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1.

INTRODUCTION

The major constituent of plant cell-walls is cellulose.
The long threadlike macromolecules of cellulose are arranged in
bundles which in certain areas are so well organised, due to
hydrogen bonding between free hydroxyl groups in the (1 = 4) =
linked glucopyranose residues of adjacent molecules, that ecryst-
allinity is observed (1). Other areas are more amorphous in
nature and appear to be rich in lignin and non-cellulosie
polysaccharides known as 'hemicellulose'. The exact role of these
polysaccharides is not known, for while they undoubtedly have a
strengthening effect on the cell-wall, many appear to be concerned
with metabolic processes.

In spite of much work, the question of whether there is
a lignin~-hemicellulose linkage is still not settled (2). While
many investigators believe that the differences in solubility of
these polyseaccharides before and after extraction is due to chemical
combination with lignin (3 - 9), others believe that the differences
can be ascribed to a physieal restraint which the individual
polymers impose on the solution of each other and especially to
the restraint which lignin imposes on the polysaccharides by inter-
penetration (10 - 12).

Recent evidence in favour of the first theory has been
provided by Lindgren who examined electrophoretically a lignin-
containing /
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lignin-containing polysaccharide from Norway spruce (13).
Nelson and Schuerch, however, have shown that the quantity of hemi-
cellulose which can be extracted from birchwood increases as the

material is ground up and decreases as the cell-walls are swollen

(14).

Extraction

Before the hemicellulose in wood can be extracted, lipids
and resins must be removed and this is best done by extraction
with en azeotropic mixture of benzene and ethanol (15). Water-
soluble hemicelluloses such as larch arabinogalactans and low
molecular weight carbohydrate material can then be extracted with
hot or cold water. As lignin retards or prevents the complete
solution of the alkali-soluble paiysaccherides, the material is
delignified prior to polysaccharide extraction. This is done by
rendering the lignin water-soluble by mild treatment with chlorine
(16), sodium chlorite (17) or chlorine dioxide, pyridine and water
(18). The material left, known as holocellulose, usually contains
about 3% lignin but this does not seem to interfere with the

extraction of the hemicelluloses.

The usual extractant is agueous sodium or potassium
hydroxide although sodium carbonate solutions have been used (19,20).
The holocellulose is repestedly extracted with inecreasing
concentrations of extractant (up to 17.5% for sodium hydroxide)

at room temperature in an atmosphere of nitrogen to minimise
alkaline /



3
alkaline degradation.

Fraetionation

The hemicellulose extract will, in all probability,
contain several polysaccharides, and before structural studies
can begin the extract must first be fractionated into its
component polysaccharides. Heterogeneity may arise from (a)
polysaccharides with different structural units (p) polysaccharides
with the same structural units but present in different proportions
(e) polysaccharides with the same structural units but linked in
different ways (d) polysaccharides with the same repeating units
but with different molecular weights.

| The most common method of fractioration is fractional

preéipitation, with organic precipitants, of the polysaccharides
(21) or their methylated (22) or acetylated (23) derivatives.
Another method is graded precipitation from an agueous solution
by the addition of ammonium sulphate (24).

Many polysaccharides form insoluble salts or complexes
with copper (25-28) and cetyltrimethylammonium bromide (29,30).
IThe latter was first used to fractionate acidic polysaccharides,
but recently the method has been extended to neutral polysaccharides
which form complexes with boric acid (31). By using the corres-
ronding base, cetyltrimethylammonium hydroxide, a&s precipitant on
the polysaccharide-boric acid complex, Bouveng and Lindberg have

separated /
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separated two neutral arabinogalactans from Western larch (32).
This procedure has since been used for the fractionation of
Japenese larch arabinogalactan (33).

A newer method for polysaccharide fractionations is
chromatography on ion-exchange cellulose such as diethyl amino
ethyl = (D,%.A.E) - eellulose (34), and ECTHOLA - cellulose (35).
These ion-exchange celluloses, in various forms (phosphate, borate
etc.) retain acidic polysaccharides but not neutral polysaccharides
at neutral pH values, and by using suitable eluants at differing
pH values and electrolytic concentratims, many polysaccharide
mixtures have been fractionated (36). Recently, separations of
acidic mucopolysaccharides have veen effected by ion-exchange
chromatography on D.E.4.E. Sephadex (37). This process is now
being extensively used in the protein field and it should prove
to be a valuable technigue for effecting and assessing polysace-
haride homogeneity. '

The fractions obtained by one of the above methods are
then examined for homogenelity by chromatography, electrophoresis
or ultracentrifugation. Preece and Hobkirk have fractionated,
on an analytical scale, several cereal water-soluble polysaccharide
mixtures by electrophoresis on filter paper in borate and acetate
buffers (38). Better results are obtained when glass-fibre paper
(39) is employed as the inert support, as filter paper tends to
complex with the polysaccharides and detection of the polysacch-
arides is difficult, due to the cellulose in the paper. Using
this modification, Smith has shown that many polysaccharides which

were /
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were assumed to be homogeneous appesr to be heterogeneous (40).

A method less frequently employed is ultracentrifugation
(41). It is, however, particularly useful in determining the
homogeneity of fractions from a mixture of polysaccharides of
different molecular weights and was used by Lindberg and Bouveng
in establishing the homogeneity of two arabinogalactans from

western larch (32).

The most common polysaccharides found in hemicellular
extracts are xylans, glucomannans and arabinogalactans.: On
hydrolysis these give rise to g - Xylose, g - glucose, g - mannose,
g - galactose, é - arabinose, % - rhamnose, 2 - gluecuronic acid

and 4-QO-methyl - D - gluecuronic aecid.
lans

This group of polysaccharides is fregquently found in
cereals, grasses and woods. They all have a similar backbone
composed of (1 - 4) - linked P - D - xylopyranose residues.

The xylans from cereals and grasses are characterised
by the presence of L -~ arabinofuranose residues, linked to the
backbone as single-unit side-chains, usually o position C 3 of
D - xylose. In many cases, however, D - glucurcnic acid or 4 - O -
methyl - D~ glucuronic acid or both are also present. These acid
groups are usually attached to the xylan backbone by a (1 = 2) -
linkage, although in one sample of wheat straw xylan (42) the
acidic /
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acidic residues are linked to the D - xylose units by a (1 - 3)-
linkage and, in addition td the normally occurring (1 - 2)- linked
aldobiouronic acids, an aldobiouronic acid containing a (1 - U4)=
linkage has been isolated from corn cob xylan (43)e A few cereal
xylans contain non-terminal in addition to terminal ; - arabino-
furenose residues (4 = 51)s In most cases there is yet
insufficient evidence to show whether thescacid-labile residues
are attached directly to the main chain (1) or through one or

more xylose residues (11).

-4 Xyl 1~-4Xyl1-4Xyl1=

1 (1)

- 4 Xyl 1 -l Xyl -y Xyl -
3
I

Where /



7

Where it has been possible to differentiate between

the two structures, structure (1) is favoured.

Xylans from hardwoods are characterised by the presence
of 4 = O - methyl —‘2 - glucuronic acid residues. These acid
groups are attached as single-unit side-chains to approximately
every tenth xylose residue in the main chain by a (1 - 2)= linkage.
A xylan from trembling aspen was at one time thought to contain
2 - arabinofuranose end-groups (52) but a later publication has
shown that an arabinose - containing polymer was present as a
contaminant (53) and it is now thought that the hardwood xylans
are devoid of arsbinose.

The xylans from softwoods are characterised by the
presence of both 4 - 0 -~ methyl =~ 2 - glucuronic acid and .% -
arabinose. As in the hardwood xylans, the acidic residues are
present as single-unit side-chains and are attached to position
C 2 of the xylose residues. The proportion of acidic residues
is higher than in the hardwood xylans, theme being approximately
8ix xylose units present per acidic unit. The L - arabinofuranose

residues could be attached either directly to the main chain or
through one or more xylose residues. Where it has been possible
to distinguish between these two possibilities, the evidence has
aiways favoured direct attachment with the arabinose units linked,
as in the cereal xylans, to position C 3 of the xylose residues.

In a few cases (54 - 58) there have been reports that
not all the D ~ glucuronic acid units in the wood xylans are

substituted at position C L4 with O - methyl groups. However a

recent /
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recent publication (59) has shown that the 4 - QO - methyl - B =
glucuronic aclid residues are slightly demethylated under the
conditions normally used for hydrolysis of these polysaccharides.

The general structural features of both the cereal and

wood xylans are shown in structure (III).
- Xyl 1 -qu11-qu11-th11-th11-

3 2
| |

R' {111) R"

R' = Arafi - or Xyli-2 Arafil
R" = |, - jie = GA 1= or GA | =

Glucomannans

Polysaccharides containing g-mannoae and D- glucose as
their main structural units occur in the seeds of various land
vlants and in woods, particularly the coniferous woods. The poly-
saccharides are essentially linear with blocks of (1 = 4)- linked
p= D- mannopyrenose residues separated by one or more (1 - L)-
linked /5’ - g— glucopyranoce residues. There are indications
however, that two Norwegian spruce glucomannans (60, 61) and a
glucomannan from spruce pulp (62) may be branched.

A characteristic feature of the softwood glucomannans
is the presence of non-reducing g - galactopyranose end-groups.

In many of these glucomannans the galactose residues constitute
approximately 20 molar % of the polysaccharides, while in others
only trace amounts are present. In the galactose-rich glucomannans

(galactoglucomannans) /



9.

(galactoglucomannans) the D- galactose residues are attached as
single-unit side-cheins by a (1 = 6) - linkage to mannose, and
probably glucose units, in the main chain. It is not yet known
whether the galactose residues in the glucomannans which contain
only trace amounts of galactose are attached directly to the main
chain or through one or morc mannose and/or glucose residues.

The general structural features of the glucomannans are
shown below (IV).

-l Mann 1 - 4L Glu 1 - | L Mann-] -4 Glu1-4CGlu1 -
_
6 n 6
I I

1 1
Gal Gal (IV)
Arabinogalactans

Polysaccharides containing D - galactose and.é - arabinose
occur in many coniferous woods and aég present in largest proportion
in larch woods. These water-soluble arsbinogalactans are all highly
branched with (1 - 3)- and (1 - 6)=- linked /5’ - D - galactopyranose
residues. The arabinose units are always situated in the periphery
of the molecule. Although the groportion of arabinose varies from
wood to wood; no galactens devoid of arabinose residues have been
isolated.

The most extensively studied arabinogalasctans; or
i - galactans, have been those from various larches, particularly

Western larch (Larix occidentalis), Furopean larch (Larix decidua)
and /
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and to a lesser extent Japenese larch (Larix leptolepis).

Western larech

Western larch S - galacten was first studied in
detail by White (63-66). The polysaccharide was fully methylated
and methanolysis followed by fractional distillation gave the
methyl glycosides of 2, 3, L, 6 - tetre=0Q - methyl = D-galactose
(2 moles ), 2, 3, 4 - tri - O ~ methyl - D - galactose (1 mole),
2, 4 = 1 - Q0 - methyl - D ~ galactose (3 moles), and 2, 3, 5 -
tri - O - methyl - L - arabinose (1 mole), indieating that the
polysgccharide was highly branched with a galactan framework
composed of (1 = 3)- and (! - 6)- linked D - galactose residues
(63)s Quantitative analysis (63) gave the molar ratio of D -
galactose to & - arabinose as six ‘o one, and since only one species
of methylated arabinose was found, White suggested that sll the
arabinose units were present as non-~reducing furenose end-groups.

Partial methanolysis of the methylated é - galactan
yielded in addition to the methylated methyl glycosides already
mentionigd, the methyl glycosides of
6 - 0 - (2,3,4,6 = tetra = 0 - methyl o - D - galactopyranogyl) -
2,354 = tri - O - methyl - D - galactopyranose (V) and
6 = 0~ (2,3,4,6 - tetra - 0 - methyl -ﬂ - g ~ galactopyranosyl) -
2,4 = @i - O - methyl - D - galactopyranose (VI), indicating the
presence of fragments (VII) and (VIII) in the original polysace—
haride (64)/



Gal 1 - 6 Gal 1 = Gal 1 - 6 Gal 1 =

3

1

(ViI) (Viii)

The degraded methylated polysaeccharide gave on
methanolysis the methyl glycosides of 2,4 = di - 0 -« methyl -
D - galactose (6 moles) and 2,3,4,6,~ tetra - 0 - methyl B
galactose (1 mole). The degraded material was remethylated and
after methanolysis, the methyl glycosides of the following sugars
were isolated - 2, 3, 4y 6, - tetra - Q0 -~ methyl - D - galactose
(41¢5 moles %), 2,3,4 - tri - 0 -Imethyl - D - galactose
(1847 moles %), 2, 4y 6 = tri = O - methyl ~ D - galactose
(78 moles %) and 2, 4 = di = Q - methyl - D - galactose
(3148 moles #)s The large amount of 2,3,4 = tri - Q0 - methyl -
D - galactose compared with the 2,4,6 - isomer suggested that most
of the 2,4 - di - O -~ methyl “‘2 - galactose residues in the unde-

graded methylated material, were linked to each other by (1 = 6)=-
linkages /



12.

linkages (64,66).

Arabinogalactan was partially hydrolysed under very
mild acid conditions in order to remove most of the arabinofuranose
residues with relatively little modification to the galactan
fremework (65). The resulting degraded polysaccharide was methy-
lated and on methanolysis the methyl glycosides of 2,3,4,6 - tetra -~
9 - methyl - D galactose (2 moles), 2,3,4 -« tri - O -~ methyl - D~
galactose (1 mole), 2,4,6 - tri - Q0 - methyl - D - galactose
(2 moles) were isolated. The appearance of 2,4,6 - tri - 0 ~
methyl -rg - galactose together with the decrease in amount of
2,4 - di - 0 - methyl - g - galactose indicated that the'é -
arabinofuranose residues were attached to position C6. of (1 - 3)=-
linked /7 - D - galactose residues (IX).

- 3 Gal 1 -
6

|
1

Araf (IX)
On the basis of these results White proposed the
following structure :-

Gal 1 - 3 Gal 1 - 3 Gal 1 - 3 Gal 1 - 6 Gal 1 -
6 6 6 ° 6
| i l !
1 1 1 1
Gal R R Gal 3 -
6
!
R = Gal or Araf

The /
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The arabinogalactan from Western larch (32,67=70)
has recently been studied by Bouveng and Lindberg. They showed
that under mild conditions of hydrolysis two disaccharides,

3«0 -/g » b o arabinopyranosyl - L = arsebinose (X) and
6 -0 - [g - D - galactopyranosyl - D - galactose (XI) were

released (67).

Ara p 1 = 3 Ara Gal 1 - 6 Gal
(x) (x1)

The isolation of the arabinobiose conflicted with
White's methylation results which had shown no indication of
either non-terminal arabinose units or terminal arabinopyranose
residues. The ease of removal of the galactobiose suggested
that some galactofuranose residues were present. This, however,
has not been supported by methylation evidence (32,69) and it is
now thought that a portion of the (1 - 6) - galactopyranose
linkages are weaker than others due to steriec factors (68).

In a later publication it was shown that $ - galacian
from the heartwood of Western larch could be separated into two
arsbinogalactans (A and B) by fractional precipitation of the
polysaccharide - boric acid complex with cetyltrimethylammonium
hydroxide (32). The two fractions differed in sedimentation
velocity and electrophoretic mobility but had approximstely the
same composition. The moleecular wéights were of the order of
100,000 for fraction A and 16,000 for fraction B. It is of
interest to note that in ultracentrifugal studies on European
larch f‘ - galactan, Mosimann and Svedberg found two components

with /
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with similzr molecular weights (21). When arabinogalacton A was
subjected to prolenged mild acid hydrolysls to remove the arabino-
fursnose recidues, two polymeric galactans were released (68).

The two fractions (A' and A") hed different electrophoretic
mobilities and could easily ﬁa seperated by fractional precipit-
ation with cetyltrimethylammonium hydroxide on the galactan-borie
acid complex. Methylation studies on both subfracticns showed
thet they contained the same types of linkage but in different
proporticns. This suggested that the two galactans had originated
from two polysaccharides. 1% is possible however, that both
fractions correspomsito two fragments of the same molecule which
vere joined together by a weak galactopyranose linkage of the type
already mentioned. Arabinogalactan B was degraded in the same
manner to yield a single component with the same electrophoretic
mobility as the original polysaccharide.

The major (A) fraction and the minor (B) fraction were
both methylated (32,69) and a comparison of the methyl ethers
isolated from each fraction (Table I) showed that both polysacc=
harides had similar galactan frameworks. The arrangement of .-.-L. -
arabinose units however was rather different. In fraction A, two
thirds of the L arabinose was present as terminal non-reducing % -
arabinofurancse residues and one third as 3 = 0 -/3 - é -
arabinopyranosyl - é - arabinofuranose residues., The amount uf
3«0 = /3 - % - arabinopyranosyl - L - arabinofuranose was higher
in fraction B and since there was an excess of 2,5 - di - 0 - methyl -
é - arabinose over 2,3,4 -« tri - 0 - methyl - % - arabinose, Bouveng

suggested /
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suggested that some of the arabinose could be accommodated as

3 =0 = f?- g - arabinofuranosyl - é - arabinofuranose residues.
The isolation of 2 - Q0 - methyl - D - galactose and 2,6 = di - 0 -
methyl - D - galactose strongly indicated the existence of (1 - L)~
linkages, although their presence could be due to incomplete
methylation or demethylation during hydrolysis.

On treatment with sodium periodate followed by a _
phenylhydrazine and acetic acid degradation as described by Barry
et al, (71), arabinogalactan B gave glyoxal bis phenylhydrazone,
glyceroosazone, a - arabinoosazone and a polysaccharide fraction
from which one third of the non-oxidisable arabinose residues had
been removed. Partial hydrolysis of the degraded polysaccharide
afforded 3 - Q0 - fJ’ - D - galactopyranosyl - 2 - galactose with
' smaller amounts of tﬁ; (4 = 6) = linked isomer. It is unlikely
thet the presence of arabinoosazone was due to direct hydrolysis
of the arabinofuranose residues during the degradation as no
arabinoosazone was found among the products formed on degradation

of periodate-oxidised arasbinogalactan A. The results show rather

that one third of the non-oxidisable arabinose residues were
attached to oxidisable galactose residues (XII), and that direect
hydrolysis and subsequent osazone formation of the arabinofuranosyl-
glyceroosazone, produced on degradation of the oxidised polysacch=-
aride, gave rise to arabinoosazone and glyceroosazone. The
remaining two thirds of the non-oxzidisable arabinose residues vere
linked as in (XIII).

Arap 1 - 3 Araf 1 - 6 Gal 1 - (x11)

Arap 1 = 3 Araf 1 - 6 Ggl 1 - (XIII)

The / '
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The degraded polysaccharide was subjected to a second
periodate oxidation and Barry degradstion. Partial hydrolysis of
the resulting polysaccharide gave 3 - O -/9 - 2 - galactopyranosyl -
2 - galactose with only trace amounts of the (1 - €) = linked isomer,
indicating that the polysaccharide possessed a periodate-resistant
backbone of (1 = 3) - linked = - D ~ galsctopyranose residues.

The polysaccharide isolated after the first degradation
was fully methylated and on hydrolysis gave 2,3,5 = tri « 0 - methyl -
L - arabinose (6.5%), 2,5 - di = Q - methyl - L - arabinose (1.7%),

293,456 - tetra - 0 - methyl - D - galactose (21.6%), 2,4,6 = tri - 0 -

Imethyl - D - galactose (38.9%); 2,354 = tri = Q ~ methyl - D -
galactose (3.3%), 2,6 ~ di = Q - methyl - D ~ galactose (L.8%) 2,4 -
di -~ Q0 - methyl - D - galactose (18.5%), L = Q - methyl - D - gelactose
(1.6%) and 2 = O - methyl - D - galactose (3.2%)s The large proport-
ion of 2,4,6 -~ tri = Q0 - methyl - D -~ galactose was further evidence
in favour of the (1 = 3) - linked backbone. A non-terminal arabino-
furanose units were still present, residues containing three arsbinose
units must have oecurred in the originsl polysaccharide (XIV).

Arep 1 = 3 Araf 1 ~ 3 Araf 1 - (x1Vv)

The high proportion of 2,3,4,6 - tetra = Q0 - methyl = D -
galactose could only be accounted for if most of the terminal units
in the degraded polysaccharide originated from doubly branched
2 - galactose residues in the original polysaccharide (XV).

5Gal 1 - 3 Gal 1 =
6 6

ji (xv)
Gol 1 = 3 amd

|
Arabinpgalactan /
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Arabinogalactan A was oxidised and degraded in a
similar manner to give a degraded polysaccharide which on partial
hydrolysis gave 3 - O -F;- D - galactopyranosyl - D -~ galactose
as the main product with only trace amounts of the (1 = 6)-linked
isomer. The absence of arabinoosazone indicated that all the non-
oxidisable arabinose units were attached to periodate-resistant

residues as in (XIII) and (XIV).

European larch

The first detailed structural studies on European larch
arabinogalactan were carried out by Campbell, Hirst and Jones (22),
who showed that the polysaccharide contained.g - galactose and
L - arabinose in the molar ratio of six to one. Fractional
precipitation of the methylated.~f - galactan with petroleum either
gave two components. The main fraction gave on hydrolysis
equimolecular amounts of 2,3,4,6 - tetra - 0 - methyl -~ D - galactose,
29354 = tri - 0 - methyl - R - galactose and 2,4 - di - Q0 - methyl -
3 - galactose. The minor fraction was rich in arabinose asnd on
hydrolysis gave 2,3,5 = tri - 0 - methyl -% - arabinose as the
only methylated arabinose derivative.

Unfractionated § - galactan was partially hydrolysed
under mild acid conditions to remove the acid-labile arabinofuranose
residues. The degraded material was methylated and on hydrolysis
yielded, in addition to the three methylated galactoses mentioned
above, 2,4,6 = tri - 0 - methyl =- Q - galactose. They concluded
that the 2’ - galactan was a mixture of polysaccharides,

containinge /
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containing (a) a true galactan and (b) a galactoaraban or an
araban and a second gelactan differing in structure from the one
Just mentioned.

lMore recent investigations by Aspinagll et al., however,
failed to confirm the sbove results regarding heterogeneity (72).
Both immunological studies (73) and ultracentrifugal measurements
(72) indicated that the polysaccharide was homogeneous.
HMethylation and hydrolysis of ‘é - galactan gave eguimolecular
proportions of 2,3,4,6 - tetra - Q0 -~ methyl '{2 - galactose, 2,3,4 =
tri - 0 - methyl = 2 - galactose and 2,4 - di - O - methyl “‘Q -
galactose together with smaller amounts of 2,3,4 - tri - 0 - methyl -
L - arsbinose, 2,5 - di - Q - methyl - L - arabinose, 2,L,6 - tri -
0O - methyl - D - galactose and 2 - Q0 - methyl - D - galactose.
As only trace amounts of 2,3,5 - tri -« 0 -« methyl -‘é - arabinose
were found, it was suggested that most of the arabinose residues

were accommodated as 3 - 0 -,3 - L - arabinopyranosyl - L -

arabinofuranose units. This was in agreement with an earlier

finding by Jones who isolated 3 = 0 - /3~ a - srabinopyrancsyl -

g - arabinose as a product fruﬁ partial hydrolysis of the polysacch-

aride (74). However, a subsequent examination by gas - liquid

chromatography of the methanolysis products from methylated § -

galactan showed that approximately one third of the arabinose

units were present as terminal non-reducinglg - arabinofuranose
residues (75).

| From the above methylation results three possible partial

structures for the galactan framework were proposed (XVI, XVII,

XVIII)./
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XVIII).
- 3Gal 1~ 3Gal 1 = -6 Gal 1 - 6 Gal 1 =

¢ s JE

1 1 (xvI) 1 1 (xvii)
Gal Gal Gal Gal

6 6 6 6

i [ I |

1 1 1 1
Gal Gal Gal Gal

- 3 (6) G?%Bl - 6 Gal 1 - 3 (6) Gg%j} -6 Gal 1 -

a1 cal (XVIII)

Periodate oxidation followed by a Barry degradation
gave a degraded polysaccharide which on partial hydrolysis
afforded 3 - O -F - D - galactopyranosyl - _3 - galactose and a
trace of the (1 - 6) -~ linked isomer. Structure (XVIII) was
immedlately eliminated as only isolated pericdate-resistant
residues would be present. Structure (XVII), on partial hydrolysis,
would have yielded 6 - O = [3 - D « galactopyranosyl - L - galactose
as the main product. Further evidence in favour of structure (XVI)
came from an examination of the partial hydrolysis products from
undegraded é - galactan, when a  galactotriose, probably
Q - /3 - D - galactopyranosyl - (1 =3)-0-~ ﬁ - D - galactopy-
ranosyl = (1 « 3) = D - galactose was isolated. Such a
trisaccharide could only have arisen from a polysaccharide with
a molecular structure as in (XVI). By selective catalytic
oxidation of the primary hydroxyl groups in the arabinofuranose
andtfxrggy%%j&ucing galactose residues to carboxylic acid groups,
Aspinall and Nicholson isolated among the products from partial
hydrolysis of the oxidised plysaccharide, two aldobiouronic acids,

one /
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one of which was characterised as 6 - Q - (L - arabinofuranosyl-
uronie acid) - D - galactose (XIX) (76).

