-reducing wnit, an extra
stage in the reaction sequence is required for reduction of the galact~
uronic acid residue to galactose.

(a) 2-0-(x~~D-Galactopyranosyluronic acid)-L-rhamnose was converted
to the corres;_:ond;ng glycitol by reduction with ;orohydride, and the
acidic glycitol wes esterified with methanolic hydrogen chloride under
mild conditions to minimise cleavage of the glycosidic linkage. The
ester was oxidised with lead tetraacetate to give a glyceraldehyde
derivative which was subsequently converted, by simultaneous borohydride
reduction of the glyceraldehyde portion of the molecule to glycerol and
the esterified galacturonic acid residue to galactose, to the corresponding
anomer of 2-0-D-galactopyranosyl-glycerol. The reaction sequence is

shown in Fig. 15. Crystalline 2~-0-D-galactopyranosyl-glycerol could not
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be isolated from the final reaction mixture. However, the presence of
2-0=x=D-galactopyranosyl-glycerol in the mixture was established by tri-
methylsilylation of the mixture and examination of the trimethylsilyl
ethers by gas-liquid chromatography. A component with retention time
corresponding to that of the trimethylsilyl ether of 2-0-~D-galacto-
pyranosyl-glycerol and distinct from that of the trimethyla-':ljlyl ether of
2-0~3~D-galactopyranosyl-glycerol was detectede The glycosidic linkage
in the_disaccharide thus has thec(-configuration.

(b) In the above sequence of reactions, lead tetraacetate was
used as a selective oxidant to effect glycol-cleavage only of the
glycitol portion of the disaccharide glycitol methyl ester. Preliminary
experiments on model compounds showed that sodium periodate, in low
concentrations, could be used to obtain the same selectivity in oxidation
as lead tetraacetate, in accordance with the investigations of Clancy
and Whelan (73), and 2—2—}3—-2—3‘&13.ctoPyranosyl-glycerol was obtained as
a crystalline product after—aequential periodate oxidation and boro-
hydride reduction of 2-0-3-D-galactopyranosyl-D-erythritol. 2-0- (X -D~
Galactopyranosylurconic e.cid.-;-_]_b_—rhamnose was degraded by a similar
procedure to that described :.-r: (2) above, using sodium periodate instead
of lead tetraacetate as oxidant. Crystalline 2-0O-D-galactopyranosyl-
glycerol was not obtained, but acetylation of the final reaction mixture
followed by separation of the products by thin-layer chromatography
gave crystalline 2-0-%-D-galactopyranosyl-glycerol hexaacetate. Isolation
of this crystalline d.er-'::vative confirms that the glycosidic linkage in

the disaccharide has theX -—configuration.
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On the assumption that 2-0-(X-D-galactopyranosyluronic acid)-L-

rhamnose is formed as a hydrolysis ;roduc‘t, the g-galactopyranosylzronic
acid residues in oligosaccharides 3, _(_\—@-galac’c:pyranosyluronic acid)=-
(1-2)-0~(L~rhamnopyranosyl )-(1-4 )—‘I_)_—gala;to se, 4, O-(D-galactopyranosyl-
uronic acid)-(l-z)-g-@-rhamnopyra;osyl )—(1—4)—1)_—ga1a:turonic acid, and
5y O-(D-glucopyranosyluronic acid)—(1—-3)-Q—(Q—g;-lactopyranosylumnic acid)-
(1-2)=L~rhamnose, obtained from partial hydr:}.ysia, may be assigned the
o/ —configurations. TFurther, on the basis of the specific rotation ([”x JD+

+81° ) of oligosaccharide 5, the D-glucopyranosyluronic acid residue may be
essigned the 3-configuration. gince oligosaccharide 6, 3~0-(D-gluco-
pyranosyluronic acid)-D-galacturonic acid, is assumed to aris: from
further hydrolytic cle;.-vage of oligosaccharide 5, the glycosidic linkage

in this oligosaccharide may also be assigned the ’B—configuration.
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Preparation and methylation of carboxyl-reduced gum.

Carboxyl-reduced Sterculia urens gum was prepared by acetylation

of the 2-hydroxyethyl ester of the gum followed by reduction with lithium
borohydride in boiling tetrahydrofuran (69). The carboxyl-reduced gum,
EXEJ 580, had uronic acid anhydride content of 0.0%’ estimated by the
carbazole reagent (64) and also by the decarboxylation method (63), and
glucose, gelactose and rhammose but no uronic acids were detected by
paper chromatography of the hydrolysate.

In order to establish that there was no significant difference
between the parent gum acid and the carboxyl-reduced gum, other than
replacement of hexuronic acid residues by the corresponding neutral sugars,
the carboxyl-reduced gum was methylated, using sodium hydride and methyl
iodide, by the procedure of Sandford and Conrad (70). Gas-liquid chroma-
tography of the methanolysis products from the methylated polysaccharide

showed the presence of the methyl glycosides of the following sugars.

24394, 6-tetra-0-methyl-D-galactose A, C

24 3y6~tri-O-methyl-D-galactose A, C
2,6—di—grmethy1—27g;iactoae c
3,6—di—§bmethy1€£;galactose c
2,3,4-trifgrmeth;i—lrrhamnose A
3, 4-d.i—_(_)_—methy1—;_.._—r;amnose A
3~0-methyl-L-rhamnose A
2,3,4,6—te£;;<grmsthy1-@fgiucose c

The methylated sugars A were detected as methanolysis products from

the methylated gum acid (35). The methylated sugars C arise from carboxyl-
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reduction and subsequent methylation of hexuronic acid residues which were

found to be present in the gum acid (35).
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Smith degradation of carboxyl-reduced gum.

Carboxyl-reduced Sterculia urens gum was oxidised with aqueous sodium

periodate solution until the uptake of oxidant was constant. The poly-
aldehyde obtained was reduced with potassium borohydride and the resulting
polyalcohol wes hydrolysed with dilute sulphuric acid under conditions
designed to minimise cleavage of glycosidic linkages. This reaction
sequence of periodate oxidation, borohydride reduction and mild acidic
hydrolysis applied to polysaccherides is referred to as Smith degradation
(23), and gave, in this case, a degraded polysaccharide, referred to as

polysaccharide A, together with a mixture of low molecular weight products.

Investigation of the low molecular weight products.

Paper chromatographic examination of the low molecular weight products
showed the presence of components with chromatographic mobilities identical
to those of glycerol, threitol, glycolic aldehyde and galactose together
with a2 reducing sugar with similar chromatographic mobility to that of
2-0-2~D-galactopyranosyl-L-glyceraldehyde, prepared from 2-0-A-D-galacto-
pyrano;yl-g-erythritol by—ox:i.dation with a dilute solution of s:diwn
periodate.- The products with the chromatographic mobilities of galactose
and 2—9_—;’5—_]2—galactopyranoayl-_l;glyceraldehyde disappeared after boro-
hydride re;uction and were re;-laced by products with the chromatographic
mobilities of galactitol and 2-O-x~D-galactopyranosyl-glycerol. A partial
fractionation of the low molecular ;eigh't products was accomplished on
Dowex resin (53), and further fractionation by filter sheet chromatography

gave components A - G.

Component A, which contained traces of impurities, gave en hydrolysis
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galactose and threitol in the approximate proportions of 2:1. Gas-liquid
chromatographic examination of the methanolysis products from the methyl-
ated oligosaccharide showed the presence of the methyl glycosides of

2y 3y4,6-tetra-O-methyl-D~galactose and 2,3, 6~tri-O-methyl-D-galactose,
together with 1,3,4~tri-O-methyl-D-threitol. A probable s:ructure for

the oligosaccharide is shown below.

CHOH CHOH

CHOH
——OH
CHOH

Component A. O-D-galactopyranosyl-(l-4)-0-o~D-galactopyranosyl- (1-2)-

D-threitol.

Component B was chromatographically pure and gave on hydrolysis
galactose and threitol in the approximate proportions of 1l:1l. Gas-liquid
chromatographic examination of the methanolysis products from the
methylated oligosaccharide showed the presence of the methyl glycoside of
2,3,4,6-tetra~0-methyl-D-galactose and also 1,3,4-tri-O-methyl-D-threitol.
The uptake of 2.8 moles_of periodate with the release of 0.9 moIes of
formaldehyde per mole of oligosaccharide is consistent with the structure
shown below. The glycosidic linkage was assigned theX -configuration

on the basis of the specific rotation ( Ex’]pq- 122°) of the oligosaccharide.
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CHOH

—1—OH
CHOH

Component B. 2~0~ol-D-galactopyranosyl-D-threitol.

Component D was chromatographically similar to 2-0-p~D-galacto-
pyranosyl-l—glyceraldehyde. The oligosaccharide was reduc.e-d with
borohydride and the product, [qu + 1480, which was chrometographically
identical to 2-O-o=-D~galactopyranosyl-glycerol, gave on hydrolysis
galactose and glycerol in the approximate proportions of 1:1. The

structure of the oligosaccharide is shown below.

CHOM

a /‘O\
T\OH | GHOH

\

(J)H HO

Component D. 2-0-~D-galactopyranosyl-D-glyceraldehyde.

Component C was characterised as gelactose by conversion into
crystalline galactitol hexaacetate. Components E, F and G were
characterised as erythritol (present in trace amounts), glycerol and

D-threitol respectively by paper chromatography and gas-liquid chromatogrephy



of the derived acetates.

Investigation of polysaccharide A.

Polysaccharide A, Eﬂja + 920, which was found to be composed solely
of galactose and rhammose residues in the approximate proportions of
1:1, was methylated by the sodium hydride procedure (70). The methyl
glycosides of 2,3,4,6-tetra~0-methyl-D-galactose, 2,3,6~tri-O-methyl-
D-galactose, 3,4—difgrmethy11&-rhamno;; and 3-O-methyl-L~-rhamnose were
;gentifiad by gas-liquid chr;;;tography of the methanoi;gis products
from the methylated polysaccharide. 3-0-Methyl-L-rhamnose was present
only in small amounts and was assumed to arise f;;m incomplete methylation
of L-rhamnose residues. Acetolysis of polysaccharide A gave a mixture
of ;;utral mono- and oligosaccharide acetates which, after deacetylation,
were fractionated on charcoal: celite by elution with water containing

increasing concenirations of ethanol. Further fractionation by filter

sheet chromatography gave oligosaccharides T - 1Z2.

Oligosaccharide 7 was obtained in admixture with oligosaccharide 8.
These oligosaccharides were assigned the structures shown below on the
basis of the following observations. Hydrolysis of the mixture gave
galactose, rhamnose and threitol while hydrolysis of the glycitol gave
galactose, rhamnose, threitol and galactitol. Gas-liquid chromatography
of the methanolysis products from the methylated mixture showed the
presence of the methyl glycosides of 2,3,4,6-tetra-0-methyl-D-galactose,
2,3,6-tri-0-methyl-D~galactose and 2,3,4-tri-O-methyl-L-rhammose together

with 1,3,4~tri-O-methyl-D-threitol, and gas-liquid chromatography of the
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methanolysis products from the methylated glycitol of the mixture showed
the presence of the methyl glycosides of 243,4,6~tetra~0-methyl-D~
galactose and 2,3,4-tri~0-methyl-L-rhamnose together with 1,3,4—;1-1—9-

methyl-D~-threitol and 1,2,3,5,6-penta~0-methyl-D-galactitol.

Oligosaccharide J. 4~O-L-rhamopyranosyl-D-galactose.

HOH

Oligosaccharide 8. 2-0-D-galactopyranosyl-D-threitol.

Oligosaccharide 9 was found to be a disaccharide containing galactose
and rhamnose with the latter as reducing unit by hydrolysis and glycitol
formation followed by hydrolysis. Gas-liquid chromatography of the
methanolysis products from the methylated oligosaccharide showed the
presence of the methyl glycosides of 2,3,4,6~tetra~O-methyl-D-galactose
and 3,4-di-O-methyl-L-rhemose while gas-liquid chromatography of the

methanolysis products from the methylated oligosaccharide glycitol showed
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the presence of the methyl glycoside of 2,3,4,6-tetra-O-methyl-D-galactose
together with 1,3,4,5-tetra~O-methyl-L-rhamnitol. The oligosac:haride
thus has the structure shown below. The glycosidic linkage was assigned
the K ~configuration on the basis of the specific rotation ( ll}{'r:"' 105°)

of the oligosaccharide.

CHOH  HO,
HO

\OH

H

Oligosacchaeride 9. 2-0—-D-galactopyranosyl-L-rhamnose.

Oligosaccharide 10 was found to contein galactose and rhamnose with
galactose as reducing unit by hydrolysis and glycitol formetion followed
by hydrolysis. Colorimetric estimaetions of the relative amounts of
each sugar residue both in the oligosaccharide and the oligosaccharide
glycitol showed that the oligosaccharicde was a trisaccharide containing
galactose and rhamnose in the proportions of 2:1. Lime-water degradation
of the oligosaccharide gave 2-0-{~D-galactopyranosyl-L-rhamnose showing
that this disaccharide formed part_of the oligosaccha;ide and elso that
the reducing gelactose unit was substituted at 0(3 ) or C( 4)° Gas~liquid
chrometography of the methanolysis products from the methylated oligo-
saccharide showed the presence of the methyl glycosides of 2,3,4,6-tetra-
O-methyl-D-galactose, 2,3,6~tri-O-methyl-D-galactose and 3y4-di-O-methyl-

L-rhamnose while gas~liquid chrometography of the methanolysis products
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from the methylated oligosaccharide glycitol showed the presence of the
methyl glycosides of 2, 3y4,6-tetra~-O-methyl-D-galactose and 3,4~di~-0-
methyl-L-rhamnose together with 1,2,3,5,6-pe;ta~g-methy1-2_—galactitol.
The oligosaccharide thus has the structure shown below. ;he galactosidic
linkage was assigned the A-configuration on the assumption that 2-0-x-D-
galactopyranosyl-L-rhamnose is obtained from the oligosaccharide as a -
hydrolysis product. In subsequent oligosaccharides, the galactosidic
linkage in the sequence ... O-D-galactopyranosyl-(1-2)-L-rhemnose ...

was assigned the-configuration on the same assumption.

CHOH

@)

OH

Oligosaccharide 10, O-o=D-galactopyranosyl—(l-2)-0-L-rhamnopyranosyl-

(1~4)-D~galactose.

Oligosaccharide 11 was found to contain galactose and rhamnose
with rhamnose as reducing unit by hydrolysis and glycitol formation
followed by hydrolysis. Colorimetric estimations of the relative amounts
of each sugar residue both in the oligosaccharide and the oligosaccharide
glycitol showed that the oligosaccharide was a tetrasaccharide containing
galactose and rhamnose in the proportions of 2:2. Gas-liquid chromatography
of the methanolysis products from the methylated oligosaccharide showed

the presence of the methyl glycosides of 2,3,4,6-tetra-0-methyl-D-galactose,
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2 3,6—tr1~0—methyl—D—galactose and 3, 4—d1—0—methy1—L-rhamnoae while gas-
liquid chromatography of the methanolysis products from the methylated
oligosaccharide glycitol showed the presence of the methyl glycosides of
2344, 6-tetra~O-methyl-D-galactose, 2,3, 6=tri-O-methyl-D-galactose and
334~di~-O-methyl-I~rhamnose together with 1,3,4, }tetra—é—methyl—p_—rhmnnitol.
Mild acidic hydrolysis of the oligosaccharide glycitol gave, amo;g other
products, 2-0-o~D-galactopyranosyl-L-rhamnose, 4~0-L-rhamnopyranosyl-D-
galactose, 2—9-&3{-_]_)_-ga1actopyranosyl:-—g-rhamnit ol, an_d. g-qﬁ_]g-galactopyr;nosyl-
(1-2)—gy@rr%amnopyranosyl-(1-4)—;bgm;;ctose, showing that—¥he oligosaccharide

was composed of alternating galactose and rhamnose residues as shown below.

