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INTRODUCTION



INTRODUCTION.

Reindeer Moss is the general name given to the three

species of lichen, Cladonia alpestris. Cladonia ranfliferina.
anc* Cladonia sylvatica ;of which C .alpestris is the dominating
species and the most important. The three plants are similar

in appearance having a silvery-green colour and a highly-

branched structure; both in their natural state and after

staining with suitable dyes they are frequently used for

decoration. C.sylyatica and C.rangiferina are found growing

with C.alpestris in varying quantities. In addition to

botanical inspection, the three species can be distinguished

by treating the plants with an alcoholic solution of p-phenylene

diamine. This produces a red or yellow coloration with

C.rangiferina and C.sylvatica;but has no effect on C.alpestris.
The colour reaction depends on the products of metabolism;

since this varies?the test is not in itself conclusive evidence
of identity.

Lichens grow in many regions and extremes of climate?but
they are extremely profuse in Iceland, Norway and subarctic

regions, where their abundance and their varied uses make them

important. For centuries extracts from the commonly occurring

lichens have been used in the dyeing industry and for medical

purposes. Chemical investigation (1) has shown that many

interesting compounds may be extracted from lichens. Of these,

the lichen acids and related compounds are important, e.g.

lecanoric acid, alectoronifc acid and usnic acid (Pig.l). Many
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species of lichen contain the latter, e.g. C.sylyatica.

G. rangiferina. Cetraria nivalis. alectoria ochroleuca and

others. This compound has considerable antibacterial activity,

particularly against the tubercle bacillus (2). These recent

discoveries of antibacterial activity, both in the crude lichen

extracts and in the individual lichen acids, justify the

traditional use in some countries of hot aqueous extracts of

lichens for invalid soups anu medicinal purposes. In Finland

for example, hot aqueous extracts of iieindeer Moss are used as

a remedy for tuberculosis*
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natural colouring materials may also be obtained from lichens;
the plants and their extracts are still used in 3ome parts of

Scotland and .Norway for dyeing. Various species, e.g. Lecanora

tartarea. Hoeel la tinctoria anu others,yield tne well-known
indicator litmus. These species are also the source of orcinol,

the parent substance of the cudbear or orseille dyes which have a

limited use in the dyeing inaustry of today.

Lichens are the only naturally occurring source of these

compounds, the uepaidea and depsiuones, of which several hundred

are known, and their formation in the plant is considered to be
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due to its unusual structure. The lichens are thallus plants,

consisting of two separate organisms, algae and fungi, living

interdependently, and forming a constant structure according

to the species. The algae are the dominant organisms and may

live independently, although in different form, whereas the

fungus, which provides the requirements for grov\*th and water

storage in the plant, is unable to lead a separate existence.

Due to their structure lichens show resistance to extremes of

climate and as a result often form the only vegetation in some

regions.

The lichen acids, and other compounds of low molecular

weight, form a relatively small proportion of the weight of the

plant, which consists mainly of carbohydrates. In general,

these carbohydrates are easily hydrolysable and digestible by

animals. The use of lichens for foodstuffs for domestic animals

and reindeer is common in those countries where lichens are most

abundant. In Morway especially, lichens occupy a prominent

position in the economy of the country due to their importance as

a natural source of cattle fodder. The effect of this "lichen

food" on domestic animals has recently been studied in Horway;

the three commonly occurring lichens Cetraria islandica. Cetraria

nivalis, and Cladonia alpestris were used (3) (Table I).



Dried weight
y

g./lOO g.

Dried wt.
g./lOOO g.

Organic
Material

Crude
protein

Crude
fats

N-free
extrac¬
tions

"Fibre" Ca P

Reindeer Moss
(Cladonia aloestris) 98 -7 2-5 2-1 52-9 41.2 0-8 0*2

Iceland Moss
(Cetraria islandica) 98*6 3-6 1.7 83-4 9 -9 1.4 0-5

Gold Moss
(Getraria nivalis) 98 *5 2«2 3-6 82-7 10-0 1-4 0-7

It was found that the lichens differed in their digestibility by

animals; C.islandica ana G.nivalis could be used successfully by

cattle, pigs and sheep,but C.alpeatris was too fibrous for pigs and

was not easily digested; boiling and treatment with alkali did not

convert it into suitable pig fodder, but acid hydrolysis partly

converted the moss into digestible material. It was generally

found that ruminants which were accustomed to lichens made the best

use of it, as for example, sheep and milk cows; the latter showed

an increase in milk production with, however, a proportionate

decrease in the percentage of fat. The uae of lichens for food

has not been confined to animals; as a result of the shortage of

wheat in World Wars I and II, black bread, made partly from lichens,
was used in some parts of Norway.

The object of this research is to study the alkali-soluble

polysaccharides which can be isolated from C.alpestria. and by

using modern techniques to determine the structure as far as this

is possible. G.alpestris consists of approximately 93$ carbo¬

hydrate, part of which is soluble in alkali, Bemer (4) found



D-galactose, D-mannose and D-glucose in the alkali-insoluble

part of the plant,and attempted methylation of this material

gave preparates containing approximately 35j£ methoxyl. Menzies

(5) obtained mucic acid from the alkali-soluble carbohydrates

by oxidation with nitric acid, showing that D-galactose is present

in this material also. Hydrolysis with mineral acid has shown

that D-glucose and D-mannose accompany D-galactose in the alkali-

soluble polysaccharides.

It was apparent in the early stages of this work that the

structure of the polysaccharide was complex and that it would be

necessary in the course of the work to consider the structures of

polysaccharides obtained from sources other than lichens. The

simultaneous occurrence of D-galactose, D-glucose and D-mannose

in crude polysaccharides is not uncommon. Frequently two of the

three hexoses are present as minor constituents or impurities in

polysaccharides in which the third i3 the major constituent; in

the mannose-containing polysaccharide obtained from Ivory nut (6),
D-mannose is the major constituent and D-galactose and D-glucose

are present in small quantity; in the glucose-containing poly¬

saccharides obtained from the lichen Iceland Moss, D-glucose is

the major constituent and D-mannose and D-galactose are also

found. In other polysaccharides more than one hexose may have

structural significance; in many mannose-containing polysaccharides

either D-glucose or D-galactose combine with D-mannose to form

branched-chain polysaccharides, the glucomannans and galactomannana

respectively.

Thus a carbohydrate containing D-mannose, D-glucose and
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D-galactose may have several possible structures. It may be
a mixture of polysaccharides, each of which containsone sugar

unit only, a mixture of mannan. glucan and galactan with

perhaps one type predominating; in addition, polysaccharides of

the galactomannan or glucoraannan type may also be present. On

the other hand it is also possible that all three hexoses are

contained in one molecular structure.

It would be impossible to deteimine the structures of such

complex polysaccharides without the use of the modern techniques

of periodate oxidation and partition chromatography. In the

former the periodate ion oxidises a molecule which contains a-

glycol groupings'^splitting the bond between adjacent hydroxyl

groups and producing formic acid where more than two such groups

are adjacent; the reaction proceeds quantitatively under con¬

trolled conditions'®^ one molecule of periodate splitting each

a-glycol bond (Fig.2). .Determination of the amount of periodate

necessary for complete oxidation of the molecule, together with

the amount of formic acid formed during the oxidation,will be

useful in determining the type of linkage present in the molecule

and also the degree of branching (Fig.3). This information,

taken in conjunction with the results of methylation studies,will

give a general picture of the molecule in most cases.

V<M0.hc„O
°THO

J + X Hcoow

Fig. 2.

CHjOH

oH—>

4HCOOH

-1
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I

1he separation and identification of cleavage products,

obtained on hydrolysis of both methylated and unmethylated

polysaccharides, has been simplified by the use of paper-

chromatography and the cellulose column. The great advantage

of these techniques is that both qualitative and quantitative

work can be done on small amounts of materials. Monosaccha¬

rides and their methylated derivatives can be identified (9)

and estimated (10) using the paper chromatogram; the separation

of larger amounts can be achieved using a column of powdered

cellulose (11). In addition mixtures of disaccharides, tri-

saccharides and higher oligosaccharides can be separated using

charcoal columns (12).

By the use of these techniques it has been possible to

determine the general structure of complex polysaccharides like

lichenin and isolichenin. both of which are obtained from

Getraria islandica. A consideration of these glucose-containing

^olysaceharides, a«d of aome mannose-Containing polysaccharides,

has been useful in both the experimental and theoretical aspects

of this research.
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OLUCOSiS-COflTAIH IMO POLYSAC JHAItlDiSS .

1. The Polysaccharides of Cetraria islanaica - Lichenin.

Iceland Moss contains approximately 80# carbohydrate which

is partly soluble and partly insoluble in hot water. The hot-

water-soluble polysaccharide Lichenin is the major component.

Lichenin was first isolated and named by Berzelius in 1813 (13)

who obtained this gelatinising substance from the hot water

extracts of many species of lichen. The aqueous extracts,

like starch, produced a blue colour with iodine. Examination

of the cruue polysaccharide showed that the raaterial was not

homogeneous and that it was composed of a number of related

polysaccharides in which lichenin was predominant. Jure

lichenin is not stained by iodine (14); the blue coloration

which is produced is due to the presence of the related poly¬

saccharide isolichenin. which accompanies liohenin in the plant

in very araall quantity. Isolichenin is extremely soluble in

cold water and so may be easily separated from lichenin on

cooling the hot water extract; this sets to form a jelly, the

greater part of the iaolichenin being retained in solution in

the remaining liquid. By repeated solution, cooling and

precipitation, until the product no longer produces a colour

with iouine, pure lichenin may be obtained (15). It is a

white hygroscopic powder, soluble in warm water, and dilute

alkali, its alkaline solution snowing a small positive rotation

([aj|° 3 +8-3 (2 H iiaOH)) (16).
Hydrolysis of lichenin both by acid (17) anu by ensymes

(18) has shown that tho polysaccharide contains 96-98# D-glucose
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residues. Acetylation (19) and methylation produces respec¬

tively a tri-O-acetyl and tri-O-methyl derivative. Hydrolysis

of tri-O-raethyl lichenin produces predominantly 2:3:6 tri-O-

raethyl-D-glucose (20) and shows that the molecule contains 0*6 -

0-9% of end group (21); this was determined by the separation

of methyl tetramethyl glucoside from the other cleavage products.

Hydrolysis of methylated cellulose produces 2; 3^6 tri-O-methyl

cellulose in comparable quantity and a similar proportion of end

group. Determination of the molecular weight of lichenin by

pnysico-chemical methods (22,23,24,25), several values having

been recorded, shows that lichenin is a macro molecule, like

starch or cellulose, having a minimum weight of the order of

10,000. The average of the reported values gives a degree of

polymerisation (D.P.) of 114-116. X-ray examination (26) shows

that lichenin is amorphous, whereas cellulose reveals some

evidence of cry3tallinity on X-ray examination.

The apparent similarity in the structures of the cellulose

and lichenin molecules stimulated research that resulted in the

accumulation of experimental data on the physical properties,

solubility, molecular weight and shape, of the lichenin molecule

and its derivatives. Much of this evidence supported the view

that lichenin was a macro molecule similar to cellulose, con¬

sisting of a long chain of D-glucose residues0-1inked through C

atoms 1 and 4. On the other hand the X-ray evidence, the

difference in solubilities of tne two substances ana the

differences in rotation of their derivatives indicated that the
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raacromolecular structures also differed (27). Several

theories were put forward to account for these differences in

properties (21,28,29,30,31), one of which (21) postulated the

presence in the molecule of 1-1' or 1-4' or 4-4' linkages,

all of which would provide 2:3;6-tri-0-methyl-D-glucose on

methylation and hydrolysis, and cellobiose in 100$ yield on

degradation. However, the stable ether linkage involved in

the 4-4' link would not be broken under the conditions used,

and the presence of 1-1* linkages in significant amount is

unlikely.

Later investigation has shown that two types of linkage,

1-3' and 1-4', are present in the lichenin molecule. Meyer

and Gurtler (15) on repeating methylation experiments, confirmed

previous workers' observations on the amount of end group, and

also on the large amount of 2;3;6-tri-O-methyl-L-glucose, that

was obtained in the cleavage products. In addition they

obtained crystalline 2:4: 6-tri-O-methyl-N-phenyl-D-glucosylarnine

from the hydrolysate on treatment with aniline in alcohol.

This indicated the presence of both 1-3', and 1-4', linkages in

the molecule. This was confirmed by the results of oxidation

experiments with periodic acid. They found that periodic acid

oxidised the D-glucose units of lichenin producing dialdehydes

in 73$ yield, indicating that 27$ of the i)-glucose residues

could not have a-glycol groupings present, so that C atom 3 must

form the point of union in the chain for 27$ of the D-glucose

residues; the remaining 73$ are linked 1-4'. These results

were confirmed by Boissonas (32).
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2:4;6-Tri-0-methyl-D-glucose has sines been isolated "by

Chanda (33) from the hydrolysate of methylated lichenin by the

separation of the cleavage products on a cellulose column. 1*11$
of 2:3;4:6-tetra-0-methyl»D-gluco3e; 97>9% of tri-O-methyl-D-

glucose (a mixture of 2;4;6-tri-0-methyl-D-gluco3e and 2:3:4>-tri-

Ci-methyl-D-glucose); and 1% of di-O-methyl-D-glucose, contai ning

2:3-di-0-methyl-D-glucopyranose and other dimethyl ethers of

glucose, formed the hydrolysis products. This work substantiated

Meyer and Gurtler*s research, since he obtained approximately 30$
2:4iQ-tri-O-methyl-D-glucoae and 70$ 2:3:6-tri-O-ujethyl-D-glucose;

in addition fractional precipitation experiments indicated that

the polysaccharide material was homogeneous, so that the different

linkages were inherent in the molecular structure and did not

form the basis of two different polysaccharides.