HOOC OH

OH H.OH

. (XIX) OH

This was the first defini'te proof that arabinofurancse residues
were attached to the D - galactose units by a (1 = 6) - linkage,
for although previous investigations had indicated that such a
linkage was probable (65,22), the evidence was based on methylation
studies on degraded and unde graded é - galactan and the presence
of large amounts of 2,4,6 = tri - 0 -« methyl - D - galactose in
the degraded material could have been due to the rupture of
6 -0 = f3 = D - galactopyranose linkages, particularly since some
of them have been shown to be weaker than others (68).

Two possible partial structures were advanced to indicate

the mode of attachment of the arabinofuranose residues to the
galactan framework (XX,XXI).

- 3 Gal 1 - - 3 Gal 1 - - 3 Gal 1 - - 3 Gal 41 -
? 6 6
—> ] i = +

ara £ : (ca1)
a f Ara £ Gal

3 6 ™

; ! Ara £ 1-1 Glycerol

1

Ara p Ara £
3
I
1

Ara p

The / () (xx11) (XXI) (XXIII)
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The two partial structures could be distinguished by
treatment with periodate followed by borohydride reduction and
cold hydrolysis as described by Smith et al. (77). Structure (XX)
would give among the degradation products, a polysaccharide
containing both D - galactose and:é - arabinose (XXII) whereas
structure (XXI) would furnish a pure galactan and
arebinofuranosylglycerol (XXIII) together with cther low molecular
weight products.

On treatment with sodium periodate followed by a Smith
degradation, éf - galactan gave a degraded polysaccharide which,
on hydrolysis gave 2 - galactose and é - grabinose. A chromato-
graphic examination of the low molecular weight products showed
that a very small amount of arabinofurasnosylglycercl was present
indicating that while most of the arabinofuranose residues were
attached directly to the main chain (XX), a small proportion were
linked through one or more galactose residues (XXI).

Japanese larch

A water-soluble arabinogalactan from Japanese larch has
recently been studied by Aspinall and Wood (33). Hlectrophoretic
and ultracentrifugal examinations showed that the 'é - galactan
was heterogeneous und contained two polysaccharides. These were
gseparated by fractional precipitation of the polysaccharide~boric
acid complex with cetyltrimethylammonium hydroxide. Like Western
larch /
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larch é - galactan, both fractions differed in electrophoretic
mobility and sedimentation veloelity but had the same :B - galactose
to ‘Ié - arepinoee ratio, namely, six to one.

Examination of the hydrolysis products from methylated
arabinogalactan A by paper chromatography and gas-liquid -
chromatography showed that the polysaccharide was very similar
to other larch g - galactans. Approximately equal molecular
proportions of 2,3,4,6 - tetra - O - methyl - D - galactose,

23,4 = trdi - Q0 - methyl ~ D - galactose and 2-:!4 - di - 0 - methyl -
g - palactose were found together with smaller amounts of 2,3,5 -

tri - 0 - methyl -~ é - arabineose, 2,5 - di - Q0 - methyl - é -
arabinose and 2,3,4 ~ tri - 0 - methyl - g - arabinose. Only trace
guantities of 2,6 -~ di = Q0 = methyl = g -~ galactose;, 2 = 0 - methyl -
p~ galactggg/ 2,4,6 = tri - Q0 - methyl - D - galactose were observed.

Periodate oxidation of fraction A, followed by a Smith
degradation gave a degraded polysaccharide which contained arabinose
and galactose in the ratio of one to ten. As no monosaccharides
were detected on a chromatographical examination of the reduced,
hydrolysed, low molecular weight, degradation products, all the
non-oxidisable arabinofuranose residues must have been linked to
perlodate-resistant galactose residues as in (XIII).

The main ollgosaccharide found in the hydrolysate from
partlially hydrolysed degraded arhbinogalactan Awas 3 -0 -~ ﬁ - g e
galactopyranosyl - D - galactose with trace amounts of the (1 - 6) -
linked isomer. Hydrolysis of the methylated periodate degraded
polymer /
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polymer gave 2,4,6 = tri - Q0 = methyl - 2 - galactose as the
main component together with smaller amounts of 2,3,4,6 - tetra -
0 - methyl - D - galactose, 2,4 - di - O - methyl ~ D - galact'oae
and 2,3,5 = tri - Q - methyl ~ L - arabinose. Trace amounts of
2,5 = @i = 0 - methyl - é - arabinose were observed suggesting
that, like Western larch é - galactan (70), side chains containing
at least three arabinose units were present (XIV).

A second periodate oxidation and subseguent Smith
degradation resulted in the isolation of a polysaccharide which
on partial hydrolysis furnished 3 - 0 = /3 - g - galactopyranosyl -
Q - galactose in large smount with only trace amounts of the (1 - 6) -
linked isomer. Methylation studies on the twice degraded poly=-
saccharide showed that over 90% of the /3 - 2 - galactopyranose
residues were (1 - 3) - linked.

The small number of (1 = 6)-1linked residues which
remained after the second degradation indicated that branching

might occur in some of the galactose side-chains (XXIV).

~35Gal 1~-3GCal1=-3Gal1~-3Gal 1 -
A O A
|

R' R"-3 Gal R' R'
6
[
1
(xxIV) Gal R'=Gal 1 - 6 Gal 1 -

R"= Gal 1 = 3 Gal 1 =

The water-soluble arabinogalactans from Western larch ,
European /
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Buropean larch and Japanese larch have a similar molecular
structure. The backbone is composed almost entirely of

(1 - 3) - 11nked.f;- D - galactopyranose residues although
periodate oxidation results suggest that a small proportion of
(1 -6) - linked.ﬁ?-»g - galactopyranose residues may be present.
This backbone is highly raemified by substitution at positionsC 6
and since only trace'amounts of 2,4,6 = tri - Q0 - methyl - g -
galactose were found in the hydrolysates from the methylated

$ = gelactens, virtually all the galactose units in the main
chain are substituted. Each galactan side~chain contains en
average of two galactose residues which are linked to each other
and to the main chain by (1 - 6) -;B - pyrznose linkages.

There are indications that some residues in the side-chains are
substituted at position C3 as well as position C 6.

Arabinose residues, which constitute approximately 14
molar % of the polysaccharides are always situated in the
periphery of the molecule. Two thirds of the residues are
accomnodated as 3 - 0 =~ f - L - arabinopyranosyl - L - arabinofur-
anose units while the remainder are present as terminal non-reduecing
arabinofuranose residues. Arabinofuranose residues in European
larch § = galactan, and probably the { ~ galactans from Western
and Japanese larches, are attached to galactose residues by a
(1 - 6) - linkage. The majority of arsbinofuranose residues are
linked directly to the main chain although periodate oxidation
studies suggest that in Western larch arsbinogalasctanB and
European larch arabinogalactan, some of these residues may be

attached to the galactan backbone through one or more (1 = 6) =
linked /
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linked /? - D - galactopyranose residues.

Uronic acid -~ containing arsbinogelactans

For sometime now, the presence of 2 -~ glueuronic
acld residues as constituents of coniferous wood arabinogalsctans
has been suspected as small amounts of the uronic acid have been
detected in hydrolysates from several of these polysaccharides
(72, 78 = 82). Recent work on the arabinogalactans from tamarack
larch (Larix laricina) (82-8L4), mountain larech (Larix lyallii)

(85) and maritime pine (Pinus maritima) (86) has shown that D -
glucuronic acid residues are present as constituents of these
three polysaeccharides and it is now thought that many, if not all,
of the coniferous wood arabinogalactans contaein & small smount
(ca.2%) of D - glucuronic acid.

The above three polysaccharides have similar structural
arrangements but differing proportions of D - galactose, L - arsbinose
and E - glucuronic acid (table 2).

The main methyl ethers found in the hydrolysates from
the methylated polysaccharides were:- 2,3,4,6 - tetra - Q0 -
methyl -~ D - galactose, 2,3,4 - tri - O - methyl - 2 - galactose,
2,4 - 41 - 0 - methyl - 2 - galactose, 243,5 = trli = 0 - methyl =~
-%ﬁ - arebinose, 2,3,4 - tri - Q0 - methyl - % - arabinose, 2,5 - di -
.é?- methyl - g - arebinose and 2,3,4 - tri -~ 0 « methyl - D - glucuronic
acid. In addition 2,3,4 - tri - 0 -~ methyl - 2 - Xylose was
isolated from methylated maritime pine arabinogalactan.

Periodate oxidations of mountain larch and maritime
pine /
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pine arabinogalactans followed by Smith degradations, gave
degraded polysaccharides which furnished on hydrolyses,
g - galactose and “_I_- - grabinose. A small amount of é -
arabinosylglycerol was detected amoung the low molecular weight
degradation products from oxidised mountain larch arabinogalactan.
Partial hydrolyses of the degraded polysaccharides gave large
amounts of 3 - Q- }? - B galactopyranosyl - g - galactose with
only treces of the (1 = 6) -~ linked isomer.

| Partial hydrolyses of the two undegraded polysaccharides
yielded 6 - 0 = /3 - g - galactopyranosyl - D - galactose, 3 - Q =
- D - galactopyranosyl - D - galactose, 3 - Q - /J’ - L - arabino-
pyranosyl - é - arabinose and, from maritime pine arabinogalactan,
3=0=-A= D - xylopyranosyl - L - arabinose. When tamarack larch
arabinogalactan was partially hydrolysed, four galactotrioses (XXV)
and two galactotetraoses (XXVI) were isolated in addition to the
above three homodisaccharides. In no case did more than two ({1 = 6)=-

linkages or two (1 - 3) - linkages occur consecutively.

Gal 1 - 3 Gal 1 - 3 Gal Gal 1 = 6 Gal 1 - & Zgl
Gal 91 - 3 Gal Gal 1 - 3 Gal
6 6
I |
1 1
Gal Gal
(xxv)

Gal 1 - 6 Gal 1 - 6 Gal 1 - 3 Gal
(xxv1 )
Gal 1 - 6 Gal 1 - 3 Gal {1 - 3 Gal

Hydrolyses of these acidic polysaccharides gave neutral

monomers, /
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monomers, D - glucuronic acid and the aldoblouronic scld
6 =0~ /3 - L = (glucopyranosylurenic aecid) = 2 - galactose (3xvii).

COOH
o CH.
2
OH OH -
OH |HOH
OH |
OH

(xxvii)

An exemination of the partial hydrolysis products rom methylated
maritine pine arabinogalactan showed that the acidic residues could
be attached either direetly to the galactan backbone by a (1 - 6) -
linkage or through one or tve (1 = 6) ~ linked - D

galactopyrenose residues.

The above results e¢learly show that the arabinogalact;m
from maritime pine and mountain larch not only resemble one another
in their general structural arrangement, but also the neutral larch
arabinogalactans in containing a galactan backbone, composed almost
exelusively of (1 - 3) - linked /5) - g - galactopyranose residues,
which is highly branched by substitution at positions C 6.

The arabinose units, which are accommodated as terminal
non-reducing L - arabinofurancse residues end 3 - Q - /’) - __Ié -
arabinopyrancsyl - :_I: - agrabinofurancse units, are attached directly
to the periodate-~reslstant backbone although in mountain pine
arabinogalactan, /
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arabinogalactan, a small proportion of them may be linked
through one or more (1 - 6) = linked [)) - g - galactopyranose
residues.
Glucuronic acid residues are always present as non-
reducing end-groups and are linked to 3 - galactose residues
by a (1 - 6) - linkage. With the exception of maritime pine
arabinogalactan, where the glucuronic acid groups can be linked
either directly to the main chain or through one or two galactose
residues, there is no evidence to indicate the position of linkage
of the aldobiouronic acid residues to the rest of the molecule.
The following simplified, and by no means complete,
partial structure embodies most of the structural features known

to exist in both the neutral and acidic arsbinogalactans (XXVIII).

- 3Gal 1 - 3Gal 1 - 3Gal 1 - 3 Gal 1 =

6 6 6 6
I I [ I
1 1 1 R
Gal Gal Araf
6 6 3
| | i
1 1 1 (XXVIII)
Gal Gal Arap
R =0Gal 1 - , Araf 1=, GA1 - , GAY- [6 Gal 1] o n=1=2

or Xylp 1-3 Araf 1 -,

On the basis of methylation and partial hydrolysis
resulls, Adams et al. proposed.the following structure for the
repeating unit in temarack larch arabinogalacten (XXIX).

-606Gal 4 - /
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- 6 Gal 1= 6 CGal 1-3 Ggl 1=3 G%l 1-6 Gal 1~6 Gal 1 - 3 Gal 1=

3 3
1 | i |
1 1 1 1
Gal Gal . Gal Araf
(xx1x ) 6 ?
|
1 1
Gal Argg

This structure differs from structure (XXVIII) in containing
both (1 - 3)- and (1 - 6)- linkages in the main chain, snd
side-chains of (a) terminal galactose residues and (b)
3-0-f3- _...I_-_ - arabinopyrenosyl - L - arsbinofuranose units
attached to the main chain by (1 = 3)- linkages. It shwild be
pointed out that while the experimental findings are in
agreement with the proposed structure, structure (XXVIII )

is equally applicable as there is no evidence for the presence
of either (1 - 6)- linkages in the main chain or side-chains
linked to the men chain by a (1 - 3)- linkage being necessary.
The two structures can eesily be differentiated by periodate
oxidation followed by & Smith degradation. Structure (XXVIII)
would give a linear periodate-resistant (1- 3)= linked gelactan,
whereas structure (XXIX) would fragment to give low molecular
weight products and a hexasaccharide containing both (1 = 3)-
and (1 = 6)- linkages (XXX). A second periodate oxidation and
Smith degradation would result in the complete breakdown of this
oligosaccharide as only two of the s8ix residues are periodate-

resgistant,

Gal 1 - 3 /
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Gal 1 - 3 Gal 1 -6 Gal 1 - 6 Gal 1 - 3 Gal

3
I

1
Araf

( xxx )

It is extremely unlikely that the glucuronic acid
recesidues arise from contaminating material and are not
constituents of the above three arabinogalactans. The
homogenelty of each arabinogalactan extract was checked by
ultracentrifugation and/or electrophoresis. Where heterogeneity
was found the material was fractionated and the homogeneity of
arabinogalactan fractions verified as above. Furthermore, the
only other uronic acid-containing polysaccharides known to oeccur
in woods are xylans and pectins. In the former, 2 - glucuronic
acid units are always linked to g - xylose residues, and the
latter furnishes 2 - galacturonic acid on hydrolysis.

The isolation of 2,3,4 = tri « 0 - methyl - g - Xylose
as the only methylated xylose derivative from hydrolysed
methylated maritime pine arabinogalactan shows that the xylose
residues in the original polysaccharide are present as non-reducing

end-groups and are not derived from an accompanying xylan.

Polysaccharides containing g - galactoge and _g_ -
arabinose as their main structural units are found in several
plant gum exudates, notably those from the genus Acacia.
Polysaccharides from Agacia senegal gum (36,87-89), Acacia pycnantha

gum (90-92), Khaya senegalensis gum (B fraction) (36 ) and
Asafoetida /
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Asafoetida gum (93) possess, like the neutral and acidic
arabinogalactans, galactan frameworks consisting of (1 - 3)-
~and (1 - 6)- linkages. In addition to D - galactose =nd L -
arabinose, these polysaccharides contain varying amounts of
.__I: - rhamnose and 2 = glucuronic acid, often present in part
as its 4 - Q - methyl ether (table 2 ).

A sumary of the structural studies carried out on the
polysacchéride from Acacia genegal (gum arebiec) is shown on page 32.
Autohydrolysis of the polysaccharide gave é - arabinose, L -
rhamnose and 3 = 0 = X = B~ galactopyranosyl - L = ara‘bi;:ae
together with a degraded polysaccharide. Hydrolysis under more
drastic conditions liberated 3 - O - B - g - galactopyranosyl - 2 -
galactose and the aldobiouronic acid 6 - Q = (F R~
glucopyranosyluronic apecid) - g - galactose. The polysaccharide
recovered after autohydrolysis (degraded gum arabic) contained
nine parts of galactose to three parts of glucuronic acid. On
methylation and hydrolysis it yielded 2,3,4,6 - tetra - O = methyl -
D - galactose (1 mole ), 2,3,4 = tri = O - methyl - D - galactose
(5 moles), 2,4 - di - Q0 - methyl - D - galactose (3 moles) and
2,354y = tri -~ Q0 - methyl - D - glucuronic acid (3 moles),
indicating that degraded gum arabic contained both (1 - 3) - and
(1 - 6) - linkages.

Gum /
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and that the glucuronic acid residues occurred exclusively as

non-reducing end-groups.

Partial hydrolysis of methylated

degraded gum arabic led to the isclation of the hexamethyl ether

of 6 - 0 - (ﬂ?- D ~ glucopyranosyluronic acid) - D - galactose

showing that glucuronic acid groups were attached to the galactan

backbone through at least one éalactosa residue.

On the basis of

the above results, several possible partial structures can be

put forward to represent the repeating unit in degraded gum arabic

(XXXI - XXXIII),

Gal 1 - 3(6)

(xx1 )

(XXXI1I )

(XXXIII)

1 1
(3)

@yl
=

A

Gal 1 - 3 Ggl 1 -3

|
1

Gal
6
|
1

Gal
6

i
1

G A
Gal 1 - 6 Gal 1 - 6

- 6 Gal 1 - 3(6)

- 6 Gal

g

1 1
(3)

QA_mEA_

A

Gal 1 - 3 Gal
6

6
i i
1 1
Gal Gal
6 6
| |
1 1
G A Gal
6
|
1
G A

3 3
| f
1 1
Gal Gal
6 6
f I
1 1
G A Gal
6
1
G A

1 - 3(6) Gal 1 -
§O)

1,
Gal
6
|
1

G A
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Further information sbout the structure of the backbone

was obtained by treating the undegraded gum with sodium periodate
and subjecting the oxidised polysaccharide to a Barry degradation,
when a degraded polysaccharide was isolated. The recovered polymer
was further twice degraded in the same menner to give a polysaccharide
which was resistant to ;l)eriodate oxidation and which gave galactose
only on hydrolysis. 'I'his indicated that the main chain in degraded
gun arabic was composed of (1 - 3) - linked P - D -~ galactopyranose
residues as in (XXXII). The same conclusion was reached when
degraded gum arabic was periodate-oxidised and Smith-degraded to
give a polysaccharide fraction which was shown by methylation studies
to contain only (1 = 3) - linked ﬂ') ~ g - galactopyranose residues.
Undegraded gum arabic on methylation and hydrolysis gave
2,3,4 = tri = 0 -~ methyl - % - rhamnose, 2,3,5 = tri « 0 -« methyl - =I=. -
arabinose, 2,5 - di -~ 0 - methyl - é - araebinose, 2,3,4,6 = tetra -
O - methyl - Q - galactose, 2,4 - di « O - methyl - g - galactose,
2,3,4 - tri - 0 - methyl - D - glucuronic acid and 2,3 - di - Q0 -
methyl - 2 = glucuronic acid. In addition to the above sugars, a
gas-liquid chromatographic examination of the cleavage products
from methanolysed methylated gum arabiec identified trace amounts
of the methyl glycosides of 2,3,4 - tri - O - methyl - L - arabinose
and 2,4,6 = tri - 0 - methyl - D - galactose (36 ). The deteection
of' the former methyl glycoside was in agreement with an earliep
finding by Andrews and Jones (89) who isolated the disaccharide
3«0~ [3) - % - arabinopyranosyl - L - arabinose as a product

from partial hydrolysis of some samples of gum arabic. A comparison

of /
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of the methyl ethers isolated on hydrolysis of methylated
degraded gum and methylated undegraded gum showed that acid-
labile groupings were attached to position C 3 of the galactose
residues in the side-chains and to position ClL of most of the
glucuronic acid units.

Since rhamnose and glucuronic acld are present in
approximately equimolecular proportions, it has been suggested
that rhamnose residues might be linked to glucuronic acid units.
Acetolysis of acetylated carboxyl-reduced gum arabic followed
by deacetylation (88), led to the isolation of a neutral
disaccharide which was characterised as 4L - 0 ~ X~ L -

rhamnopyranosyl - D = glucose (XXXIV).

H.OH

OH OH ' OH

(xxx1v)
This provided clear proof that in the original gum, some of the

é - rhamnopyranose residues were linked to position CL;of'g -
glucurcnic acid units.

Since partial hydrolysis of methylated degraded gum
gave the hexsmethyl ether of 6 — 0 - (- D - glucopyranosyluronic
acid) - D - galactose and since no 2,354 = tri ~ Q - methyl - D -

galactose was detected smong the hydrolysis products from
methylated /
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methylated undegraded gum, it may be concluded that L = Q0 -~ - L -
rhamnopyrenosyl - D - glucopyrenosyluronic acid units terminate
galactose-contain£;g side-chains.

On the basis of the above results from degraded and
undegraded gum arabic, structure (XXXV) can be put forward as an

approximation for the main repeating unit in the polysaccharide.

G A
1
I
6
R - 3 Gal
1
|
6
- 3Gl 1 -3Gal 1~ 3Gal 1 -
6 6 R =Araf 1 - , Rhap 1 - ,
| |
1 1
R—}Ggl R—3Gg.1 Gal 1 - 3 Arafi - ,
I | or in some cases
1 1
R - 3021 R-BGgl Arep 1 -3 Aref 1 -
| l
1 - 1
R- L4 GA R~LGA

(xxxv )

The molecular structures of the polysaccharides from
Acacla pyenantha gum, Khaye senegalensgis gum (B fraction) and
Asafoetida gum were determined by similar methods. Mild aecid
hydrolysis or autohydrolysis of the gums liberated acid-labile
residues the nature of which is shown in table 3.

Methylation and partial hydrolysis studies showed that

all three gums had a highly branched galactan framework of (4 =3)-
and /
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and (1 - 6) - linkages. The isclation of 3 - Q0 - /J)- 2 -
galactopyranosyl - g - galactose as the major product from
periodate-oxidised Smith degraded gums indicated that, e« in
gum arsbic, the polysaccharides contained main chains of
(1 - 3) - linked/)’-— D - galactopyranose residues.