H
Oligosaccharide 1l. O-x~D-galactopyranosyl—(l-2)-0-L-rhamnopyranosyl-

(1-4 )-0—x~D-galactopyranosyl-(1-2 )-L-rhamnose.
Oligosaccharide 12 was fou;d to contain galactose a;d rhamnose with
galactose as reducing unit by hydrolysis and glycitol formation followed
by hydrolysis. Colorimetric estimations of the relative amounts of each
sugar residue both in the oligosaccharide and the oligosaccharide glycitol
showed that the oligosaccharide was a pentasaccharide containing galactose
and rhamnose in the proportions of 3:2. Lime-water degradation of the

oligosaccheride gave O-(- D—galactopyra nos_,rl-—(1—2)-0—L—rhanmopyranosy1—
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(1-4 )-C~x~D-galactopyranosyl-(1-2)-L-rhamnose showing that this tetra-
saccheride formed part of the oligo;accharide and alse that the reducing
galactose unit was substituted at 0(3 ) or C( 4)* Gas-liquid chrometography
of the methanolysis products from the methylated oligosaccharide showed

the presence of the methyl glycosides of 2,3,4,6-tetra~0-methyl-D-galactose,
24 3,6~tri~O-methyl-D-gelactose and 3,4-di-0-methyl-L-rhamnose whzle gas—
liquid chromatography of the methanolysis products -f-rom the methylated
oligosaccharide glycitol showed the presence of the methyl glycosides of
2,3,4,6-tetra~O-methyl-D-galactose, 2,3,6-tri~O-methyl-D-galactose and
3y4~di~0-methyl-L~rhamnose together with 1,2,3,5,6—pent;—g-methyl—_]_)_—

galactitol. The oligosaccharide thus has the structure shown below.
HOMH
x.

Oligoseccharide 12. 0O-X~D-galactopyranosyl—(1-2)-0-L-rhamnopyranosyl-
(1~-4 )-0~x~D-galactopyranosyl=(1=2)=-0-L-rhamnopyranosyl-

(1=4 )-D-galactose.

Methylation studies on Sterculia urens gum (35) showed that D-
galactose residues were present in the gum essentially as non-reducing end
groups and 1-4' linked chain units, and hence no galactose residues resistant
to periodate oxidation are present in the gum. This is confirmed by the

fact that hydrolysis of the polyalcohol obtained by subsequent periodate
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oxidation and borohydride reduction of gum acid, which had been completely
deacetylated by successive {treatments with ammonia and sodium hydroxide,
gave only trace amounts of galactose in addition to rhamnose and galact-
uronic acid. Thus, in the carboxyl-reduced gum, galactose residues
resistant Yo periodate oxidation must originally have been present in the
gun acid as galacturonic acid residues. Therefore, when considering the
products from Smith degradation of the carboxyl-reduced gum, it may be
assumed that the galactose residues in the oligosaccharides 7 - 12, obtained
from polysaccharide A, and also in the low molecular weight products
A, B and D were originally present as galacturonic acid residues in the
gum acid.

Identification of 2,3,4,6~tetra-0-methyl-D-galactose, 2,3,6-tri-0-
methyl-D-galactose and 3,4—di-g-methy1-g-rhanm:se as methanolysis products
from me:hylated. polysaccharide A shows :c-hat the degraded polymer obtained
by Smith degradation of carboxyl-reduced S. urens gum is composed of
linear chains of 1-4' linked D-galactose residues and 1-2' linked L~
rhamnose residues terminated ;y D-galactose residues. Also, isola-’:ion
of oligosaccharides T and 9 = 12~from polysaccharide A shows that, in
this degraded polymer, the galactose and rhamnose residues alternate.
Hence, the parent gum acid must contain large regions of alternating
1-4*' linked D-galacturonic acid residues and 1-2' linked L-rhamnose
residues whi:h must be branched as shown in partisl structure (XX) in
order to be resistant to periodate oxidation and also to accommodate the
known structural wnits present in the gum (Fig. T). Partial hydrolysis
products 2-0-(X-D-galactopyranosyluronic acid)-L-rhamnose and O-(X-D-

galactopyranosyluronic acid)-(1-2)=-0-(L-rhamopyranosyl )-(1-4 )-D-
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galacturonic acid undoubtedly arise from these regions of the gum.

! |

| |
(3) 4 (3) 4
ese 4X=D-GalpA 12 L-Rhap 1—>4~x=D-GalpA 1 52 L-Rhap 1 ...
= (|2) - N ($) -
(XX)

|
voo 40(—2—&&%5_1& 1—+2 I-Rhap 1 ...
= ($) =
(XXI)

The oligosaccharide 2-0-X-D-galactopyranosyl-D-glyceraldehyde can
only have arisen from oxidation—of an L-rhamnose r;sidue attached through
0(2) to a branched %—galactwonic acid_residue and may be accommodated
in partial structure (XXI).

Although there is no direct evidence that the D-threitol residue
in the oligosaccharide 2-_Q-O<—_]g-galactopyranosyl—l)_—t;reit01 arose from
oxidation of & 1-4' linked g-g-alactose wnit as o;posed to a2 1-4' linked
D-galacturonic acid unit wh:ch are also present in the gum, albeit in
-s-mall amounts, it is likely that this oligosaccharide was derived from
the same regions of the gum that gave rise to the oligosaccharide

4~0- K =D-galactopyranosyluronic acid)-D-galactose.
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Partial acetolysis of carboxyl-reduced gum.

Acetolysis of carboxyl-reduced Sterculia urens gum gave a mixture

of neutral mono- and oligosaccharide acetates which, after deacetylation,
were fractionated on charcoal:celite by elution with water containing
increasing concentrations of ethanol. Further fractionation by filter
sheet chromatography gave oligosaccharides 13-20.

Oligosaccharides 13, 16 and 18 were found to be respectively identical
to oligosaccharides T, 4-O-L-rhamnopyranosyl-D-galactose, 9, 2-0-X-D-
galactopyranosyl—g—rhamnose: and 10, ‘g-o{-g-ga;actopyranosyl-(1—2)—_9_:_1:_r-
rhamnopyranosyl-(1-4)-D-galactose, and we;e characterised by the sam_e.
ezperimental procedure;.

Hydrolysis of oligosaccharide 14 gave galactose only while hydrolysis
of the derived glycitol gave both galactose and galactitol. Gas-liquid
chromatography of the methanolysis products from the methylated oligo-
saccharide showed the presence of the methyl glycosides of 2,3,4,6-tetra-
O-methyl-D-galactose and 2,3,6~tri-O-methyl-D-galactose while gas-liquid
chromatog;aphy of the methenolysis products -;rom the methylated oligo-
saccharide glycitol showed the presence of the methyl glycoside of
2,3, 4, 6~tetra-0-methyl-D-galactose together with 1,2,3,5,6-penta-O-methyl-

D-galactitol. The oligosaccharide thus has the following structure.

Oligosaccharide 14. 4~-0-D-galactopyranosyl-D-galactose.
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Hydrolysis of oligosaccharide 15 gave galactose only while hydrolysis
of the glycitol gave both galactose and galactitol. The oligosaccharide
geve a negative reaction towards triphenyltetrazolium chloride indicating
that the reducing galactose residue was substituted at the 0(2) position.
Gaes-liquid chromatography of the methanolysis products from the methylated
oligosaccharide showed the presence of the methyl glycosides of 2,3,4,6-
tetra-O-methyl-D-galactose and 3,4,6-tri-O-methyl-D-galactose while gas—
liquid chromatography of the methanolysis producté-}rom the methylated
oligosaccharide glycitol showed the presence of the methyl glycoside
of 2,3,4,6-tetra~0-methyl-D-galactose together with an unknown sugar,
assumed to be 1,3,4,5,6-penta-O-methyl-D-galactitol. The oligosaccharide

thus has the following structure.

Oligosaccharide 15, 2-0-D-galactopyranosyl-D-galactose.

Hydrolysis of oligosaccharide 17 gave galactose only while hydrolysis
of the derived glycitol gave both galactose and galactitol. Colorimetric
estimations of total sugar in the oligosaccharide before and after glycitol
formation showed that the oligosaccharide was a trisaccheride. Lime-water
degradation of the oligosaccharide gave 2-0~-D-galactopyranosyl-D-galactose,

showing that this disaccharide formed part of the oligosaccharide and
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also that the reducing galactose unit was substituted at 0(3) or 0(4).
Gas~liquid chrometography of the methanolysis products from the methylated
oligosaccharide showed the presence of the methyl glycosides of 2,3,4,6-
tetra~O-methyl-D-gelactose, 3,4,6~tri-O-methyl-D-galactose and 2,3,6-tri-
Q—methyl—_@-galactose while gas-liquid chromatog;aphy of the methanolysis
products from the methylated oligosaccharide glycitol showed the presence
of the methyl glycosides of 2,3,4,6-tetra~0-methyl-I-galactose and
3,4,6-tri-g—methyl—2-galactose together with 1,2,3,;, 6-penta-0-methyl-D-

gelactitol. The oligosaccharide thus has the following structure.

CHOH jﬂgﬁ

CHOH  H

. NoH /
. A A :
\ETi {\ H
H

Oligosaccharide 17. O-D-galactopyranosyl-(1-2)-0-D-galactopyranosyl-

H

(1-4)-D-galactose.

Oligosaccharide 19 was found to contain galactose and rhamnose with
rhamnose as reducing unit by hydrolysis and glycitol formation followed
by hydrolysis. Colorimetric estimations of the relative amounts of
each sugar residue both in the oligosaccharide and the oligosaccharide
glycitol showed that the oligosaccharide was a trisaccharide containing
galactose and rhamnose in the proportions of 1:2. Gas-ligquid chroma-
tography of the methanolysis products from the methylated oligosaccharide

showed the presence of the methyl glycosides of 2,3,4-tri~O-methyl-L~—
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rhemnose, 3,4-di-O-methyl-L-rhamnose and 2,3,6~tri-O-methyl-D-galactose
while gas-liquid chromatography of the methanolysis product;—from the
methylated oligosaccharide glycitol showed the presence of the methyl
glycosides of 2,3,4-tri-O-methyl-L-rhemnose and 293,6~tri~-O-methyl-D-
galactose together with 1,3,4,5—t;¥ra1g-methyl-grrhamnitol. The olzéo-

saccharide thus has the following structure.

Oligosaccharide 19,  O-L-rhamnopyranosyl-(1-4)-0-«~D-galactopyranosyl-

(1-2)-L-rhemnose.

Oligosaccharide 20 was found to contain galactose and rhamnose with
galactose as reducing unit by hydrolysis and glycitol formation followed
by hydrolysis. Colorimetric estimations of the relative amounts of each
sugar residue both in the oligosaccharide and the oligosaccharide glycitol
showed that the oligosaccharide was & tetrasaccharide containing galactose
and rhamnose in the proportions of 2:2. Lime~water degradation of the
oligosaccharide gave O-L-rhammopyranogyl=-(1l-4)-0-o-D-gelactopyranosyl-
(1-2 )-L~rhamnose, showi;é that this trisaccharide f;;med part of the
oligos;;charide and also that the reducing galactose unit was substituted
at 0(3) or 0(4). Gas-liquid chrometography of the methanolysis products

from the methylated oligosaccharide showed the presence of the methyl
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glycosides of 2,3,4—tri—£bmethy1—;rrhamnose, 334-di=O-methyl-L~rhamnose
and 2,3,6—tri—§fﬂwthyl—;bgalactos;.while gas-liquid chromatog;;phy of
the methenolysis products from the methylated oligosaccharide glycitol
showed the presence of the methyl glycosides of 243,4-tri-0O-methyl~L~
rhamnose, 3,4-di-O0-methyl-L-rhamnose and 2,3,6—trirﬁ}ﬂmthyl-gbgalac;;se
together with 1,2,3,5,6-penta-0-methyl-D-galactitol. The olzgosaccharida

thus has the following structure.

CH

Oligosaccharide 20. O-L~rhamnopyrenosyl-(l-4)-0-o~D-galactopyranosyl-

(1~2)=-0-L-rhamnopyranosyl-(1-4)-D-galactose.

Oligosaccherides 13, 16 and 18 were zlso obtezined as acetolysis
products from polysaccharide A and hence must have arisen,to a large
extent, from the branched galacturonorhamnan core of the molecule.
Oligosaccharides 19 and 20 may also have arisen from the same regions
of the gum. However, since the oligosaccharides 19 and 20 were not
obtzined from polysaccharide A, they may originate from rhamnose-
terminated side-chains. There is no direct evidence that the D-galactose
residues in these two oligosaccherides were originally preaen£-as
D-galacturonic acid residues in the gum acid and, indeed, some may be

present in the gum acid also as D-galactose residues as is suggested from
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the partial hydrolysis product, O-(X-D-galactopyrancsyluronic acid)-
(1~2)-0~ (L~rhamnopyranosyl )~ (1-4 )-D-galactose. Since methylation of
the gum acid (35) showed that no E:Q_-substituted D-galactose residues
were present, the 2-O-substituted D-galactose ms:dues in oligosaccharides
15 and 17 must originally heave bee; present in the gum acid as 2-0-
substituted D-galacturonic acid residues. This is confirmed by isolation
of oligosaccharide 21, 0-(D-galactopyranosyl )-(1-2)-0-(D-galactopyrano-
syluronic acid)—(1—4)—2—-ga;actose, as a pertial acetoly;is product from
the gum acid. On the ;ssumption that oligosaccharide 14, 4-0-D-galacto-
pyranosyl-D—-galactose, arises from further hydrolytic cleavage—of
oligosacch;ride 17, the non-reducing D-galactose end group must originally
have been present in the gum acid zs _-I}-galacturonic acid and hence the
partial hydrolysis product, 4-0- (o(-g—;alactopyranosyltmonic acid )-D-
galactose, may be accommodated in p-a'.-rtial structure (XXII). On th;-
basis of the methylation results (35), galactose end groups and galactose
chain units are present in the gum acid in approximately equal amounts.
Galactose chzin units have already been encountered attached to galact-
uronic acid and rhamnose as in the oligosaccharides 4-0-(X-D-galacto-
pyranosyluronic acid)—_]_)_—galactose and g—(oi-y_—galactopyranos;luronic acid)-
(1-2)—_(_).—(1_:_—rhamnopyran:syl )-(1-4 )—Q—galacto;e, and so the galactose residue
attached T['.“o 0(2 ) of the galacturon;c acid residue in partizl sitructure

(XXII) is probably present in the gum as non-reducing end group.

e AX=D-GalpA 1—>4 D-Galp 1 ...
— 2 —

1

D-Galp

(XXII)
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Conclusions.

Methylation studies on Sterculia urens gum (35) showed that the

main structural units present in the gum are as follows (see also Fig. 7).
D-GpA 1..

D-GalpA l.o o4 D-GalpA l.o o4 D-GalpA l.. ..4 D-GalpA 1..
= = -2 = 3
l |

E"Gﬂlp_ l.. .-4 _Il"GﬁlE 1l.a

_I_l:"PLh&R i A -02_1_0"‘:&113‘21.. ee?l E—Rhap_ l..

4
|

In the light of the present investigations, it is now clear that
these structural units arise from two quite distinct regions in the gum,
one containing galacturonic acid and rhamnose residues (region A), and
the other containing galacturonic acid and galactose residues (region B).
Region A contains rhamnose residues both as branch points and chain units
as shown in partial structures (XX) and (XXI). The nature of the

substituent at C( of the rhamnose residues is unknown but this may be

4)
a single L-rhamnose umit which would account for the L-rhemnose end groups

in the gum, the location of which is, at present, unknown.
I I I I

(3) 4 (3)

- (?) - = (i?) e
| (XX)
(3)
cos 4X-D-GalpA 152 L-Rhap 1 ...

= (,2) -
(XXT)
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Partial structures (XX) and (XXI) indicate that the gelacturonic acid
residues in this region of the gum may be branched either at 0(2) or 0(3).
However, isolation of the partial hydrolysis product _Q-(fs__]g-glucopyranosyl—
uronic acid)-(1-3)-0-(x~D-galactopyranosyluronic acid)- (1—;)-Q—rhmmoae
both in the present inve;¥igations and in previous work (33) ;imost
certainly indicates that these galacturonic acid residues in fact carry
single unit %?glucuronic acid side chains attached at the 0(3) positione.
Thus, partial structures (XX) and (XXI) may be extended to give the partial
structures (XXIII) and (XXIV).

4 4
ees 40(-D-Galph 12 L-Rhap 1-+4 o-D-GalpA 1->2 L-Rhap 1 ...
D-CpA D-CpA
(XXIII)

LR ] 40(_2_GalRA 1'_}2 Lr-RhaB 1 LR N
— 3 —

D-Gph

(XXIV)

In contrast to the galacturonic acid residues in region A, the
galacturonic acid residues in region B are substituted at 0(2) by single
unit galactose side chains as shown in partial structure (XXI1).

