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Wood, tissue consists in the main of non-living skeletal

matter, the major constituent of which is cellulose.

The long thread-like macromolecules of cellulose are

arranged in bundles in the cell-wall. These "bundles are so

well organised in some areas due to hydrogen bonding between

the free hydroxyl groups of the 1,4- linked glucoyyranose

residues of adjacent molecules, that in some regions crystallinity

is observed. Interspersed between these imperfectly crystalline

areas are amorphous regions which appear to be rich in lignin,

an amorphous non-cellulosic non-carbohydrate material, and

other polysaccharides known as ■hemicelluloses*. The non-

cellulosic components, which form a continuous interpenetrating

system, doubtless have a stiffening effect on the cell-wall

as a whole. The exact role of the hemicelluloses themselves,

however, is not known, for while their prime function is

skeletal, it was thought that many polysaccharides of this type

warre also concerned with metabolic processes. Recently,

however, Whistler and Young (l) have reported that under normal

conditions the hemiceilulo3e components in the oat plant do

not serve as food reserves, but act purely as structural

components in the cell-wall.

The exact nature of the existence of the hemicelluloses

in the cell-wall has been subject of much discussion, but it

is not yet decided whether the hemicelluloses occur in the free

state in the cell-wall or if some covalent bonding actually

exists between them, the cellulose and the lignin. "While

many/
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many investigators "believe that the difference in solubility

exhibited "by polysaccharides before and after extraction from

the cell-wall can be explained in terms of chemical combination

of the hemicellulose with the other cell-wall constituents,

another school of thought suggests that these differences

can best be explained by the numerous secondary forces which

hold the hemicellul03es to the other cell-wall components,

and also by the close association of the heaicelluloses

with cellulose and lignin with which they are entangled and

overlaid.

Evidence in favour of covalent bonding has been provided

by Lindgren (2) by his electrophoretic examination, on

glass-fibre paper, (3,4,5), of a lignin containing polysaccharide

isolated from ITorway spruce. Consistent with the second

theory are the observations that the quantity of hexaicelluloses

which can be extracted from the cell-wall increases as the

cell-wall is ground into finer particles (6), while the

amount decreases as the cell-walls are swollen.

nomenclature.

There has been considerable disagreement as to the exact

definition of the hemicellulose group of polysaccharides.

Formerly the term was used to describe those cell-wall

constituents which were extracted with aqueous alkali, but not

with water. Such a definition is unsatisfactory, however,

in/



in that it excludes a large group of water soluble

polysaccharides which have sufficient structural similarity

to be classified as hemicelluloses. In view of the

unsatisfactory position, therefore, it is not surprising

that it has been recommended that the term be dropped

altogether and that this group of polysaccharide!! be referred
«

to merely as non-cellulosic cell-wall polysaccharides*. The

pectin-type substances are still included in this definition,

but at least it is an improvement.

Several polysaccharides are found as a rule in the

hemicellulose extracts. Hydrolysis of these fractions has

shown the presence of D-xylose, L-arabinose, D-galacto3e,

L-rhamnose, h-mannose, D-glucuronic acid and 4-0-methy1-D- .

glucuronic acid, belonging to polysaccharides such as xylans,

arabinoxylans, galactans, arabinog. ..lac tans, mannans,

glucomannans etc. These polysaccharides are named according

to the constituent monosaccharide units involved; the suffix

-an being substituted for the suffix -Qse of the main sugar

unit.

Isolation of the Hemicelluloses.

Sawdust, the starting material for mo3t extractions

made from wood, contains impurities such as lipids, fats,

resins etc., and these are usually removed by extraction with

an azeotropic mixture of benzene and ethanol, prior to

polysaccharide/



polysaccharide extraction. Water-soluble polysaccharides

can then "be isolated "by extraction of the sawdust with water*

concentration of the extract and precipitation of the

polysaccharide in ethanol.

In order that the hemlcelluloses can he extracted as

completely as possible, all regions of the cell must be made

accessible to the extractant, and this is not generally

possible without removal of the encrusting layers of lignin#

This is most conveniently carried out by rendering the lignin

water-soluble by mild treatment with chlorine (7) or acidified

sodium chlorite (8), Removal of the lignin leaves a residue

known as 'holocellulose• from which the hemicelluloses can

be readily extracted with aqueous alkali# In practice,

complete removal of the lignin is difficult without the

concomitant lose of carbohydrate material, and, a3 a rule,

the remaining holocellulose contains some 3>i? of lignin. Such

small amounts, however, do not interfere with the extractions.

By repeated extraction of the holocellulose with alkali

of increasing concentration (ranging up to 17,5^ for sodium

hydroxide), it is possible to leave a residue almost completely

devoid of hemicelluloses. The extractions, which are done

at room temperature, are conducted under an atmosohere of

nitrogen to diminish degrauative effects as much as possible#
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Fractionation and Determination of Homogeneit/.

Before structural studies can begin, a polysaccharide

must be homogeneous (as far as possible) to various acceptable

criteria of homogeneity. The problem of establishing and

obtaining homogeneity is a difficult one, however, 3ince a

hemicellulose mixture may contain either, (a) polysaccharides

with different structural units, (b) polysaccharides with

the same structural units linked in different ways,

(c) polysaccharides with the same structural units but present

in different proportions, (d) polysaccharides containing the

same repeating unit but covering a wide range of molecular

weights.

In practice, absolute purity is very difficult to obtain,

for a polysaccharide is always heterogeneous with respect to

molecular size. This, in all probability, is a result of

chemical modification of the polysaccharides during alkaline

extractions from the plant or during delignification in

preparation of the holocellulose. It is essentially an

average molecule which is finally selected for investigation.

Several standard techniques of fractionation are now

available, but the most successful procedure must be

determined in each case by trial ana error. A clear-cut

separation is difficult to obtain, and this is certainly not

usually/
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usually observed without repeated application of one or

other of the fractionation procedures.

Methods wluch are mo3t widely used depend on, (a) the

solubility differences exhibited by certain polysaccharides (C)
or their acetyl (10) or methyl (11) derivatives in organic

solvents, or (b) the readiness with which certain

polysaccharides containing adjacent hydroxy1 groups not

concerned in glycosidic linkages, form complexes with copper

(Pehling*s solution) (12,15) and boric acid (14,15).

Cetyltrimethylammonium bromide was first used for the

precipitation of acidic polysaccharides (16,17) as their

insoluble quaternary ammonium salts, but recently the method

has been extended to the separation of neutral polysaccharides

which complex with boric acid (14). In an even more recent

publication Bouvong ana Linaberg (15) found that two neutral

arabinogalactans from western larch could be separated by

using the corresponding base cetyltrimethylammonium

hydroxide—on the polysaccharide - boric acid complex.

Using the halide, they found that the neutral polysaccharides

were less completely precipitated from solution.

Chromatography on silica gel(l3) and on carbon columns (if)

has been used successfully for polysaccharide fractionation.

Ion-exchange resins have been investigated by Deuel and his

co-workers/



co-worker3 (20) * but it wa3 found that a part of the material

was lost through adsorption. Better results have been

obtained using columns of cationic derivatives of cellulose*

such as diethylaainoethyl-cellulosG (21).

Electrophoresis, under suitable conditions, has been

used for analytical as well as preparative purposes; U3ing

borate buffer 3oae degree of polysaccharide fractionation

has bean achieved (22). Electrophoresis on filter paper

in borate buffer (23) ha3 been used for the separation of

certain polysaccharides, but the reactivity of the cellulose

paper made detection of the polysaccharide difficult. Ho

3uch difficulties were found when glass-fibre paper (3,4,5)

was used as an inert support and various heaicellulose fractions

have been tested for hoiaogeniety in this way.

Other techniques such as iaaunological fractionation (24)

and ultracentrifugation (25) are valuable analytical tools,

but their use for the fractionation of preparative amounts

of polysaccharide seems to be impractical. Immunological

fractionation utilises the fact that antipnouiaoccus sera give

specific precipitation with certain polysaccharides; it has

been used as a criterion of homogeneity on arabinogalactans

extracted froa European larch (26), Western larch (27),

and Jeffrey pine (26,28).

Preliminary Investigation.

With/



.jith the isolation of an apparently homogeneous

polysaccharide, structural investigations can begin.

It is first necessary, however, to establish the nature

of the component sugars, and this is done by hydrolysing the

polysaccharide in II-sulphuric acid at 100° for 4-6 hours, and

tentatively identifying the constituents by paper

chromatography (29). Final proof of identity is provided by

isolating sufficiently large quantities of the sugars from a

column of powdered cellulose (30,31) for the preparation of

crystalline derivatives.

A qualitative analysis is followed by a quantitative

estimation of he constituent sugars. This i3 conveniently

carried out by the method devised by Flood, Hirst and Jones (32).

The sugar mixture is separated on a paper chroaiatogram and the

position of the monosaccharides found by spraying side-strips

cut from the paper. The sugars are then eluted from the

paper and estimated by some micro-method such as that suggested

by Somogyi (33). Alternatively, the sugars can be estimated

colorimetrically after spraying the complete paper with

_£-anisidine hydrochloride (34) or aniline phthalate (35) and

eluting the appropriate areas.
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ilethylation.

Despite the fact that the methylation procedure has been

used in carbohydrate chemistry for some 50 years, it still

remains one of the most widely used analytical techniques in

polysaccharide chemistry.

The method involves the complete convertion of hydroxyl

groups not involved in glycosidic linlcages into raethyl ethers,

hydrolysis with acid, followed by quantitative separation and

estimation of the resulting mixture of partially methylated

sugars. The position(s) of the free hydroxyl groups indicate

points of attachment to other sugar residues.

The method is limited in that the configuration of the

glycosidic linkages, the order of the sugar residues in the

chain, or the size of the ring (i.e. whether they are furanose

or pyranose) is not shown. Such information must be obtained

from a study of the fragments resulting from partial hydrolysis

or from per locate oxidation and its extensions.

Several methylation techniques are now available, but

the one which is most widely used was developed by W.N. Haworth

(3c) » and involves the droowise addition of dimethyl sulphate

and 30/s aqueous sodium hydroxide to a solution of the

polysaccharide in water or its acetate in acetone (37). The

partially/
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partially methylated polysaccharide which is usually isolated

after this treatment, is soluble in organic solvents and is
several

generally given^treatments with methyl iodide and silver
oxide (3i) (purdie reagents) before a fully methylated

polysaccharide is obtained.

The Purdie techn que has recently been improved by Kuhn

and co-workers who performed the reaction in dimethyl

formamide (39). The method was initially developed for the

methylation of carbohydrates of low molecular weight, but it

has now been extended to the methylation of polysaccharides (40)
and partially methylated polysaccharides (15). In a further

extension (41) barium oxide is used in place of silver oxide,

and this has recently been applied to partially methylated

polysaccharides (42).

Polysaccharides which resist methylation by these means,

or are easily deco.apo ed in strong alkali, can often be

methylated with thallous hydroxide and methyl iodide (43) or

with sodium and methyl iodide in liquid ammonia (44).

As a rule^ complete methyl it ion of a polysaccharide is
difficult to achieve without repeated treatment with one or

other of the methylation procedures which h ,ve been already

outlined. Recently, however, Hamilton and Kircher (45)

showed that a glucomannan acetate, dissolved in

tetrahydrofuran, could be fully methylated with dimethyl

sulphate/
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sulphate and. powdered sodium hydroxide in one step, and in

almost quantitative yield.

Fully methylated polysaccharides cannot be hydrolysed

directly since they are insoluble in hot aqueous mineral

acids, but they may be hydrolysed to some extent in cold

aqueous acid (46). Complete hydrolysis can then be effected

by boiling the mixture at 100 . Alternatively, the

methylated polysaccharide may be boiled with methanolic

hydrogen chloride and the methyl glycosides hydrolysed with

hot aqueous mineral acid (47)i A third method of

depolyraerisation employs hot 9Q/a formic acid (48); the foray1

esters which are formed being hydrolysed afterwards with

dilute sulphuric acid.

Prior to 1949, the mixture of methylated sugars isolated

from the hydrolysates were separated by fractional distillation

of their methyl glycosides. This method, however, was

difficult to apply, needed relatively large quantities of

material, and was seldom quantitative. With the application

of column chromatography to methylated sugars (30,49), it

was found that the separation of complex mixtures wa3 much

easier and required much less material,

Separation is usually effected by partition chromatography

on cellulose columns, but Celite columns (50,51) have also

been used. Alternatively, the separation can be achieved by

adsorptim/
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adsorption chromitography on carbon:Celito columns w^th

(preferably) gradient elution (52), using a water : ethanol

or a water : ketone (e.g. methylethylketone) system.

Hore recently gas-liquid partition chromatograshy has

been U3ed for the separation of the volatile methyl glycosides

of methylated sugars (55,54).

Individual methylated sugars are tentatively identified

by paper chromatography (55) ana/or paper ionophoresis (56,57)

and then characterised by the preparation of crystalline

derivatives.

ferlodate Oxidation.

Additional structural information can be obtained from

a study of the action of periodate ions on a polysaccharide.

A polysaccharide with sugar residues linked in such a

way that certain of these possess hydroxyl groups on two

adjacent carbon atoms, is oxidised with salts of metapariodic

acid as follows:-

CHOH CHO

4 io4» 105' HgO
CHOH jflr!H0

If/
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If more than two contiguous hydroxyl groups are present,

formic acid is produced:-

I !
CHOH CHO

-h 2104* -+- H.CQsH -h 2I03» H20
CHOH CHO

CHOH

i
Primary alcoholic end-groups give rise to formaldehyde.

1
CHOH j

+ I04* CHO + IICHO 4- 10 3 -+ H20

CliOH

The periodate consumed and the amount of formic acid and

formaldehyde released during the reaction, provide -useful

information on the mode of linkage md the extent of branching.

Examination of the residual oxidised polysaccharide by the

methods developed by Barry (58,59,60) and Smith (61) provide

additional structural details.

(i) Barry Degradation.

Barry found that if the oxidised polysaccharide is treated

with/
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with phenylhydrazine and acetic acid at 100°t condensation

takes place at residues possessing dialdehyde groupings and

rupture of the adjacent glycosidic linkages occur. In this

way all oxidised residues are removed in the form of osazones,

leaving behind a degraded polymer. If a polysaccharide

possessing a backbone of periodate resistant 1,3-linked residues

is the subject of study (l), repeated oxidation and treatment

with phenylhydrazine will eventually provide a degraded

polymer where only the non-reducing terminal residues will

be removed (ll)

3 Gal 1
6

3 Gal 1
6

3 Gal 1
6

3 Gal 1
6

1
Gal

6
I
1

Arabf

1
Arabf

3 ~
I
1

Arabjo

1
Gal

1
Arabf

3 ~
I
1

Arabjo

)I)

(i) 104* oxidation
ii) Barry degradat ion

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

1
Arabf

1
Arabf

(i) 104* oxidation
(ii) Barry degradation

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

(II)
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(ii) Smith Degradation.

When an oxidised polysaccharide is treated even with

cold mineral acic^ decomposition occurs. Smith researches (61)

showed, however, that if the polyaldehyde is first reduced to

the corresponding polyalcohol, "boiling dilute mineral acid can

"be used in the treatment of the polysaccharide without any

noticeable decomposition. Analysis of the cleavage products

provides useful structural information. This can be

illustrated by reference to polymers containing,(a) no

periodate resistant sugar residues and,(b) a number of

periodate resistant sugar residues.

(a) Polysaccharide with no oerlodate resistant sugar units.

(for example, the 1,4-linked glucan below (ill)). In this

case oxidation followed by reduction provides a product

which yields on hydrolysis, erythritol and glycerol. The

non-reducing terminal unit will give rise to glycerol while

the oxidised units in the main chain will give erythritol.

The ratio of glycerol to erythritol, determined by the

chromatropic acid method (62) or by vapour phase chromatography

of volatile erythritol tetracetate and glycerol triacetate (63)#

will be the same as the ratio of non-terminal to terminal groups"

in the polysaccharide.
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("b) Polysac char ides containing ooriouate resistant sw;ar

units (IV}« Hydrolysis of the reduced periodate

oxidised polysaccharide with mineral acid (if) at 100° breaks

the acetal linkages as well as the glycosidio linkages between

the unoxidised sugar residues, giving monosaccharide residues

and low molecular weight fragments. If, however, the

hydrolysis is carried out at room temperature with acid of the

same concentration^the glycosidic linkages are left intact.

. tfltjOH

+ H cootf
110 KtYW

<•'"> "f- en^vH

?Hloh

C HOH

tn0

e.n,oH

e//tow
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Repeated treatment with periodate followed by hydrolysis

with cold mineral acid will leave, in the case of a

1,3-1inked polysaccharide, a degraded polysaccharide where

only the non-reducing terminal residues will be removed.

This elegant xaethod of analysis has recently been applied to

European larch £-galactan (64) thus proving that the backbone

of the imolecule is composed of periodate resistant 1,3-linked

D-galacto3e residues.

P.J, rt ial hyd r o ly s is.

When a polysaccharide is treated with very dilute acid

under carefully controlled conditions, it is f >und that some

glycosidic link3 are split preferentially with the formation

of oligosaccharide fragments. Identification of these

fragments after separation on a charcoal j Celite column (65,66)

provides basic information on the configuration and order of

the glycosidic chain linkages.

Sugar residues linked by furanosidic linkages are most

easily cleaved, and this is usually accomplished by heating

the polysaccharide in O.OlN-sulphuric acid for a few hours at

100°* In this way a degraded polysaccharide is obtained.

Methylation/
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Methylation of this ancl a comparison of the fragments obtained

after hydrolysis with those from the methylated whole

polysaccharide, provides further structural information on the

attachment of acid labile groupings. Under these conditions

of hydroly3i3, pentose containing disaccharides have been

isolated from certain polysaccharides from coniferous woods.

when monosaccharides are treated with dilute acid under

the conditions used to partially hydrolyse the polysaccharides,

it has been found that oligosaccharides have been

synthesised (67). Consequently the appearance of only very

small quantities of oligosaccharides under these conditions

must be regarded as possible acid reversion products. Some

differentation between those reversion products, !.nd a true

hydrolytic product can be obtained, however, for on prolonged

hydrolysis the latter will break down, but in the case of the

reversion product an equilibrium between monosaccharides and

reversion products is likely to be reached.

Under more rigorous conditions of hydrolysis, e.g. 0.1 11-acid,

both furan.isyl and pyranosyl glycosidic linkages are broken

giving a series of fragments containing several sugar units

which can be readily separated on columns of charcoal : Celite.

These oligosaccharides are then characterised by various

standard methods, such as periodate oxidation, methylation,

hydrolysis etc.

A.t/
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At the other end of the scale, it is f^und that uronic

acid glycosidic linkages are very resistant to hydrolysis and

are very difficult to hydrolyse into their constituent units

without attendant decarboxylation of the uronic acid residues.

In practice, therefore, the polysaccharides are hydrolysed by

heating with N-sulphuric acid at 100° for 4-5 hours, when

neutral monosaccharides and aldobiouronic acids are liberated.

These can then be identified by reduction of the methyl ester

methylglyco3ides with lithum aluminium hydride (58) or

potassium borohydride (69) followed by hydrolysis.

Recently Aspinall and co-workers (70) have developed a

novel method of analysis which makes use of this acid resistant

glycosidic linkage. Aspinall and Uicolson (64) conferred

these properties on European larch <T-galactan by converting

some of the primary alcoholic groups into carboxyl groups by

catalytic oxidation, using a platinum catalyst. Hydrolysis

of the polymer released aldobiouronic acids, which were

isolated and characterised, thus proving that the

L-arabinofuranose 3ide-chains were attached to carbon atom 6

of the D-galactose residues.

Application of these methods of analysis has made possible

detailed structural determinations on wood hemicellulose3.

The/
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The most frequently occurring polysaccharides in this group

are xylan3, glucomannans and arabinogalactans. These will

he discussed in turn#

Xylano.

Polysaccharides with D-xyloae as the main structural unit

occur widely in land-plants such as woods, cereals and grasses.

Xylans isolated from these sources are structurally similar,

possessing a 1,4-linked backbone of L-xylopyranose units.

Other sugar residues 3uch as D-glucuronic acid, 4-Q-methyl-D-

glucuronic acid and L-arabinose are attached as single-unit

side-chains.

In the case of xylans isolated from cereals and grasses,

L-arabinose is the most common side-chain and is usually

found attached to position 3 of some of the D-x.ylose units as

non-reducing end-group. On the basis of methylation data

and the isolation of 2,3,5-tri-O-methyl-L-arabinose, 2,3-di-

0-methy1-D-xylose and 2-0-methyl-D-xylose, the polysaccharides

may/
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may have one of the partial structures (V) and (Vl).

- Xyl 1-4 Xyl 1-4 Xyl 1-4 Xyl -
3
t

Arabf 1

(V)

- Xyl 1-4 xyl 1-4 xyl 1-4 xyl l -
3

Arabf - (4 Xyl l)n- 4 xyl 1

(VI)

But where detailed investigations have been carried out

(V) is the favoured structure. Direct proof of the mode of

attachment of the L-arabinose residues has been obtained in •

the case of, (a) 'Wheat-straw arabinoxylan, from the detection

of the trisaccharide 0-L-arabinofuranosyl-(1 - 3)-0-^-D-
xylopyranosyl-(1 - 4)-D-xylopyranose (VII) after enzyraic

hydrolysis of the polysaccharide (7l).

Arabf 1-3 Xyl 1-4 Xyl*

(VII)

and/
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and,(b) rye-flour arabinoxylan by the isolation of the

aldobiouronlo acid (^L-arabinofuranosyluronic acid)-(l - 3)-^-
xylose (VIIi)from the products of graded hydrolysis of the

oxidised polysaccharide in which the primary alcoholic groups

of the terminal Jj-arabinofuranoay1 residues had boon oxidised
to carboxylic acid groups (70#72)»

(Arabf)- is not the only mode of attachment of the

Jj-arabinoae residues in this group of x/lan, however, for some

non-terminal ^-arabinofuranoao residues have been f ounu, for

example, in xylans extracted from corn (iaal#e) cobs (73,74,75)
and barley husks (7G), where partial acid hydrolyses and

mQthylation studies liavo shown that the non-terminal j>arabinose

residues occur as Arabf !-• On the basis of the3© results,

however# it ia impossible to say whether those non-terminal

L-arabinofuranose results are attached directly to the xylan

chain (IX.) or have sou® JJ-xyloao unit.3 between them and the

main/

indie ited linkage
unknown

i. • e • o i the t-K ot/?-

(VIII)
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main chain (X).

- 4 AV (l - 4) Xyl 1-4 Xyl 1 -
3
i

Xyl 1 - Arabf 1

(IX)

— Xyl 1-4 xyl 1 -
3
I

Xyl 1 - Arabf 1 - (4 Xyl l)n - 4 Xyl 1

(X)

In some cases D-glucuronic acid, 4-0-methyl-D-glucuronic

acid* or both, are found in these xylans. These acid residues

are normally attached to position 2 of D-xylose, although the

same hexuronic acid residues have been found attached to

position 3 in a sample of wheat-straw xylan (77).

Xylans devoid of other sugar residues have been isolated

from esparto grass (47) and tamarind seeds (73), but these are

the only two cases Known.

Xylans which have been isolated from soft woods such as

Scots pine (79,30,31) and Sea pine (82) have been shown by

partial acid hydrolysis to possess essentially the same main

structural features a3 xylans isolated from hard woods, such

as Aspen wood, (33) and European beechwood (34). These

structural/
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structural features include linear chains of l,4-linked-/6-I)-

xylopyranose residues with single unit side-chains of 4-0-

methyl-K-D-glucuronic acid residues attached to position 2 of

D-xylose units, and may "be represented "by partial structure (XI).

- 4 Xyl 1-4 Xyl 1-4 Xyl 1-4 Xyl 1 -
2

I

1 Gluc-Me-4

(XI)

Structurally similar xylans from Slash pine (85), Sitka

spruce (36), Southern pine (87) and White spruce (88) have been

the subject of more recent publications, but a xylan

isolated from Loblolly pine (39) was slightly different in that

some branching occurred in the backbone of the molecule,

methylation data indicating three D-xylopyranose end-groups

per molecule.

Partial hydrolysis studies and the detection of the

aldobiouronic acid jO-(4-0-methy1-K-D-glucos.yluronic acid)-(l - 2) -

D-xylose (XII), have shown that the 4-0-raethyl-«-D-glucuronic

acid of wood xylans seems to be attached to carbon atom 2 of

some of the D-xylose residues in the xylan chain.

4 Me Glue ac. 1-2 Xyl

(XII)
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This has been supported, in some cases, by methylation

studies, where 0-(2,3,4-tri-O-methyl-x-D-glucosyluronic acid)-

(l - 2)-3-0-methyl-D-xylose (XIII) ha3 been isolated from the

products of ipartial hydrolysis of the fully methylated

polysaccharide.

(XIII)

In the ca3Q of Monterey pins (90) and Sea pine (32),

however, small amounts of 0-(4-0-methyl-^-D-glucosyluronic acid)-

(l - 3)-D-xylose have been found in addition to the 1,2-linked

aldobiouronic acid (iS^[) normally occurring.

Xylans extracted from Western hemlock (91), European

larch (92) and Tamarack (93), possess L-arabinofuranose residues

attached to carbon atom 3 of some D-xylose units, in addition

to the terminal 4-0-methyl-*-D-glucuronic acid usually found.

Insufficient evidence i3 available at present, however, to

say whether these L-arabinofuranose residues are attached

directly to the xylose backbone or through one or more

1,4-linked D-xylose residues. However, in view of the fact

that/
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that structural investigations on other xylans provide

evidence for the direct attachment of the L-arabinofuranose

residue?* this would 3eem to be the most likely arrangement (XIV).

Xyl 1-4 Xyl 1-4 Xyl 1-4 Xyl 1 —
3 2

i j
Arabf 1 1

4-Me-Gluc.acid

(XIV)

Glucomannans.

Mannose containing polysaccharides are usually found in

association with glucose and/or galactose in woods and in the

3eeds of land-plants. Polysaccharides from both sources

consist essentially of linear chains of 1,4-linked D-

glucopyranose and D-mannopyranose residues with, in some

cases,'terminal D-galactopyranose units. True mannans

devoid of other sugar residues have been isolated from ivory

nuts (94*99) and coffee beans (100), but these are the only

cases known to date.

Hannans are found as glucomannans in both hard and soft

woods. In soft woods they account for approximately half of

the/
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thj hemicellulose con >tituents, but they occur less abundantly

in hard woods. Hard wood glucomannans have been studied in

le3s detail than have those from soft woods, but where

structural investigations have been carried out - e.g. Aspen

wood (101), White-birch (102) and Red-maple (103), it has

been observed that they have the usual 1,4-1inked arrangement

of sugar residues characteristic of soft wood glucomannans.

Indeed, hard wood glucomannans differ from the soft wood

type in only one respect; they possess a lower ratio of

D-mannose to D-glucose, (Table i).

Table I.

Ratio of P-mannosG to D-glucose in some hard and 30ft wood

glucomannans.

(&) Soft wood glucomannans.

Source
Ratio of

Mannose j Glucose Reference

Western-hemlock 3 j 1 104, 45

Loblolly pine 2, 7; 1 105, 67, 39

Scots pine 3.1-3.7:1 106

Norway spruce 3,5-4.0:1 107, 40, 108

(b) Hardwood/
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(b) Hardwood glucomannans.

Source
Ratio of

Mannose : Glucose Reference
white birch l.lsl 102

Aspen 2|1 101

Red maple 2:1 103

The first indication that mannose was associated with

glucose ^polysaccharides from coniferous woods was shown
by the isolation of glucose and mannose containing

disaccharides from 31ash pine (^-cellulose (109). Anthis (110)

subsequently showed that a glucomannan from the same source

gave on partial acid hydrolysis, disaccharides which were in

fact, 4-0-^g1ucopyranosy1 -D-mannopyranose (XV) and a
mannosylglucose.

Since then glucomannans have been isolated from Western

hemlook (104,45), white spruce ( 111 ), Loblolly pine (105,67,39)

Norwegian spruce (107,40*103), jitka spruce (112,11.3),

Scots pine (106), European larch (10), Jack pine (63), Southern

pine(ll4), Western red cedar (115) and Eastern White pine (116).

Glucomannans are usually extracted from lignin free

holocellulose/

Glue 1-4 Mann

(XV)
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holocellulose "by repeated treatment with alkali of increasing

concentration. Various fractions are isolated in this

manner, but these have been shown to exhibit only small

differences in structure and no great difference in degree of

polymerisation, Fractions which resist extraction in this

manner have been conveniently removed after the addition of

a little borate (117) to enhance the acidic properties of

the polymer.

Evidence in favour of the glucoraannans mentioned above

consisting of linear chains of 1,4-linked D-glucose and

D-mannose residues is based on the isolation of 2,3,6-tri-0-

methyl-jD-iaannose and 2,3,6-tri-O-methyl-D-glucose as the main

products of hydrolysis of the fully methylated polysaccharides

and /or the isolation of the dissaccharideo 4-Q-f-D~
mannopy rano sy1-D -manno se (XVI), 4-0-/^-E-mannopy rano syl-D-
glucose (XVII), 4-o/-D-glucopyranosyl-D-mannose (XV)(and in
some cases 4-0-/-D-glucopyranosyl-I)-glucose (aVIII))

§
Mann 1-4 Mann

(XVI)

Mann 1-4 Glue

(XVII)

Glue 1-4 Glue

(XVIII)

and the trisaccaride inannotriose (XIX).
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Mann 1-4 Mann 1-4 Mann

(XIX)

While all gluconiannans from coniferous woods are similar

in that they possess linear chains of 1,4-linkea sugar

residues, they differ from each other in, (a) the distribution

of the D~gluco3e residues between the D-mannose residues

(i.e. single, double etc.), (b) the constitution of the non-

reducing terminal residues and (c) the inclusion of D-galactose

as an integral part of the molecule. The question of

branching on the glucomannan chain has also arisen.

These will be discussed in turn.

(a) The distribution of the D-glucose residues in the

glucomannan chain.

partial acid hydrolysis of Western hemlock (45) has

released the disaccharide 4-0-f-D-glucopyranosyl-D-
glucopyranose (XVIII), in addition to 4-0-^-D-mannopyranoayl-
D-glucose (XVII),4-0-^-D-glucopyranosy1-D-inannopyranose (XV),
4-0-/^-1)-mannopy ran o sy1-D-mannopy rano s e (XVl)and mannotriose (XIX).

The isolation of (XVIIl) clearly indicates that there

must be at least two contiguous D-gluco3e units in the molecule

(XX).

- 4 Mann 1-4 Glue 1-4 Glue 1-4 Mann 1 -

(XX)

In/
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\ -

In, contrast, a glucomannan from Loblolly pine (lOB),
treated with acid under similar conditions, provides no

cellobiose (XVIII), suggesting that the molecule must contain

only isolated D-glucose residues between the blocks of

D-mannose residues.

(b) The constitution of the non-roducing terminal residues.

Both D-glucose and D-mannose occur as terminal non-reducing

units in glueomannans from conifers. In the case of Sitka

spruce (112,113), Norwegian spruce (4q), Loblolly pine (89),

Southern pine (114) and European larch (10), glucomannans were

found with only D-mannose in non-reducing terminal positions.

Western red cedar (113) and Jack pine (63),/v on the other hand,

had only D-glucose as terminal units, while Western hemlock (45),

Scot3 pine (106) and Eastern white pine (116) had both.
r

C c) p-Galactose as an integral part of the molecule•

D-Glucose and D-mannose are not the only non-reducing terminal

units possessed by those glucomannans, for many investigators

have found D-galactose to occur in these glucomannan preparations.

Glucomannans devoid of D-galactose have been found in Western

hemlock (45), Norwegian spruce (40), Eastern white pine (116),

White spruce (111) and one of the Sitka spruce investigations (112),
(

but these from Loblolly pine (89), European larch (10), Western

red cedar (113) and Jack pine (63) contain, on the basis of

methylation data, a small proportion of D-galactose end-group.

As/
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As cliraethylglucose and/or cljjsiethyImannoae usually

appear in the products of hydrolysis of these fully methylated

polysaccharides in which D-galactose is present* the results

are difficult to interpret. On the "basis of this data alone,
it is impossible to say whether the ^-galactose residues

terminate chains of 1,4-1inked D-glucose and D—aannose residues

in addition to M-raannose and/or D-glucose units, or Whether

they may be present as single unit side-chains attached to

the 1,4-linked glucoaannan backbone, as in partial structure

(XXI).