In addition to neutral oligosaccharides, partial
hydrolyses afforded 6 - 0 - ([}~ D - glucopyranosyluronic acid) =
D - gelactose. A second aldobiouronic acid, 6 -0~ (4 - 0 - methyl -
ﬁ?-g - glucopyranosyluronic acid) - g galactose was also 1solated
from Asefoetida gum and Khays genegalensis gum (B fraetion).

The acidic units in Acgcia pycnantha gum and Agafoetida gum, and
four out of five of the acidic units in Khaya senegalensis gum

(B fraction) were present as non-reducing end-groups.

In all three gums, acid-labile residues were attached,
by a (1 - 6) - linkage, to (1 - 3) - linked galactose units in the
main chain. Acid-lsbile residues were also linked to (a) (1 - 6) -
linked galactose units in the side-chains in Acacia pycnantha gum,
by a (1 = 6) - linkage and (b) 3,6 - di -~ 0 - substituted galactose
residues in Asafoetida gum, by a (1 - L4) - linkage.

It is evident from what has already been said that the
above gum polysaccharides are structurally similar to the coniferous
wood arabinogalactans.

It would appear that there is a family of polysaccharides
which have a main chain of (1 - 3) - 11nked/? - D - galactopyranose
residues to which are attached, through positions C 6, side-chains
of (1 = 6) - linked(3 - D - galactopyranose residues. Acid-labile

pentose /
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pentose units, and acidic hexose residues when present, are always

attached to, or present as, side-~-chains and are never incorporated
in the main c¢hain. The nature of these peripheral residues is
tabulated in tadle 3.
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Table I

Methyl ethers isclated from methylated Western

larch Arebinogalactans A and B.

Methyl ethers Molar % Molar %
2,3,5 = trimethylarabinose e 7+6
2,3,4,6 - tetramethylgalactose 24. 1
2,5 - dimethylarabinose 3e2 8e1
2,3,4 = trimethylarabinose 2.6 5.1
2,4,6 - trimethylgalactose 4.2 L.0
23,4 ~ trimethylgalactose 13.7 11.8
2,6 - dimethylgelactose 2.9 3.9
2,4 = dimethylgalactose 37.5 31.0
2 -« monomethylgalactose 367 23
2,3 = dimethylarabinose - 0.5
2, = monomethylarabinose - 0.6
L, - monomethylgalactose - 0.3
unmethylated monomers - 0.1

unknown methylgalactose - 0.7
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Table 3.

Source of polysaccharide Acid~-labile groups

Eurcopean, Western and) Araf 1 =
Japanese larches ) Arap 1 - 3 Araf 1
Tamarack and Mountain Araf 1 =
larches Arap 1 - 3 Araf 1
Maritime pine Araf 1 -
Arap 1 - 3 Araf 1
Xylp 1 - 3 Araf 1
Asafoetida gum Araf 1
a senegalensis gum Araf 1 -
raction
Acacia pycnantha gum Araf 1 -
Arat 1 - 3 Araf 1
Rhap 1 -
Acacia genegal gum Araf 1
Arap 1 - 3 Ara
Galp 1 = 3 Araf 1
Rhap 1 -

Aecid

GA

GA
GA
L -« le = GA

GA
L « lNe - GA

GA

Rhap 1 - 4 GA

- el

units

i

Gal

Gal

Gal

Gal

Gal
Gal

Gal

Gal



SECTION I

ARABINOGALACTAN A FROM

JAPANESE LARCH (Larix leptolepis)
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DISCUSSION.

Japanese larch arabinogalactan A has recently been studied
by Aspinall and Wood (33). Hydrolysis of the polysaccharide afforded
galactose and arabinose in the approximate ratio of 6 to 1.

Examination of the cleavage products from the fully methylated poly-
saccharide by gas-liquid chromatography of the methyl glyceosides and
paper chromatography of the sugars showed approximately equal amounts
of 2,3,4,6 = tetra - Q0 - methylgalactose, 2,3,4 = tri = 0 - methyl=-
galactose and 2,4 - di - 0 - methylgalactose with smaller amounts of
23,5 = tri - 0 - methylarabinose, 2,3,4 - tri - O - methylarabinose
and 2,5 - di - 0 - methylarabinose. Only trace quantities of 2,6 =
di - 0 - methylgalactose, 2 = O - methylgalactose and 2,4,6 = tri - Q0 -
methylgalactose were observed.

Periodate oxidation and Smith degradation of the polysaccharide
furnished a degraded polysaccharide (ADI) which contained galactose and
arabinose in the approximate ratio of ten to one. A second periodate
oxidation and Smith degradation gave a further degraded polysaccharide
(ADII) which contained only traces of arabinose. Both degraded poly-
saccharides were exemined by partial hydrolysis, methylation, and
paiodate oxidation.

The results of these experiments are shown below.

Partial hydrolysis /
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Partial hydrolysis

Disaccharides Arabinogalactan
A ADI ADII
(1-3) - galactobiose small large large
(1-6) - galactobiose large trace trace
(1=3) = arebinobiose small none none

Periodate oxidation

Polysaccharide Reagent consumed Formiec acid liberated
Moles/sugar unit Moles/sugar unit
Arabinogalactan A 122 0.57
Arabinogalactan ADI 0. 26 0.08
Arabinogalactan ADII 0. 08 -
Methylation
Methyl ether Arabinogalactan
A ADI ADII
25335 = Trimethylarabinose + + trace
2434 - Trimethylarabinose + o -
2,5 = Dimethylarabinose + trace ~
243,L4,6 = Tetramethylgalactose +++4 ++ +
2,3,4 - Trimethylgalactose o - -
2,4,6 - Trimethylgalactose trace bt b+
2;4 - Dimethylgalactose +++++ ++ +
2,6 - Dimethylgalactose trace ~ -
2 = Monomethylgalactose trace - -

The /
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The above results of Aspinall and Wood show that Japanese

larch arabinogalactan A possesses a highly branched framework consist-
ing of a (1-3)= linked galactose main chain to which are attached,
through positions C6,(1-6)=- linked galactose side-chains. Arabinose
residues, which constitute approximately 14 molar % of the polysacch-
aride are accommodated as non-reducing end-groups in both the furanose
end pyranose form, and as non=-terminal furanose residues.
The objeet of the present investigations on Japanese larch
arabinogalactan A wasi-
(1) To isolate and characterise the methyl ethers formed on
hydrolysis of the fully methylated polysaccharide.
(2) To isolate and characterise the arabinose-containing disaccharide
formed on partial hydrolysis of the polysaccharide.
(3) To ascertain the mode(s) of linkage of arabinofuranose residues

to galactose units.

Methglation studies

Fully methylated arabinogalactan A was hydrolysed with
hydroechloric acid and the resulting mixture of methyl ethers was
separated by partition chromatography on a cellulose column. The
followirg methylated sugars were characterised by the formation of
erystalline derivatives.

Table 4 /
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Table g
Hethyl ether lolar %
29355 = Trimethyl ~ L - arabinose 7

25354 = Tyimethyl - 2 - arbinose

295 = Dimethyl - }.’ - arabinose
2p39lis6 = Tetramethyl - D - galactose
2,lis6 = Trimethyl - D - galactose
29354 « Trimethyl - § - galactose 16
26 = Dimethyl - D ~ pgalactose
2,Y4 = Dimethyl - D - galactose
2 = lonomethyl - 2 - galactose

o B w e

In addition trace amounts of 2 - O - methylarabinose,

25346 = tri « 0 = methylgalactose, 3 = 8 - methylgalactose and
2334 = tri « 0 - methylglucuronie acid were ldentified chromato-

graphieally.

Paprtisl hydrolysis studies

Argbinogalactan 4 was hested with hydrochloric acid (0.01N)
at 100° for 2,5 hours and the resulting degraded polysaccharide was
precipitated with ethanol and removed at the centrifuge. The
centrifugate and ethanol wachings were combined and concentrated to
give low molecular weight sugars. The mixture of mono-and oligo-
saccharides wes separated by adsorption chromatography on a charcoal-
celite column using water and agueous ethanol as eluting agents.

Praction 3, /
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Fraction 3.[ﬁi]D. + 157o contained only one sugar which was
chromatographically identical to 3 = O = /5= L - arabinopyrenosyl - L -
arabinose. Hydrolysia of the fraction gave arabinose only. The
fraction gave a phenylosazone which was identieal (mixed m.p. and
x-ray powder photograph) to that of an authentiec sample of 3 - 0 -f?- L -
arabinopyranosyl = 2 - arabinose. Periodate oxidation of the phenylo-
sazone gave formaldehyde but no ﬁesoxalaldehyde 152 = bisphenylhydrazone.
This result is indicative of a 3 - Q0 - substituted pentose phenylosazone
since neither the (1-4)= or (1-5)- linked isomer will yield formaldehyde,
and only the (1-5)- linked isomer will furnish mesoxalaldehyde 1,2 -
bisphenylhydrazone as a product of periodate oxidation.

Methylation of fraction 3 followed by a chromatographic
examination of the cleavage products by gas-liguid chromatography of
the methyl glycosides and paper chromatography of the sugars, gave
approximately equal amounts of 2,3,4 - tri - Q0 - methylarabinose and
234 - di - 0 - methylarsbinose with a trace of 2,5 = di - Q - methyl-
arabinose,

On the above evidence the sugar is assigned the following

structure: -

HO

T\

H OH

OH OH

Fractions /
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Fractions 5 and 6 both contained a sugar with the same
chromatographic mobility as 6 - O -/9 - 2 ~ galactopyranosyl -~ D -
galactose, The two frections were combined and fractionated by paper
chromatography. The major component gave & phenylosazone which had an
identical X-ray powder photograph - io that of an authentic sample of
6 -0 -,5’- 2 - galactopyranosyl - D - galactose phenylosazone.

Twelve other fractions were collected and examined chromato-
graphically when galactose, arabinose, and trace amounts of a disacch-
aride with the chromatographic mobility of 3 - 0 -,5)- D - galactopy-
ranosyl - 2 - galactose and several unidentified oligosaccharides,

were observed.

The above methylation and partial hydrolysis results, which
confirm the chromatographic results of Aspinall and Wood, clearly show
that the galactan framework of Japanese larch arabinogalactan A contains
(4=3)-and (1-6)- 1inked/€'- D - galactopyranose residues. Since the
Smith degradation studies showed that the polysaccharide contains a
(1=3)= linked galactan backbone, and since only small amounts of 2,4,6 =
tri - 0 ~ methyl - 2 - galactose were found among the hydrolysis products
from the methylated polysaccharide, the vast majority of galactose
residues in the main chain must be substituted at position C6. (I).

- 3CGal 1 -3Gal 1 - 3 Gal 1 =

6 6 6
I l |

(%)

Approximately half of the arabinose residues are present
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as non-reducing a - arabinofurancse end-groups (II) with the remainder
being accommodated as 3 - O -,6’- & - arabinopyranosyl - 2 - grabino-
furanose units. Since & - grabinopyranose residues were only found
as non-reducing end-groups, the arabinobiose units must be present

as is shown below (III).

Aragf 1 - (11)

Arap 1 - 3 Araf 1 - (III)

The isolaticn of a degraded polysaccharide which contained
10% arabinose from the first Smith degradation on Japagese larch
arabinogalactan A shows that non-terminal arsebinofuranose residues are
attached to periodate resistant galactose residues (IV). This point
will be discussed in greater detail in connection with the oxidation
studies on the polysaccharide.

-~ 3 (6) Gal 1 =
6(3)
|
1
Aral
-

1
Arap
(Iv)

On the basis of the above results and those of Aspinall and
Wood, the following structure for Japanese larch arabinogslactan A is

proposed /
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proposed (V). The péint of attachment of arabinofurancse residues is

only one of several alternatives.

- 3Gal 41 - 3Gal 1 - 3Gal 1~-3Gal { - 3 Gal {1 =

6 6 6 6
1 1 1 1
Gal Gal Araf Araf
6 3
1 1
Gal Arap
(V)

Oxidation studie

With the exception of European larch f'— galactan, direct
evidence for the mode of attachment of arabinose to galactose units in
coniferous wood arabinogalactans has been lacking as arsbinofuranose
residues are readily cleaved by acid and it has been impossible to
isolate, as products of partial hydrolysis, oligosaccharides containing
botr: arabinose and galactose residues. Aspinall and Nicolson catalyti-
cally oxidised the primary hydroxyl groups of arabinofuranose and
terminal non=-reducing galactose residues in European larch arabinogal-
actan to carboxylic acid groups (76).

Both the galactopyranosyluronic acid and arabinofuranosyluroniec
acid linkages in the oxidised polysaecharide thus formed resisted acid
hydrolysis. ‘artial hydrolysis of the oxidised polysaccharide afforded

two /
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two aldobiouronic acids, 6 - 0 - (/?, 2 - galactopyranosyluronic acid)=-

D - galactose and 6 = Q0 = (g - arabinofuranosyluronic acid) = 2 -

=

galactose. The formation of the second aldobiouronic acid (VI) showed
thet arabinofuranose residues were attached to galactose units by a

(1-6)= linkage.

Araf A 1 - 6 Gal (vi)

In the present investigations the primary hydroxyl groups

of arabinofurancse and terminal non=reducling galactose residues in
Japanese larch arabinogalactan A were selectively blocked by tritylation.
Methylation and detritylation of the tritylated polysaccharide resulted
in the isolation of a partially methylated polysaccharide in which only
primary hydroxyl groups were available for oxidation. Oxidation of the
primary hydroxyl groups to carboxylic acid groups was effected with
chromium trioxide.
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Scheme leading to the isolation of oxidised methylated

arabinogalactan_:_

CH20H

A l
CHO
o QCH,
:HS(I?) OCH, o L OCH,
Detritylation CH20H
J/
CHO
OCH
HC i
HR)  ocH, ot

COOH

‘ % CHO
oC O(‘.H3
OCH OCHs
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Arsbinogalactan A was tritylated with trityl chloride in
pyridine : dimethylformamide solution. The trityl content of the
resulting product,[}i], + 31°, was 38.3%. Since the ratio of
galactose to arabinoael;a 6 to 1, and assuming that one third of the
galactose and two thirds of the srabinose residues have primary
hydroxyl groups, the theoretical trityl content is ega. 35%. The
slightly higher value obizined suggests that a small proportion of
secondary hydroxyl groups had been tritylated.

Methylation of the tritylated polysaccharide with barium
oxide and methyl iodide followed by several treatments with silver
oxide and methyl iodide afforded a methylated tritylated polysaccharide,
[O‘JD. - 43°, (Tr, 33.7%, OMe, 23.2%. Calce Tr, 33.6%, OMe, 27.0%).

The low value Hr the methoxyl content was probably due to some steric
effect of the bulky trityl group. Examination of the ecleavage products
from the mathyiated tritylated polysaccharide by gas-liquid chromato-
graphy of the methyl glycoside and paper chromatography of the sugars
showed mono - 0 - methylgalactoses, 2,4 - di - 0 - methylgalactose,
24354 = tri - Q0 - methylgalactose, 2,4,6 ~ tri - 0 - methylgalactose,

2 = 0 - methylarabinose, 2,3 - di - 0 - methylarabinose and 2,3,4 -~ tri -
O - methylarsbinose. As only traces of 2,3,4,6 -~ tetra - Q - methyl-
galactose, 2,5 - di - O - methylarabinose and 2,3,5 - tri - O - methyl-
arabinose were observed it is evident that the vast majority of the
primary hydroxyl groups in the polysaccharide had been tritylated.

Since arabinofuranose residues are readily cleaved by aecid
it was felt inadvisable to detritylate the methylated tritylatéd poly-
saccharide with acid, the standard method for cleaving trityl ethers.

However /
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However all attempts to detritylate the methylated polysaccharide by
catalytic hydrogenolysis with platinum catalysts, and reductive
hydrogenolysis with lithium eluminium hydride, failed.

The methylated tritylated polysaccharide was detritylated
with hydrogen chloride in methanol ¢ chloroform solution. The soluticn
was neutralised with silver carbonate and extracted with an aqueous
solution of potassium cyanide to remove colloidal silver salts to give
chloroform-soluble detritylated methylated arabinogalactan A. The
agqueous extracts were deionised and freeze~dried to give a chloroforpm-
insoluble fraction (frection C). The chloreform-scoluble materisl was
fractionated into 4 fractions (fractions 1-4) by stepwise extraction
with boiling light petroleum containing increasing proportions of
chloroform, The major fractions were analysed for trityl and methoxyl

content and the results are given below.

Fraction % chloroform Ty | O Ne E#JD
in extractant % %
1 50 - - e
2 60 - » -
3 30 0 Sle 1 - 23°
L 100 0 31.8 - 21°
o - 0 291 - 5°

Examination of the cleavage products from methan-
olyses by gas~-liguid chromatography of fractions 3 and C showed that
both /
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both methanolysates contained methyl glycosides of the following
sugars; 2,3,4 - tri - 0 - methylarabinose, 2,3 - di -~ 0 - methy-
larabinose, 2,3,4 « tri - O -« methylgalactose, 2,4 - di = 0 =
methylgalactose and traces of 2,3,5 « tri - 0 - methylarabinose,
2,354,6 -~ tetra - Q0 - methylgalactose and 2,4,6 -~ tri - 0 -~ methyl-
galasctose. Since the trityl content of the five fractions was nil,
it eppeared that the different solubility characteristics of the

fractions were due 1o differing methoxyl contents. The five fractions
were then combined.

The detritylated methylated polysaccharide in glaciel acetic
acid was oxidised with chromium trioxide. Water was added and
extraction of the agqueous solution with chloroform gave chloroform-
soluble oxidised methylated arabinogalactan A, [Ei D - 20°, 0 Me, 32.6%.
The agqueous solution was deionised and freeze-dried to give a chloroform
insoluble fraction. A paper chrometographic examination of the
hydrolyses products from both fractions showed that three acid sugars
were present in both hydrolysates. The two fractions were combined,
hydrolysed with § sulphuric acid at 100o for 4 hours and the products
were separated into acidic and neutral sugars on a DeE.A.E. Sephadex
column, in the formate form.

A gas-liquid chromatographic examination of the derived
methyl glycosides from the neutral sugar fraction showed that appreciable
quantitlies of methyl 2 - O - methylarabinoside and methyl 2,3 - di - 0 -
methylarebinoside were present indicating that only a proportion of the
available primary hydroxyl groups had been oxidised.

The /
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The cleavage products from methanolysis of the acidic sugar
fraction were examined by gas-~ligquid chromatography both before and
after reduction with lithium aluminium hydride. A portion of the
acidic sugar fraction was methylated with methyl iodide and silver
oxide. The cleavage products from methanolysis of the resulting
remthylated material were examined by gas-liquid chromatography both
before and after reduction with lithium aluminium hydride. The results

obtained from the gbove four anslyses are shown in tables § and 6. The

E values in parenthesis are common to more than one glycoside.

Table 5
Methyl glycosides T values for Column (D)
of Acidic sugars Remethylated
acidic sugars
2, 3,4 - Trimethylgalactose 2:47, 2.7% 2,36, 2.73
2,4 = Dimethylgalactose 3.40, (4.00)
25 3,4 = Trimethylgalacturonie 3465, (4s00) 3.68, L4.03
acid

In addition to the E values quoted above, several peaks

with low retention times were observed on both chromatograms. Such
peaks could have been due to 2 - 0 - methylaraburonic acid and/or
2,3 - di - Q0 - methylaraburonic acid the retention times of which are

not known.

Table 6 /
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Table 6
Methyl glycosides T values for column (b)
of Reduced Reduced remethylated
acidle sugars acidic sugars

2,3 - Dimathylara'binoae 0.614-, 0082, 0.97 0.63’ 0. 619 0095
253,14 = Trimethylgalactose 2,47, 2472 2:46, 2.73
2,44 = Dimethylgalactose 3.0, 4,02
Unknown 2,16

Although methyl 2 - O - methylarabinoside was not detected
among the cleavage products from methanolysis of the reduced acldic
sugar fraction, hydrolysis of this material followed by paver chromat-
ography gave a faint trace of 2 - 0 - methylarabinose.

The presence of an unrecognised peak (T = 2,16) in the reduced
remethylated acidic sugar fraction (table 6) andnthe distortion of the
first methyl 2,3,4 - tri - 0 - methylgalactoside peak (3 = 2.36 as
compared with 2.47) in the unreduced remethylated acidic sugar fraction
(teble 5) indicated that an unknown methyl glycoside(s) with similar
retention times as methyl 2,4,6 - tri - Q - methylgalactoside (T = 1,97
and 2,25) was present. Several sugar mixtures containing varying
proportions of authentic methyl 2,4,6 - tri - 0 - methylgalactoside and
methyl 2,3,4 = tri - 0 - methylgelactoside were snalysed and it was
shown that the second methyl 2,4,6 - tri - 0 - methylgalactoside peak
(T = 2.25) and the first methyl 2,3,4 - tri - O - methylgalactoside
peak (g = 2,47) could be recognised even when only traces of methyl

2:14,6 - /
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2yl4,6 = tri « 0 - methylgalactoside were present. Thus any methyl
2,4,6 = tri - 0 - methylgalactoside present in the above four samples
must be present in very small amount.

The relative proportions of the methylated sugars found

among the cleavage products from the above four samples are shown in

table 7.
Table 7
Relative proportions in samples
Methylated sugars 1 2 3 L
2,3 - Dimethylarabironic acid ? - ? -
2 = lMonomethylaraburonic acid ? - - -
25354 = Trimethylgalacturonic acid e - ok -
2,3 = Dimethylargbinose - + - -
2 -~ Monomethylarabinose - trace - -
243,44 - Trimethylgalactose 44 PR PR +h4+
2,4 - Dimethylgalactose o +4 - -
Sample 1 ¢ Acidic sugar Iraction

Sample 2 ¢ Reduced acidic sugar fraction
Remethylated acidie sugar fraction

Sample 3

Sample 4 Reduced remethylated acidic sugar fraction.

It can be seen from the results shown in table 7 that the
proportion of 2,44 = di « Q0 - methylgalactose found among the cleavage

products /
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products from the reduced acidic sugar fraction was greater than the

proportion of 2,3 - di - Q0 - methylarabinose, and that 2,3,4 - tri -
O - methylgalactose was the predominant neutral sugar found among the
cleavage producits from the unreduced acidic sugar fraction. Since

no 2,4,6 - tri - 0 - methylgalactose was observed among the cleavage
products from either the reduced or unreduced remethylated acidic sugar
fractions, it follows that terminal non-reducing galactose residues in
Japanese larch arebinogslactan A are attached to position C6 of
galactose residues, some c¢f which are substituted at position C3

(VII, VIII), As the majority of 3,6 - di - 0 - subatituted gelactose
residues are known to be present in the main chain, the terminel non-
reducing galactose residues in (VIII) are probably attached directly
to the galactan backbone (IX).

Gal 1 - 6 Gal 1 = (VIiI)
Gal 1 - 6 Gal 1 =~ (viiz)
3

|
~3Gal 1 - 3 Gal 1 - 3 Gal 1
6

1
Gal (1x)

Although no methylated araburonic acid derivatives were
positively ldentified among the cleavage products from the acidie
sugar fraction, the presence of 2,5 - di - 0 - methylarabinose among
the cleavage products from the reduced acidic sugar fractions could
only be due to reduction of 2,3 - di - 0 - methylaraburonic acid.