LR ] 4“"2‘%12-&. 1—?4 _I_):—G-E.J.R 1 LE N
— 2 —

1

D-Galp

(XXII)
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Thus, this region of the gum also contains the galactose end groups
and the 1-4' linked galactose chain units in the gum, although some of
these latter units are encountered attached to rhamnose as in the
oligosaccharide O-X-D-galactopyranosyluronic acid)-(1-2)-0- (I-rhamno-
pyranosyl )-(1-4 )-—_Ig-ga;actose - -

Although the oligosaccharide O-(D-galactopyranosyluronic acid)-
(1~4 )-0~(D~galactopyranosyluronic acig)- (1-2)-L-rhamnose was partially
character;sed as a partial hydrolysis product —f-rom the periodate resistant
portion of S. urens gum in previous work (33), no direct evidence was
obtained for the presence of contiguous galacturonic acid residues in
S. urens gum in the present investigations. In this respect, S. urens
gun differs from the main polysaccharide components of the Khaya gums
which contain blocks of 1-4' linked D-galacturonic acid residues inter-
posed at intervals by L-rhamnose res;dues. Also, in the Khaya gums,

the D-glucuronic acid end groups are attached, not to D-galacturonic

acid residues as in S. urens gum, but to D-galactose residues.



EXPERIMENTAL
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EXPERTMENTAL

General methods.

Paper chromatography of sugers was cerried out on Whatman No. 1 paper and
Whatmen No. 4 paper. The following solvent systems were used to develop the

chromatograms.

A. ethyl acetate : pyridine : water (10:4:3).
B. ethyl acetate : acetic acid : formic acid : water (18:3:1:4).
C. ethyl acetate : acetic acid : formic acid : water (18:8:3:9).

D. ethyl acetate

(1]

pyridine : acetic acid : water (5:5:1:3).
E. butan-1-ol : pyridine : water (3:2:2).

F. ethyl acetate : pyridine : water (8:2:1).

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

H. butan-l-ol : ethanol : water (3:1:1).

I. butan-2-one : acetic acid : weter (9:1:1, saturated with boric acid).

After development for the required time, the chromatograms were air-dried

and sugears located by one of the following spray reagents.

(a) Aniline oxalate. Reducihg sugars were detected by spraying the dried

chromatograms with a saturated solution of aniline oxalate in methylated

spirits and heating at 120° - 130o for about 5 minutes.

(b) Silver nitrate (47) was used to detect non-reducing sugars and other

polyhydroxy compounds.

(¢c) Alkaline permanganate-periodate (48). Reducing and non-reducing

sugars were detected by spraying the dried chromatograms with alkaline

permanganate-periodate solution.

(d) Hydroxylamine-ferric chloride (49). Bsters were located by spraying the

dried chromatograms with alkaline hydroxylamine reagent.
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(e) Periodate-Schiff (50). Sugars containing glycol groups susceptible to

periodate oxidation were detected by spraying the dried chromatograms with

an aqueous solution of sodium periodate.

Paper ionophoresis (51) of oligosaccharides was carried out in borate buffer

at pH 10 on VWhatman No. 1 paper for 4-8 hrs. The dried ionophoretograms were
sprayed with the aniline oxalate reagent containing 10% v/v acetic acid, and

developed by heating at 120° - 130° for 5 minutes.

The values for RGal and RGalA refer to the rate of movement of sugars on
peper chromatograms relative to that of galactose and galacturonic acid
respectively.

The value for Mﬁal refers to the rate of movement of sugars on paper

ionophoretograms relative to that of galactose.

Preparative paper chromatographic separations were carried out on Whatman

3MM filter sheets which had been washed with water in a Soxhlet extractor

for 48 hrs.

Column chromatography.

(@) Diethylaminoethyl (DEAE) - Sephadex columns were used to fractionate

mixtures of acidic oligosaccharides. DEAE - Sephadex (A25) was allowed to
swell overnight in water and then washed three times alternately with 0.5 N
sodium hydroxide and 0.5 N hydrochloric acid before being generated in the
formate form by stirring ;;th 15% formic acid. The resin was packed in a

column and washed free from formic acid with water.

(b) Charcoal-Celite colums (52) were used to separate mixtures of

neutral oligosaccharides. Celite was allowed to stand overnight in concen-

trated hydrochloric acid, filtered, washed free from chloride with water
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and dried at 120 - 1300. Charcoal was washed six times with boiling water,
fines being decanted after each washing, and dried at 120 - 130°. The colum
was packed as a mixture of charcoal : celite (1:1) in 1% etheanol.

(c) Dowex columns (53) were used to fractionate mixtures of reducing
and non-reducing sugars. The resin (Dowex 50 W X 8, 200-400 mesh) was used

in the barium salt form.

Gag-liquid partition chromatography (GLC) of methyl ethers methyl glycosides

(54,55) was carried out on a2 "Pye Argon Chromatograph', using colums (120 X
0.5 cm.) containing the following stationary liquid phases supported on acid
washed Celite (80-100 mesh).
(a) 5% by weight of neopentylglycol adipate polyester.
(b) 10% by weight of buten-1l,4-diol succinate polyester.
(¢c) 15% by weight of polyethyleneglycol adipate polyester.
(4) 10% by weight of polyphenyl ether [m-bis-(m-phenoxyphenoxy)-benzene] .
Operating temperstures were (a) 150° (b) 1750 (ec) 175o (da) 200°.
The retention times (T) of the methyl ethers methyl glycosides are

quoted relative to methyl 2,3,4,6—tetra—grmethyl73ﬁgrglucopyranoside.

Acetates of glycerol, threitol and erythritol for GLC were prepared by heating

the suger (2 mg.) for 1+5 hrs. in a sealed tube at 100° with anhydrous sodium
acetete (2 mg.) and acetic anhydride (0°5 ml.). The solution was filtered,
shaken with water until homogeneous and concentrated to a syrup. Traces of
water were removed by several evaporetions with acetone and the acetates were
extracted with chloroform. Chromatography was carried out on a "Pye Argon
Chromatograph" using a column of 3% by weight of XE 60 on Gas Chrom P at

150°.
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Trimethylsilyl ethers of 2-O-D-galactopyranosyl-glycerols for GLC (56) were

prepared by dissolving the sugar (5-100 mg.) in anhydrous pyridine, and adding
Hexamethyldisilazane (0.2 ml.) and trimethyl chlorosilane (0Oel mle)e The
solution was sheken vigorously for 30 seconds and allowed to stand for 5
minutes or longer prior to chromatography, which was carried out on a "Pye

104 Chrometogreph" using a column of 10% by weight of ECNSS/m on Gas Chrom P

st 160°.

Small-scele techniques.

Hydrolyses. Samples (2 mg.) were hydrolysed in N-sulphuric acid
(0.5 ml.) in a sealed tube at 100° for periods varyiﬁg from 4 hrs. for neutral
oligosaccharides to 18 hrs. for acidic oligosaccharides. The solutions were
nevtralised with barium carbonate, treated with Amberlite IR 120 (H*) resin
and concentrzted to a syrup which was examined by paper chromatography.
Solvent system A was used for the detection of neutral sugars, solvent
system B for acidic mono- and oligosaccharides, and solvent system D for the
separation of glucuronic and galacturonic acids.

Partial hydrolyses of acidic oligosaccharides were carried out as above

for a pericd of 4 hrs.

Borohydride reductions. Sodium or potassium borohydride (10 mg.) was

2dded to the sugar (2 mg.) dissolved in weter (0.5 ml.) and the solution

wes allowed to stand overnight. Cations were removed by treatment with
Amberlite IR 120 (H*) resin end boric acid was removed by several evaporations
with methanol. Acidic oligosaccharides were converted to the sodium or
potassium salt prior to reduction.

Methanolysis (methyl glycoside and methyl ester methyl glycoside formation).

The sugar or polysaccharide derivative (2 mg.) was heeted with methanolic

4% hydrogen chloride (2 ml.) in e sealed tube at 100° for 4 hours. The
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solution wes neutralised with silver carbonate.

Removal of cations and anions present in small amounts was carried

out by treatment with Amberlite IR 120 (H+) and Amberlite IR 45 (OH-) resins.

Alkaline degradation of oligosaccharides. A sample (3 mg.) of the

oligosaccharide was dissolved in oxygen-free lime-water (1 ml.) for 10 days.
Calcium ions were removed with Amberlite IR 120 (H*) resin and the solution
was concentrated to a syrup which was exemined by chromatography in an
appropriate solvent.

Haworth methylations (57). The oligosaccharide (5 mg.) was dissolved

in water (2 ml.) and methyl sulphate (0.25 ml.) and 30% sodium hydroxide
(0.50 ml.) were added dropwise over a period of 1 hour, the reaction being
carried out under nitrogen at 0°. PFurther additions of methyl sulphate
(1 ml.) and 30% sodium hydroxide (2 ml.) were made on the 5 subsequent
days, each addition taking 4 hours.

24 Hours after the final addition, the reaction mixture was heated
at 100° for 1 hour to destroy excess methyl sulphate. The solution was
adjusted to pH 4 with dil. sulphuric acid and poured into ethanol (8 vols.).
The precipitated sodium sulphate was removed at the centrifuge and washed
thoroughly with ethanol (5 X 10 ml.). The supernatant and washings were
combined, the pH was adjusted to 8 and the solution was concentrated to a
small volume. The pH was adjusted to 4 and the solution was extracted with
chloroform. The chloroform extracts were combined, dried over anhydrous
sodium sulphate and evaporated to dryness.

Kuhn methylations (58). The oligosaccharide (0¢5 - 2 mg.) was

dissolved in N,N-dimethyl formamide (0+2 ml.) and shaken with methyl

jodide (0+4 ml.) and silver oxide (0+2 g.) at room temperature in
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the dark in a sealed tube for 48 hrs. The mixture was filtered and the residue
washed with chloroform. The combined filtrate and washings were concentrated
and N,N-dimethyl formamide removed by azeotropic distilletion with redistilled
toluene under reduced pressure.

Oligosaccharides with galactose present as non-reducing end group were
given a further trestment as above, using barium oxide (59) in place of
silver oxide, for a period of 18 hrs.

Methoxyl contents were estimated by the semi-micro Zeisel method (60).

Optical rotetions were observed at ca 20° in an appropriate solvent

using the sodium D-line as monochromatic light source.

Deuterations for nuclear magnetic resonance spectroscopy were effected

by freeze~drying the sample 3 times in deuterium oxide or by repeated
dissolution in and evaporation of deuterium oxide under reduced pressure.

i ; 0
Evaporations were carried out under reduced pressure at or below 40 .

Spectrophotometric determinations.

Total sugar content was determined by the phenol-sulphuric acid method (61).

Rhamnose wes estimeted by the L-cysteine hydrochloride reagent (62).

Uronic acid anhydride content was measured (a) by decarboxylation and

titrimetric estimation of the carbon dioxide evolved (63), (b) using the

carbazole reagent (64).

Sodium metaperiodate consumption was measured using the method of Aspinall

and Ferrier (65).

Formaldehyde release was estimated using the chromotropic acid reagent (66).

Oligosaccharide composition and degree of polymerisation were determined

by estimation of the relative amounts of constituent sugars present in the

oligosaccharide and the oligosaccharide glycitol. Galacturonic acid was
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estimated by the carbazole reagent, rhamnose was estimated by the L-cysteine

hydrochloride reagent and galactose was determined by difference using the

phenol-sulphuric acid reagent to estimate total sugar content.

Purification of solvents was carried out zs follows.

(2) Tetrahydrofuran was allowed to stand over sodium wire for one day,

filtered and distilled over lithium aluminium hydride.

(b) Methyl sulphate was redistilled and allowed to stand over potassium

carbonate until no longer acid to congo red paper.

(c) Methyl iodide was distilled over silver oxide and stored over molecular

sieve (type A44).

(d) ZPyridine was refluxed for 3 hours over potassium hydroxide, distilled
and stored over potassium hydroxide.

(e) Formamide was redistilled using a splash bulb.

(f) Methanol was dried by refluxing for 30 minutes with magnesium and
iodine, distilled and stored over molecular sieve (type A4).

(g) Aniline was distilled over zinc dust and stored in the dark.

Deacetylation of crude Sterculia urens gum.

Sterculia urens gum acid was prepared from partly acetylated crude

gum nodules as follows.

Finely powdered crude gum (60 g.) was allowed to swell overnight in
water (1+8 1.). Concentrated ammonia (360 ml.) was added to the gel and
the whole was maintained at 60° for 4 hours with vigorous stirring. The
solution was allowed to cool and small amounts of insoluble material were
removed by filtration through muslin. The polysaccharide was precipitated

by pouring into ethanol (48 1.) containing concentrated hydrochloric acid
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(480 ml.) end was washed free from chloride ions with cthonol. The white
solid was triturated with ether and air-dried.

The partly deacetylated polysaccharide (44+5 g.) was taken up in aqueous
ammonia (5%, 11.)and the solution was heated at 60° for 1 hour. The clear
solution was acidified with concentrated hydrochloric acid and poured into
ethanol (3 1.). The deacetylated polysaccharide was removed at the centri-
fuge, washed several times with ethanol, finally with ether and air-dried.

The polysaccharide (38 g.) was dissolved in aqueous ammonia (1%) to
give a 1% w/v solution and excess ammonia was removed under reduced pressure.
The solution wes dialysed for 5 days against tap water, deionised with
Amberlite IR 120 (H*) resin, concentrated and freeze-dried to give deacetyl-

ated gum acid (30 g.).
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Pertial acidic hydrolysis.

Deacetylated gum (12 g.) was heated with N-sulphuric acid (500 ml.)
on the boiling water bath for 6 hours. The solhtion was neutralised with
barium hydroxide and barium carbonate, and barium salts were removed at the
centrifuge and washed with water (3 X 500 ml.). The supernatant and washings
were combined and concentrated to a small volume (60 ml.). Barium ions were
removed with Amberlite IR 120 (H%) pesin and the solution was concentrated
to a syrup (9-0 g.).

The syrup was dissolved in water (5 ml.) and adsorbed on a DEAE-Sephadex
colum (30 g., formate form). Neutral sugars were eluted from the column
with water until the eluate gave a negative reaction to the phenol-sulphuric
acid reagent. The acidic sugars were eluted successively with 0.05 M

formic acid, 0.4 M formic acid and 0.6‘E formic acid. DLlution with each
concentration of ;;mnic acid was contin;;d until the eluate gave a negative
reaction to the phenol-sulphuric acid reagent. The eluate was collected
in fractions (15 ml.) at the rate of 30 ml./hour and samples from every
third fraction were concentrated and examined by chromatogrephy in solvent
B. Similar fractions were combined and concentrated to a small volume

(40 ml.). Formic acid was removed by continuous extraction with ether in

a liquid~liquid extractor for 12 hours. The formic acid free solutions

were filtered and concentrated and the following fractions were obtained.
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Fraction. Tube No. Weight(mg.). 'EGalA values of components (solvent B).
1 1-58 866 0.23, 0.75, 1.00
0.05 M
2 59-114 531 = 0.75, 1.00

formic acid

3 115-175 107 0.03, 0.75, 1.00
4 1-21 58 0.03, 0.13
5 22-33 601 0.20
6 34-40 98| 0-4 K 0.20, 0.25
7 41-11 goy| Torule auid 0.00, 0.25
8 78-102 133 0.00

1 0.6 M
9 - 285 =t 0.00

"~ formic acid

Discrete oligosaccharides were obtained from the above fractions by filter

sheet chromatography in an appropriate solvent as follows.

Fraction. Solvent. Oligosaccharide. Ry 1p Y2lue (solvent B).
1 B 1,2 0.23, 0.75
3 C 3 0.03
4 c 4 0.13
5 B 5 0.20
7 c 6 0.25

Oligosaccheride 1. 4-0-(D-galactopyranosyluronic acid)-D-galactose.

This oligosaccharide“kQBO mg.),[cijp + 730 (2.0.83,_ﬁ20), RGalA 0.23
(solvent B), was chromatographically pure and examination of the hydrolysate
in solvents A, B and D showed the presence of galacturonic acid and galactose.
Hydrolysis of the derived glycitol and examination of the hydrolysate in

solvents A and B showed the presence of galacturonic acid only. A sample
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of the oligosaccheride was converted into the methyl ester methyl glycosides,
reduced with sodium borohydride end hydrolysed to give galactose only. The
oligosaccharide (2 mg.) was methylated by the Kuhn procedure and the methan~
olysis products were examined by ges-liquid chrometography. The following
components were detected as their methyl glycosides.

component

=]

colum (a)
243,4-tri-O-methyl-D-galacturonic acid* 6415, 650

* present as methyl ester

Oligosaccharide 2. 21g-Qxfgrgalactopyranosyluronic acid)—grrhamnose.