The lichenin molecule appears to be essentially a straight-

chain molecule containing 2-glucopyranose residues, 27$ of which

are linked through C atoms 1 and 3, ana the remaining 73$ through

C atoms 1 ana 4. The distribution of the different linkages in

the chain has not yet been ascertained. The rotation of lichsnin

and its derivatives, its rate of hydrolysis, and the results of

some enzyme experiments show that the residues in lichenin are

joined by 0-linkages. There is also the possibility that a small

degree of branching may be present since dimethyl-I3-glucoses are

obtained in small amount; it is also possible however that this

small amount of dimethyl-D-glucose has been obtained as a result

of demethylation during acid hydrolysis and/or under-methylation
of the polysaccharide.
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Iaolichenin.

Isolichenin is the main component of the polysaccharide

mixture which is extracted with lichenin in the hot water

extract of Iceland Moss. The polysaccharide is extremely

soluble in water, even ice-cold water, and its aqueous solution

is strongly dextrorotatory. It also differs from lichenin in

being destroyed by the action of malt extract at 60°C.(34) and

in being stable to lichenase. an enzyme which destroys lichenin.

Although it has been claimed that the action of diastase

on the crude polysaccharide produces maltose in 100^ yield (35),

most workers (36,37) have reported the presence of D-galactose

and D-mannose in small quantity, in addition to D-glucose, in

the hydrolysis products of their isolichenin preparation, and

further that this preparation could be fractionated to give

several polysaccharides which differed in some of their properties.

Por example, Meyer ana G&rtler (37) by a lengthy fractionation

procedure obtained five different polysaccharides, two of which

contained D-glucose residues only, two containing mainly D-

glucose and the fifth containing D-galactose, D-glucose and D-

mannose. The main fraction had [a]^0 = +203—*+38-5 on hydrolysis,
and was not stained by iodine solution; it contained mainly

D-glucose with 6% of non-fermentable sugars. The polysaccharide

was resistant to (3-amylase and did not apparently react with
■

. ;• : t i ' v

Pehling's solution.

Using a different precipitation technique involving "incom^
piete precipitation" with Pehling's solution, Chanda (38) obtain«d

from the crude material a polysaccharide that contained only
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„ ,17
D-glucoae, had [a]|j 3 <-235, and that was resistant to p-

araylsae. The preparation was stained blue by iodine solution,

differing from Meyer and GiSrtler's main product in this respect.

Investigation of the structure by me thylotion and oxidation

studies showed that like lichenin the molecule contained both

1-3', and 1-4', linkages. The consumption of periodate for

complete oxidation indicated that 60% of the D-glucose residues

were linked through C atoms 1 and 3. This was in agreement

with the proportion of 2;4:G-tri-G-methyl-G-glucose which he

obtained on hydrolysis of tri-O-aetnyl-iaolichenin. The re¬

maining linkages wore shown to be 1-4', since 2:3:6-tri-0-methyl-

D-glucosa was obtained in equivalent amount. 2:3:4:6-?etra-Q-

iflethy 1-J-g lueoss (2*4^) ana a small amount of dimethyl glucose

(mainly 2:3-ui-Q-aethyiucopyrauose) were also obtained.

He concluded that isolichenin consists of short chains of

approximately 40 G-glucopyranoee units, 40£ of which are linked

1-4* and 60% are linked 1-3*, with the possibility that the

chains may have a small uegree of branching. The distribution

of the different links in the chain ia uncertain, but preliminary

experiments with enzymes indicated that of the four possible

structures for iaolichenin (Pig.5) which he postulated, structure

4 was unlikely since the molecule was stable to 0-araylaae.

The enzyme attacks the molecule of a 1-4*-a-1inked polysaccharide

from its non-reducing enu, in stepwise fashion, splitting alter¬

nate links (Pig.4).
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<4-40^40^Fig. 4.

1 • Gl~ 3G1—3°1~ 3G1 3G1~ 3G1 4 G1 4G1—4G

2« Gl~4G1~ 3G1— 4g1 ®tc-

3« Gl—3g1"4g1~3g1 etc-

4* G1 4Gl~4Gl—4G1 3G1 3g1 3g1 3G1 Fig.5.

In addition to lichenin and isolichenin, alkali-soluble

polysaccharides have been attracted from Iceland Moss. These

polysaccharides were first isolated in 1933 by Buston and

Chambers (39) and were further investigated by Granichstadten

and Percival in 1947 (40). Acid hydrolysis showed that the

polysaccharide contained i)-glucose (89%), D-galactose (8JS), D-

mannose (3$£), and uronic acid (55C)» which they considered was

probably 2-glucuronic acid. Purification by formation of copper

complexes with Fehling'a solution (41) gave a polysaccharide

which contained only ^-glucose. Hydrolysis of the tri-O-methyl

derivative produced a mixture of 2:3:6-, 2:4:6-, 3:4:6- and 2:3:4-

tri-O-methyl D-glucoses indicating the presence in the polysac¬

charides of the four different linkages 1-41, 1-3*, 1-2*, and

1-6', respectively. It is apparent that the extracted material

is a complex mixture of polysaccharides, either a mixture of four

different polysaccharides each of which differs in the type of

linkage, or a mixture of polysaccharides in which one or more

polysaccharides raay have different linkages occurring within the

molecule.



- 15

The polysaccharides which have been isolated from

Iceland Moss,fLichen in, 130lichen in and the alkali-soluble
polysaccharides), all contain it-glucose residues only,but

extracted with them are impurities containing L-mannose and

L-galactose. Lichenin has 1-3*, {21%), and 1-4', {1Z%).

linkages with a chain length of approximately 115 units;

isolichenin has 1-3', (60^)3 and 1-4*, (40^) linkages and a

chain length of approximately 40 units; the hemicellulose

polysaccharides have 1-3*, 1-4*,1-2', and 1-6' linkages, all

of which may not necessarily be Contained in one molecule.

Isolichenin and lichenin exhibit a striking difference in their

optical rotation, the £-1inked molecule of lichenin having

[a]^p = +8*3, and the a-linked molecule of isolichenin having
[a]§° - +255.

The alkali-soluble polysaccharides may be classified as

hemicellulose polysaccharides since this group is usually

extracted from the plant with alkali. Many workers define

the group on a basis of solubility (42), but, excluding the

seaweed polysaccharides, all polysaccharides except cellulose,

starch and pectin can be included in the hemicellulose group

of polysaccharides. Most hemicellulose mixtures are reported

to contain pentose (43); frequently uronic acids are associated

with hemicellulose polysaccharides (44); less frequently

methyl glycuronic acid units are found (45).
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2. The Glucose-containing PolysaccharidePustuiin.

A water-soluble polysaccharide, pustuiin (46) has been

isolated from the lichen, TTmbi 11 caria pustulata. It3 aqueous

solution is laevorotatory, having [a]^° = -44. The poly¬
saccharide contains D-giueose residues only, the D-glucose

units being p-linked through G atoms 1 and 6. The rate of

hydrolysis of the polysaccharide i3 approximately double that

of cellulose and equal to that of lichenin.

aAN30Sfl-C OaTAiani G POLY3AGCHAll IJJSS

1• Galactomannans.

Galactomannans are common in the ungeiminated seeds of

leguminous plants where they form mucilages in the endosperm;

they can usually be extracted with hot water but they may be

extracted with dilute alkali. On germination both endosperm

and mucilage disappear, which suggests that the polysaccharides

form food reserve polysaccharides (47). As the name implies,

these polysaccharides consist of D-galactose and D-mannose units.

Considerable information has been obtained in recent years

about these polysaccharides. Research on their properties and

their structure was stimulated by the necessity for finding

alternative sources of, or a substitute for, the carob seed

mucilage,when supplies of carob seed from the Meaiterranean

countries were uncertain after 1940. Because of its ready

ability to form gels, the carob seed mucilage is used in the

paper, textile and food industries. (It is variously known as
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gum gatto, carob gum and locust bean gum). Many leguminous

plants were investigated for sources of a similar substance

(48). During the course of that investigation it was found

that the relative amounts of D-galactoae and D-mannose con¬

tained by the various polysaccharides varied from species to

species and even within a species. D-galactose is found in

largest amount in the polysaccharides from guar seed, lucerne

seed and fenugreek seed, where the ratio of D-galactose to

D-mannoee is 38:58-5, 2:1, and 48:52 respectively. Generally

mucilages from the whole seed contain traces of uronic acid and

varying amounts of pentosan, but no pentosan is found in the

free endosperm.

The galactoraannan from carob seed (49). This can be extracted

from the plant either by alkali (50) or by hot water (51); the

polysaccharide contains J-galactose and J-mannose in the ratio

20:80 approximately. Methyl-2:3:4:6-tetra-0-methyl-J-galacto-

side (ca. 1 part), raethyl-2:3:6-tri-O-methyl-J-mannoaide (ca.
4 parts) and me thy1-2:3-d i»G^«raethyl-D-mannoside (ca. 3 part) were

obtained on hydrolysis of the trimethyi derivative (50). Oxida¬

tion studies with the periodate ion indicated that one sugar residue

in six was an end group, and hydrolysis of the fully oxidised

material showed only a trace of mannose on the paper chromatogram.

"This indicated that neither galactose nor aannose residues, combined

through C3 or through any two of G atoms C2. C3 or C4, were present.,
since sugar residues linked in this way would not have been attacked

by the periodate ion. The polysaccharide was concluded to
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have a branch©d-chain molecule in which side chains of D-

galactose units were attached ranuomwise to a straight-chain

of D-mannopyranose units.

The aalactomannan from Guar seed. Quaran. the galactomannan

from guar seed, is extracted from guar flour by hot water (52).

From the results of methylation and oxidation experiments, four

possible structures (Fig.6) for the molecule were postulated

by Haffique and Smith (53). Methanolysis had produced

approximately equimolecular proportions of 2:3:4:6-tetra-0-

methyl-D-galaetose, 2:3:6-tri-O-raethyl-D-mannose and 2:3-di-0-

me thy1-D-manno s e.

G, G,

9, 9 k A
> Jm I >

if

Fig. 6.
A\- -rt—rv- -M— -w-

i <• I A I h i '

a,. Ar. C . •

Since they found that for oxidation of the molecule, four

molecules of periodate were consumed with the liberation of 1

molecule of formic acid, all four formulae were possible.

X-ray studies (54) favoured structures (a) and (b), since they

showed that the structure best in agreement consisted of a

polymannose chain with side chains consisting of one galactose

unit attached to every second mannose unit. The chains appeared

to be arranged in sheets with all the aide chains in one sheet

pointing in one direction, while adjacent sneets had the side

chains pointing in the opposite direction.

iSnzyme hydrolysis (55) and partial acid hydrolysis (56) of
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guaran has led to the isolation of two crystalline disaccharides
which have been characterised as 4-Q-f 3-J>mannopyranoByl1-i3-D-

raannopyranose (Fig.?) and 6-o/a,-I)-galactopyranoayl}-3-l>-manno-
pyranose. Crystalline trisaccharides have also been obtained,

Q-3-D-mannopyrano3yl-( 1-4* )-6-D~mannopyx>anooyl-d-4tJ-3~D-
mannopyranose (57), and Q-a-D-galactopyranosyl-( 1-6* )-Q-3-P-

man nopy rano sy1-(1-4 *)-6-D-mannopyranose (Fig.8) (58). The

isolation of these compounds has shown that the guaran molecule

consists of a chain of D-mannopyranose units, p-linked through

C atoms one and four, with side chains each consisting of one

D-galactopyranose unit a-linked through C1 to Cg on the main
chain (Fig.9).

IG. /. a) 4-0-3-D-mannopyranosyl» tx) 6-0-a-D-galactopyranosyl
3-P-mannopyranose. 3-D-mannopyranose.

a.) 0-3-D-mannopyranosyl-( 1-4' )-B-D-mannopyranoayl-(I-4' )-6-D-
mannopyranose.
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Becent work on the polysaccharides obtained from the

seed mucilages of fenugreek (59), lucerne and clover (60),
has shown that these polysaccharides are similarly constituted

and may be considered as variations of a standard pattern (Fig.

10),where the variation lies in the number and position of the

D-galactose side chains. Alternatively the variation in

composition may be due to the heterogeneous nature of the

carbohydrate, which may be a mixture of polysaccharides of

which the galactomannan is the predominant component.

2. Hie Mannose-containing Polysaccharides of Iris sibirica

and Iris ochroleuca.

Polysaccharides can be extracted with alkali from the seeds

of Iris sibirica and Iris ochroleuca (61). Both appear to be

similarly constituted, and contain D-mannose and D-glucose in

approximately equal amounts,with D-galactose in small quantity

(ca. Z%). Methylation studies showed that all the D-galactose

was present in the molecule as 'end-groups,* since only 2:3:4:6-

tetra-O-methyl-D-galactose was obtained from the cleavage

products after hydrolysis of the methylated derivative. The

main product was a mixture of tri-O-methyl-hexoses which con¬

tained 2:3:6-tri-(5-methyl»D-glucose and 2:3:6-tri-0-raethyl-D-

mannose. In addition, small amounts of mixtures of dimethyl

hexoses, (which appeared to contain 2:3-di-O-methyl-D-manno-

pyranose and 2:3-di-0-methyl-D-glucopyranose), and tetramethyl

hexoses, (probably 2:3:4:6-tetra-0-methyl-D-glucose and 2:3:4:6-

tetra-O-methyl-D-mannose), were also obtained.
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Periodate oxidation experiments showed that for one of

the polysaccharides (Iris ochroleuca) 1 mole of formic acid

was liberated for 19 anhydrohexose units on complete oxidation;
Units

1 mole of formic acid per 12 anhydrohexose was liberated on
A

oxidation of the polysaccharide obtained from Iris sibirica.

Both polysaccharide residues after oxidation were insoluble

in the reaction mixture.