It /
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It is clear then from the results shown in table 7 that two possible
modes of attachment of non=-redueing arabinofuranose end-groups to
galactose residues in the polysaccharide can be proposed (X, XI).
Again it is probable that the 3,6 - di - Q0 - substituted galactose
residue in structure (XI) is accommodated in the main chain of the

polysaccharide.
Araf 1 - 6 Gal 1 = (x)
Araf 1 - 6 Gal 1 - (x1)
3

It is not possible on the present evidence to state whether
all the non-reducing srabinofuranose end-groups are attached as in (X)
or (XI),or whether both modes of attachment are of structural signifi-
cance.

Only trace amounts of 2 - O - methylarabinose were detected
among the cleavage products from the reduced acidic sugar fraction and
it is not possible on this evidence to state how the non=terminsl
arabinofuranose residues are attached to galactose units. The isolation,
however, of a degraded peolysaccharide from the Lirst Smith degradation
of Japenese larch arsbinogalactan A (33) which contained 10% arabinose
shows that non-terminal arabinofurancse residues are attached tc perio-

date-resistant galactose residues (XII, XIII).

- 3Gl 1/



59.

- 3Gal 1 - 3Gal 1 -3 Gal 1 - - 3Cal 1 ~60Gal 1 -3 Gal 1 -~
6 6 6 6 3 6
| | | | | |
1 1
Araf Araf
3 3
| |
1 1
Arap Arap
N%
(X11) (XI11)
- 3pal 1~ 301l 1~-306Gal 1~ - 3Gal 4 - 6 G2l 1 - 3 Gal 1 -
6 3
| |
1 1
Arag Araf
(xIV) 6 (xv)
- 3Gal 1 - 3Gal 1 -3 Gal 1 - - 3Gal 1 ~-6Gal 1 - 3 Gal 1 -
(xv1) ' (XVII)

Evidence in favour of structural (XI1) as the more important
mode of attachment of non-terminal erabinofuranose residues to galactose
units is provided by a comparison of the smounts of periodate consumed
by the first and second Smith degraded polysaccharides (0.26 and 0.08
moles per sugar unit respectively). Both structures (XII) end (XIII)

would. /
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would, on treatment with periocdete followed by a Smith degradation,

give degraded polysaccharides (XIV, XV) which would consume similar
amounts of periodate. A second periodate oxidation and Smith
degradation of structure (XV) would have resulted in the isolation

of a further degraded polysaccharide (XVII) in which the relative
proportion of (1 - 6)= linkages would have increased and the minimum
amount of periodate consumed would have been Q.20 moles per sugar unit.
Smith degradation of structure (XIV), however would be accompanied by
a decrease in the relative proportion of (4 - 6)- linkages (XVI), which
is consistent with the observed results.

Since nc monosaccharide derivatives were detected among the
low molecular weight products from the first Smith degradation of the
polysaccharide very few - if any - of the non-terminal arsbinofurancse
residues can be linked to periodate-oxidisable galactose units (XIX).

- 5Gal 1-3Gal 1~-3GCGal 1~ =30Cal 1 =3 Gal 1-3 Gal 1~

6 6 6
[ | |
1
(Gal)y,
6 S +
|
1
Araf Glycerol
3 1
| |
1 1
Arap Araf
(XIX)

it /
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It is clear from the results of the above investigations,
together with those of Aspinsll and Wood, that Japanese larch
arabinogaiactan A possesses a (1 ~ 3)- linkedfg - D ~ galactopyranose
main chain to which are attached, through positions CG§, 2 - galactopy-
ranose - containing side-chains. The majority of these side-chains
contain an aversge of two (1-6)- 11nked/9 - D - galactopyrenose residues
although a significant proporticn of terminal non-reducing D - galacto-
pyranose residues are linked directly to the galactan backbone.

Arabinose residues, which constitute approximately 14 molar %
of the polysaccharide are present in the periphery of the molecule.

Half of the residues are present &s non-reducing 2 -~ arabinofuranose
end-groups which are attached to position C6 of galactose residues.

It is not possible on the present evidence to indicate whether they are
attached directly to the galactan backbone or through one or more
galactose residues. The remaining arabinose residues are accommodated
as non-reducing terminal 3 - 0 -/9 - L - arabinopyranosyl - 2 - arabino-
furancse units which are linked direcetly to the galactan backbone.

Proposed structure for Japanege larch arabinogalactan A

- 3Gal 1 -~ 3Gal 41 ~3Gal 1 ~30C21 4~30Cal1-30Gal { ~

6 6 6 6 6
I I | I I
1 1 1 1 1
Gal Gal Gal (Gal), Araf
6 6 6 -~
I | l !
1 1 1 1
Gal Gal Arafl Arap

n=0’ 112
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GENERAL METHODS OF INVESTIGATION

Paper chromatography was carried out on Whatman

No. 1 filter paper using the following solvent systems (Vv./v.):-

(4)
(B)
(c)
(D)
(%)
(F)
(a¢)

Ethyl acetate : pyridine : water (10:4:3).

Ethyl acetate : pyridine : water (8:2:1).

Ethyl acetate : acetic acid : formic acid : water (18:3:1:l4),
Buten-1-0l : ethanol : water (L:1:5, upper layer).

Butan-i-ol : acetic acid : water (L4:1:5, upper layer).
Butan-2-one, half saturated with water.

Benzene : ethanol: water (169:47:15, upper layer).

The chromatograms vwere air-dried, and unless otherwise

stated, sprayed with a saturated methylated spirits solution of

aniline oxalate and developed at 130° for 3-L minutes.

The value RG refers to the distance travelled by a

methylated sugar relative to the distance travelled by 2,3,4,6 -

tetra - 0 - methyl - 2 - glucose. RGal and RF similarly, refer

to the distance travelled by sugars relative to D - galactose

and the solvent front respectively.

Thick paper chromatographic separations were carried

out on Whatman 3MM and Whatman 31 (extra thick) filter sheets

which had previously been exhaustively extracted with water in

a/
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a Soxhlet extractor. The sugars were located by cutting thin
side-strips snd spraying with the above spray. The appropriate
sections of the filter sheets were then cut out and the sugars

eluted with water.

Evaporations were carried out at hOo under reduced

pressure.

Optical rotations were observed at 18° * 29,

Cellulose columns were used to separate methylated
sugar mixtures. The columns were packed dry and washed with
water, butan - 1 - ol and finally with the eluting solvent.

The solvents were purified as follows:-

Light petroleum (b.p.100-120°) was shaken several
times with concentrated suphuric acid (10% v./v.), washed free
of acid and distilled.

Butan - 1 - ol was refluxed for 2 hours with sodium
hydroxide (1% we./v.) and distilled.

The sugar mixture, dissolved in the minimum amount
of butan-{i-0l, half saturated with water, was applied to the
top of the column, allowed to soak inte the absorbent, and
eluted with the given solvents. The eluates were collected
on an automatic fraetion collector. Aligquot proportions were
vithdrawn from every fifth tube and examined chromatographically.
Similar fractions were combined and evaporasted to dryness.

The residues were purified by dissolution in water, filtration

through a charcoal pad, evaporation, dissolution in A.R. acetone,

filtration /
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filtration and evaporation to dryness. The filtrates were

finally dried in vacuo over phosphorus pentoxide and weighed.

A chargoal-celite column was used to fractionate
the partial hydrolysis products from Japanese larch arabino-
galactan. Activated charcoal was washed several times with
hot water and mixed with celite (grade 545) which had previously
been boiled with concentrated hydrochloric acid : water (1:1)
and washed free of acid. The column was packed as an agueous
slurry and washed well with water. The oligosaccharide mixture,
in a small volume of water, was applied to the top of the column

and eluted with the given solvents.

Neutral sugars were separated from aldobiouronie
acids on a D.E.A.E. Sephadex c¢olumn (37). D.E.A.E. Sephadex
was stirred for 30 minutes with (a.) 0.5 § hydrochloric acid
and (b) 0.5 N sodium hydroxide. It was then washed with water
till free of alkali. A perforated disc was placed in the bottom
of a column, then a layer of glass wool, followed by & layer
(1 em.) of silver sand and finally a second layer of glass wool.
The D.E.A.E. Sephadex was packed as an agueous slurry snd
converted to the formate form by washing with 10 bed-volumes
of 15% formiec acid. The D.E.A.E. Sephadex was then washed with
water till free of acid. The oligosaccharide mixture, dissolved
in the minimum smount of water, was absorbed onto the top of
the column and allowed to stand for a minimum period of 1 hour.
Neutral sugars were eluted with water and acidic material with

3% /
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3% formic acid. Formic acid was removed from the acidic
solutions by continuous extractions for 12 hours with ether.
The agueous solutions were finally concentrated to a syrup

and dried in vacuo over phosphorus pentoxide.

Gas-liguid partition chromatography was carried out
on a "Pye Argon Chromatograph®™ according to the procedure of

Bishop and Cooper (94,95). Separations were made on the
following columns (120 x 0.5 em.) at gas flow rates of

80 - 100 ml./min.; (a) 15% by weight of butan - 1, L4 - diol
sucecinate polyester on acid-washed celite (80 - 100 mesh) at

1750, (b) 10% by weight of polyphenyl ether (m - bis - (m -

phero xyphenoxy) - benzene) on acid-washed celite at 200° and

(e) 3% by weight of neo-pentyl glycol adipate on acid-washed
celite at 150°. The methyl O - methyl glycosides were

identified by comparing their retention times ( I ), relative

to methyl  2,3,4,6 - tetra - O - methyl —/B . D - glucopyranoside

with those of authentiec samples run under the same conditions.

Small Scale hydrolyses were carried out by heating
samples (5 = 10 mg.) in sealed tubes at 100° fop Iy - 6 hours
with § acid (1-2 ml.).

Sulphuric acid solutions were neutralised with barium
carbonate and filtered. Barium ions were removed with Amberlite
resin IR - 120 (H) and the solutions were evaporated to dryness.

Hydrochloric acid solutions were neutralised with
silver carbonate, filtered and the filtrates were evaporated to

dryness. /
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dryness. Colloidal silver salts were removed by extracting
the residues with methanol or acetone. The extracts were then

filtered and evaporated to dryness.

Methanolyses of methylated polysaccharides was
achieved by refluxing with methanolic hydrogen chloride (L4%)
for 18 hours. Methyl glycosides and methylester methylglyeosides
of sugars were formed by heating samples (1 - 10 mg.) with
methanolic hydrogen chloride (4%) at 100° in sealed tubes for
L - 6 hours. Acid was neutralised with silver carbonate, which
was filtered off and washed with chloroform. The filtrate and
washings were combined and concentrated. When samples were
prepared for gas-liquid chromatography, care was taken to ensure
that they were not evaporated to dryness as the methyl glyecosides

of many methylated sugars are extremely volatile.

Borohydride reductions were carried out by adding
potassium borohydride to an agueous solution of the sugar and
allowing the solution to stand overnight. Excess borohydride
was destroyed and cations were removed by the addition of Amberlite
resin IR - 120 (H). The solution was filtered and the filtrate
was evaporated to dryness. Boric acid was removed by the repeated

addition and evaporation of methanol.

Estimations of sugars were carried out by (a) the
phenol-gulphuric acid method (96) and (b) a modification of the
P - aminobenzoic acid method (97).

P - Aminobenzoic ascid (3 ml; 2% w./v. in glacial acetic
acid, / -
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acid, purified by redistilling over p - aminobenzoic acid)

and sulphosalieylic acid (3 ml; 1.5% we/ve in glacial acetic
acid, purified as above) were added to the sugar solutions

(1 ml.), containing 20-120 U g. sugar. The solutions were
heated on & boiling-water bath for 70 minutes and allowed to
stand at room temperature for 5 hours. Absorbance was measured
at 370 my for hexoses and 540 mss for pentoses on a "Unicam"

S.P. 500 gpectrometer.

Urenic acid gnhydride determinations were carried out
by the decarboxjation method (98) and the carbazole method (99).

Methoxyl contentg were estimated by the Ziesel semi-

miero procedure (100).

Estimation of triphenylmethoxyl gontent (101).

Tritylated polysaccharide (50 - 100 mg.) was treated
with concentrated sulphuric acid (5 ml.) and gently agitated
until dissolved. Water (50 ml.) was added slowly with swirling
and the precipitated triphenylecarbinol was filtered into a
preweighed porosity L4 sintered-glass crucible and washed till
free of acid. The crucible was dried at 100° for {1 hour and
reweighed. Due to the presence of some foreign material in most
samples, the weighed precipitate was treated with hot methanol
and reweighed in order to estimate the methanol-soluble material
(triphenylecarbinol).

Methylation with silver oxide and methyl iodide.
The partially methylated polysaccharide was dissolved
in /
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in methyl iodide (purified by refluxing over dry silver oxide

until neutral and redistilling in a dry system) and silver oxide
wes added in tenths to the refluxing mixture over a period of 4
hours. The mixture was refluxed for a further L4 hours, cooled
and centrifuged. The residue was extracted continuously with
boiling chloroform to ensure complete removal of the methylated
polysaccharide. The chloroform extract and methyl iodide centri-
fugate were combined and concentrated to a syrup which was taken
up in chloroform and washed with potassium cyanlide solution

(1% w./v. in water) to remove colloidal silver salts. The agueous
solution was washed 4 times with chloroform and the chloroform
extract and washings were combined, washed with a little water,
dried over anhydrous sodium sulphate and concentrated. The
methylated polysaccharide was precipltated by pouring into light
petroleun (60-80°, 20:1).

Methylation with silver oxide, methyl iodide and dimethylforma-
mide (102).

The mrtially methylated material was dissolved in
dimethylformemide and methyl iodide was added. The solution was
stirred at room temperature and silver oxide was added in fifths
over a period of 1 hour. S8Stirring was continued for a further
12 hours when the mixture was centrifuged. The residue was
extracted continuously for 18 hours with boiling chloroform
and the chloroform extract and centrifugate combined. The
chloroform solution was treated with potassium eyanide as above,
dried over anhydrous sodium sulphate and concentrated to a syrup.

Demethylations /
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Demethylations were carried out by the procedure

deseribed by Bonner, Bourne and McNally (103).

Aniline derivatives of methylated sugars were
prepared by refluxing the sugar (10 = 100 mg.) with an
equimolecular amount of freshly distilled aniline in dry
ethanol (410 ml.). The reaction was performed in an atmosphere
of COp and allowed to proceed for 30 minutes. On removal of
the solvent the aniline derivative crystallised and was

recrystalliised from the given solvent.

Aldonolactones were prepared by dissolving the
sugar (10 = 100 mg.) in water (5 ml.) and adding 10 to 20
drops of bromine to effect oxidation. The reaction was allowed
to proceed in the dark for 3 days when excess bromine was
removed by aeration and the solution was neutralised with silver
carbonate. Silver ions were removed by treatmert with hydrogen
sulphide and the filtrate was evaporated to dryness. The residue
was dissolved in acetone, filtered, evaporated to dryness and

dried in vacuo over phosphorus pentoxide.

Aldonomides were prepared by treating the lsctone

(5 = 100 mg.) with methanolic ammonia (5 ml.) for 24 hours at
0°. Evaporation of the solvent yielded a crystalline amide

which was recrystallised from the given solvent.

Phenylhydrazine derivatives of aldonic aclds were
prepared by refluxing the aldonolactone (10 - 100 mg.) with an
equimolecular amount of freshly distilled phenylhydrazine in
ary /
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dry ether (30 ml. ). After L hours the solution was concentrated

to a dark syrup which was heated on a boiling-water bath for 3
hours. On cooling, the phenylhydrazine derivative crystallised

and was recrystallised from the given solvent.

The‘g - nitrobenzoyl derivative of 2,3,4 - tri - 0 -

methyl - L - arabinose was prepared by dissolving the sugar

(200 mg.) in dry pyridine (20 ml.) containing p - nitrobenzoyl
chloride (220 mg.) and heating the solution at 60° for 40

minutes. The reaction mixture was allowed to stand overnight

at room temperature and then treated with a saturated solution

of sodium bicarbonate until effervescence stopped. The

solution was extracted with chloroform and the extract was

dried over anhydrous sodium sulphate, filtered and concentrated

to a syrup which solidified on standing. 2,3,4 = Tri - O - methyl -
L - arasbinose - p - nitrobenzoate, after recrystellisation from

methanol - ether, had m.p. = 128=-129°,

meg were prepared by heating the sugar (20 mg.) for

30 minutes on a boiling-water bath with redistilled phenylhydrazine
(0,02 mle), glacial acetic acid (0.02 ml.), water (0.5 ml.) and

2 drops of saturated sodium bisulphite solution. On dilution with
water (3 ml.) the phenylosazone preecipitated and was recrystallised

from the given solvent.
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The amount of formaldehyde liberated on periodate
oxidation of 3 -,g-/?-g - arabinopyranosyl - Q - arabinose
phenylosazone wes determined colorimetrically by the method of

Hough, Powell and Woods (104).

Periodate oxidation of methylated sugers was carried out according

to the method of Lemieux and Bauer (105).

Consumption of periodate was determined spectrophotometrically
by the method of Aspinsll and Ferrier (106).

Fo tions (107).

The polysaccharide (100 mg.) in water (30 ml.)&was shaken
in the dark with potassium chloride solution (10 ml., 16% w./v.)
and sodium metaperiodate solution (20 ml., 0.3 g). A blank was
run at the same time omitting the polysaccharide. Aliquot
proportions (5 ml.):rer%_withdrawn at regular time intervals and
treated with athyléig??z ml.) to destroy excess periodate. The
emount of formic acid released during the oxidation was determined
by adding potassium iodate solution (2 ml., 10% we/v.) and titrating

the liberated iodine with standard sodium thiosulphate.
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METHYLATION STUDIES ON ARABINOGALACTAN A.

Hydrolysis of methylated pol ri e(?ﬂ)

Methylated arabinogalactan A (3.8 g.) was suspended
in hydrochloric acid (2 N ; 140 ml.) at room temperature for 3
days when most of the polysaccharide had dissolved. MNethanol
(140 m1l. ) was added and the solution was heated very slowly
to 100°, care being taken that no material precipitated out.
The methanol was evaporated off and the solution was diluted
with water to give a normal solution with respect to hydrochloric
acid. Hydrolysis was continued for a further 6 hours (constant
rotation) when the solution was cooled, neutralised with silver
carbonate, filtered and concentrated to a syrup. The aqueous
distillate was extracted with chloroform (3 x 50 mle) and the
chloroform extracts were combined with the hydrolysate and
concentrated to a syrup. Colloidal silver salts were removed
by extracting the syrup with methanol. The extracts were then
concentrated to a syrup (3.5 g. ).

Separation of methylated suygars.

The mixture of methylated sugars (3.5 g.) was separated
by chromatography on a cellulose column (80 x 3 em.). The
column was eluted with light petroleum (b.p.100-120°) : butan-1i-
ol (70:30), saturated with weten followed by light petroleum :
butan-1-0l (50:50), saturated with water and later with butan=i-

0l, half saturated with water. The column was finally washed with

water.
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Methylated sugars from arabinogalactan A.

Fraction

Weight

values

Sugars present

(in mg.) [CoTumn Column | ©
(a) (b)
1 21 102 | unknown sugar tr.
Osli7 | CeOL | 2,3, 5-trimethylarabinose tr.
1.80 1460 | 0,90 | 2,3,4,6-tetramethylgalactose
0,70 | 0.84 | 2,5~dimethylarabinose
1.09
2 65 1.02 | unknown sugar .
0.55 Oei7 | Ce9L | 243, 5-trimethylarabinose
0.72 0.60
1.82 1.60 | 0.90( 2,3,4,6~tetramethylgalactose
1.06 0e78 | 2,35,i=trimethylarabinose tn
3 29 0.55 0447 0.94 | 2,3,5-trimethylarabinose
071 0.60
1.80 1.61 0.90 | 2,3,L,6-tetramethylgalactose
1.06 0.82 | 0.78 | 2,3,4~-trimethylarabinose
Oel49 | 2,4~dimethylgalactose tr.
L 11 1.80 1.61 0.90 | 2,3,4,6-tetramethylgalactose
C.70 Oe.8L4 | 2,5~dimethylarabinose
1.03
Teb 256 | 0,69 | 2,3,4=trimethylgalactose
2.87
0.49 | 2,4~dimethylgalactose tr.
5 I8h6 1.80 1.61 0.90 | 2,3,4,6-tetramethylgalactose




The

Fraction|Weight values Ry Sugars present

(in mg, ) Co umn G?bgmm

6 181° 1460 | 0,90 | 2,3,4,6-tetramethylgalactose
14865 0470 | 0484 | 2,5=-dimethylarabinose

3436 1.08
74 2,68 0.69 2y3,4=trimethylgalactose
2,92
Le38 | 049 | 2,4~dimethylgalactose tr
7 | 5 1489 0.69 | 0.84 | 2,5~dimethylarabinose
339  1.04

1.04  0.79 | 0.78 | 2,3,4~trimethylarabinose

38 60 1.88 0. 69 O. 81{- 2y 5—dimethylara'binose tr:

34308
105 0,79 |0.78 | 2,3,4~trimethylarabinose

9 30 188 0.71 | 0.84 | 2,5~dimethylarabinose tr,
105 0.81 |0.78 | 2,3,4=trimethylarebinose

10 33 4L.18 2.07 |0.69 | 2,4,6-trimethylgalactose
Ue75 2436
3e24 1.63 2,3,6~trimethylgalactose tr.
11 100 4e10  2.10 |0.69 | 2,U4,6~trimethylgalactose
L1 65 2438
Te37 2.89 25 34~trimethylgalactose
2.65
12 346 759 2.62 |0.69 |2,3,4~trimethylgalactose

2.89
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Fraction Weight

T velues

Sugar present

G
(in mg. ) G?;?mn C?%?mn
13 76 0.83 | dimethylarabinose tr.
2.64 |0.69 | 2,3,4~trimethylgalactose tr.
2,89
0e¢63 | unknown sugar tr.
3472 | 049 | 2,4~dimethylgalactose
L 4O
14 u2 2,86 |[0.69 | 2,3,4~trimethylgalactose tr.
2.149, | 0e5L4 | 2,6-dimethylgalactose
3419
3670
15 14 2:47 | Q54 | 2,6-dimethylgalactose
30 21
3469 | 049 | 2,4=dimethylgalactose
e 36
1+11 2 - methylarabinose
1e147
16 920 3:76 | 0al49 | 2,4~dimethylgalactose
L4146
17 2L 0.49 | 2,4~dimethylgalactose tr.
031 | 2 - methylgalactose
18 17 O0.49 | 2,4~dimethylgalactose tr.
0e31 | 2 = methylgalactose
0.26 | 3 - methylgalactose
0.19 arabinose tr.
19 6 Osl49 | 2,4=dimethylgalactose
0.26 | 3 - methylgalactose
|0.19 arabinose
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Fraction|Weight z values RG Sugar present
in mg. Col Col
(in mg.) n P
20 L 0sl49 | 2,4 -~ dimethylgalactose
21 7 0.49 | 2,4 - dimethylgalactose
galactose
methylated uronic acids
22 12 Oeli9 | 2,4 - dimethylgalactose
0.19 arabinose
galactose
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Exemination of Fracgtions

Fractions (4 = 4) (126 mg.).
Unknown sugary 2,3,5 - tri - 0 - methyl - L -~ arabinose, 2,3,4,6 =
tetra -« 0 - methyl - D - galactose snd unhydrolysed glycosides.

Paper chromatography in solvents D, F and G of the
first four fractionsindicated the presence of 2,3,5 - tri - 0 -
methyl arabinose, 2,3,4,6 - tetra - Q0 -~ methyl galactose and an
unknown sugar (R; = 1.02).

Gas-liquid chromatography of the derived methyl
glycosides and hydrolysis followed by paper chromatography in
the above solvents, showed, in addition to the sugars already detected,
2,5 = di = O - methyl arabinose, 2,3,4 - tri - 0 - methyl galactose,
2,3,4 = tri -« O - methyl arabinose and traoces of 2,4 - édi - 0 -
me thyl galactose.