Mann 1-4 Glue 1 - (4 Mann 1 )_ - 4 Glue 1-4 Mann -
6 6
i I

Gal 1 Gal 1

(XXI)

In some cases too, the picture i3 complicated still

further by the possibility that the polysaccharide may be

heterogeneous and may contain a mixture of associated

heteropolymers such as galactoglucomannan, glucomannan and

galactoiaannan. Meier, indeed, has found a galactosyl-

aannose (XXII) and a galactosy1-maimoblose (XXIII) in the

products/
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products of partial acid hydrolysis of an easily soluble

hemicellulose fraction from Norwegian spruce (108), and on •

the basis of this evidence he suggested that the glucomannan

was contaminated with a galactomannan or a galactoglucomannan.

0<s
Gal 1-6 Mann

(XXII)

Gal 1^6 Mann 4 Mann

(XXIII)

Hamilton and Partlow (115) claim that the 2,3,4,6-tetra-

O-methyl-D-galactose and di-O-methylgalactose detected in

methylated glucomannan from Western red cedar was due to the

presence of a galactoglucomannan, and Dutton and Hunt (113)

found that the galactose contaminant could be removed from one

fraction of their glucomannan from Sitka spruce by dialysis.

This suggested to them that the galactose was present as a low

molecular weight polysaccharide.

While most of the glucomannans discussed so far have had

purely linear structures, that from Norwegian 3pruce (40) has

been shown by methylation and periodate oxidation studies, to

possess 3 to 4 branch points per molecule. These were attached

to/



35,

to carbon atom 3 of the D-glucose residues.

Arabinogalactans.

Arabinogalactans, complex polysaccharides of L-arabinose
a

and D-galacto3e are found to occur predominately in the larches,
although they are found to a lesser extent in other coniferous

woods. These water-soluble polysaccharides are highly

branched with a galactan framework of 1,3- and 1,-6 linked

D-galactose residues. The arabinose, the proportion of which

varies from wood to wood, is present entirely as side-chain.

Fractionation of these water-soluble polysaccharides

has indicated that some are heterogeneous, but whether or not

the heterogeneity is caused by a second arabinogalactan and/or

a contaminating galactan, has been the subject of much

controversy. In particular the homogeneity of the

arabinogalactans from the larix species has been the subject

of a number of publications; details of this will be given

later.

Up/
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Up to the present the most detailed structural

investigations have been confined to Western larch (Larix

occidental is) and European larch (Larix decidual, but

structural studies have been carried out on another larch

wood - Tamarack (Larix larcina;.

Western Larch.

An arabinogalactan from Western larch was first studied

by White (119,120*121,122) and on the basis of his meth/lation

studies, he suggested a possible molecular structure.

The polysaccharide was fully methylated and after

methanolysis and fractional distillation of the methyl

glycosides, the following methylated sugars were isolated

(122)

2,3,4,6-tetra-O-me thyl-D-galac t o se 2

2.3.4-1 ri-0-me thy1-D-galactose 1
in the ratio of

2,4-di-O-methyl-jD-galactose 3

2.3.5-tri-O-methyl-L-arabinose 1

This suggested that the arabinogalactan was very highly

branched, had a galactan framework with the residues linked

1,3- and 1,5-, and that all of the L-arabino3e residues were

present as non-reducing L-arabinofuranose end-groups.

Further/
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Further structural information was obtained from a partial

me thano lysis of the fully methylated, arabinogalactan (120)

when, in addition to the methyl glycosides of 2,3,5-tri-0-

methyl-L-arabinose, 2,4-di-O-raethyl-D-galactose and 2,3,4-tri-

0~methyl-I)-galacto3e, two dissaccharides, octyl-inethyl-6-0-

D-galactopyranosyl-D-galacto3e (:,XIV) and heptylmethyl 6-Q-D-

galactopyranosyl-D-galactose (XXV) were found. (XXV) had the

free hydroxyl group on carbon atom 3 of the reducing group.

On the basi3 of this evidence, it was concluded that the

following groupings occur in the molecules-

oH.

(XXIV) (XXV)

Gal 1-6 Gal and Gal 1-6 Gal 1
3

Evidence regarding the attachment of the easily acid -

labile ^-arabinofuranose end-groups, was obtained by partially

hyaroly3ing/
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hydroly3ing the polysaccharide and methylating (121) the

mixture. Examination of the products of hydrolysis of tlie

methylated fragments showed:-

2,3,4,6-tetra-0-methyl-I)-galactose 2

2,3,4-1 ri-0**me thyl-D-galac t o se 1
■ '

present in
2,4,6-tri-O-inethyl-D-galactose proportions 1

2,4-di-0-methyl-\D-galactose 2

indicating a decrease in the amount of 2,4-rdi-O-methyl-I)-

galactose (compared with that obtained from the fully methylated

polysaccharide) with the appearance of some 2,4,6-tri-0-methyl-

.D-galact03e ; the attachment of the L-arabinofuranosyl residues

to position 6 of a 1,3-linked-D-galactose backbone therefore

seemed probable.

Recent investigations of Bouveng and Lindberg (123) have

complicated the above picture. They showed that under mild

conditions of hydrolysis, the polysaccharide gave the

disaccharide 3-0-|?-arabinopyranosyl-L-arabinose in disagreement
with White's methylation results which had shown no evidence

of either end-group L-arabinopyranose or non-terminal

L-arabinose residues. The ease of removal of the disaccharide

further suggested that it was originally attached to the rest

of the molecule by furanosyl linkages.

On/
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On this evidence then the grouping -

Arabg 1-3 Arab£ 1 -

must hwe occurred in the molecule.

The disaccharide 6-0-/?-D-galactopyrano3yl-l)-galacto3e was

also isolated from the products of mild acid hydrolysis and

this suggested to Bouveng ana Lindherg (123) that some

D-galactofuranosyl linkages existed in the polysaccharide.

This, so far, has not "been substantiated by other evidence.

A more recent publication of Bouveng and Lindberg (15)

has complicated the picture still further, for they have shown

that an arabinogalactan isolated from western larch heartwood

contained two polysaccharides having the same composition,

but differing in sedimentation velocity and electrophoretic

mobility on glass-fibre paper. These were successfully

separated into whit appeared to be two arabinogalactans

(A and B) toy fractional precipitation of their borate complexes

with cetyltrimethylammonium hydroxide. Subsequent

sedimentation analysis and electrophoretic examination on

glass fibre paper, showed that A and B appeared to be

homogeneous.

A methylation study wa3 carried out on each (15) (27).

A comparison of the methylated sugars isolated after

hyurolysis/
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hydrolysis of the fully methylated major component A (15)
and minor component B (27), showed that the chains of

[□-galactose residues forming the Backbones of the two

polysaccharides, were very similar in make-up.

The results obtained from the methylation studies on

polysaccharides A and B. are shown below (Table II).

Table II.

Methyl ethers isolated from Methylated Arabinogalactan3 A and B.

Methyl ether

2.5.5-trimethylarabinose

2,5,4,6-tetramethylgalactose

2.5-dimethylarabinose

2,3,4-trimethylarabinose

2.4.6-trimethylgalactose

2,3,4-1 rimethylgalacto se

2.6-dimethylgalactose

2,4-dimethylgalactose

2-monomethylgalactose

2,3-dimethylarabinose

2-monomethylarabinose

4-monomethylgalactose

unmethylated monomers

Unknown methylgalactose

Two-thirds/

Molar so Molar ,o

32 . 2 7.6

24.1

3.2 3.1

2.6 5.1

4.2 4.0

13.7 11.3

2.9 3.9

37.5 31.0

3.7 2.3

hone 0.5

None 0.6

None 0.3

None H•O

None 0.7
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Two-thirds of the L-arabinose residues wore accommodated

in polysaccharide A as terminal 1-arabinofuranose residues

and the other third as 3-0-^-Jj-arabinopyranosyl-L-
arabinofuranose residues. Polysaccharide B» however, had a

higher proportion of 3-o-^-L-a rabin o py rano sy1-L-arabirjofuranose
residues and since there was an excess of 2,5-di-O-methyl-L-

arabinose over the 2,3,4-trimethy1 ether, Bouveng (27) suggests

that Some of the L-arabinose must be present as 3-0-/^-1-
arabinofuranosyl-L-arabinofuranose units (XXVI)»

Arabf 1-3 Arabf 1 -

(XXVI)

In addition to the presence of 3-Q-/?-L-arabinopyranosyl-
jL-arabinofuranose units, B differed from A in containing a

higher proportion of 3-0-^-L-arabinopyranosyl-L-arabinofuranose
units and also in the presence of a small amount of

contaminating araban.

Although arabinogalactan A appeared on the ba3is of

electrophoresis and sedimentation data to be homogeneous,

prolonged treatment with very dilute acid released two

galactan3 AI and All (42) with different mobilities on

electrophoresis on glass-fibre paper; these were separated

by fractional precipitation with cetyltrimethylammonium

hydroxide/
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hydroxide-toric acid as "before.

Arabinogalactan B» treated similarly showed only one

component on electrophoresis.

Summary of 1'ractionation of Galactans AX and All.

water-soluble extract (heartwood)

Polysaccharide A +" B.

"boric acid

CTA-OH

V
Arabinogalactan A

Mj, = +70
mild acid

N/ hydrolysis
Galactan3 AI and All

boric acid

CTA-OH
vp

Galactan AI

13°Mj +■

z
Galactan All

F4 +19<

1

Arabinogalactan B

[4 = +10>

V

Galactan B

[A], r + 21°

mild acid

hydrolysis

CTA-OH r cetyltrimethylammonium hydroxide.

The/
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The galactans AI and All were methylated, md ao a •

comparison of the products of hydrolysis showed that each

possessed the same type of linkage hut in different

proportions, it wa3 suggested that the two galactans c )uld

possibly originate from two arabinogalactans. They could,

of course, he two fragments of one molecule which had been

joined by weak galactopyranosiaic linkages, and this seems to

Bouveng (27) to be the most likely explanation. He came to

this conclusion after noting, (a) the rate of formation of the - '

galactans AI and All and of galactose and 6-0-D-galactopyranosyl-

D-galactose and (b), the absence of any trailing (on

electrophoresis) between the two galactans^during the hydrolysis.

European Larch.

It is as yet undecided whether the water-soluble £-galactan
isolated from European larch is a single polysaccharide

containing B-galactose and L-arabinose residues in the ratio

of 6jl, or whether part of it consists of a galactan nearly

devoid of L-arabinose residues.

Campbell, Hirst and Jones (ll) found after careful

fractionation of the methylated ^-galactan that their sample

could be separated into two components, one of which gave only

derivatives/
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derivatives of D-galactose on hydrolysis. Hydrolysis of the

methylated galactan fraction gave equimolecular proportions'

of 2,3,4,6-1etra-£-methy1-D-galactose, 2,3,4-1ri-O-methyl-D-

galactose and 2,4tdi-0-methyl-D-grxlactose, showing that the

polysaccharide was a highly "branched galactan with 1,3- and

1,6- linkages predominating. Hydrolysis of the remaining

fraction gave 2,3,5-tri-O-methyl-L-arabinose as the only

methylated L-arabinose residue, suggesting that the L-

arabinose must find its origin in an arahinogalactan.

In another study, Aspinall, Hirst and Ramstad (124)

could find no evidence of heterogeneity in their sample, in

agreement with the findings of Heidelberger (26) who found no

indication of more than one molecular species in a study of

the precipitation reactions of the polysaccharides with

various pneumococcal sera. An ultracentrifugal examination

al30 indicated that this sample was pure (124).

while early investigators had found that all of the

L-arabinose was present as terminal L-arabinofuranose residues,

a subsequent publication showed that the disacchxride 3-0-^-1-
arabinopyranosyl-L-arabinooe was released on mild hydrolysis

of the polysaccharide (125). This was supported by the

methylation and hydrolysis of the polysaccharide (124) when

2,3,4,6-tetra-O-methyl-D-galactose, 2,3,4-tri-O-methyl-D-

galactose and 2,4-di-O-methyl-D-galactose were liberated in

approximately/
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approximately equal amounts, together with smaller amounts

of 2,3,4-tri-0-methyl-L-arabinase» 2,5-di-O-methyl-k-arabinose,

2-0-methy1-B-galactose, and 2,4,6-tri-O-»aethy1-D-galactose.

A trace only of 2,3,5-tri-O-methyl-L-arabinose was observed.

The isolation of equimolecular amounts of 2,3,4-tri-C)-

methyl-L-arabinose and 2,5-di-O-methyl-L-arabinose, indicated

that most of that l-arabinose residues were accommodated as

3-0- -L-arabinopyranosyl-L-arabinofuranosyl side-chains and

that only a few L-arabinofuranose terminal units were present.

On the basis of these methylation results various partial

structures are possible for the main repeating unit of the

polysaccharide:-

3 Gal 1-3 Gal 1 - - 6 Gal l-o Gal 1-
6 6 3 3
I I II
II 11

• Gal Gal Gal Gal
6 6 6 6
ll I I
11 11

Gal Gal Gal Gal

(XXVII) (XXVIII)

3 Gal
6

1-6 Gal 1 - 3 Gal
6

1-6 Gal 1 - 3 Gal
6

1 -

1
Gal

1
Gal

1
Gal

(XXIX)
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- 6 Gal 1-6 Gal 1-6 Gal 1-6 Gal 1-5 Gal 1 -

3 3 3
I I I
111

Gal Gal Gal

(XXX)

Evidence in support of structure (XaVII/ was obtained

from periodate oxidation studies followed by degradation with

phenylhydrazine and acetic acid (124). A polysaccharide

residue was isolated and therefore eliminated immediately

partial structures (X&IX) and (XXX) which would only have

had isolated D-galactose residues unattached by periodate.

partial hydrolysis of the isolated fragment afforded

3~Q~{1•D-galactopyranosyl-I)-galactose and a trace only of

6-0-J*-D-galactopyranosyl-B-galactose, suggesting that the
polysaccharide must contain a resistant backbone of 1,3-

linked .D-galactose residues with most of the galactose

residues, which were attacked by periodate, being situated

in the side chains as in structure (XXVII).

The significance of the trace amount of 6-0-^-D-
galactopyranosyl-D-galactose was uncertain. It is possible

that the backbone of the polysaccharide contained some

D-galactose residues linked 1,6-, but the disaccharide may

also originate from some unattacked 1,6-linked-D-galactose

residues (with 3-0-f-L-arabinopyranosyl-L-arabinose side-

chains attached to carbon atom 3) in the outer part of the

molecule/



47.

molecule (iXXl).

— 3 Gal 1 - 3 Gal 1 —

6 6
I I
1 1

R -3 Gal Gal
6 6
i I
1 1

Gal Gal

( X&XI)

Although previous evidence had indicated that the

majority of L-arabinose residues were accommodated in the

molecule as 3-0-^-L-a?oabinopyranosyl-L-arabinofuranose units,
no direct proof of the mode of attachment of the L-arabinose

side-chains to the galactan framework had been provided.

Certainly some evidence was obtained from a comparison of

the methylated whole polysaccharide and the methylated

degraded polysaccharide in which most of the L-arabinose

residues had been removed with very dilute acid. The aimunt

of 2,4,6-tri-O-aiethyl-D-galactose, which was negligible in

the methylated whole polysaccharide, was found in appreciable

quantity in the methylated degraded polysaccharide, and this

suggested that the easily acid cleaved residues were attached

to carbon atom 6 of some of the D-galactose residues. That

this was in fact the case was shown recently by Aspinall and

Nicoleon/
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Hicolsori (64) when they isolated the aldobiouronic acid

(6-B-galactose L-arabin ofuranosid) uronic acid (XXXII) from

the products of partial hydrolysis of £-galactan in which

the readily acid cleaved L-arabinofuranose residues had been

oxidised to acid resistant arabinofuranosiduronic acid

residues.

(XXXII) (XXXIII) >

The aldobiouronic acid (6-D-galactose-^-D-galactopyranoaid)
uronic acid (XXXIIl) also appeared in the products of hydrolysis

of the oxidised £-galactan, and as this must be the result

of oxidation of terminal D-galactose residues, final proof

wa3 obtained that the ^-galactose end-groups in the

polysaccharide are attached to aujacent D-galactose residues

by 1,6-linkages.

From these results, however, it was impossible to say

whether the L-arabinose side-chains were attached,(l) directly

to/
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to the peri xiate resistant backbone of 1,3-linked galactose

residues (XXXIV) oi,(2) to the 1,6-linked D-galactose residues

in the side-chain with one or more D-galactose residues

separating them from the backbone (XXXV)«

/

- 3 Gal 1-3 Gal 1-3 Gal 1 - - 3 Gal 1-3 Gal 1-3 Gal 1-
6 6 6 6 6 6
ill I I '

1 1
Arabf Gal

3 or 6
I I
1 1

Arabf Arabf
3
I
1

Arabjo

(XXXIV) (XXXV)

Evidence in favour of partial structure (XXXIV) was

obtained from the appearance of a large quantity of L-arabinose

in the products of hydrolysis of a degraded polysaccharide

resulting from periodate oxidation and subsequent degradation

of £-galactan by the method developed by Smith and his
co-workers (6l)« Structure (XXXV) would have given a

polysaccharide residue devoid of L-arabinose residues (XXXVI)•

Although (XXXIV) was the favoured arrangement, some

L-arabinose residues were also accommodated as in structure

(XXXV), for a small amount of L-arabinofuranosyl glycerol

(XXXVIl) was detected in the products of the Smith

degradation/
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degradation.(XXXVII) would arise from the periodate resistant

non-terminal L-arabinofuranosyl residues.

1
Gal 6~

3
I
1

Gal
3

6-1 Gal 6-1 Arabf 3-1 Arabjo

1
Gal 6

3
I

1
Gal

3
I
1

Gal
3
I
1

Gal
3

-f
Arahf

1 ~
I

Glycerol

(XXXV) (XXXVI) (xxxvii)

Arabinogalactan from Tamarack (118)•

A water-soluble arabinogalactan from T-amai*ack has been

th^ubjsct of a recent publication* It was extracted in
5.6$ yield and was found to contain L-arabino3e and D-galactose

in the molar ratio of 1:3.8. In this respect it was different

from European and Western larch arabinogalactans where the

component sugars were present in the ratio of 1:6.

The crude polysaccharide was purified by fractional

precipitation from aqueous solution with ethanol. In this

way one main component was obtained which was shown by

electrophoresis/
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electrophoresis and sedimentation analysis to be homogenous.

Methylation and periodate oxidation studies showed that

Tamarack arabinogalactan has structural features similar to

European and Western larch arabinogalactans - i.e. a galactan

framework with a high degree of branching through positions

3 and 6 of the D-galactose residuos and a large proportion of

the arabinose present as 3-Q-j^-L-arabinopyranosyl-L-arabinose.
Support for the existence of the grouping Arabjo 1-3 Arab

has been obtained from the chromatographic examination of the

products of partial hydrolysis of the polysaccharide,when a

disaccharide with the same mobility 4 colour reaction as

3-0-^-L-arabinopyranosyl-L-arabinoae was detected.
On the basis of these results^various possible partial

structures have been suggested, but the mo3t likely one

iss-

- 3 Gal 1-6 Gal - 6 Gal - 3 Gal - 3 Gal - 3 Gal - 3 Gal - 6 Gal -
6 6 6 6
I I I I
1111

Gal Gal Gal Arabf
3 ""
I

Arabg 1

Comparison of the Arabinogalactans isolated from Larch woods.

Water-soluble polysaccharides containing L-arabinose and

D-galactose/
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D-galactose occur in yields ranging from 2-25$ in trees of

the Larix species. Some ten different species of larch tree

are found in the Northern Hemisphere^but only those from
European larch, Western larch and to a lesser extent, Tamarack,

have "been the subject of detailed chemical investigation.

Arabinogalactans isolated from European and Western larches

have been extensively studied with respect to their

hoiaogeneity. A sum.aary of the results obtained after the

application of various criteria of homogeneity are shown

below (Table III).
Table III.

Purity of Larch wood Arabinogalactans.

Species Investigators purity Criteria of Ref.
homogeneity

U.C. 126

Chemical 11

U.C. ;
Chemical; 124
Immunological
precipitation 11

Chemical 119-
122

U.C.
Electrophoresis ^5Chemical

U.C. 127

U.C. 127

U.C. 118
Electrophoresis

Ultracentrifuge

Unspecified

European

Mosiinan 5c Htg.
Svedberg

Campbell,Hirst Htg.
5c Jones

Aspinall,Hirst Ilmg.
5c Ramstad

western white Hmg.

western (heartwood) Bouveng 5c Htg.
Lindberg

Western (heartwood) Lystad-Borgin Ilmg.

western (sapwood) Lystad-Borgin Htg.

Tamarack Adams Hmg.

Htg. = Heterogeneous U.C. =■

Hmg. — Homogeneous



53.

A study of the table then clearly indicates that the

composition of the araoinogalactans irom the Larix species

is subject to marked variationsynot only in different samples
from the same soecies^but al3o from different sa.iples from
different locations in the same tree.

Methjation studies on the various samples of

arabinogalactans extracted from European ana western larch

and the sample of Tamarack, have shown that they possess very

similar structural features. All appear on the basis of this

evidence to consist of a galactan framework where the residues

are linked 1,3- and 1,6-. In the case of European and Western

larch, early studies showed that all of the L-araoinose residues

were attached to the galactan framework as single unit

L-arabinofuranose non-reducing terminal residues. Subsequently,

however, further structural investigations have shown that in

both cases much of the L-arabino3e was in fact accommodated

as L-arabinopyranosyl-L-arabinofuranose side-chains. This

evidence was based on the isolation of approximately equimolar

amounts of 2,5-di-O-methyl-L-araoinose and 2,3,4-tri-0-methyl-

L-arabinose from the methylation studies carried out on the

fully methylated polysaccharides, and, in addition, from the

isolation of 3-0-^-L-arabinopyrano3yl-L-arabinose from the

products of partial acid hydrolysis of the polysaccharides.

In Tamarack arabinogalactan methylation studies suggested

that/
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that the L-arabinose residues were accommodated similarly,

"but so far this has not been corroborated with the definite'

iaentification of the disaccharide, 3-0-^-L-arabinopyrano3yl-

L-arabinooef although it has "bean tentatively identified
chromatographically.

In some respects Tamarack arabinogalaetan resembles more

closely western larch araoinogalactan, for in both cases the

2,4,6-trixaethyl ether of galactose has been found in

appreciable quantifies, whereas It only appeared as a trace- -

in European larch arabinogalactan. Clearly then the grouping

- 3 Gal 1 -

which is a predominant structural feature of western larch

and Tamarack, rarely occurs as such in European larch.

So far no evidence has been obtained that would suggest

that a galactan completely devoid of arabinose residues exists

in these water-soluble extracts, but in an early investigation,

Campbell, Hirst and Jones (11) succeeded in isolating a

galactan from a sample of European larch which contained only

a very small quantity of arabinose residues. So far this

has not found parallel in any other larch trees.

When western and European larch arabinogalactans were

treated with acid under the conditions used to liberate

3-0-f-E-arabinooyranosyl-L-arabinose, it was found that 6-Q-ft-
D-galactooyranosyl-D-galactose wa3 also liberated. It has

been/
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"been suggested that both arise from the cleavage of a

furanosyl linkage, but so far this has not been substantiated.

If the ease of hydrolysis can be taken as an acceptable

criterion for the presence of these linkages, this could be

indicative of a substantially higher proportion of

galactofuranosyl linkages in European larch, for it wa3 found

that, unlike western larch, it was impossible to selectively

remove the arabinose residues leaving an arabinose-free

galactan without extensive breakdown of the galacban into

oligosaccharide fragments# However, a more likely

explanation is that the rates of hydrolysis of the

axabinofuranosides and some galactopyranosides are not markedly

dissimilar.

Arabinogalactans from Spruces and Pines.

Arabinogalactans have been isolated from various pine and

3pruce woods, but these have been studied in less detail than

those isolated from the larches#

The most detailed structural investigations on this type

of arabinogalactan have been carried out on those extracted

from Jack pine (51), Jeffrey pine (23), White s race (123),

Monterey pine (129), and Loblolly pine (130).

It was f )und that they resembled one another in their

main/
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main structural details, but differed in the amount of

terminal arabinose, the proportion of J>arabinose relative
to D-galactose, and their rotations (details are shown below

Tables IV and V). They were found to be homogeneous after

the application of various criteria of homogeneity.

Table IV.

Arablnogalaotans from Spruces and Pines.

Relative Proportions
Source Rotation of Sugars

arabinose:galactose

Jack pine 6° 1113

Jeffrey pine 17° 4 j 5

Monterey pine 14° 1*8

Loblolly pine 14° 1:11

White spruce -7° 1:7

Table V

Methyl ethers Jack
Pine

Jeffrey
Pine

White
Pine

Monterey
Pine

Loblolly
Pine

2,3,5-trimethylarabinose

2,3,4,6-tetramethylgalactose

4

12

9

1

12

29 !> 11

2,3,4-trimethylgalactose 19 6 34 f, 5

2,4,6-trimethylgalactose - - mm i 1 —

2,4-dimethylgalactose 14 9 45 1 11

2,6-dimethylgalactose

j&imethylarabinose

1 mm

3

0.5 - trace
part

mm
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The appearance of large amounts of 2,3,4,6-tetra-0-methyl-

D-galactose, 2,3,4-tri-0-metbyl-I)-galacto3e, and 2,4-di-0-

methyl-D-galactose in the products of hydrolysis of the fully

methylated arahinogalactans extracted from the spruces and

pines, clearly shows that the D-galactose residues constitute

the main portion of the highly "branched backbone of the

polysaccharide. Apart from Jeffrey pine, where a dimethyl-

arabinose fraction was detected (but not identified) the

arabinose residues appeared entirely as non-reducing end-group3

L-arabinofuranose.

It can be seen, therefore, that these arabinogalactans

resemble the larch-type arabinogalactans in that they have a

galactan backbone consisting of 1,3- and 1,6- linked

D-galactose residues, but they differ in that no L-arabinose

residues are present (a) in the pyranose form and (b) in a

non-terminal position.

The arabinogalactans from Jack pine (51), White spruce (128),

and Jeffrey pine (23) have shown on hydrolysis small amounts

of uronic acid residues in addition to L-arabinose and

D-galactose. It is uncertain, however, whether these are

constituents of the arabinogalactans or arise irom contaminants.

Certainly in the case of White 3pruce (£23) evidence favours

the latter, for the detection of some 2,3-di-0-methy1-D-xylose

in the products of hydrolysis of the methylated polysaccharide,

suggests that there was present an admixed xylan. As all

xylans isolated from coniferous woods so far contain uronic

ac id/
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acid side-chains, the uronic acid associated with White spruce

arabinogalactan is most likely to originate from the

contaminating xylan.

Other Galactans.

Galactans usually occur as arahinogalactans in coniferous

woods, hut pure galactans devoid of other residues, have "been

isolated from Lupinus alhus pectin (131) and Gtrychnos

nux-vomica seeds (132). These appeared,on the basis of

methylation studies, to consist mainly of 1,4-linked

D-galactose residues.

The first real indication that a polysaccharide

consisting of 1,4-linked D-galactose residues may exist in

woods was obtained from the isolation of 4-0~^-D-
galactopyranosyl-D-galactose from the partial acid hydrolysis

of White-birch^-cellulose (133,134). In a more recant

publication Bouveng and Meier (135) have isolated a galactan

from Norwegian spruce compression wood which gives 4-0-^-D-
galactopyranosyl-B-galactose and higher oligosaccharides

belonging to the same homologous series, on partial acid

hydrolysis.

Bouveng and Meier (135) isolated the polysaccharide from

the solution obtained after delignification of the wood, but

the author*s claim that the galactan was not derived from an

arabinogalactan/
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arabinogalactan from which the L-arabinose residues had "been

removed during delignification, for a larch arabinogalactan,

treated in the same fashion, was recovered unaltered#

Furthermore, the polysaccharide gave a strong film characteristic

of a polysaccharide which was essentially linear.

All of the arabinogalactans mentioned on the proceeding

pages have "been characterised by the presence of a highly

"branched framework which constats mainly of 1,3- and 1,6-

linked D-galactose residues. In several instances, however,

the 2,6-dimethyl ether and/or the 2-monomethyl ether of

D-galactose have been detected in the products of hydrolysis

of the methylated polysaccharides and has pointed to the

possible existence of some 1,4-linkages in the various

polysaccharides. These partially methylated sugars could,

of course, be artifacts resulting from undermethylation and/or

demethylation of the polysaccharides during hydrolysis, but

the possibility that they could also originate from a

contaminating galactan also concerned in l,4-linkage3 cannot

be rejected.

It i3 clear from what has already been said that it would

be impossible to classify the hemicelluloses according to their

origin, for structurally similar polysaccharides are found

widely in nature. Polysaccharides with l-arabinose and

D-galactose/
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D-galactose as their main structural units occur, for example,

in seeds, woods, and plant gums. The similarity is taken

much further than this, however, for the gums from the

Acacia and Prunus trees (136) possess, like the wood

arabinogalactans, galactan frameworks consisting of 1,3-

and 1,6- linked ^-galactose residues. The arabinose is

situated (as in wood arabinogalactans) in the peripheiy of the

molecule as end group in the furanose form or as

Arabjo 1-3 Arabf 1 -•

Recently Adams and Bishop (137) reported that an

arahinogalactan from Maple sap has some structural features

which are similar to those of the plant gum and heinicellulose

arabinogalactans.
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General Eethods of Investigation.

paper chromatography was carried out on Whatman ITo.l.

filter paper using the following solvent systems (V./V.)

(A) Ethyl acetate ; pyridine ; water (10:4:3)

(B) Butan-l-ol : ethanol ; water (4:1:5, upper layer)

(C) Ethyl acetate s acetic acid 2 formic acid s water
(18:321:4)

(D) Butan-2-one, half saturated with water

(e) Benzene 2 ethanol 2 water (169:47:15,•upper layer)

(?) Ethyl acetate : acetic acid s water (9:2:2)

(G) Butan-l-ol : acetic "acid : water (4:1:5, upper layer)

Unless otherwise stated chromatograms were run with

control sugars on Whatman ITo.l paper, sprayed, after air-

drying, with a saturated aqueous solution of aniline oxalate

and developed at 120° for 2-3 minutes.

To detect sugar alcohols and very small amounts of

reducing sugars, chromatograms were sprayed first with a

saturated solution of silver nitrate in acetone and then with

a saturated solution of sodium hydroxide in ethanol. Black

spots indicating the positions of the compounds appeared in

about two minutes. The papers were washed by immersion in

an aqueous solution of sodium thiosulphate and then with

running water.

The following abbreviations have been used to describe

the distances travelled by sugars on paper chromatograms:
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R
_ Distance travelled "by sugar

® Distance travelled by s,5,4,6-tetra-O-methy1-D-glueo sa •

Rf _ Distance travelled by sugar
Distance travelled by solvent front.

R_alDistance travelled by sugar __

Distance travelled by galactose.

Unless otherwise stated, chromatography of the methylated

sugars was carried out in solvent (B}«

Thick paper sheets. (Whatman 3:<M«) were first extracted

with methanol in a Soxhlet.

Paoer ionophoresis (56,57) was carried out on Whatman Ko.l

paper in borate buffer at oH.10. A potential of 750 volts

was used and the experiment was allowed to run for 4-5 hours#

The papers were dried ana sprayed with saturated aniline

oxalate solution containing 5p> acetic acid.

Oellulose columns were packed dry, washed with water,

butan-l-ol, and finally with the solvent to be used for

separating the sugars#

The solvents used for column chromatography were purified

as follows;-

(a) Light petroleum (b.p. 100-120°) was shaken several

times with concentrated sulphuric acid (lO^v./v.), washed

free of acid and distilled.

(b) Butan-l-ol was refluxed for 1-2 hours with potassium

hydroxide/
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hydroxide (l>w./v.) and distilled.

(c) Butan-2-one was distilled.

Separation of Bursars on a Cellulose Column.

The solvent was allowed to soak in level with the top of

the cellulose and the sugar mixture, dissolved in the minimum

amount of irrigant, was pipetted on to the top of the column.

The solution was allowed to soak in level with the top of

the cellulose and a cotton wool plug was placed on top.

Small additions (5,10,15,25 ml.) of the irrigant were

xaade to the top of the column and each time allowed to soak

in level with the top of the cellulose before the next addition

was made. Finally a constant head reservoir containing the

irrigant was inverted on top of the column.

The eluate was collected on an automatic turntable in a

series of tubes. A small sample from every fifth tube was

taken to dryness and the residue examined chromatographically

for various sugars. Those tubes containing the same sugars

or mixtures of sugars were combined, and evaporated to dryness

under reduced pressure. The weights of sugars obtained from

the various fractions were recorded after purification of the

residue by dissolution in water, filtration, dissolution in

acetone, filtration and evaporation to dryness. The filtrates
i

were finally dried in vacuo over phosphorus pentoxide.