The structure of these polysaccharides is not certain, but

both appear to be mixtures of polysaccharides, of which one

component is a galactomannan of the type found in carob seed.

3 - Glueomannans.

These polysaccharides have not been found in nature in

such great abundance as the galactoraannans and their structure

has not been so intensively investigated.

Comophallu3 konjak provides a source of the glucomannan

Konjak mannan (62), which may be extracted with superheated

water or by the action of aqueous pancreas preparations at 25°C.

The polysaccharide contains B-glucose and D-mannose in the ratio

2:1. iSxamination of the hydrolysis products of the tri-O-methyl

derivative has shown the presence of 2:3:4-tri-0-methyl-D-

raannoae, 2:3;6-tri-0-methyl-D-mannose and 2:3:4-tri-0-methyl-D-

glucose,indicating that the molecule contains at least two

linkages 1-6', and 1-4'.
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In this outline of some recent investigations of the

structures of D-glucose containing polysaccharides and D-

mannose-containing polysaccharides, research on polysacchar¬

ides with complex structures has "been described. During the

present investigation of the structure of the alkali-soluble

polysaccharides of G.aloestris the experimental results led

to frequent reference to these investigations. The results

of these studies of complex polysaccharides illustrate the

successful application of the modern techniques of periodate

oxidation and partition chromatography in structural inves¬

tigations; without theae methods it was difficult, and in

some cases impossible, to determine the structure of the

polysaccharides, as for example, lichenin. The aim in this

research on the alkali-soluble polysaccharides of G.alpestris

was to determine the general structure of the polysaccharides,

as far as this was possible, by applying these modern methods

of investigation.
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Extraction and Isolation of alkali-soluble Polysaccharides from

Olaaon^^a^Igeat^s^.
Preliminary experiments showed that after the removal of

waxy impurities, colouring materials, and lichen acius,

prolonged boiling of the moss residue with water gave a small

yield of a carbohydrate, Subsequent extraction of the moss

residue with potassium hydroxide solutions (5^ and 24$£ in turn)

removed the alkali-soluble polysaccharides. The following

procedure was used for the extraction and isolation of these

polysaccharide in a pure state.

Removal of waxy and colo^ng impurities, apu lichen acias.

The moos (300 g. previously well cleaned and cut into

pieces) was extracted with chloroform and methanol in turn in

a dohxlet apparatus to remove colouring materials and waxy

products. After drying in the atmosphere the crisp moss was

powdered and was shaken overnight with sodium carbonate solu¬

tion (6 1.; 1*5$) at room temperature to remove lichen acids.

Extraction of water-soluble polysaccharides.

The moss residue was washed free from alkali and was then

treated with water (4x5 1. portions) at 96°C. with mechanical

stirring. The mixture was filtered through a muslin cloth,

and the aqueous solution was concentrated to approximately

500c.c. by distillation at 30-40°C. under diminished pressure.

A black slimy residue which formed wa3 separated at the
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centrifuge. The dark extract was poured with stirring into

ethanol, forming a black slimy precipitate that was obtained

by centrifuging. This precipitate was finally obtained as a

black homy solid after washing with ethanol and ether.

Yield « 1*5 g.

extraction of alkali-soluble polysaccharides.

The moss residue was treated at room temperature with

potassium hyaroxide solution (6 1.; 5$) with mechanical shaking

for 18 hours; the mixture was filtered through muslin, and the

residue was washed with cold water (1 1»). The yellow filtrate

was poured slowly with stirring into alcohol acidified with

acetic acid, giving a pale yellow precipitate (Polysaccharide I).

(Uo precipitate was obtained by acidifying the alkaline extract).

Further extraction with 5$ potassium hydroxide solution gave a

negligible yield of polysaccharide.

The moss residue was then shaken with more concentrated

potassium hyaroxide solution (6 1.; 24$), and the polysaccharide

was precipitated with acidified ethanol in a similar manner

(Polysaccharide II).

The polysaccharide precipitates were separated at the

centrifuge and washed with ethanol (2 x 200 c.c.; 50$, acidified

with acetic acid); (2 x 200 c.c.; 60$); (200 c.c.; 95$) in

turn; they were then soaked in 95$ ethanol for 48 hours. The

ethanol was removed at the centrifuge, ana the precipitates were

washed with ether and partly dried in the open; they were then

powdered, dried in the vacuum desiccator over phosphoric oxide
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and finally dried over chloroform and phosphoric oxide in the

pistol drier.

Yield: Polysaccharide 1 - beige powder 6*6 g.

Polysaccharide II - brown powder 3*8 g.

In a similar experiment using a sample of Claaonia a1pestrio

which had been gathered in Norway in the early spring, 50 g. of

moss yielded 4*2 g. of Polysaccharide I, 3*2 g. of Polysaccharide

II and 0-5 g. of water-soluble polysaccharides.

Hydrolysis and Hxamination of Products by Paper-Chromatogrqa hy.

The polysaccharide (approximately 50 mg.) was hydrolysed in

a sealed tube with sulphuric acid (5 c.c.; 1H) for 24 hours in

a boiling water-bath, The hyurolysate was neutralised with

barium carbonate, digested on a .mter-bsth for 20 minutes,

filtered, ana the filtrate was concentrated in vacuo. The

reducing syrup which was obtained was dissolved in water

(approximately 3 c.c.) and the solution was treated with

"Araberlite" resins to remove inorganic impurity. A clear

yellow syrup was obtained on concentration. This wa3 examined

on the paper chromatogram using ben*ene/n-butanol/pyridine/water

(1:5:3:3, v:v; upper layer) as the mobile phase, with a reference

mixture of D-galactoae, D-glueoa® and U-mannose. Thi3 solvent

was always used for the separation of these sugars.

Pound: Pplyaaccharide I.- Galactose, glucose and mannose; no

other sugar was found and there was no evidence of uronic acid

being present.

Polysaccharide II. Only galactose, glucose and mannose were found.
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.,'ater-soluble polysaccharides. Only galactose, glucose and

mannoae were found.

In a similar hydrolysis experiment, carried out on a

larger scale, an attempt was made to observe the change in

rotation during the hydrolysis of Polysaccharide I find Poly¬

saccharide II. The insolubility of the polysaccharides in

acid solution, and the darkening of the mixture made this

difficulty but the rotation appeared to be constant after 15
hours hydrolysis of Polysaccharide I and 17 hours hydrolysis

of Polysaccharide II. The rotations of the final syrups were

observed.

Pound: Polysaccharide I [a]^7 51 +39*2 {<3, 2'0 in K20)
Polysaccharide II [a]^7 - +36-9 (c, 1-5 in 1I20)

General Properties of Polysaccharides I and II.

Both polysaccharides were obtained as hygroscopic powders,

insoluble in cold water and acid, soluble in alkali, and partly

soluble in hot water. Suspensions of the polysaccharides in

water were not stained by iodine.

Polysaccharide I had [a]^» >43*9 (£, 0*4 in 2H HaOH) OMe <0• 5£
Polysaccharide II had [4}1 • +61*4 (£, 0*89 in 2H UaOH) OMe < 0 •&£.

X

Hydrolysis and Estimation of Galactose, Glucose, and Mannose by

Baper-Chroraot ography.
i

Polysaccharide X. The polysaccharide (44*4 mg.) was hydrolysed

with N-sulphuric acid in a sealed tube for 18 hours in the boiling
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water-bath, 3-ribose (15.00 mg.) being added before hydrolysis.
The syrup obtained (33*7 mg.), after neutralising and purifying
as described previously, was dissolved in water. The sugars

were separated quantitatively on the paper chroma tograia by the

method of Flood, Hirst and Jones (10), and estimated using the

3omogyi copper reagent ((o"). Somogyi reagent (5 c.c.) was

added to the sugar solution (5 c.c.) contained in a Quickfit

boiling tube. The mixture was heated in the boiling water bath

for 25 minutes, the sides of the tube being cooled using a

water coil-condenser; the temperature was then reduced to 30°C.

for 5 minutes. 0*5 c.c, of potassium iodide solution (25$),

followed by sulphuric acid (1*5 c.c.; 2M), was added; the tube

was quickly stoppered and well shaken. after 10 minutes the

solution was titrated with Q*005h sodium thiosulphate solution

using 1 c.c, of starch solution (1$) as indicator. Standard

galactose, glucose and mannoae solutions, paper blanks and water

blanks, were analysed under identical conditions.

Found;

Sugar Standaai solutions
conc. Titre for
(nig./1.) 5 c.c. (c.c. )

Tit re
(c.c.)

-vgight
extracted
(mg.)

% in syrup

D-riboso 30-97 4.015 1*725 0-489

D-galactose 37.01 4-020 3*940 0-077 12-64

D-glucose 37-21 3*560 1-777 0-314 51-68

0-rnanno3Q 36-58 3*260 2-721 0*208 34*22

Blank 5*025
(vvater
blank)

4-390
UJaper
blank)
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Silica standard solutions of each sugar were analysed under

identical conditions it was possible to obtain a sugar weight

corresponding to each titration figure and by reference to the

standard to obtain the percentage of each sugar in the syrup.

D-galactose lg«6^; D-raannose 34 • 2%\ D-glucaae 51 •!%.

Polysaccharide XX. In a similar hydrolysis experiment 0*170 g.

of polysaccharide gaveO108 g. of syrup. after quantitative

separation on the paper chroma togram the sugars were estimated

using sodium-m-periodate (64), Sodium ra-periodate (1 c.c.;

0*3M) was added to the sugar solution (5 c.c.) contained in a

quickfit boiling tube. The tubes were firmly stoppered and

heated in a boiling water-bath for 30 minutes, using a water

coil-condenser to keep the sides of the tub© cool. The tubes

were cooled, the stoppers washed with water, and ethylene

glycol (0*4 c.c.) added to destroy excess periodate. The

formic acid produced by oxidation of the hexoae was titrated

with 0*01H sodium hydroxide solution using methyl red. Paper

blanks and water blanks were analysed concurrently. The ratio

of the weights of D-mannose, D-glucose and D-galactose were

obtained.

Titrations with P'OllQH solium hyuroxide solution using methyl red.

.^-Galactose, 1*380 c.c.; D-mannoso, 4*455 c.c.; D-glucose, 3 * 775c.c»;

paper blank, 0•230 c.c.

Since 1 mol. of hexose produces 5 mols. of HCOQH on oxidation^the
titres are in direct proportion to the weight of the sugar in the

syrup, and the ratios of the sugar weights can be determined.
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3-Galactose, 12*9; D-glucose, 39*7; D-marmose, 47*4.

D-Galactose and 3-glucose are difficult to separate on

paper chroma tograras. Using bensene/n-butanol/pyridine/water
at 20-25°C. for 55-60 hours they can be separated,out it was

necessary for quantitative separation to run several paper

chroma tograms in order to obtain sufficient separation for

quantitative determinations.

Preparation of q-h-aalactcao-l-phimyl-l-meth.yl hyarsuone from

nyurolysatea.

a-D-Galactose-l-phenyl-l-methyl-hydrasone was prepared

from the hyurolysates of polysaccharides I and II using the

method of Hirst, Jones and Woods (65). 1 c.c. of 1-phenyl-l-

methyl hydrasone reagent was added to 100 mg. of syrup dis¬

solved in 1 c.c. of water. The reaction flask was tightly

stoppered and kept at 35°C. for 12 hours with occasional

shaking, and then at 0°G. for 9 hours. Crystals of a-D-

galactooe-1-pheny1-1-methy1 hydrasone were obtained by filtration.

Polysaccharide I: m.p. « 1?5-177°C., not depressed by admixture

with an authentic specimen (m.p. » 186°C.).

Polysaccharide II: m.p. a 176-17b°C., not depressed by admixture

with an authentic specimen,

&o attempt was raaae to estimate D-galactose in tnia

experiment since D-mannose was also present.
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.Preparation of D-mannoae phenylhyurasone from hydrolysis products.

JMIannose pnenylhydra^one was prepared from the syrupy

obtained from hydrolysis of Polysaccharide I and Polysaccharide

II, using the method of Hirst, Jones and foods (65). 1 c.c, of

phenyl hydreaone reagent was added to 0-1 g. of syrup dissolved

in 1 c.c. of water. The reaction flask was tightly stoppered

and kept at 35°C. with occasional shaking for 15 hours, and was

then allowed to stand at 0°C. for 12 hours. The crystals were

obtained by filtration and were washed with ethanoi.

Polysaccharide I hydrolyaate gave a product which had ra.p. «

194°G. not depressed on admixture with an authentic specimen of

D-mannose phenylhydrasone.

In one experiment with Polysaccharide II hydrolysate the

product obtained was filtered onto a weighed Gooch crucible,

washed with ice-cold ethanoi, ana dried at 100°C. for 30 minutes.

0*0918 g, of syrup gave 0*0323 g, of D-iaannoae phonylhyurazone,
m.p. * 19Q-9°C« (mixed melting point not depressed). From the

equation y - 0*652x ♦ 0*051, where x * weight of D-mannose phenyl-

hydrasone and y ~ weight of D-mannose, 0*0323 g. of D-mannose

phenylhydrasone corresponds to 0*0521 g. of D-mannose and there¬

for© to 56*7$. of D-mannose in the original syrup. The method lias

an accuracy of + 3*0 mg. on weights greater than 100 rag.

Attempted Fractionation of Polysaccharides.

The polysaccharides ware partly soluble in hot water and the

soluble and insoluble products were examined by hydrolysis and

paper chromatography.
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Samples of the polysaccharides (approximately 100 rag.)

were boiled with water for 10 minutes and filtered whilst hot.

The cold filtrates were poured into alcohol to regenerate the

polysaccharides, hich were then separated at the centrifuge.
t%€.

Portions oi^soluble anu insoluble products from Polysaccharides
I and II were hydrolysed with H-aulphuric acid, and the
hydrolyaates were examined by paper chromatography. Galactose,

glucose and niannose were found in all fractions.