This oligosaccharide (;60 mg.),[n?ﬂ]D + 88° (c 0.73, H;o), Rggyp 0-75
(solvent B), was chromatographically pure and examination of the hydrolysate
in solvents A, B and D showed the presence of galacturonic acid and rhamnose.
Hydrolysis of the derived glycitol and examination of the hydrolysate in
solvents A and B showed the presence of galacturonic acid only. A sample
of the oligosaccheride was converted into the methyl ester methyl glycosides,
reduced with sodium borohydride and hydrolysed to give galactose and rhamnose
in the approximate proportions of 1:1l. The oligosaccharide (2 mg.) was
methylated by the Kuhn procedure and the methanolysis products were examined
by gas-liquid chrometography. The following components were detected as

their methyl glycosides.

component pii
column (a)
3,4~di~0-methyl-L-rhemnose 0.84
2,3,4ntri—gkmeth;i-grgalacturonic acid¥ 6.15, 6.47

* present as methyl ester
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Oligosaccharide 3. 0-(D-galactopyranosyluronic acid)-(1-2)=0-(L~rhamo-

pyrenosyl)-(1-4)-D-galactose.

This oligosaccharide (35 mg.), R 0.03 (solvent B), 0.30 (solvent C),

GalA
MGal 0.73, was chromatographically and ionophoretically pure and examination
of the hydrolysate in solvents A, B and D showed the presence of galacturonic
acid, rhamnose and galactose. Hydrolysis of the derived glycitol and examin-
ation of the hydrolysate in solvents A, B and I showed the presence of
galacturonic acid, rhamnose and galactitol. A sample of the oligosaccharide
was converted into the methyl ester methyl glycosides, reduced with sodium
borohydride and hydrolysed to give galactose and rhammose in the approximate
proportions of 2:1. Colorimetric estimations of galacturonic acid (carbazole
reagent ), rhamnose (cysteine reagent), and total sugar (phenol-sulphuric
acid reagent) in the oligosaccharide and the oligosaccharide glycitol
indiceted that residues of galacturonic acid, rhamnose and galactose were
present in the oligosaccharide in the proportions of 1:1:1. A sample of

the oligosaccharide was degraded with lime water and chromatography of the
product in solvents A and B showed the presence of 2-0-(D-galactopyranosyl-
uronic acid)-L-rhamnose only. Samples (2 mg.) of the olzéosaccharide and
the oligosace;;ride glycitol were methylated by the Kuhn procedure and the

methanolysis products were examined by ges-liquid chromatography. The

following components were detected, reducing sugars as their methyl

glycosides.
component 2
colum (c)
(a) oligosaccharide
2,3,6~tri-O-methyl-D-galactose 340643¢T454.11,4.52
3,4-di-g~methy1-£-riamose 0.98

2,3y 4-tri-O-methyl-D-galacturonic acid* 6.74,7.18
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(b) glycitol
1,2,3,5,6~penta~0-methyl-D-galactitol 2.69
3,4—di—£}ﬂmthyl—grrhamno;; 0.98
2,3,4—-tri—g—meth;l—2—galacturonic acid* P e T e

* present as methyl ester

Oligosaccharide 4. O-(D-galactopyranosyluronic acid )-(1-2)-0-(L~rhamo-
pyranosyl )—(1—4)—Q-ga1a:turonic acide -

This oligosaccharide (25 mg.), Ragqa 0013 (solvent B), 0.53 (solvent C),
MGal 0.83, was chromatographically and ionophoretically pure and examination
of the hydrolysate in solvents A, B and D showed the presence of galacturonic
acid and rhamnose. Hydrolysis of the derived glycitol and examination of
the hydrolysate in solvents A, B and I showed the presence of galacturonic
acid, rhamnose and galactonic acid. A sample of the oligosaccharide was
converted into the methyl ester methyl glycosides, reduced with sodium
borohydride and hydrolysed to give galactose and rhamnose in the approximate
proportions of 2:1. Colorimetric estimations of galacturonic acid (carbazole
reagent ), rhamnose (cysteine reagent), and total sugar (phenol-sulphuric
acid reagent) in the oligosaccharide and the oligosaccharide glycitol
indicated that residues of galacturonic acid and rhamnose were present in
the oligosaccharide in the proportions of 2:1. Samples (2 mg.) of the
oligosaccharide and the oligosaccharide glycitol were partially hydro-
lysed. The former gave galacturonic acid and 2-0-(D-galactopyranosyluronic
acid)-L-rhamnose while the latter gave 2—9-_-(Q-galac;opyranosyluronic acid)-
.I_.—rhann-'l-ose as the only reducing sugar. A saz-r:ple of the oligosaccharide was
Eegraded with lime-water and chromatography of the product in solvents A
and B showed the presence of 2-0-(D-galactopyranosyluronic acid)-L-

rhammose and traces of starting material. Samples (4 mg.) of the oligosaccharide
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and the oligosaccharide glycitol were dissolved in methanolic hydrogen
chloride (1%, 2 ml.) and the solutions were allowed to stend overnight at
room temperature. The solutions were refluxed for 1 hour, neutralised with
silver carbonate and concentrated. The syrups, dissolved in water
(0.5 ml.), were reduced with sodium borohydride and the products were
methylated by the Haworth procedure. The methanolysis products were
examined by gas~liquid chromatography and the following components were
detected, reducing sugars as their methyl glycosides.
component il
colum(za) colum(c)

(2 )oligosaccharide

2,3,4,6-tetra~0-methyl-D~

galactose - 1.76 1.81

2, 3y6-tri-O-methyl-D-galactose 3.55,3.96 3.06,3.74,4.08,4.55

3, 4-di~-O-methyl-L-rhamnose 0.65 0.98

(b)elycitol
24344 ,6~tetra-0~methyl-D-
galactose 1.81
243,6~tri-0-methyl-D-galactose
(traces) ' - 3¢0743.6644.08,4.56
3y4~-di~0-methyl-L-rhamnose 0.98
1525355, 6—penta—§—methyl—_12—

galactitol 2,70

Oligosaccharide 5. O-(D-glucopyranosyluronic acid)-(1-3)-0- (D-galacto-
pyranosyluronic acid)=-(1-2)-L-rhamnose.

This oligosaccheride (283 mg.), [oﬂ]D+ 81° (c 0.90,H,0), Ry 1, 0-20
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(solvent B) was chrometographically and ionophoretically pure and examin-
ation of the hydrolysate in solvents A, B and D showed the presence of
galacturonic acid, glucuronic acid and rhamnose. Hydrolysis of the derived
glycitol and examination of the hydrolysate in solvents in solvents A, B
and D showed the presence of galacturonic and glucuronic acids only. A
sample of the oligosaccharide was converted into the methyl ester methyl
glycosides, reduced with sodium borohydride and hydrolysed to give glucose,
galactose and rhamnose in the approximate proportions of 1l:l:l. A sample
(4 mg.) of the oligosaccharide was dissolved in methanolic hydrogen
chloride (l%, 2 ml.) and the solution was allowed to stand overnight at
room temperature. The solution was refluxed for 1 hour, neutralised with
silver carbonate and concentrated. The syrup, dissolved in water (0.5 ml.),
was reduced with sodium borohydride and the product was methylated by the
Kuhn procedure. The methanolysis products were examined by gas-liquid

chrometography and the following components were detected as their methyl

glycosides,
component i
colum (a)
2,3,4,6~tetra-0-methyl-D-glucose 1.01, 1.46
2,4,6—tri-grmethylﬁg-g;Iéctose 352, 4.04
3, 4—-di~9_—methyl—_1.._r~r;anmose 0.86

Oligosaccharide 6. 3-0-(D-glucopyranosyluronic acid)-D-galacturonic acid.

This oligosaccharide (31 mg.), Ry qp 0425 (solvent B), gave on
hydrolysis glucuronic acid, galacturonic acid and rhammose (traces).
Chromatography of the oligosaccharide in solvent C and ionophoresis in

borate buffer showed the presence of two oligosaccharides. The major
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component had RGalA 0.60 (solvent C) while the minor component was
chromatogrephically and ionophoretically identical to oligosaccharide 5.
Hydrolysis of the derived glycitol and examination of the hydrolysete in
solvents A, B, D and I showed the presence of glucuronic acid, galacturonic
acid, galactonic acid and rhamnitol (traces). A sample of the oligosaccharide
was converted into the methyl ester methyl glycosides, reduced with sodium
borohydride and hydrolysed to give glucose and galactose in approximately
equal proportions together with traces of rhamnose. A sample (4 mg.) of

the oligosaccharide was dissolved in methanolic hydrogen chloride (1%, 2ml.)
and the solution was a2llowed to stand overnight at room temperature. The
solution was refluxed for 1 hour, neutralised with silver carbonate and
concentrated. The syrup, dissolved in water (0.5 ml.), was reduced with
sodium borohydride and the product was methylated by the Kuhn procedure.

The methanolysis products were examined by gas-liquid chromatography and

the following components were detected as their methyl glycosides.

component il
column (a)
2y 344,6-tetra~0-methyl-D-glucose 1.00, 1.44
2,4, 6-tri—g—methyl-—_1_3_—ga;actose 3.48, 4.00

3y4-di-0-methyl-L-rhamnose (traces) 0.85



NMR spectroscopy of acidic oligosaccharides.

The nuclear magnetic resonance spectra of the oligosaccharides
2-0-(A-D-galactopyranosyluronic acid)-L-rhamnose, 4-0-(D-galacto-
pyranos;luronic acid)-D-galactose, and—_Q-(_Q—glucopyrano-s-yluronic acid)-
(1—3)-Q—(Q—galaotopyra;osyluronic acid)—(1:2)—£—rhmnose and of the
glycitols_of these oligosaccharides were exami:ed, using deuterium oxide
as solvent, and are shown belows 7T Values are relative to the proton

resonance at 8.77T of tertiary butanol, which was used as an internal

standard.



Spectrum 1.

2-0-fn-D-galactopyranosyluronic acid )-L-rhammose.
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Spectrum 2.
2-0-(et-D-galactopyranosyluronic acid )=L-rhamnitol.
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Spectrum 3.

4~0-(D-galactopyranosy luronic acid )=-D-galactose.
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Spectrum 4.

4-0-(D-galactopyranosyluronic acid)-D-galactitol.
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Spectrum 6.

0-(D-glucopyranosyluronic acid )=(1=-3)-0-(D-

galactopyranosyluronic acid)-(1-2)-L-rhamnitol.
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Oxidative degradations of 2-0-(x-D-galactopyranosyluronic acid)-L-rhamnose.

— —

(2) wusing lead tetraacetate.

2-0- @ -D-Galactopyranosyluronic acid)~L-rhamnose (400 mg.), dissolved
in water (10 ml.) and neutralised by the adggtion of 1% potassium hydroxide,
was reduced for 20 hours with potassium borohydride (300 mg.). Potassium
ions were removed by passage through a column of Amberlite IR 120 (H')
resin and boric acid was removed by several distillations with methanol.
The solution was concentrated to 2 syrup which wes dried thoroughly over
phosphorus pentoxide. Examination of the syrup by chromatography in
solvent B using aniline oxalate spray showed the absence of 2-0-(X-D-

galactopyranosyluronic acid )-L-rhamnose.

The glycitol (288 mg.) W;é refluxed with methanolic hydrogen chloride
(3%, 10 ml.) for 3 hours and the solution was neutralised with silver
carbonate, treated with Amberlite IR 120 (H*) resin and concentrated to
a2 syrup which was dried over phosphorus pentoxide. Chromatography of
the product in solvent A showed the presence of one component (RGal 2.07)
which gave a positive reaction with the hydroxylamine-ferric chloride
reagent. Smell amounts of another component (RGal 1.07) were detected
using silver nitrate reagent.

The product (235 mg.) was dissolved in water (0.8 ml.) and oxidised
at room temperature with lead tetraacetate (620 mg., 2.1 molar equivalents)
in acetic acid (47 ml.) for 6 hours with shaking. Lead was removed by
passage through a colum of Amberlite IR 120 (H*) resin and the solution
was concentreted to a syrup which was dried over phosphorus pentoxide.

The product (176 mg.) was dissolved in water (5 ml.) and reduced with

potassium borohydride (300 mg.) for 20 hours. After removal of inorganic

‘¢
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ions with Amberlite IR 120 (H*) resin and methanol, the solution was
concentrated to a syrup which was chromatographed in solvent B. Components
with RGal values 0.97, 1.18 and 2.88 were detected.

No crystalline galactopyranosyl-glycerol could be obtained. A sample
of the mixture was trimethylsilylated end the products were examined by
gas-liquid chromatography, using the trimethylsilyl ethers of 2-0-X~D-
galactopyranosyl-glycerol and 2~-0-p-D-galactopyranosyl-glycerol sep;;étely
as internal standerds. A component ;%th retention time corresponding to
that of the trimethylsilyl ether of 2-0O-t-D-galactopyranosyl-glycerol was

detected.
(b) wusing sodium periodate.

Preliminary experiments.

Methyl p-D-galactoside (17.3 mg., 89l/:Em1.) was oxidised with
aqueous sodium per;;ﬁate solution (60}1@, 5.0 1. ). Periodate uptake was
measured spectrophotometrically at inté;vals over a period of 24 hours
and the results were plotted on a graph (Fig. 14). The experiment was
repeated using, instead of methylﬁ—g—galactoside,

(B) methyl« -D-mannoside (17.8 mg., 92umol.),

(c) erythrit;I (75 mg., 62 }zmol.),

(D) 2-0-B-D-galactopyranosyl-D-erythritol (16.1 mg., BT/Jmol.),

(@) 2—£yﬁr£;galactopyranosylriéerythritol (16.8 mg., 59}Jmol.) and
300/4Er;odium periodate (1 1.).

The results are shown in Fig. 14.

2-0-p-D-Galactopyranosyl-D-erythritol (80 mg., 280{}(m01-, m.p. 175

176°), prepared by the method of Charlson, Gorin and Perlin (67), wes
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dissolved in aqueous sodium periodate (300 My 1 1.) and the solution was
allowed to stand in the dark for 1.25 hours. -éeriodate uptake was found

to be 1.02 moles per mole of sugar and formaldehyde released, measured by

the chromotropic acid reagent, was found to be 1 mole per mole of sugar.
Excess periodate was destroyed with ethylene glycol and the solution, after
deionisation with Amberlite IR 120 (H') and Amberlite IR 45 (OH™) resins, was
concentrated to a syrup (65 mg.). The syrup wes dissolved in water (5 ml.)
and reduced for 20 hours with sodium borohydride (200 mg.) in water (10 ml.).
After removal of inorgenic ions with Amberlite IR 120 (HY) resin and
methanol, the solution was concentrated. Chromatography of the product

(47 mg.) in solvent B showed the presence, as main product, of a component
with chromatographic mobility identical to that of 2—grﬁkgrgalactopyranosyl—
glycerol, and also traces of 2f918—§rgalactopyranosylﬁg-é;&thritol. Separation
of the mixture by chromatography oanilter sheets gavé_é—gnargrgalacto~
pyranosyl-glycerol (me.p. 129-1300, mixed mep. 129—1310) whicﬁ‘#as crystallised

from methanol-ethanol.

Degradation of 2-0-(X~-D-galactopyranosyluronic acid)-L-rhamnose.
Zﬁg—@xfngalactoﬁ;;anosyluronic acid)néyrhamnosé—(BGO mg. ), dissolved
in water (16—51.) and neutralised with 1% ﬁgéassium hydroxide, was reduced
for 20 hours with potassium borohydride (300 mg.). After removal of
inorganic ions with Amberlite IR 120 (H*) resin and methanol, the solution
was concentrated to a syrup. Chromatography of the syrup in solvent B
using aniline oxalate spray indicated the absence of 2-0-(x-D-galacto-

pyranosyluronic acid)-L-rhamnose. A sample of the product was methylated

by the Kuhn procedure and the methanolysis products were examined by gas-—
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liquid chromatography. The following components were detected, reducing

sugars as their methyl glycosides.

component 2
colum (a)

1,3,4,5-tetra~0-methyl-L-rhamnitol 1.08
2,3,4—tri—grmethylﬁ2-g;2;cturonic acid* 6.05, 6.34

* present as methyl ester

The glycitol (205 mg.) was dissolved in methanolic hydrogen chloride
(1%, 30 ml.) and the solution was refluxed for 1 hour, after standing
at room temperature for 18 hours. The solution was cooled, neutralised
with silver carbonate, filtered and concentrated. The syrup (166 mg.,
465ﬁ1mol.) was oxidised with sodium periodate (300/1@, 5.0 1.) and the
uptake of periodate was followed syectrophotometricaziy. After 1.25 hours,
the consumption of periodate was 2.25 moles per mole of sugar and excess
periodate was destroyed with ethylene glycol. Inorganic ions were removed
with Amberlite IR 120 (H*) and Amberlite IR 45 (OH™) resins and the solution
wes concentrated to & small volume (10 ml.). Potassium borohydride (300 mg.)
in water (5 ml.) was added and the solution was allowed to stand for 18 hours.
After removel of inorgenic ions with Amberlite IR 120 (H+) resin and methanol,
the solution was concentrated to 2 syrup (92 mg. ). Chromatography of the
syrup in solvent B showed that the main product was chromatographically
identical to 2-0-oi-D-galactopyranosyl-glycerol and hydrolysis of the syrup
gave galactose, gly:;rol and traces of a component with the chromatographic
mobility of erythritol.