Demethylations (133) were carried out by heating the

sugar/

L
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sugar (1-5 mg.) with hydriodic acid (1 ml.}96/) in a scaled
tube at 1003 for 6-7 minutes. The solution was then cooled,

diluted with water (10 ml.) and neutralised with silver

carbonate. Silver ion3 were removed by treatment with

hydrogen sulphide and the fil rates evaporated to dryness.

The residues were dissolved in water, filtered and examined

chromatograohically for sugars.

Aniline derivatives of methylated sugars were prepared

by refluxing the sugars (10-50 mg.) with equimolar amounts of

freshly distilled aniline in dry ethanol (5-10 ml.). The

reaction was performed with the exclusion of light and was

allowed to proceed for 50 minutes. Removal of the solvent

loft syrups which crystallised ana were recrystallised from

the given solvent.

Aldonolaotones were prepared by dissolving the sugar

(10-100 iag.) in water (5 ml.) and adding bromine (10-20 drops)

to effect the oxidation. The reaction was allowed to proceed

in the dark for three days, when excess bromine wa3 removed

by aeration and the eolation neutralised with silver carbonate.

Silver ions were removed by treatment with hydrogen sulphide

and the filtrate evaporated to dryness. The residue was

extracted with methanol or ethyl acetate, filtered, evaporated

to dryness and dehydrated over phosphorus pentoxide in vacuo.

Aldonamides were prepared by reating the lactone (5-100 mg.)

with/ *

L ■... ;
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with methanolic ammonia (5 ml.) for .24 hours at 0°.

Evaporation of the solvent yielded a crystalline a/aide which

was recrystallised from the given solvents.

Beriodate oxidation of .Methylated Sugars was carried out

according to the method suggested "by Lemieux and Bauer (139).

The methylated sugar (l mg.) was dissolved in 0.5N sodium

aetaperiodate solution (0.12 ml.) and the solution kept at 0°

for 1 hour# The excess of periodate was destroyed by ^he
0

addition of ethylene glycol (1 drop)# the solution allowed to

come to room temperature, and, after five minutes, made

alkaline to phenolphthalein. The solution was concentrated

slightly and the whole of the solution spotted on to a

chromatogram and examined in solvent B.

The following results were obtained for some standard

sugarss-

Sugar Rf Oxidation products.

2,3-ai-g-methyl-D-galactose 0.66 Grey

0.73 Brown

0«36 Grey

2,3-di-O-methy1-D-glucose 0.63 Brown

0.72 Bright yellow

2,4-di-O-me thy1-D-galac tose 0.37 (uhattacked 2,4-di
methyl galactose

2,6-d irne thylhexo s e

2-0-methylaldoses 0.15 Brilliant yellow

0.15 Brilliant yellow
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liethoxyl determinations were carried out "by the Ziesel

semi-micro procedure (140*141).

Evaporations were carried out at 40° under reduced

pressure#

Optical rotations were observed at 18° 4; 2°.

Small scale hydrolyses were carried out by heating samples

(5-10 mg.) in sealed glass tubes at 100° for 4-6 hours with

IT-acid.

Hydrolysate3 were neutralised:-

(a) Sulphuric acid solutions were neutralised with Analar

barium carbonate, filtered, the barium ions removed with

Amberlite resin IR-120(H) and the solutions evaporated to

dryness.

(b) Hydrochloric acid solutions were neutralised with

silver carbonate, filtered, treated with hydrogen sulphide to

precipitate silver ions, and evaporated to dryness. The

residue was then extracted with acetone or methanol, filtered

and taken to dryness.

Hydrolysates were then ready for chromatographic

identification.

Acetylation of Polysacchai'ides.

Polysaccharide was dispersed in formamide at room

temperature/
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temperature for two days. Pyridine was added, the mixture

shaken, and acetic anhydride added dropwiae with stirring

over a period of 2-4 hours. The reaction, which was carried

out at room teaperature, was completed hy agitating the

reaction mixture for a further three days. Acetylated

polysaccharide was precipitated in ice-cold water, removed

at the centrifuge, washed well with water and dried in vacuo

over phosphorus pentoxide.

The solid was dissolved in chloroform, dried over

anhydrous sodium sulphate, concentrated and poured with

stirring into petroleum ether (60/80°; 2o«l). The

precipitate which separated, was filtered off, washed with

petrol and dried in vacuo over ohos )horus pentoxide and

paraffin wax.

lie thy lat ion of ,cety lated Polysaccharide, ( 45).

The acetylated polysaccharide was dissolved in dry

tetrahydroiuran, powdered sodium hydroxide was added and the

mixture stirred during the dropwi3e addition of dimethyl

sulphate. The reagents were added in tenths over a period

of 4 days. After two additions of the reagents had been

made, the reaction mixture was refluxed for one hour to

complete the deacetylation; the reaction was henceforth

conducted at room temperarure. When necessary tetrahydrofuran

was added to maintain fluidity.

After/

I



After the last addition of reagents, the reaction mixture

was refiuxed for one hour, cooled and filtered. The residue

was dissolved in water and extracted continuously with

chloroform. The filtrate and all chloroform extractions

were combined and evaporated to dryness. The residue was

redissolved in chloroform, the chloroform solution washed

several times with water, dried over anhydrous sodium sulphate,

concentrated, and the methylated polysaccharide precipitated

"by pouring into a large excess of light petroleum (60/30 ° 20sl).

Ileth.ylation with silver oxide and methyl iodide.

The partially methylated polysaccharide was dissolved in

methyl iodide (previously refluxed over dry silver oxide till

neutral) and silver oxide added in tenths to the refluxing

mixture over a period of 4 hours. The mixture was refluxed

for a further 4 hours, cooled and filtered. To ensure

complete removal of the methylated polysaccharide, the silver

resiaues were extracted continuously with chloroform. The

methyl iodide and chloroform solutions were combined,

concentrated, poured into light petroleum (do/303 20:1) and

the methylated material which separated reaoved at the

centrifuge.

In some cases it was f lund that the precipitate was

contaminated with silver which was colloidal in chloroform

solution. This was generally removed "by ref !uxing the mixture

over/
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over some silver oxide and centrifuging.

The partialfy methylated polysaccharide was given several

treatments with methyl iodide ana silver oxide until a fully

methylated polysaccharide was obtained.

.hiiall scale Hydrolysis of Methylated Polysaccharides.

(a) Ilethanolysis

The fully methylated polysaccharide (20 rag.) was heated

in a sealed tube with methanolic hydrogen chloride (4,») for

18 hours, neutralised with silver carbonate,filtered, and the

solvent removed in a stream of air. (when samples were

prepared for examination by gas/liquid partition chromatography,

the solvent was not removed completely - a few drops were

lent each time).

(b) Hydrolysis.

The syrup was dissolved in hydrochloric acid solution

(0.5H) and the solution heated in a sealed tube for 13 hours.

The reaction mixture was neutralised with silver carbonate,

filtered, hydrogen sulphide passed in to precipitate silver

ions, filtered, and evaporated to dryness. The residue was

then extracted with acetone or methanol, filtered and the

solution eva orated to dryness.

Consumption of Periodate, was measured by the method of

fleury/
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Fleury ana Lange (142).

The polysaccharide (75-200 nig.) was dissolved in water

(75 ml.) and sodium metaperiodate (25 ml#;0.5M) added. The

stoppered f'la3k was set aside in the dark. A "blank was run

at the same time omitting the polysaccharide.

Periodically, samples (2 ml.) were withdrawn and to each

added saturated sodium "bicarbonate solution (10 ml.),sodium'

arsenite (5 ml.j0.051J) and aqueous potassium iodide solution

(l ml.;20/<? solution). The solution was shaken, set aside in

the dark for ten minutes and the excess arsenite titrated with

standard iouine (O.OlU) using starch as indicator.

By plotting iodine titre against time, it was possible

to establish when the oxidation was complete. A3 a rule

this could only be done by extrapolating the straight line

portion of the curves lor although the curve flattens out

when normal glycol cleavage is complete, oxidation over

and above this occurs.

Reduction of Methylated sugars to the corres jonding Hexitols

followed by Periodate oxidation.

The methylated sugar (1.5 mg.) was dissolved in 3 drops

of water, treated with potassium borohydride (1.5 mg.) and

the/

T it re

overoxidation

—- glycol cleavage

T ime

Pig. 1
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the solution left standing at room temperature overnight

to complete the reduction. The solution was deionised with

Amherlite :esin lR-12o(H) and IR-45(0H) and evaporated to

dryness. The syrup (1.0 mg.) was then oxidised with sodium

metaperiodate according to the method of Lemieux. and Bauer

(page 65 ) and the products examined chromatograohically

in solvent B.
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EXffaRI2-BHTAL .

SECTION 1.

... .TJR SOLUBLE POLYSACCHARIDES

FROH

SCOTS PIHE (pinua Sylvestris L ).



73,

SECTION 1 (A).

STUPES PIT THE CRUDE WATER-SOLUBLE

POLYSACCHARIDE MIXTURE.
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Acetylation of Water-apliable Extract.

Method used - see •General Methods1 •

Quantities:-

Polysaccharide *• 10 g»

Pormamide * 250 ml#

Pyridine - 300 ml#

Acetic anydride - 200 ml#

Yield-9.0 g#

Hethylation.

Methods used - see 'General Methods'#

(a) Methylation in tetrahydrof'uran.

Quantitiesg-

Acetylated polysaccharide - 9#0 g#

Sodium hydroxide - 118 g#

Dimethyl sulphate * 138 ml.

Tetrahydrofuran * 250 ml#

field-4#2 g. 0Me=40.1>

(b) Methylation with Methyl iodide and silver oxide.

Quantities8-

Methylated polysaccharide - 4.2 g.

Methyl iodide * 100 ml.

Silver oxide - 20 g.

field=3.4 g. 0He=41.9y#

This/
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This methylation procedure was repeated twice; no

increase in methoxyl content was observed.

Final yield=3.3 g. ; 0118=41.9$ ; U~] t: -25° (Cr2,5 in CHCI3)." /) """*

Hydrolysis of Methylated Polysaccharide.

(a) llethanolysis.

Methylated polysaccharide (3.1 g.) was heated with

methanolic hydrogen (250 ml.; 4$) on a boiling water bath for

12 hours until the rotation wa.s constant +78°) . The

solution was neutralised with silver carbonate and evaporated

at room temperature to give a syrup.

(b) Hydrolysis.

The syrup was dissolved in hydrochloric acid (150 ml.; 0.5il)
and the methyl glycosides hydrolysed on a b>iling water bath

for 12 hours (constant rotation). An insoluble precipitate

(108 mg.) which appeared during the hydrolysis was filtered

off and the filtrate was neutralised with silver carbonate.

Evaporation of the solvent at room te aperature left a syrup (3.1 g.

The insoluble material isolated above, was hydrolysed

with II-sulphuric acid, neutralised and examined chromatographically

in solvents A and B. The sprayed chromatograms showed that

the insoluble precipitate was non-carbohydrate in nature.

Separation of the meth/lated sugars.

The syrupy mixture of methylated sugars (3.1 g.) was

separated/
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separated, on a cellulose column (80 x 3.8 cm.) by

chromatography. The column was eluted with light petroleum

(b.p. 100-120°); butan-l-ol (70:30), saturated with water,

followed by light petroleum : butan-l-ol (50s50) saturated

with water and later with butan-l-ol half saturated with

water. The column was finally washed with water.

1413 tubas were collected and these were bulked to give

29 fractions.

Solvent changes were mades-

Tubes
collected when
changes made

Sugar content
at change Solvent

1 - 410 2,3,4-trimethylgalactose Light petroleum (100/120°)
butan-1-ol,70:30,
saturated with water

411 - 1200 2,4-dimethylgalactose Light petroleum (100/120°);
butan-l-ol, 50:50.
saturated with water.

1201 - 1413 2-monomethylgalactose.
methylated uronic acid

Butan-l-ol, half
saturated with water.

Collected in
beaker

Water wash.
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ilethylated Crude Polysaccharide fro.i Scots oine.

Fraction Tubes Weight
(g»)

Colour
, *0 Sugar present.

1 1-25 0.005 Grey-Green

Pink

1.02

1.04

2f 3,4-1 rimethylrhaiimose t.

Unhydrolysed glycosides

3 26-33 0.052 Pink

Grey-Green

Red-brown

Red-brown

Black

1.04

1.02

0.93

Unhydrolysed glycosides

2.3.4-triciethylrhamnose t.

2,3,4,6-tetramethyliaannose

2,3,4,6-tetramethylgluco3e t.
\

2.3.5-trimethylarabinose

3 34-40 0.057 Pink

Red-brown

Black

Red

1.04

0.93

0.93

ynhydrolysed glycosides

2,3,4,6-tetrainethylmannose t.

2,3,4,6-tetramethylgluco3e t.

2,3,5-trimethylarabino3e

2,3,4-trimethylxylose t.

4 41-46 0.126 Pink

Black

Red

1.04

0. 93

0.93

Unhydrolysed glycosides

2,3,5-tri:aethylarabinose

2,3,4-trimethyBxylose t.

5 47-55 0.223 Pink

Black

1.04 Unhydrolysed glycosides

0.93 2,3,5-trimethylarabinose t.

6

j

56-30 0.337 Black

Red-brown

0.93

0.90

2,3,5-trimethylarabinose t.

2,3,4,6-tetramethylgalactose
7

I
31-35 0.010 Red-brown 0.90 2,3,4,6-tet rame thylgalact o se

3

.

86-115 0.060 Red-brown

Red-brown

Grey-black

0.90

0.36

0.35

2,3,4,6-1 e t ramethylgalact o se
♦ •

2,3,6-trimethylglucose
1

... , . . v • 1

2,5-flime.thylarab ino se
3,5-dimethylarabino3e t.
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1
fraction Tubes Weight

(e«)
Colour

'
%

4

—
— t_j_

Sugar present.

9 116-1*3 0.101 Red-brown 0.86 2,3,6-trimethylglucose ►

Red-brown 0.86 2,3 , 6-1r ime thy linanno se t.

Grey-black 0.35 2, 5-dimethylarabinose

L.
3,5-dimethylarabinose t.

10 134-197 0.481 Red-brown 0.36 2,3,6-trimethylglucose t.

Red-brown 0.36 2,3,6-1 rime thylmanno se

Pink- | •

purple 0.77 2 , 3- d ime thy lxy1 o se

11 198-230 0.053 Red-brown 0.36 2,3,6-trimethyImannose

Pink 0.66 2,3-dimethylarabinose t.

12 231-250 0.060 Red 0.72 2,4,6-trimethylgalactose

Pink 0.66 2,3-dimethylarabinose *t •

13 251-283 0.135 Red 0.72 '2,4,6-trimethylgalactose

2,3,4-trimethylgalacto3Q t •

Pink 0.66 2,3-dimethylarabinose "t.

14 284-295 0.027 Red 0.72 2,4,6-trimethylgalaetose t.

2,3,4-1 rime thylgalac t o se t.

. . . Pink 0.66 2,3-dimethylarabinose
1

15 296-334 0.062 Red-brown 0.70 2,3,4-1rime thyIgalacto se

Pink 0.66 2,3-dime thylarabino se t.

16 335-410 0.151 Red-brown 0.70 2,3,4-trime thyIgalac t o 3e

17 411-560 0.050 Brown 0.59 2,3-dimethyIglucose

2,3-dimethylmannose t.

18 561-539 0.024 Brown 0.59 2,3-dimethylglucose t.

j
Brown 0. 56 2,3- d ime thylmanno se
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fraction Tubes We ight
(sO

Colour % Sugar present.

19 590-629 0 • 03o Brown

Pink

0. 56

0. 56

2,3- d ime thy1uiann o s e

?

20 630-694 0»045 Brown 0.56 2,3- d irae thy lmann o s e

21 0.013 Red-brown

Brown

0.54

0. 56

2,6-diraethylgalactose t.

2,3-dimethylmannose
22 695-710 0.020 Red-brown 0.34 2,6-dimethylgalactose
23 711-840 0.027 Red-brown

Red-brown

Red

Red

0.54

0.47

0.33

0. 38

2,6-dimethylgalactose

2,4-dimethylgalactose t.

2-methylxylose

3-methylxylose
24 841-1036 0.354 Red-brown 0.47 2,4-dimethylgalac t o se

25 1037-1200 0.019 Red-brown

Brown-pink

0.4?

0.39

2,4-dimethylgalactose

2-monomethylarabinose
26 1201-1280 0.006

'

Red-brown

pink streak

0.47 214-dimethylgalac t o se

Methylated uronic acid

27 1231-1312

> » .

0.013 Pink streak

Brown 0.33

Methylated uronic acids-

?

28 1313-1364 0.021 Pink streak

Brown 0.29

Methylated uronic acids

2-methylgalactose
29 1365-1413 0.042

'

Brown

Pink Streak

Brown

0.29 2-methylgalactose

Methylated uronic acids

Galactose

water
wash

—

0.006 Brown

Pink

Galactose

Arabinose t.

t t trace
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Examination of tractions.

Fractions (1-4) •

Unhydrolysed glycosides, 2,3,4-tri-O-methyl-L-rhamnose,

2,3,5-1 ri-O-methy1-L-arabinose, 2,3,4-1 ri-O-me thyl-D-xylose,

2,3,4,6-tet ra-O-methyl-D-mannose, 2,3,4,6-tet ra-O-methyl-D-

glucose and 2,3,4,6-tetra-0-methyl-I)-galacto3e.

Paper chromatography of the first four fractions in

solvents 3, D and E showed spots corresponding in Rq and colour
to the above sugars. In addition there wa3 a small pink

spot moving faster than 2,3,4-trimethyl-L-rhamnose; this latter

spot developed only after strong heating of the sprayed

chromatogram.

Hydrolysis of a small portion of each fraction in 0.5H

hydrochloric acid for 8 hours, followed by chromatography of

the neutralised hydrolysates in solvents B, D, and E, showed,

in addition to the sugars already detected, 2,3,6-tri-0-

methyl-D-glucose and 2,3,6-tri-O-methyl-D-mannose.

The four fractions were combined, hydrolysed with 0.5H

hydrochloric acid for 8 hours, neutralised and evaporated to

give a syrup (199 mg.).

Separation on a Cellulose Column.

The syrup (199 rng.) was fractionated on a cellulose column

(50 x 2 cm.) using light petroleum (100/120°); butan-l-ol (9:1)

saturated/
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saturated with water a3 eluant.

4 ml. fractions were collected.

Subtraction (a)

O.OOSg. Rq 1.02.
Chromatography in solvents B and D gave a main 3pot

corresponding in Rq, to 2,3,4,8-tetra-jj-methyl-I)-mannose and/or
glucose along with a faint trace of 2,3,4-1ri-O-methy1-L-

rhamnose (r^, 1.02). Chromatography in methyl-n-propylketone;
75><? saturated with water, showed that most of the fraction

consisted of the mannose derivative.

Demethylation gave mannose and a trace of glacose.

Subfraction (h).

0.052g. RG 0.98.

Chromatograms run in solvents B,D, and E showed that

this fraction contained 2,3,4,S-tetra-O-methyl-D-mannose and

2,3,5-tri-0-methyl-L-arabinose (black spot, Rq 0.93) with a
trace of 2,3,4-tri-0-methyl-D-xylose (red spot, Rq 0.93).

Demethylation gave mannose, arahinose and a trace of xylose.

Subfraction (c).

0.056g. Rq 0.98*

|Vj — -.35° (C = 2.1 in water)
Chromatography in solvent B, D, and E, showed 2,3,5-tri-

O-methyl-L-arabinose and a trace only of 2,3,4-tri-O-methy1-

D-xylose.

Demethylation/
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Dernethy1ation gave araoinose and a trace of xylose#

The main component was characterised "by conversion to the »

amide of the aldonic acid m. p. 135°-136° after areorystallisation

from acetone# This was undepressed on admixture with an

authentic -specimen of 2,3,5-tri-O-methyl-L-arabonamide.

Subfraction (d).

0.007g. Rq 0.98,0.90.
Paper chromatograms run in solvents B and D showed

2,3,4,6-tetra-O-methyl-D-galactose (Rq 0.90) to be the major
constituent; only a trace of 2,3,5-tri-O-methyl-L-arabinose

was observed.

Demethylation gave galactose and a trace of arabinose.

Subfraction (e).

0.0C 3g. r 0.90.
or

This fraction had the chromatographic properties of pure

2,3,4,6-tetra-0-methyl-D-galac t o se•

Subfraction (f)>

0.022g. Rq 0.90,0.36.
Paper chromatography in solvents B and D gave 2,3,6-tri-

O-methyl-D-glucose (Rq 0.36) as the major component, with a

smaller amount of 2,3,6-tri-O-methyl-D-mannose and a trace only

of 2,3,4,6-tetra-O-methyl-D-galactose (rq 0.90).

Demethylation gave glucose, mannose and a trace of

galactose.
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Fraction 5,

Unhydrolysed methylglyc03id.es of 2,3,6-tri-O-methyl-D-glucose

and mannose, 2,3,5-tri-^-metliyl-L-arabinose.

0.223g. Bq 0.98,

Paper chromatography indicated that this fraction consisted

mainly of unhydrolysed methyl glycosides. There was a small

amount of 2,3,5-tri-O-methyl-L-arahinose,

Demethylation gave mannose,i glucose and a trace of

arahinose.

Hydrolysis of a small sample in N-hydrochloric acid for

3 hours, followed "by chromatography of the neutralised

hydrolysate, showed spots corresponding now to 2,3,6-tri-0-

methyl-B-mannose, 2,3,6-tri-O-methyl-B-glucose and a trace of

2,3,5-1 ri-Q-methy1-L-ara bino se.

The whole of the syrup was hydrolysed, neutralised, and

the constituent sugars separated on ohatman No.l filter paper

(3MM) run in solvent D. Elution of the areas of the paper

containing the sugars with cold water gaves*

(i) 2,3,6-tri-O-methyl-B-glucose *• 71 mg.

(ii) 2,3,6-tri-0*-methyl-B-mannose - 133 mg.

(iii) 2,3,5-tri-O-methyl-L-arahinose - trace

(i) was ehromatographically pure 2,3,6-tri-O-methyl-B-

glucose.

It had [«*] - -+■ 70° (£ = 1.5 in water)
The/
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The syrup crystallised out after standing over phosphorus

pentoxide in vacuo for several weeks. • Recrystallisation from

ether gave colourless needless m.p. 119-120°, undepressed on

mixed m.p. with authentic 2,3,6-tri-O-methyl-D-glucose.

(ii) was chromatographically pure 2,3,6-tri-O-iaethyl-D-

mannose.

It had ~^° (.2— wa"ker).
The sugar was characterised by the preparation of the

l,4-di-Q-|>-nitrobenzoate which had m.p. 137-133° undepressed
on admixture with authentic 2,3,6-tri-O-methyl-D-mannose-

d i-js-n i t robenzoate.

Preparation of the di-ja-nitrobenzoate.

The syrup (130 rag.) was dissolved in dry pyridine (12 ml.)

containing jD-nitrobanzoyl chloride (300 mg.) and the resulting

solution heated at 60° for 30-40 minutes. The solution was

allowed to stand at room temperature overnight and then treated

with saturated sodium bicarbonate until effervescence stopped.

The reaction mixture was extracted with chloroform, the

extracts dried over anhydrous sodium sulphate,filtered and

evaporated to dryness. The residue was dissolved in boiling

methanol and the solution on cooling deposited crystalline

2,3,6-tri-0-methyl-;D-mannose-di-j2-nitrobenzoate. These were

recrystallised from methanol,
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fraction 6.

2,3,4,6-tetra-O-aethyl-fl-galactose and 2,3,5-tri-0-meth/l-

L-arabinose (very faint trace)•

Paper chromatograras run in solvent B and D showed that

the fraction consisted almost entirely of 2,3,4,6-tetra-O-

methyl-D-galactose. Only a very faint trace of 2,3,5-tri-0-

methyl-l-arabinose was observed.

The syrup crystallised readily after being seeded with

a crystal of authentic 2,3,4,6-tetra-O-methyl-D-galactose.

Tiling rataovad adhering syrup, and the crystals, after

recrystallisation from light petrol (60/30°) containing a

few drops of ether, had m.p. 69-70°, undepressed on mixture

with authentic 2,3,4,6-tetra-O-metliyl-D-galactose.

The purified crystals hadj-

0 Me = 52.3>i» (calculated for C1QH ,qOi:, 52.5/)

loC I —. + 140°—* -I-116° (C — 0.9 in water)
>

The sugar was further characterised by the preparation

of 2,3,4,6-tetra-O-methyl-N-phenyl-D-galactosylamine, m.p. 193°.

0.337g. RQ 0.93,0.90.

(cr 1.3 in water).M„ = +1080

and
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Traction 7.

2,3,4,6- tetra-O-methyl-D-galactose.

O.OlOg. Rq 0.90*

joC ]^+ 116° (G - 1.0 in water).
The syrup gave, on paper chromatograois run in solvents

B and D» one spot corresponding in Rq (0.9o) and colour

(red-brown) to 2,3,4,6-tetra-O-i.aethyl-D-galactose, and wa3

characterised "by conversion to the crystalline anilide,

m. p. and mixed in. p. 196-197°*

Traction 8. . . . , ■

2,3,6-tri-0-methyl-;D-glucose, 2,6*- and 3,5- (trace)-di-P-methyl-

L-arabinose, 2,3,4-tri-O-iaethyl-L-arabinoae (trace).

0.060g* • Rq - 0*86,0.85,0*33.
H = + 33° ( C: 1.1 in water)

Chromatography in solvents B, D, ana E and ionophoresis in

borate buffer, showed that this fraction contained mainly

2,3,6-tri-O-methyl-D-glucose and 2,5-di-O-methyl-L-arabinose

(Rq 0.85; grey-black) with traces of 3,5-di-O-inethyl-l-arabinose
(Rq 0.33; brown) and 2,3,4-tri-O-methyl-L-arabinose (pink).

In solvent E, the methylated L-arabinose were readily

distingui3hed:-

2,5-di-Q-methyl-L-arabinose was grey-black; pink fluorescence

in U.V.

3,5-di-O-uiethyl-L-arabinose was brown; yellow U.v. and had

R
2,5-Me^arab. 1.16
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2,3,4-tri-0-methyl-l-arabinose was red-pink; did not fluoresce

,5-Heoarab 1.69
in U.V. and had R0 -

Separation on a charcoal t Celite column.

The mixture of sugars (60 mg.) was adsorbed on a charcoal:

Celite column (1:1,50 g.) and separated by gradient elution

with pure water (750 ml.) followed by aqueous methylehhylketone

(5 . 5/o, 750 ml.) •

5 ml. fractions were collected.

Sub-
fraction Tubes Sugar content Weight

(a) 84-130 2,5-dimethylarabinose

3,5-dimethylarabinose (trace)

2,3,4-1 rime thylarabinose(trace)

0»017g

(*>) 131-225 2,5-dimethylarabinose

3,5-dimethylarabinose (trace)

2,3,6-trimethylgluc ose

0.020g

(c) 226-250

\rt ,

2, 3,6-tri.aethylglucose O.OOSg

Subtraction 8 a.

0.0l7g.

kl — -2° (C — 1.7 in water).L

Paper chromatography in solvents B, B, and E and paper

ionophoresis in borate buffer, 3howed spots corresponding to

2,5-di-0-inethyl-L-arabino3e, and traces of 2,3,4-tri-O-methyl-

L-arabinose and 3,5-di-0-methyl-L-arabinose.

The/
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The main sugar was characterised by conversion to the

crystalline amide of the aldonic acid, m.p. 126-128° after

recrystallisation from ethyl acetate. Mixed m.p. with
-L-

authentic 2,5-di-O-methylarahonamide showed no depression.

Subfraction 8 b.

Chromatography of the syrup in solvents B, D» ana E

showed the presence of two main components, corresponding in

colour and rate of movement to 2,b-di-0-methyl-L-arabinose and

2,3,6-tri-0-methyl-.D-glueose. In addition there was a trace

of 3,5-di-O-methyl-L-arabinose.

Demethylation 3howed glucose and mannose in approximately

equal amounts.

3ubfraction 3c.

The syrup had the chromatographic properties of pure

2,3,6-tri-O-methyl-D-glucose.

Fraction 9.

2,3,0-tri-O-raethyl-D-glucose, 2,5-di-O-methyl* L-arabinose,

3,5-di-O-methyl-l-arabinose (trace), and 2,3,6-tri-O-methyl-

D-mannose (trace).

0» 008g.

o.ioig. % 0.90,0.86.
(C n 1.9 in water)

Pape r/

I
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Paper chromatograms run in solvents B and D gave two

main spots corresponding to 2,3,6-tri-O-methyl-D-glucose and

2,5-di-Q-methyl-L-arabinose (approx 8jl); a third faint spot

had the chromatographic properties of 2,3,6-tri-O-methyl-I)-

mannose.

When examined chromatographically in solvent E and "by

paper ionophoresis in "borate "buffer, a fourth constituent,

corresponding in properties to 3,5-di-O-methyl-L-arabinose,

was observed. This was only present as a trace.

Demethylation gave glucose, arabinose and a trace of

mannose.

After a time, the syrup crystallised out, The partly

crystalline mixture wa3 washed with petrol and the remaining

crystals recrystallised from ethers they had m.p. 119-120°,

undepressed on admixture with an authentic 2,3,6-tri-Q-methyl-

D-glucose.

The crystals hads-

frl 4- 63°—^ -35° (c rr 0.3 in 1% methanolicL -y
hydrogen chloride), which compares favourably with

[X] 4-61°—» -33.7° reported by Reber3 and Smith

(143) and [kl 4- 70.5° —> -33° found by Irvine and Hirst (144).
The 2,3,6-tri-0-methyl-B-gluco3e was further characterised

by the formation of the 1,4-di-O-jo-nitrobenzoate in.p. 133-139°,

undepressed on admixture with an authentic specimen.
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Fraction 10.

3,3,6-tri-Q-methyl-lP-mannose, 2,3, -i-tri-fr-methyl-D-glucose (trace)
and 2,3-di»Q-'aethyl-D«xylose.

0.431g. Rq 0.86,0.77.

jp^j — 4-1° (C ± 1.2 in water)
Paper chroxsmtograohy of the 3y*up in solvents B and D

showed that this fraction consisted of 2,3,6-tri-O-methyl-D-

mannose, a smaller amount of 2,3-di-Q-methyl-D-xy1ose and a

trace only of 2,3,6-tri-O-iaethyl-D-glucose.

Demethylation gave mannose, xylose and a trace of glucose.

Attempted separation "by preferential furano3ide formation.

Rabers and Smith (141) have separated 2,3,6-tri-O-methyl-

D-glucose from 2,3,5-tri-0~methyl-B-mannose hy treatment with

cold l/o methanolic hydrogen chloride. Methyl 2,3,6-tri-0-

methylglucofuranoside is formed preferentially and may "be

separated from the 2,3,6-tri-O-methyl-B-mannose

chromat ograph ical ly.

When the 3yrup (50 mg.) was dissolved in cold methanolic

hydrogen chloride, no change in rotation was observed

although 2,3,6-tri-O-methyl-B-glucose was (on the basis of

chromatographic evidence) known to be present.

Attempted separation on a cellulose column.

An attempt was made to separate the mixture by

chromat o graphy/
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chromatography on a cellulose column using light • petroleum

(100/120°) : "butan-l-ol (70:30) saturated with water as

eluant. This was unsuccessful.

Attempted Separation on a Charcoal:Gelite Column.

The charcoal:Celite column (l:l;40 g.) was prepared in

the usual way, washed with water(-3 1.) until neutral and then

with muthylethylketone (2.5^). The syrup (275 mg*) was

dissolved in meth.yethylketone (2 ml.;2.5/), added to the top

of the column, and the sugars eluted ty gradient alution

(500 ml. 2.5/» meth.ylethylketone and 500 ml. 5.5/i? methylethylketone).

5 ml. fractions were collected.

Suhfraction 10 a.

0.240 g. ft! = -4° (C - 1.2 in water)
_ mj,

Paper chromatography in solvents B, D and E showed that

the mixture consisted of 2, 3fdi-Ci-raethyl-D-xylose, and

2,3,5-1ri-O-methyl-D-manrose•

Demethylation gave xylose and mannose.

The mixture was separated on filter sheets run in solvent

E. Elation of the appropriate areas with water gave

chromatographically pure 2,3,6-tri-O-methyl-D-mannose (181 mg.)

and 2,3-di-O-methyl-D-xylose (40 mg.)•

(a) 2,3,6-tri-O-methyl-D-mannose (131 mg.).