Addition of Fettling* s solution to the alkaline solution

of the polysaccharides produced a copious blue precipitate due

to the formation of a polysaecheride-copper complex (41).

After removal of this complex at the centrifuge, addition of

alcohol to the blue solution produced another polysaccharide-

copper complex precipitate. These copper complexes were

examined to determine whether the differences in their solu¬

bilities were due to differences in the polysaccharide component,

and if this were the case, to determine whether a convenient

method of separating the different polysaccharides could be

obtained. Polysaccharide I was studied.

Formation of complex. The polysaccharide (2«0 g.) was dissolved

in sodium hydroxide solution (100 c.c.; 2Bf) and freshly prepared

Fehling's solution was added with stirring. The bulky precipi¬

tate (A) which formed was separated at the centrifuge. The more

soluble copper complex (B) was precipitated by adding ethanol,
until the first trace of precipitation of inorganic salt was

observed.
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the copper complex (a) was washed with water to remove

copper salts and to break up the bulky precipitate. Hydro¬

chloric acid (2N) was added to decompose the complex, giving

a suspension of the polysaccharide in acid solution (<1K).
Addition of alcohol precipitated the polysaccharide as a sticky

white precipitate which was difficult to handle. This was

separated at the centrifuge, washed with water, dissolved in

potassium hydroxide solution and reprecipitated with acidified

ethanol. Repeated precipitation in this way gave a more

finely divided precipitate that was obtained as a white, brittle,

horny substance, after washing and drying with ethanol and ether.

Copper complex (B) was treated similarly and yielded a fine

white powder.

The products were hydrolysed with 1<-sulphuric acid and

examined by paper chromatography; galactose, glucose ana mannose

were found in both substances. The syrups obtained from a, b,

and Polysaccharide I were compared on paper chromatograms; this

qualitative examination indicated that the relative amounts of

galactose, glucose and mannose differed in the three substances;

the amount of glucose in the original polysaccharide appeared to

be greater than that in the polysaccharide from copper complex A

and lower than that in the polysaccharide from copper complex B.

Hie galactose, glucose and mannose content of polysaccharide A

was estimated using sodium m-periodate.

The polysaccharide (198 rag.) wqa hydrolysed with U-sulphuric

acid as previously described. After neutralising with barium

carbonate and filtration, the hydrolysate was purified by
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treatment with "Amberlite" resins and repeated solution in

water followed by filtration. D-Hibose (14*13 rag.) was

weighed into the final product (78*9 rag.). The sugars were

separated on tho quantitative chromatograra, and estimated by

oxidation with sodium rn-periodate.

Titres:

Titra
(c.c.)

Vol. used
(c.c.)

weight sugar
in syrup
(w.)

% sugar
in syrup

D-Golactose 0*565 0*260 11*99 15*20

D-glucose 0*792 0*492 22*26 28*22

D-mannoae 1-169 0*669 39*31 49*64

D-ribose 0*600 0*300

Paper blank 0*300

Since 1 mol. pentose s 4 raols. HCOOH

and 1 raol. hexose = 5 raols. BGOOH
7

then the weights of each sugar extracted from the paper can be

obtained and by reference to the weight of D-ribose the percen¬

tage of each sugar in the syrup can be determined.

D-gaiactoae, 15 *2?;'; i3-glucose, 28'2%; D-mannose, 49*8$.

(Polysaccharide I contained galactose 12*6$; glucose 51*7$;
raannose 34*2$).

Thi3 showed that Polysaccharide I was not homogeneous and

that it was a mixture of polysaccharides from which a glucose-

containing polysaccharide might be removed by repeated precipi¬

tation of the polysaccharide-copper complex. Attempts to do
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this were unsuccessful and experiments on these copper-complexes

ware discontinued.

Periodate oxidation experiments.

The polysaccharides were oxidised with sodium m-periodate;

the amount of formic acid produced by oxidation, with the

consumption of periodate necessary for oxidation, was determined.

Formic acid estimation (8). Polysaccharide I.

The polysaccharide (50 mg.portions) was weighed into a

number of stoppered bottles that had been thoroughly cleaned and

steamed. Potassium chloride solution (5 c.c.; 16$), sodium

m-periodate solution (5 c.c.; 0-083M), and water (5 c.c.) were

added, and the bottles were shaken continuously in the dark.

At intervals bottles were removed, the contents centrifuged, and

5 c.c. of the clear solution, after treatment with ethylene

glycol (2 c.c.) (neutral to methyl red), was titrated with sodium

hydroxide solution (0-OlH) from a micro burette, using methyl red.

Blanks were also analysed. A suspension of the polysaccharide

was neutral to methyl red.

Found: Table II (1 c. c. HaOH = 0-5645 mg. HCOOH)

Polys.weight
mg.

Time
(hrs.)

Tit re
(c.c.)
(-blank)

g.polys./
HGOOH

HCOOH

moles/C6H10(^ °6H10°^/
HCOOH

52-94 63 1-619 894 -3 0-179 5 -5

51-72 114-5 2-129 661 0-242 4-08

51-26 157 2-129 655 0-244 4-04

45-84 208 2-079 599 0-267 3-7

57-43 257 2-569 607-7 0 -263 3-75
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The amount of formic acid produced increased with time (Table

II) but was almost constant after 260 hours, corresponding to
»

0*263 moles of formic add par C6H1005 or 1 mole of formic acid
per 3*9 anhydrohexose units; the average value over the period

115-257 hra. is 0*254 moles of foxmic acid per CgH1005 or 1
mole of formic acid per 3*9 anhydrohexose units. The fully

oxidised residue was insoluble in the reaction mixture.

Polysaccharide II. The polysaccharide (282*15 rag.) after re¬

solution and freeze-drying was easily dispersed in water (20

c.c.); sodium ra-periodate (20 c.c.; 0*083M) and potassium

chloride solution (20 c.c»; 16/) were added and the reaction

mixture was shaken continuously in the dark as before. Samples

(5 c.c.) were withdrawn at intervals, ethylene glycol (2 c.c.)

was added, and the solution was titrated with sodium hydroxide

solution (0*01h) using methyl red. Blanks were also analysed.

The polysaccharide was neutral to methyl red.

Found: Table III. UaOH - 0*0116h.

Time Titre g. polys./ HCOOH/G^H,n0fi
(hrs.) (-blank) HCOOH

C • c #

18*5 2*530 801 0*200

42*0 3*16 641 0*250

94*5 4*28 474 0*338

142 4*18 485 0*330

The amount of formic acid increased with time and wa3 almost

constant at 142 hours, corresponding to 0*330 moles of foxmie add

per CgHj^Og or 1 mole of formic acid per 3 anhydrohexose units.
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The fully oxidised polysaccharide was insoluble in the

reaction mixture.

Estimation of periodate up take .(66) Polysaccharide I.

The polysaccnaride was weighed into small bottles fitted

with ground glass stoppers; sodium m-periodate (25 c.c.;

0-25M) was added and the bottles were shaken continuously in

the dark. Bottles were withdrawn at intervals, the contents

centrifuged, and 10 c.c. of the clear solution diluted to

100 c.c.; the diluted solution was analysed for periodate

by the method of Bleury and Lange (67). Sodium bicarbonate

(1*5 g.) and excess sodium arsenite solution (0•1H) were added

to 25 c.c. of the diluted solution; the excess sodium arsenite

solution was determined by back titration with standard iodine

solution (0•IN) in the presence of excess potassium iodide

using starch. Blanks were analysed concurrently.

Bound: Table IV. Normality of iodine solution » 0-1017

Time height polys. Titre Holes periodate/
(hrs.) (mg.) (c.c.) C6H1005

45 59 *31 0-87 1-208

91 52-68 0-77 1-203

144 53*37 0-89 1-36

Ethylene glycol was added to the fully oxidised residue

(257 hrs. oxidation^ which was then uialyaed in "Cellophane"
against running water. After concentration in vacuo the residue

was hydrolysed with N-sulpnurie acid and examined by"paper

chromatography. Glucose, with traces of mannose and galactose,

was found.
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Polysaccharide II.

The polysaccharide (86*0 mg.) was shaken with sodium m-

periodate (80 c.c.; 0-083M) in the dark. Samples (10 c.c.)
were withdrawn at intervals and analysed for periodate. Blanks

were also analysed. In this experiment it was not necessary to

dilute the periodate solution before determining the concentra¬

tion as previously described.

Found: Table V. =■ ooyyov/v.

Time
(hrs.)

Tit re
(c.c.)

Moles periodate/
C6H10°5

22 1-50 1-097

42 1-50 1 -097

70 1 -59 1-16

115 1 *61 1.18

The calculation of periodate uptake is based on the assumption

that 1 mole of periodate is equivalent to 2 litres of normal

iodine solution.

Sxcess ethylene glycol was added to the oxidised residue

(after 140 hrs. oxidation) and the residue was dialysed in

"Cellophane" against running water. After concentration in vacuo

a powdery material was obtained. Sodium hydroxide solution

(5 c.c.; O'lii) and sodium borohydride (100 mg.) were added and

the reaction mixture was kept at room temperature overnight.

After dialysis of this mixture, followed by concentration in

vacuo,the residue was hydrolysed with H-sulphuric acid and

examined by paper chromatograohy. Glucose, a trace of mannose,

and an unknown substance with Bq = 0*14 (pink spot) were found.
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Summary of results.

Polysaccharide I Polysaccharide II

HCOOH produced 1 raol© HCG0H/3*9 anhydro- 1 mola HC00H/3
haxose residues anhyurohexooe residues

Periodate uptake 1*2 moleB/CgH^gOg 1-18 raoXes/GgH1005

These results indicated that the polysaccharides had

similar general structures.

Since hexose residues linked through Ci only, or through
and Cg, produce formic acid on oxidation and require more than

1 mole of periodate for oxidation, the results indicated that the

polysaccharides either contained 1-6' linked hexoae residues, or

possessed a high degree of branching. In audition the presence

of glucose in the hydrolysis products of the oxidised poly¬

saccharides indicated that molecules containing glucose linked

through and C3, or through and any two of C2. C3 and C4,
were also present, since lucose linked in this way is not

attacked by the parioaata ion. However the results are of

value only when taken in conjunction with the results of methy-

lation studies.

Methylstion of Polysaccharides.

The polysaccharides were methylated with methyl sulphate

ana sodium hydroxide (66), followed by methylation with silver
oxiue and methyl iodide (69). In one series of methylations the

product was isolated at different stages, analysed for methoxyl

content, and the solubility in different solvents was observed.
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Polysaccharide I.

3 methylations

9 methylationa

11 mathylations

15 methylationa

product with OMe » 44-5$ and [a]* 7 ® +35

a) using HaOH and Me2&04.
Olle * 24.4$, product insoluble in organic

solvents.

OMe 3 26 *9$, (ash as S04 « 25-7$),
product insoluble in chloroform and acetone,

product partly soluble in acetone and

chloroform; the soluble material had OMe *

38•!/£, the insoluble part had OMe a 31*9^.

product with OMe « 42.17$, after precipita¬

tion (twice) from light petroleum (b.p.

60-80°).

b) using 4g2Q and Mel.

2 methylations

(c, 0.5 in GHCI3).

a) using HaOH and Me2S04.

product with OMe - 34*65$, ash as SO4 = 1'8$t
insoluble in organic solvents,

product with OMe » 35.9$, ash as 80^ » 1 •&!$,
soluble in acetone and chloroform.

product with OMe * 42*2$, after precipitation

from light petroleum (b.p. 60-80°).

b) using Mel and Ag20.

2 methylations

(c, 0*6 in CHCI3).

Method. The polysaccharide (6*6 g.) was suspended in acetone

(300 c.c.); methyl sulphate (120 c.c.) and sodium hydroxide

Polysaccharide XI

9 methylations

12 methylations

15 methylations

product with OMe * 44.0$, and [a-3*7 3 +24• 5
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solution (300 c.c.; 30$) were added slowly with vigorous

mechanical stirring, over a. period of 2 hours. The tempera¬

ture was maintained at 30°c. throughout the additions. On

completing the addition of the reagents the temperature was

raised to 60°C. and the acetone was removed by suction. The

reaction was continued by heating the mixture for 1 hour at

70°C. The mixture was cooled and further additions of methyl

sulphate and sodium hydroxide were made similarly. After five

such treatments the mixture was cooled, neutralised with acetic

acid and dialyseu in "Cellophane" against running water to

remove inorganic salts. The product obtained after concen¬

tration of the dialysed mixture to 150 c.c. was subjected to

further methylations in this way. Three series of five

methylations were carried out and the final product was a dark

brown solid. This was exhaustively extracted with hot acetone,

hot acetone/chloroform mixtures, and hot chloroform, and the

combined extracts were distilled under diminished pressure

giving a clear yellow solid. The residue in the flask, after

drying in vacuo at 60°c.,over phosphoric oxide, was powdered in a

mortar and was then extracted with methyl iodide (containing

10$ methanol) by heating under reflux for 5 hours. The yellow

solution was decanted, and the solvent removed by distillation.

A yellow solid was obtained which was soluble in hot acetone

and hot chloroform.

The combined products were purified by repeated solution

in chloroform followed by filtration and concentration.

Yield « 2*1 g. This was dissolved in chloroform and poured
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slowly with stirring into light petroleum (b.p. 60-80°); a pale

yellow precipitate was obtained. This was separated at the

centrifuge, washed with light petroleum, and dried in the vacuum

desiccator in the presence of calcium chloride and paraffin wax

shavings, followed by further drying in the pistol drier over

chloroform and phosphoric oxide for 3 hours. Several repreci-

pitations from light petroleum gave a pale yellow powder having

OMe « 42-2$. Yield a 2 g.

MIRtoS 1,3 tjl.Pfl,, , ,^1, lyey oxide and,methyl Iodide.