The remainder of the syrup was refluxed for 3 hours with acetic

anhydride (5 ml.) and anhydrous sodium zcetate (40 mg.). The solution
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was filtered and cooled and water was added, with shaking, until a
homogeneous solution was obtained. The clear solution was concentrated to
a syrup which was dissolved in acetone and examined by thin-layer chroma-
tography on Kieselgel in benzene-methanol (4:1). The mein component was
chromatographically identical to 2-0--D-gazlactopyranosyl-glycerol hexa-
acetate, prepered by the method of Dix;;, Buchanan and Baddiley (68 ).
Needles of 2-0-&X-D-galactopyranosyl-glycerol hexaacetate (me.p. 99°,

mixed Mepe. 990)-¥;re crystallised from aqueous acetone after separation

of the syrup by preparative thin~layer chromatography.
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Preparation of carboxyl-reduced Sterculia urens gum (69).

Sterculia urens gum (15.0 g.) was dissolved in water (1.5 1.), ethylene

oxide (300 ml.) was added and the solution wes allowed to stend until the
PH remeined constant at approximately 6.0. The solution was dialysed
against tap water for 5 days, concentrated and freeze-dried to give the
glycol ester of S. urens gum (12.0 g.).

The ester (5.0 g.) was thoroughly dispersed in formamide (500 ml. )
by vigorous shaking overnight. Pyridine (250 ml.) was added dropwise over
a period of 1 hour with vigorous stirring at 450. The mixture was cooled
to 30° and acetic anhydride (180 ml.) was added dropwise with stirring
over a period of 4 hours. The mixture was stirred for a further 5 hours
at 300 and overnight at room temperature. The glycol ester acetate was
precipitated by pouring the mixture into ice-cold hydrochloric acid
(2 1., 2 N), and removed at the centrifuge. The product was dispersed
in aceton;-and water was removed by azeotropic distillation with chloroform.
The acetate (6.8 g.) was precipitated by pouring the resulting chloroform
suspension into light petroleum (4 vol., b.p. 40 — 60°), removed at the
centrifuge, weshed with light petroleum and dried over phosphorus
pentoxide and paraffin wax.

Glycol ester acetate (13.5 g.) was dispersed in dry tetrahydrofuran
(270 ml.) and lithium borohydride (13.5 g.) in dry tetrahydrofuran (270 ml.)
was carefully added to the suspension. The mixture was stirred at room
temperature for 2 hours and under reflux for 18 hours. Lithium boro-
hydride was destroyed by the careful addition of water and, after dilution
with water (5 vol.), the suspension wes acidified with 2 N-sulphuric acid.

The clear solution was dialysed against tap water for 4 days, concentrated



o 85 -

and freeze-dried to give carboxyl-reduced S. urens gum (7.0 g.).

The uronic acid anhydride content of the carboxyl-reduced gum,[fﬂ]D+ 58°
(¢ 0.6, H20), was 0.0% (decerboxylation method) and 0.0% (carbazole method),
and hydrolysis of a sample (2 mg.) gave galactose, glucose and rhamnose but
no acid-containing material.

The above procedure was repeated to give a total of 29 g. of carboxyl-

reduced gum.
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lMethylation of carboxyl-reduced gum (70).

Sodium hydride (1.5 g.) was washed three times with dry light
petroleum (b.p. 40 - 60°) and stirred with dimethylsulphoxide (15 ml.)
under nitrogen at 500 for 1 hour. Dimethylsulphoxide (15 ml.) was added
to dry carboxyl-reduced gum (300 mg.) in a 100 ml. conical flask and the
mixture was stirred with gentle heating until dissolution was complete.

The solution was allowed to come to room temperature and the methyl-
sulphinyl carbanion solution (4 ml.) was added dropwise with stirring. The
resulting gel was stirred for 5 hours at room temperature and methyl iodide
(1 ml.) was added dropwise over a period of 10 minutes so that the
temperature did not rise above 250. The mixture was stirred overnight and
dialysed against tap water for 24 hours. The solution was concentrated
and the residue was extracted with chloroform. The chloroform extract

was dried over anhydrous sodium sulphate, filtered and concentrated to a
small volume and, on pouring into light petroleum (b.p. 60 - 80°, 8 vol.),
yielded the methylated carboxyl-reduced polysaccharide (176 mg.). The
product (Found : OMe, 44.8%) wes removed at the centrifuge and dried in
vacuo.

A sample of the methylated polysaccharide was methanolysed and the
methanolysis products were examihed by gas-liquid chromatography. The

following components were detected as their methyl glycosides.



component

2,3y 446-tetra~O-methyl-D-gelactose
2235 6—tri—_9_—me1:hyl—_]);—gazac’co se

2, 6~di~0-met hyl-g-g-;la ctose

3 6-cli~g—methyl-£—galacto se
2,3,4~% ri—g—meth;l—_l;a_—rhamnose
344~di~-O-met hyl—-;_-r;a.nmo se
3—g-methyl—L-rha;nose

2,3,4,6-tetra=0-methyl-D-glucose

=]

colum (a)
1.74
246753+5753.96
8.05,8.84,10.64
8.05,11.57,13.24
0.43
0.83

Loy Tadd

colum (c)

1.75
209953465, 4401, 4.45
9.21
10.04y 1479
0. 44
0.97
3,33

1.42
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Smith degradation of carboxyl-reduced zum (23 ).

Carboxyl-reduced gum (20 g.) was dissolved in 0.1 M sodium periodate
(2.0 1.) and the solution was allowed to stand in the d;;k at 20°. After
30 hours the upteke of periodate remained constant at 0.9 moles per mole
of sugar and excess periodate was destroyed with ethylene glycol (10 ml.).
The solution was allowed to stand overnight, dizlysed against tap water
for 4 days, and concentrated to a smell volume (350 ml. )s The periodate~
oxidised polysaccharide wes reduced for 48 hours by the addition of
potassium borohydride (5 g.) in portions (0.5 g+)s Potassium ions were
removed with Amberlite IR 120 (H*) resin and the solution was concentrated
and distilled several times with methanol (6 X 25 ml.) to remove boric acid.

The product (14.9 g.) was dissolved in N-sulphuric acid (300 ml.) and
hydrolysed in the cold for 4 hours. The solZ;ion was neutralised with
barium hydroxide and barium carbonate and barium salts were removed at
the centrifuge and washed with water (3 X 500 ml.)s The supernatant and
washings were combined and concentrated to a small volume (100 ml.). The
solution was treated with Amberlite IR 120 (H*) resin and poured into
ethanol (500 ml.). The precipitate (polysaccharide A, 2.5 g.) was removed
at the centrifuge, washed several times with ethanol, finally with ether

and air-dried. Concentration of the supernatant yielded the low molecular

weight oxidation products as & syrup (approx. 5.6 g.).

Periodate oxidetion of Sterculia urens gum.

Sterculie urens gum (500 mg.), prepared from crude gum nodules by

deacetylation with ammonie, was dissolved in N-sodium hydroxide (25 ml.)
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and the solution was stirred for 14 hours. The alkaline solution was
poured into ethanol (100 ml.) acidified with concentrated hydrochloric acid
(10 ml.). The precipitated polysaccharide (360 mg.) was removed at the
centrifuge, washed several times with ethanol, finally with ether and air-
dried. The polysaccharide (100 mg.) was oxidised with 0.1 M sodium periodate
(10 ml.) at 20° for 30 hours. Ethylene glycol (0.2 ml.) w;; added and the
solution was allowed to stand overnight. The solution was dialysed for

3 days against tap water and the oxidised polysaccharide was reduced over-
night with potassium borohydride (100 mg.). Potassium ions were removed
with Amberlite IR 120 (H*) resin and the solution was concentrated end
distilled several times with methanol (6 X 15 ml.) to remove boric acid.

The product (2 mg.) was hydrolysed in N-sulphuric acid for 18 hours at

100° to give gelacturonic acid, rhamnose and traces of galactose.



Investigation of low moleculsr weight products from Smith degradation.

Examination of the low molecular weight products by chromatography in
solvents B and H using silver nitrate and periodate-Schiff sprays showed
the presence of components with chromatographic mobilities identical to
those of glycerol, threitol and glycolic aldehyde together with chromato-
graphically mobile material of higher molecular weight. Chromatography
of the mixture in solvent A using silver nitrate and aniline oxalate
sprays resolved the higher molecular weight products into components with

the following chromatographic mobilities.

A. 0.65

B. 0.86

C. 1.00 (chromatographically identicel to galactose.)

D. 1.30 (chromatographically similar to 2-0-g-D-galactopyrenosyl-L-

glyceraldehyde. )

A sample (2 mg.) of the mixture was reduced overnight with sodium
borohydride and the products were exemined by chromatogrephy in solvent
A. Components A and B were detected but components C and D were absent.
A component chromatographically identical to 2-0-X-D-galactopyranosyl-
glycerol was detected. Bxamination of the product;_in solvent I using
alkaline permenganate-periodate spray indiceted the presence of a

component chromatographically identical to galactitol.

Fractionation of the low molecular weight products.

The syrup wes dissolved in water (4.0 ml.) and a sample (1.5 ml.)

was applied to a colum of Dowex 50W X 8 resin (200-400 mesh, 2.2 X 100 cm.,
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Ba“" salt form). Elution was carried out with weter at a rate of 6-9 ml./hour
end 1.0~1.5 ml. fractions were collected. The contents of every third tube
were concentrated and examined chromatogrephically in solvent B using

silver nitrate spray. The following fractions were obtained.

Frection. Tube Ho. Height (mg. ) R,,, velues of components.
1 136-158 52 0.00
2 159-187 78 0.00,0.65(tr)
3 188-211 87 0.65(+),0. 86(+); 1.30(+)
4 212-247 14 0.86(tr),1.00(+),1.30(+)
5 248-265 94 2e26(t1) 5 2¢ TL (4++)
6 266~285 112 271
7 293325 73 2.26

(+) indicetes the approximate relative amounts estimated visually on paper.
(tr) = traces.
Fractions 1-4 were examined by chrometography in solvent A using silver
nitrate and aniline oxelate sprays.
Fractions 5-7 were examined by chrometography in solvent B using silver
nitrate and aniline oxalate sprays.

Discrete components were obtained from the above fractions by filter

sheet chromatography in an appropriate solvent as follows.

Fraction. Solvent. Component. EGal value.
3 A A,B,D 0.65,0.86,1.30 (solvent A)
4 A C 1.00 (solvent A)
5 B E 2.26 (solvent B)
6 B F =5 il (solvent B)
7 B G 2.26 (solvent B)
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Component A.  O-D-gelactopyranosyl-(l-4)-0-X~D-gelactopyranosyl-(1-2)~D-
threitol. - B -

This oligosaccharide (11 mg.), [Ni]p+ 106° (¢ 0.5, H,0); Ry, 0.65
(solvent A), contained traces of impurities end examination of the hydrolysate
in solvent B showed the presence of galactose and threitol in the approximete
proportions of 2:1. The oligosaccharide (2 mg.) was methylated by the
Kubn procedure and the methanolysis products were examined by gas-liquid

chromatography. The following products were detected, reducing sugars as

their methyl glycosides.

product iy
colunn(c)
2y3,4,6-tetra~0-methyl-D-galactose 1. 77
243y 6-tri—_Q_~methyl—Q—ga?L—actose 3403,3.11,4.07,4.50
18 4—tri—g—metby1-£-threitol 0.39

Component B, 2-0O-0-D-galactopyranosyl-D-threitol.

This oligosacch;ride (17 mg.), ]:aj_p +122° (¢ 0.6, H,0), R, , 0.86
(solvent A), was chrometographically pure snd examination of the hydrolysate
in solvent B showed the presence of galactose and threitol in the approxi-
mete proportions of 1l:1. The oligosaccharide (2 mg.) was methylated by
the Kuhn procedure and the methanolysis products were examined by gas-—

liquid chromatography. The following products were detected, the reducing

sugar as its methyl glycoside.

product T
column(c)
2,3y 4,6-tetra~0-methyl-D-galactose 177

1,3, 4~tri-O-methyl-D-threitol 0. 39
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The remainder of the oligosaccharide was oxidised with 0.1 M sodium
periodate and the periodate upteke and formaldehyde released were estimeted.
2.8 lioles of periodate were consumed and 0.9 moles of formaldehyde were

released per mole of oligosacchzsride.

Component De. 2-0--D-galactopyranosyl-D-glyceraldehyde.

This oligosaccheride (19 mg.), R, . 1.30 (solvent A), was chromato-

Gal
graphically similar to 21938{g-ga1actopyranosyl—grglyceraldehyde and gave
an orange-yellow colour with aniline oxalate spray. The remeinder of the
oligosaccharide was reduced with sodium borohydride and a sample of the

product, R, . 1.2 (solvgnt B),lf<]n+-148° (c 0.4, H20), was hydrolysed to

give galactose and glycerol in the approximzte proportions of 1l:l.

Component C. D-galactose.

This sugar (6 mg.), R 1.00 (solvent A), was chromatographically

Gal
identical to D-galactose and remained unchanged after hydrolysis. The
remainder of ;£e sugar was reduced with sodium borohydride and the product
was heated with anhydrous sodium acetate (2 mg.) and acetic anhydride

(0.5 ml.) in a sealed tube at 1300 for 2 hours. The solution wes filtered
and cooled and water was added with shaking until a homogeneous solution

was obtained. Crystals of galactitol hexaacetate (m.p. 1570, mixed m.pe.

157°) separated upon concentration.

Component E. erythritol.
This suger (3 mg.), Raay 2.26 (solvent B), was chromatogrephically

identical to erythritol and remained unchanged after hydrolysis. The

remainder of the sugar was acetylated and the product was examined by
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gas—-liquid chrometography. The product had retention time identical to

that of erythritol tetrzacetate.

Component F. glycerol.

This suger (26 mg.), R 2.71 (solvent B), was chromatographically

Gal
identical to glycerol and remained unchenged after hydrolysis. A sample
(2 mg.) of the sugar was acetylated and the product was examined by gas-
liquid chrometogrephy. The product had retention time identical to that

of glycerol triacetate.

Component G.  D-threitol.

This sugaITkIB mgs ), Rooq 2.26 (solvent B), was chrometographically
similar to L-threitol and remained unchanged after hydrolysis. A sample
(2 mg.) of ;Le sugar was acetylated and the product was examined by gas-

liquid chromatography. The product had retention time similer to thet

of I-threitol tetraacetate.
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Investigetion of Polysaccheride A from Smith degradetion.

Hydrolysis of the polysaccharide,[c’(]D + 92° (c 0.6, HQO), uronic
acid anhydride content 0.0% (carbazole method), gave galactose and rhamnose
only. Colorimetric estimations of rhemnose (cysteine reagent), and total
sugar (phenol-sulphuric acid reagent) in the polysaccharide and also
colorimetric estimations of the relztive amounts of galactose and rhamnose
detected on paper after total hydrolysis of the polysaccharide and
chromatography of the products using aniline hydrogen phthalate reagent
("{’1) ghowed that the suger residues galactose and rhammose were present
in the polysaccharide in the approximate proportions of 1l:1. A sample
(100 mg.) of the polysaccharide was methylated by the sodium hydride
procedure (70) and the product was obtained as a syrup. Infra-red
spectroscopy of the syrup, using chloroform as solvent, showed only a
weak hydroxyl group ebsorption. A sample of the methylated polysaccharide
was methanolysed and the methanolysis products were examined by gas-liquid

chromatography. The following components were detected as their methyl

glycosides.
component 4y
colum (d)
2,3,4,6-tetra-0-methyl-D-galactose 1.60
2535 G—tri-g—methyl—}ga;a ctose 2.15,2.42
3,4—di—97methy1—;7££;mnose 0.63
}g—metbyl-_l_._-rha;mose 1.01

Acetolysis of polyseccharide A.

The polysaccharide (2.0 g.) was added with stirring to a mixture of
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acetic anhydride (20 ml.), acetic acid (20 ml.) and concentrated sulphuric
acid (2 ml.) at room temperature over a period of 1 hour. Stirring was
continued for 24 hours and the solution was allowed to stand for a further
96 hours. The solution was poured into water (100 ml.) =nd the pH was
adjusted to 5 with sodium bicarbonate. The acetylated products were
extracted with chloroform (6 X 50 ml.) and the chloroform extracts were
dried over anhydrous sodium sulphate and concentrated to a syrup. The
syrup wes dissolved in dry methanol (10 ml.) and 0.5 N barium methoxide
was added until the solution was alkaline to phenolphzﬁalein. The solution
was left for 48 hours at 0% and poured into weter (200 ml.) with stirring
until dissolution was complete. The solution was treated with Amberlite
IR 120 (HY) resin, filtered and concentrated to a syrup (1.9 g.).