The 3yrup had
^ — -10° (0 — 1.8 in water) and was

ch romatogra ohical ly/
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chromatographically pure.

Demethylation afforded only mannose.

The sugar wa3 characterised by the preparation of

2,3,6-tri-0-methyl-B-mannose~di-jo-nitrobenzoate m.p. 183-J.390,
undepressed on admixture with an authentic sample.

(h) 2,3rdi-0-methyl->I)-x.ylose (40 mg.).

The 3yrup, which had |" =4 22° (C - 0.4 in water),
crystallised out readily on seeding with an authentic sample.

Those had m.p. and mixed m.p. 79-30°.

The crystals were converted to the aniline derivative,

m.p. 122-123°, undepressed on admixture with authentic

2,3-di-O-methyl-lT-phenyl-D-xylosylamine.

fraction 11.

2,3,6-trl-0-raethyl-.D-mannose, and 3,3-di-O-methyl-L arabinose.

Paper chro:oatography in solvents B and D showed

2 ,3,6-1 ri-0-methy1-D-mannose as the main constituent, with a

small amount of 2,3-di-O-methyl-L-arabinose.

Demethylation gave mannose with a trace of arabinose.

0.053 g. RG 0.86, 0.66.

(G - 0.41 in water)
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Fraction 12.

2,4,6-tri-O-methyl-D-galactose and 2,h-di-O-methyl-L-arabinose.

Chrotaatogra >hy in solvents B and I) indicated 2,4,6-tri-

O-methyl-D-galactooe and a small amount of 2,3-di-0-methyl-

L-arabinose.

2,4,6-tri-O-methyl-D-galactose wa3 readily distinguished

from 2,3,4- tri-O-me thy1-g-galactose in solvent I) where it had

^R2,3,4-Me ^gal1*12) • waa »ls° rQ<i under U.V. while
2,3»4-tri-0-methyl-D-galaetose was red-hrown.

Bemethylation gave galactose with a small amount of

arahinoso.

After several raonths in a vacuum desiccator, the syrup

crystallised out. The crystals, which were tiled to remove

adhering syrup and recrystallised from icetone:ether:petrol

(lsl:l), had m.p. 93-99°, undepressed on admixture with an

authentic sample of 2,4,6-tri-O-methyl-D-galactooe.

Fraction 13.

2,4,6-1 ri-0-me thyl-D-galactose, 2,3-di-Q-me thy1-L-arahino 3e,

and a trace of 2,3,4-tri-0-iaethyl-D-galacto3e (possibly).

0.060 g. Rq, 0. 72,0.66.

(G - 1.0 in water)

0.135 g. Rg 0.70,0.66

(C- 1.2 in water)

Chromatogra hy/
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Chromatography in solvents B and I) showed that this

fraction consisted mainly of 2t4,6-tri-O-aethy1-D-galactose.

There was a trace only of 2,3-di-£-methyl-Jj-arabinose.
Demethylation gave galactose and a trace of arabinose.

When the syrup was refluxad with ethanolic aniline,

needle-shaped crystals were obtained after evaporation of the

solvent; these, after recrystalli3ation from acetone:ether:

light petroleum (ijljl), had sup. 165-166°, undepressed in

mixed aup. with authentic 2,4f 6-t ri-jO-methyl-JST-phenyl-jD-

galactosylarnine, After standing for two weeks at 0°, a

second crop of crystals separated from the mother liquor.

These also had m. p. 165-166°, Several days later, a few

crystals were isolated from the mother liquor with aup, 147-143°,

undepressed on admixture with authentic 2,5,4-tri-O-metriyl-D-

galactose anilide in,p, 167°,

fraction 14,

2,3-di-O-methyl-L-arabinose and tri-O-methylgalactoses (trace).

Paper chromatography in solvents B and T) indicated

2,3-di-0-me thy1-L-arabin ooe with a trace of tri-Q-methylgalactose.

The main component was characterised by conversion to

the amide of the aldonic acid m,p, 153-159° after

re c rystal 1 isation/

0.027 g Rg 0.66,0.70-0.72.

(C ~ 0.4 in water)
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recrystallisation from acetonesether. Them.p. was not

depressed on mixing with authentic 2>3»di-0-methyl-Ii-

arahonamide•

graction 15.

2,3>4-tri-Q-methyl-.D-galacto3e and 3>5-di"0-»methyl~L~araoino3e.

0.062 g, 0.70,0.66.

[(A )z + 118° (jj»3 — ©.62 in water)
Chromatography in solvents B and D showed this fraction

to contain 2,3,4-tri-Q-methyl-B~galactQ3e and a small amount

of 2,3-di-O-methyl-L-ara'oinose.

I) erne thy lat ion gave galactose and a small amount of

arahinose.

The syrup iftoAflh was converted to the aniline (Serivative;t/»K

had the characteristic plate shaped crystals of 2,3,4-tri-0-

methyl-B-galactose anilide. They had m.p. and mixed m.p. 163°

after recrystallisation from acetone. When mixed with

2,4,6-tri-0-methyl-D-galactose anilide, the m.p. was 140-1460.

gractfon 16.

2,3,4-1 ri-O-me thy1-D-galac t o se.

RG 0.70

(0 - 1.0 in water)

0.151 g.

\c0~ + 120 ol
y

The/



96

The ayrup had the chromatographic properties of pure

2,3,4-tri-0-methyl~|)-galactose and was characterised as the

crystalline anilide (plate-shaped) m.p• and mixed m.p. with

authentic 2,3,4-tri-Q-methyl~l-phenyl-I)-galactosylamins

16$-17Q°, depressed to 142-147° on admixture with authentic

2,4,6-t.ri-O-meth.yl-D-galactose anilide.

Concentration of the mother liquor gave only plate-shaped

crystals with m.p. 165-166°.

Fraction 17.

2,3-di-U-; lie thy1-3 -glucose and 2,3-di-0-me thyl-^-mannose (trace).

0*050 g. Kq. 0. 59,0* 56#
Paper chromatograms run in solvents B and D showed that

this fraction consisted of 2,3-di-0-methy1-B-g1ucose and a

trace of 2,3~di-0-m©thyl-D-mannose• The dimethylglucose was

purified on filter sheets run in solvent D. Elution of the

area of the papers containing the major constituent gave a

mobile syrup (35 mg.) on evaporation. This was still

contaminated with extraneous material which was colloidal in

aqueous solution and soluble in organic solvents. Difficulty

was consequently experienced in reading the rotation in

aqueous solution.

Purified material.

[X]^ — 4- 46° (c x 0.6 in acetone).
Demethylation gave only glucose.

Periodate/
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periodate oxidation followed, by chromatography of the

products showed two spots characteristic of oxidised

2,3-ui-O-methyl-D-glucose, and a trace of a bright yellow

apot Rp 0.15, which probably arose from some contaminating
2,6-diiaethylhexose.

The sugar (30 mg.) was converted to the lactone of the

aldonic acid which partially crystallised on standing. The

lactone was dissolved in dry ether (8 ml.) by refluxing for

two hours. when freshly distilled phenylhydrazine (30 mg.)
was added, a white precipitate was formed which increased as

refluxing was continued over 4 hours. The mixture was left

at 0° overnight. The colourless crystals were recrystallised

from methanols ether to give 2,3-di-O-methyl-D-

gluconophenylhydrazide m.p. 174-175°, undepressed on admixture

with an authentic specimen.

Reduction to the Ilexttol followed by periodate Oxidation.

See 'General Hethods' for general procedure adopted,

(a) Authentic 2,3-di-O-iaethyl-D-glucose.

Authentic 2,3-di-O-mothyl-D-glucose (1.5 mg.) was

reduced with pot assium borohydride to the corresoonding

hexitol, a portion of which was oxidised with

sodium metaperiodate. Two experiments were carried out;

in one the oxidation was allowed to proceed for one hour,

the/
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the other for 2 hours.

(i) 1 Hour Oxidation.

Pinkish spot Ry o*CfQ - probably 3,4-di-O-methylxylose
Amber spot R-g. o» 31 - probably 2,3-di-0-meth,ylthreo3e

(ii) 2 HJur Oxidation.

Amber spot R-g, 0. il - probably 2,3-di-0-iiiethylthreo3e

There was no authentic sample of 2,3-di-0-methylthreose

available for comparison.

(b) Gyrus from fraction 1'7.

Some of the syrup (1.5 mg.) from fraction 17 was reduced

with potassium borohydride, and a portion of the resulting

hexitol (l.rng.) was oxidised as in (a) above.

The same results were produced as that from authentic

2,3-di-O-methyl-B-glucose (above)•

1'raction 13.

2,3-di-O-methyl-D-mannose and 2,3-di-O-methyl-D-glucose.

Chromatograms run in solvents B and D showed this fraction

to be a mixture of 2,3-di-O-methyl-D-mannose and 2,3-di-0-

methyl-D-glucose, with the former predominating.

Bernethylation gave glucose and mannose.

0.024 g. Rq 0.59,0.5o.
(G r 1.2 in water).
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Fraction 19.

2>5~di-Q»raetliyl-B»iaanno3e and a trace of an unidentified

arabinooo derivative*

Wo = "4°

0*033 g* Rq 0*56 (both)

(£ r 0*60 in water)

Paper chromatography indicated the presence of two

sugars with the same Bq values* (me was brown and corresponded

to 2 , 3-di-£)-aethy1-D mannose* The other was pink*

Demethylation gave mannose and a trace only of arabinose*

Fraction 3Q»

2m 3-di«»0-aethyl-I)*i3annose*

This fraction contained chromatographically pure

2#3-d i-£-me thy1-D-mannoso*

Periodate oxidation followed by chromatography of the

oxidation products gave the same pattern as that produced by

the oxidation of authentic 203-di-o-aethyl-]>-manno3e*

An attempt to prepare 2f3-di-0- lethyl-D-mannonophenylhydrazide

appeared to be 3UccQss?ult but it was found impossible to

isolate the crystals from the residual contaminants -

phonylhydrazine and syrup*

0.045 g. Bq 0*56*

[^ | j - -12° (C - 0*9 in water)#
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Reduction to the Hexltol followed b/ Periodate Oxidation.

(a) Authentic 2,di-Q-me thy1 -P-mann o 3o »

Authentic 3,3-dthy l-D-ma5 nose was reduced to the

hexitol, 1 tag. of Which was then oxidised with sodiura

we tape riodate as described in the 'General Ilethoda*. Two

separate experiments were carried outj in one the oxidation

waa allowed to proceed for 1 hour* in the other for 2 hours.

( i) 1 II aur Oxidation. Chromatography of the oxidation
csV

products in solvent B showed a pinkish spot H ^corresponding
in colour and rate of movement to 3,4-di-O-aothylarabinose

and a faster moving amber spot % 0.31 (probably 2*3-di-Q-

methylerythrose; •

(ii) 2 Hour Oxidation. Chromatography of the products

of oxidation in solvent B showed only the amber spot Hp 0.S1

Ko authentic sample. of 2,3-di«-0-aQthylcxythro3@ was

available for comparison.

(b) S/rup from fraction 30,

A portion of the syrup (1.5 :ig.) waa reduced with

borohydride and a portion oi the hexitol (1 og.) oxidised with

sodium meta eriodate as in (a) above.

(i) 1 Ilour Oxidation.

pink spot R., 0.55 - probably 3»4-di-0«*methylarabinooe

Amber spot % 0.31 - probably 3*3-di-0-aothylorythrose
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(ii) 3 Hour Oxidation.

Amber a pot Ry 0.J1 - probably 2,3-di-0-:aethyleiy throse

fraction 21.

2,3-di-0-methyl-D-manno3e, 2,6-di-O-methyl-D-galactose.
■I—" ■■ ■ ■■HIbTmTi I . II 1.1 ■■Ml. II in 1.1 I.H. ..TTfflt.i— ■■ MIM.i. .. ..I II. Ill I n.. ■■IMIW... .lillWU.- < ..I.,— JWIi 1.1.

0»013 Qm Hq 0»5of0*54«

[kJjj r -4° (Cr 1.3 in water).
Paper chromatogra ;hy in solvents B and D showed a main

spot corresponding in colour (brown) and Eq (0.56) to

2,3-di-O-methyl-D-raannose and a fainter soot corresponding

to 2,6-di-O-methyl-D-galactose (Rq 0.54} red-brown).
Paper ionophoresis showed the presence of a sugar with

the same mobility as 2,6-di-O-metnyl-D-galactose.

Demethylation gave mannose and a small amount of

galactose.

Periodate oxidation followed by chromatography of the

products showed a pattern similar to that produced by authentic

2,3-di-O-methyl-D-mannose and, in addition, a yellow 3pot

Rp 0.15, which would ari3e from 2,(3->di-Ct-xaethyl-D-galactose.

fraction 23.

2t6-di-Q-metr:yl-D-galact poe.

0.020 g. % 0.54

Paper/

— + 36° (C - 2.0 in water)L Jy
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Paper chromatography in solvents B and D and paper

ionophoresis in borate buffer, showed only one spot

eorres >onding to 2,6-di-jQ-methyl-D-galactose.

The syrup crystallised out on standing. Recrystallisation

from a mixture of chloroform and light petroleum gave

2,a-di-0-methyl-D-galactose monohydrate m.p. and mixed

m.p. 31-86°.
When the crystals and residual syrup were combined and

treated with ethanolic aniline?crystals of 2,6-di-O-aethyl-
N-phenyl-B-galactosylamine were obtained with m.p. 120-121°

after recrystallisation from ethanol. A mixed m.p. with
e/

authentic 2,6-di-O-methyl-D-galactosanilide was also 120-121°.

.Fraction 23.

2,6- and 2,4-di-0-methyl-D-galactose, 2- and 3-0-methyl-B-xylose.

0.027 g. Rq 0•54jO.47»0.33.

[y,]^ — +-24° (G - 1.6 in water).
Chromatogra hy in solvents B and D gave weak spots

corresponding to 2,6-di-0-methyl-D-galactose (rq 0.54) and
2,4-di-O-methyl-D-galactosa: and. a strong spot corresponding

to a monomethylxylose (Rq. 0.33).
Paper ionophoresis showed clearly that there were two

monoaethylx/loses present with the same mobility as 2- and

3-0-methyl-D-xylose. The 3-isomer was only present in

small amount.

Demethylation/
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Demethylation gave xylose and a small amount of galactose.

Fraction 34.

2,4-di-Q-methyl-D-galactose and a trace of 2,3-di-0-metvyl-I)-

galactose.

0.354 g. R 0.47#
G

Paper chromatography appeared to show that this fraction

consisted of 2,4-di-2-methyl-l)-galactose only. The syrup

crystallised immediately on drying and, on recryataliisation

from acetone containing 1/ water, the crystals of 2,4-di-0-

methyl-D-galactose monohydrate had m.p. and mixed m.p. 101°.

The crystals hadj-

[*] + 123°—-> +35° (G or 1.1 in water)
Oile = 27.0/i (calc. for CgH^Og HgO, 27.2#)
The aniline derivative was prepared and the crystals

obtained were identified as 2,4-di-O-methyl-D-galactosylamine

m.p. 216-217°, undepressed on mixing with an authentic sample.

Examination of the Mother Liquor.

Evaporation of the mother liquor gave a syrup (198 mg.)

which was shown by chromatography in solvent D to contain

2,4-di-Q-methyl-D-galactose and a small amount of a faster

moving sugar (R0 , „ 1.30). The latter showed up

pink-brown when sprayed with jo-anisidine hydrochloride. This

corresponded/
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corresponded exactly with authentic 2,3-di-O-methyl-D-galactose

and was distinguished from 2,6-di-0~methyl-D-galactose which

had (R2,4-Me gal an(i was red-brown* Sprayed with
j3-anisidine hydrochloride,the 2,4-di-O-methyl-D-galactose was

light brown.

Demethylation aiforded only galactose.

Chromatography of the products of periudate oxidation,

complicated the picture still further, however, for in

addition to the pattern expected from 2,3-di-O-methyl-D-

galactose, (grey spot % 0.67, brown spot Rp 0.73, grey spot

Rp 0#86) and 2,4-di-O-methyl-D-galactose (red-brown - unchanged
material Rp 0.37), there was a slight trace of
methoxymalondialdehyde (yellow Rp 0.15), indicative of the

presence of 2,6-di-O-methyl-D-galactose.

Reduction to the Hexitol followed by feriodate Oxidation.

(a) Authentic 2,3-di-O-meth.yl-D-galactose (1.5 mg.) was reduced

with potassium borohydride (1.5 mg.) and a portion of the

hexitol (l mg.) oxidised with sodium metaperiodate. The

oxidation was allowed to proceed for 2 hours. Paper

chromatography of the oxidation products showed only one soot

(yellowish-orange in daylight - amber under U.V.) with Rp 0.81

(probably 2,3-dimethy1threose)•

Authentic 2,4-di-O-rnethyl-D-galactose, treated similarly

showed a red-brown spot Hp 0.59. (probably 2,4-dimethyllyxose).



105.

(b) Syrup frog lother Liquor.

A sample of the syrup (10 mg.) wa3 reduced. £4-rst with

potassium "borohydride and oxidised as in the previous two

oases. Chromatography showed:- •

(a) a red-brown spot, Rp 0.59 (intense)
(b) and orange-yellow spot, R 0.81.

J?

fraction 25.

2,4-di-O-metl yl-D-galactose and a trace of 2-0- aetl yl-L-arabinose.

0.019 g, Rq 0.47,0.39.
~ +104° (C — 1.9 in water)

Chromatography 3howed a red-brown spot corresponding to

2,4-di-O-methyl-O-galactooe and a small amount of 2-0-methyl-

L-arabinose (pink-brown)•

D erne thy la tion gave galactose and a trace of arabinose.

Paper ionophoresis indicated that the pink-brown spot

moved at the same speed as authentic 2-0-methy1-1-arabinose.

Fraction 26.

2,4-di-O-methy1-D-galactose and at methylated uronic

acidff.

O.OOo g. Rq. 0.47.

Paper chromatography in solvents B and D 3howed that the

syrup contained a methylated uronic acid (streaking) and

2,4-di-O-methyl-B-galactose in approximately equal amounts.

Paper/
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Paper chromatograas run in solvent G and sprayed with bromothymol

blue indicator*3howed that there were actually two uronic acids

in this fraction (R^, 0.74, 0.49); one was present as a trace
only (Rj, 0.49).
at Bromothymol blue (0.1>b in 80% ethanol and solution adjusted

to pH 8)

fraction 27.

Methylated uaronic acid3 and a methyl ether of xaannose.

0.018 g. 0.33 (mannose derivative)

paper chromatography in solvent G showed that this fraction

consisted of two methylated uronic acids, Rp 0.74 and Ry 0.49 (trace).
In solvent B there was an intense brown spot Rq. 0.33 in addition
to the pink 3treak from the methylated uronic acids.

Demethylation gave raannose and a trace of xylose.

fraction 28.

)
Methylated uronic acids and 2-Q-methylgalactose. c. —

0.021 g. Rg 0.29

Paper chromatography in solvents B, D, and G showed that

the uronic acids formed the major constituents.

graction 29.

Methylated uronic acids, 2-Q-methvl-D-galactose and galactose.

0.042 g. Rq 0.29, 0.20.

This/



107

This fraction was shown "by paper chromatographic analysis

to "be essentially the same as fraction 28 "but, in addition,

there was a trace of galactose.

Fractions 28 and 29 were combined and the constituents

separated on filter sheets run in solvent G (after spraying one

side-strip with bromothymol blue indicator to locate the acids

and the other with aniline oxalate to detect the 2-0—aethyl-

D-galaetose). The appropriate areas containing the sugars were

cut out and the sugars eluted with water.

The acids (20 mg.) were dissolved in tetrahydrofuran (20 ml.),

lithium aluminium hydride (30 mg.) added and the solution

refluxed for 2 hours. The excess hydride was destroyed by adding

water, the organic layer separated and the aqueous layer taken

to dryness. The residue was extracted several times with acetone

and the combined extracts taken to dryness under reduced pressure.

The residue was hydrolysed with hydrochloric acid (5 ml.:N) for

4 hours, the solution oooled, neutralised with silver carbonate

and taken to dryness. The constituents of the small amount of

syrup remaining was chromatographically and ionophoretically

indistinguishable from 2,3,4-tri-_0-methyl-l)-glucose and

3-0-methyl-D-xylose.

The 2-0-methyl-D-galactose (11 mg.) crystallised on standing

in vacuo . Recrystallised from glacial acetic acid they had

m.p. 147-148°•
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Beriodate Oxidation and Barry Degradation.

Consumption of Periodate.

See *General Methods* for details of method employed

Polysaccharide used 202 rag.

Arsenite was 0.050 N.

Iodine was 0.0101 N.

Results.

Time (Hours) 9 16 35 53 65 85 100 130 150 200 258

Titre (ml.) 2.0 3.0 4.5 5.5 6.0 6.5 6.8 7.3 7.5 8.0 8.9
(corrected for

Extrapolation of the approximately straight portion of

the graph (obtained "by plotting titre against time) to zero time

gave an iodine titre of 5.5 ml. This corresponded to a periodate

consumption of 1.11 moles per CgH-^oOg unit.

Barry Degradation of Periodate Oxidised Polysaccharide.

(a) Periodate oxidation•

The water soluble polysaccharide (10 g.) was dissolved

blank)

in/
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in hot water (200 ml.) and allowed to cool. Sodium

metaperiodate solution (400 ml.;0.4M) was added, the mixture

shaken and placed in the dark. A "blank was run at the same

time. Samples were withdrawn periodically and when titration

established that the consumption of periodate corresponded

to 1.11 iaoles/6gHio05 unit (53 hours), the oxidation was

stopped by adding an aqueous solution of lead acetate to

precipitate iodate and periodate ions as their insoluble

lead salts. The precipitate was removed at the centrifuge,^ • «

and the lead ions remaining in solution removed by precipitation

as insoluble lead sulphate.

(b) Treatment with phenylhydrazine.

The solution of the polyaldehyde obtained (700 ml.) was

treated at room temperature with freshly distilled

phenylhydrazine (21 ml.) and acetic acid (60 ml.jlO/o). The

yellow precipitate which separated immediately was filtered

off, washed well with water and dried to a yellow powder (9.9 g.)

(c) Degradation of the phenylhydrazine derivative.

The yellow powder (9.9 g.) was suspended in a mixture of

ethanol (250 ml.), freshly distilled phenylhydrazine (30 ml.),

glacial acetic acid (55 ml.) and water (100 ml.) and refluxed

for 4 hours.

»vhen the ethanol wa3 removed from the clear solution

under reduced pressure, orange crystals separated out. These

were filtered off, washed with water, dilute acetic acid and

water/
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water again. Drying in air gave orange crystals (9.9 g.).

The filtrate and washings were extracted with ether

continuously in a liquid/liquid extractor until the extracts

were no longer coloured yellow. The solution (500 ml.) was

then made 0.211 with respect to sulphuric acid and treated for

40 minutes on a hoiling water-hath to cleave phenylosazone

residues. After cooling, the solution was neutralised with

barium carbonate and the filtrate passed through a column of

Amberlite resin IR-120(H), to remove barium ions.

The solution (900 ml.) was again extracted continuously

with ether,, concentrated (20 ml.) and ethanol (4 vols.) added.

A small precipitate was obtained,but the remainder of the

polysaccharide formed a colloidal suspension which could not

be coagulated. The whole was therefore evaporated to a syrup

(590 mg.).

Partial hydrolysis of the .Degraded Poly saccharide.

Degraded polysaccharide (20.1 rag.) was dissolved in 0.511

sulphuric acid (20 ml.). Two samples (l ml.) were taken at

room temperature and the remainder was heated on a boiling

water-bath. Periodically two samples(l ml.) were taken and

the reducing power for one estimated with Somogyi's reagent (33)

after being cooled to room temperature, diluted with water

(4 ml.) and neutralised with 0.5H sodium hydroxide solution

(phenolphthalein).
*

V
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A plot of titre/time was made and the titre at which the

curve levelled out was taken as corresponding to 100,o

monosaccharide content - i.e. complete hydrolysis. Half

of this value will give the approximate time of maximum

disaccharide content ( 45 rains.).

The other sample (l ml.) was deionised with Amherlite

resin IR-45(01l)» poured into excess alcohol and any small

precipitate of polysaccharide removed at the centrifuge.

The centrifugates were evaporated to dryness and the syrups

examined hy paper chromatograohy in solvent A. Sugars with

the same mobility as 3-0-j^-D-galactopyrano syl-D-galactose

(liQai 0.49) 6-0-^-D-galactopyranosyl-D-galactose (PvQai 0.30),
4-0-^-D-mannopyranosyl-D-mannose (Rgal 0.60), glucose, mannose,
arabinose and xylose (trace) were observed.

The 3-0-^-H-galactopyranosyl-D-galactose formed the most
intense spot and reached a maximum concentration after about

45 minutes.

The remaining degraded polysaccharide (570 mg.) was

hydrolysed with sulphuric acid (0.5H : 75 ml.) at 100° for

45 minutes, the solution cooled, neutralised with Amberlite

resin IR-45(01l), concentrated (20 ml.) and poured into

ethanol/
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ethanol (3 vol3.). The small amount of precipitated

polysaccharide was removed at the centrifuge and rehydrolysed.

All of the 3upernatants and ethanol washing were combined

and evaporated to dryness to yield a syrup (274 mg.).

The syrup was spotted on filter sheets and run in solvent

A* Elution of the areas of the paper containing the

disaccharides (located by spraying side-strips) gaveg-

3-0-/? -D-galactopy ran o sy 1 -D-galactose in quantity, a small
amount of 4-0-/?-D-mannopyranosyl-D-mannose and a trace of

6-0-/?-Q~galac topy ran o sy l-D-galact o s e •

Only the S-OT^-D-galactopyranosyl-D-galactose fraction

was examined further,

Purification and crystallisation of S-Qyff-D-galactopyranosyl^
D-galactose.

It was necessary to repeat the separation on filter

sheets in order to obtain what appeared to be chromatographically

pure 3-07^-D-galactopyranosyl-O-galactose (21 mg.).
The sugar failed to crystallise while standing in vacuo

over phosphorus pentoxide for one year. Seeding with an

authentic sample was also unsuccessful.

The syrup was adsorbed on to a small charcoal column (2g.)
and eluted with ethanol (12.5/*,). Evaporation of the eluate

to dryness left a 3yrup which crystallised out on standing.

Recrystallisation from ethanoljwater gave needle shaped

crystals m.p. 145-147°, undepressed on admixture with an

authentic/
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authentic sample of 3-0-^-D-galactopyranosyl-D-galactose*
An X-ray powder photograph of the crystals was identical

with that of 3-0^-D-galactopyranosyl-D-galactose.
The mother liquor from the recrystallisation was

evaporated to dryness to yield a syrup. Paper ionophoresis

indicated sugars with the same mobility as 3-G*?^-3)-
galactopyranosyl-D-galactose and 4-07^-D-galactopyranosyl-D-

galactose. The latter was present as a trace only.
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oRCTIOH I (B).

PRACTIQIIATIOII OP THE CRUDD WATER- SOLUBLE

POLY3ACCIIARIDE MIXTURE HTTP AN ARABIUOGALACTAIT

AHD A GALAGTOGLUCOI-IAimAK RICH FRACTION.

3TRUCTURAL IFVMSTIGATIQI13 PIT THE

FRACT IORATED POLYSACCHARIDE3 .
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SCHEME USED FOR FRACTIONATION OF >v ATER-SOLUBLE EXTRACT#

Polysaccharide mixture

Acetylation

Acetylated polysaccharide

Deacetylation

Deacetylated polysaccharide

Eehlings soIn.

N/

Soluble copper complex

IIC1 VEtOH

Insoluble copper complex

HC1 + EtOIi

\l/
Polysaccharide

v

Polysaccharide containing
galacto3e,arabinose,xylo3e,

fn uronic acid,glucosetrace) raannose (trace),
rhamnose (trace)

Penlings soln.

v

V

Soluble copper'
complex

Insoluble copper complex

IIC1+ EtOH

Pehlings soln#

V
No precipitate

v

Polysaccharide containing
only galactose, glucose

and mannose#
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Acetylation of Crude water"soluble Extract.

See 'General Methods' for procedure.

quantities U3ed:-

Polysaccharide - 5.5 g.

Pormamide *• 150 ml.

Pyridine * 150 ral.

Acetic anhydride - 100 ml.

Acetylated polysaccharide obtained 5.2 g.

Deacetylatlon of Acetylated Crude Water-soluble Lxtract.

Acetylated polysaccharide ( 5.2 g.) was dissolved in dry

chloroform (150 xal.) and dry methanol (50 ml.) added. when

the clear solution was treated with barium monoxide in methanol

(10 ml. ;0.5ll), a gelatinous precipitate was formed immediately.

The reaction mixture, which was alkaline to phenolphthalein

wa3 left standing for 15 hours at 0°c. The gelatinous mass

(still alkaline to phenolphthalein) was then poured into water

(400 ml.) and extracted by shaking several tim©3 in a separating

funnel. An emulsion was formed between the chloroform and

water layers, but this was readily broken up by the addition

of a few drops of methanol. After repeated extraction with

water, the chloroform layer was found to be free from

carbohydrate material.

All water extracts were combined and the excess barium

removed as insoluble barium sulphate by the addition of sulphuric

acid/
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acid (o.lll). The filtrate and washings were combined,-

concentrated (100 ml.), and the polysaccharide precipitated

with ethanol (4 vols.).

Zield=3.5 g.

Hydrolysis of a small sample (10 fag.) followed by

chromatography in solvent A and C, showed glucose, mannose,

arabinose, galactose, xylose, traces of an uronic acid and

rhamnose.

Fractionation of the Crude ^'ater-soluble Extract.

Treatment with Fehling's solution.

Polysaccharide (3.5 g.) was dissolved in water (100 ml.),

Fehling's solution (SO ml.) (A-10 ml.} 23-10 ml.) added with

stirring and the blue precipitate which formed immediately

removed by centrifugation.

(i) Insoluble copper complex, (blue precipitate above).
The insoluble copper complex wa3 suspended in water (50 ml.),

ice-cold hydrochloric acid 0.5N added with stirring until the

solution was very slightly acid (pH5), and the polysaccharide

precipitated with ethanol (4 vols.).
The polysaccharide wa3 redi3solved in water, reprecipitated

with Fehling's solution and regenerated as before.

Precipitation with ethanol gave a colourle33 polysaccharide,

which was washed with ethanol, acetone ether and dried.

field=1.07 g.

Hydrolysis/
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Hydrolysis of a small sample (10 rag.) followed toy

chromatography of the neutralised hydrolysate in solvents A

and C, showed only galactose, glucose and mannose.

tThis fraction will henceforth toe referred to as

"galactoglucomannan fraction")•

(ii) Soluble copper complex.

The mother liquors from (i) were cooled in ice, acidified

with ice-cold hydrochloric acid (0.51J) and ethanol (4 vols.)

added. The resulting cream coloured polysaccharide wa3 removed

at the centrifuge, washed well with ethanol, acetone, ether

and dried in vacuo.

Yield = 1.80 g.

Hydrolysis of a small sample (10 mg.) showed galactose,

aratoinose, xylose and traces of rhamnose, an uronic acid,

glucose and mannose.

In an attempt to remove the trace of amounts of glucose

and mannose, the polysaccharide was dissolved in water and

given a further treatment with Fehling's solution. Hydrolysis

of a small sample of the isolated polysaccharide, followed toy

chromatography, 3howed that this had toeen unsuccessful.

Final yield of polysaccharide = 1.79 g.

("This fraction will henceforth toe referred to as

"aratoinogalactan-xylan fraction"). The xylan was present in

small amount only.
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GAIACTOGLUCOIIAIII; /'II.

.ry of work done on G -lactoglucomannan.

Galactog1 uc oraannan

Sedimentation
Analysis

Electrophoresis

Relative proportions
of sugars

Acetylation

Periodate
Oxidation

Partial
Acetolysis

Methylation

Periodate
Oxidation

Smith degradation.
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Preinlinary .Rxamination of the Galactoglucomannan.

Hydrolysis - Hydrolysis of the polysaccharide (10 mg.)
followed by chromatography of the neutralised hydrolysate,
showed galactose# glucose and mannose only.

Ash determination 1.0jo

Rotation

,^1d = 4*5°
[of]_ = -9.2°

(c. 1.07 in water)
corrected

(c 1.43 in N.UaOH) for ash.

Ultracentrifugal examination.