The partially methylated derivative (2<00 g.) was dissolved

in methyl iodide (50 c,c.)» containing methanol (5 c.c.) to aid

solution, and dry silver oxide (25 g.) was added portionwise

over a period of 6 hours; the reaction mixture was heated

under reflux at 40-50°C. during the methylation and^reaction was
continued for 1 hour at 45®C. The yellow liquor was decanted

through a Birsch funnel and the silver residues were exhaustively

extracted with chloroform (5 x 50 c.c.) by heating under reflux.

The combined residues were Concentrated by distillation giving a

yellow glassy solid. The saethylation was repeated. The final

product was dissolved in chloroform (150 e.c.) and precipitated

from light petroleum (b.p. 60-80°) (1,250 c.c.). A white powder

was obtained having Oile • 43*1$. Yield » 1*4 g. The methyla¬

tion was therefore repeated using methyl iodide (40 c.c.) and

silver oxide (20 g.). This gave a product having OMe « 44.2£,
17

Md) 15 +36-3 (c. 0-6 in CHC13). Yield = 1-0 g.
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Polysaccharide II.

In a similar experiment three series of five raethylations

with sodium hydroxide (^ooc.c.) and methyl sulphate ( so c.c.)
on 3*8 g. of Polysaccharide II gave 1*5 g. of a partially

methylated derivative. Further methylations with silver oxide

(20 g.) and methyl iodide (40 c.c.) gave a white powder having

OMe « 40*4$. Yield # l»l g. Two similar treatments with

methyl iodide and silver oxide gave a product having OMe « 44*5$,

[a]|7 " +23*4 (c, 0*9 in CHC13). Yield « 0*8 g.

Hydrolysis of the Methylated Polysaccharide.

Preliminary hydroxysas.

Samples (20 rag. approx.) of the methylated polysaccharides

I and II were heated in sealed tubes on the water bath with

raethanolic hydrogen chloride (1*5$) for 8 hours. The methanol

was carefully removed by distillation; water (10 c.c.) was added

and the mixtures were reheated on the water bath under reflux

for 6 hours. The hyarolysatea were neutralised with silver

carbonate and filtered. Hydrogen sulphide gas was bubbled

through the warmed filtrates for 10 minutes to precipitate silver

as silver sulphide which was then removed by filtration. The

filtrates were treated with HAraberliteM resins to remove in¬

organic ions and concentrated^yielding dark brown syrups. These
were purified by repeated solution in acetone, followed by

filtration and concentration^ until clear yellow syrups were
obtained. The syrups were examined by paper chromatography

using n-butanol/ethanol/water/ammonia (40:10:49:1, v-.v; upper
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layer) as the mobile phase, ana both contained tetra-0-, tri-O-

and di-0-methyl hexosea. ho mono-£-methy1 or free sugar was

detected in this examination* Comparison of the two syrups on

the same paper chroiaatograra indicated that both hydrolysates

contained the same constituents♦ Ho attempt was made to identify

the individual sugars on this examination because of the number

of fragments present and the closeness of their Hq values.
It was apparent at this stage that Polysaccharide I and

Polysaccharide II had similar general structures. The results of

these preliminary hydrolysea indicated that some difficulty would

be experienced in separating the hydrolysis products. It was

decided, therefore, to combine the tri-O-methyl polysaccharides

before hydrolysis and separation of the hydrolysis products.

Hydrolysis of the combined tri-O-methyl derivatives.

The powder (4*0 g.), a mixture of methylated Polysaccharide

I (1*308 g.) and methylated Polysaccharide II (2-695 g. \ was

boiled under reflux with methanolic hydrogen chloride (400 c.c.;

1%) on a water bath. An attempt was made to follow the rotation.

Since the material was insoluble in the acid solvent? the follow¬
ing procedure wa3 adopted* Tn<* flask was cooled, samples were

withdrawn and centrifuged, and the rotation of the clear liquid

observed. In order to minimise loss the same pipette, centri¬

fuge tube and polarimeter tube were used throughout.
17

[a]jj 58 +36 (5 hrs.); +39 (8 hrs.). After 12 hours heating the
insoluble material was separated at the centrifuge; the ameer

liquid (a » 0*47) was returned to the reaction flask and the
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hydrolysis was continued for a further 5 hours, a « 0*52 (14
hrs.), 0*52 (17 hrs.). The solution was neutralised with an

ethereal solution of diazomethane and the solvent was removed

lay distillation yielding a dark brown syrup.

The insoluble material was ground with a glass rod;

methanolic hydrogen chloride (200 c.c.; 3£) wa3 added and the

mixture was heated under reflux for 9 hrs. at 80°G. It was

impossible to follow the rotation. The still resistant material

was then separated at the centrifuge and washed with methanol.

It was soluble in acetone/chloroform (50:50) and was obtained as

a clear colourless glass, Yield * 0«1 g.

The solvent was removed by distillation from the combined

washings and filtrate^ana the product obtained was added to the
syrup that had previously been obtained. Hydrochloric acid

(200 c.c.; 1M) was added and the mixture was heated under reflux

on the boiling water bath, A white flocculent precipitate was

obtained on audition of the acid^although addition of water (3 x

volume) to a portion of the methanolic solution produced no

precipitate. This precipitate remained after heating for two

hours and was then separated at the centrifuge. The solution

was returned to the flask and the hydrolysis was continued. A

very small change in rotation was observed. a » 0*52 (4 hrs.);
0*54 (6*5 hrs.); 0*54 (8*5 hrs.).

The precipitate obtained was treated with methanolic hydrogen

chloride (100 c.c.; 3j£) for a further 7 hours. The methanol

was removed by distillation; hydrochloric acid (20C c.c.; IS)
was added and the mixture was boiled under reflux for 8 hours.
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The resistant material was removed toy filtration; it was

obtained as a yellow solid, soluble in methanol, acetone and

chloroform. Yield 3 0*5 g.

The combined acid hydrolysates wore neutralised with

silver carbonate, filtered, and dissolved silver was removed

as silver sulphide by the passage of hydrogen sulphide gas

through the filtrate. Th© filtrate was concentrated by dis¬

tillation and a dark brown syrup was obtained. This was

purified by repeated solution in acetone, followed by filtra¬

tion and concentration,and was obtained as a clear yellow
syrup. This was dried at 50-60°C. at 15 tmyu. pressure over

phosphoric oxide for 3 hours. Yield - 3*2 g.

Examination of this syrup on the paper chromatogram showed

that in addition to tetra-0-, tri-0- and di-O-raethyl sugars,

raona-0-methyl and free sugars were also present in small quantity.

Separation or Hydrolysis Products.

A column of powdered cellulose was prepared by the method

of Hough, Jon«s and Madman (70). This was washed with water,

n-butanol, una the eluting solvent n-butanol/light petroleum

{b.p, 100-120°) (3:7, v:v«), saturated with water.

The syrup (3*2 g.) was dissolved in a little solvent and was

added to the top of the column, which was then developed in the

usual way; the solvent, n-butanol/light petroleum (3 :7 )

saturated with water, was contained in a reservoir fitted with

a constant head device, ana the receiver was changed every eight

minutes on the automatic turn table. The eluate from every 10th
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tub© waa evaporated and examined by the paper chromatogram

using n-butanol/ethanol/water (4:1:5, v:v; upper layer) as

the mobile phase. The following K? values were observed -

0*91; 0-85; 0-?9; 0-75; 0.66; 0-55; 0-54; 0.46; 0.36.

The column was then washed with n-butanol half-saturated with

water, and finally with water.

A good separation between successive compounds was not

obtained in most cases; the tubes were combined in such a way

that fractions were obtained containing one substance, or at

least, with one substance predominating.

Purification of Fractions. The solvent waa removed by dis¬

tillation; the residue was dissolved in water, treated with

a little charcoal and filter eel by heating under reflux for

15 minutes and was then filtered through a bed of washed filter

eel under suction. The product obtained after concentration

at 40®/15 mm. was dissolved in acetone, filtered, and the

filtrate waa reduced in vacuo. The product obtained was dried

at 40-50°C./15 mm. over phosphoric oxide and weighed.

examination of fractions by Paper Chromatography.

1!he fractions obtained (twenty small fractions) were

examined by paper chromatography using reference sugars, 2:3:4:6-

tetra-O-raethyl-D-glucose, 2:3:4:6-tetra-0-aethyl-D-galactose,

2:3:6-tri-0-methyl-i)-glucoce, 2:4:6-tri-0-methyl-0-gluco3e,

2:3:6-tri-0-raethyl-i>raann©a©, and 2:4:6-tri-0-methyl-J-galactose.

On comparing the behaviour of the fractions with reference sugars

in identical conditions, varying the running time of the paper
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chroma to gram and the solvents used, it was observed that a

number of small fractions were mixtures of the same substances,

but having a different main constituent. Since the quantity

of these fractions would not permit a complete analysis to be

raade? the fractions were regrouped so that several larger
fractions were obtained.

Distribution of the sugars :

Tubes % Identity ./eight Fraction Mo.

1-180 0-95 Tetramethyl sugar 799*2 mg. 1

181-220 0-91 Tetramethyl galactose 332*8 mg. 2

221-550 0-85 Trimethyl sugar 483*1 mg. 3

551-1020 0* 71,0 *67 Mixture of trimethyl
anu dimethyl sugar

132*5 mg. 4

1021-1430 0-65 Dimethyl sugar 65*7 mg. 5

1431-1540 0*66,0*60 Dimethyl sugar 11*9 mg. 6

1541-1670 0*59 Dimethyl sugar 15*0 mg. 7

1901-2100 0*36 Mon©methyl sugar 21*4 mg. 8

Butanol wash 0*20,0*09 - 12*6 mg. 9

.<ater wash * - hon-reducing syrup 641 *2 mg. 10

To tal 2515*4 rag.

* Part of this material was lost by a mechanical fault in

the column.
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:Sxamination of fractions.

Fraction 1. Tetra-Q-meth\l fraction.

This fraction was obtained as a syrup. ..'eight - 799-2 ag.;
15

H0 * 0-99; OMe - 45-0$; « +49-7 (c, 0-8 in H2O).
The syrup wa3 compared on the paper chromatogram with

2:3:4:6-tetra-£-raethyl-J«-glucose and 2:3:4:6-tetra-0-methyl-I)-
galactoae using (a) n-butanol/ethanol/watsr, and (b) benzene/
ethanol/water (167:47:15; v:v; upper layer); in both solvents

the sugar travelled faster than the i3-galactose derivative and

slower than the D-glucose derivative.

Estimation of reducing power (71).

The syrup (66.20 rag.) was dissolved in water (100 c.c.) in

a graduated flask. 5 c.c. of this solution was pipetted into

an iodine titration flask. Iodine (1 c.c.; 0-1H) waB added

from an "Agla" micrometer syringe, followed by 2 c.c. of buffer

solution (25 c.c. of disodium hydrogen phosphate and 8-67

c.c. of 0-liJ sodium hydroxide, diluted to 50 c.c.; pH 11.4)

(72). The flask was quickly closed with a stopper moistened
♦

with 10^ potassium iodide solution and was kept in a cool dark

place for 6 houx-a. The stopper was then carefully rinsed into

the flask; the solution was acidified by addition of sulphuric

acid (2 c.c.; 2N) and the liberated iodine wao titrated with

O'OlJS sodium thiosulphate.

Found: 3-310 mg. required 0*783 c.c. of 0-01153U sodium thio¬

sulphate solution. Since 236 g. of tetra-Q-methyl hexose is

equivalent to 2 1. of N iodine solution^ this corresponds to 32-2/6
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of tetra-O-raethyl hexose.

Demethylation with hydrotororaic acid (73).

A portion of the syrup (ca. 5 rag.) was demethylated with

hyurobromic acid (I c.c.; 48$ v:v) by heating at 10Q°C. in a

sealed tube for 10 minutes. The tube was opened and the con¬

tents were quickly diluted to 10 c.c. with water. The mixture

was neutralised with silver carbonate, filtered, and dissolved

silver was removed with hydrogen sulphide gas in the usual way.

The final product, a syrup, was examined by paper chromatography,

using a reference mixture of glucose, galactose and mannoae, and

contained galactose, glucose anu taannoae: glucose appeared to

be in greatest amount.

Hydrolysis of fraction I.

A sample of the ayrup {ca. 20 mg.) was hydrolysed in a

sealed tube with H»hydrochloric acid (5 c.c.) for 8 hours in the

boiling water bath. After neutralising with silver carbonate,

removal of silver a® silver sulphide, and deionising with

"amberlite" resins as previously described, a brown syrup was

obtained. This was examined on the paper chromatogram using

n«butanol/ethanol/water, and contained four substances with Hq. ®

1*00; 0*93; 0*83; 0*63* corresponding to tetra-£-methyl-,

tri-O-methyl-, and di-O-raethyl-hexoses. The ui-O-methyl hexose

was present in small amount.

Hydrolysis of fraction 1 and separation of products.

The ayrup (371 mg.) was hydrolysed with hydrochloric acid
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(15 c.c,; 1$) on the boiling water bath for 7 hours. A small

change in rotation was observed, a 3 0*63 (initial reading)—>
(>•60 (final reading, constant). The solution was neutralised

with silver carbonate and the prouuet was obtained as described

in previous similar experiments as a pale yellow ayrup.

Yield « 266 tag.

Separation of products using thick paper chromatograms (74).

The syrup was spotted on thick paper ehromatograms (Whatman

Ho.l, 3 mm.; 20 cm. x 60 cm.) prepared for quantitative work;

n-butanol/ethanol/water solvent was used at 20-25°C. The sugars

were localised by developing the side strips with aniline oxalate

and were extracted from the corresponding sugar zones with hot

water using a Sohxlet apparatus. Four fractions were obtained.