The syrup was dissolved in water conteaining ethanol (1% v/v, 10 ml.);
applied to a charcoal:celite column (5 X 25 cm. ) and eluted with water
containing an increasing proportion of ethanol. The eluate was collected
in portions (30 ml.) at a rate of 60 ml. per hour and samples from every
third portion were concentrated and examined by chromatogrephy in solvent

A. The following fractions were obtained.



Fraction. Height(mg. ).

10

11

12

(+) indicates

(tr) = traces.

514

2l
44

37
80

202

54
22

152

72
82

320
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Eluate.

1% ethanol

1-5%

ethanol

5% ethanol

]5~10%

ethanol
10% ethanol

10-20%

ethanol

20% ethanol

R. . values of components(solvent 4).

~Gal

0. 00,

0.00,

0.00,

0.00,

0.00,

0.00

galactose, rhamnose

0.84, galactose, rhamnose(tr)
0.84
0.84(tr), 1.22(+++)

L)
0.35(+), 1.22(++)

0.35(tr), 1.22(+)

0.35(tr), 1.22(tr)
0.35(tr), 0.55(++)

0.35(tr), 0.55(tr)
0.17(+), 0.55(tr)

the approximete relative amounts estimated visually on paper.

Discrete oligossccherides were obtained from the above fractions by

filter sheet chromatography in an appropriaste solvent as follows.

Fraction. Solvent. Oligosaccharide.
3 A T and 8
6 A 9, 10
9 A 11
13 £ 12

R, velue (solvent A)
Ou 84
1.22, 0.35
0.55

0.17
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Oligosaccherides 7 and 8. 4-O-L-rhamnopyranosyl-D-gelactose + 2-0-D-
gelactopyranosyl-D-threitol.

The mixture of oligosaccharides (12 mg.) had R 1 0-84 (solvent A)

Ga
and examination of the hydrolysate in solvents A and I showed the presence
of galactose, rhamnose and threitol. Hydrolysis of the derived glycitol
and exemination of the hydrolysate in solvents A and I showed the presence
of galactose, rhamnose and galactitol. Chromatography of the mixture in
solvent I showed the presence of two oligosaccherides in approximately equal

amounts with RGa values of 0.29 and 0.63 respectively. Samples (2 mg.)

4
of the mixture and the derived glycitol were methylated by the Kuhn procedure
and the methanolysis products were examined by gas-liquid chromatography.

The following components were detected, reducing sugars as their methyl

glycosides.
component T
colum (c)
(a) mixture
2,3,4,6-tetra—0-methyl-D~galactose  1l.79
Dy By 6-tri—9—methy1-_]2—ga;actose 3.05, 3.72, 4.10, 4.52
2535 4-‘tri—_Q_—methyl—£— rhammose 0. 46
1439 4-tri-g—methy1—£~threitol 0.38

(b) slycitol
2,3,4,6-tetra-0-methyl-D-galactose 177
1452: 3,5, 6—pen1:a;-g-mal'hyl—_];galactitol 2.64
2935 4—tri-—g—methy1—g—r;amo se 0. 46

1,3,4~-tri-0-methyl-D-threitol 0.39



- 100 -

Oligosaccharide 9. 2-0-0~D-galactopyranosyl-L-rhamnose.

This oligosaccharide (47 mg.), [d]D+ 105-6. (c 2.0, HQO), Ry, 1.22
(solvent A), was chromatographically and ionophoretically pure, and
examination of the hydrolysate in solvent A showed the presence of galactose
and rhamnose. Hydrolysis of the derived glycitol gave galactose as the
only reducing suger. Semples (2 mg.) of the oligosaccharide and the oligo-
saccharide glycitol were methylated by the Kuhn procedure and the methanolysis
products were examined by gas-liquid chromatography. The following components

were detected, reducing sugars as their methyl glycosides.

component 2
colum (c)

(a) oligosaccharide

2,3,4,6-tetra~0-methyl-D-galactose 171

3 4—di-g—methy1-g—rhamn:se 0.98
(b) glycitol

2y 3,4,6-tetra~0-methyl-D-galactose 3 %

1,3,4, 5—'tetra—9_-methyl—£—rhamnitol 1.04

Oligosaccharide 10. O~d=D-gzlactopyranosyl-(1-2)-0-L-rhamnopyranosyl-

(1-4)-D-galactose.
'I';is oligosaccharide (45 mg.), \-_O‘JD-p 92° (c 1.9, H20), Rygp 0-35
(solvent A), wes chromatographically and ionophoretically pure and
examination of the hydrolysate in solvent A showed the presence of
gelactose and rhamnose in the approximate proportions of 2:1. Hydrolysis

of the derived glycitol and examination of the hydrolysate in solvents

A and I showed the presence of gelactose and rhemnose in the approximate
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proportions of 1:1 and galactitol. Colorimetric estimations of rhamnose
(cysteinereagent) and total sugar (phenol-sulphuric acid reagent) in

the oligosaccharide and the oligosaccharide glycitol indicated that residues
of galactose and rhamnose were present in the oligosaccharide in the
proportions of 2:1. A sample of the oligosaccharide wes degraded with
lime-water and chromeatography of the product in solvent A showed the presence
of starting meterial and 2-0-&-D-galactopyranosyl-L-rhamnose. Samples

(2 mg.) of the oligosaccharide zgd the oligosaccha;;de glycitol were
methylated by the Kuhn procedure and the methanolysis products were

examined by gas-liquid chromatography. The following components were

detected, reducing sugers as their methyl glycosides.

-3

C-omr:o'nu'r\"f

(2) oligosaccharide

2,3,4,6~tetra-O-methyl-D-galactose 1.77

344~di-0O-methyl-L-rhamnose 0.97
243y6-tri-O-methyl-D-galactose 340443+ 7444.03,4.49

(v) glycitol
2,3,4,6-tetra~0-methyl-D-galactose  1.77
35 4~di=-0O-methyl-L-rhamnose 0.97

1,2,3,5,6-pente~O-methyl-D-galactitol 2.66

Oligosaccheride 11. Q-O(-Q-galactopyranosyl—(l—2)-Q.—_I_Frhanmopyranosyl-
(1—4)-M—D—galactopyranosyl—(1 2)-L-—rhemnose.
This oligosaccharide (33 mg.), I.’k:l + 106° (c 1.6, H 0), Gay 9°95

(solvent A), 0.87 (solvent E), was chromatographicelly and ionophoretically
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pure and examination of the hydrolysate in solvent A showed the presence
of galactose and rhamnose. Hydrolysis of the derived glycitol and examin-
ation of the hydrolysate in solvents A and I showed the presence of
galactose, rhamnose and rhamnitol. Colorimetric estimations of rhamnose
(cysteine reagent) and total sugar (phenol-sulphuric acid reagent) in
the oligosaccharide and the oligosaccharide glycitol indicated that
residues of galactose and rhamnose were present in the oligosaccharide in
the proportions of 2:2. A sample (5 mg.) of the oligosaccharide glycitol
was hydrolysed in 0.05 N sulphuric acid at 100° for 1 hour and the
hydrolysate was examinez in solvents A and I. The presence of galactose,
2-0-0+D-galactopyranosyl-L-rhamnose, 4-0-L-rhamnopyrenosyl-D-galactose,
2—Q—rx—£—-galactopyranosyl-;-rhamnitol and ; component with c;romatographic
mobili:y identical to th.a: of 0-{=D=galactopyranosyl=(1=-2)~0~L-rhamno-
pyranosyl—-(1-4)-D-galactose was ingicated. Samples (2 mg.) of the
oligosaccharide ;-nd the oligosaccharide glycitol were methylated by
the Kuhn procedure and the methanolysis products were examined by
gas-liquid chromatography. The following components were detected,
reducing sugars as their methyl glycosides.
component i

colum (c)

(2) oligosaccharide
243,4,6~tetra~0-methyl-D-galactose 1.80
243, &tri—g—methyl—_lg—gaIactose 3.0443¢73,4.08,4.50

3y4~di~0-methyl-L—rhamnose 0.97
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component T
column (c)
(b) glycitol
2y3,4,6-tetra~0-methyl-D-galactose 1.78
2, 3,6-tri—9_—metm1—_1_)_~ga;actose 3.0453.72,4406,4.50

3y 4~di-O-methyl-L-rhamnose 0.98

1,3,4,5-tetre~0-methyl-L-rhamnitol  1.07

Oligosaccharide 12. O-%=D-galactopyrenosyl-(l-2)-0-L-rhamnopyranosyl-

(1~4 )-0--D-galactopyranosyl-(1-2)-0-L-rhamnopyranosyl-(1-4 )=D-galactose.

Gal 0.17

(solvent A), 0.33 (solvent E), was chromatographically and ionophoretically

This oligosaccharide (15 mg.), [DQ]D-+ 110° (¢ 1.2)H20), R

pure and examination of the hydrolysate in solvent A showed the presence
of galactose and rhamnose. Hydrolysis of the derived glycitol and
examination of the hydrolysate in solvents A and I showed the presence

of galactose, rhamnose and galactitol. Colorimetric estimations of
rhamnose (cysteine reagent) and total sugar (phenol-sulphuric acid reagent)
in the oligosaccharide and the oligosaccharide glycitol indicated that
residues of galactose and rhamnose were present in the oligosaccharide in
the proportions of 3:2. A sample of the oligosaccharide was degraded
with lime-water and chromatography of the product in solvent A showed

the presence of starting material and the tetrasaccharide O--D-galacto-
pyranosyl—(1—2)—Qrgrrhamnopyranosyl-(1-4)194%1§rgalaotopyranoé;i—(l—z)-
L-rhamnose. Samplgg (2 mg.) of the oligosaccﬁ;;ide and the oligo-
;;ccharide glycitol were methylated by the Kuhn procedure and the

methanolysis products were examined by gas-liquid chromatography. The

following components were detected, reducing sugars as their methyl glycosides.
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component piid
colum (c)
(2) oligosaccharide
2,3,4,6-tetra-O-methyl-D-galactose 1.76
253 S—tri-_g—methyl—_]g—ga;actose 3.00,3.68,4.03,4.44

354~di~0-methyl-L-rhamnose 0.98

(b) glycitol
2,3,4,6~tetra~-O-methyl-D-galactose 1.76
2,3 6—tri—g_—methyl—2—ga_£actose 3.01,3.71,4.05,4.45
3,4~ di—g—methyl—g-r;amno se 0.98

1,2,3,5,6-penta-0-methyl-D-gelactitol 2.65
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Partial acetolysis of cerboxyl-reduced gum.

Carboxyl-reduced gum (7.0 g.) wes dispersed in formamide (500 ml.)
by vigorous sheking overnight. Pyridine (250 ml.) was added dropwise
over & period of 1 hour with vigorous stirring at 450. The mixture was
cooled to 30° and acetic anhydride (180 ml.) was added dropwise with
stirring over a period of 4 hours. The mixture was stirred for a further
5 hours at 300 and overnight at room tempereature. The cerboxyl-reduced
gum acetate was precipitated by pouring the mixture into ice~cold hydro-
chloric acid (2 1., 2 N), and removed at the centrifuge. The product was
dispersed in acetone a;a water was removed by azeotropic distillation
with chloroform. The acetate was precipitated by pouring the resulting
chloroform suspension into light petroleum (4 vol., b.p. 40—600), removed
at the centrifuge, washed with light petroleum and dried over phosphorus
pentoxide and paraffin wex.

Carboxyl-reduced gum acetete (11.2 g.) was added with stirring to a
mixture of zcetic anhydride (50 ml.), acetic acid (50 ml.) and concentrated
sulphuric acid (5 ml.) at room temperature over a period of 4 hours. The
solution was a2llowed to stand for 116 hours and poured into water (250 ml.).
The pH of the solution was adjusted to 5 with sodium bicarbonate and the
solition was extrscted with chlovoform (6 X 100 ml.). The chloroform
extracts were combined, dried over anhydrous sodium sulphate and concentrated
to a syrup. The syrup was dissolved in dry methanol (15 ml.) and 0.5 N
barium methoxide was added until the solution was alkaline to phenol-
phthalein. The solution was left for 48 hours at 0° end poured into water
(600 mle.) with stirring until dissolution was complete. The solution was

treated with Amberlite IR 120 (H*) resin, filtered and concentrated to a



- 106 -

syrup (6.4 g.)e

The syrup wes dissolved in weter containing ethanol (1% v/v, 10 ml.),
applied to a charcoal:celite colum (5 X 25 cm.) and eluted with water
containing increasing concentrations of ethenol. The eluate was collected
in portions (30 ml.) at a rate of 60 ml. per hour and samples from every
third portion were concentrated and exemined by chromatography in solvent A.

The following fractions were obtained.

Froction. Weight(mg. ). Eluate. R, , velues of components(solvent A).
1 1896 1% ethanol glucose, galactose, rhamnose
2 34 1 0.80
3 38 1-5% 0.49, 0.80
4 47 ethanol 0.50, 0.80, 1.22
5 70 0. 50, 1422
6 215 5% ethanol 0.26, 0.35, 1.22
7 112 ]5‘105"’ 0.00, 0.18, 0.44, 1.07

ethanol
8 285 10% ethanol 0.00, 0.14, 0.25, 0.39
9 101 Jlmzoié 0.00, 0.23
10 147 ethanol 0.00, 0.19
11 228 20% ethanol 0.00

Discrete oligosaccharides were obtained from the above fractions by

filter sheet chromatography in en eppropriate solvent as follows.
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Fraction. Solvent. Oligosaccharide. BGal value (solvent A).
2 A 13 0.80
3 A 14 0.49
5 A 15, 16 0.50, 1.22
6 E 17, 18 0.26, 0.35
1 B 19 1.07
8 E 20 0.39

Oligosaccharide 13. 4-0O-L-rhamnopyranosyl-D-galactose.

This oligosaccharide (9 mg.), R 0.80 (solvent A), was chromato-

Gal
graphically and ionophoretically pure, and examination of the hydrolysate
in solvent A showed the presence of galactose and rhamnose. Hydrolysis
of the derived glycitol and exemination of the hydrolyszte in solvent A
showed the presence of rhamnose as the only reducing sugar. Samples

(2 mg.) of the oligosaccharide and the oligosaccharide glycitol were
methylated by the Kuhn procedure and the methanolysis products were

examined by gas-liquid chromatography. The following components were

detected, reducing sugars as their methyl glycosides.

component. 3
colum/(c)
(a) oligosaccharide
243, 4~tri-0-methyl-L-rhamnose 0.46
2,3,6~trifgrmethyl-iégalactose 3.0443.72,4.05,4.50
(b) glycitol
24 3y4~-tri-0O-methyl-L-rhamnose 0.45

1 ’ 2’ 3, 5, &penta—gmeth&l—-}g&l&cﬁiﬁl 20 65
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Oligosaccharide 14. 4~-0-D-galactopyranosyl-D-galactose.

This oligosaccharide (12 mg.), R 0.49 (solvent A), was chromato-

Gal
graphically and ionophoretically pure, and hydrolysis gave galactose only.
Hydrolysis of the derived glycitol and examination of the hydrolysate in
solvents A and I showed the presence of galactose and galactitol. Samples
(2 mg.) of the oligosaccharide and the oligosaccharide glycitol were
methylated by the Kuhn procedure and the methanolysis products were examined

by gas-liquid chromatography. The following components were detected,

reducing sugars as their methyl glycosides.

component T
column(c)
(a) oligosaccheride
243y4,6-tetra-0-methyl-D=galactose 1.76
2,3, 6—tri-_0_—methy1—_13—ga§actose 3.00,3.70,4.04,4.47

(b) glycitol
2y394,6~tetra-0-methyl-D-galactose 1.78

1,2,3,5,6-penta-0-methyl-D-galactitol 2.65

Oligosaccharide 15. 2-0-D-galactopyranosyl-D-galactose.