The four fractions were combined, hydrolysed with J§
hydrochloric acid for L4 hours, neutralised and concentrated to
a syrup (35 mg.).

In view of the disappointing yield and in order to
fully characterise 2,3,5 - tri - 0 - methyl arabinose, a gecond
batch of methylated polysaccharide (2.5 g.) was hydrolysed.

Evaporation of the solvent gave a syrup (2.3 z.).

The syrup was fractionzted on a e¢sllulose column
(80 x 3 em.). 2,3,5 - Tri -~ Q - methylarabinose and 2,3,4,6 -
tetra/
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tetra - 0 - methylgalactose were eluted from the column with
light petroleum (bep. 100 = 120°): butan - 1 - ol (80:20),
saturated with water. The remaining methylated sugars were

eluted with water.

Subfraction & (131 mg.).
Unknown sugar, 2,3,5 - tri - 0 - methyl - L - arabinose and

unhydrolysed glycoside.

Paper chromg}ography in eolvents D, F and G shewed
that this fraction,[?ijn , = 21° (¢ ,047 in water), contained
243435 - tri-0 - methylarabinose and an unknown sugar (RGg 1.02).
Gas-~liquid chromatography of the methyl glycosides and hydrolysis
followed by paper chromatography in solvents D, F and G, showed
that a small amount of 2,3,4 - tri - 0 - methylgalactose was also
present. |

The derived 2,3,5 = tri - Q0 - methyl - g - arabonamide,
after recerystallisation from ethyl acetate, had m.p. and mixed m.p.

= 132 « 133°,

Subfraction b (245 mg. ).
Unknown sugar, 2,3,5 - tri - 0

methyl - L - arabinose and

253,456 - tetra - Q0 - methyl - D ~ galactose.

Paper chromatography in solvents D, F and G showed
that this fraction contzsined 2,3,4,6 - tetra - Q - methylgalactose

with/
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with trace amounts of 2,3,5 = tri - Q - methylarabinose and an

unknown sugar (R, = 1.02).

Subfraction ¢ (327 mg.).
2,3y4,6 ~ Tetra = 0 - methyl - D - galactose.

This frection was chromatographically identical to
2y3s4y6 ~ tetra - O - methyl - D ~ galactose in solvents D, F and G.

Subfrection d (water washings) (1.2 ge).

253,446 - Tetra = Q0 - methyl - D - galactose, 2,5 - di - O - methyl -
L - arebinose, 2,3,4 -~ tri - Q - methyl - L - arabinose, tri - Q0 -
methyl - D - galactose and di - Q - methyl - D - galactose.

Paper chromatography in solvent D showed that the above
sugars were present in thiis fraction. Only a trace smount of

2y344,6 - tetra - O - methylgalactose was observed.

Frection 5 (846 mg.).
25354,6 ~ Tetra - 0 = methyl - D ~ galactose.

Paper chromatography in solvents D, F and G, and gas-
liquid chromatography of the methyl glycoside showed that this
fraction,[ef]n , +97° (¢, 0.9 in water), contained only 2,3,4,6 =
tetra - Q - methylgalactose. Demethylation gave galactose only.

The symip crystallised after being seecded with 2,3,4,6 =
tetra/
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tetra « O - methyl - 2 - galactose and, after recrystallisation
from ether- light petroleum (b.p. 60 - 80°) had m.p. and mixed
Mepe = 67-68°,[j°<_JD , + 4k®— 4 118° (c , 1.1 in water).
The derived 2,3,4,6 - tetra - Q - methyl - N ~ phenyl -
2 - galactosylamine, after recrystallisation from ethanol, had

MeDPe &nd mixed meps = 198 = 199°,

Fraetion 6 (121 mg. ).
2,3s4,6 - Tetra = Q - methyl - D - galactose, 2,5 = di - Q =
methyl - L - arabinose and unhydrolysed glycosides.

Paper chromatography in solvents D, F and G showed that
this fractian,[fi-WD , * 68o (c ; 048 in water), contained 2,3,4,6 =
tetra - 0 ~ methylgalsctose and 2,5 - di -~ O - methylarabinose.
Gas~liguid chromatography of the methyl glycosides, and hydrolysis
followed by paper chromatography in solvents D, F and G, showed that
25354 = tri - Q0 - methylgelactose end a trace of 2,4 - di - Q0 -
methylgalactose were also present.

The fraction was hydrolysed with § hydrochloric acid for
L4 hours, neutralised and concentrated to & syrup (95 mg. ).

The syrup was fractionated on a cellulose column (60 x 2 cm )
2535456 ~ Tetra - O - methylgalactose and 2,5 - di = 0 - methyl-
arabinose were eluted with light petroleum (b.pe 100 - 120°) : buten -
1 - ol (80:20), saturated with water. The remaining methylated

sugars were eluted with water.

Subfraction/
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Subfraction a (9 mg. ).
2,3,4,6 -~ Tetra = Q0 - methyl - D - galactose.

This fraction was chrometographically identical to
2,3,4,6 = tetra ~ Q - methyl - D - galactose in solvenis D, F and G.

Subfraction b (2 mg. ).

2y35yl4y6 - Tetra - Q - methyl -~ D - galactose and 2,5 - d1 - 0 -

methyl - L - arabinose.

Paper chromatography in solvent D showed that this fraction
contained 2,3,4,6 - tetra - 0 - methylgalactose and 2,5 - di - 0 -

methylarabinose.

Subfraction ¢ (L3 mg.)s

245 = Di = 0 - methyl - L ~ arabinose.

Paper chromatography in solvents D, F and G and gas-liguid

chromatography of the methyl glycoside showed that this fraction,
A p’ = 10° (c , 0¢8 in water), contained only 2,5 - di - 0 =
methylarabinose. |
The derived 2,5 - di =~ Q ~ methyl - L - arabonamide,
after recrystallisation from ethyl acetate, had m.p. and mixed m.p.

= 127 - 128°,

Subfraction d (water washings) (35 mg.).
2,/
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Subfraction d (water washings) (35 mg. ).

2,34 = Tri = O - methyl - 2 - galactose, 2,4 - @1 - 0 - methyl -

D - galactose and 2 -~ J - methyl - 2 - gelactose.

Paper chromatography in solvent D showed that this fraction

conteined the abeove sugars.

Fraction 7 (5 mg.).
2,5 = Di « Q0 - methyl ~ L - aresbinose and 2,3,4 - tri - Q0 = methyl -

g - arabinose.

Paper chromatography in solvents D, F and G and gas-liquid
chromatography showed that this fraction contained 2,5 - di - 0 -
methylarabinose and 2,3,4 - tri - QO - methylarabinose.

Frection 8 (60 mg.).
2,5 - Di - Q ~ methyl = L ~ arabinose and 2,3,4 -~ tri = 0 - methyl -

g - grabinose.

Paper chromatogrephy in solvents D, ¥ and G, and gas-liquid
chromatography of the methyl#lycoaides showed that the main component

0
of this fraction, [Q‘-']n g + 1347 (c ,142 in water), was 2,3,4 - tri -
0 -~ methylarabinose with a trace of 2,5 - di - 0 -« methylarabinose.

The derived 2,3,4 = tri = O = methyl - k- arabonophenyl-

hydrazide, after recrystallisation from ethanol-water, had m.p. and
mixed/
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mixed mep. = 158°.

Fraction 9 (30 mg. ).
2,5 = Di - O ~ methyl - L - arebinose and 2,3,4 = tri - Q - methyl -

E - arsbinose.

Paper chromatography im solvents D, F and G, and gas-liquid
chromatography of the methyl glycosides showed that this fraction was
similar to fraction 8.

Fraction 40 (33 mg.).
2,44,6 =« Tri = 0 « methyl - D - galactose and 2,3,6 = tri = Q = methyl -
=

2 - galactose.

Paper chromatogravhy in solvents D and G showed that this

fractian,[cxj] + 78° (c, 0.8 in water), contained tri - Q -

)
methylgalactosl. Gas~liguid chromatography of the methyl glycosides
showed that the main component was 2, 4, 6 ~ tri - 0 -~ methylgalactose
with a trace of 2, 3, 6 - tri - 0 - methylgelactose.

The main component erystallised after several weeks in vacuo
over phosphorus pentoxide and the derived 2,4,6 = tri - Q ~ methyl -
N -« phenyl - D - galactosylamine, after recrystallisstion from ethyl

acetate, had m.p., and mixed m.p. = 173 - 174°,

Fraction 11 (100 ng. ).

2oL4,6 - Tri - O - methyl - D - galactose and 2,3,4 - tri - Q - methyl -

/



84.
2 - galactose,

FPaper chromatography in sclvents D and F showed that this
fractian,LFX-]n , + 96° (c, 0s9 in water), contained tri - Q -
methylgalactose. Gas-liguid chromatography o the methyl glycosides
indicated the presence of 2,3,4 - tri -« 0 - methylgalactose and a
emaller amount of 2,4,6 - tri - 0 - methylgalactose.

The syrup wes heated with ethancolic aniline and fractional
crystallisation of the product from ethyl acetate afforded (a)

2,34 - tri - Q - methyl ~ - phenyl - D - galactosylamine (plates),
mepe and mixed m.p.=169°, (v) a mixture of needles and plate, m.p. =
156o and (¢) a mixture of needles and plates, m.ps = 142° from which
25436 « tri = Q0 - methyl - N -~ phenyl - 2 - galacteaylamine, m.p. and

mixed meps = 1?2°, was separated.

Fraction 12 (346 mg.).
2434 = Tri - O - methyl - 2 - galactose.

Paper chromatography in solvents D and P, and gas-liguid
Ehrumatography of the methyl glycoside showed that this fraction,
LCK}D ; * 1130 (g, 1+2 in water), contained only 2,3,4 - tri - Q -
methylgalactose. Demethylation gave only galactose. 2,3,4 - Tri -
O - methyl - D -~ galactose monohydrate crystallised on standing and,
after recrystzlliaation from ethyl acetate containing 1% water, had
mep. and mixed mep. = 680,[04:113, + 145° +115° (¢, 1+1 in water).

The derived 2,3,4 - tri - Q = methyl - § - phenyl - D -
galactosylamine,/
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galactosylamine, after recrystallisation from ethyl acetate, had

MePe and mixed mepe = 167 = 168°,

Fraction 13 (76 mg.).
Di -~ 0 - methyl - L - arabinose, 2,3,4 - tri - C -~ methyl - D -
3

gelactose, unknown sugar and unhydrolysed glycoside.

Paper chromatograpgny in selvents D and F ghowed that this
fraction contained tri -~ Q - methylgelectose and an unknown sugar
(Rg = 0.63). Gas-liguid chrometogrephy of the methyl glycosides
indicated that the mein component was 2,4 « di -~ 0 - methylgalactose
with a trece of 2,3,L4 = tri - Q -~ methylgalactose. The dimethylgale
actose must have arisen from a product of incomplete hydrolysis.

A portion of the fraction (10 mg.) was dissolved in water
(1 ml.) and methyl sulphate (1 ml.) and aqueous sodium hydroxide
(20% wo/ve, 1 ml,) were added dropwise over a period of 2 hours.
The reaction mixture was kept in an ice~bath and the solution weas
stirred vigorously in an atmosphere of nitrogen. After 24 hours
the solution was heated on a boiling-water bath for 30 minutes to
destroy excess methyl sulphate. The solution was then extracted
continuously for 18 hours with chloroform ané the chloroform extract
was concentrated to a syrup (8 mg.). Gas~liguid chromastography of
the methyl glycosides from the gbove syrup showed that the main
component was 2,3,4,6 - tetra - O - methylgalactose with trace amounts
of 2,3,4 = tri - O - methylgalactose and 2,4,6 - tri -« Q - methyle-
galactose, indicating that 2,4 - di - Q -~ methylgalsctose was
originally/
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originally present as a glycoside.

The remainder of the fraciion was hydrolysed with E
hydrochloric acid and the neutralised hydrolysate was concentrated
to a syrup.

Paper chromatography in solvent D showed that 2,4 - di - 0 ~
methylgalactose and trace amounts of tri -« O -~ methylgalactose, di -
0 - methylarabinose (RG = 0.83) and an unknown suger (RG = 0,63) were
present. Demethylation gave galactose and a trace of arabinose.

The syrup was dissolved in aceione containing 1% water and left at

0° for 2 days when 2,4 -« @i -~ 0 - methyl - D - galactose crystallised.
The suger was heated with ethanolie aniline and reecrysteliisation of
the product from acetcne afforded 2,4 - di = 0 - methyl - N - phenyl -
2 - galactosylamine, me.pe and mixed m.pPe = 216°,

Fraction 14 (42 mge ).
2y3,4 = Tri - Q - methyl - D - galactose and 2,6 - di - Q -~ methyl -

D - galactose,

Paper chromatography in solvents D and F and ges-lignid
chromatography of the methyl glycosides showed that this fraction,
[b£]p , +68° {(c s 0u7 in water) contained 2,6 -~ di - Q0 - methylgal-
actose as the main component with a trace of 2,3,4 - tri -« 0 -
methylgalactose.

A portion of the fraction (4 mg.) was subjected to periodate
oxidation, and paper chromatography of the oxidised products in
solvent D showed 2 - O - methyl-malondialdehyde (Rp = 0.17),
indicative/
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indicative of a 2,6 - di - Q0 - methylhexose.

246 - Di = Q - methyl - 2 - galactose crystallised on
standing and after recrystallisation from chlorofonmwligpt petroleum
(beps 60-80°), had mep. and mixed me.p., = 111 = 1130:[0{JD: + 56 —
+ 83° (gs 141 in water).

The derived 2,6 - di - Q0 - methyl - § - phenyl - 2 -
galactosylamine, after recrystallisation from ethyl acetate, had

Mmeps 824 mixed mepe = 115°,

Fraction 15 (14 mg, )
2,6 - Di - 0 - methyl -~ D - galactose, 2,44 = d1l = O - methyl - D =

galactose and 2 - O - methyl - L - wsrabinose.

Paper chromatography in solvente D and F showed that this
fraction contained 2,6 - di - Q ~ methylgalactose and 2,44 - di - Q -
methylgalactose. Gas-liguid chromatography of the methyl glycosides
indicated the presence of both the above sugars together with 2 - 0 -
methyl - L - arabincse. A portion of the fraction (1 mg.) was
oxidised ;1th sodium periodate but no 2 - 0 - methyl - melondial-

dehyde was observed. Demethylation gave galactose and arabinose.

Fraction (920 mg. ).
2,4 = Di - O -~ methyl - 2 - galactose.

Paper chromatography in solvent D and F and gas-liquid
chromatography of the methyl glycoside showed that this fraction,
[Ci]D’,+ 85° (¢,1+1 in water) contained only 2,4 - di -~ Q - methyl-

galactose./
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galactose. Demethylation gave galactose only. 2,4 = Di =« 0 -
methyl - D - galactose monohydrate crystallised immediately on drying
and, afte; recrystallisation from acetone containing 1% water, had
meps and mixed m.ps = 97-98°, |_°<L ; + 121 — + 85° (g5 13 in
water).

The derived 2,4 - di - 0 - methyl - § - phenyl =- g -
galactosylamine, after recrystallisation from acetone, had me.p.

and mixed m.p. = 247°%.

Fraction 17 (24 mg. ).
2,4 = Di - 0 -~ methyl - g - galactose and 2 - O - methyl - D

galactose.

Paper chromatography in solvent D showed that the main
component of this fraction was 2 - 0 - methylgalactose with a trace
of 2,4 - di - 0 - methylgalactose. Demethylation gave galactose only.
The syrup crystallised on seeding and recrystallisation
from ethanol gave 2 - 0 - methyl - 2 galactose, msp. and mixed mep. =
155=157"4

Fraction 18 (17 mg. ).
234 = Di = 0 - methyl - 2 - galactose, 2 -~ Q0 - methyl - D - galactose,

3= 0 - methyl - D - galactose and arabinose.

Paper chromatography in solvent D showed that this

fraction contained the above sugars. Only trace amounts of 2,4 -

di - /
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di - 0 - methylgalactose and arabinose were observed.

Fragtion 19 (6 mg.).
244 =« D1 « 0 = methyl = D - galactose, 3 - Q - methyl - D -

galactose and arabinose.

Paper chromatography in solvents A and D showed that

this fraction contained the sbove sugars.

Fraction 20 (4 mge ).
244 =« DI - Q = methyl ~ D - galactose.

FPaper chromatograrhy in solvents A and D showed that
2,4 - @i -~ 0 - methylgalactose was the only sugar present in this

fraection.

Froction 21 (7 mg.).
2,4 = Di - 0 -~ methyl - D -~ galactose, galactose and methylated

uronic acids.

Paper chromatography in solvent E showed that this
fraction contained two methylated uronic aclds (R, = 0,80 and 0.35).
Paper chromatogrspby in solvents A and D showed that galactose and

2,4 = 41 -~ 0 ~ methylgalactose were also present.

Fraction 22 (water weshings) (12 mg. ).
291-?-"‘/
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Fraction 22 (water washings) (12 mg. ).

2,4 = Di - 0 - methyl - D - galactose, arabinose and galactose.
i =

Paper chromatography in solvents A and D showed that

this fraction contained the above sugars.

Preparation of erystalliine derivatives of 2,5,4 - tri « Q0 « methyl -

L « argbinoss.

L - Arabinose (2C g, ) was refluxed with methenolic
hydrogen chloride (200 ml., 2% w./ve) until the solution was non-
reducing (3.5 hours). The solution was neutralised with silver
carbonate in the usuel way and concentrated when methyl-—/g - 2 -
arabinopyranoside crystallised out.

Recrystallisation from methanol furnished methyl -}9 - L -

=

arabincapyranoside (6.9 g-), MmsPe &NC mixed m.p. = 170° ,_0( JD s +

2u5 (g ; 2+1 in water).

Methyl sulphate (50 ml.) and agueous sodium hydroxide
(100 ml., 30% w./v.) were added dropwise to a vigorously stirred
solution of methyl -/? - L - arebinopyrenoside (5 g.) in water
(150 m1.). Stirring was continued and similar additions were made
on 3 successive days. The solution was heated on a boiling-water
bath for 30 minutes to destroy excess methyl sulphate, neutralised
with dilute sulphuric acid and concentrated to small volume (100 ml.).
Methylated spirits (4 volumes) was added and the precipitated

sodium/
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sodium sulphate was rcmoved at the centrifuge and washed well with
methylated spiritis. The centrifugate and weshings were combined,
concentrated to small volume (50 ml.) and extracted continuously
with boiling chloroform for 18 hours. The chloroform extract was
evaporated to dryness and dried in vacuo over phosphorus pentoxide
to give a pale yellow syrup (5.4 ge).

Hydrolysis of a small portion, followed by paper chromat-
ography in solvent D showed that small amounts of monc -~ and di -

O « methyl - 2 arabincses were present as well as the main component,
2,34 - tri - 0 - methyl - g - arabinose.

The partially methylated product (5.4 g.) was methylated
to completion with methyl iodide (100 ml.) and silver oxide (20 ge).
Evaporation of the solvent gave a syrup which crystallised after 2
days at 0°, Reerystallisation from light petroleum (b.p. 60-80°)
furnished methyl - 2,3,4 - tri -« 0 - methyl-—/?-é - arabinopyran~
oside (5.1 ge), mep. = 43-15°, O{JD s + 251° (¢ , 0.9 in water).

The glycoside (2z.) was hydrolysed with N sulphuric acid
for 4 hours and neutralised in the usual way. Evaporation of the
solvent gave a colourless syrup (41.9g.) which had.[C*]D‘, + 135°
(e s 1.0 in water).

The derived 2,3, = tri = 0 =« methyl - 2 - arabonophenyl-
hydrazide, after recerystallisation from ethanol-ether, had m.ps =
157°,

The derlved 2,3,4 - tri - 0 - msthyl - 2 - arabinose o P
nitrobenzoate, after recrysctallisation from methsnol-ether, had

Mmeps = 428~129°,
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PARTIAL HYDROLYSIS STUDIES ON ARABINOCGALACTAN A.

————

Partial hydrolysis of arsbinogalacten A.

The polysaccharide (410gs) in hydrochloric acid
(0.01&, 360 ml.) was heated on a boiling-water bath for 2.5 hours.
The solution was cooled, neutralised with Amberlite resin IR - LB
(0H), filtered and concentrated to 50 ml. The degraded polysacch-
aride wss precipitated with ethanol (4 volumes) and remcved at the
centrifuge. The centrifugete and washings were combined and

concentrated to a syrup (683 mg.).
Separation of monossccharides and oligosa i

The mixture of monosaccharides and oligosaccharides (683 mg.)
was separated on a charcoal-celite column (30 x 2.5 em.) using water
and aqueous ethanol (up to 5% ethanol v./v.) as eluents.

Fractions (500 ml,) were collected and evaporated to
dryness. The residues were purified by extraction with water,
filtration and evaporation to dryness.

Products/
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Products from partial hydrolysis of arabinogalactan A

Fraction | Eluent Wte in mge. Ragal Sugars present

1 water 39u 1440 arsbinose

100 galactose

3 water n 0.82 (1=3) -~ arabinobiose
5 2% 16 1.84 unknown suger
agueous 1.38 arabinose
ethanol 0.84 (1=3) - arabinobiose

Ce37 (1~-6) - galactobiocse

6 % 10 178 unknown sugar
agqueous 140 arabinose
ethanol 121 unknown sugar

0.90 unknown sugsar
0.80 (1=3) -~ arsbinobiose
0. 74 unknown sugar
0. 34 (1-6) = galactobiose

In addition, eleven other fraction were collected
(combined wte = 112 mg. ). Paper chromatographiec exeminations in

solvent A indicated the presence of sugars with the following RGal

values; 2.73, 2.22, 1.68, 1+50, 1.38 (arabinose), 1.16, 1.00

(zalactose). /
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(galactose), 0,92, 0.82 (3 - O -,/) - L ~ arabinopyranosyl - L=
arebinose), 0.75, 0.62, 0.54 (3 - 0 - /}- D - galactopyranosyl = D~
galactose), O.43, 0.35 (6 - O -—/3 = D - galactopyranosyl - D -
galactose), 0.14 and 0.11.
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Exemination of Fractions.

Fraction 1.

Paper chromatography in sclvent A showed that this fraction
(394 mg.) conteined galsctosec end arabinose.

Fraction J.
This fraction (74 mg., Rge1, = 0.82 and 0.67 in solvents

A and C respectively), | X D, + 157° (g , 2.1 in water), was
chromatographically identical to 3 -~ QO -~ /?- L - arsbinopyranosyl -

2 - arabinose. Hydrolysis followed by paper chromatography gave
only arebinose.

Methyl sulphate (0.5 ml.) and agueocus sodium hydroxide
(0.5 ml. 30% w./v.) were added@ dropwise over a period of 2 hours
to a portion of the fraction (40 mg.) in water (4 ml.). The
solution was stirred vigorously at 0°, in an atmosphere of nitrogen,
for 12 hours. Stirring wes continued and aliquot proportions of
methyl sulphate (1 ml.) and agueous sodium hydroxide (2 ml.) were
added dropwise over a period of L hours. Similar additions of the
reégants were made on 3 succesgsive days. The solution was heated
on & beilling-water bath for 30 minutes to destroy excess methyl
sulphate, neutralised with sulphuric acid and extracted continuously
with chloroform for 18 hours. The chloroform extract was evaporated
to dryness and dried in vacuo over phosphorus pentoxide. The
residue/
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residue (8 mg.) was methylated to completion with methyl iodide
(5 ml.) and silver oxide (1 g.). Evaporation of the solvent
gave a syrup (5 mg.).