Fraction Rq Identity Yield (corrected
for side strips)

la 1-00 tetra-0-methyl hexose 28 '0%

lb 1-00,0«93,0*83 mixture of tetra-0-methy1
and tri-0-methyl-hexose

22-6?;

lc 0-83 tri-O-methyl hexose 36-4$

Id 0-63 di-0-methyl hexose 4 -3/B

Examination of Fractions la, lb, 1c. Id.

Fraction la.- Tetra-Q-meih.vl fraction.

This was obtained as a ayrup which gave one spot on the
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paper chroma togram corresponding to 2;3:4:6-tetra-<D~mathyl-D-

mannoae, (RqI-OO).
Demeth.vlation with hyurobromic acid 3howed that only mannoae

derivatives were present.

The percentage purity by alkaline hypoiodite estimation was

35'0% of tetra-O-raethyl hexose.

The syrup had OMe 35 49*0$ (calc. s 50*8$), and

[a]r>7 - +23 (c, 0*1 in Hj>0). 2:3:4;6-Tetra-0-methyl-D-mannose
has [a]|° 3 +2*4 (HgO) (76); -t-23*0 (CHC13); +27*6 (GH30H) (76).

It was concluded that the syrup contained 2:3:4;6-tetra-0-

raethyl-D-mannose. An attempt to form 2:3:4:6-tetra-0*-methyl-N**

phenyl-D-raannoaylamine was unsuccessful.

Fraction lb.- Mixture of tatra-Q-methyl and tri-Q-aeth.vl hexoses.

This was obtained as a syrup, and examination by paper

chromatography showed that it was a mixture of thre£i substances

of RQ 38 1*00; 0*93; 0*83, corresponding to 2:3:4;6-tetra-0-
raethyl-S-mannoae and 2:3:4:6-tetra-0-aethyl-D«glucose (Hq 1*00);
2:3:4 :6»tatra-O-methylO-galactose (RQ 0.93); 2:3:6-tri-0-methyl-
3-glucose and 2;3:6-tri-£-methyl-0-mannosQ (Rq 0-85). The syrup

17
had [a]jj 32 +53 (e, 0*2 in HgO), and OMe 33 46*1$. Estimation
by paper chromatography and alkaline hypoiodite showed that the

syrup contained 65*2$ of tetra-O-methyl hexose and 34*8$ of tri-

0-raethyl hexose,-

•ethod. The mixture was separated by paper chromatography using

a long paper (80 cm.) anu n-butanol/ethanol/water solvent at 25°C.

The sugar zones were localised by spraying the side strips with
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aniline oxalate and the sugars were extracted from the paper

with hot water (5 c.c.) for 60 minutes. The tetra-O-methyl

sugars were extracted together. Iodine (1 c.c.; 0*1N) was

added using the "Agla" micrometer syringe, followed by 2 c.c.

of sodium hydroxide/phosphate buffer solution (pH 11*4); the

tube was quickly closed by a stopper moistened with freshly

prepared potassium iodide solution and was kept in a cool dark

place overnight. The stopper was washed with water, sulphuric

acid (2 c.c.; 21i) was added ana the contents of the tube were

titrated with 0*01B sodium thiosulphate solution using starch.

Pound; "tetra" required 0*544 c.c. of 0*01187N iodine

"tri" required 0*308 c.c. of 0*011871} iodine.

Since 2 1. of S iodine =: 236 g. tetra-O-methyl hexose = 222 g.

tri-O-methyl hexose, then "tetra" = 0*75 mg. and "tri" - 0*40

mg. This corresponds to 65*2$ of tetra-O-methyl hexose and

34*8% of tri-O-methyl hexose in the syrup.

Preparation of anilide.

The syrup (25 mg.) was boiled with aniline in alcohol under

reflux; the bulk of the solvent was removed by distillation and

the mixture was kept at 0°C. for several days after vfoich time

crystals formed. The crystals were separated by filtration,

recrystallised from ethanol and had melting point 3 186-189°C,

not depressed by admixture with 2;3:4;6-tetra-0-methyl-H-phenyl-
D-galactosylamine.

It was concluded that this mixture (Fraction lb) contained

mainly 2;3;4;6-tetra-0-methyl-D-galactose, with 2:3:4;6-tetra-

0-methy1-D-mannose ana tri-O-methyl-D-glucose and/or tri-
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O-niQthyl-13-taannoae.

Fraction ic.- Tri-O-methvl fraction.

This fraction was obtained as a mixture of syrup and

crystals having OM© = 43*7$ and [a]^' = +22*4 (jc, 0*2 in HgO).
Beraethylation with hydrobromic acid gave raannose and

glucose on the paper chromatogram.

ifixamination of the mixture by paper chromatography using

n-butanol/ethanol/water gave one spot only^ corresponding to
2:3:6-tri-0-methyl-D-glucoae and 2:3:6-tri-£-methyl-D-mannose.

Attempts were made to separate the crystals from the syrup

by tiling, filtration and ether extraction but a pure specimen

was not obtained. The impure crystals had m.p. = 110-120°C.

A sample of the mixture of syrup and crystals was seeded with an

authentic specimen of 2:3:6-tri-0-methyl-i)-glucose to promote

further crystallisation; this was unsuccessful.

It was concluded that this fraction was a mixture of tri-0-

methyl-D-glucose and tri-j£~methyl-D-mannose, similar to the main

tri-O-raethyl fraction.

Fraction la.- ■pl-Q-methyl fraction.

This was obtained as & syrup which proauced one spot on the

paper chroma togram, IiG - 0*63, corresponding to a ui-O-raethyl
hexose. Because of the small yield obtained this fraction could

not be examined further. It was concluded that this di-0-methyl

fraction was obtained as a result of demethylation of higher 0-

raethy1 derivatives during acid hydrolysis.
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Fraction II. Tetra-O-methyl-J-galactoae fraction.

This fraction was obtained as a syrup. weight 3 332*8 rag.;

OMe 3 50*1$; [a]*7 = +109 (c, 0*8 in H20), +76*3 (c, 0*5 in

GgHgOH).
Sxaraination by paper chromatography snowed that this

fraction contained 2:3:4:6-tetra-0-methyl-D-galactoae only.

2:3:4:6-T9tra-0-raethyl-D-galactose ha3 [a]^8 = +110°
(HgO) (53); it has been obtained in the crystalline state (77)
and is often obtained as a syrup. The percentage purity of

Fraction II was 94$ of tetra-O-methyl-hexoae by hypoiodite

determination.

Preparation of anHide.

The syrup (50 rag.) was boileu with aniline (20 tag.) in

alcohol (2 c.c.) under reflux on the boiling water bath for 3

hours. On standing overnight at 0°G. the mixture crystallised.

The crystals were separated after 48 hours at 0°C., and re-

crystallised from athano 1, m.p.= l89-l9l°C. not depressed by

admixture with an authentic specimen of 2:3:4:6-tetra-0-methyl-

JbJ-phenyl-I>-galact03ylamine; OMe 3 39*6$, (calc. C16H250&lsi:
OMe 3 39*9$).

It was concluded that this fraction consisted of 2:3:4:6-
t

tetra-O-methyl-D-galactose.
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Fraction III. Tri-O-raethyl fraction.

This fraction was a combination of eight smaller fractions,

all of which had values between 0*82 and 0*85. Comparison

of these fractions on tne same paper chromatogram using n-

butanol/ethanol/water for 18 hours showed that they contained

the same substance; one spot was obtained with Bq 58 0*84.
Fraction III was obtained as a mixture of syrup and

crystals. Weight 88 483*1 rng.j = +56*5 (js, 0*5 in HgO);
OMe = 39-8^.

Demethylation with hydrobromic acid gave mannose ana glucose

on the paper chromatogram.

The mixture was examined by paper chromatography using

i) n-butanol/ethanol/water (4;1:5, v:v)

ii) benzene/etnanol/water (167:47:15, v:v)

iii) methyl-ethyl-ketona saturated with water

iv) ben4iene/n-butanol/pyridine/water (1:5:3:3, v:v).

2:3:6-Tri-0-methy1-D-glucose, 2:3:6-tri-O-raethyl-D-mannose,

2:4:6-tri-0-methyl-D-glucoBe and a synthetic mixture of 2:3:6-

and 2:4:6-tri-0-methyl-i>-glucoee were ueed for comparison on the

same paper. It was found that solvents il) and iii) were not

suitable for the examination of tri-O-methyl hexoses; solvent

ii) produced a considerable streaking effect with tri-O-methyl

hexoses?although well defined spots could be obtained on the
same paper with tetra-f)-methyl sugars; solvent iii) produced

large diffuse- spots that prevented a proper comparison of the

different sugars.

Similar results were obtained with solvents i) and iv);
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after 18 hours, one apot was obtained from the mixture cor¬

responding to 2:3 :6-tri-£-raethy1-J-glucose and 2:3:6-tri-0-
rae thy1-2-mannose; one apot only was obtained from the

authentic mixture of 2:4;6- and 2:3:6-tri-0-methyl-D-glucose

on the same paper. Using a long paper (80 cm.) an elongated

apot was obtained from the mixture after 50 hours; the

authentic tri-O-methyl-D-glucoae mixture was not separated under

these conditions? but the two constituents could be distinguished;
no differentiation, however, could be made between 2:3:6-tri-0-

methyl-D-glucose and 2:3:6-tri-0-methyl-J-mannose on this paper.

It was concluded from this work that Fraction III contained

closely related 3-mannoae and 2-glucose derivatives that could

not be separated by partition chromatography methods.

Attempted separation of crystalline substance.

The syrup was dissolved in hot, dry ether and part of the

solvent was removed by suction in the vacuum desiccator. The

mixture was kept at 0°C. for several weeks. After this time a

small part of the mixture had crystallised. A portion, mainly

crystalline, was kept in the vacuum desiccator in contact with

porous plate, A pure specimen was not obtained. The impure

crystals had m.p. 3 95-110°C.

The mixture was also treated with benzene, light petroleum

(b.p. 40-60°), light petroleum (b.p. 60-80°), light petroleum

(60-60°)/ether mixtures, in turn, in attempts to find a solvent

in which thecrystalline ^aaterial was insoluble and thus could

be separated more readily. These attempts were unsuccessful



58

since the syrup anu crystals showed no difference in their

solubilities in the various solvents.

A portion of the syrup was seeded with crystals of 2:3:6-

tri-O-methyl-D-glucose (m.p. » 121°C)7 and the mixture was kept
at 0°C. in contact with dry ether for several months; the

mixture did not crystallise.

notation in dry methanolic hydrogen chloride.

2:3:6-Tri-0-methyl-D»glucoae shows a change in rotation

in dry methanolic hydrogen chloride (1%) from [a]^s +70° to
[a] _ * -29° (78) in the cold, indicating a change in ringJJ

structure from the pyranose form to the furanose form. It was

observed that 2:3:6-tri-G-aethyl-D-mannose showed no change in

rotation in cold methanolic hydrogen chloride ana had

[a]*7 » +11° (c. 1-1 in MeOH/HCl (1$)). The mixture was

examined and had [a]*7 38 +26*6 (£, 0*2 in JfeOH/HCl 1*5$) after
1 7

2 hours, unchanged after 24 hours, cf. [a]« +50-4 (c, 0»5 in

MeOH). It was concluded from these observations that 2:3:6-

tri-0-methyl-I)-gluco3e was present in the mixture.

Test for free Cg (79).
A sample (ca. 50 rag.) was oxidised with aqueous periodic

acid (0*5M) for 20 hours. After addition of potassium chloride

the solution was decanted and to it were added solutions of

phenylhydrasine hydrochloride and potassium ferrocyanide plus

2 drops of concentrated hydrochloric acid. If formaldehyde is

present a port-wine colour is obtained. Blanks containing

a) water, b) forraaldehyde, and c) oxidised J-glucose were
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prepared and compared with the colour produced by the syrup.

It was concluded that formaldehyde was not produced by oxida¬

tion of the 3yrup by periodic acid and therefore that only

hexoses containing OMe on Cg were present. Mannosa derivatives
the

have a slow rate of reaction withA.jeriodate ion?but have
reacted usually within 20 hours.

Oxidation with bromine water.

The syrup (100 rog.) was treated with bromine water at 3Q°C.

for 30 hours when the syrup was non-reducing. The solution

was aerated to remove excess bromine ana then neutralised with

silver carbonate. The silver residues were removed by

filtration, and dissolved silver was precipitated with hydrogen

sulphide gas; after filtration and concentration in vacuo a

brown syrup was obtained. This was purified by solution in

acetone, followed by filtration and concentration until a clear

syrup was obtained. This was kept at 0®C. for several days

but did not crystallise. Rienylhydrawina in alcohol was added

and the mixture was heated under reflux for several hours;

part of the solvent was removed by distillation under diminished

pressure and the mixture was kept at 0°C. The mixture did not

crystallise .

2:3:6-Tri-O-mathyl-D-mannose forma a crystalline lactone

(ra.p. = 89°C.)(80) and a crystalline phenylhydrazide (ra.p. «

133°C) (80) under the above conditions^ and a crystalline
phenylhydrasslde^ («r.p. » 145°C.) (81) can also be obtained from

2:3:6-tri-0-methyl-D-glucose; Hough, Jones and Andrews (61)
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have obtained crystalline 2:3:6-tri-0-methyl-I)-mannonic acid

phenylhydrazide from a mixture of 2:3:6-tri-0-raethyl-D-glucose

and 2:3:6-tri-0-methyl-D*mannose following the above procedure.

However, additional substances may be present in the syrup, and

as a result the formation of crystalline derivatives of 2:3:6-

tri-O^methyl-D-mannose may be impeded; it cannot, therefore,
be concluded that 2:3:6-tri-0-methyl-D-mannose is not present

in the mixture.

Preparation of aniljde.