Model B Spinco U.C. : Schlieren optics incorporating

a phase-plate

Polysaccharide *• Q.5/& solution

Rotor speed - 56,100 r.p.m.-

A sedimentation analysis showed that the polysaccharide

wa3 so markedly polydisperse that it was impossible to draw

any conclusions regarding the homogeneity of the polysaccharide.

The sedimentation diagram (Fig.2) shows that the trailing

edge had not left the meniscus 30 minutes after reaching full

speed.

Pig. 2 - Sedimentation diagram of galactoglucoioannan.
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electro Phoresis.

The polysaccharide was examined electrophoretically on

Whatman Ho.3. paper "by Dr.H.O. Bouveng (145). When the sheets

were sprayed with a slightly modified version of the

Cifonalli-Smith periodate-hensidine spray (146) only streaking

was observed.

-■stimation of the Relative Proportions of the Constituent Sugars.

This was carried out by a colorimetric method (35).

A synthetic mixture of sugars was prepared by dissolving

millimolar amounts of galactose, glucose and mannose in water

in a standard flask (25 ml.). Accurately measured volumes

were spotted on to the starting line of a paper chromatogram-,-

along with suitable amounts of the hydrolysed galactogluco.aannan.

The chromatograms were elut-ed with- solvent A for 16-1-8

hours and then dried in air.- The papers were sprayed with

freshly made aniline hydrogen phthalate solution and

developed at 110° for 5 minutes. The coloured sisots w.-.ich

appeared were cut out and eluted with a solution of 0.71T

hydrochloric acid in dO'/o aqueous ethanol. After one hour,

the absorbances of the solutions were measured on a Unican

Spectrophotometer S.P. 500 at the wavelength of maximum

absorbance for the sugar under investigation (390 mAi for

hexoses and 360 mm for pentoses*

A plot of absorbance against the weight of each sugar

used in the standard mixture, gave a straight line graph for

each/
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each 3Ugar. The relative weights of the sugars in the

galactoglucomannan was then obtained directly from these

standard calibration graphs.

Results.
Approx. molar

Sugars proportions

Galactose 2

Glucose 3

Ilannose. 9

Sodium Periodate Oxidation of the Galactoglucomannan.

The periodate consumption was determined

spectrophotometrically (147 ) ♦

Glucomannan (11.9 mg.-corrected for ash) was dissolved*

in water (5 ml.) with shakingf sodium raetaperiodate solution

(5 ml.j0.03 M) was added, and the flask set aside in the dark

at room temperature. A blank was run at the same time

omitting the polysaccharide.

At intervals aliquots (l ml.) were withdrawn with an

'Agla* syringe, diluted (250 ml.) and the optical density of

the solutions measured in a 'Unlearn* spectrophotometer using

U.V. light (X = 223m/u).

Results.

Time (Hours) 2 6 8 15 30 46 o9 75

peie^05°uS?rd 0.11 0.52 0.80 0.95 0.01 B.02 1.02 1.02
Clearly/
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Clearly then 1.02 moles of periodate had been consumed

for each C^H^QOg unit.

Smith Degradation on the Galactoglucomannan.

The polysaccharide (50 ing.) was dissolved in water (50 ml.),

sodium metaperiodate solution (50 was added, and the

reaction mixture set aside in the dark for 43 hours. An

aqueous solution of lead acetate wa3 then added to precipitate

iodate and periodate ions as their insoluble lead salts;

these were removed at the centrifuge. Lead ions were removed

as lead sulphate on addition of dilute sulphuric acid.

The neutral solution containing the 'oxo-polysaccharide1

was treated with potassium borohydride (50 mg.) and the

resulting alkaline solution left standing for two days at

room temperature.

Glacial acetic acid was added until the solution was

neutral, the reaction mixture concentrated to small volume

(10 xal.) ana made 11 with respect to sulphuric acid. The

solution was hydrolysed at 100° for 6 hour3, neutralised

with Amberlite resin IR -4B (OH) and passed through a

column of Amberlite resin IR-12o(h) to complete the

deionisation. Removal of the water left a syrup which was

examined chromatographically in solvent A and C.

The chromatograms, sprayed with aniline oxalate and

silver/
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silver nitrate spray reagents, showed*-

(a) aniline oxalate - no reducing sugars present

(b) silver nitrate - intense 3pot moving at the same

speed as erythritol and a faint spot

with the same mobility as glycerol.

An attempt was made to characteristic the er/thritol by

the formation of erythritol tetraacetate; this was unsuccessful.

Acetylation of the Galacto^;lucooannan.

See *General Methods' for procedure.

quantities used:-

Polysaccharide * 319 mg.

Formainide *• 25 ml.

Pyridine *- 2? ml.

Acetic anhydride » 18 ml.

field - 1.06 g.

Methylation studies on the Galactoglucomannan.

See 'General Methods' for procedures used,

(a) Methylation with dimethyl 3ulohate and powdered sodium

hyd roxide.

■uantities used:-

Polysaccharide acetate - 313 xag.

Tetrahydrofuran - 50 ml.

Dimethylsulphate - 50 ml.

Sodium hydroxide - 45 «
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Yield - 201 mg. OMe - 40.1%

(b) Hethylation with methyl iodide and silver oxide.

Quantities used:-

Partially methylated polysaccharide - 190 rng.

Methyl iodide - 20 ml.

Silver oxide - 5 g.

Yield-141 mg. OMe — 41.5%

The methylation with methyl iodide and silver oxide was

repeated four times until no further increase in methoxyl

content could be obtained.

Pinal yield= 62 mg. OMe = 42.9%

Examination of the Methylated Galactogluconannan.

(a) By Paper Chromatography.

The fully methylated polysaccharide (20 mg.) was

methanolysed and then hydrolysed.

Chromatography of the products of hydrolysis in solvents

B, D and £ showed the following sugars.

Methyl ethers Approximate relative
proportions.

2,3,4,6-tetra-O-methyl-D-glucose very slight trace

2,3,4,6-tet ra-0-methyl-D-manno s e x

2,3,4,6-tet ra-O-methy1-D-galac t o se xx

2,3,6-tri-0-methyl-I)-glucose xx

2,3,6-t r i-O-me thy1-D-mann o s e xxxxxx

2,3-di-0-methy1-B-manno se xx

2,3-di-0-rae thyl-D-glucose x
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The 2,5-di.aethylmannose was readily distinguished, from
the 2,3-d ..aethylglucose in solvent D where it had R,,2,o-Me2glucose
0 • 31 •

(b) Gas/liquid Chromatography.

The fully methylated -polysaccharide- (20 mg.) was

methanolysed and the methyl glycosides analysed by gas/liquid

part it ion ch romat ography •

Peaks with retention times characteristic of all the

tetra- and trimethyl ethers were obtained. The results

obtained for the dimethyl ethers were inconclusive (see

Section III. Figs*-3,9 for Gas Phase Chromatogram3 and

detailed interpretation).

Graded Acetolysis of the Galactoglucomannari Acetate,

A quantity (8 ml.) of acetolysis mixture (glacial acetic

acid* acetic anhydride, and concentrated sulphuric acid in

the ratio of (l0:10sl) was cooled to 0° and galactoglucomannan

acetate (699 mg.) added slowly. The temperature was not

allowed to rise above 1° during the addition. The brownish

solution was allowed to warm up gradually to. room temperature

and then left standing for 92 hours.

The reaction mixture was poured with stirring into water

(50 ml.), sodium bicarbonate added until the pi! was 3-4, the

sticky precipitate filtered off, washed thoroughly with water,

and/
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and. dissolved in chloroform. The mother liquor and water

washings were extracted several times with chloroform (6 x 20 ml*).

All chlorof)rm solutions were combined, washed well with

saturated sodium bicarbonate solution, then with water, dried

over anhydrous sodium sulphate, filtered and the chloroform

removed under reduced pressure. The solid residue which

remained5dried to a glossy product when standing in vacuo
over solid sodium hydroxide.

Yield=080 mg,

Deacet/lation of the Acetolysis Product.

The glassy solid (630 mg.) was dissolved in dry chloroform

(25 ml.) and dry methanol (35 ail.) added. Barium methoxlde

(2 ml.iO.5N) was added to the clear solution and the alkaline

mixture left standing at 0° for 24 hours. The reaction

mixture was poured into water- (250 ml.) and the chloroform

layer separated off and washed several times with water. The

water layer and washings were combined, neutralised with

sulphuric acid (0.5N) and the barium sulphate removed at the

centrifuge. Evaporation of the water under reduced pressure

left a syrup which was dried in vacuo over sodium hydroxide.

Yield=422 mg.

Chromatography of the syrup in solvents A and F showed

monosaccharides with the same mobility as raannose, glucose

and galactose and various oligosaccharide fragments.

Separation of the products of Acetolysis on a Charcoal Celite
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Separation of the Products of Acetolvsis on a Charcoal Celite

Column.

The sugars (422 mg.) were dissolved in water (2 ml.) and

added to the top of a charcoal:Celite column (1:1;50 g.) and

eluted by gradient elution using water (900 ml.) followed

by ethanol (900 ml»|13.5>)
5 ml. fractions were collected. Every fifth tube was

evaporated to dryness and the contents epcamined chromatographically

in solvents A and F.

Results.

Fraction Tubes Contents Weight

1 1-92 Mono saccharide s 203 mg.

2 93-98 — Nil

3 99-195 Xlannobiose 2 mg.

4 196-211 Mannobiose

Mannotriose

22 mg.

5 SUJLK/ M / J Mannotriose

Mannobiose

Manno sylgluc o se

24 Mg.

6 277-305 Mannobiose

Manno sylgluc o se
*

14 mg.

7 306—340 Mannosylglucose

Gluco3ylmanno3e
3 mg.
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Examination of the tractions from the Oh i-rcoaltCelite Column.

fraction 1 (20*3 rag.)

Chromatography of thi3 fraction in solvent A 3howed that

it consisted of galactose, glucose and mannose.

fraction 2 (2 rag.)

This fraction wa3 ohromatograpMcally pure when examined

in solvents A and F* The single constituent had the same

mobility as 4-0-/?-D-mannopyranosyl-D-manno3e (^ann 0.5)4
This was confirmed by ionophoresis.

Hydrolysis gave only mannose.

Fraction 4 (22 mg.)

Chromatography in solvents A and F showed that there were

two sugars present. The major one exhibited the chromatographic

properties of 4-0-/?-D-mannopyranosyl-D-manno3e} the other,

those of mannotrios® (^annobiose0*1^ Ionophoresis provided
confirmation for the presence of these sugars.

This fraction was separated on filter 3heets run in

solvent F. Elution of the areas of the paper containing the

sugars gave, (a) 4-0-/?-D-mannopyranosyl-D-mannose (10 mg.) and

(b) mannotriose (5 mg.)•

Hydrolysis of a small quantity of (a) (3 mg.) gave mannose

only.

The/



130

The remainder of syrup (a) (7 rag.) was dissolved in

water (0*5 ml.) and treated with potassium borohydride {7 rag*)*
The solution was left standing overnight, deionised with

Amberlite resin IR-12o(H) and Amberlite resin IR-45(0H)»-

evaporated to dryness and the syrup hydrolysed with sulphuric

acid (l ml.:F)• The solution was deionised with Amberlite

resin IR-45(01l) and evaporated to dryness. Chromatography

of the resulting syrup in solvent A showed mannose to "be

the only reducing sugar present.

partial hydrolysis of (b) followed by paper chromatography,

showed mannose, 4-Q-A1-I)- mannopyran o sy1 -D-mannose and some

unch mged sugar.

Fraction 5 (24 rag.)

Paper chromatography in solvents A and F 3howed spots with

the same mobility as, 4-0-/?-D-mann o py rano sy1 -D-manno a e

(major constituent), mannotriosa and 4-0^?-D-mannopyranosyl-
D-glucose (hmann0-bj_03Q 0.p4).

This fraction was not examined further.

Fraction 6 (14 rag.)

Chromatograms run in solvents A and F indicated that this

fraction contained augars with the mme mobility as 4-0-/?-D-
mannopyranosyl-D-glucose (major constituent) and 4-0-^/?-!)-
mann opy ran o sy1-D-mann o se. This was confirmed by ionophoresis.

V
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A sample of the major component was separated on filter

sheets# Evaporation of the eluate left a syrup (6 mg.).

Hydrolysis of the syrup (2 rag.) gave mannose and glucose.

Reduction of another sample (4 rag.) with potassium borohydride

(4 mg.) followed "by hydrolysis gave mannose only.

Fraction 7 (8 mg.)

Paper chroioatography showed that this fraction consisted

of 4-glucopyranosy 1 -D^mannose and a very slight trace

of 4-0-/-D-mannopyra,nosyl-D-glucose.
Hydrolysis of a sample (2 mg.) followed by chromatography,

gave mannose and glucose in equal amounts#

Reduction with potassium borohydride followed by

hydrolysis gave glucose and a very slight trace of mannose#
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A ABINOGALACTAII AID XTLAN

Summary of Work done

Arabinogalactan and Xylan,
(traces also of galactoglucomannan)

Periodate oxidation Partial hydrolysis

Acetylation

Smith Degradation

Methylation

Degraded polysaccharide

Partial
hydrolysis

Periodate
oxidation

Methylation
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Preliminary Examination of the Arabinogalactan and Xylan fraction

Hydrolysis.

Hydrolysis of the polysaccharide (10 rag.) followed by

chromatography ox the neutralised hydrolysate showed arabinose,

galactose, xylose and traces of an uronic acid, glucose and

mannose.

Ash Determination - Nil

Rotation.

p, - -411° (c — 1.3 in water)

Ultracentrifugal Examination.

A solution of the polysaccharide (0.5/o) in water was

examined in a Model E Spinco Ultracentrifuge. The rotor

speed was 44,770 r.p.m. The sedimentation diagram (Fig. 3)

showed a single peak indicative of a homogeneous polysaccharide.

The slight leading edge may account for the trace of

contaminating xylan.

Fig. 3. Sedimentation diagram for arabinogalactan-xvlan

fraction. Photograph taken 134 minutes after reaching full speed.
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ii.3 ectrophoretic Examination.

An electrophoretic examination of the polysaccharide

carried out by Dr. H.O. Bouveng (145) on Whatman No.3 filter

paper showed that the main oolysaccharide (Mq 0.5) appeared to
be homogeneous. There wa3 a second slower moving faint spot

which was probably the xylan contaminant. A slightly modified

version of the Cifonelli - Smith periodate benzidine spray (146)

was used.

Partial acid hydrolysis of ,,iabinopalactan-xy1 ~n.

Polysaccharide (30 mg.) was refluxed with sulphuric acid

(5 ml.; 0.5N) for 1 hour, cooled, neutralised with Arabsrlite

resin IR-45(0H), filtered and evaporated to dryness.

Chromatography of the products of hydrolysis showed xylose,

arabinose, galactose, traces of mannose and glucose, an intense

spot corresponding in rate of movement to 6-0^/^-D-galactopyranosyl-
D-galactose (R$a2 0.30) and a similar spot corresponding to
3-0-^-D-galactopyranosyl-R-galactose (R(jai 0.49). There
was also a 3eries of higher oligosaccharides.

Estimation of the Relative Proportions of the Sugars.

The polysaccharide (10 rag.) was hydrolysed, neutralised

and the constituent sugars estimated colorimetrically by

the/
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the method of Wilson (35) (see page i2lfor details of method

used) after chromatographic separation in solvent A.

Sugars Approx. molar
proportions

Xylose 1

Arabinose 2

Galactose 24

Acetylation of Arabinogalactan»xvrlan#

See 'General Methods' for procedure#

■quantities used:-

Polysaccharide 4# 401 mg#

Pormamide 4# 25 ml.

Pyridine -
4a 12 ml#

Acetic anhydride - a ml.

Yield - 454 mg#

Methylation of Arabinogalactan-xylan

See 'General Methods* for details of procedures#

(a) With dimethyl sulphate and powdered sodium hydroxide

quantities usedi-

Polysaccharide acetate • 434 mg#

Tetrahydrofuran - 25 ml.

Dimethyl sulphate - 70 ml#

Sodium hydroxide - 60 g.

Xield - 280 mg. OMe - 36.4%
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("b) With methyl iodide and silver oxide*

s-uantities used;-

Partially methylated polysaccharide *• 270 mg.

Methyl iodide 25 ml.

Silver oxide 5 g.

Yield = 205 mg. 01-Ie r 40.1/&

After a further four treatments with these reagents,' a

pale yellow powder was isolated, the methoxyl content of which

oould not "be further increased.
4

w ..... V K

Pinal yield a 61 rng. OMe s 44.0$

Examination of the Methylated Polysaccharide.

(a) By Paper Chromatography*

A sample of the fully methylated polysaccharide (20 rag.)

was first methanolysed with refluxing methanoikhydrogen

chloride (4^) and then hydrolyoed with aqueous hydrochloric

acid (0.511).

Chromatography of the neutralised hydrolysate in solvents

B,D and E 3howed methylated sugars with the same chromatographic

properties/
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properties as those shown below?—

Methvl eihexs relative
Proportions

1. 2,3,5fctri*»04-methyl*L*»arabino3e % 0 • 93 X

2. 2,3,4-1 ri-O-methyl-D-xy lose % 0.98 slight trace

3. 2,3,4,6-tetra-O'-metliyl-D-galactoae % 0.90 xxxx

4. 2,5*di-0^methyl*-3>arabinose % 0.35 trace

5. 2,3-di-0-methyl«D*»xy 1 oso. % 0.77 X.

6. 2,4,6-t ri-Q-mothylrD**galactose % 0.72 XX

7. 2,3,4-t r i-O-me thy1-D-galactoss % 0.70 - " XX

8. 2,3*di-0-methyl-L-arabino3Q % 0.66 trace

9. 2,4-di*0-methyl-D-galact ose % 0.47 • xxxx

10. 2-mono-O-methyl-jD-galact) se % 0.29 trace

11. Methylated uronic aoid trace

(b) 3y Gas/Liquid chromatography

Another sample of the fully methylated polysaccharide

(20 mg.) was raethanolysed arid the methyl glycosides analysed

by gas/liquid partition chromatography. A detailed

examination of the chromatograms provided evidence Which

supported some of that obtained from the paper partition

chromatography. All of the methylated sugars were not

detected on the liquid systems used but a detailed

interpretation/
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interpretation of the chromatogram9 PiglO, is given in
Section III.

The Gas-phase chromatography did show that 2,4,6-tri-

0-methyl-D-galacto3e was the predominating trimethyl ether of

galactose.

Periodate Oxidation of the Arabinogalactan - xylan.
„ ... • • . . ■ , is , • %%.=.. ... .. | -V >. . ■ i k i v... v. \ v.. t v

The periodate consumed was determined spectrophotometrically

(l47) s-

Polysaceharide (10«1 mg.} was dissolved -in water ( 5 ml.)
and sodium metaperiodate solution (5 ml.s0*03M) added. The

flask was kept in darkness during the oxidation. A blank was

run at the sarnie time omitting the polysaccharide.

Results.

Time (Hours) 5 • ■ 15 25 43 - 60 85 110 - 151

Moles 10^' consumed 0.35 0.7 0.9 1.02 1.1 1.12 1.13 1.14
c6r1.0°5 unit

When the moles of periodate eonsumed/^gH^QQ^ unit was
plotted against time (in hours), a graph was obtained which

showed clearly after extrapolation that the norial glycol
? *

cleavage was complete after 30 hours (Graph I ). This

corresponded to a periodate consumption of 1.11 moles per

C6K10°5 unit*
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Graph I.

Moles 777
I04«

m j I •*r N -^DCiTime (Hours). ISO

|-ur .odrfce^xidation ot *>,/

Smith Degradation.

(i) Oxidation followed by reduction

Polysaccharide (1.2 g.) was dissolved in water (100 ral*)»

sodium metaperiodate solution (100 ml* s 0«3M) added and the

reaction raixturo sot aside in the dark dor (SO hours) f until

oxidation was compile to. Ethylene glycol (4 ml.) was added to

stop the oxidation and tin solution dialysed against running
j ■ si >

tap water for 3 days. To reduce the »oxo-polysaccharide• to

the polyalcohol, potassium borohydride (12 g.) was added and

the solution allowed to stand at room temperature to complete

the reduction#

excess borohydride was destroyed with glacial acetic acid

and the solution again dialysed against tap water for 3 days

to remove inorganic ions*
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(ii) Hydrolysis and isolation.

The solution was concentrated (50 ml.), sulphuric acid

(50 ml. : 2s) added, and the reaction allowed to proceed at

room, temperature for 3 hours. (These conditions were selected

after it had been noticed that an arabinogalaeton from

Japanese larch - see Section 2 - treated similarly, did not

release any monosaccharide residues).

The solution was neutralised with saturated barium hydroxide

solution (added until near neutral point) and then with barium

carbonate. Passing the solution through a column of Amberlite

resin IR-120(H) removed the barium ions. The solution was

concentrated and ethanol (4 volsQ added. A colourless

colloidal suspension of degraded polysaccharide was obtained

which coagulated readily on addition of a few crystals of

ammonium acetate.

The polysaccharide was centrifuged off, washed with ethanol

six times, and dried by solvent exchange, (acetone then ether).

Hydrolysis of a small sample (2 mg.) followed by paper

chromatography in solvent C showed galactose and a trace of

arabinose. Spraying with silver nitrate 3howed that there was

a considerable amount of glycerol (%a^^ 3.0) present in the
p.-'oducts of hydrolysis.

The degraded polysaccharide was dissolved in water and

reprecipitated/
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raprecipitated in ethanol. Hydroly3i3 showed this time that

the polysaccharide was free of contaminating glycerol#

Yield * 160 mg.

examination of the Mother Liquor from the Polysaccharide

precipitation.

All of the ethanolic solutions were combined, evaporated

to dryness, and the mobile 3yrup (401 mg.) obtained, examined

chromatographically in solvent C. One paper was- sprayed " • 1

with aniline oxalate to detect reducing sugars and the other

with silver nitrate to detect non-reducing low molecular

weight products.

Three spots were observedi-

(1) Intense - non-reducing

(3) very weak - reducing

(3) very weak - non-reducing

The syrup (20 mg.) was dissolved in water (10 ml .) and

potassium borohydride (20 mg.) added to reduce aldehydic

groupings to alcoholic groupings. The solution was deionised

with Amberlite resin IR-l2o(Hj and Amberlite resin ii(-45(0H),
made normal with respect to sulphuric acid and heated under

reflux for 6 hours. When the solution was neutralised and

examined chroraatographically in solvent C, no monosaccharides

were detected.

Rp _3.0 - 3ame mobility
as glycerol

- It 2.74 - ?
Gal

- R_ ..2.54 - ?
Gal
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Degraded Arabinogalactan.
, ... ■ V It... - . ■. I ilk... » .» » ■ > ■«. • ...» . * - L

The polysaccharide isolated after the Smith Degradation

will "be referred to in future as "Degraded Arabinogalactan".

It was examineds-»

(i) Periodate oxidation

(ii) Partial hydrolysis

(iii) Methylation

(i) Periodate oxidation of Degraded Rrabinogalactan.

Polysaccharide (10.2 mg.) was dissolved in water (5 ml.)

and oxidised with sodium metaperiodate solution (5 ml.?0»03M)

in the dark. A blank was run at the same time.

The consumption of periodate was determined

spectrophotometrically (l47) as before,,

Resuits.

Time (Hours) 4- a * 15 26 43

Moles IO^' consumed 0.15 0.19 0.21 0.22 0.22
per CgH1005 unit

The results show that 0.22 moles of periodate were

consumed for every CgH^gOg unit.

(ii) Partial hydrolysis of Degraded Arabinogalactan.

Polysaccharide/



143.

/ \ *
Polysaccharide (50 mg. J was refluxed with sulphuric

acid (10 ml# : 0.5N) at 100° for 1 hour, coo.led, neutralised

with Amberlite resin IR-4b(0H) and the solution evaporated to

dryness.

Chromatography of the -syrup in solvent A showed- galactose,

a trace of arabinose, and 3-0-/^-D-galactopyranosylrD-galacto3a

Kal 49). It was necessary to spot the chromatograms very
heavily and use the silver nitrate spray before a slight trace

of 6-0-/5bD-galactopyranosyl-D-galactose (R ^0.30) showed up.

(iii) Hethylation of Degraded Arabinogalactan.

Polysaccharide (100 rng#) was dissolved in water (10 ml. )
(10 ml.)

and methylated with dimethyl sulphate^and sodium hydroxide
(16 ml. t 40$). The reagents were added dropwise with vigorous

stirring over several hours. Five further additions of these

reagents were made over a period of 5 days.

Periodically acetone was added to keep the partially

methylated material in solution.

The solution was neutralised with sulphuric acid and

extracted several times with chloroform. The chloroform

extracts were dried over anhydrous sodium sulphate, filtered,

concentrated and poured with stirring into petroleum ether

(60/30 * 9 vols.).

Yield * 92 mg. Oile =33.4$

Partially/
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Partially methylated, polysaccharide (88 mg.) was dissolved *

in tetrahydrofuran (25 ml,) and methylated with dimethyl sulphate

(140 ml.) and powdered sodium hydroxide (120 g.)» additions

"being made in sevenths over 4 days.

See *General Methods* for the isolation of the methylated

polysaccharide.

Ilethylated polysaccharide recovered - 84 mg. - 01-le = 44.1^

A methylation with methyl iodide and silver oxide did not

raise the methoayl content of the polysaccharide.

Pinal yield » 64 mg. 0Me = 44.1$

llethanolysis and Hydrolysis of Degraded Arabinogalactan.

The methylated degraded polysaccharide (20 mg.) was

refluxed with methanolic hydrogen chloride (4 ml. : 4#) for

20 hours, neutralised with silver carbonate and filtered.

The methanol was removed in a stream of air until only a few

drops remained. Half of this was kept for examination by

gas/liquid partition chromatography; the remainder was

evaporated to dryness and then hydrolysed with hydrochloric

acid (0.5N) for 12 hours at 100°. The solution was

neutralised and evaporated to dryness.
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( i) Examination of Hydrolysis Products of .let, ylated.

Degraded. Arabinogalactan.

Chromatography of the s./rup from the hydrolysed methylated

degraded polysaccharide in solvents B, D and E showed sugars

with the same mobility as those 3hown below.*-

(i) 2,3,5-tri-O-methyl-L-arabinose

(ii) 2,3,4,6-tetra-O-methyl-D-galactose

(iii) 2,4,6-tri-O-methyl-D-galactose

(iv) 2,4-di-O-methyl-D-galaetose

R_ 0.98
vi

Rq 0.90

Rq 0.72
RQ 0.47

trace

xx

xxxx

XX

( ii) Examination of the Jethanolysis Products of Ho thy1 a ted

Degraded Arabinogalactan.

The methyl glycosides of the constituent sugars were

examined by gas/liquid partition chromatography. The actual

results(Eigdl) are shown in Section III where they are given a

detailed interpretation.

Evidence in favour of all the main methylated sugars

found bv paper partition chromatography was obtained. No

trace of 2,3,4-tri-O-methyl-D-galactose was found.
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■DISCUSSION.

When Scots pine sawdust was extracted with water at 60°

a polysaccharide was isolated in approximately 2% yield.

This gave on hydrolysis^glucose, mannose, galactose, arabinose,

xylose and traces of rhaumose and an uronic acid.
Pf

Several attempts made "by Aspinall and Uicolson (143) to

separate the complex mixture of polysaccharides Into an

arabinogalactan and a glucomannan rich fraction were unsuccessful.

Methods attempted were:- (a) fractional precipitation with

organic solvents, (b) complexing with copper (Pehling,* s solution),

(c) fractional precipitation of acetylated polysaccharide

with organic solvents, (d) cetyltrimethylammonium bromide

precipitation of a complex formed with-boric- acid.

A-further attempt, made by the author, to- fractionate -

the fully methylated polysaccharide by fractional dissolution

using light petrol and chloroform ranging in volume ratios

from 1:0 toljl, was unsuccessful.

Despite the unsuccessful attempts to fractionate the

polysaccharide mixture,a methylation study and a study of the

periodate resistant residues was carried out on the water-
soluble polysaccharide mixture to find out the predoiainant

structural features of the various polysaccharides.
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Structural Investigations on the Water-soluble

Polysaccharide Mixture*

I-lethylation and periodate oxidation studies.

The water-soluble extract was dispersed in formamiae,

raixed with pyridine and acetylated with acetic anhydride.

The acetylated polysaccharide was dissolved in tetrahydrofuran

and methylated with dimethyl sulphate and powdered sodium

hydroxide to yield a partially methylated polysaccharide,

(OMe — 40.l/o). Two further methylations with methyl iodide
and silver oxide provided a product with a constant methoxyl

content (OMe - 41.9-/a) •

The methylated polysaccharide was hydrolysed and the

mixture of methylated sugars separated by partition

chromatography on a cellulose column. 1413 tubes were

collected on an automatic turntable and they were combined

to form 29 fractions. Washing with water provided a further

fraction.

In view of the number of methylated sugars present in

the mixture of polysaccharides, it was not surprising that

very few pure fractions were collected from the column.

However, it was possible after reseparation on small

cellulose columns, charcoal sCelite columns and/or filter

sheets,to obtain pure samples of'the major methylated sugars.

The/
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The first four fractions were contaminated with the methyl

glycosides of several methylated sugars and those were combined,

hydrolysed, and the reducing methylated sugars separated on a

cellulose column* The fifth fraction also contained methyl

glycosides; this was hydrolysed and the constituent sugars

separated on filter sheets*

The following methylated sugars were characterised by the

preparation of crystalline derivativess-

2.3.5-tri-O-methy1-L-arabinose, 2,5- and 2,3-di-O-methy1-

L-arabinose, 2,3,4,5-tetra-O-methyl-D-galactose, 2,3,4- and

2.4.6-tri-O-methyl-D-galactose, 2,4- and 2,6-di-O-methyl-D-

galactooe, 2-O-methyl-D-galactose, 2,3,6-tri-O-methyl-D-glucose,

2,3,6-1 ri-O-me thy1-D-manno so,2,3-di-O-me thyl-D-gluc o se,

2,3-d i-jO-me thyl-D-xylo se.

In addition small amounts of 3,5-di-O-methy1-L-arabinose,

2,3,4-1 ri-O-methy1-L-arabinose, 2-0-methy1-L-arabinose, 2,3,4-

tri-O-methy1-L-rhamnose, 2,3,4-tri-O-methyl-D-xylose, 2- and

3-0-methyl-D-xylose, 2,3,4,6-tetra-O-methy1-D-mannose, 2,3,4,6-

tetra-O-methyl-D-gluccse and 2,3-di-O-methyl-D-galactose were

identified chromatographically, and in some cases, by ionophoresis*

Fractions 23 and 29 contained methylated uronic acids

(one present as a trace only) and those were combined and

separated from the 2-0-methyl-D-galactose on filter sheets.

The acid fraction was then converted to the methyl ester

methyl/
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methyl glycoside, reduced and hydrolysed. Chromatography and

ionophoresis of the products showed 2,3,4-tri-O-methyl-D-glucose

and 3-O-methyl-D-xylose.

2,3-Di-O-methyl-D-mannose was detected chromatographically,

"but was not characterised "by means of a crystalline derivative.

Crystals were obtained when the lactone was refluxed with

ethereal phenylhydrazine, but it was not possible to obtain

crystals free from contaminating unreacted materials. However,

by reducing the sugar to the hexitol with potassium borohydride,

and then oxidising thi3 with sodium metaperiodate for 1 hour

and 2 hour periods, evidence was provided which strongly

suggested that the sugar was in fact 2,3»di-0-methyl-D-mannoses-

When the hexitol was oxidised for one hour only, 3,4-di-

O-methylarabinose was detected chromatographically along with

a faster moving amber spot which presumably was 2,3-di-0-

methylerythrose. As the appearance of the di-O-methylarabinose

suggested that oxidation had not gone to completion, the

period of oxidation was extended to 2 hours. Under these

conditions, scission of the contiguous hydroxyl groups in

the 4 and 5 positions occurred and only the amber coloured

spot was detected in the oxidation products. Authentic

2,3-di-O-methyl-D-mannose, treated similarly, gave the same

results.
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2.3-Di-O-methyl-D-glucosa, when treated under the same

conditions gave,

(a) 1 hour oxidation *» 3,4-di-O^methylxylose

(b) 2 hour oxidation - 2,3-di-O-methylthreose

This procedure was also applied to the residue from the

mother liquor remaining after the removal of crystalline

2.4-di-O-methyl-D-galactose from fraction 24, 3ince

chromatographic evidence had suggested that there might be a

trace/
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trace of 2,3-di-0-methyl-D-galacto3e. Reduction, followed

by periodate oxidation for 2 hours, gave two spots, one of

which (presumably 2,4-di-0-methyllyxose) showed the same

rate of movement on chromatograms as the product of reduction

and oxidation of authentic 2,4-di-O-methyl-D-galactose and

the other (presumably 2,3-di-0 -rnethy1 threose) the same rate

of movement as the product of reduction and oxidation of

authentic 2,3-di-0-methy1-D-galacto se•

Prom a comparison of the results obtained frora the

methylation study with those from methylation studies on

polysaccharides extracted from other coniferous woods, it

would appear that.the water-soluble extract consisted of an

arabinogalactan having a highly branched framework of 1,3* and

1»6-D-galactose residues with most of the L-arabinose being

accommodated as terminal non-reducing l-arabinofuranose

residues, and a galactoglucomannan characterised by the presence

of linear chains of 1,4-linked D-glucose and D-mannose residues

with some kind of branching occurring at carbon atom 6 of a

number of the residues# In addition there wasasmall amount

of a xylan made up of 1,4-linked D-xylose residues having

uronic acid side-chains attached to a number of D-xylose residues

through carbon atom 2#

These structural features will be discussed along with

the methylation and periodate oxidation studies etc. carried

out on the fractionated polysaccharides^ an approximate

assessment/
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assessment of the relative proportions of the various

constituents of the methylation study was not possible here.