Paper chromatography of the hydrolysis products in
solvent D and gas-ligquid chromatography of the methyl glycosides
indicated the presence of apvroximately eguimolecular proportions
of 2,3, = tri - Q - methylarsbinose (Rg = 078, T = 1403 column
(2), 0.80 column (b)) and 2,44 = di = O - methylarabinose (RG = 0,61,
T = 2,22, 2,30 column (a), 1.08, 1.10 column (b)), end a trace of
2,5 = @i - Q - methylarabinose (T = 1.87, 3.41 column (a), 0.67
column (b)).

The derived 3 - O wf?— L - arsbinopyranosyl - L -
arabinose phenylosazone, after recrystellisation from aqueous
ethenol, had m.p. and mixed m.p. = 235° and gave an identiecal
X-pray powder photograph to the one obteined from an suthentie
sample. Periodate oxidation of the nhenylosazone gave 1.08 and
1436 molecules of formaldehyde after 30 and 300 minutes respectively,
but no mesoxalaldehyde =1,2 = bisphenylhydrazone. This result is
indicative of a 3-0 - substituted pentose phenylosazone.

Fraoctions (5 and 6).

Paper chromatography in solvent A showed that the main
component of both fractions (combined wt.= 26 mg.,) was 6 - O -/9 -
2 - palactopyranosyl - D -~ galactose. The two fractions were com-
bined and fractionated by peper chromatography on Whatman No.1

filter/
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filter paper to give 6 = Q - /3 - D - galactopyranosyl - 2 -
galactose (12 mg., Ry, = Q.35).

The derived 6 = 0 =/7 = D - galactopyrenosyl - D~
galactose phenylosazone gave an identical X-ray powder photography

to the one obteined from an authentic specimen.
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QXIDATION STUDIES ON ARABINOGALACTAN A.

Scheme leading to the isolation of methylated aldobiouronic acids.

Polysaccharide

Tritylation

v

Tritylated polysaccharide
Methylation

ngthylated tritylated polysaecharide
Detritylation

s

Methylated polysaccharide
Oxidation

o
Oxidised methylated polysaccharide

Partial hydrolysis

v
Methylated neutral sugars + methylated aldobicuronic acids



T sylation of lysa y

The polysaccharide (8g.) and trityl chloride (55g.)

in pyridine (240 ml.) and dimethylformemide (240 ml.) were stirred
at 100° under anhydrous conditions until all the solid had
dissolved (45 minutes). The reaction mixture was left at room
temperature for 5 days when the solution was concentrated to small
volume (100 ml.) and the tritylated polysaccharide was precipitated
with methanol (4 volumes) and removed at the centrifuge. The
residue was washed with methanol (L x 200 ml. ), dissolved in
chloroform (70 ml.), reprecipitated with methanol and removed at
the centrifuge. The tritylated polysaccharide was washed with
methanol (4 x 100 ml.) followed by ether (4 x 100 ml.), air-dried
end finally dried inwcgug over phosphorus pentoxide to give a
eream product (11.1 ge)s LCX}D’ + 31° (¢ » 0.7 in chloroform)

Found : Tr, 38.3%, carbohydrate (phenol-sulphuric acid), 59.3%

Methylation of tritylated polysaccharide (108).

Barium oxide (35g.) and methyl ilodide (4140 ml.) were
gdded to & solution of the tritylated polysaccharide (9.9g.) in
dimethylsulphoxide (200 ml.). The suspension was stirred at room
temperature for 2 days when inorganic salts were removed at the
centrifuge. The residue was washed with chloroform (L x 100 ml.)
end the centrifugete end chloroform washings were combined.
Chloroform was then added until the precipitation of inorgsniec salts
was complete. Inorganic salts viere removed at the centrifuge and

washed /
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washed with chleroform (5 x 100 ml.). The centrifugate and
washings were combined and washed with agueous sodium thiosulphate
(15% We/Ve)e The resulting colourless solution was washed with
water, dried over anhydrous sodium sulphate, and evaporated to
dryness. The residue was dissolved in chlorofonﬁ, washed with
water to remove traces of dimethylsulphoxide, dried over anhydrous
sodium sulphate and concentrated to small volume (60 ml. ). The
methylated tritylated polysaccharide was precipitated with light
petroleun, removed at the centrifuge and dried in yvacguo over
phosphorus pentexide to give a pale yellow product (9.4g.) [%ound :
0 Me, 16.3%] .

The pertially methylated product was methylated twice with
methyl iodide (4O ml.), dimethylformamide (120 ml.) and silver oxide
(40g. ) to give methylated tritylated araebinogalactan (9.2g.)

Pound : O Me, 19.7%, not raised on further methylation with the
above reagenﬁ%].

The zbove product (8.9g.) was methylated twice with methyl
iodide (150 ml.) und silver oxide (30g.) to give methylated tritylated
arsbinogalactan A (8.2g.),[é{]3, - 43° (g, 0.5 in chloroform)

Found : Tr, 33.7%, 0 Me, ?3.2%, not ralsed on further methylation.
Calec. : Tr, 33.6%, O le, 27.0%].

Examination of the cleavage products by gas-liquid chromat-
ography on columns (a) and (b) and by paper chromatography insolvent
D indicated the presence of mono -~ 0 -~ methylgalactoses, 2,4 -~ di -
L ~ methylgelactose, 2,3,4 - tri ~ 0 - methylgalactose, 2,4,6 - tri -
O - methylgalactcse, 2 - Q0 -~ methylarabinose, 2,3, - di - 0 -~ methy-

larebinose, /
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methylarabinose, 2,3,4 - tri - 0 - methylarabinose and traces of

2y35l4,6 = tetra - Q - methylgalactose, 2,5 = di = 0 - methylarabinose
and 2,3,5 = trl - Q0 - methylarabinose.

Detrigxlation of meggglated tr&tglated Eg&yaacaharide.

All attempts to detritylate the methylated tritylated

polysaccharide by (a) catalytic hydrogenolysis (109) with 107
platinum on charcoal and reduced platinum oxide (Adem's eatalyst)
end {b) reduetive hydrogenolysis with lithium aluminium hydride,
failed,

.-

Vethylated tritylated polysaccharide (8.1z.) was dissolved
in methanol : cloroform (4160 ml. 1:7) containing 1% (w./v.) hydrogen
chloride and allowed to stand at room temperature for 3 hours.
After neutralisation with silver carbonate and eentrifugation the
centrifugate and washings were combined and concentrated slightly
(100 ml.). The solution wau shaken with agueous potassium cyanide
(30 ml. 1% we/ve) to vemove colloidal silver salts, when 3 layers
separated. The bottom leyer (chloroform) was sepsrated, washed
with water, dried over anhydrous sodium sulphate and concentrated
(20 m1.). Preeipitation with light petroleum gave methylated
polysaecharide (fraetion A, 2.48.). The middle layer (ehloroform—
wvater emulsion) was washed with water and evaporated to dryness.
The residue was extracted with chloroform and the extracts were
concentrated (20 ml.) and poured in light petroleum to give
methylated /
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methylated polysaccharide (fraction B, 0.5g.).

The chloroform - insoluble material fro.'il}reniddle layer,
the top layer, and dl agueous washings were combined, deionised
with Amberlite resins IR-120 (H) and IR-4B (OH) and freeze-dried
to give methylated polysaccharide (fraction C, 1¢7ge)s

The ehloroform - soluble material (fractions A and B) was
fractionated into 4 fractions by stepwise extraction with boiling
light petroleum containing increasing proportions of chloroform.
Details of the fractionation are given below (table 8 ). The
trityl content of each fraction was found to be nil. The optical

rotations of fractions 3 and L4 were observed in chloroform (g, ca.1)

while that of fraction C was observed in water (g, 0.8).

Table &
Fraction % chloroform Weight 0 Me [0{ ]

in extractant ?gg % 4D
1 50 0.03 - -
2 60 0.27 - -
3 80 179 3le1 -23°
i 100 0.52 31.8 -21°
¢ - 1.67 29, 1 -4°
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Gas-liquid chromatography of the cleavage products from
methanolyses of fractions 3 and C showed that both fractions
contained the following methylated sugars := 2,3,5 - tri - 0 -
methylarabinose (trace, T = Os47 column (0)) s 2434 = tri = Q -
methylarebinose (T = 0.82 column (b), 0,90 column (e)), 2,3 - dai -
9 - methylarabinose (T = 0.65, 0.82, 1.03 column (b), 1.25, 1.82
column (e)), 2,3,4,6 = tetra = 0 - methylgalactose (trace, T = 1.58
column (b)) 2,4,6 = tri -= O - methylgalactose (trace, E = 2?31,
column (b), 4.20 column (e)), 2,3,4 - tri = O - methylgalactose
(T = 2.53, 2.80 column (b), 6485 column (¢)) and 2,4 - ai - O -
methylgalactose (T = 3.48, L.11 column (b)). The five polysaccharide
fractions were then combined to give detritylated methylated
arebinogalactan A (4.41g.).

Oxidation of detritylated methylated polysaccharide (410)

Chromium trioxide (680 mg.) in glaeisl acetie acid (4O ml.)
containing 2% of water (v./v.) was added to a solution of the
detritylated methylated polysaccharide (4.1 g.) in glacial acetic
acid (80 ml.). The solution was sllowed to stand at room temperature
for 60 hours when & further guantity of oxidant (680 mg.) was added.
After 2 days at room temperature methancl (3 ml.) was added to destroy
excess chromium trioxide and the solution was left at room temper-
ature for 30 minutes. Water (100 ml. ) waes added and the solution
was extracted with chloroform (5 x 100 ml.), The chloroform extracts
were washed with water snd concentrated to a syrup to give oxidised

methylated polysaccharide (fraction D, 2.4 g.).
The smjueous layer and washings from the cehloroform

extraction /
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extraction were vombined, deionised with Amberlite resin
IR - 120 (H) and methyl - di - [ - octylamine in chloroform
(5% ve/Ve, 5 % 100 ml, ), and freeze-dried to give oxidised
methylated polysaccharide (Fraction E, 1.1 g+ ).

Both fractions were contaminated with inorganic material.
A gample from fraction D was purified by extraction with boiling
chloroform céentaining 20% light petroleum. The extract was
filtered, concentrated and poured intc light petroleum. The
precipitated oxidised methylated polysaccharide had[j°<] -21°
{g; 140 in ehloroform) [Eoundz Oife, 32.85}

Samples from fractions D and E were hydrolysed with I
sulphuric acid at 100° for L4 hours and neutralised in the usual
manner. A paper chromatographice examination of the products in
solvent E showed that three acidic sugars (Rg = 0«51, 0.74, 0.93)
together with neutral monomers were present in both hydrolysates.
The two polysaccharide fractions were then combined to give oxidised
methylated arabinogalactan A (3.1 g ).

Partial hydrolysis of oxidised methylated polysaccharide.

Oxidised methylated polysaccharide (3.1 g.) was heated
with § sulphuric acid (60 ml.) on a boiling-water bath for 4 hcurs;
The solution wss cooled, neutralised with barium hydroxide and
barium carbonate, treated with A mberlite resin IR - 120 (H) to
remove barium ions, and concentrated to a syrup (2.7 g ).

The syrup was absorbed on to a D.E.A.E, Sephadex column

(grade A25, 6 x 3 em.) in the formate formm. Elution with water

gave /
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gave a neutral sugar fraction (1.9 g.) and elution with 3%
formic acid gave an acid sugar fraction (580 mg.).

Examination of neutral sugar fraction

Gas~liquid chromatograephy of the derived methyl glycosides
indicated the presence of the following sugars in the neutral sugaer
fraction ¢ 2,3,5 = tri - O - methylarabinose (trace, § = 0«54 column
(a)s 0ul45 column (b)), 2,34 = tri = 0 - methylarebinose (g = 0,80
column (b)), 2,3, = di =Q - methylarabinose (T = 1.50, 1.81, 2.08
column (a), 0.65, 0,80 ecolumn (b)), 2 - Q - methylarsbinose (3 -
5670 column (a), 14105 1431, 1454 column (b)), 2,3,4,6 « tetra = Q -
methylgalactose (T = 172 column (a), 1+54 column (b)), 2,436 = tri -
0 - methylgalactaaer(traoe, T = 3,94 Leli2 column (2), 1975 2.26
column (b), 2,3,4, - tri - Q0 - methylgalactose (T = 7.0 column (a),
2451, 2475, column (b)) end 2, - @i = 0 ~ methylgalectose (T = 3455,
4+05 column (b)),

Exemination of acidic sugar fraction

| A portion of this fraction (20 mg,) was refluxed with
methenolic hydrogen chloride (3%) overnight. After neutralisation
with silver carbonate, the mixture of methyl glycosides was
examined by gas-~liquid chromatography on column (b). The result
obtained are shown in table 9 .
A seccond portion of the fraction (50 mg.), after

conversion /
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conversion to the methyl ester methyl glycosides, was refluxed
with lithium aluminium hydride (75 mg.) in tetrahydvofuren for 2
hours. IExcess hydride was destroyed by water, the mixture was
taken to dryness, and the residue was exhaustively extracted with
acetone to give a syrup (45 mg.). The cleavage products from
methanolysis of this reduced material were examined by gas-liquid
chromatography on column (b). The results obtained sre shown in
table |0«

A further portion of the seid suger fraction (100 mg.)
was methylated with methyl iodide (0.5 ml.), dimethylformamide
(1¢5 ml, ) and.silver oxide (0.5 g.). Evaporation of the solvent
gave & syrup (90 mg.). A portion of this syrup (40 mg.) was
methanolysed and neutralised as above, and the resulting mixture of
methyl glyccosides examined by gas-liquid chromatography on column
(b} The resulis obtained are shown in table 9 .

‘The remainder of the syrup obtained from methylation of
the scidic sugar fraction was reduced with 11th;|.mn aluminium
hydride (75 mg.) in tetrahydrofuran (415 ml.,) after conversion to
the methyl ester methyl glycosides. The cleavage products from
methanolysis of this reduced remethylated materialvere examined by
gas-liquid chromategraphy. The resulis obtained are shown in
tatle (O .
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Teble ¢ .

Methyl glycosides
of

& for methyl
glycosides from

acidic sugars

g for methyl glycose
ides from remethylated
acidie sugars

2,3,4 = Trimethyl-
galactose

2,3,4 - Trime -
i gﬂhcuggg ¢ acid

2,4 = Dimethyl-
galactose

20 h?’ 2. 71
3465, (Le00)

340, (h-oo)

2.36,% 2,73

3468, 4.03

The § values within pargnthesis correspond to more than

one methyl glycoside.

Table (0.
Methyl %1ycosidsa T for methyl T for methyl glycos-—
o Blycosides from Tdes from reduced re-

reduced acidic
sugars

methylated acidic
sugars

2,3 = Dimethyl-
arabinose
galactone

galactose

Unknown

00614, 0.82, 0.97
2‘“-7’ 2.72

3140, 4,02

0. 63’ 0'81 ] 0.95
2146, 2.73

2, 16%
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In addition to the g values quoted above two peaks with

low retention times (0,88, 0.99) were observed in both unreduced
samples. These could have been due to0 2,3 - d1 =~ O - methylara-
buronic acid, the retention times of whleh are not known.

Erne presence of an uwnrecognised peak (g = 2+16) on the
chromatogram of the methanolysis products from the reduced
remethylated acid sugar fraction, and the distortion of the first
methyl 2,3,4 - tri - Q - methylgalactoside peak (I = 2,36 as
compered with 2,47 for an authentic semple) on the chromatogram
of the methanolysis products from the methylated acidic sugar fraection,
indicate that an unknown methyl glycoside(s) with similar retention
times as methyl 2,4,6 = tri - O - methylgalactoside (T = 1,97 and
2.,25) was present. However, analyses of several sugar mixtures
containing va: ying proportions of authentic methyl 2,3,4 « tri - 0 -~
methylgalactoside and methyl 2,4,6 = tri = Q0 - methylgalactoside
showed that the second methyl 2, L, 6 - tri - Q - methylgalactoside
peak (T = 2,25) and the first methyl 2,3,4 - tri = Q - methylgalact-
oside peak (g = 2,46) ecould be recognised even when only traces of
methyl 2,4,6 - tri -« 0 - methylgalactoside were present.

Although 2 -~ Q0 -~ methylarabinose was not detected among
the cleavage products from methenolysis of the reduced acidiec sugar
fraction, hydrolysis of this material followed by paper chromato-
grephy in solvent F gave a faint trace of 2 - Q0 - methylarsbinose

R=1o .
i 2,4 -3gimethylga1actoaeg
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DISCUSSION.

The sample of gum polysaccharide used in the present
investigation was kindly provided by Prdfeasor Ae Je Birech.
The polysaccharide had been isolated as a white amorphous powder
by precipitation with acidified ethanol from an agueous extract
of the resin.

Preliminary investigations showed that the polysaccharide,
[-o(:ln, + 11°, had uronic anhydride content, 10.1%. Hydrolysis
furnished galactose (L6.5 moles) arabinose (12.6 moles) rhamnose
(3.5 moles) and a faint trace of xylose. In addition two aldo-
biouronic acids were present which were identified chromatograph-
ically as 6 = Q0 = (glucopyranosyluronic acid) - galactose and

6 -0 = (4 - 0 -« methylglucopyranosyluronic acid) - galactose.

Partial hydrolysis studies.

A sample of the polysaccharide (polysaccharide A) was

hydrolysed for L4 hours at 100° with N sulphuric acid and the products
were adsorbed on to a D.E.A.,E. Sephadex column in the formate form.
The neutral sugars, which were eluted with water, were fractionated
by chromatography on thick paper to give 2 - galactose, a - arab-
inose and 2 - rhamnose which were characterised by crystalline
derivatives.

The acidic sugars were eluted with 3% formic acid and
fractionation by chromatography gave two fractions.

Fraction /
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Fraction 1, LC%]D’ 0o contained only one sugar which was
chromatographically identieal to 6 - QO -}9 - 2 - (glucopyranosyl-
uronic acid) - D - galactose, Hydrolysis of the fraction gave
only galactose and glucuronic acild. Reduction of the derived
methyl ester methyl glycoside with potassium borohydride followed
by hydrolysis gave galactose and glucose. The latter sugar must
have arisen from reduction of glucuronic acid.

Methylation of the fraction afforded a syrup which failed
to erystallise. A gas-liguid chromatographie examination of the
cleavage products from methenolysis showed approximately egual
amounts of methyl 2,3,4 - tri -« 0 - methylgalactoside and the
methyl ester of methyl 25354 = tri - Q0 - methylglucurcnoside
with a trace of methyl 2,3,5 = tri - 0 - methylgalactoside.

On the above evidence, the sugar is assigned the following

structure: -
QOOH

HO
HOH
OH

OH
Fraction 2, [%i}n, -+ 30, was chromatographically identical
to 6 -0 - (4 -0~ methyl.-ﬁ?- D - glucopyranosyluronic acid) -
g -~ galactose and on hydrolysis gave galactose and an acidic sugar

with the same chromatographic mobility as L = O - methylglucuronie
acid. /
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acid. Redﬁction of the derived methyl ester methyl glycoside with
potassium borohydride, followed by hydrolysis gave galactose and

4 - 0 - methylglugose. The latter sugar must have arisen from
reduction of L - 0 - methylglucuronic acid. Periodate oxidation
of the hydrolysis products from the reduced sugar furnished 2 - 0 =
methylerythrose. The latter sugar must have arisen from periocdate
oxidation of a 4 - O - methylhexose.

Methylation of the fraction affeorded a syrup which failed
to erystallise. A chromatogravhic examination of the cleavage
products from methanolysis showed approximately equal amounts of
methyl 2,3,4 - tri - 0 - methylgalactoside and the methyl ester of
methyl 2,3,4 = tri - 0 - methylglucuronoside together with smaller
amounts of methyl 2,3,5 - tri = Q0 = methylgalactoside, methyl 2,3,4,6 -
tetra - 0 - methylgalactoside and an unknown (g = 3,04 column (a)).
The origin of the latter two minor components is unknown.

The sbove evidence shows that the major component of this

fraction had the following structure:-

COOH
[ ]
—0——<CH,
CHO HO
> H.OH
OH OH ks

lMethylation / OH
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Methylation studies

Polysaccharide A was methylated with barium hydroxide and

methyl sulphate to give a partially methylated product which had
0 Me, 31.9%. Methylation was completed by two treatments with
methyl iodide and silver oxide. The fully methylated polysacch-
aride hadl:d*]m - 49°%, 0 e, 42.8%.

The cleavage products from the methylated polysaccharide
were exsmined by gas-liquid chromatography of the methylglycosides
and paper chromatography of the sugars. The following methyl

ethers were detected.

Methyl ether Relative amounts

23,4 = Trimethylrhamnose +
233,5 = Trimethylarabinose +
2s3,4 = Trimethylarabinose trace
2;5 = Dimethylarabinose trace
2,35L4,6 - Tetramethylgalactose ++++
24,6 ~ Trimethylgalactose ++
23,4 - Trimethylgalactose b
2,4 = Dimethylgalactose bbb o

2 = Monomethylgalactose trace
2y3,4 - Trimethylglucuronic acid ++4

A sample of the fully methylated polysaccharide was
depolymerised with methanolic hydrogen chloride and hydrolysed

with E sul phuric acid. The products were adsorbed on to a
D.E.ACE. /
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DeE.A.Es Sephadex column in the formate form, the neutral sugars
were removed with water and the acidic sugars were eluted with 3%
formic acid. An examination of the cleavage products from the
acidic sugar fraction by gas-liguid chromatography of the methyl
glycosides and paper chromatography of the sugars showed 2,3,4 =
tri - 0 - methylgalactose and 2,3,4 - tri - O - methylglucuronic
acid. A portion of the acidic sugar fraction, after conversion
to the methyl ester methyl glycoside, was reduced with potassium
borohydride. An examination of the cleavage products by gas-
liquid chromatography of the methyl glycosides and paper chromat-
ography of the sugars indicated the presence of 2,3,4 - tri - 0 -
methylgalactose and 2,3,4 - tri - 0 - methylglucose.

The above methylation results clearly show that the
polysaccharide is highly branched. 2,3,4,6 - Tetra = Q - methyl-
galactose, 2,4,6 - tri - 0 - methylgalactose, 2,3,4 - tri -« 0 =
methylgalactose end 2,4 - di - Q - methylgalactose were present
in largest amount indicating that the framework of the polysaccharide
consists of (41 = 3)-and (1 = 6)- linked galactose units.

All the rhamnose residues and the majority of the arabinose
residues are present as non-reducing end-groups; the former in the
pyrenose form and the latter in the furanose form. The detection
of trace amcunts of 2,5 - di - 0 - methylarabinose and 2,3,4 - tri -
O - methylarabinose indicates that s small proportion of the arsbinose
residues are accommodated as 3 - O -,53- 2 - arabinopyranosyl =

E - arabinofuranose groups. The existence of this structural unit

in the polysaccharide was subsequently supported by partial
hydrolysis /
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hydrolysis evidence when trace guantities of g dissaccharide
with the seme chromatographic mobility as 3 - Q0 - ﬂ - I=. -
arabinopyranosyl - & - arabinose was observed.

The acidic residues are present as non-reducing end-
group. The detection of 2,3,4 -~ tri - 0 - methylgalactose
as the only neutral sugar among the hydrolysis products from
the acidic sugar fraction shows that all the acidic residues
are linked to periodate oxidisable galactose residues by a
(1 - 6) = linkage.

From the methylation and partial hydrolysis evidence
one possible partial structure for polysaccharide A is shown below.

Gel 1 - 3Gal 1 - 3Gal 1 - 3Gal 1 - 3 Gal 1 -

6 6 6 6
| |
1 4 1
Gal Gal R Gal
6 6
| |
Gal (4 - Me) G A

R =Araf 1 - , Arap 1 - 3 Araf 1 -
or Rhap 1 =

Periodate oxidation studies.