2:3:6-Tri-0-methyl-D-glucose (82), 2;4:6-tri-O-methyl-D-

glucose (83), and 2:3:6-tri-0i-methyl-I>-mannose (53) form

crystalline IJ-phenyl-glycosylamines. An attempt was made to

form one of these by treating the syrup (50 mg.) with aniline

in alcohol for 5 hours as previously described. Crystals

(approx. 5 mg.) were obtained after keeping the mixture at 0°C.

for several days. The melting point of the crystals was

185-187°C•, not depressed by admixture with 2:3:4:6-tetra-0-

methyl-N-phenyl-D-galactosylamine. The residue was kept at

0°C. but did not crystallise.

The presence of 2;3;4:6-tetra-0-methyl-D-galactose in this

fraction was not suspected, but examination by paper chromato¬

graphy, placing a spot of the original syrup on the starting line,

gave a faint spot, Rq = 0*93, corresponding to 2:3:4:6-tetra-0-
methyl-D-galactose.

It was concluded that fraction III contained 2:3:6-tri-0-

raethyl-D-glucopyranose and tri-O-methyl-D-mannose, which was
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probably 2:3:6-trl-0-raethyl-D-manno3e; in addition 2:3:4:6-

tetra-O-iaethyl-D-galactopyranosQ was present in small quantity.

The possibility that other tri-O-raethyl derivatives of D-

glucoae and J-mannose, and especially the 2:4:6-tri-0-methyl

derivatives, were present, was not excluded.

Fraction IV. Mixture of di-O-methyl and tri-Q-methyl hexose

fraction.

This was a combination of five smaller fractions which,

when compared on the paper chromatograra?appeared to contain
the same constituents in different proportions, and to consist

of two substances having Rq = 0-71 and 0*67, travelling with
the same speed as 2;4:6-trl»,0«methyl-D-galactose and 2:3-di-0-

methyl-D-glucopyranose respectively.

The mixture had [a]p7 » +80*4 (jo, 0-8 in HgO) and OMe =
36*7. 'height - 132*5 mg. Demethylation with hydrobromic

acid gave galactose and glucose.

estimation by alkaline Jaypoiodlte.

The two sugars did not separate completely using n-butanol/

ethanol/water for 24 hours,, but using a long paper chroraatograra

(80 cm.) for 48 hours a better separation was obtained^ and the
sugars were estimated as previously described.

Found: Tri-O-methyl sugar required 1*016 c.c. of 0*0106111 iodine.

Di-O-methyl sugar required 0*372 c.c. of 0*0106111 iodine.

This corresponded to 74% of tri-O-aethyl hexose and 26% of di-0-

methyl hexose. If it is assumed that the syrup contained only
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than from the observed rotation [a]*7 » +80.4 the syrup eon-
2)

tainea 69>f% of 2:4:6-tri-0-ffiethyl-D-galactosa ([a] 20 s +93

(HgO)) (84) and 30«3^ of 2:3«di-O-zaethyl-D-glucose ([a]^° =
+50 (Hg0)).

Attempted separation of mixture using thick paper chromatograma.

7&a experiment was carried out as previously described, out
a complete separation oi the two suostances was not obtained.

From 50 rag. of the mixture 8 mg. of tri-O-methyl sugar was

obtained. This had [a]*7 » +103 + 10 (c, 0-10 in H20). Bo

pure di-0,-methyl hexose was obtained.

Attempted preparation of phenyl-glycoaylamine.

2;4 ;6-Tri-O-m0thyl-j>galactose forms 2:4 :6-tri -O-methyl-B-

phenyl-3-galactosylamine, m.p. » 179°0.(84), and 2:3-di-O-methyl«
D-glucoae forms 2:3-di-0-methyl-B-phenyl~d-glucosylamine, m.p.

= 134°C. (85). An attempt to obtain either of these derivatives

from the mixture by treating with aniline in alcohol in the usual

way was unsuccessful.

It was concluded that Fraction IV contained a trl-0-methyl

hexoee and a di-Cl-methyl hexose which were probably 2:4:6-trl-j0-
methyl-D-galactose and 2:3-ai-0-n3ethyl»D-glucoa@.

Fraction V. Ji-O-roethyl fraction.

This was obtained as a syrup, weight * 65*7 mg., that

showed a tendency to crystallise but did not crystallise com¬

pletely. Jibtamination by paper chromatography indicated that
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this was a pure substance, since one spot was obtained, I£q =

0*67, corresponding to 2:3«di«^-iaetiiyl»j>glucopyxanoae on the
same paper. heme thy la tion with hydrobromic acid showed that

this fraction contained only glucose derivatives.

The syrup had [a]^ * +55-3 (js, 0*5 in HgO); OMe 3 29-6/«,
2:3-Di-0-raethyl-D-gluco3e has [a]j° = +81 • 9-* +48*3 (86) (OMe «
29-8£).

Preparation of Phenylhyaraxona.

The syrup (50 rag.) was treated with phenylhyurasine acetate

in alcohol at 35°G. for 13 hours. An orange oil separated

out but did not crystallise after standing at 0°C. for several

weeks.

Fractions VI. VII ana VIII.

These were obtained in low yield as syrups, and were

examined by paper chromatography only.

..eight sag. Observation Xuentity.

Fraction VI 11-9 2 spots; HQ 0.67,0-60 Mixture of di-
0-methyl hexoses

Fraction VII 15-0 1 apot; Eg 0-60 Di-O-methyl-
hexose

Fraction VIII 21-4 1 apot; Hq 0*36 Mono-0-rnothy1
hexoae

.Butanol wash.

Tne column waa washed with n-butanol half-saturated with

water, and finally with water. The solvent was removed from

the butanol wash by distillation under diminished pressure leaving
a email residue. Thia was purified with charcoal and filter eel



- 64 -

treatment as previously described and was obtained as a syrup .

Weight = 12*6 mg. Examination with paper chromatography

showed that the syrup contained two substances with values

of 0-20 and 0*09.

Examination of wat;er-wash product.
The water washings of the column were concentrated in

vacuo and yielded a dark brown syrup (0-6412 g.), that, after

purification in trie usual way, had [c-3j7 53 +30-1 (c, 0-5 in
H2O) and OMe 35 31*8%'. Examination by paper chromatograpny

gave no eviuence of reducing sugar and the syrup was non-

reducing to Fehling*a solution. (Part of this product was

lost, due to a fault in the safety device used to prevent

leakage from the column when the eluate was not being collected).

Oxidation with alkaline hypoiodite.

The syrup (9-56 mg.) contained in 5 c.c. of water was

treated with 1 c.c. of standard iodine solutionis described
in previous experiments. Blanks were analysed.

Found: 9*56 mg. of syrup required 0*878 c.c. of 0*01101B iodine,

corresponding to 10*52$ of ui-0-methyl hexose or 1 -GHO group

per 10*41 di-£-raethyl anhydro hexose residues.

Itemethylation with hydrobromic acid gave mannose only.

Hydrolysis of water-wash »>itn formic acid.

A sample (45 mg.) of the syrup was heated under reflux on

the boiling water bath with formic acid (2 c.c.; 95$) for 7

hours. The volume was reduced by distillation under diminished
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pressure; water was added arid the mixture was again distilled,
this process was repeated several times to remove formic acid

as formic acid/water aueotope. Sulphuric acid (2 c.c.; 1H)
was added and the mixture was heated under reflux on the boiling

water bath for 6 hours. Inorganic ions were removed by treat¬

ment with "Araberlite" resins, and a clear yellow syrup was

finally obtained. The syrup was extracted with acetone and

concentration of the acetone extract gave a clear syrup (19*0
17

mg.) that had [a]^ * +10° (js, 0»2 in (CH-jJgCO); examination
with paper chromatography showed that this syrup contained four

substances -with values « 1*00 , 0*86 , 0*66, and 0-45, cor¬

responding to tetra-£-methyl-( tri-£-methyl-, di-O-mathyl- and

mono-O-raethyl-hexosea; the tetra-0-methyl- and tri-O-methyl-

hexose3 appeared to be present in largest amount.

The residue (15*2 mg.) tha/t was insoluble in acetone had

[a.]^7 85 -20° (c, 0-2 in HgO) and contained mainly two substances
with Rq 88 0*66 and 0*45 respectively, with traces of other
substances of lower Rq value.,.

It was concluded that the water waan contained a resistant

degraded polysaoch&riue, which coulu be nyurolyseu with anhydrous
formic acid; the hyurolysis was repeated anu the products were

separated on a cellulose column.

Hydrolysis of water-wash and separation of products.

The syrup (0-1551 g.) was heated under reflux on the boiling

water bath with formic acid Xl& c.c.; 95^) until the observed

rotation appeared to be constant [a]J)7 88 +50-3 (initial reading)
—> ~ +15-5 (6-5 hours - final reading - constant). The
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formic acid was removed, as previously described^ aa the formic
acid/water azeotrope by repeated addition of water and dis¬

tillation. Sulphuric acid (10 c.c.; IK) was added and the

hydrolysis was continued for 3 hours. The solution was

neutralised with barium carbonate, filtered, and the filtrate

was concentrated giving a yellow syrup that was purified by

repeated solution in water, followed by filtration and concen¬

tration. A clear yellow ayrup wa3 obtained. Yield » 0*1292 g.

Examination by paper chromatography showed that the syrup was a

mixture of 0-raethyl derivatives with Hq values « 1*01; 0*86;
0.71; 0-63; 0*40 and 0.27.

Separation of Cleavage Products.

A cellulose column (1*5 eta. diani., 52 cm. length) was

prepared by quickly pouring a slurry of powdered cellulose in

water into the glaas-w&lled tube under gentle suction. The

column was washed with water, n-butanol half-saturated with

water, and the developing solvent, n-butanol/light petroleum,

b.p. 100-120° (30:70, v:v), saturated with water.

The ayrup (0*320 g.) was added to the column and the column

was developed; the eluate was collected and examined as

previously described.
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■Cistributton of sugars.

Tubes .Fraction Chromatogram Observations Identity -.'eight

2io of sub- Hq Colour
stances

___

30-120 1 1 1*00 red-brown Tetra-0-
methyl
fraction

41-4 rag

150-330 2 1 0*85 red-brown Tri -0-me thyl 30-0 rag
fraction

351-390 3 1 0-65 brown Di-^-methyl
fraction

30-0 rag,

391-500 4 1 0-62 brown Di-£-methyl
fraction

20-0 rag

501-525 5 2 0-56,0*50 red-brown mixture of
di-0-raethyl3

18-0 mg,

526-540 6 2 0840,0 *32 brown,
yellow

mixture of
di-O^methyl
and mono-£-
raethyl

7-0 mg,

541-580 7 1 0-32 yellow Mono-0-raethyl 26 • 6rag,

581-630 8 2 0-32,0.19 yellow,
pink

mixture of
mono-0-
methyls

12-4rag,

635-705 9 1 0-19 pink unknown
substance

7-0 rag,

705-715 10 1 0-19 brown XMnannose 3-8 rag,

71C-770 11 1 0-10 brown unknown
substance

19-2 rag.

wash 12 1 - brown unknown 119-4 rag.
substance

iSxamination of Fractions.

Complete analyses of these fractions could not be made

because of the small yield of each fraction.
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Fraction I. ?etra-0-methyl fraction.

This was obtained as a syrup, weight = 41 >4 rag., [a]^7 *
+21*7 (c, 0*8 in CHCI3). Sxaraination by paper chromatography
showed that the syrup contained one substance with Hq = 1*00,
corresponding to 2:3;4:6-tetra-0-raethyl-D-mannose on the same

paper. 2:3:4 :6-7etra-Q«!aethyl-a-mannose has [a] j - +23
(CHGljj) (76).

Preparation of aniliae.

The syrup (40 rag.) was heated «ith aniline (16 rag.) in

alcohol (2 c.c. ) under reilux for 5 hours; the bulk of the

solvent was removed by distillation and the mixture was kept

at 0°C. overnight, after which time the residue completely

crystallised. After recrystallisation from ethanol the

crystals had ra.p. » 143-145°C., not depressed by admixture with

an authentic specimen of 2:3:4:6-tetra-0-methyl~H-phenyl-I>-

raannosylamine.

It was concluded that this fraction contained only 2:3:4:6-

tetra-iO-methyl-^raannose •

Fraction 2. ^ri-O-caethyl fraction.
This was obtained as a syrup that snowed no tendency to

crystallise after standing at 0°C. for several days. height 38

30-0 rag.; [a]^7 = +14-5 (0, 0-6 in CHCI3); +8-7 (c, 0-5 in H2O).
Several values have been recorded for the rotation of 2:3:6-tri-

^-methyl-J-mannose; [a]|j = +6 (H2O) (87); +15 (H2O) (53);
-10 (H2O) (88). 2:4;6-Tri-^-methyl-D-mannose is usually obtained

in the crystalline state, ra.p. « 90°C (a-pyranoae raonohydrate) and
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has [&]D = +21 -* +14 (H20) (89).
Examination hy paper chromatography showed that the syrup

travelled at the same rate as 2:3:6-tri-0-raethyl-J-mannose in

n-butanol/ethanol/water.

Oxidation with bromine water.

The syrup was oxidised with bromine water as previously

described. The final product was obtained as a syrup which

did not crystallise. Phenylhydrazine in alcohol was added?and

the mixture was boiled under reflux for 4 hours; the solvent

was partly removed by distillation and the residue was kept

at 0°C. The product showed a tendency to crystallise but did

not crystallise completely.

It was concluded that fraction 2.contained tri-O-methyl-

D-mannose and was probably 2:3:6-tri-0-raethyl-2)-mannose.

Fraction 3. Di-O-methyl fraction.