This oligosaccharide_(ll mge ), RGal 0.53 (solvent A), was chromato-
graphically and ionophoretically pure, and hydrolysis gave galactose only.
Hydrolysis of the derived glycitol and examination of the hydrolysate in
solvents A and I showed the presence of galactose and galactitol. The
oligosaccharide geve a negative reaction towards triphenyltetrazolium

chloride indicating that the reducing galactose unit was substituted at
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the 0(2) position. Samples (2 mg.) of the oligosaccharide and the oligo-
saccharide glycitol were methylated by the Kuhn procedure and the methanolysis
products were examined by gas-liquid chromatogrephy. The following components

were detected, reducing sugars as their methyl glycosides.

component i
colum (c)
(a) oligosaccharide
2, 3444 6-tetra-0-methyl-D-gelactose 1.78
3,4,6-tri—grmethyl—@rgézéctose 4.07, 6.47

unidentified pezsks assumed to be

those of

355 6-tri~-0-methyl-D-galactose 4.45, 4.86
(b) glycitol

2,3,4,6-tetra-0-methyl-D-galactose LTT

unidentified peak (with different
retention time to that of
1,2,3,5,6-penta~0-methyl-D-galactitol)
assumed to be that of -

1,3,4,5,6-penta~0-methyl-D-galactitol 2.80

Oligosaccharide 16. 2-0-ol-D-galactopyranosyl-L-rhamnose.

This oligosaccharide (;5 mge ),y RGal 1l.22 E;olvent A), was chromato-
graphically and ionophoretically pure, and examination of the hydrolysate
in solvent A showed the presence of galactose and rhammose. Hydrolysis
of the derived glycitol geve galactose as the only reducing sugar. Samples
(2 mge) of the oligosaccharide and the oligosaccharide glycitol were

methylated by the Kuhn procedure and the methanolysis products were examined
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by gas-liquid chromatography. The following components were detected,

reducing sugers as their methyl glycosides.

component 2
colum (c)
(2) oligosaccharide
243444 06~tetra~-O-methyl-D-galactose 1.77
3,4—di—grmethy1—grrhamﬁ;;e 0.97
(b) glycitol
243,44 6~tetra~-0-nmethyl-D-galactose 1.78
1,3,4,5~tetrafgrmethyl-i;rhamnitol 1.07

Oligosaccharide 17. O-D-galactopyrenosyl-(l-2)-0-D-galactopyrenosyl-(1-4)-

D-galactose.

- This oligosaccharide (20 mg.), Rpyoq 0. 26 (sélvent 4), 0.52 (solvent E),
was chrometographically and ionophoreticelly pure, and hydrolysis gave
galactose only. Hydrolysis of the derived glycitol and examination of

the hydrolysate in solvents A and I showed the presence of galactose and
gelactitol. The ratio of total sugar in the oligosaccharide and the
oligosaccharide glycitol determined by the phenol-sulphuric acid reagent,
was approximately 3:2. A sample of the oligosaccharice was degraded

with lime-water and chrometography of the product in solvents A and E
showed the presence of starting material and 2-0-D-galactopyranosyl-D-
galactose. Samples (2 mg.) of the oligosaccharid;-and the oligosacé;;ride
glycitol were methylated by the Kuhn procedure and the methanolysis
products were examined by gas—liquid chromatography. The following

components were detected, reducing sugars as their methyl glycosides.
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component

=]

colum (c)
(a) oligosaccharide
2434 446-tetra~0-methyl-D-gelactose  1.78
3,4,6-tri—grmethylﬁ27ga;;ctose 4.07% 6.45

2y 3,6~tri-0-methyl-D-galactose 3.01, 3.71, 4.07; 4.46

*The peak at T 4.07 was too intense to be attributed to 2,3,6~tri~0O-
methyl-D-galactose alone and was assumed to include that of the methyl

glycoside of 3,4,6-tri-0-methyl-D-galactose with the lower retention time.

(b) glycitol

2,3,4,6~tetra-0-methyl-D-gelactose 1.78
3,4,6-tri-O-methyl-D-galactose 4.10, 6.56
1,2,3,5,6-penta-0-methyl-D-gelactitol 2.66

Oligosaccharide 18. O~¢-D-galactopyranosyl-(1-2)-0-L-rhamnopyranosyl- (1-4)-

D-galactose.

This oligoseccharide (75 mg.), R, . 0.35 (solvent A), 0.63 (solvent E),

Gal
was chrometographically identical to oligosaccharide 10 (g—o(—g—galacto-
pyranosyl-(1-2)=-0-L-rhamnopyranosyl-(1-4)-D-galactose). Exami_nation of the
hydrolysate in sol;snt A showed the presen:e of galactose and rhamnose in
the zpproximate proportions of 2:1. Hydrolysis of the derived glycitol
and examinetion of the hydrolysate in solvents A and I showed the presence
of galectose, rhamnose, and galactitol. Colorimetric estimations of

rhamnose (cysteine reagent) and total sugar (phenol-sulphuric acid reagent)

in the oligosaccharide and the oligosaccharide glycitol indicated that
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residues of galactose and rhamnose were present in the oligosaccharide in
the proportions of 2:1. A sample of the oligosaccharide was degraded with
lime-water and chromatography of the product in solvent A showed the presence
of starting material and 2-0-Ol=D-galactopyranosyl-lL-rhamnose. Samples
(2 mg.) of the oligosaccharide -e-:nd the oligosaccha;ide glycitol were methyl-
ated by the Kuhn procedure and the methanolysis products were examined
by ges~liquid chromatography. The following components were detected,
reducing sugars as their methyl glycosides.
component 2
colum (c)

(2) oligosaccharide

2y34446-tetra~O-methyl-D-galactose Y17

3y 4~di~0-methyl-L-rhamnose 0.99

2,3,6-tri-O-methyl-D-galactose 3.03,3.71,4.07,4.48

(b) glycitol
2,3,4,6-tetra-O-methyl-D-galactose 1.77

3y 4-di-O-methyl-L-rhamnose 0.99

Oligosaccharide 19, O-L~rhamnopyranosyl-(1-4)-0-0D-galactopyranosyl=-(1-2)-

L-rhamnose.

- This oligosaccharide (11 mg.), Ryoq 107 (solvent A), 1.15 (solvent E),
was chromatographically and ionophoretically pure, and exemination of the
hydrolysate in solvent A showed the presence of galactose and rhamnose.
Hydrolysis of the derived glycitol and examination of the hydrolysate in
solvents A and I showed the presence of galactose, rhammose and rhamnitol.

Colorimetric estimations of rhamnose (cysteine reeagent) and total sugar



- 113 -

(phenol-sulphuric acid reagent) in the oligosaccharide and the oligosaccharide
glycitol indicated that residues of galactose and rhamnose were present

in the oligosaccharide in the proportions of 1:2. Samples (2 mg.) of the
oligosaccheride and the oligosaccharide glycitol were methylated by the

Kuln procedure and the metheanolysis products were examined by gas-liquid
chromatography. The following components were detected, reducing sugars

as their methyl glycosides.

component 2
colum (c)

(a) oligosaccharide

243y 4~tri-O-methyl-L~-rhamnose 0. 46

3, 4-di—ghmethy1-§_-r;anmose 0.98

2,3,6~tri~O-met h;l—lg—galacto se 340553472, 4.06, 451
(b) glycitol

243y4-tri-0O-methyl-L~-rhamnose 0.45

2435 6-tri—9_—methyl—£—galacto se 3.03,3.68,4.05,4.48

1,3,4,5~tetra~0O-methyl-L-rhamnitol 1.07

Oligosaccharide 20. O-L~rhamnopyranosyl-(1-4)-0-(-D-galactopyranosyl-
(1-2 )-Q_—_I_x-rhamopyranos;l- (1~4)-D-galactose.

Thi; oligosaccharide (38 mé?), Ry, 039 (solvent A), 0.58 (solvent E),
was chromatographically and ionophoretically pure, and examination of the
hydrolysate in solvent A showed the presence of gelactose and rhamnose.
Hydrolysis of the derived glycitol and examination of the hydrolysate in
solvents A and I showed the presence of galactose, rhamnose and galactitol.

Colorimetric estimations of rhamnose (cysteine reagent) and total sugar
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(phenol-sulphuric acid reagent) in the oligosaccharide and the oligosaccharide
glycitol indicated that residues of galactose and rhammose were present in

the oligosaccharide in the proportions of 2:2. A sample of the oligosaccharide
was degraded with lime-water and chromatography of the product in solvents

A and E showed the presence of starting meterial and O-L-rhamnopyranosyl-

(1-4 )-0-¢-D-galactopyranosyl-(1-2 )~L-rhamose. Samples—(2 mg.) of the
oligosacch;ride and the oligoaaccha:ide glycitol were methylated by the

Kuhn procedure and the methanolysis products were examined by gas-liquid
chromatography. The following components were detected, reducing sugars

as their methyl glycosides.

component T
colum (c)

(a) oligosaccharide

24 3,4~tri-O-methyl-L~rhamose 0.45

35 4—di—g—methy1-_li-r;1.amnose 0.98

2435 &tri-g-meth;rnl-_l?.-galactose 3401,3.68,4.04,4.46
(b) glycitol

2y 3y 4~tri~0-methyl-L-rhamnose 0.45

3,4—di-g_—methyl-_1;r;anmoae 0.98

2435 6—tri-_(_)_—meth;1-_]}_—galactose 3.0443.70,4.0644.47

1,2,3,5,6-penta~0-methyl-D-galactitol 2.65
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Partial acetolysis of gum acid.

Gun acid (10 g.) was thoroughly dispersed in formamide (500 ml.) by
vigorous stirring overnight, and pyridine (250 ml.) was added in portions
(25 ml.) over a2 period of 1 hour with stirring at 450. The mixture was
cooled to 30O and acetic anhydride (180 ml.) was added dropwise with
stirring over 4 hours. The mixture was stirred for a further 5 hours at
30° and overnight at room temperature. The acetate was precipitated by
pouring the mixture into ice-cold hydrochloric acid (2 1., 2 N), and
removed at the centrifuge. The product was dispersed in acet;;e and
water wes removed by azeotropic distillation with chloroform. The
resulting chloroform suspension was poured into light petroleum (4 vol.,
b.Dp. 40-600) and the precipitated acetate was removed at the centrifuge,
washed with light petroleum, and dried over phosphorus pentoxide and
paraffin wax.

The acetate (11.0 g.) was added slowly to the acetolysis mixture
(acetic acid, 240 ml., acetic anhydride, 240 ml., concentrated sulphuric
acid, 24 ml.) at 0° with vigorous shaking. The mixture was allowed to
come to room temperature, shaken for 8 hours until dissolution was
complete, and allowed to stand for a further 112 hours. The solution
was poured into water (1.5 l.) and the scum which appeared was removed
by filtration and extracted with chloroform (4 X 250 ml.). The pH of
the supernatant liquid was adjusted to 5 with sodium bicarbonate and
the solution was extracted with chloroform (4 X 500 ml.). The chloroform
extracts were combined, dried over anhydrous sodium sulphate and concentrated

to a syrup. The syrup wes dissolved in dry methanol (25 ml.) and 0.5 N
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barium methoxide was added until the solution was alkaline to phenolphthalein.
The solution was left at 0° for 24 hours and poured into water (1 1.) with
stirring wmtil dissolution was complete. The solution was treated with
Amberlite IR 120 (H'*) resin, filtered and concentrated to a syrup (4.5 g.).
The syrup wae dissolved in water (5 ml.) and adsorbed on a DEAE-
Sephadex colum (30 g., formate form). Neutral sugars were eluted from
the column with water until the eluate gave a negative reaction to the
phenol-sulphuric acid reagent. Acidic sugars were eluted successively
with 0.05 M formic acidy 0.4 M formic acid, 0.7 M formic acid and 1.0 M
formic ac:i;. Elution with ea:h concentration of_formic acid was oonti;ued
until the eluate gave a negative reaction to the phenol-sulphuric acid
reagent. The eluate was collected in fractions (15 ml.) at the rate of
30 ml. per hour and samples from every third fraction were concentrated
and examined by chromatography in solvent B. Similar fractions were
combined and concentrated to a small volume (40 ml.). Formic acid was
removed by continuous extraction with ether in a liquid-liquid extracter
for 12 hours, and the formic acid free solutions were filtered and

concentrated to give the following fractions.
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Fraction. Tube No. Weight(mg. ). EGal AV&]HGB of components (solvent B)
1 1-34 262 [0.05 M 0.09, 0.50(tr.), 1.00
2 35-48 190 formic acid 0e23, 075, 1.00
3 49-114 321 0.23, 0.75
4 115-140 156 | 0.03(tr. ), 0.75
5 1-43 52 | 0.4 M
6 44-98 80 formic acid
T 99-130 150 |
107 M

8 - 134 -
1 formic acid
J1.0M

9 = 85 -
|formic acid

Filter sheet chromatography of fraction 1 gave the following oligo-
saccharide.

Oligosaccharide 21. 0-(D-galactopyranosyl)-(1-2)-0-(D-galactopyranosyl-

uronic acid)=(1-4)-D-galactose.

This oligosaccharide (18 mg.), R 0.09 (solvent B), 0.43 (solvent

Gal A
C), was chromatogresphically and ionophoretically pure and examination of
the hydrolysate in solvenis A, B and D showed the presence of galacturonic
acid and galactose. Hydrolysis of the derived glycitol and examination
of the hydrolysate in solvents A, B and I showed the presence of galact-
uronic acid, galactose and galactitol. A sample of the oligosaccharide
wae converted into the methyl ester methyl glycosides, reduced with sodium

borohydride and hydrolysed to give galactose only. Samples (2 mg.) of the
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oligosaccharide and the oligosaccharide glycitol were partially hydrolysed.
The former gave 4~0-(D-galactopyranosyluronic acid)-D-galactose, which

was not detected as a-partial hydrolysis product f:m; the glycitol. A
sample (2 mg.) of the oligosaccharide was methylated by the Kuhn procedure
and the methanolysis products were examined by gas~liquid chromatography.

The following components were detected as their methyl glycosides.

component T
colum (c)
2,3,4,6~tetra-0-methyl-D-galactose 1.76
2,3,6-tri-2—metbyl—2—ga?l.-actose 2.93, 3.64; 3.99, 4.30
3,4~di—g—methyl—g—g;1actumnic acid® 15.66

*present as methyl ester
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798. Plant Gums of the Genus Sterculia. Part II1.* Sterculia
setigera and Cochlospermum gossypium Gums

By G. O. AspiNaLL, R. N. Fraser, and G. R. SANDERsON

Partial hydrolysis of Sterculia setigera and Cochilospermum gossypium gums
furnishes similar mixtures of acidic oligosaccharides, including 2-O-(x-D-
galactopyranosyluronic acid)-L-rhamnose, 4-O-(B-p-galactopyranosyluronic
acid)-p-galactose, 3-0-(B-p-glucopyranosyluronic acid)-p-galacturonic acid,
and  O-(B-p-glucopyranosyluronic  acid)-(1—3=3)-0-(z-D-galactopyrano-
syluronic acid)-(1—2)-L-rhamnose. The known structural features of the
gums are compared with those of other Sterculia gums in the light of these
results and of a re-examination of the cleavage products from the methylated
polysaccharides.

EARLIER studies of Sterculia setigera® and Cochlospermum gossypium ® gums indicated
that the two highly branched polysaccharides, which contained residues of n-galacturonic
acid, p-galactose, and L-rhamnose, had several structural features in common. Partial
hydrolysis of the two gums furnished similar mixtures of acidic oligosaccharides, and,
although the individual components of the mixtures were not separated, some indication
of their nature was obtained by methylation of the mixtures. In the case of C. gossypium
gum, however, later work ¢ established the presence of D-glucuronic acid in addition to
D-galacturonic acid residues. A further examination of the partial hydrolysis products
led to characterisation of 2-O-(u-D-galactopyranosyluronic acid)-L-rhamnose, but no
discrete oligosaccharides containing p-glucuronic acid residues could be isolated although
the presence of at least one such oligosaccharide in a mixture was demonstrated. Since
recent studies of Sterculia urens® and S. caudata . gums have shown that the polysaccharide
components of these gums also contain residues of D-glucuronic and n-galacturonic acids,
the partial hydrolysis products of S. setigera gum have now been re-examined together
with those from C. gossypium gum.

Cochlospermum gossyprum gum has sometimes been erroneously referred to as
“karaya gum,” a term properly applied to Sterculia urens. In view of possible doubts as
to the origin of the commercial sample of gum used in the previous studies,>4 gum from a
botanically authenticated source was used in the present investigation, and we are grateful
to Mr. A. G. Kenyon of the Tropical Products Institute for arranging for the supply of this
material and an authentic sample of S. wrens gum, and also to Professor J. K. N.
Jones for generously providing us with some of the batch of Sterculia setigera gum on which
previous studies were performed.