Polysaccharide A was oxidised with sodium metaperiodate.
1.43 /
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1443 moles of oxidant were consumed with the liberation of 0.64
moles of formic acid per sugar unit. From the methylation and
partial hydrolysis evidence 1t can be seen that the residues which
will consume 2 moles of periodate and liberate 1 mole of formic

acid are terminal non-reducing galactose, (1 - 6) = linked galactose,
glucuronic acid and terminal non-reducing arabinopyranose residues.
It follows then that 64 % of the residues in the polysaccharide

are present in this form and of the remaining 36%, 15% are present
as terminal non-reducing 4 = 0 - methylglucuronic acid and terminal
non-reducing arabinofuranose residues.

In order to obtain information on the distribution of the
(1 = 3) - linked galactose residues, the polysaccharide was
oxidised with sodium metaperiodate until no more reagent was
consumed. The oxidised residues were removed from the molecule,
after reguction with potassium borohydride by treatment with.g
sulphuric acid at room temperature. The resulting degraded poly-
saccharide was recovered by precipitation with ethanol. The
supernatant liguid and ethanol washings were combined and concent-
rated to give syrup B. The degraded polysaccharide (polysaccharide
B),liCiJD, + 26%, on hydrolysis gave galactose and arabinose in
the approximate ratio of 20 to 1, and & trace of a third reducing
substance (Rggy = 2.02), but no non-reducing substances.

The degraded polysaccharide was subjected to a second
periodate oxidation and Smith degradation to give a further degraded
polysaecharide (polysaccharide G),[_°£]D, + 30°, which on hydrolysis
gave galactose and trace of arabinose and a third reducing substance

(RGal = 2,02), but no non-reducing substances. Evaporation of the

supernatant /
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supernatant liguid and e¢hanol washings from the precipitation of
polysaccharide C gave syrup C.

A chromatographic examination of the two low molecular
welght fractions (syrups B and C) showed mainly glycerol with
smaller amounts of two other non-reducing substances, but no
reducing sugars. Hydrolysis of the two syrups gave galactose,
arabinose (syrup B only) and the above three non-reducing subtances.
The presence of the above reducing sugars in these fractions is
due mainly - if not entirely - to contamination of the syrups with
polymeric material.

The two degraded polysaccharides were examined by partial
hydrolysis, periodate oxidation and methylation. Both polysacchar—
ides proved extremely difficult to methylate and fully methylated ’
derivatives were not obtained. The results of these experiments

together with those from similar studies on the undegraded poly-

saccharide are shown below.

Partial hydrolysis studies.

Disaccharides Polysaccharides
4 B g
(1 = 3)= galactobiose small large large
(1 = 6)- galactobiose large small trace
(1 = 3)- arabinobiose trace none none

Periodate /
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Periodate oxidation studies.

Polysaccharide Reagent consumed

Moles/sugar

e

Formic acid liberated

Holeg[sugag unit.

Polysaccharide A 1443 0. 64

Polysaccharide B 0.27 0.09

Polysaccharide C 0.15 0. 0L

Methylation studies.

Methyl ether, Methylated polysaccharides.

A 2 g

2,354 - Trimethylrhamnose trace - -
29395 = Trimethylarabinose o+ + -
25534 = Trimethylarabinose trace - -
235 = Dimethylarabinose trace - -
2,3,4,6 = Tetramethylgalactose Aot + 5
254,6 - Trimethylgalactose e bt +htd
2,3,4 - Trimethylgalactose +44 trace trace
2,6 - Dimethylgalactose - . 4
2,4 - Dimethylgalactose e+t + +
2 = Monomethylgalactose trace o 4+

2,354 = Trimethylglucuronic acid  +++

From /
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From the methylation studies on the undegraded
polysaccharide, where 2,3,4,6 - tetra - 0 - methylgalactose,
25594 = tri « 0 - methylgalactose and 2,4 - di = Q -~ methyl-
palactose were found in largest amount, three possible partial

structures for the galactan framework are shown below (1, 11, 111).

- 30l 4 ~-30al {1~ -6Gal 1 -6 Gal 1 =
6 6 3 3
| | |
1 1 1 1
Gal Gal Gal Gal
6 6 6 6
| | | |
1 1 1 1
Gal Gal Gal Gal
(1) (11)
- 3(6) Gal 1 «6Gal 1 - 3 (6) Gal 1 - 6 Gal 1 =
6(3) 6(3)
| |
1 1
Gal Gal
(111)

Since polysaccharide residues were isolated from the
products of both Smith degradations, the polysaccharide must

possess /
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poscsess blocks of periodate - resistant residues. Structure (111)
can therefore be eliminated as only isolated periodate - resistant
residues would be present. Structure (11) cen also be eliminated
as the poiysaccharida residue obtained from a Smith degradation

of such a structure (IV) would contain no periodate -~ resistant
residues and would, consequently, fragment when subjectcd to a
second Smith degradation.

- 6 0Gal 1 - 6 Gal | =
(1v)

Evidence in favour of strueture (1) representing a major part of
the galactan framework was provided by periodate oxidation,
partial hydrolysis and methylation studies on the two degraded
polyséccharides.

The amount of periodate consumed by the polysaccharide
decreaged after each Smith degradation indicating that the poly-
saccharide was approximating to a (4 - 3)- linked galactan.
Partial hydrolyses of the two degraded polysaccharides gave
3 = 0 - galactopyrenosyl=galactose with only traces of the (1-6)=
linked isomer, whereas the undegraded polysaccharide furnished on
partiel hydrolysis, laege amounts of 6 - Q0 - galactopyrenosyl =
galactose with smaller amounts of the (1 - 3)= linked isomer. It
i8 evident therefore, that the (1 = 3)- linkages between palactose
residues predominate in the interior chains of the molecule.

Poth Smith degraded polysaccharides proved extremely
difficult /
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difficult to methylate and, like Smith degraded mountain larch
arabinogalactan (85),.fu11y methylated derivatives were not
obtained. In the absence of any evidence indicating the presence
of 2 significant number of (1 - L4)=- linkages in the undegraded
polysaccharide, the appreciable quantities of 2 -~ 0 - methylgalactose
and 2,6 - di - 0 - methylgalactose found in thé methylation studies
on the two degraded polysaccharides and attributed to incomplete
methylation. The large amounts of 2,4,6 - tri - 0 - methylgalactose
and the virtual absence of 2,3,4 = tri - Q0 - methylgalactose among
the cleavage products from both methylated degraded polysaccharides
provide further evidence in favour of a (41 = 3)= linked galactan
backbone.

The trace amounts of 6 - Q - galactopyranosyl-galactose
which were found among the partial hydrolysis products even after
the second Smith degradation suggests that branching may occur in
some of the galactose containing side-chains (V).

~ 308l 1 - 3Gal 1 « 3 Gal 1 =~

6 6 6
1
R - 3 Gal
é
1
Gal
(v) R=0Gal 1 - 3 Gal {1 -

The /
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The small amount of teminal non-reducing arabinofuranose
found in the methylated degraded polysaccharide arises from the
3 = 0 -« arsbinopyrenosyl-arabinofurancse groupings in the unde-
graded polysaccharide (VI),

- % Gal {1 = - 308l 4 =

6 6
1 10,4' oxidation 1
Araf -3 Araf
T " Smith degradstion
1
Arep

(vi)

The results of the investigations on the polysaccharide

from Araucaria bidwilli gum cleurly show that it contains a

galactan frumework consisting of a main chain of (1-3)- linked

g_— galactopyranose residues to which are attached, through
positions C 6,D - galactopyrenose-containing side-chains. 8Sinece
appreciable quéntitiea of 2,4,6 - tri - 0 - methylgalactose were
-found among the cleavage products from the methylated polysaccharide,
not all the main chain galactose residues carry side-chains.

Some of the galactose~containing side~chains are terminated by
glucuronic acid (or the L - 0 - methyl ether). Arabinose residues

are /
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are present mainly as non-reducing end-groups in the furanose
form. Rhamnopyranose residues, which are present in amall
propovrtion only, appear to be accounted for emtirely in the fomm
of non-reducing end groups.

It is not yet possidble on the present evidence to indicate
how the aldobiouronic acid, 2 rabinose and rhamnose residues are
incerporated in the general molecular structure of the polysacch-
aride and the structure shown below indicates only one posaible
site of attachment of these units.

Proposed structure for Araucarla bidwillil gum polysaccharide.

- 30l 1 ~-30CGal 1~ 3Gal 1~ 30CGal 1 -3 Gal

6 6 6 6
1 1 1
Gal Gal R Gel
6 6
1 1
Gal (L=le) GA

R = Maﬁ 1=, Rhapi=-
Arap 1-3 Arafi-
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Comgarison of the structural features of

Japanese larch arabindgalactan A and Araug&réa gédwill; gum

with those of other coniferous wood arabinogalactans and

galactan-based gums.

Methylation and partial hydrolyses studies on the two
polysaccharides which have been the subjects of the present
investigations have shown that both polysaccharides possess highly
branched fremeworks consisting of (1-3)- and (1-6)- linked D =
galactopyranose residues., Periodate oxidation followed by Smith
degradations led to the isolation of degraded polysaccharides in
which (1-3) = linked 2 - galactose residues were shown, by methy-
lation, partial hydrolyses &and periodate oxidation studies, to be
predominant. These results show that both polysaccharides possess
similer galactan frameworks consisting of (1-3)- linked J - gal-
actopyranose main chains to which are attached, through positions C6,
galactose~containing side-chains (VII). Similar studies on other
coniferous wood arabinogalactans (22, 32, 33, 63-70, 72-76, 82-86)
and the polysaccharides from Acacis senegal gum (36, 87-89) Khaya
senegalensis gum (B fraction) (36), Acacia pyenantha gum (90-92)
and Agafoetids gum (93) have shown that these polysaccharides possess
a similar type of galactan framework (VII).

- 3 Gal 1 /
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-3Gal 1 ~-3Gal1~-3Gal{-3Gal 1~

6 6 6

| | |

1 1 1
Gal Gal Gal

6 6

I |

1 1
Gal Gal

(vix)

In Japanese larch arabinogalactan A, as in the other
coniferous wood arabinogalactens and Acscie senegal gum (gum arsbiec)
virtually all the residues in the main chain are substituted at
position C6 (VIII) as only trace amounts of 2,4,6 - tri = 0 - methyl-
galsctose weare found among the hydrolysis products from the methylated
polysaccharide.

~3Gal1=-30Cal1=30Cal 1=~
6 6 6
I l I

(viiz)

In Araucaria bidwilli gum, however, relatively large
amounts of 2,4,6 - tri - Q0 -~ methylgalactose were detected on
examination of the cleavage products from the methylated poly-
saccharide, suggesting that an appreciable proportion of the main
chain galactose residues do not carry side-chains. In this respect
the polysaccharide is similar to Khaya senegalensis gum (B fraction),

Acacia pyenantha gum and Asafoetida gum. In the latter gum
approximately /
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approximately half of the main chain galactose residues are not

further substituted (IX).

3Gl 41 -30Gal 1 ~30Gal 1~ 30Cal {1 ~30Cal 1~
6 6 6
I I I

(1x)

A characteristic feature of the above gums, which for
convenience will be termed galactan~based gums, ig the presence of
glucuronic acid residues, often present in part as the 4 - 0 — methyl

ether. The acldie residues in Arsucaris bidwilli gum, as are the

majority and freguently all the acldic residues in other galactan-
based gums, are linked to position C6 of galactose residues as the
enly aldobiouronic acids isolated as products of partial hydrolysis
from the gum were 6 - 0 = (/= D - glucopyrenosylurenic acid)- D -
galactose and 6 - 0 - (4 -~ 0 ~ methyl —,é?- 2 - gluecopyranosyluronic

acid) - 2 - galactose (X).
(4 - Me) GA 1 = 6 Gal

(x)

The detection of 2,3,4 - tri - Q0 - methylglucuronic acid
and the fully e therified aldobiouronic acid 6 ~ 0 - (2,3,14 = tri - 0 -

methylglucuronic /
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methylglucuronic acid) - 2,3,4 - tri - 0 - methylgalactose as the

only acidic sugars among the cleavage products from the methylated
polysaccharide indicates that all the acidic residues in Araucaria
bidwilli gum are present ﬁs non-redueing end-groups and that alde-
biouronic acid units (XI) must be attached as side-chains to the

galactan backbone. The precise mode of attachment is not known.
(4 - Me) GA 1 - 6 Gal 1 -

(x1)

Similar studies on other galactan-based gums have shown that
all the scidic residues in Acacia pycnesnthe gum, gpafoe?ida gum and
degraded Acacia senegal gum from which the acidrlabiigﬁgtgﬁbeen
removed, and four ocut of five of the acidic~residues in Khaya
Senegelensis gum (B fraction) are also present as non-reducing-end
groups. In Acscia pycnantha gum and degraded Acacia senegal gum,
like Araucaria bidwilli gum, all the acidie residues are linked to
gside-chain galactose residues (XI).

Small amounts of 2,3,4 - tri - 0 - methylglucuronic acid were
detected among the cleavage products from methylated Japanese larch
arabinogalactan A but it is impossible on the available evidence to
state how these terminal non-reducing residues are incorporated in the
general molecular structure of the molecule. In the arsbinogalactans
from tamarack larch (82-84) and maritime pine (86), where glucuroniec

acid accounts for approximately 3% of the residues, and mountain larch

(85) /
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(85) which contains 7% gluecurcnie acid, it has been shown that, like
Arsucaria bidwilli gum and other galactan-based gums, the acidiec
residues are present as non-reducing end-groups and are attached to
position C6 of gelactose residues.

Both Japanese larch arabinogalactan A and Argucsria bidwilli
gun contain &-rhamnose and/or g - arabinose residues which are easily
cleaved by scid. In Argucsaria bidwilli gum, as in all the other
rhamnose-~containing galactan~-based gums, the only rhamnose derivative
found among the cleavage products from the methylated polysaccharide
was the 2,3,4 - tri- 0 - methyl ether, therefore, the small proportion
of these sugar residues are present as end-groups in the pyranose form
(XIX). Both Japanese larch arsbinogalactaen A and Araucaris bidwilli
gun, like the other coniferous wood arabinogalactans end galactan-
based gums,contain non-reduecing arabinofuranose end-groups (x111).,

In sddition non-reducing arabinopyranose and non-terminal arabinofur-
anose groups are also present, the latter two arabinose residues
accounting for only a very small proportion of the arabinose content
of Araucaria bidwilli gum. Methylation and partial hydrolyses studiles
on both polysaccharides has shown that at least some, and ﬁoasibly all,
the arabinopyranose and non-terminal arabinofuranose residues are
acccmuodated as 3 —,g-/?'- L - arabinopyranosyl - 2 - arabinofuranose

end=-groups (XIV).
Rhap 1 = (X11)
Araf 1 - (X111)

Argp 1 - 3 Araf 1 - (XIV)
The /
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The structure shown below (XV) is a general structure embody-
ing all the known sites of attachment of acid-labile units to the
galactan framework from polysaccharides of both groups although not
all the sites indicated are necessarily encountered in every poly-
saccharide. The nature of the acid-labile units known tc be present

in individual polysaccharides is shown in table // .

R
L
- 3Gl 1~-30Ca1l1~3Gal 1 - 3@Gal {1 =
T 6 6
1 1 R
R - 3 Gal Gal
6 6
1 R
R -~ l4 CA
R = aecid labile unit
(xv)

A comparison of the proportion of methyl ethers Lfomsed on
hydrolyses of the methylated pflysaccharides and of the methylated

degraded polysaccharides from which the acid-lebile units had been
removed by mild acid hydrolysis, has in many galactan-based gums
indicated the positions of linkage of acid-labile units to the
galactan framework. Where such a comparison has been made, in the
majority of cases it has been shown that some acid~labile units arse
attached /
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attached to position C6 of the gslactose residues in the main chains
(xv). In Arsucaria bidwilll gum theve ig as yet little information
concerning the mode of attachment or acid-labile unit. However at
least gsome of the non~terminal arabinofuranose residues must be
attached tc periocdate-resistant galactose residues, probably these
in the main chain (XVI), as periodete oxidatlon followed by a Smith
degradation resulted in the 1solation of a degraded pelysaccharide

which contained 5% arabinose.

=30l 1 ~-3Gal 1~ 3Gal 1 =
6 6 6
1
Arafl

Arap

(XvI)

In Acacis seuegal gum rhamnopyranose residues have been
shown to be attached %o position C4 of glucuronic acid units (XVII)
since 4 - 0 = A - L - rhamnopyranosyl - D - glucose was isolated as
a product of acetolysis from the carboxyl reduced gum (83). It is
clear that such a mode of attachment in Araucaris bidwillil gum is
impossible /
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impossible as all the acidic units are present as non-reducing end-
groups and consequently the rhamnose residues must be attached, as in

Acacia pyenantha gum, to galactose and, possibly, arabinofuranose

units.

Rhap 1 - 4L G A 1 -

(XVII)

The primary hydroxyl groups of arabinofuranose and terminal
galactose residues in Japanese larch arabinogalactan A were oxldised
to carboxylic acid groups thereby stabilising the furanose lhnkages
to acid attack. Partial hydrolysis studies on the oxidised poly-
saccharide has shown that arabinose residues, as in European larch
arabinogalactan (76) and like many of the acid~labile units in
galactan~based gums, are linked to position C6 of galactose residues.

The isolation of a degraded polysaccharide which contained 10%
arabinose from periodate oxidised and Smith degraded Japanese larch
arabinogalactan A (33) showed that non-terminal arsbinofuranose units
were attached to periodate-resistant galactose residues, very probably
those in the main chain (XVIII). The absence of any mongsaccharide
derivatives among the low molecular weight degradation products
sugegested that no non-terminal arsbinofuranose residues were attached
to (1=6)= linked gelactose residues in the side chains (XIX).

Similar degradation studies on other coniferous wood arsbinogalactans
led to the same conclusions concerning the mode of attachment of the
majority of non-~terminal arabinofuranose to galactose redidues,

although /
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although in European larch arabinogalactan (76), Western larch

arabinogalactan B (but not A) (70), and mountain larch arabinogalactan
(85) small proportions of the non-terminal arabinofuranose residues
are probably linked as in (XIX).

-3Gal 1= =3Gal1~ =~306al4- =308l 1=
6 6 6
| | |
1 A£q£ 1
Araf (Gal)y +
3 6
I l Glycerol
1 1 !
Arap Araf
B 3
(XvIII) | Aret
1
Arap
(x1x)

It is becoming increasingly apparent that the coniferous
wood arabinogalactans and the galactan-based gums form a spectrum of
polysaccharides which have a main chain of (1=3)= linked 2 - galactopy-
ranose residues to which are attached,through positions Gﬁ,aids—chaina
of (1-6)- linked D - galactose residues. Acid-labile units, and
acidic residues when present, are situated in the periphery of the
molecule and there is no evidence to indicate their presence in the
interior chains. The nature of peripheral units known to be present
in polysaccharides from both groups is shown in table !l .

The /
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The relative proportion of the various sugar residues in
these polysaccharides vary considerably with the galactan based gums
containing in general a smaller proportion of galactose residues
(table 2).

Table |/

Peripheral units Polysaccharides in groups
1 2 3 L 5 6 F
Araf 1 = + + + + + + +
Araf 1 - 3 Araf 1 - - - - - + - -
Arap 1 = 3 Araf 1 = + + “ - - + +
Xylp 1 - 3 Araf {1 - - - + - - - -
Rhap 1 - - - - - + + +
Rhap 1 - ? Gal 1 - - - - - - - +
Rhap 1 - 4L G A1 - - - -~ - & # s
GA1-6Gal 1~ - + + + + + +

L - Me - GA 1 - 6 Gal 1 = - -~ - + - -

Japanese, European and Western laré¢h arabinogalactans.
Tamarack and mountain larch aresbinogalactans.

Maritime pine arabinogalactan.

Asafoetida gum and Khaya senegalensis gum (B fraction).
Acacia pyenantha gum.

Acacia senegal gum.

Arauycaria bidwilli gum.

N oy Fowom




133.

EXPERIMENTAL

Summary of work done

Araucaria bidwilli gum (Polysaccharide A).
o —_——

Hydrolysis
/
xou Relative proportion of constituents

oxidation Partial hydrolysis
Smith Characterisation of neutral and acidic sugars
degradation Methylation

Periodate oxidation

EN'y

Degraded Araucaria bidwilli gum (Polysaccharide B).
e

Hydrolysis
Iou; Relative proportion of constituents
oxidation Partial hydrolysis
Smith Methylation

degradation Periodate oxidation

~
Degraded Arsucaria bidwilli gum (Polysaccharide C).
e

Hydrolysis

Partial hydrolysis
Methylation
Periodate oxidation
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PRELIMINARY INVESTIGATIONS

Hydrolysis of Polysaccharide A.

c

Polysaccharide A (5 mg.)‘:ol]n, + 11 (¢ 0.5 in water),
was hydrolysed with J§ sulphuric acid (2 ml.) for 4 hours at 100°,
Paper chromatography in solvents A and C gave galactose, arabinose,
rhamnose and two acidic oligosacchrides. A trace of xylose was
observed on chromatograms which had been heavily spotted.

The acidic sugars were separated from the neutral sugars
on a D.E.A.E., Sephadex column (grace A.25, 4 x 1 em.). After
conversion to the methyl ester methyl glycosides, the acldic sugars
were reduced with potassium borohydride and hydrolysed with N
sulphuric acid. Paper chromatography in solvent A gave galactose,
glucose (Rggy = 1.18) and 4 - Q - methylglucose (Rgy; = 1.90).

Sugar proportions 1n_gglyaacchar1ds A,

Polysaccharide A (16 mg.) was hydrolysed with J sulphuric
acid (3 ml.) for 4 hours at 100%.  The solution was neutralised
by extraction with L.A.2 1liquid resin in chloroform (5% Ve/Ve,
5 x 20 ml,), stirred with Amberlite resin IR -~ 120 (H) to remove
traces of the liquld resin, filtered and evaporated to dryness.
The residue was fractionated by paper chromatography on Whatman No.1
filter paper in solvent B.

A colorimetricsl estimation (97) of the neutral sugars
gave galactose (46.5 moles), arebinose (12.6 moles) and rhamnose

(3.5 moles).
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PARTIAL HYDROLYSIS STUDIES ON POLYSACCHARIDE A.

Partial hydrolysis of Polysaccharide A.

Polysaeccharide A (10 mg.) was heated with sulphuric acid
(0,5 N, 3 ml.) on a boiling-water bath for 1 hour. The solution
was n:utralised with Amberlite resin IR - 4B (OH), filtered and
evaporated to dryness. Paper chromatography in solvent A gave
arabinose (RGal = 1.35), gelactose, and 6 - Q0 - galactopyranosyl -
galactose (RGal = 0,39) as the main components with smaller amounts
of 3 - Q - arabinopyranosyl - arabinose (RGal = 0,82), 3-0 =~
galactopyranosyl - galactose (Rﬂal = 0.53) and higher galactose-
containing oligosaccharides.

Isolation of neutral and acidic sugars.

Polysaccharide A (2g.) was hydrolysed with N sulphuric acid
(50 ml.) for 4 hours at 100°. The solution was 95% neutralised
with barium hydroxide, centrifuged and neutralised to completion
with Amberlite L.A.2 liquid resin in chloroform (5% v./ve, 5 x 20 ml.)
The solution was stirred with Amberlite resin IR - 4120 (H) to remove
traces of liquid resin, filtered and concentrated to a syrup (41.9g. ).
The syrup was fractionated on a D.E.A.E. Sephadex column

(grade A.25, 6 x 3 em.) to give neutral sugars (1.4g.) and acidie
sugars (420 mg. ).