Barry Degradation.

To obtain some evidence regarding the arrangement of

those sugar residues which were resistant to periodate attack,

the mixture of polysaccharides wa3 oxidised with sodium

periodate until normal glycol cleavage was complete (58 hours)

and the oxidised sugar residues removed by Barry1s method of

treatment with phenylhydrazine and acetic acid.

In this way a residue was obtained which gave on partial

acid hydrolysis 3-0-/?-D-galactopyranosy1-D-galactose a3 the

main disaccharide along with smaller amounts of

mannopy ran o sy1-D-manno se and 6-galac topy rano sy1-D-galac t o

L-arabinose, D-glucose, D-galactosa, D-mannose and a trace of

|}-xylose were also present in the products of hydrolysis.

Only the 3-0-/>-D-galactopyranosyl-]>-galactose was isolated

crystalline and in sufficient quantity for characterisation.

The syrup left after removal of the crystals was shown by

ionophoresis to contain,in addition to the 1,3-galactobiose,

some 4-0-^-D-galactopyranosyl-D-galactose. However, in view
of the small amount detected it is uncertain whether this is

an aoid reversion product,is indicative of the presence of a

galactan also involved in 1,4-linkages, or is due to some 1,4-

linked D-galactose residues in the arabinogalactan.

The/
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The presence of D-mannose, D-glucose and the mannobiose

in the products of hydrolysis of the periodate oxidised,

phenylhydrazine degraded material was unexpected since the

mathylation data had shown that the glucomannan was

characterised by the presence of 1,4-1 inked J)-glueose and
D-mannose residues with "branch- points occurring at the

6-position only of a number of thej>glucose andjkaannose residues#

Such a 1,4-linked polysaccharide would possess adjacent ■

hydroxy1 groups on every constituent sugar unit and consequently

should have "been completely oxidised with periodate.

It is possible that this apparent discrepancy in the

results could also be connected with the difficulty experienced

in separating the polysaccharide mixture into a gZucomannan

and an arabinogalactan rich fraction. It is not pure

conjecture to say that the resistance to fractionation could

be the result of a lignin-hemicellulose link,for the existence

of such linkages has already been suggested by electrophoretic

studies on glass-fibre paper of polysaccharides extracted from

wood ( 2 )• Indeed, it has been found that a glucomannan

isolated by the alkaline extraction of Scots pine

holocellulose (106] had to be further delignified before a

glucomannan free from D-xylose and D-galactose could be

obtained. This could conceivably be taken as indicative of

the fact that the several polysaccharides present were joined

to/
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to the same lignin molecule* It could be argued, of course,

that if this type of linkage does exist, the lignin i3 most

likely to be connected to the polysaccharide molecule

glycosidically as an.aglycon group and this would not interfere

with the periodate oxidation* However, until more i3 known

of such lignin - hemicellulose linkages, the possibility that

this may have caused the anomolous results in the Barry

Degradation study cannot be excluded*

Fractionation of the Water-soluble polysaccharide mixture*

The mixture of polysaccharides was successfully >

separated into a glucomannan and an arabinogalactan rich fraction

after the crude water-soluble extract had been acetylated,

deacetylated (in an attempt to break the lignin-hemicellulosa

linkage) and treated with Fehling's solution.

The polysaccharide which formed an insoluble copper complex

after the addition of the Fehling's solution, wa3 regenerated

with cold hydrochloric acid and recovered by precipitation in

ethanol. After purification by a further treatment with

Fehling*s solution, chromatography of the hydrolysed

polysaccharide showed galactose, glucose and mannose. After

the second treatment with Fehling's solution the relative

proportions of D-galactose, D-glucose and D-mannose were

unchanged and this suggested that the^galactose was present

as an integral part of the glucomannan*

The/
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The mother liquor was acidified with cold hydrochloric

acid and a polysaccharide recovered by precipitation in

ethanol. Hydrolysis showed that this polysaccharide was

composed of D-arabino3e, D-galactose, D-xylose and traces

of an uronic acid, L-rhaamose, D-glucose and D-mannose.

A further treatment with Fehlinr/s solution failed to remove

the traces of D-glucose and D«mannose»

From a study of these results and a comparison with those

obtained from polysaccharides extracted in a similar fashion

from other coniferous wood3, it was likely that the original

crude water-soluble extract consisted of an arabinogalactan,

a galactoglucomannan and a small amount of contaminating xylan.

Galactoglucomannan. *

The polysaccharide was tested for homogeneity•in- the -•

ultracentrifuge and by electrophoresis on filter paper. The

sedimentation analysis showed that the polysaccharide was so

markedly polydisperse that it was impossible to draw any

conclusions, while the electrophoretograms showed only one

long streak indicative of a polysaccharide with a very wide

range of molecular weights.

An estimation of the relative proportions of sugars

showed that the polysaccharide consisted of D-galactose,

D-glucose and D—mannose in the ratio of 2j3s9»
The galactoglucomannan acetate was treated with acetolysis

mixture/
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mixture and the solution allowed to stand for 00 hours.-

Chromatography of the deacetylated product showed 4-0-/^-
mannopyranosyl-D-mannose (XYj) as the main constituent along

with smaller amounts of 4-0-/?-mannooyranosy 1-D-glucose (XVIl),

4-Q-/?-glucopyranosyl-I)-manno3e (XV) and a trisaccharide with

the same mobility as mannotrio3e (XIX). The oligosaccharides

were separated on a charcoal column using the gradient elution

technique. Only the 4-Q-/?-mannapyrano sy1-D-manno se was •

obtained as a pure fraction, but it was possible to tentatively

identify the others after separation on filter sheets, by

hydrolysis, and reduction followed by hydrolysis.

It was thus established that the groupings (XXXIX),(XL),

(XLl) and (XLIl) exist in the polysaccharide.

- 4 Mann 1-4 Glue 1 - - 4 Glue 1-4 Mann 1 -

{ XXXIX) (XL)

- 4 Mann 1-4 Mann 1 - - 4 Mann 1-4 Mann 1-4 Mann 1-

(XLl) (XLIl)
r . , . . »

Furthermore, the absence of any 4-0-/^-D-glucopy ranosyl-D-

glucose (XVIII) indicated that only isolated/-glucose residues

are situated between chains o££-mannose units as in partial

structure (XLIIl)

- Mann 1-4 Glue 1 - (4 Mann 1 )n " ^ G-luc 1
(XLIII)

evidence/
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Evidence in support of the presence of linear chains

of 1,4-linked D-glucose and D-mannose residues was obtained

from the methylation studies#

Galactoglucomannan acetate was dissolved in tetrahydrofuran

and methylated with dimethyl sulphate and powdered sodium

hydroxide and finally with methyl iodide and silver oxide. A

small quantity of polysaccharide was obtained with a constant

HBtboxyl content (42.9/) which was shown on hydrolysis to

consist of a mixture of G-raethyl ethers of D-glucose,

D-galactose and D-mannose. The approximate relative proportions

of these methylated sugars were as followss-

2,3,4,6-tetra-Q-methyl-I)-glucose - very slight trace

2,3,4,6-tetra-O-methyl-D-mannose - x

2,3,6-tri-0~methyl»D-mannose * xxxxxx

2,3,6-t ri-O-me thyX*D-gluc o se - xx

2,3-di~0-methyl*D-mannose _ xx

2,3-di-O-methyl-D-glucose _ x

2,3,4,6-tetra-O-methyl-D-galactose - xx

These were further identified, after conversion into their

methyl glycosides, by gas-liquid partition chromatography

(See Section III for details); characteristic peaks for all

except the 2,3-di-O-methyl-D-mannose were obtained.

All of th&se methylated sugars were obtained from the

methylation study carried out on the crude water-soluble extract,

and/
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and were characterised (except in the case of 2,3,4,6-tetra-

0"methyl—D-mannose and 2,3-d i—0—methy1—D—maniio s e} "by the

preparation of crystalline derivatives. The 2,3-di-0-methyl

ether of D-mannose was identified, however, "by reduction to

the hexitol followed hy periodate oxidation, while the fully

methylated galactoglucomannan (methanolysed) gave a peak with

the characteristic retention time of 2,3,4,6-tetra-0-methyl-

B-mannose on gas phase chromatographic analysis.

The major D-mannose and D-glucose 0-methyl ethers isolated

from the methylated crude water-soluble extract and the methylated

galactoglucomannan were 2,3,6-tri-O-methyl-D-glucose and 2,3,6-tri-

G-methy1-D-mannose, thus clearly indicating that the polysaccharide

consists essentially of linear chains of 1,4-linked D-glucose

and D-mannose residues.

The presence of 2,3,4,6-tetra-O-methyl-D-galactose,

2,3,4,6-tetra-O-methyl-D-mannose and a trace of 2,3,4,6-tetra-

O-methyl-D-glucose in the methylation studies showed that the

galactoglucomannan had D-mannose and D-galacto3e as the main

terminal non-reducing units with a small quantity of D-glucose

also appearing in a terminal non-reducing position. D-Galactose

appeared only as the tetra-O-methyl ether showing that it must

be part of the glucomannan. On the basis of the evidence

obtained, however, it is not possible to say whether the D-galactose

is attached exclusively as single unit side-shains (XXl).
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Mann 1-4 Glue 1
6

(4 Mann 1 )n - 4 Glue 1 4 Mann 1-
6

1
Gal

1
Gal

(XXI)

or in addition, terminates some of the main glucomannan chains.

^Furthermore, the queation^branching in the backbone of the
molecule cannot be excluded.

Support was given to these suggested structures by

periodate oxidation studies when it was found that,(a) the

consumption of periodate (1.Q2 moles / unit) was of

the order of that expected for such structures and,(b) that

there was no trace of any unoxidised. monosaccharide residues

after the polyaldehyde had been reduced with potassium

boroh.ydride and the resulting polyalcohol hydrolyaed. The

absence of any monosaccharides clearly indicated that the

branch-points must occur at carbon atom 6 of a number of the

glucose and raannose residues, for branch-points at carbon

atom 2 or 3 would have provided some unoxidised residues.

Scots pine glucomannan was isolated from Scots pine

sawdust by extraction with water,but it has been shown to

possess the same general structure features a3 other

glucomannans isolated by alkaline extraction of the holocellulose.

It is thereby shown that these glucomannans, which almost

certainly originate from a different area in the cell-wall,

exhibit no striking structural differences from those

glucomannans/

of
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glucomannans which are associated with the cellulose.

The results from the methylation studies and the Smith

degradation indicated that the glucomannan from Scots pine,

like that from Jack pine (63), oarried "branch-points at

carbon atom 6 only of the glucomannan backbone. Glucomannans

from Western hemlock (45), Norwegian spruce (40) and another

investigation of Scots pine (106) (alkaline extraction), on

the other hand, have been shown to have branch-points at

carbon atom 2 or 3.

The occurrence of both D-mannose and D-g&ucose as non-

reducing terminal units (observed in Scots pine glucomannan) is

also found in gluco.iannans from Western hemlock (45), Eastern

white pine (116) and Scots pine (106). Others such as Southern

pine (114) and Norwegian spruce (40) have only D-mannose, while

those from 'Western red cedar (115) and Jack pine (63) have only

D-glucose in a non-reducing terminal position,

The occurrence of D-galactose as an integral part of

the glucomannan has been observed before, for in the

glucomannans from coniferous woods such as Jack pine (63),

Southern pine (114) and European larch (10), the D-galactose has

appeared to originate from a galactoglucomannan. Glucomannans

from Norwegian spruce (40), Western hemlock (45) and Eastern

white pine (116) on the other hand, were devoid of D-galactose.

Arabinogalac tan-xylan.

Both an ultracentrifugal examination and an electrophoretic

examination/
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examination indicated that the polysaccharide material which

was not precipitated with lehling,s solution, consisted of

one main polysaccharide and a very slight trace of a

contaminant - probably the xylan.

An estimation of the relative proportions of the component

sugars showed that D-galactose, L-arabinose and D-xylose were

present in the approximate molar ratio of 24:2:1. The D-

galactose and L-arabinose values will probably be a little

high the polysaccharide was still contaminated with a little

galactog" ucoraannan.

The arabinogalactan-rich fraction was acetylated and the

acetate methylated in tetrahydrofuran with dimethyl sulphate

and powdered sodium hydroxide to give a product with a methoxyl

content of 36.4^. After 5 treatments with silver oxide and methyl

iodide, a fully methylated polysaccharide was obtained (OMe-=■ 44.0/»)
which was hydrolysed and examined by paper chromatography. It

was also methanolysed and examined by gas phase chromatography.

The approximate relative proportions of the main sugars observed

were as follows:-

2,3,5-tri-Q-methyl-L-arabinose - x

2, 5-d i-O-methy1-L-arab irio s e - trace

2.3-di-0-methyl-L-arabino3G - trace

2,3,4,6-tetra-O-methyl-D-galactose - xxxx

2,3,4- and 2,4,6-tri-O-methyl-D-galactose- xxxx

2.4-di-O-methyl-D-galactose - xxxx

2-0-methyl-D-galactose - trace

2,3,4-1 ri-O-me thyl-L-xy1o s e - trace

2- and /
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2- and 3-0-methy1-D-xylose

2,3-d i-O-me thyl-D-xy1o s e

and a methylated uronic acid.

The gas phase analysis showed that there was more 2,4,6-

tri-0*methy1-I>-galactose than 2,3,4-tri-O-methyl-D-galactose

(See Section III for details).

The methylated uronic acid and all of these 0-methyl ethers

(with the exception of 2,3,4-tri-O-methyl-D-xylose) were

isolated from the methylation study on the crude water-soluble

extract in sufficient quantity to be Characterised.

Both methylation studies (i.e. the crude water-soluble

mixture and the arabinogalactan-rich fraction) showed that

most of the jL-arabinose was present a3 terminal L-arabinofuranose

units. Indeed, apart from the 2,3-di-O-methyl-L-arabinose

which can be present either in the furanose or pyranose fonas,

it would appear that the L-arabinose was present purely as

L-arabinofuranose. The rest of the L-arabinose was accounted

for by the isolation of 2,5-di-Q-methyl-L-arabinose which is

derived from non-terminal L-arabinofuranose residues linked

through positions 1 and 3.

Trace amounts of the 3,5-di-O-methy1 and the 2,3,4-tri-

0-methyl ethers of L-arabinose were detected chromatographically,

but they cannot be considered as important structural units.

From both methylation studies then, it was apparent that

the/

trace

x

trace
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the L-arabino3e units are accommodated mainly as follows:-

Arabf 1 *■

Arabf 1-3 Arabf 1 -
• * ■ ■ • ■ - > ». v• v .v .».*.! n \ n

The small amount of L-rhamnose present in the polysaccharide

was shown from the methylation study on the crude water-soluble

polysaccharide mixture to be present aaj-

Khamjo 1 -

In view of the 3mall amount of monomethyl-L-arabinose^

detected in the methylation stu4y on the crude water-soluble

polysaccharide mixture,it seems unlikely that all of the

2,3-di-O-methyl-L-arabinose isolated from the same methylation

study and detected in that on the fully methylated arabinogalactan-

xylan fraction, originates from a small amount of contaminating

arabinan of the pectin type# The possibility exists,

therefore, that part of this di-o-methyi/Other exists as a

definite structural feature in the methylated arabinogalactan.

By far the most important end-group residue was D-galacto3e.

The rest of the ^-galactose was accounted for mainly

by 2,3,4- and 2,4,6-1ri-0*methy1-D-galactoses (with the latter

predominating) and 2,4-di-O-methyl-D-galactose#

Clearly then,

. • » »
6 6

Gal 1 - Gal 1 - *3 Gal - and Gal 1 -
3

I

are the most important structural features of the galactan

framework/
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framework, although the isolation of small amounts of 2,6-di-

O-methyl-D-galactose and 2-0-methyl-D-galactose indicated that

there were other groupingss-

I
6

- 4 Gal 1 - and - 4 Gal 1 -

3 3
I I

The 2-0-methyl-D-galactose and 2,6-di-£)-methyl-D-galactose

may "be definite structural features of the arabinogalactan,

hut it seems possible that they may originate from a galactan

also involved in 1,4-linkages# The presence of some

1,4-linkages was supported by the detection of a small amount

of 4-0-/?-D~galactopyrano3yl-D-galactose from the partial

hydrolysis of the degraded (Barry) polysaccharide mixture.

2,3,4,6-Tetra-O-methyl-D-galactose, trimethyl-D-galaetoses,

(2,3,4- and 2,4,6-) and 2,4-di-O-methyl-D-galactose were

detected in sufficient quantity from the methylation study

carried out on the crude water-soluble extract, to be

characterised by the preparation of crystalline derivatives.
aA'

It is difficult to attempt even an approximate quantitive

estimation of the relative amounts of the constituents,

however, for some of the 2,3,4,6-tetra-O-methyl-D-galactose

in this study undoubtedly originated from end-group D-galactose

in the galactoglucomannan,while the trimethyl-D-galactose
fractions were contaminated with 2,3tdi-0-methyl-L-arabinose.

Nevertheless, a visual estimation of the relative amounts of

these/
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these O-methyl ethers could, he made from the methylation

study on the arabinogalactan-xylan fraction, and this

showed that the ratio of tetramethy1^galactose s trimethy1-

D-galactoses s dimethyl-D-galactoses was approximately liljl.

On the basis of the methylation data, therefore, it can be

seen that the galactan framework of the arabinogalactan is

very highly branched and consists of 1,3- and 1,6-1inked

D-galactose residues. No information as to the exact nature

of the backbone of the molecule was provided, however^ It

was with this in mind that the Barry Degradation had been

carried out on the crude water-soluble extract, but in view

of the fact that some unoxidised D-glucose and D-- lannose

residues were left after periodate oxidation, when methylatinn

studies indicated that there 3hould have been none, the

results of the aegradative study must be viewed with caution.

A study of the periodate resistant residues in the purified

arabinogalactan-xylan fraction was now made after removal of

the oxidised residues by Smith*s Degradative procedures-

The polysaccharide was oxidised with periodate until

oxidation wa3 complete ( 80 hours), treated with potassium

borohydride and the low molecular weight fragments resulting

from the oxidation of sugar residues, cleaved from the

resistant backbone by treatment with acid under mild conditions

(H - room temperature). A polysaccharide residue was isolated

by precipitation with ethanol and this wa3 analysed by

methylation/
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methylation, partial acid hydrolysis, and periodate oxidation.

Chromatography of the products of partial acid hydrolysis

of the degraded arahinogalactan showed galactose, arahinose

and a series of galactose containing oligosaccharides. The

disaccharide 3-0-/f-D~galacto oyranosyl-D-galactose was the main

constituent; a trace of 6-0-/^-D-galactopyranosyl-D-galactose

"being observed, but only after very heavy spotting of the

chromatograms. The polysaccharide must contain, therefore,

a backbone of 1,3-linkedAgalactose residues.

The degraded arabinogalactan was converted into its

fully methylated derivative, hydrolysed and the mixture of

methylated sugp.rs examined by paper chromatography, and, after

convertion into their methyl glycosides, by gas phase

chromatography. The main sugars detected and their approximate

xxxx

XX

XX

trace

The detection of a small amount of 2,3,5-tri-0-methyl-

L-arabinose was in agreement with the appearance of some

Jj-arabinooe in the products of hydrolysis of the Smith degraded

arabinogalactan. 2,5-D.i-O-methyl-L-arabinose wa3 found in the

methylation studies on the crude water-3oluble polysaccharide

mixture and the arabinogalactan rich fraction, and this

combined/

relative proportions were as followsi-

2,4,6-tri-O-methyl-D-galactose

2,3,4,6-tet ra-0*»me thy l-D-galact o se

2,4-di-O-methyl-D-galactose

2,3,5-tri-O-methyl-L-arabinose
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combined with the detection of periodate resistantXarabinose

in the degraded arabinogalactan, showed that some of the X.-

arabinose in the polysaccharide is present in a non-terminal

position linked through positions 1 and 3.

The high proportion of 2,4,6-tri-O-methyl-D-galactose

provides evidence (in support of the detection of a large amount

of 3-0-/?-D-galactopyranosyl-D-galactose from the partial acid

hydrolysis and of the small amount of periodate consumed -

0.22 raoles per residue) of a backbone composed of

1,3-linked D-galactose residues.

The small amount of 2,3,5-tri-O-methyl-L-arabinose is

probably attached to carbon atom 6 of a number of the

D-galactose residues in the backbone and,therefore* accounts

for the appearance of some of the 2,4-di-jD-methyl-D-galacto3e.

However, as there was a considerable excess of the latter,

this suggests that some of 2,4-di-0—methy1-D-galactose at

least, corresponds to residues in the main backbone carrying

short stubs of D-galactose residues.

A possible partial structure on the basis of these results

is as followss-

Gal 1 - 3 Gal 1 - (3 Gal 1 )
6

n
3 Gal 1-3 Gal 1

6

1
Gal

1
Arabf

Chromatography of the products of partial acid hydrolysis

of/
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of the undegraaed arabinogalactan gave 6-0-/'-I)-galactopyranosyl

D-galactose and S-o-z^-D-galactopyranosyl-D-galactose, while

partial acid hydrolysis of the periodate oxidised, Smith

Degraded arabinogalactan, gave only a trace of the 1,6-

galactobiose. It follows then that most of the oxidisable

1,6-linked D-galactose residues must have been in the outer

part of the molecule. However, as some D-galactose residues

were still attached (probably as short stubs) to cax'bon atom

6 of a number of residues in the periodate resistant backbone

of the degraded arabinogalactan, then there must have been

some unoxidised D-galactose residues between the periodate

oxidisable 1,6-linked residues and the 1,3- linked backbone.

The exact nature of these unoxidisable D-galactose residues

is uncertain, for they may have been either 1,3-linked

D-galactose residues (XLIV) or 1,6-linked D-galactose residues

carrying a side chain attached to position 3 (XLV)
J t
1 1

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

3 3 3
» I I

R

(XLIV) (XLV)

The mother liquor from the precipitation of the degraded

polysaccharide was evaporated to dryness and the syrup

examined by paper chromatography directly, and after hydrolysis

of the reduced material. This showed that the low molecular

weight/
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weight material resulting from mild hydrolysis of the reduced

periodate oxidised arabinogalactan, was free of unattacked

monosaccharide units. Only glycerol was detected in any

quantity among the products of hydrolysis, and so there could

he no periodate resistant D-galactose or L-arabinose residues

separated from the 1,3-linked main chain by oxidisable

residues, (XLVl) (XLVIl) do not, therefore, occur as

structural features in the molecule,

i

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

3
1

(XLVl)
I . - .. ,. . :

1
Gal 6-1 Gal 6-1 ArabfS- 1 Arabf

3

(XLVl I)

Prom this evidence, it would appear likely that the

L-arabinose was attached directly to the backbone through the

6 position of a number of D-galactose residues,

Scots pine arabinogalactan possesses structural features

similar to other arabinogalactans isolated from spruces and

pines and also from trees of the Larix species. All have

been found to have a highly ramified structure of 1,3- and

l,6-linkd</l)-galactose residues, with L-arabinose attached as

side-chains. In larch wood arabinogalactans part of the

L-arabinose side-chains consist of single unit L-arabinofuranose

residues/
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residues, tout the larger proportion seems to toe accommodated

as 3-0-/?-L-aratoinopyranosyl-L-arabinose side-chains* In

Western larch the presence of 3-0-/5-L-arabino furanosy1-L-

aratoinose has toeen postulated on the "basis of methylation

data, tout it has not substantiated froia other evidence. The

existence of this grouping in Scots pine aratoinogalactan

seems likely and so far this is the first definite evidence

of an aratoinogalactan extracted from a pine wood possessing

Jj-araoino3e in a non-terminal position - although this only

in small amount. A di-Q-methyl ether of L-arabinose has

toeen found in a methylation study on Jeffrey pine aratoinogalactar}

tout this has not toeen characterised*

Scots pine aratoinogalaotan is less highly branched than

other aratoinogalactans found in spruces and pines, for the 1

detection of relatively large amounts of 2,4,6-tri-0-methyl-

D-galactose indicated that many- of thel,3-linked D-galactose

residues in the molecule carry no side-chains* In this

respect it tends to resemble the larch wood aratoinogalactans

more, for this structural feature had toeen found to exist in

Western larch and to a lesser extent European larch. This

is not the only pine wood where this grouping exists, however,

for it has been detected in a methylation study carried out

on Monterey pine (129)* X-t has also been—in irotoloHy
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Xylan.

2,3-Di-O-methyl-D-xylose, 2,3,4-tri-O-methyl-D-xylose,

2- and 3-0-methyl-D-xylose and a methylated uronic acid were

found in the products of hydrolysis of "both the fully methylated

crude water-soluble polysaccharide mixture and the methylation

study on the arabinogalactan-xylan fraction. Only the 2,3-di-

O-methy1-jD-xylose was present in sufficient quantity in the

methylation study on the crude water-soluble extract to be

isolated and characterised by the formation of a crystalline

derivative. The moname thyl-D-xy1o 3e s, however, found in

fraction 23 of the methylation study on the unfractionated

polysaccharide mixture were chromatographically and ionophoretically

indistinguishable from 3-0- and 2-G-methy1-D-xylose. The latter

was only present as a trace.

The methylated uronic acid after convertion into the methyl

ester methyl glycoside was reduced and hydrolysed. 2,3,4-Tri-

O-methyl-D-glucose and 3-O-me thy1-13-xy lose we re detected by

chromatography indicating that the methylated aldobiouronic acid

present was 0-(2,3,4-tri-0-metlxyl-»jf-D-glucosyluronie acidJ-

(1 - 2)-3-0-methyl-D-xylose (XIII).

It is evident then that the xylan from Scots pine, like

other xylans from coniferous woods, consist!of chains of

1,4-linked D-xylose residues carrying a number of D-glucuronic

acid (probably 4-0-methy1-^-D-glucuronic acid) side-chains

attached to the D-xylose backbone through carbon atom 2.

Xylans/
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Xylans isolated from Monterey pine (9o) and Sea pine (82)

have "been shown to possess uronic side-chains attached to

carbon atom 3 of the D-xylose backbone, but the absence of any

2-0-methyl-D-xylose in the products of hydrolysis of the methyl

ester aiethyl glycoside of the acid fraction, rules out this

possibility.

A small amount of 2-0-methy1-D-xylose did appear in the

methylation 3tudy on the crude water-soluble extract, but thi3

probably originated from a small number of L-arabinofuranose

end-groups attached to carbon atom 3 of some of the D-xylose

residues in the 1,4-linked backbone, for this structural

feature has been observed in many other wood xylans - for

example, Western hemlock (91) and European larch (92).
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Japanese Larch.

Preparation of 3awdust for Extraction.

Japanese larch sawdust (heartwood) was extracted

continuously in a Soxhlet for 2 days with a mixture of benzene

and ethanol (2:1) to remove colouring matter, lipids etc.

The purified sawdust was dried in air.

extraction of Polysaccharide.

(a) o.aall-scale extinction.

Air-dried sawdust (100 g.) was stirred with cold distilled

water (1500 ml.) for 14 hours, filtered through a muslin bag

and then through filter paper. The filtrate was concentrated

(300 ml.) and centrifuged to remove a small amount of

insoluble material. The supernatant was concentrated still

further (100 ml.) and ethanol (4 vols.) added to precipitate

the polysaccharide. The precipitate was removed at the

centrifuge, washed with ethanol, acetone and then finally

ether. When dried in vacuo over phosphorus pentoxide a

cream coloured powder was obtained.

Yield=4.7 g.

The sawdust was re-extracted with a fresh quantity of

distilled water and the polysaccharide isolated as before,

field- 0»1 g.

The Japanese larch sawdust was obtained from the

Forest/
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Forest Products Research Laboratories, Princes, Risborough,

in two batches| both were from the same tree.

Large-scale Extraction - Batch 1.

Air-dried sawdust (1200 g.) wa3 extracted in 300 g. lots

with water (4,500 ml.) at room temperature with constant

stirring. The polysaccharide was isolated in exactly the

same manner as that employed in the small-scale extraction.

Total yield from 1,200 g. sawdust - 56*6 g.

Large-scale Extraction - Batch 2.

Sawdust (1,700 g.) was extracted with cold water a3

before.

Yield --30.Og.

Electrophoresis on glass-fibre paper.

polysaccharide from first-batch of sawdust.

The polysaccharide wa3 examined electrophoretically

on gla3s-fibre paper, using (a) 2N potassium hydroxide solution

at 230 volts and 30 mA for 6-8 hours and (b) borate buffer at

pH 10 - 1000 volts and 23 mA.

The papers were dried at 100° and sprayed with a solution

of/
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of potassium permanganate in H sodium hydroxide (0.5,0 w./v.)
With neither electrolyte was any heterogeneity observed.

Electrophoresis on Schleicher and Schull glass-fibre

paper carried out by Dr. H.O. Bouveng (145) showed that the

polysaccharide was heterogeneous:-

The electrophoretograms were run in borate buffer at

pH 10 for 100 minutes, using 1000 volts at 25°c J

W-hydroxyiaethylfurfural was used a3 a reference substance.

When the chromatograms were 3prayed with -X-naphthol-sulphuric

acid two distinct spots were observed:-

(a) a strong spot - Mq 0.76 + 0.03 *• polysaccharide A.
(b) a weaker spot - Mq 0.63 + 0.02 - Polysaccharide B.

Polysaccharide from second-batch of sawdust.

Electrophoresis carried out by Dr. H.O. Bouveng (l45)

using a different batch of Schleicher and Schull glass-fibre

paper gave inferior results to those obtained on the first

batch of polysaccharide. Bouveng found, however, that by

replacing the glass-fibre paper by Whatman Ho.3 paper,

excellent results were obtained. "Well defined spots were

observed when the 3heets were sprayed with a slightly modified

version of the Cifonelli-Sraith periodate-benzidine spray (l46 ) •

This procedure was more sensitive than that using glass-fibre

paper and the <X -naphthol-sulphuric acid spray.

The polysaccharide was again observed to consist of two

components:-

(a) intense 3pot - Mq 0.69 + 0.03 - Polysaccharide A

(h) weaker spot - Mq 0.57 £ 0.03 - Polysaccharide B
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Ultracentrifugal Sedimentation Analysis.

The polysaccharide (0.5^ aolution)was examined in a

Model E Spinco U.C. using Schlieren optics incorporating

a phase-plate. The rotor speed was 59,780 r.p.m.

The sedimentation analysis showed that there were two

distinct peaks (Fig.4 ) indicative of the presence of two

different polysaccharides in the mixture.

Fig. 4 Sedimentation diagram of Japanese larch -•

arabinogalactan. Photograph taken 120 minutes after attaining

full speed. Direction of sedimentation left to right.

Both components showed a fairly wide molecular weight

distribution.

Component A (the faster moving) had a sedimentation

coefficient of 4.5, while component B had a value of 1.4.

These are only very approximate values.

Fractionation of the polysaccharide (Batch l).

Polysaccharide (20 g.) was dissolved in water (500 ml.)

and boric acid (207 ml.: 0.6m) added. Cetyltriinethylammonium

hydroxide (50 ml •:0 • 11T), which had been prepared by passing a

solution/
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solution of cetyltrimethylammonium "bromide through a column

o£ Amberlite resin IR-4B(OIi)» was added with stirring. The

solution became cloudy immediately, but no precipitate was

formed until sodium hydroxide solution (10 ml.:0.51T) was

added. A 3ticky precipitate separated out and this was

removed at the centrifuge, washed well with water, dissolved

in the minimum amount of acetic acid {&,<>) and ethanol (4 vols.)

added. The polysaccharide which separated out was removed

at the centrifuge, washed well with ethanol, acetone and

finally, ether. It was then dried in vacuo over phosphorus

pentoxide#

This procedure was repeated with measured amounts'of

cetyltrimethylammonium hydroxide (0.1B) and the coagulating

agent, sodium hydroxide. The polysaccharide complex which

separated out each time was collected and the polysaccharide

regenerated with acetic acid as before.