The polysaccharides from Sterculia urens, S. setigera, and Cochlospermum gossypium
gums were obtained after deacetylation of the native gums with aqueous ammonia. The
polysaccharides were methylated and the cleavage products from the methylated poly-
saccharides were examined by paper chromatography of the sugars and gas chromatography
of the methyl glycosides. In addition, the mixtures of acidic sugars formed on hydrolysis
of the methylated polysaccharides were treated with methanolic hydrogen chloride,
reduced with sodium borohydride, and hydrolysed to give mixtures of sugars which were
examined by appropriate chromatographic procedures. Neutral methylated hexoses
which were detected only after reduction with borohydride were presumed to have arisen
from the corresponding methylated hexuronic acids. Table 1 summarises the methylated
sugars which have been characterised as cleavage products from the methylated poly-
saccharides from the three Sterculia gums (S. wrens, S. caudata, and S. setigera) and
Cochlospermum gossyprum gum in the present and previous investigations.

The results in Table 1 show clearly that the various gums contain the same structural
units. In the case of Sterculia wurens gum no differences in structural wunits were



observed between the commercial sample previously examined ® and the present
botanically authenticated specimen. Likewise, the botanically authenticated sample of
Cochlospermum gossypiwm gum was similar in most respects to the earlier sample of
commercial origin.%* The polysaccharides from the various gums probably differ to a
relatively small extent in the proportions of the constituent sugars, but methylation
studies have failed to reveal any important qualitative differences in the nature and mode

linkage of these units.

TasLE 1
Methylated sugar residues in methylated gums
Gum: Sterculia Sterveulia Sterculia Cochlospermum
urens candata setigera gossypium
Sample: a b b b a b
Investigation: i d ch el c? d ¢ d Approx.
Methylated sugar/ rel. propn.?
MeGal  .oovearsnenss A C A C A C A C + 4+
2,3,6-Me,Gal ......... A C A c A C A C + 4+
2,6-Me,Gal ..........a. A & C C A Cc +
2,3,4-Me;Rha ... A C C C A C + 4+
3,4-Me,Rha............ A C A C B C A C ++
3-MeRha .........ouuune A C A C B C A C + +
2,3,4-Me,GA .. . A C Cc C A C ++
3,4-Me,GA ..oovvnns B trace
2,3,4-Me,GalA ... G C C e trace
2,3-Me,GalA ......... A C C C B C +
2-Me GalA ............ A C C A C A C ++
3-MeGalA ............ A C C G A Cc +ff

@, Commercial sample. b, Botanically authenticated sample. ¢, Previous work. d, Present
work. e, Preceding Paper. f, Characterisation of methylated sugar: A, by formation of crystalline
derivative; B, by paper chromatography of separated sugar component; C, by paper chromatography
of sugar andfor gas chromatography of methyl glycosides in admixture with other sugar components.
£, Semi-quantitative estimate of relative proportions based on isolated yields, relative intensities of
spots on paper chromatograms, or relative peak intensities on gas chromatograms.

Further evidence for the structural similarities between the polysaccharides from
these gums has been obtained by a re-examination of the acidic oligosaccharides formed
on partial acid hydrolysis of the polysaccharides from Sterculia setigera and Cochlospermum
gossvpuin gums.  As in the preceding Paper! the complex mixtures of oligosaccharides
were separated by lon-exchange chromatography on diethylaminoethyl-Sephadex followed
as necessary by filter-sheet chromatography. Where sufficient quantities were obtained
the oligosaccharides were characterised by the formation of crystalline derivatives, most
frequently of the hydrolysis products of the methylated derivatives. Oligosaccharides,
which were isolated only in small amounts, were characterised by appropriate chromato-
graphic procedures and by comparison of their infrared spectra with those of the corre-
sponding oligosaccharides from Sterculia caudata gum.!  2-O-(x-pD-Galactopyranosyluronic
acid)-L-rhamnose, 4-0-(B-D-galactopyranosyluronic acid)-p-galactose, 3-0-(8-p-gluco-
pyranosyluronic acid)-p-galacturonic acid, and O-(g-p-glucopyranosyluronic aid)-(1—3)-
O-(a-D-galactopyranosyluronic acid)-(1—s2)-L-rhamnose were identified as partial
hydrolysis products from both gums. In addition, the partially acetylated oligosaccharide,
2-0-acetyl-4-0-(p-p-galactopyranosyluronic acid)-p-galactose, was obtained from both
polysaccharides. It is evident again that the procedure used for the isolation of the
polysaccharides which involves deacetylation of the native gums with aqueous ammonia
does not result in complete deacylation. An additional trisaccharide, which was probably
O-(p-galactopyranosyluronic acid)-(1—s=4)-O-(D-galactopyranosyluronic acid)-(1l—s2)-
L-thamnose, was isolated from Sterculia setigera gum, and chromatographic evidence was
obtained for its presence amongst the partial hydrolysis products from Cochlospermum
gossypium gum.

It is now apparent that the gums from the three Sterculia species (S. urens, S. caudala,
and S. setigera) and the gum from Cochlospermum gossypium contain not only the same




structural units but also that many of the same sequences of sugar residues are present in
the four polysaccharides. Table 2 indicates the acidic oligosaccharides which have now
been characterised as partial hydrolysis products of the gums. The various partial
structures, which have been proposed for Sterculia urens ® and S. caudata ! gums, may now
be extended to S. sefigera and C. gossypium gums. In order to obtain further structural
information on these gums it will be necessary to isolate, as products of partial degrad-
ation, fragments containing new sequences of sugar residues, and experiments to modify
the relative rates of cleavage of the different glycosidic linkages are in progress.

TaABLE 2

Acidic oligosaccharides from partial hydrolysis

Gum: Stevculia Stevculia Steveulia Cochlospermum
urens caudata seligera gossypium
Oligosaccharide

GalA 1l —3= 2 Rha ...oovvvvirnneinnnes -
GalA 1l — 4 Gal....oovieniaiannes +
GAl— 3GalA.......covciiniininnnnnn
GA 1 ——= 3 GalA 1 — 2 Rha... +
GalA 1 —» 4 GalA 1 ——= 2 Rha ?

+ o+
o
vt

EXPERIMENTAL

The general experimental procedures were as described in Part T1.1

Isolation of Polysacchavides from Gums.—Finely powdered Cochlospermum gossypiwm gum
(50 g.) was deacetylated with aqueous ammonia, as described for Sterculia caudata,* and afforded
gum acid (34 g.), [«], +66° (¢ 0-49 in H,O containing 1%, of ammonia), uronic anhydride (by
decarboxylation) 40-49,. Likewise, Sterculia urens gum furnished gum acid, [&],, +59° (¢ 0-56
in 1%, NaOH), uronic anhydride, 4V9%,. Sterculia setigera gum ? was similarly deacetylated.
Chromatography of the hydrolysates from each of the gums showed the presence of galactose,
rhamnose, galacturonic and glucuronic acids, and complex mitures of acidic oligosaccharides.

Partial Hydrolysis of Gum Acids and Sepavation of Acidic Sugars—Gum acid (10 g.) from
Cochlospermum gossypiwm gum was heated in N-sulphuric acid (500 ml.) on a boiling-water
bath for 7 hr. and afforded a syrupy hydrolysate (6-81 g.). The mixture of sugars was
fractionated by column chromatography on diethylaminoethyl-Sephadex as described in
Part II,! followed as required by filter-sheet chromatography in solvent B, to give neutral
sugars (rhamnose, galactose, and O-acetylgalactose, 1-177 g.), galacturonic acid (759 mg.),
oligosaccharide I (231 mg.), Rgya 0:79 and [a], +93° (¢ 2:31 in H,0), oligosaccharide II
(104 mg.), Rga1a 0:39 and [a];, +70° (¢ 1-9 in H,0), oligosaccharide I11 (394 mg.), Rgqy 0-24 and
[o], +120° (¢ 1-97 in H,0), oligosaccharide IV (61 mg.), Rgas 0-29 and [o],, +42° (¢ 3-:05 in
H,0), and oligosaccharide V (300 mg.), Rgqa 0:20 and [«], +75° (¢ 3:00 in H,0). In addition,
a sugar with the chromatographic mobility of acidic oligosaccharide VI, Rgga 0-18, from
Sterculia caudata gum ! was present but was not obtained in suitable form for detailed study.

Gum acid (2 g.) from Sterculia setigera gum was hydrolysed similarly to give a syrupy
hydrolysate (1:296 g.). Fractionation of the syrup gave neutral sugars (183 mg.), galacturonic
acid (245 mg.), oligsaccharide I (71 mg.), Rgas 0-80 and [«], +94° (¢ 1-42 in H,0), oligo-
saccharide IT (31 mg.), Rgy 0-39 and [«],, +74° (¢ 1-55 in H,0), oligosaccharide I1I (79 mg.),
Rgyy 0-24 and [o, +122° (¢ 1-39 in H,0), +122° — +76° (4 hr., equil.) (¢ 1-39 in H,O
containing 1%, of ammonia), oligosaccharide IV (34 mg.), Rg,a 0-27 and [a], +42° (¢ 17 in
H,0), oligosaccharide V (64 mg.), Rgaa 0-24 and [o], +80° (¢ 1-85 in H,0), and oligosaccharide
VI (15 mg.), Rga1a 0-17 and [o];, +73° (¢ 1-5 in H,0).

Examination of Acidic Oligosaccharides.—Acidic oligosaccharides from both gums were
examined by the following reaction sequences: (1) hydrolysis and paper chromatography of the
hydrolysate; (2) reduction with sodium borohydride, hydrolysis, and paper chromatography
of the hydrolysate; (3) conversion into the methyl ester methyl glycosides with methanolic
hydrogen chloride, reduction with sodium borohydride, hydrolysis, and paper chromatography
of the hydrolysate; and (4) methylation with methyl sulphate and sodium hydroxide, and
methyl iodide and silver oxide, reduction with lithium aluminium hydride, methanolysis, and
gas chromatography of the resulting methyl glycosides on column b. The results are sum-
marised in Table 3. In addition, oligosaccharides I, ITI, IV, and V from both gums, and



oligosaccharide II from Cochlospermum gossypiwm gum gave infrared spectra which were
identical with those of the corresponding acidic oligosaccharides from Sterculia caudala gum.?

TABLE 3
Examination of acidic oligosaccharides

Acidic Reaction
oligosaccharide sequence Products
Galacturonic acid, rhamnose
Galacturonic acid, rhamnitol
Galactose, rhamnose
Galacturonic acid, galactose
Galacturonic acid, galactitol
Galactose
2,3,4- and 2,3,6-Me,galactose
Galacturonic acid, galactose, O-acetylgalactose
Galacturonic acid, galactitol
Galactose
2,3,4- and 2,3,6-Me,galactose
Glucuronic acid, galacturonic acid
Glucuronic acid, galactonic acid
Glucose, galactose
2,3,4-Me,glucose, 2,4-Me.galactose
Glucuronic acid, galacturonic acid, rhamnose
Glucuronic acid, galacturonic acid, rhamnitol
Glucose, galactose, rhamnose
2,3,4-Megglucose, 2,4-Me,galactose, 3,4-Me,rhamnose
Galacturonic acid, rhamnose (molar ratio, 2 : 1)
Galacturonic acid, rhamnitol
Galactose, rhamnose

1

11

111

v

VI

CO LD = W GO BD = e O3 B e e 0 D e O B = W0 D

—N— e A A —— A

Oligosaccharide I. The aldobiouronic acid from both gums was characterised as 2-O-(a-D-
galactopyranosyluronic acid)-L-rhamnose by conversion into the methyl glycoside pentamethyl
ether dihydrate,” which was identified by m. p. 67—68° and mixed m. p. 67°, and by X-ray
powder photograph.

Oligosaccharide 1I1. The oligosaccharide (200 mg.) from Cochlospermun gossypiwm gum
was saponified with 4~-sodium hydroxide (10 ml.) on a boiling-water bath for 30 min. The
reaction mixture was acidified and distilled, to give acetic acid which was characterised by
conversion into 4-nitrobenzyl acetate, m. p. and mixed m. p. 77°.

Oligosaccharide V. The acidic trisaccharide (100 mg.j from Cochlosperumum gossypium gum
was successively methylated to give methylated acidic trisaccharide, reduced with lithium
aluminium hydride to give methylated trisaccharide, and hydrolysed to give a mixture (54 mg.)
of sugars. The mixture was separated on filter sheets using solvent D, to give 2,4-di-O-methyl-
p-galactose (14 mg.), [o], 4+90° (¢ 1-4 in H,0), which crystallised as the monohydrate, m. p. 99°
and mixed m. p. 99—100°, and a mixture (27 mg.) of sugars which was further separated by
ionophoresis in borate buffer to give 3,4-di-O-methyl-L-rhamnose (10 mg.), [«], +23° (¢ 1-0 in
H,0), m. p. 96° and mixed m. p. 95—96°, and 2,3,4-tri-O-methyl-D-glucose (11 mg.), [o], +66°
(¢ 1-1 in H,0), which was characterised as the aniline derivative, m. p. 135° and mixed m. p.
134—135°.

Methylation of Gum Acids,—Samples (ca. 1-5 g.) of gum acids were stirred in suspension in
ethereal diazomethane, and the resulting polysaccharide methyl esters were methylated with
methyl sulphate and barium hydroxide in dimethyl sulphoxide and NN-dimethylformamide as
described by Kuhn and Trischmann.® Further methylations with methyl iodide and silver
oxide furnished (i) methylated Cochlospermum gossypium gum, [«], +43° (¢ 1-64 in CHCly)
(Found: OMe, 4099%,), methylated Sterculia urens gum, [a], +68° (¢ 1-24 in CHCl,) (Found:
OMe, 41-9%), and methylated Sterculia setigera gum, [«], +60° (¢ 1-26 in CHCl,) (Found:
OMe, 43-99,).

Samples of the methylated polysaccharides were heated with methanolic hydrogen chloride,
and, in each case, examination of the cleavage products by gas chromatography on columns
a and b indicated the presence of methyl glycosides of the following sugars (approximate relative
proportions in parenthesis): 2,3,4- (+ or ++), 3,4-di- (+ +), and 3-O-methylrhamnose (+ +-),
2,3,4,6-tetra- (++-) and 2,3,6-tri-O-methylgalactose (4 ), 2,3,4-tri-O-methylglucuronic
acid (4 ), 2,3,4-tri- (trace or +), and 2,3-di-O-methylgalacturonic acid ().



Samples (0-2 g.) of the methylated polysaccharides were refluxed with methanolic 49
hydrogen chloride (10 ml.) for 18 hr. The neutralised solutions were concentrated, heated
with saturated barinm hydroxide (10 ml.) at 60° for 2 hr., and passed through Amberilite resin
IR-120(H) to remove barium ions. The concentrated solutions were adsorbed on columns
(5 x 1 em.) of diethylaminoethyl-Sephadex (formate form). Elution with water furnished
neutral methyl glycosides, and elution with aqueous 19, formic acid gave acidic methyl glycosides.
The neutral methyl glycosides were hydrolysed, and paper chromatography of the resulting
mixtures of sugars in solvents A, D, and E showed the above-mentioned neutral sugars together
with traces of 2,6-di-O-methylgalactose and rhamnose. The acidic methyl glycosides were
heated with methanolic hydrogen chloride, reduced with sodium borohydride, and hydrolysed,
and paper chromatography of the resulting mixtures of sugars showed 3,4-di- (+) and 3-O-
methylrhamnose (+), 2,3,4-tri- (trace or +), 2,3-di- (+), 2- (++), and 3-O-methylgalactose
(+-), and 2,3,4-tri-O-methylglucose (+ -+ ).

The authors thank Professor Sir Edmund Hirst, F.R.S., for his interest and advice, the
Cotton, Silk, and Man-Made Fibres Research Association for the award of a Shirley Fellowship
(to R. N. F.), and the Carnegie Trust for the Universities of Scotland for the award of a vacation
scholarship (to G. R. 5.).

DEPARTMENT oF CHEMISTRY, THE UNIVERSITY,
WesT Marmns Roap, EpiNBUurGcH 9. [Received, March 3rd, 1965.]

1 Part II, G. O. Aspinall and R. N. Fraser, preceding Paper.

? E. L. Hirst, L. Hough, and J. K. N. Jones, J., 1949, 3145; L. Hough and J. K. N. Jones, J.,
1950, 1199.

. L. Hirst and S. Dunstan, j., 1953, 2332.

. Aspinall, E. L. Hirst, and M. J. Johnston, J., 1962, 2785.
. Aspinall and Nasir-ud-din, J., 1965, 2710.
. Hirst, E. E. Percival, and R. S. Williams, [., 1958, 1942,
. Aspinall and R. S. Fanshawe, j., 1961, 4215.
. Kuhn and H. Trischmann, Chem. Ber., 1963, 93, 284.

eEHEOH
oroo

C"

=

PRINTED IN GREAT BRITAIN BY RicHarRD Cray (THE CHAUCER Press) Ltb.,
BuNGAY, SUFFOLK.