Separation /
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Separation of neutral sugars.

The neutral sugars were separated into 3 fractions by

paper chromatography on 3 MM filter sheets in solvent B.

Characterisation of neutral sugars.

Fraction 1.

This fraction (1.1g+s Rggy = 1.00 in solvent A) was
chromatographically identical to D -~ gelactose. The sugar,
after recrystallisation from absclute alcecohol, had[ ‘]D' + 79°

(g» 0.8 in water), m.p. = 163°, undepressed on admixture with

D - galactose.

Praction 2.
This fraction (161 mg., Rgyy = 1436 in solvent A) was

chromatographically identical to L -~ arabinose. The sugar, after

9
recrystallisation from ethanol containing 20% water, had[bijn. + 104

(gs 0+9 in water), msp. = 1590, undepressed on admixture with L =«
=

arabinose.

Fraction 3.

This fraction (50 mg., Ry, = 1.97 in solvent A) was
chromatographically identical to L - rhamnose. The sugar, after
recrystallisation from ethanol containing 30% water, had[?k]n, + 6.7
(gs 047 in water), mep. = 93%, undepressed on edmixture with L -
rhamnose /
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rhamnose monohydrate.

Separation of acidic sugars.

Paper chromatography in solvent C showed that 2 aldo-
biouronic acids with identical Rg,q values to 6 = Q (P = D -
glucopyranosyluronic acid) - D - galactose (Rggy = 0¢20) and
6 -0~ (4 =« 0 = methyl -3 -—Q - glucopyranosylurcnic acid) =
D - galactose (Rggy = 0.61), and D - glucuronic acid (Rggy = 1421)
were present.

The mixture was separated by paper chromatography on
Whatman 31 (extra thick) filter sheets in solvent C to give
aldobiouronic acid A (216 mg., Rggy = 0.20) and aldobiouronic acid
B (70 mge, Rggy = 0s61)s

Characterisation of aldobiournik acid A.

[ %1dobiouronic acid A (Ry.q = 0,20 in solvent C) had
[ciJD, 0 (gs» 145 in water). Hydrolysis with 2§ sulphuric acid
for 6 hours and subsequent paper chromatographic examination of
the neutralised hydrolysate gave approximately equal proportions
of galactose and glucuronic acid. Aldobiouronic acid A (2 mg.),
after conversion to the methyl ester methyl glyccside, was
reduced with potassium borohydride and hydrolysed with E sulphuric
acid. A chromatographic examination of the neutralised hydrolysate
in solvent A gave approximately equal amounts of galactose and

glucose.

Methyl sulphate (1 ml.) and aqueous sodium hydroxide (1 ml.
30% we/V.) were added dropwise over a period of 2 hours to a

solution /
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solution of aldobiouronic acid A (100 mg.) in water (5 ml.).
The solution was stirred vigorously at 0° in an atmosphere of
nitrogen for 412 hours. Stirring was continued at room temperature
and methyl sulphate (3 ml.) and aqueous sodium hydroxide (6 ml.)
were added dropwise over a period of 5 hours. Similar additions
of the reagents were made on L successive days. The reaction
mixture was heated on a boiling-water bath for 30 minutes to destroy
excess methyl sulphate, cooled, acidified with sulphuric acid and
poured into methylated spirits (4 volumes). The precipitated
sodium sulphate was removed at the centrifuge and washed with
methylated spirits (4 x 50 ml.). The centrifugate and washings
were combined, made slightly alkaline with sodium hydroxide, and
concentrated to small volume (50 ml.). The agueous solution was
acidified with sulphuric acid and extracted with chloroform
(4 x 100 ml.). The chloroform extracts were washed with water and
evaporated to dryness. The silver salt of the partially methylated
aldobiouronic acid was prepared by dissolving the residue in water
(10 ml.) and stirring with silver carbonate (50 mg.). Excess
gsilver carbonate was removed at the centrifuge and washed with water
(4 x 20 ml.). The centrifugate and washings were combiged and
freeze-dried to give a light brown product (120 mg.).

The partially methylated sugar was methylated twice with
methyl iodide (10 ml.) and silver oxide (1.5 g.). Evaporation of
the solvent gave a light brown syrup (70 mge ).

Examination of the cleavage products by gas-liguid chroma-
tography of the methyl glycosides, and paper chromatography of the

sugars /



139.

sugars in solvent E indicated the presence of 2,3,4 « tri « 0 =
me thylglucuronic acid (Rg = 0.87, T = 2,50, 3.21 column (a),

1678, 2.20 column (b)), 2,3,4 - tri - O - methylgalactose (Rg =
0,69, T = 7.28 column (a), 2.61, 2.88 column (b)) and a small
amount of 2,3,5 = tri - O - methylgalactose (E = Lo1s3 column (a)).

Characterisation of aldobiouronic acid B.

o Aldobiouronic acid B (Ry,, = 0.61 in solvent C) had
MDJD ;s ¢ 3 (gy 09 in water). Hydrolysis with 2 sulphuric
acid for 6 hours and subseguent paper chromatographic examination
of the products showed approximately equal proportions of galactose
and 4 -« O - methylglucuronic acid. Aldobiouronic acid B, after
conversion to the methyl ester methylglycoside was reduced with
potassium borohydride and hydrolysed with E sulphuric acid. A
chromatographic examination of the products in solvent A showed
approximately equal amounts of galactose and 4 - O - methylglucose
(Rgay = 1¢90). A portion of the hydrolysate (3 mg.) was subjected
to periodate oxidation (105). Paper chramatography of the oxidised
products gave 2 - 0 - methylerythrose (RF= 0.55 in solvent D). The
formation of this sugar 1s indicative of 4 - O -~ methylglucose.
Aldoblouronic acid B (50.mg.) was converted to the fully
nethylated derivative by the same methylation procedure as was used
for aldobiouronic acid A. Gas~liquid chromatography of the cleavage
products from methanolysis indicated the presence of 2,3,4 - tri -
0 - methylgalactose (E = 7425 column (&), 2.49, 2.74 column (b)),
2y3,4 = tri = Q - methylglucuronic acid (T = 2.47, 3.17 column (a),
1.68, /
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1468, 2,07 column (b)) end smaller amounts of 2,3,5 - tri - 0 -
methylgalactose (3 = 439 column (2), 1485 column (b)), 2,3,4,6 =
tetra - Q0 - methylgalactose (z = 1,78 golumn (&), 1+52 column (b))

and an unknown substance (z = 3,04 column (a)).
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- METHYLATION STUDIES ON POLYSACCHARIDE A.

Methylation of polysaccharide A (III).

A suspension of polysaccharide A (4OO mg.) in ether

(100 mls) containing diszomethane (1% we./v.) was vigorously stirred
for 18 hours. The resulting methyl ester of the polysaccharide
was removed at the centrifuge, dissolved in warm dimethylsulphoxide
(10 ml.); cooled and diluted with dimethylformemide (10 ml.)s The
solution was stirred at 0° for 30 minutes when barium hydroxide
octahydrate (10 g.) was added. Stirring was continued at 0° and
aliquot proportions of methyl sulphate (2 ml.) were added after 30,
90, 120 and 180 minutes. After 30 minutes the ice~bath was removed
and stirring was continued for 2 days. The reaction mixture was
then dialysed against running tap-water for 5 days, treated with
Amberlite resin IR - 120 (H) to remove cations and freeze~dried to
give partially methylated polysaccharide A (355 mg.) [;ound: OMe,
31.2%]. B

_ The partially methylated material was methylated to completion
with methyl iodide (2 ml.), dimethylformamide (6 ml.) and silver
oxide (2g.) to give methylated polysaccharide A (210 mg.).[}xjn.- 49°
(gs 0.6 in chloroform) Found: O Me, 42.8% not raised on further
methylatio E

Examination of methylated polysaccharide A.

The methylated polyaaccharide was methanolysed and the

resulting /
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resulting mixture of methyl glycosides was analysed by gas-liquid
chromatography. The results obtained are shown in table /2 .
Trace emounts of 2 - Q0 = methylgalactose (Rgyq = 1.70) were observed

on a paper chromatographic examination of the hydrolysis products

in solvent A,

Table | &
Methyl Ether ) Z Values Relative amounts
Column (a) Column (b)
2, 3,4 = Trimethylrhamnose Qs 47 047 + 1
2,3,5 - Trimethylarabinose 0. 56 0. 147 ++
0.73 0. 60
2,3,4 = Trimethylarabinose 1.06 0.83 tr
2,5 = Dimethylarabinose 0. 70 tr
2,3,4,6 - Tetramethylgalactose 1.80 1.52 $H++
1.60
2,4,6 - Trimethylgalactose 4.16 2,07 4
Le7h 2637
2,3,4 - Trimethylgalactose 7438 2. 60 a4
2.88
2,4 - Dimethylgalactose 3457 ++++
Le24
2y3,4 = Trimethylglucuronic 2¢ 50 177 ek
acid 3.24 2.21
2 = Monomethylgalactose - - tr

Methylated /



143,

Methylated polysaccharide A (50 mg.) was partially
methanolysed by refluxing with methanolic hydrogen chloride
(5 ml., 2% W./v.) for 2 hours. The solution was neutralised
in the usual way and concentrated to a syrup. The partially
methanolised product was then hydrolysed with Erlaulphuric acid
at 100° for L hours, neutralised with barium hydroxide and barium
carbonate, treated with Amberlite resin IR - 120 (H) to-remove
barium ions and concentrated to small volume (5 ml.).

The acidic sugars were separated from the neutral sugars
on a D.E.A.E Sephadex column (grade A 25, 4 x 1 eme). Gas-liguid
chromatography of the cleavage products from methanolysis showed
the methyl glycosides of 2,3,4 - tri - Q0 -~ methylglucuronic acid
(3 = 2450, 3.22 column (a), 1.77, 2:22 column (b)) and 2,3,4 - tri -
0 - methylgalactose (g = 7¢5 colum (a), 2.66, 2.94 column (b)).
A portion of the acidic fraction, after conversion to the methyl
ester methylglycoside, was reduced with potassium borohydride.
Paper chromatography of the hydrolysis products in solvent D gave
25354 = tri = O - methylgalactose (Rg = 0,72) and 2,3,4 - tri - Q0 -
methylglucose (Ry = 0.88), No di - Q - methylgalactose or di -~ Q -

methylglucose was observed.
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PERIODATE OXIDATION STUDIES ON POLYSACCHARIDE A,

Periodate consumption of_golysaacharide A.

The amount of reagent consumed when polysaccharide A

(100 mg.) was oxidised with sodium metsperiodate (10 ml., Osi15 M)
was determined spectrophotometrically by the method of Aspinall

and Ferrier (4106) and found to be 4.43 moles per sugar unit.

Formic acid release from Polysaccharide A.

The amount of formiec acid released by polysaccharide A

on oxidetion with potassium metaperiodate was determined by the
method of Halsall, Hirst and Jones (107) and found to be Q.64 moles

per sugar unit.

Smith degradation of polysaccharide A.

-

Polysaccharide A (8.0 g.) was dissolved in sodium meta-
periodate solution (800 ml. 0.15 g) and allowed to stand at room
temperature in the dark for 90 hours. Ethylene glycol (7 g.) was
added to destroy excess periodate, snd the solution was left for
30 mimites. Sodium ions were removed with Amberlite resin IR - 120(H)
and the resulting acid solution was neutralised with barium hydroxide
and barium carbonate. Barium salts were removed at the centrifuge
and washed with water (4 x 100 ml.). The centrifugete and washings
wer: combined, treated with potassium borohydride (11 g.) end
allowed /
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allowed to stand at room temperature for 2 days. The solution
was then stirred for 15 minutes with Amberlite resin IR - 120 (H)
to destroy excess borohydride snd remove cations, filtered and
evaporated to dryness. Boric acid was removed by the repeated
addition and evaporation of methanol.

The residue was dissolved in N sulphuric acid (200 ml.)
and left at room temperature for 3 hours. The solution was
neutralised in the usual way, concentrated to small volume (50 ml,)
and poured into ethanol (4 volumes). The precipitate was removed
at the centrifuge, washed with ethanol (4 x 75 ml.), dissolved in
water and reprecipitated to give polysaccharide B (2.07 g.),
| oo + 26° (g, 0.7 1n water).

The degraded polysaccharide on hydrolysis gave galactose,
arabinose and a trace of reducing substance (Rggy = 2.02 in solvent A)
but no non-reducing substance.

The supernatant ligquid and ethanol washings from the
precipitation of polysaccharide B were combined and concentrated to
give syrup B (2.8 g.). Paper chromatography of the syrup in solvent C
indicated the presence of glycerol (RGal = 2,38) and two other non-
reducing substances (Rggy = 2.08 and 1.91) but no reducing sugars.
Hydrolysis of the syrup followed by paper chromatography gave galactose,

arabinose and the above three non-reducing substances.

Sugar proportions in polysaccharide B.

The polysaccharide was hydrolysed with E sulphuric acid at
100° /
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100o for 4 hours and the products were fractionated on Whatman No.1

filter paper in solvent B. A colorimetrical estimation (97) of the
sugar fractions showed that the ratio of galactose to arsbinose was

approximately 20 to 1.

Partial hydrolysis of polysaccharide B.

A sample of the polysaccharide was heated with gulphuric
acid (0.5 N) at 100° for 1 hour. Paper chrometography of the
products in solvent A indicsted the presence of (4-3) - galactobiose
(RGal = 0s53) (1-3) - galactotriose (RGal = 0,23) and a smaller amount
of (1-6) ~ galactobiose (Rggy= 0.35).

Methylation of polysaccharide E.

~ Hethyl sulphate (1 ml,) and agueous sodium hydroxide
(1 ml., 30% we./v.) were sdded dropwise over a period of 2 hours to a
solution of polysaccharide B (150 mg.) in water (5 ml.). The reaction
mixture was stirred for 12 hours at 0° in an atmosphere of nitrogen.
Stirring was continued and methyl sulphate (L4 ml.) and aqueous sodium
hydroxide (8 ml.) were added dropwise. Similar additions of the
reagents were made on 6 successive days. After the third addition
acetone was added to keep the partially methylated polysaccharide
in solution. The solution was heated on a boiling-water bath for 30
minutes, cooled, neutralised with sulphuric acid and poured into
methylated spirits (4 volumes). The precipitated sodium sulphate was
removed at the centrifuge and washed‘with methylated spirits (4 x 50ml.).
The /
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The centrifugete and washings were combined, concentrated to small
volume (50 ml.) and extracted continuously with chloroform for 18
hours. The chlecroform extract was dried over anhydrous sodium
sulphate and evaporated to dryness. The resgidue was dissolved in
chloroform and poured into light petroleum (20 volumes). The
resulting precipitate was removed at the centrifuge to give partially
methylated polysaccharide B (120 mg.) [#ound: C Me, 32.1%—1.

The partially methylated polysaccharide was methylated 6
times with methyl lodide (10 ml.) and silver oxide (2g.), and twice
with methyl iodide (0e25 ml,), dimethylformemide (075 ml.) and silver
oxide (250 mg.) to give methylated polysaccharide B (51 mge )»

LO( pr~ /6 % (gy¢7 in chloroform) |Found: O Me, 37.4% |.

The cleavage products from the methylated polysaccharide
were examined by ges-~liquid chromatography of the methyl glycosides
and vaper chromatography of the sugars in solvents D and F. The

results obhtained are shown below.

Methyl /
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Methyl ether E values Rg_valuea Relative
Column (a) Column (b) [solvent D | amounts
23,5 = Trimethylaraebinose g 0.53 Qb7 +
| 0.70 0.72
2,3,4,6 - Tetramethylgalactose 1.72 1.54L 0.90 +
2,4,6 = Trimethylgalactose 3,92 1.98 _? £_++++
-; Lely6 (2.26) 0.78
25354 - Trimethylgalactose 7.0 ‘j i_trace
2,6 = Dimethylgalactose 9.5 (2.26) i
2.90 h}
(3.46) | 0.59
2,4 = Dimethylgalactose (BaMGJ-} +
L.02
2 = Monomethylgalactose 0. 34 ++

The g values in parentheses are common to more than one

sugar.

Periodate consumption of_gglyaaccharids B.

The amount of recagent consumed when polysaccharide B

(100 mg. ) was oxidised with sodium metaperiodate (10 ml., 0.15 M)

was determined spectrophometrically by the method of Aspinall and

Ferrier (106) and found to be 0.27 moles per sugar unit.

Formiec /
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Formic acid relecase of polysaccharide B.

The amount of formie acid relecased by polysaccharide B
on oxidation with potassium metaperiodste was determined by the
method of Halsall, Hirst{ and Jones (107) and found to be 0,09

moles per sugar unit.

Smith degradstion of polysaccharide B.

Polysaccharide B (1.3 g.) was oxidised with sodium
metaperiodate (130 ml., 0.15 y) for 48 hours, reduced with potassium
borohydride (2 g.) and hydrolysed with cold sulphuric acid (4 N,

50 ml.) by the same procedures as were used for the degredation of
polysaccharide A. Precipitation with ethanol gave polysaccharide C
(771 mg. ), [O(]D’ + 30° (g, 0.6 in water).

The degraded polysaccharide on hydrolysis gave galactose,
traces of arabinose and & reducing substance (RGal = 2.02) but no
non-reducing substances.

The supernatant 1iguid and ethanol washings from the
precipitation of polysaccharide € were combined and concentrated
to give syrup C. Paper chromatography of the syrup in solvent C
indicated the presence of glycerol (RGal = 2.38) and two other non-
reducing substences (Rggy = 2.06 and 1.91) but no reducing substances.
Hydrolysis of the syrup followed by paper chromatography gave

galactose and the above three non-reducing substances.

Partial /
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Partial hydrolysis of polysaccharide C.

Polysaccharide C was partially hydrolysed under the same
conditions as were employed for the partial hydrolysis of polysacch-
arides A and B. The products were examined chromatographically in
solvent C when (1 - 3) = galactobiose and (1 - 3) - galactotriose

with only a trace of (1 - 6) - galactobiose were cbserved.

llethylatiocn of polysaccharide C.

Polysaccharide C (150 mg.) was methylated 7 times with
methyl sulphate (4 ml.) and aqueous sodium hydroxide (8 ml., 30%
We/V.) by the same procedure as was used for the methylation of
polysaccharide B, to give partially methylated polysaccharide C
(125 mg.) |[Found: O Me, 31.6%ﬁ[.

The partially methylated product was methylated 6 times
with methyl iodide (10 ml.) and silver oxide (2 g.), and twice with
methyl iodide (0.25 ml.), dimethylformamide (0.75 ml.) and silver
oxide (250 mg.) to give methylated polysaccharide C (56 mg.),
I:O(]D -2 ¢ (g,o-é’in chloroform) |Found : O Ne , 36.6%:[ .

The cleavage products from the methylated polysaccharide
were examined by gas-liquid chromatography of the methyl glycosides
and paper chromatography of the sugars in solvents D and F. The

results obtained are shown below.

Methyl /
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lethyl ether E values R, values Relative

column (&) solvent D solvent F | amounts
23pli96 - Tetremethylgalactose 173 0.90 +
2,116 - Trimethylgelactose 3e92 4444

Beli2 g e 78

293,14 =~ Trimethylgalactose Tet | trace
2,6 = Dimethylgalactose 945 0459 1,00% ++
2,4 = Dimethylgalactose ; i 0.64% +
2- lionomethylgalactose 0. 34 ++

% uoted as 32’5 - Dimethylgalactose values.

Periodate oxidation of Bg_l_gaaccharido Ce

The amount of reagent consumed when polysaccharide C

(100 mg. ) was oxidised with sodium metaperiodate (10 ml., 0,15 i) was

/ =
determined spectrophotometrically by the method of Aspinell and Ferrier
(106) and found to be 0.15 moles per sugar unit.

Formic seid release frop polyaécchariﬂa C.

The amount of formic acld released by polysaccharide C

on oxldation with potassium metaperiodate was determined by the method
of Helsall, Hirst and Jones (107) and found to be 0,04 moles per sugar

unit.
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F b e o LN TR

Methylated Japanese larch arsbinogalactan A was hydrolysed to give
the following methylated sugars:- 2,3,5-tri-0-methyl-L-arsbinose,
2,3,4=-tri-0-methyl-L-arabinose, 2,5-di-0-methyl-L-arabinose, 24 3,0446~
tetra-Q-methyl-D-galactose, 2,4,6-tri-O-methyl-D=galactose, 2,3,4-tri-
O-methyl~-D-galaBtose, 2,6-di-O-methyl-D-galactoSe, 2,4-di-O-methyl-D-
galactose and 2-0-methyl-D-galactose.

Partial rolysis of arabinogalactan A with 0.04l hydrochlorie
acid afforded -Q*B-&-arabinopyranoayl-g—arabinoae.

The primary hydroxyl groups of terminal non—reducinf galactose and
arsbinofuranose residues in the lysaccharide were oxidised to
carboxylic acid rogfa via procedures involving tritylation, methylation,
detritylation oxidation. Hydrolysis of the resulting oxidised
methylated polysaccharide afforded neutral and acidic sugar fractions.

A chromatographic examination of the cleavage products from the acidiec

sugar fraction showed 2,3,4-tri-O-methylgalactose, 2,4-di-O-methyl-
galactose and 2,3,4-tri-O-methylgalacturonic acid. Reduction of the
acidic sugar fraction with lithium eluminium hydride followed by a
chromatographic examination of the cleavage products showed 2,3=di-0-
methylarabinose, 2,3,4~tri-O-methylgalactose and 2,4~di-0-methyl-
galactose. A portion of the acidic sugar fraction was remethylated
and a chromatographic examination of the cleavage products showed
2,34=tri-0-methylgalactose and 2,3,4=~tri-Q-methylgalacturonic acid.
Reduction of the remethylated acidic sugar fraction with lithium
aluminium hydride, followed by a chromatographic examination of the
cleavage products, showed 2,3-di-0-methylarabinose and 2,3,4=-tri-0-
methylgalactose.

The structural significaence of these results is discussed.

Araucaria bidwilli gum had [a]p, +11°. The polysaccharide was
partially hydrolysed with N sulphuric acid when the followlng sugars

were identified:- g-galaﬁtoae, L-arabinose, L-rhamnose, 6~0~
(B-D-glucopyranosyluFonic acid)-D-galactose and 6-0-(4=Q-methyl-B-D-
glucopyranosyluronic acid)-g-galactoae.

A chromatographic examination of the cleavage products from the
fully methylated polysaccharide showed:~ 2,3,4-tri-0-methylrhamnose,
243, 5=tri-Q-methylarabinose, 2,3,4~tri-0-methylarabinose, 2,5-di-0-
methylarabinose, 2,3,4,6-tetra-Q-methylgalactose, 2,4,6-tri-0-
methylgalactose, 2,3,4-tri-O-methylgalactose, 2,4~-di-O-methylgalactose,
2=-0-methylgalactose and 2,3,4~tri-O-methylglucuronic acid.

The polysaccharide was oxidised with sodium metaperiodate and the
resulting polyaldehyde was reduced with potassium borohydride. The
polyalcohol was hydrolysed with N sulphuric acid at room temperature
to give a degraded polymer and low molecular weight material. The
degraded polysaccharide was subjected to a second periodate oxidation
and Smith degradation to give a further degraded polysaccharide. Both
Smith degraded polysaccharides were shown by methylation, partial
hydrolysis and periodate oxidation studies to consist substantially of
(1=3) =1inked galactopyranose residues.
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The structural significance of these results is discussed.

The structural features of Japanese larch arabinogalactan A
and A b gum are compared with those of other
coniferous wood erabinogalactans and galactan~based gums.