Nine such additions were made and each time a small

amount of polysaccharide was obtained. when a tenth addition

of reagents was made the solution went cloudy, but no

precipitate was formed. The whole of the solution was then

poured with stirring into methylated spirits (5 vol3.) and

the precipitate which formed filtered off and dissolved in

acetic acid (6>). Ethanol (4 vols.) wa3 then added to the

clear solution, and the precipitated polysaccharide removed

at the centrifuge, washed well with ethanol and dried in the

usual manner (1.9 g.) •
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Resalts - Fractionation I.

Fraction
CTA.OH (0.IB)

added (ml.)
BaOH (0.5B)
added (ml.)

height of
fraction (g.)

1 50 10 2.6

2 25 5 2.2

3 25 5 2.4

4 25 5 1.2

5 25 5 1.5

6 25 5 1.8

7 50 5 2.9

8 50 5 2.2

9 50 5 0.7

10 Residue |
i

1.9

Rach of these fractions was examined in the ultracentrifuge

employing the same conditions as that used for the sedimentation

analysis of the unfractionated water-soluhle extract. Two

photographs were taken during each examination and an approximate

sedimentation coefficient calculated for each fraction.

This showed:-

Fractions 1-8 had a sedimentation coefficient of 4.5

Fractions 9-10 had a sedimentation coefficient 1.4

On the "basis of this evidence} it would appear that fractions
1-3 contained pure polysaccharide A, while fractions 9-10

contained only polysaccharide B. Bo clear cut division

was/
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was noticed during the precipitation of the polysaccharide —

"boric acid complex with 'Cetavlon', however, and it is

unlikely that fractionation had "bean 30 marked#

j . , . • . . » >■ 4

fractionation of the remainder of the Polysaccharide (Batch l).

The remainder of the polysaccharide (40 g.) extracted from

the first "batch of sawdust was fractionated in the same way,

using exactly the same aliquota of cetyltrimethylammonium

hydroxide (Q.lli) and sodium hydroxide (0.5N) for the

precipitation of each fraction* Only 20 g# of polysaccharide

was fractionated at a time#

Results - fractionation II#

fraction 123

weight of
TJ0ly3accharide (g«) 2.6 1.3 2.6

4 5 6 7 3 9 10
V . v. »• i v ' V I

1.2 1.4 1.4 2.3 2.3 0.7 1.7

fractionation III,

fraction 123456789 10

Weight of
poly3accharide (g*) 2.3 2.1 2.5 1.2 1.2 1.3 2,6 2.4 0.7 1.6

fraction 1 from fractionations I, II and III were combined;

similarly with fractions 2,3 etc., and each hulked fraction

examined in the ultracentrifuge for heterogeneity. In addition,

fractions 4,7,8 and 9 were checked for purity by glass-fibre

paper electrophoresis. The results are shown below:-
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Ultraoontrifunal hoLaainatlon.

Double sector cell.

Rotor speed 39,400 r.p.m.

Polysaccharide solution 0*5/#

The 3odi lontation diagrams obtained from various fractions

are shown below Pigs. 5,6,7 ♦ The direction of sedimentation

is left to right.

Pig. 5. Pattern 40 minutes
after reaching full speed.

Fig. 6. pattern 310 minutes
after reaching full speed.

Fig. 7. Pattern 200 minutes
after reaching full speed.
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Fig. 5 - This is a typical diagram obtained from

fractions 1-7. It shows a single sharp peak indicative of

a homogeneous polysaccharide. A comparison with the results

obtained from the sedimentation analysis on the crude water-

soluble polysaccharide mixture (Fig. 4 ) reveals that this

peak corresponds to polysaccharide A.

Fig. 6 - This is the actual pattern obtained from fraction

8. It shows a sharp peak (polysaccharide A) with a slight

trailing edge (polysaccharide B)#

Fig. 7 - The diagram is a typical one from fractions 9 and 10.

The slope of the leading edge indicates-that these fractions

were impure, both consisting of polysaccharide B vfith small

amounts of polysaccharide A.

Complete Fractionation of Polysaccharide.

Fraction Weight Composition of Polysaccharide
as shown by:-

U.C. Electrophoresis

1 3.1 g. A ■ -

2 6.1 g. A

3 7.2 g. A -

4 7.2 g. XX. A

5 'i . J- g. A -

6 5.0 g. A —

7 8.5 g. A A

8 6.9 g. A 4- B A +B

9 2.1 g. B 4- A B + A

10 5.2 g. B + A _
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fractionation of the Polysaccharide (Batch 2).

Polysaccharide (30 g» -4 x 20 g.) was fractionated in

the same way as the polysaccharide from "batch 1. The various

fractions obtained were tested for purity in the ultracentrifuge

and by electrophoresis on Whatman Ho.3 paper.

Results. - Fractionation of polysaccharide (30 g.)

Fraction weight U.G. Electrophoresis.

1 11.0 g» A -

2 3.2 g. A A

3 9.5 g. A -

4 4.8 g. A A

5 5.5 g. A m . . .

6 6.7 g. A very faint
trace of B

A very faint
trace of B

7 11.5 g. A A

8 8.2 g. A + B -

9 2.4 g. B + A 4N»

10 6,9 g. B 4- A mm

Fraction 1 in each case (i.e. from batch 1 and batch 2)

was dark brown in colour and was suspected to be severely

contaminated with extraneous material.

Fractiono 2-7 were combined, giving*-

Batch 1 - 34.5 g. of pure polysaccharide A

Batch 2 - 46.2 g. of pure polysaccharide A

Fractions/
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Fractions 8,9. and 10 wore combined, givingj-

Batch 1 *• 14.2 g. of a mixture of polysaccharide A 4- B

Batch 2 - 17.5 g. of a mixture of polysaccharide A + B

Attempted Fractionation of Fractions 8, 9 and 10.

Fractions 3,9 and 10 from both batches of polysaccharide-

were combined and an attempt made to separate the mixture into

pure polysaccharide A and pure polysaccharide B as followsj-

Polysaccharide (31.7 g.) was dissolved in water (500 ml.)
and boric acid (166 inl.;0.6M) added. Additions of measured

amounts of cetyltrimethylamiaonium hydroxide (O.IN) were made

and the resulting cloudy solution allowed to 3tand for

5-10 minutes with occasional stirring before adding the

coagulating sodium hydroxide (0.5N). The precipitated

polysaccharide complex was removed at the centrifuge, washed

well with water, dissolved in the minimum of acetic acid (6/0)

and ethanol (4 vols.) added. The polysaccharide was removed

at the centrifuge and dried.

The various fractions obtained were again tested for

heterogeneity in the ultracentrifuge and by electrophoresis

on Whatman No.3 paper.
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Results of refractionation.

Fraction CTA-OH
(o.IN)

NaGH
(0.5H)

height of
Polysaccharide

Composition of
Polysaccharide as

shown byt»

U.C. Electrophoresis

1 50 ml. •s 6. 3 g. A 4m

2 20 ml. 2.5 ml. 5.8 g. A 4m

3 20 ml. 2.5 ml. 3.0 g. A -

4 20 ml. 2,5 ml. 1.3 g. A-KB A+B (111)

5 20 ml. 2.5 ml. 2.0 g. A-HB -

6 40 ml. 5.0 ml. 2.4 g. B A

7 20 ml. 2.5 ml. 1.0 g. B
trace A B trace A

8 40 ml. 10 ml . 2.3 g. B B

9 40 ml. 20 ml. 0.5 g. B B

10 Residue from
mother liquor 4.J? g. B B

1

Fractions were combined as follow3i-

l+2f3 — 15.1 g» of polysaccharide A

4> 5+6+7 = 6.7 g. of polysaccharide A+B

8^9>10 - 8.0 g. of polysaccharide B

Preliminary Investigation of Polysaccharides A & B.

Hydrelysis.

Hydrolysis of polysaccharide A (10 mg.) and polysaccharide

B (10 rng.) followed by paper chromatography of the neutralised

hydrolysates/
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hydrolysates in solvent A showed arabinose, galactose and traces

of xylose and rhamnose. The traces were only observed after

very heavy spotting of the chromatograms.

Estimation of sugars.

The arabinogalactans were hydrolysed, neutralised and the

constituents separated in solvent A. They were then estimated

colorimetrically by the method of Wilson (35) - see page 121

for details. It was found that arabinogalactan A and

arabinogalactan B had arabinose and galactose present in the

approximate molar proportion of 1:6.

Rotations.

Accurate determination of sedimentation coefficient.

]?or arabinogalactan A a 0.5/j and a 0.3> solution was

examined in the U.G. at 50,740 r.p.m.

Arabinogalactan A had a sedimentation coefficient of 5.0

and was concentration independent. - • •

Eor arabinogalactan B it was necessary to use a solution

of polysaccharide in a synthetic boundary cell.

Arabinogalactan B had a sedimentation coefficient of 1.0.

Arabinogalactan A (£ - 2.21 in water)
(c: - 2.16 in water)Arabinogalactan B

O
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3tiiii-i -ry of work Done.

Arabinogalactan A

IO/j.' oxidation
Smith degradation

V

Arabinogalactan A - DI

IOa* oxidation
Smith degradation

v
Arabinogalaotan A - DII

Relative proportions of
constituent 3ugars.

Partial hydrolysis

Acetylation and Methylation
i I » » V.

Periodate consumption

Pormic acid release

Relative proportions of
constituent sugars.

Partial hydrolysis

Methylation

periodate consumption

Pormic acid release

Partial hydrolysis

Methylation

Periodate consumption
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Partial Acid Hydrolysis of Arabinogalaotan A.

Arabinogalactan A (50 mg.) was heated, under reflux with

sulphuric acid (6 ml.aO.5N) for 1 hour. The solution was

cooled,deionised with Amberlite resin IR-45(0H)» evaporated

to dryness and the syrup examined on paper chromatograms run

in solvent A. Arabinose, galactose, and several oligosaccharide

fragments were shown to be present. There were also faint

traces of xylose and rhamnose.

Oligosaccharides were as follows:- — * '

(a) 6-0*f-D-galactopyranosyl-B-galaotose - %al 0.30

most intense spot (brown)• ' - 1

(b) 3-0-j^ ^D-galactopyranosyl-D-galactose - R^al 0.49
(brown)• * ' ' • ■ ••-

(°) 3-0-/ -D-arabinopyranosyl-L-arabinose - RGal 0.85

(pink)

(d) Oligosaccharides with RQal 0.15, O.lO, 0.057 etc.

Acetylation of Arabinogalactan A.

Por procedure followed see 'General Methods*.

v).u entities used:-

Polysaccharide * 12 g.

Pormamide * 200 ml.

pyridine * 250 ml.

Acetic anhydride - 200 ml.

The arabinogalactan acetate, isolated in the usual way

by /
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by precipitation in petrol, was severely contaminated with

pyridine. It was purifiedj-

The crude arabinogalactan acetate was dissolved in

chloroform (100 ml.) and poured into methanol (900 ml.) A

colloidal suspension of polysaccharide acetate was obtained

which coagulated readily on addition of a few crystals of

ammonium acetate. The precipitate was removed at the

centrifuge and dried in vacuo over phosphorus pentoxide

field - 18.0 g. - ■

The acetate had 0Ac44.0/« andHD = -4° (c 1.03 in CHC13) •

Hethylation of Arabinogalactan A.

See 'General Methods' for procedures followed.

(a) With dimethyl sulphate and powdered sodium hydroxide.

Quantities usedt-

Arabinogalactan acetate 17.0 g.

T e t rahyd r0 fu ran 400 ml.

Dimethyl sulphate 242 ml.

Sodium hydroxide 810 g.

Methylated arabinogalactan A recovered - 10.0 g»

It had OMe 44,2#

(b) With silver oxide and methyl iodide.

quantities used:-

Methylated arabinogalaotan - 10.0 g.

Silver oxide 14 g.

Methyl iodide 250 ml.
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Yield of methylated arabinogalactan A = 9.4 g.

Xt had OMe = 4-4«5^»

A further treatment with methyl iodideand silver oxide

did not raise the methoxyl content# * 1

Pinal yield of methylated polysaccharide a 9,3 g.

OMe = 44.5> HD = -54.1° (c = 1.26 in CHCI3).

Examination of Methylated Arabinogalact .n A.

A sample of the methylated polysaccharide (20 rag.) was

methanolysea and then hydrolysed. Chromatographic

examination of the methylated sugars in solvents B, D, and E

indicated the presence of the following:-

Methyl ethers Approximate relative
proportions.

x

XX

XX

xxxx

xxxx

trace

xxxxx

trace

trace

Another sample of the polysaccharide (20 rag.) was methanolysed

and/

2.3.5-tri-O-methyl-L-arabinose

215-di-Q-me thy1-L-arabin o se

2,3,4-tri-O-methy1-L-a rabino3e

2,3,4,5-tet ra-0-methyl-D-galac10 se

2,3,4-tri-O-methyl-D-galactose

2.4.6-tri-0-methylrD-galacto3e

2,4-di-Q-methyl-D-galaotose

2,6-di-O-methy1-D-galac t o se

2-0-methyl-D-galacto3e
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and the methyl glycosides examined by gas-liquid partition

chromatography.

The presence of the methyl glycosides of all of the

tri-O-methy1- and tetra-O-methyl ethers was indicated. A

peak corresponding to 2,5-di-O-methyl-L-arabinose was also

obtained. Small peaks which were not properly resolved

corresponded to the glycosides of dimethyl hexoses. (See

Section III for detailed interpretation of gas chromatography

rig* 12.

. v..» - V V » - - » . . . s V V V * IV * - - v » *, V » X

Perioaate Oxidation Studies on Aralinogalactan A from Japanese

Larch.

(a) Consumption of Periodate.

See *General Methods* for details' of method employed.

Polysaccharide used - 215.2 tag.

Arsenite was - 0.050IN.

Iodine was - 0*0098H.

Results.

Time (Hours) 3> 7*5 21.25 54.5 175 222

Titre (corrected 5.3 5.95 .6.3 ., 6.7 6.85 7.00
for blank)



Tit re

1S3.

Graph II.

100

Time (Hours).
Jeo

Extrapolation of the straight line part of the graph t-o'

zero time gave an iodine titre of 6.6 ml. which corresponded

to a periodate consumption of 1.22 moles per CgH^Op, unit.

(h) Formic acid release.

The polysaccharide (106.4 mg.) was dissolved in water

(30 ml.), potassium chloride solution (10 ml. j 16>il) and

3odium raetaperiodate solution (20 ml.i0.3ll) added and the

mixture allowed to stand in the dark with periodic shaking.

A blank was run at the same time omitting the polysaccharide.

Periodically a sample (5 ml.) wa3 withdrawn, excess of

periodate destroyed by the addition of ethylene glycol,

(l ml.j freshly distilled - neutral to methyl red) and the

formic acid which had been liberated, determined by titration

with standard sodium hydroxide solution. Methyl red was used

as indicator.

Results.

Time (Hours)

Titration
(corrected for

blank)

NaOH - 0.023311.

2.5 7.5 21 54.5 175 222

0.73 0.87 1.05 1.2 1.34 1.36
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By plotting titre against time graph (ill) was obtained.

Extrapolation once more corrected for over-oxidation and from

the graph the moles of formic acid released per residue

= 0» 57,

Graph III.

Time (Hours).

Degradation of Periodate Oxidised Arabinogalactan A.

(a) 3ma.ll soale degradation.

This was carried out according to Smith*3 method

polysaccharide (2 g.) was dissolved in sodium

metaperiodate solution (150 ml,iO,2M) and allowed to stand in

the dark until oxidation was complete (144 hours). Ethylene

glycol (4 ml.) wa3 added to destroy excess periodate and the

solution was dialysed against running tap water for 3 day3 to

remove inorganic ions.

Reduction of the polyaldehyde.

To reduce the polyaldehyde, potassium borohydride (2 g.)

was added and the solution allowed to stand at room temperature

for 2 days. Glacial acetic acid was added to destroy the

excess/
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excess potassiuia borohydride and the solution again dialysed

against running tap water.

Partial hydrolysis of the ooiyalcohol.

The dialysed solution was concentrated (25 ml.) and — ■

sulphuric acid (25 rml. j 2n) added. Every 15 minutes a sample

(2 ml.) was removed, neutralised with "barium carbonate, filtered,

deionised with Amberlite resin IR-12o(h), concentrated and

poured into ethanol. Colourless colloidal suspensions formed,

and a crystal of ammonium acetate wa3 added to each in an

attempt to bring about precipitation. Practions 1 and 2

resisted all attempts at coagulation. - ■ * ■ ■

Each of the precipitates obtained (fractions 3 to 8) were

removed at the centrifuge, washed well with ethanol, dissolved

in water and reprecipitated in ethanol. A sample of the

polysaccharide material (10 mg.) was hydrolysea in sulphuric

acid (n) and examined chromatographically in solvent C.

The mother liquors from each sample were evaporated to

dryness and the resulting syrups examined by paper chromatography

in solvent C.

Re suits.

Chromatographic Examination of Products of Partial Hydrolysis.

Duration of Mother Liquor Degraded polysaccharide
hydrolysis - hydrolysed.

1. 15 mins

2. 30 mins.

3. 45 mins. No reducing sugars Galactose, arabinose, glycerol
liberated (l^al 3.0), plus reducing

spot (l&al 2»7) and non-
reducing spot (RGai 2,5°'
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Duration oM Mother Liquor
hydrolysis

Degraded, polysaccharide
- hydrolysed.

As in (3)

As in (3)
6. 90 mins.

7. 105 to
168 mins.

5. 75 rains.

4. 60 rains. As in (3)

As in (3)

As in (3)

As in (3)

As in (3) hut less glycerol

As in (3) hut less glycerol

8. 180 min3. As in (3) As in (3) hut no glycerol

Ho change in rotation of the solution was observed during

the hydrolysis.

(b) Large scale degradation. • - -

A further quantity of polysaccharide (20 g.) wa3 oxidised

with sodium metaperiodate solution (1500 ml.iO.2M) for

144 hours, purified hy dialysis, reduced with potassium

horohydride (20 g.), dialysed and concentrated (150 ml.).
The solution was made normal with respect to sulphuric acid

and allowed to stand at room temperature for 3 hours as before.

Saturated barium hydroxide solution was added until the

solution was almost neutral and then barium carbonate added to

complete the neutralisation. After reiaoval of the barium

sul\phate at the centrifuge, the solution was finally
deionised by passing through a column of Amberlite re3in IR-12o(H),

concentrated and ethanol (4 vols) added. The colloidal

suspension which formed, coagulated after the addition of a

few/
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few crystals of ammonium acetate. The precipitate was removed

"by centrifugation , washed well with ethanol (6 times), dissolved

in water and reprecipitated with ethanol.

Hydrolysis of a small sample (10 mg.) followed "by paper

chromatography showed that the degraded polysaccharide wa3

free of contaminating glyceroljbut in addition to arabinose
and galactose had a faint trace of a reducing sugar RQal 2.7,
and a faint trace of a non-reducing substance Rgal 2.5.

Degraded polysaccharide recovered = 7.0 g.

(Arabinogalactan A-Dl).

Examination of mother liquor. The mother liquor and ethanol

washings were evaporated to dryness to yield a syrup (4.2 g.).
Examined by paper chromatography in solvent 0 this showed

3 spotss-

(1) Intense - R(jal 3.0 - same mobility as glycerol,

(2) very weak- R(jal 2.7 - reducing substance.

(3) very weak- Rgal 2.5 - non-reducing substance.

A sample of the mother liquor (20 mg.) was dissolved in

water (10 ml.), potassium borohydride (20 rag.) added and the

solution left standing at room temperature for 2 days. The

reaction mixture was deionised with Amberlite resins IR-12o(ll)

and IR-45(0H), concentrated and hydrolysed with sulphuric acid

(ll) for 6 hours. Chromatography of the residual syrup left

after evaporation of the neutralised solution 3howed that there

were no unoxidised monosaccharide residues present.



198.
J

Arabinogalactan A - PI.

Thd polysaccharide recovered after the Smith Degradation

will henceforth be referred to as Arabinogalactan A-DI.

It was examinedi-

Relative proportions of sugars.

Partial acid hydrolysis.

Methylation

Periodate consumption

Pormic acid release

Periodate oxidation and Smith Degradation.

estimation of the Relative Proportions of the Constituent Sugars.

The polysaccharide was hydrolysed and the constituent

sugars estimated colorimetrically ( 35 ■) after they had

been separated on paper chromat ograms run in solvent A (See

page 121 for details of method used)

Approximate relative
Sugars. proportions.

Arabinose 1

Galactose 10

Partial Acid Hydrolysis ox Arabinogalactan A - PI.

The polysaccharide (50 mg.) was heated at 100° with

sulphuric acid (5 ml.iO.5K) for 1 hour, neutralised with

Amberlite resin IR~4B(0H), evaporated to diyness and the syrup

examined by paper chromatography in solvent A. Arabinose,

galactose and a series of galactose contaminating oligosaccharides

we re/

(
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were shown to be present. One of the latter (the major

constituent) had same mobility as 3-07^-D-galactoj>yranosyl-D-

galactose (RquI 0.49) while another?which was only observed
on chromatograms which had been spotted very heavily with the - '

syrup, had R^-^O• 30 and corresponded to 6-0-/?-D-galacto;)yranosyl-
D-galactose. There was no trace of the oligo,saccharide

(RqojO.15) observed in the partial hydrolysis 3tudy on the
undegraded arabinogalactan A. The disaccharide BQai0.85
moving at the same sp^ed as 3-0-^-D-arabinopyranosyl-L-arabinose
was al3o absent.

Methylation of Arabinogalactan A ■ 31.

(a) With dimethyl sulphate and sodium hydroxide solution.

Polysaccharide A-DI (1.0 g.) was dissolved in water (25 ml.)
and methylated by the dropwise addition of dimethyl sulphate

(10 ml.) and sodium hydroxide solution (15 ml.: 40/j) to the

vigorously stirred mixture. The reagents were added over a

period of 4 hour3 and the reaction mixture was left stirring

overnight.

A further seven batches of reagents were added over 7 days.

After three additions of the reagents, acetone was added

to keep the partially methylated polysaccharide in solution.

The reaction mixture was refluxed for one hour to destroy

the excess dimethyl sulphate, neutralised with sulphuric acid

and/

/
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and the methylated product extracted from the aqueous solution

with chloroform# The chloroform extracts were dried over

anhydrous sodium sulphate, filtered, concentrated and poured

with vigorous stirring into petrol (60/60° t 9 vols.)# A

precipitate was obtained which went jelly-like on removal of

the petrol# This was redissolved in chloroform,dried over

anhydrous sodium sulphate, filtered, and poured again into

petrol. Removal of the petrol and drying of the precipitate "

again left, a jelly-like product. The methylated: polysaccharide

material was therefore dissolved in chloroform and evaporated

to dryness. Drying over phosphorus pentoxide in vacuo gave

a yellowish glassy product (655 rag.).

It had Olle - 34.1$
A i »: ■ v . ir .. . • k' v . t«; . » » v j # u. - ■ ' » V i. t. .Q .. . k v. w- . #!. k. »V.. t *■ * ' v-» *

(b) With dimethyl sulphate and powdered sodium hydroxide. ■

The partially methylated degraded arabinogalactan, was

dissolved in tetrahydrofuran (50 ml.) and methylated with

dimethyl sulphate (100 ml.) and powdered sodium hydroxide

(100 g.)• Additions were made in tenths over 4 days.

See 'General Methods' for isolation of methylated

polysaccharide. A yellowish glassy product was finally

isolated as in (a) above.

Yield s 600 mg. OMe = 43.5$

(e) With methyl iodide and silver oxide.

See 'General Methods' for procedure.

Quantities useds-

partially methylated polysaccharide - 790 mg.

Methyl iodide
Silver oxide

5Q ml.

10 g.
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Methylated polysaccharide recovered - 755 mg. - 0Me = 43,9/
A further methylation with the same quantities of these

reagents did not raise the methoxyl content#

Final yield of methylated degraded arabinogalactan A-DI=745 mg.

It had OMe — 43.9/a.

Examination of Methylated Arabinogalactan A - SI.

A sample of the fully methylated polysaccharide (20 mg.)

was methanolysed, a portion of the products kept, and the

remainder hydrolysed. When the hydrolysed material was

examined on paper chromatograms run in solvents B, D and E

the presence of the following methylated sugars was indicatedj-

liethvl ethers

2.3.5-1 r i-O-me thy1-Jj-arab ino se

2.5-di-0-methyl-Xj-arabino3e-

2,3,4,6-1e t ra-0-methy1-D-galac t o se

2.4.6-1 ri-O-methyl-D-galac t ose

2,4-di-O-methy1-D-galactose

2.6-di-O-methyl-D-galactose

2-0-me thyl-D-galact o se

Approximate relative
proportions.

■ x

trace

xx

xxxx

XX

trace

trace

The methanolysis products were then examined by gas-liquid

partition chromatography. Evidence was provided for most of

these methyl ethers although the 2,4- and 2,6-di-O-methyl-D-

galactoses were not properly resolved. The presence

of/
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of 2-0-methyl-D-galactose was not shown. A detailed

interpretation of the actual gas-liquid chromatograns, Pig. 14

and 15yis given in Section III.

Periodate Oxidation of Degraded Arabinogalactan A-DI.

(a) Periodate consumption.

Por procedure used, see 'General Methods'.

Polysaccharide used

Arsenite was

Iodine was

Resuits.

174.1 mg.

0.050111

0.009511

Time (Hours)

Iodine titre (ml.)
(corrected for blank)

4

0.8

17

1.2

41

1.2

68

1.2

The periodate consumption was steady after 17 hours and

corresponded to a value of 0.26 moles periodate per CgE-j^O^
residue.

(t>) Pormic acid release.

The polysaccharide (99.3 mg.) was dissolved in water (30 ml.),

potassium chloride solution (10 ml.s 16/) and sodium

metaperiodate solution (20 ml.s 0.3M) added and the reaction

mixture allowed to stand in the dark at room temperature.

Periodically the reaction mixture was shaken.

A blank was run at the sane time omitting the polysaccharide.

The/
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The formic acid released during the reaction was

determined at intervals "by withdrawing a sample (5 ml.) from

the reaction flask, adding ethylene glycol (l ml. j freshly

distilled - neutral to methyl red) and titrating with standard

sodium. hydroxide solution. Hethyl red was the indicator.

Results. HaOH « 0.01032J. polysaccharide~99.3 mg.
* • V.. v

Time (Hours) 3 - 17 41 68 k

Titre (corrected 0.39 0.43 0.43 0.43
for blank)

Release of formic acid ceased after 17 h mrs when 0.08 moles

had "been liberated for every C5H1QO5 unit.

Degradation of periodate Oxidised Arabinogalactan A-DI.

Polysaccharide (4.0 g.) was dissolved in sodium

metaperiodate solution (300 ml. : 0.3ll) and set aside in the

dark for 3 days.

The calculated amount of ethylene glycol was added to

destroy the excess periodate and the reaction mixture shaken.

The solution was passed through a column of Amberlite resin

1R-12o(h) to remove 3odium ions and the resulting acid

solution treated with a saturated solution of barium hydroxide

till it was almost neutral. neutralisation was completed

with barium carbonate. The neutral solution was filtered >

and treated with potassium borohydride (6 g.). The reaction

mixture/

V
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mixture was allowed to stand at room temperature for 2 day3

and then deionised by passing through columns of Ambarlite

resin IR-12o(K) and Amberlite resin IR-4B(0Il),
The solution was concentrated (100 ml,), made normal

with respect to sulphuric acid (by adding 100 ml. of 2N) and

left standing at room temperature for 3 hours. Barium

hydroxide solution (saturated) was added until the solution

was almost neutral and then barium carbonate to complete the

neutralisation. The barium sulphate was removed at the

centrifuge, the solution deionised by passing through a

column of Amberlite resin IR-120(H), concentrated, and ethanol

(4 vols.) added. A colloidal suspension of polysaccharide

was formed?but this coagulated readily on addition of a few
crystals of ammonium acetate. The precipitate was removed

at the centrifuge, washed with ethanol (6 times),dissolved

in water and reprecipitated with ethanol (4 vols.)

Degraded arabinogalactan A-DII recovered - 2,5 g.

Paper chromatography of a sample of hydrolysed

arabinogalactan A-DII showed galactose and a trace of arabinose.

There was no glycerol present in the hydrolysis, but there

was a faint trace of a reducing substance RQal 2.50,

Examination of mother liquor. The mother liquor and

ethanol washings were evaporated to dryness and the resulting

3yrup examined by paper chromatography in solvent C.

The same chromatographic pattern was observed as that

obtained from the mother liquor from the polysaccharide

precipitation/
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precipitation after the fir3t Smith degradation, i.e. an

intense spot R^ai 3,0 which was almost oertainly glycerol, a

very faint spot 2.7 (reducing substance), and another

very faint spot %ai (non-reducing)•
A sample of the 3yrup (20 mg.) after reduction with

potassium borohydride (20 mg.), deionisation and hydrolysis,

wa3 shown by paper chromatography to be free of monosaccharide

residues.

Arabinogalactan A-DII.

The polysaccharide recovered after the second Smith

degradation will henceforth be called Arabinogalactan A-DII.

It was examinedj»

Partial acid hydrolysis

Methylation

Periodata consumption.

Partial Acid Hydrolysis of Arabinogalactan R-DII.

The polysaccharide (50 rag.) was refluxed with sulphuric

acid (5 ml.sO.5H) for 1 hour, neutralised with Amberlite resin

IR-4B(0H), filtered, evaporated to dryness and the 3,/rup

examined on paper chromatograms run in solvent A. Galactose,

a trace of arabinose and a series of galactose containing

oligosaccharides were detected. 3-0-/f-D-Galactopyranosyl-D-
galactose (RGal 0.49) formed the most intense spot. Once more

there was a slight trace of 6—0*^(?""D-galactopyranosyl-D-
galactose observed after the chromatograms had been heavily

spotted.



206

Methylation of Arabinogalactan \-DII•

(a) With dimethyl sulphate and sodium hydroxide solution*

The polysaccharide (0.5 g.) was dissolved in water (25 rol.)
and methylated with dimethyl sulphate (100 ml.) and sodium

hydroxide solution (160 ml.i 40/o) • For details of method *

and isolation of methylated polysaccharide, see 'Methylation

of Arabinogalactan A-DII*»

Yield s 350 rag. OMe = 36.8$

(h) With dimethyl sulphate and powdered sodium hydroxide.

The partially methylated glassy material was dissolved

in tetrahydrofuran (50 ml.) and methylated with dimethyl

sulphate (50 ml.) and powdered sodium hydroxide (50 g.)»
Additions were made in tenths over 4 days.

The .methylated material was isolated as indicated in

•General Methods1-, redissolved in chloroform and dried to a

glassy product (300 mg.)

It had OMe « 40.9$

(c) With, methyl iodide and silver oxide.

Quantities used:-

Partially methylated polysaccharide - 290 mg.

Methyl iodide - 25 ml.

Silver oxide 5 g.

Methylated polysaccharide recovered - 250 mg.

It had OMe = 41,9$ - a glassy product.

A/
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A further four methylations were carried out using the

same quantities of reagents until a fully methylated

polysaccharide was obtained.

Final yield of methylated arabinogalactan A-DII * 200 mg.

It had OMe —■ 42.9^fr.

examination of Methylated Arabinogalactan A-DII.

f M k

A sample of the polysaccharide (20 rng.) wa3 aethanolysed

and the products examined "by g is-phase chromatography. A • 1

detailed analysis of the results obtained (Fig. is) is given
in Section III. The remainder of the material was then

hydrolysed and the reducing sugars examined by paper

chromatography in solvents B» D and E. -

The approximate relative proportions of the various sugars

present in the mixture were as follows:-

Methyl ethers Approximate relative
proportions.

trace2,3»5-1 ri-O-me thy1-L-a rabino se

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

2,4,6-1 ri-O-methy1-D-galact o se

2,4-d i-O-me thy1-D-galact o se

2,6-di-O-methyl-D-galactose

xxxx

trace

x

Consumption of Periodate
mmmmmmmtm—m—mgrn—mm—m-wmmhw-mmhmmm.•>

See 'General Methods* for procedure used.

Polysaccharide,/
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Polysaccharide

Iodine

Arsenite

Hesuits.

Time (Hours)

Iodine (titre)
(corrected for "blank)

0.0994 g.

0.0099H

0.0506H

4.5 17.0 65.0

0.20 0.20 0.20

Consumption of periodate corresponded to 0.08 mole per

C6H10°5 Unit*
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Japanese larch sawdust (heartwood) was extracted with

a mixture of "boiling "benzene and ethanol to remove fats and

colouring material, and then with water at room temperature.

The aqueous extracts were concentrated and the polysaccharide

precipitated with ethanol in 4.3^ yield.

Ohroraatography of the hydrolysate from the polysaccharide

showed arabinose, galactose and traces of xylose and rhamno3e.

Ho crystalline derivatives were prepared from these sugars,

"but as the main constituent monosaccharides found in the

hemicellulose fractions pertaining to this group are L-arabinose,

D-galactose, D-xylose and L-fchamnose, it can be assumed that

these sugars are present in Japanese larah arabinogalactan.

An ultracentrifugal sedimentation analysis indicated

that the polysaccharide was heterogeneous and this was

subsequently supported by electrophoresis on glass-fibre

paper carried out by Dr. H.O. Bouveng (1*5)*

Bouveng and Lindbarg(l5) have successfully fractionated

Western larch arabinogalactan into two components (A and B)

by fractional precipitation of the complex they form with

boric acid. Cetyltrimethylammonium hydroxide was the

precipitant.

This method of fractionation wa3 applied to the

arabinogalactan extracted from Japanese larch:- The

cetyltrimethylani.ionium hydroxide was added in aliquots to

the/
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the solution of the polysaccharide in "boric acid and the

precipitate which formed after the addition of a little sodium

hydroxide, removed, and the polysaccharide recovered, after

regentsration in acetic acid, "by precipitation in ethanol.

Nine such precipitates were obtained. A tenth fraction was

obtained when the mother liquor was poured into methylated

spirits. An attempt was now made to establish the purity

of each fraction by measuring their sedimentation coefficients

in the ultracentrifuge. It was found that fractions 1-8 had-

an approximate sedimentation coefficient of 4.5, while fractions

9 and 10 had one of 1.4. On the basis of this evidence,

therefore, it would appear that fractions 1-8 contained pure

polysaccharide A while 9 and 10 contained pure B. It was

immediately obvious, however, that these results were suspect,

for no sharp division of precipitable polysaccharide had been

observed during the fractionation with ,Getavlon,»

The remaining available water-soluble polysaccharide was

fractionated in the same manner (2 x 20 g.). All of the

fractions which had been precipitated by the same amount, of

•Cetavlon* were combined and examined in the ultraoentrifuge.

This time a double sector cell(which provides a base-line)

was used in the U.O. and the sedimentation patterns were

examined for any asymmetry of the peaks, indicative of

heterogeneity. It was found that fractions 1-7 gave a single

sharp peak and were,therefore, hompgeneous. fraction 8

had/
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had a distinct trailing edge and was thought to he

contaminated with a little of polysaccharide B, while fractions

9 and 10 showed a distinct leading edge showing the presence

of some polysaccharide A.

Fractions 4,7,8 and 9 were checked for purity hy

electrophoresis on glass-fibre paper hy Dr. H.O. Bouveng (145)

and it was found that the results were in close agreement with

those obtained from the sedimentation analysis.

On the basis of this evidence, therefore, it seems 1 • >

likely that fraction 8 obtained from the very first fractionation

was, as suspected, an impure fraotion. It immediately becomes

apparent then that measurement of the sedimentation

coefficient is not acceptable criterion of homogeneity.

A second batch of sawdust extracted with water provided

an arabinogalactan again in 4.8^ yield. This material was

fractionated in exactly the same manner as that from the

first batch, and the various fractions tested for purity as

before.

Fractions 8,9 and 10 (which contained mixtures of

Polysaccharide A and B) from both batches were combined and

an attempt made to refractionate the material. It was found,

however, that only the first fractions contained pure A,

while fractions 4-7 were mixtures of A and B. Fractions

8,9 and 10 consisted of pure B.

Chromatography of the products of hydrolysis of pure

polysaccharide/
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polysaccharide A and pure polysaccharide B showed arabinose,

galactose and traces of rhamnose and xylose. Quantitative

estimations of the relative proportions of the constituent

sugars 3howed that in both A and B»Ir arahinose and B-galactose

were present in the approximate molar ratio of 1:6.

Arabinogalaotan A differs from arabinogalactan B, however in

its rotation (A# jk'l-Q = + 13°# B, j^] £ — + 10° and
sedimentation coefficient (A 5.0 s B 1.0 )• This

sedimentation analysis was determined accurately.

Structural investigations were carried out on

arabinogalactan A - the major constituent of the water-soluble

extract.

Arabinogalactan A. •- - - - - ►

Arabinogalactan A was acetylated, dissolved in tetrahydrofuran

and methylated with dimethyl sulphate and powdered sodium

hydroxide. The partially methylated polysaccharide which

was isolated had a constant methoxyl content of 44.5;^ after

two treatxaents with methyl iodide and silver oxide.

A small sample of this was hydrolysed and the mixture of

methylated sugars examined by paper partition chromatography

and gas-liquid partition chromatography (of the methyl

glycosides). The following methylated sugars were dotected:-

x

xxxx

xxxx

trace

2,315-1ri-O-methyl-L-a rabino se

2,3,4,Q-tetra-O-methy1-D-galactose

2,3,4-tri-O-methyl-D-galaotose

2,4,6-1ri-O-methy1-D-galacto se

2,5-di-/
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2,5-di-O-methyl-L-arabinose *• xx

2,3,4-tri-O-rnethyl-L-arabinose * xx

2,4-di-O-methyl-D-galactose - xxxxx

2^^-3:0 thy1-b-galactose - traice

A sample of fully methylated European larch £ -galactan

was also hydrolysed and examined ehromatographically. The

two pictures were remarkably similar.

On the basis of the methylation data,it would appear

that the arabinogalactan possessed similar structural features

to other arabinogalactans from larches.

2,3,4>6-Teti,a-0-methyl«-D-galacto3e> tri-O-methyl-D-

galactoses and 2,4-di-0~methyl-J)-galactose were present in

largest amount and so obviously the galactan framework was

very highly branched, consisting of 1,3- and 1,6-1inked
*

D-galactose residues.

The detection of approximately equal amounts of 2,5-di-

O-methy1-L-arabinose and 2,3,4-tri-O-methyl-L-arabinose and a

small am >unt of 2,3,5-tri-O-methyl-L-ara.binose, suggested that

the majority of the L-arabinose residues in the molecule were

present as 3-0-J-arabinopyranosyl-L-arabinose side-chains.

The existence of this structural unit in the polysaccharide

was subsequently supported by the detection of this disaccharide
\

in the products of partial acid hydrolysis of the

arabinogalactan.

The/
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The remainder of the arabinose existed, on the basis

of the methylation data, as terminal non-reducing L-arabinofuranose

residues.

Arabinogalactan A was oxidised with periodate and the

periodate consumption and formic acid release estimated by

titration. It was found that after 144 hours that 1.23 mole3

of periodate were consumed and 0.5? mole3 of formic acid

released per unit. How from the methylation data

it can be seen that the residues which will liberate 1 mole

of formic acid and consume 2 moles of 104* are terminal 1 1

D-galactose, 1,6-linked ]>-galacto3e, and terminal L-arabinopyranose

residues. It follows then that 57$ of the residues In

the polysaccharide must be present in this form and of the

remaining 43$ , 8$ will be present as terminal L-arabinofuranose

residues. .-- • •> -

To obtain some information on those residues in the

polysaccharide which were resistant to periodate,

arabinogalactan A was oxidised with periodate until oxidation

was complete (144 hours) and the oxidised residues removed

from the molecule after reduction with potassium borohydride,

by treatment with H sulphuric acid at roOm temperature.

(Under these mild conditions of hydrolysis^ only the acetal
linkages are cleaved and the glycosidic links betweren the

unoxidised residues are left intact). A polysaccharide

residue was recovered by precipitation with ethanol.

This/
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This degraded polysaccharide (A-Dl) was then examined

by partial acid hydrolysis, periodate oxidation, methylation

and was finally degraded still further by another application

of Smith*s degradative procedure (periodate oxidation

followed by reduction with potassium borohydride and finally

hydrolysis). In this way a further degraded polysaccharide

(A-DIl) was isolated which was examined again by partial acid

hydrolysis, periodate oxidation and methylation. A 3uromaiy

of the results obtained are shown below. The data obtained

from similar studies on the undegraded arabinogalactan are

included for comparison.

liethy lat ion studies.

lie thy1 ethers

2.3.5-tri-Q-methyl-L-arabinose

2,5-di-0-methyl-l-arabinose

2,3,4-1 ri-O-methy1-L-a rabino s e

2,3,4,6-tet ra-O-methyl-D-galact o se

2.4.6-1 ri-0-me thyl-D-galactose

2,3,4-1 ri-O-me thy1-D-galact o se

2.4-di-O-methyl-D-galactose

2.5-di-O-methyl-D-galactose

2-0-methyl-D-galactose

Arabinogalactan Undegraded
A-DI A-DII Arabinogalactan

' x

trace

none

xx

xxxx

none

xx

trace

trace

trace

none

none

x

xxxx

none

x

trace

trace

x

XX

XX

xxxx

trace

xxxx

xxxxx

trace

trace
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Partial acid hydrolysis.

pisaccharidea

3-0-/-galactopyranooy1-Q-galactose

6-0-/?-galactopyranosyl*D-galactose
3-0-/?-arab inopy ran°syl-L-arab ino se

Arabinogalactan Undegraded
A-DI A-DII Arabinogalactan

large large small
amount amount amount

trace trace large amount

none none small amount

Periodate oxidation.

Consumption 0.26 0*03 1.22

Pormic acid release 0.08 - 0.57
- V. « % . v , V . » , > t > W » * • > > " - V -V I * > S. - 1

The syrup from the mother liquor left after the precipitation

of the polysaccharide with ethanol was examined "by chromatography

and it was found in each case to consist essentially of

glycerol. The syrup was then reduced, hydrolysed and again

examined chromatographically. No monosaccharides were

detected from either study.

Prom the methylation studies on arabinogalafctan A-DI and

A-DII, where it was found that 2,4,6-tri-O-methyl-D-galactose

was the predominating methylated sugar, it was clear that

Japanese larch arabinogalactan A had a periodate resistant

backbone of 1,3-linked D-galactose residues, 2,3,4-Tri-O-

methyl-D-galactose was found in large amount in the methylation

study on undegraded arabinogalactan A, but no trace of it was

found/
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found in the methylation studies on arabinogalactans A-DI

and A-DII. It follows then that these periodate-oxidisable

6-substituted D-galactose residues must be situated in the

side-chains of arabinogalactan A. Evidence in support

of the backbone of the molecule consisting of 1,3-linked

D-galactose units was obtained from ,a partial acid hydrolysis

of arabinogalaatans A-DI and A-DII, where large amounts of-

3-0-/?-D-galactopyranoayl-D-galactose were detected with only

trace amounts of 6-0-/?-D-galactopyranosyl-D-galaotose.

The significance of the trace amounts of 1,6-galactobiose,

which persisted even after the second Smith degradation, is

uncertain. They could originate from sorae 1,6-linked

D-galactose residues protected from periodate oxidation fcry

some kind of side-chains or it could originate from 3hort

chains of 1,3-linked D-galactose residues attached to the

backbone of the molecule through position 6 of a number of

the residues. If this accounts for all of the 1,6-galactobiose

then there must have been at least two such periodate resistant

1,3-linked ^-galactose residues (XLVIIl),

I
3

Gal
1
, ...........
3

Gal 6-1 Gal 3-1 Gal 3-1 Gal 6-1 Gal 6 - 1 Gal
1
«
1

Gal
3

| (XLVIIl)

between/
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between the periodate-oxidisable 6-substituted D-galactose
perioda.te

residues and the^resistant backbone#

The absence of any monosaccharide residues in the low

molecular weight material cleaved from the reduced, periodate

oxidised arabinogalactans, indicated that there can be no

structural elements that contain 3-subotituted D-galactose

or L-arabinose separated from the main chain by residues

substituted only through the 6-position (XLIX) or (XXXV)

- 3 Gal 1-3 Gal 1-3 Gal 1 - - 3 Gal 1-3 Gal 1-3 Gal
6 6 6-6 6 6
111 I | i

1 or 1
Gal Gal

6 6
i >i

1 1
Gal Arabf

3 3 ""
I f
1 1

Gal Arabf

(XLIX) (XXXV)

The 2,4-di-0-methy1-D-galacto s e found in both methylation

studies on arabinogalactans A-DI and A-DII originates partly

from the periodate resistant D-galactose side-chains, but a

veiy large proportion of it in arabinogalactan A-DI is probably

accounted for by terminal L-arabinofuranose side-chains

attached to the 1,3-galactan backbone through carbon atom 6#

This was shown after measuring the periodate consumed and

the/
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the formic acid released, to amount to 10% of the residues in

the polysaccharide. Some of tri-O-methyl-L-arabinose will - '

also arise (in arabinogalactan A-Dl) from arabf 1-3 arabf 1 -

side chains since 2,5-di-O-niethyl-L-arabinose was detected

in methylated arabinogalactan A-DI* The presence of side-

chains containing at least three L-arabinose units (L) was

therefore suggested. This was subsequently proved by the

presence of a little 2,3,5-tri-O-methyl-L-arabinose in

methylated arabinogalactan A-DII*

i

1
Gal 6 - Arabf 3*1 Arabf 3-1 Arabf

3
I

(L)

The results of the investigations on Japanese larch

arabinogalactan A, although incomplete, are sufficient to

show that it is similar to the arabinogalactans (A and B) from

V/estern larch, which ha3 been studied by 33ouveng (15,27), and

European larch 'which has been investigated by Aspinall (124),

In some respects too, it resembles Tamarack arabinogalactan (118),

although this has not been studied in detail* Both of the

Japanese larch arabinogalactans, like both of those in Western

larch (15,27) and that in European larch (124), contain

D-galacto3e and L-arabinose units in the ratio of SjJ and like

Western larch it was found possible to separate the

constituents/
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constituents by fractional precipitation (using ♦Cetavlon1)

of the complexes which they form with boric acid.

The methylation study on the undegraded arabinogalactan A

from Japanese larch showed that it had the usual highly branched

galactan framework characteristic of the arabin0Galactans from

coniferous woods. The L-arabinose residues like those in

the Western larch arabinogalactans and European larch

arabinogalactans were present a3 terminal non-reducing

L-arabinofuranose and as 3-£«/?-l-arabinopyranosyl-L-arabinose
side-chains. As in Westsrr^arch (L49) there was some indication
of the presence of side-chains composed of three L-arabinose

units.

Recent investigations on the periodate resistant residues

in the arabinogalactans from Western larch (both A and B)

(143) and the arabinogalactan from European larch (64 ) have

shown that as in Japanese arabinogalactan A, the backbone

of the galactan framework is made up of 1,3-linked D-galactosc

residues. The oxidisable residues (6-substituted D-galactose,

terminal D-galactose and terminal pyranosidic and furanosidic

L-arabinose) are obviously situated in the molecules as

side-chains (Li)

1 Gal 3
6

1 Gal 3
6

1 Gal 3
6

1
Arabf

1
Gal

- 6

1
Arabf

3 ~

1
Gal

1
Arabg

(LI)
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A wide variety of organic compounds have "been separated

by gas-liquid partition chromatography since it was first

developed by James and Martin (150) in 1952. Mclnnes et. al. (53 )#

however, were the first to apply the method to carbohydrates.

They found that a number of fully methylated pentose and hexose

pyranosides could be separated on a column of Apiezon M and that

they could be recovered unchanged from the effluent gas stream.

Bishop and Cooper have now continued the study and in a recent

publication they describe the separation of the various methyl

ethers of D-glucose ( 54). They found that by using two

columns, one containing a polar liquid phase (Butanediol

succinate polyester) and the other a non-polar liquid phase

(Apiezon M), that all of the possible tetra- and tri-G-methyl

ethers of methyl^- and 5-glucopyranoside could be separated.

In most cases too the anomeric methyl glycosides of each isomer

could be separated to some extent. The same authors were not

so successful in their attempted separation of the di-O-methyl

ethers of D-glucose, for using the same liquid phases, only

partial resolution of the components was achieved. The rnono-

O-methyl-D-glueopyranosides were completely separated after

conversion into the mono-O-methyl-penta-O-acetyl-D-glucitols.

Various other liquid systems, such as Dow Corning Silicone

grease, Carbowax 4,000, zinc stearate, methyl cellulose

(OMe - 27.9/o), partially benzylated raffinose, D-mannitol,

and/
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and aannitol hexastearata, have bean examined with various

degrees of success. Recently# Kircher (151) has reported that

he had successfully separated the fully methylated methyl

glycosides of various monosaccharides using fully methylated

hydroxyethyl cellulose as liquid phase. m-Bis (ra-phenoxy-

phenoxy) - benzene has also been used as a liquid phase (3 52j.

The use of gas-liquid partition chromatography to the

separation of me thy1-0-methy1 glycosides and O-methy1-0-acety1

glycitols has been indicated, but it has recently been applied

to the separation of 0-acetyl glycitols using Apieaon M# Dow

Corning Silicone grease and Butanediol succinate polyester as

liquid phases (153). Chroaosorb <4 which had been coated with

silver, was used as un inert support for the Apiezon li and the

Dow Corning Silicone grease.

Gas-liquid partition chromatography can be used both as a

qualitative and quantitative analytical tool. In the qualitative

field it has been found to be a very reliable and sensitive test,

for it has been observed that the retention times of various

volatile compounds are remarkably reproducible. Furthermc^j,

very pure fractions can be recovered from the effluent gas stream

and this facilitates the preparation of crystalline derivatives.

By measuring the areas under the peaks obtained from the

separation of various methyl glycosides of various methylated

sugars, an estimate of the relative amounts of the individual

constituents has been obtained. To measure absolute quantities

a known amount of an internal standard must be added.
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■Experimental.

The separations of the methyl glycosides of the methylated

sugars were carried out using a *Pye Argon Chromatography at

temperatures ranging from 150 - 135° on columns 4 feet long,

$ :ani. internal diameter. One of the columns was packed with

Apiezon M grease (2Q/o) on urea-formaldehyde treated Celite,

30-100 mesh; the other with Butanediol succinate polyester (20/»)

on Celite.

Column packing. Celite which had "been washed with acid and

alkali was U3ed as an inert support for the Butanediol succinate

polyester liquid phase. The polyester (2 g./8 g. of Celite)

was dissolved in chloroform and the solution added in small amounts

to the Celite in an evaporating "basin. After adding (with

mixing) just sufficient of the solution to dampen the Celite,

the "basin was placed in an oven at 30°. Periodically the "basin

was removed and the contents mixed well. When the Celite was

considered to "be fairly dry another addition of the solution of

polyester in chlorofom was made and the drying and mixing

process repeated. When the last addition of the chloroform

solution had been made and the contents of the basin dried as

before, the mixture was left standing overnight in the oven at

80° to drive off the last traces of solvent. The dried material

was used to pack the column.

Apiezon 1-1. The Celite was prepared by allowing it to stand

for/
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for 2 days in concentrated hydrochloric acid, filtering and

washing well with water. The dried material was treated with

urea-formaldehyde * and the Apieaon M, (2 g./8 g. Celite),

dissolved in chloroform, added to the Celite in exactly the same

way as that used for the preparation of the polyester column.

* Urea-formaldehyde treatment - Urea (60 g.) dissolved in

formalin (125 g. - 36/tj) and dilute ammonia (3 ml.: 0.38) added.

Solution (2 g./3 g. of Celite} diluted with water and added in

small amounts to the Celite (see prep, of polyester column for method

of addition). The mixture was finally dried at 120° for 3 days.

The methanolysis products obtained from the various

raethylation studies on the polysaccharides from Scots pine and

Japanese larch arabinogalactan A were analysed on these liquid

systems. The methanolysis products from European larch

arabinogalactan were also examined for the purpose of comparison.

The actual chromatograuis obtained are included:-

Eigs. 8 and 9 - Scots pine galactoglucomannan

Eig» 10 * Scots pine arabinogalactan (xylan)
Eig. 11 - Scots pine degraded arabinogalactan

Eig. 12 - Japanese larch arabinogalactan A

Eig. 13 - European larch arabinogalactan

Eigs.14 and 15- Japanese larch degraded arabinogalactan A-DI.

Eig. 16 - Japanese larch degraded arabinogalactan A-DII.

The peaks found in these studies were identified by comparison

of their retention times on the gas-liquid chromatogram with

authentic methyl glycosides of the suspected methylated sugars.
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Pig. 8. Gas-liquid, partition chroraatogram of methanolysis

products of Scots pine galactoglucomannan.

Conditions : Apiezon M - 20/1 on Celite

Temperature - 15Q/& $ 30 ml. argon / rnin.

Peak3 I-V. - unidentified

Peaks VI. - 2,3,4,6-tetra-O-methyl-^-B-glucopyranoside
Peak VII - 2,3,4,6-tetra-O-raethyl X - and 6 -D-raannopyranoside

Shoulder on

Peak VIII - 2#3,6-tri-0-methyl-^-I)-glucopyranoside
Peak VIII 0

and IX - 2,3,4,6-tetra-O-methy1-p-D- and^-D-galactopyranosides
respectively

Peak X - unidentified

Peak XI - 2,3,6-tri-0-methyl-<*-D-glucopyranoside and
2,3,6-tri-O-methyl-y- andft -D-mannopyranosides

Peak XII - 2,3-di-0-methyl-?-D-glucopyranoside

Peak XIII - 2,3-di-0-methyl-?-D-mannopyranoside

Pig. 9. Gas-liauid partition chromatogram of methanolysis

products from methylated Scots pine galactoglucomannan.

Conditions ; Butanediol succinate polyester - 20$ on Celite

Temperature 175° , 150 ml. argon / min.

Peak I - 2,3,4,6-tetra-O-methyl-^-D-glucopyranoside
Peak II - 2,3,4,6-tetra-O-methy1-X and ft -D-mannopyranoside

Peak III - 2,3,4,6-tetra-O-methyl-X and ft-B-galactopyranoside
Peak IV - unidentified

Peak V - 2,3,6-tri-O-methyl-^-D-glucopyranoside
Shoulder on

peak V - 2,3-di-O-methyl-^-D-glucopyranoside
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Shoulder on

Peak VI - 2,3,6-tri-0-methyl-p<~]>-glucopyranoside

Peak VI - 2,3,5-tri-0-methyl-<X and $ -I>-mannopyrano sides

Peak VII - unidentified

A comparison of Pigs. 8 and 9 shows that a much better

resolution of the components was obtained on the polar liquid

phase. Peak IV, Pig. 9 which represented a methyl glycoside

present in quite a large quantity was not identified. Addition

of some authentic 2,3-di-O-methyl-p-D-glucopyranoside to the

raethanolysis products showed that the shoulder on Peak V, Pig. 9

corresponded to this methyl glycoside.

Pig. 10. Gas-liquid partition chromatogram of methanolysis

products from methylated Scot3 pine arabinogalactan (xylan).

Conditions s Apiezon M - 20% on Celite

Temperature - 150° , 80 ml. argon / min.

Peak I - 2,3,5-tri-0-methyl- pC and !? -L-arabinofuranoside
Peak II - 2,5-di-0-methyl -oL and |3 -L-arabinofuranoside
Shoulder on

Peak III - 2,3-di-0-methyl«?-L-arabinofuranoside

Peak III - 2,3-di-O-methy1-?-L-arabinofuranoside and/or
2,3,4-t ri-O-niethy1- A and p -L-arabinopyranoside

Peak IV - 2,3,4,6-1et ra-O-me thyl-/3 -D-galactopyranoside

Peak V' - 2,3,4,6-tet ra-O-me thyl-<x-J)-galact opy rano s ide

Shoulder on *

Peak V - 2,4,o-tri-0-methyl-p-D-galactopyrano3ide
Shoulder on n

Peak VI - 2,3,4-1 ri-O-me thyl-P -D-galac topyran os ide

Peak VII/
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Peak VII - 2,4,6- and 2,3,4-tri-0-methyl-c\-I)-galactopyranosides

Peak VIII - 2,4-di-0-raethyl-/?-D-galactopyranoside
peak IX - 2,4-di-0-inethyl-^-H»ga^actopyranoside

The components giving Peak II and the shoulder on Peak II

could not "be identified positively, "but probably represented

the methyl glycosides of 2,5- and 2,3-di-O-methyl-L-arabinoses.

2,3-Di-O-methyl-L-arabinose, which can exist in either the

furanose or pyranose form, gives three peaks when analysed on

Apiezon M and Peak III probably represents the third one.

Peak III could, however, also originate from a small amount of

2,3,4-tri-0-methyl-d< and |3 -arabinopyranosiaes^but this is unlikely
in view of the small amount detected from the methylation study

on the crude water-soluble extract.

The shoulder on Peak V and the large retention volume of

peak VI wa3 indicative of the presence of large amounts of the

2,4,6-tri-0-methyl-ether of I)-galactose.

Fig. 13. Gas-liquid partition chromatogram of the methanolysis

products from methylated degraded (periodate oxidation, borohvdride

reduction, partial acid hydrolysis) Scots pine arabinogalactan.

Conditions : Apiezon M - 2o>& on Celite

Temperature - 150° , 30 ml. argon / min.

Peak 1/
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Peak I 2,3,5-1ri-O-methyl-/- and -L-arabinofuranoside

Peak II-V- unidentified

Peak VI - 2,3,4,6-tetra-0-methyl-^-D-galactopyrano3ide
Peak VII - 2,3,4,6-tet ra-O-me thy1-«A -D-galaet opy rano side

Peak VIII- 2 , 4,6-1 r i-0-raethyl-/?-D-galactopy ran o s i de

Peak IX - 2,4,6-tri-0-methyl-<A-D-galactopyranoside

Peak X 2,4-di-O-methyl-^-D-galactopyranoside
Peak XI - 2,4-di-0-me thy1-/-D-galac topyrano side

Of the first five peaks to appear, only the first one could

"be identified. The next four (II, III, IV, and V) were probably

low molecular weight fragments or methylated sugar alcohols

resulting from the Smith Degradation. Ho trace of 2,3,4-tri-

O-methyl-D-galactopyranoside wa3 detected.

fig. 12. Gas-liquid partition chromatogram of ..nethanolysis

products of fully methylated Japanese larch arabinogalactan A.

Conditions : Apiezon M - 20/* on Celite

Temperature 150° * 30 ml. argon / min.

Peak I

Peak II -

2,3,5-tri-0-uethyl-/^- and p -L-arabinofuranoside
~y/f-

2,5-di-O-methyl-L-arabinofuranosider

Peak III - 2,3,4-d i-O-methyl-^- and/? -L-arabinopyranoside

Peak IV - 2,3,4,6-tetra-0-methyl-J?-D-galactopyranoside
Peak V - 2,3,4,6-t et ra-0,-me thy l-fZ-D-galaeto py rano side

Peak VI - 2,3,4-1 r i-O-me thy1-<X-D- galac topy rano 3 ide

Shoulder on

Peak VI - 2,3,4-1 ri-O-methy1-$ -D-galactooyranoside

Peak VII/
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Peak VII - 2,4-di-0-iae'thyl-/}-D-gaIactopyrano3ide
peak VIII - 2f4-di-0-metiiyl-X.~D-galactopyranoside

Pig. 13. Gas-liquid partition chromatogram of methanolysis

products of fully methylated European larch [ -galactan.

A comparison of Fig. 12 and 13 shows that methylated Japanese

larch arabinogalactan A and European larch arabinogalactan are

remarkably similar. Mb shoulders appeared on Peak VI Figs. 12

and 13 and this indicated that the arabinogalactans contained

virtually no 2,4,6-tri-O-methyl-D-galactopyranosides. In the

case of European larch £-galactan^thi3 has been substantiated
by analysis of the mixture of methylated sugars from the

hydrolysed methylated ^-galactan (124)
Resolution of the methyl glycosides of the di-O-methyl ethers

was poor, but there certainly seemed to be very little 2,6-di-0-

aethyl-D-galactopyranosides.

Pig. 14. Gas-liquid partition chroaatogram of aethanol,ysi3

products of degraded (periodate oxidation, borohydride reduction,

partial acid hydrolysis) Japanese larch arabinogalactan A-DI.

Conditions : Apiezon M - 20,<>. on Celite

Temperature - 150° , 30 ml. argon / mln.

Peak I - 2,3,5-tri-O-methyl-tA- and j)-L-arabinofuranoside
Peak II - 2,5-di-O-methyl-^- and ^-l-arabinofuranoside
Peak III - unidentified.

Peak IV - unidentified

peak V/



231.

Peak V - 2,3,4,o-tetra-0-methyl-/)-;D-galactopyrano3ide
Peak VI - 2,3,4,6-tetra-0-methyl-/,-I)-galactopyranoside

Peak VII - 2,4,6-tri-0-methyl-/?-I)-galactopyrano3ide
Peak VIII- 2,4,6-tri-O-raethyl-iA-D-galactopyrarfoside

Shoulder on

Peak VIII- 2,6-di-0-inethyl-?-D-galactofuranoside

Peak IX - 2,6-di-O-methyl-p-D-galactopyrano side
Peak X - 2,4-di-O-methyl-^-D-galactopyranoside
Peak XI - 2,6-di-O-methyl-iA-D-galactopyranoside

Peak XII - 2,4-d i-O-me thyl-C^-D-galaet o py ran o s ide

Pig. 15. Gas-liquid partition chromatogram of methanolysis

products of Japanese larch degraded arabinogalactan A-DI.

Conditions : Butanediol succinate polyester

Temperature 1850 , 90 ml. argon / min.

Peak I - 2,3,5-tri-Q-methyl-/?-L-arabinofuranoside
Peak II - 2,3,5-tri-O-methyl-^-L-arabinofuranoside

Peak III - unidentified

Peak IV - 2,3,4,6-tetra-O-methy1-^-D-galactopyranoside
Peak V - unidentified

peak VI - 2,4,6-tetra-0-methyl-/^-D-galactopyranoside
Peak VII - 2,4,6-tetra-0-methyl-(X.-Q-galactopyranoside

All of the peaks mentioned above had the characteristic

retention times of authentic samples.

Peals/
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Peak III, Pig. 14 had the expected retention time of

2,3,4-tri-O-methyl-/- and p -L-arabinopyranoside, but separation
of the methanolysis products on butanediol succinate polyester

disproved this.

Pig. 16. Gas-liquid partition chro datagram of the methanolysis

products of degraded Japanese larch arabinogalactan A-DII.

Conditions s Apiezon M - 20/ on Celite

Temperature - 150° , 100 ml. argon / min.

Peak I - 2,3,5-tri-0-methyl-e<- and p -L-arabinofuranoside
Peak II - unidentified but could be 2,5-di-0-methyl-L-

arabinofuranoside

Peak III shoulder - unidentified

Peak IV .. - unidentified

Peak V - 2,'3,4,6-tetra-0-methyl-/)>-D-galactopyranoside
Peak VI - 2,3,4,6-tetra-0-methyl-/-Jl-galactopyrano3ide

Peak VII - 2,4,6-tri-0-methyl-/?-l}-galactopyranoside
Peak VIII- 2,4,S-tri-0-methyl-A-D-galactopyranoside

Peak IX - 2,4-di~0-methyl-^-D-galactopyrano3ide
Peak X - 2,4-di-0-methyl-/rI)-garactopyran >side

"When this chromatogram is compared with that obtained from

the methanolysis products from Japanese larch arabinogalactan A-DI

Pig. 14 it is seen that the pictures are very similar. The

appearance of Peak II which could correspond to the methyl

glycosides of 2,5-di-O-methyl-L-arabinose is surprising if this

is/
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is in fact what it is. A more likely explanation is that it

arises from partially methylated low molecular weight material

resulting from the Smith Degradation.

There was no trace of the methyl glycosides of 2,6-di-0-

me thy1-D-galact o oe•

It has been possible to identify with a good degree of

certain^ty most of the methyl glycosides found in the methanolysis

products from the methylated water-soluble polysaccharides from

Scots pine and the arabinogalactans from Jai^anese larch (A - only),

European larch, and those degraded polysaccharides recovered

after the Smith Degradation studies. Without this powerful

analytical tool it is doubtful, in view of the small amounts

of methylated polysaccharides available, if such detailed studies

could have been possible by other analytical methods. By using

other liquid phases it may be possible in conjunction with —

those already U3ed to attempt a quantitative estimation of the

individual components present in the various polysaccharides.
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