This fraction crystallised in needles on removal of the

eluting solvent. Recrystallisation from ethanol gave colourless

prisms which had m.p. = 78-80°C. Repeated recrystallisation

from ether, ethanol, and acetone did not raise the melting point,

which was not depressed by admixture with an authentic specimen

of 3:4-di-0-methyl-D-mannose, monohydrate. It was then observed

that the authentic specimen melted at 75-79°C. and not at 109°C.

or 114°C. as reported by Hirst, Haworth and Isherwood (90) and

Haworth, Heath and Peat (81) respectively. Another authentic

specimen of 3:4-di-0-methyl-h-mannose monohydrate was obtained;

this also melted at 78-82®C.
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A comparison of the crystals toy X-ray single-crystal

photography showed that fraction 3 was identical with the

authentic 3:4-di-0-methyi-3-mannose, monohydrate specimen.v 4

The observed rotation of the crystals was [a]3 +5
J

(c:, 0*6 in HgO) (equilitorium value); 3:4-di-0-raethyl-J-mannoae
has [a]|° 3 +3 (H20) (90).

It was concluded that this fraction consisted of 3:4-di-

0-methy 1-2-mannose and that a more 3tatole crystal form had toeen

obtained; the authentic specimens that were examined had

originally toeen isolated with m,p, 3 109°C. and had changed on

standing to a more stable crystal form with lower melting-point.

Fraction 4. Ji-0-meth.vl fraction.

This was obtained as a syrup with [al^7 58 *5 (£» 0 in
(CH3)2C0). iSxamination toy paper chromatography showed that
the fraction contained one substance with Hq 3 0*62, and

travelled at a different speed from the previous fraction.

From this examination it was concluded that this fraction was

a di-O-methyl-D-mannose compound tout not 3:4-di-0-methyl-D-

mannose.

Fraction 7.

This was obtained as a syrup, weight 3 26*6 mg. The syrup

showed a tendency to crystallise tout did not crystallise com¬

pletely on standing at 0oC. for several weeks. The syrup had

[a]jj 3 -5*3 (c, 0*3 in Hg0). iixamination toy paper chromato¬
graphy Indicated that it contained one substance with Rq 3 0*32,

corresponding to mono-O-methyl-D-mannose.



- 71 -

Fraction 11.

This was obtained as a syrup, weight " 19*2 mg. iSxaaina-

tion by paper chromatography using n-butanol/ethanol/water for
18 hours showed that the syrup contained one substance with ilQ
« 0*10. Using bonzene/n«butanol/pyriuine/wat8r, after 50

hours, the substance had travelled faster than D-glucoae and

slower than D-mannose on the same paper. This fraction could

not be identified by examination on papei> chromatograma and

the small yield did not permit an analysis to be made.

Fraction 12. ,;ater wash product.

After the removal of monosaccharide derivatives the column

was washed with n-butanol half-saturated with water and sub¬

sequently with water. The washings were concentrated in vacuo

giving a brown syrup that was soluble in water ana insoluble

in organic solvents, and had [a]^7 - +11 (c, « 1*2 in HgO);
OMe * 1*8$. The syrup was examined by paper chromatography;

after 50 hours using benzene/n-butanol/pyridine/water solvent
the substance had travelleu 0*5cm. whereas D-mannose had

travelled 22 cm., and D-giucoae 16-5 cm. on the same paper.

A portion (approx. 50 mg.) of the substance was treated

with 2H-sulphuric acid at 1QC°C. for 5 hours and the hydrolysate

was examined by paper chromatography; four spots were obtained

all of which were located at a ahotft distance from the starting

line (3"5; 4*9; 6*1; 7*3 cm.) compared with D-mannose (9-4 cm.)
on the same paper.

It was concluded that this fraction contained a still
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resistant carbohydrate and that, in aduition, the accumulation

of degradation products from solvents and repeated hydrolysis

experiments were contained in the final wash.

Examination of insoluble, resistant substance.

Hydrolysis with anhyurous formic acid.

The white solid was hydrolyeed with anhydrous formic acid

as previously described; this hydrolysis was accompanied with

considerable decomposition of the carbohydrate.

Method: The white solid (Q»5 g.) was dissolved in formic acid

(10 c.c.; 95%) and the mixture was heated for 7 hours. The

formic acid was removed; sulphuric acid (3 c.c.; lh)was added

and the hydrolysis was continued for 6 hours. The hydrolysate

was neutralised with barium carbonate, and freed from inorganic

ions as previously described, a colourless syrup was obtained.

Yield « 0 '250 g. Jemetnylation of this syrup with hydrobromic

acid gave glucose only.

The syrup was partly soluble in acetone and ether;

extraction with acetone gave a colourless syrup having [a]*^ s
D

+?3'3 (£, 0*3 in (CH3)gC0). The syrup partly crystallised on

standing at room temperature, m.p. of crystals a 68-72°C.

Examination by paper chromatography showed that the acetone-

soluble product contained three substances with Rq values of
1*00, 0*85, and 0#64 respectively, and that the separated crystals

had Rq - 1 *00, coppresponding to 2:3:4 :6-tetra-0-methyl-D-gluco-

The residue which remained after extraction with acetone,
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contained several substances with Rq values of 0*65, 0«34,
0.22, 0»14, 0*08; only two of these, with Rq * 0*65 and 0*34
respectively, appeared to he present in quantity.

Separation of hydrolysis products using thick paper chromato-

.. raras.

The eyrup (110 rag.) was applied evenly to a thick paper

chroma tograra (20 cm. x 80 era.; Whatman Jio.l, 3 ram.) which had

been prepared for quantitative work in the usual way; n-

butanol/ethanol/water at 25°C. was used with a running time of

24 hours. The sugars were localised by spraying the side-

strips with aniline oxalate and the corresponding sugar zones

were extracted with hot water using a Sohxlet apparatus.

The sugar solutions were concentrated in vacuo, and the

residues were dissolved in hot water, treated with charcoal and

filter eel and filtered. The filtrates were concentrated in

vacuo and the syrups obtained were further purified by solution

in acetone followed by filtration. The final products were

dried at 6C°C/15 jam. over phosphoric oxide and weighed.

Examination of these fractions by paper chromatography showed

the distribution of the sugars (Table V).



- 74 -

Tajble_V.

Fraction Weight
(rag.)

Chromatogram
observation

Identity

% colour

1 29-8 1 -00 red-brown tetra-O-raethyl glucose

2 12-2 0 »86 red-brown tri-£-methyl glucose

3 35-4 0 *65 red-brown di-O-methyl glucose

4 16 -0 0 *34 brown mono-O-raethyl glucose

5 5-0 0-22 pink traces of other 0-

0-14 yellow-brown methyl glucoses and

0*08 pink free sugar

Bxamination of Fractions.

Fraction 1. Tetra-O-methyl fraction.

This fraction crystallised completely at room temperature;

after recrystallisation from ether the crystals had ra.p. = 86-

88°C• not depressed by admixture with 2:3;4:5-tetra-0-methyl-3-
1 7

glucose. The crystals had [a.]^ - +80 (£, 0*3 in H20). 2:3:4:6-
Tetra-O-methyl-D-glucose has [a]~° 3 +92 -» 84 (HgO) (92). It
was concluded that fraction 1 contained only 2:3:4:6-tetra-0-

methyl-D-glucose.

Fraction II. Tri-O-methyl fraction.

This was obtained as a syrup and had [ajjj7 = +68 •! (c, 0*2
in (0113)200); +33'3 (£, 0«2 in MeOH/HCl {1%)) (equilibrium value).

Fraction III. Di-O-methyl fraction.

This fraction was obtained a3 a syrup and had [a]*7 = +76*3
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(c, 0*7 in (CH3)2CO). iSxarainntion by paper chromatography
had shown that this substance had = 0*65, corresponding to

a di-O-methyl glucose and in the present investigation it was

observed that 2:3-di-0-iaethyl-D-glucose has Rq = 0-6b.
However the observed rotation is higher than that recorded for

2:3*di-O-raethyl-a-I)-gluc0se which has [a]j 53 +81-9-* +48*3
(equilibrium value ) (86). It was concluded that this

fraction consisted of tti-0-methyl-l)-giucose,anu it was not

examined further.

The remaining fractions IV and V were not examined.

Summary of results of hydrolysis and examination of hydrolysis

products (Table VI).



tableVI.

MethylatedProduct{4-0g.) MeOH/ta +

HC1

3*2g.syrup sepa col

rationon umn

,1*9g.methylatedhexose derivative

tetraa)trib)
(I)31*6$i)54'6% ii)b-0%

dic)monod)freee) 7-1$1-1%0'7$
(0*5g.)Insolublematerial, resistanttohydro¬ lysis.

(Ill

tetratridimonoresidue 30.35*1236*0%16-3$5$ mannoae-containingproduct (0.6g.)
60$D-mannosederivatives40$final

wash

c

Ok

(II)Tetraa)trib) 20-4$18*1$
i. .|.]dic)monod)free 3§.7€19•!%e)

1.9/o
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Hydrolysis of the methylated polysaccharides (4-0 g.)
gave two products, a syrup (3*2 g.) and a white solid (Product
III, 0.5 g.) that was insoluble in acid solution. The syrup

was separated on the cellulose column into several O-methyl

hexose derivatives (Product I, 1*9 g.) and a soluble aannose-

containing degraded polysaccharide (Product II, 0*6 g.). The

resistant fraction and the mannose-containing product were

separately hydrolysed with anhydrous formic acid, and the

hydrolysea products were separated on the thick paper chromato-

gram and the cellulose column respectively. The fractions

obtained as a result of these various separations were examined

and identified where this was possible with the material

available.

Jbund.
Product I. This contained:(a) 31'64^ tetra-C-raethyl hexose,

of which at least 17»84£ was 2:3:4 ;6-tetra-O-0i0thyl-D-galactoBe

and the reaai nder13 •80/,v#a3 a mixture of 2:3:4:6-tetra-0-

methyl-D-galactose and 2;3:4:6-tetra-0-raethyl-I>-raannose.

(b) i) 54.55;$ of closely related tri-O-methyl-D-hexosea of which

the parent sugars were mannose and glucose. 2:3:6-?ri-C)-raethyl-

D-glucoae was present in the mixture and probably 2:3:6-tri-0-

methyl-D-raannose. (The mixture also contained 2:3:4:6-tetra-0-

methyl-D-galactose in small quantity).

ii) 4-96$ of 2:4:6-tri-0-methyl-D-galactose which was contained

in a mixture of di»O-methyl- and tri-0-raethyl sugars.

(c) 7*09$ of di-O-raethy1-J-glucoae of which 5.?5C appeared to be
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2: 3-di -O-methyl -D-gluco3e.

(d) 1-1$ of mono-O-methyl hexoae which waa not identified.

(e) 0*6?$ of free sugar which waa not identified.

Product II. Approximately 65$ of this waa shown to consist

of aiannoae derivatives; the remaining 35$ appeared to be a

mixture of degradation products and resistant polysaccharide.

The O-methyl-D-mannoses consisted of:

a) 20*4$ of 2:3:4j6-tetra-0-methy 1 -D-mannose.

b) 18•1$ of tri-O-methyl-D-mannose which appeared to be

2:3:6-tri-0-methyl-lJ-manncse•

c) 38*90 of di-O-methyl-O-raannose, 14*7$ of 3:4-di-0-

methyl-jD-mannose and 19$ of other derivatives.

d) 19*7$ of mono-O-methyl-13-mannoae which was not

identified.

e) 1*9$ of D-mannose,

-roduct III. This contained:

a) 30*3$ of 2;3:4:6-tetra-0-raethyl-D-glucase

b) 12*4$ of tri-0-:nethyl-D-giucose

c) 36*0$ of di-O-methyl-IJ-glueosa

d) 16*3$ of mano-0-methyl-.D-glucoae

e) 5*0$ of other D-glucose derivatives.

.Determination of Molecular vejght.

The molecular weight of a polysaccharide can be determined

by chemical and physico-chemical methods. Chemical methods

depend on the estimation of the non-reducing end group or the

reducing end-group in the molecule. In the case of a
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polysaccharide with a straight-chain molecule the non-reducing

end-group is estimated toy the amount of tetra-_0-iaethyl hexose

obtained on hydrolysis of the methylatod polysaccharide.

Methylation studies on the alkali-soluble polysaccharides of

G.alpestria have shown that the polysaccharides contain a

large amount of non-reducing end group; from the results

obtained it is impossible to calculate the molecular weight

of the polysaccharide. In addition, experiments with alkaline

hypoiodite to determine the amount of reducing end-group gave

anomalous results. In general, chemical methods of determining

molecular weights are not accurate^and low values are visually
obtained. It was decided therefore to determine the molecular

weight toy the most suitable physico-chemical method.

The molecular weight of a macro-molecule can be determined

by several physico-chemical methods based on the measurement of

viscosity (93), osmotic pressure (94), rate of isothermal dis¬

tillation (95) and by the u&tra-centrifuge (96); the most

suitable method for a particular polysaccharide is dependent

on the size and shape of the molecule. From the behaviour of

the alkali-soluble polysaccharides of 0.alpestris in previous

experiments, and especially in view of the loss in polysaccharide

as a result of dialysis during methylation, the polysaccharides

did not appear to have a high degree of polymerisation. Thus

the most suitable method for determining the molecular weight

would be the isopiestic or isothermal distillation method which

i3 most accurate for molecular weights between 1000 and 20,000.
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The molecular weight of the tri-O-raethyl polysaccharides

wae determined "by Mr. W. N. Broatch, using the isothermal

distillation method and measuring the rate of distillation in

benzene. The average molecular weight was 22,000 + 1000,

corresponding to a degree of polymerisation of approximately

100 units.
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Discussion

The object of this research was to isolate the alkali-

soluble polysaccharides of C.alpestris and to determine their

general structure using the modern techniques of periodate

oxidation and partition chromatography.

Two alkali-soluble polysaccharides have been isolated from

the plant by extraction with b% ana 24% potassium hydroxide

solutions respectively. For convenience these polysaccharides

have been named Polysaccharide I and Polysaccharide II respec¬

tively. The two polysaccharides appeared to be separate

distinct substances, since it was found that a second extraction

of the moss residue with 5% potassium hydroxide solution gave a

negligible yield of Polysaccharide I, and Polysaccharide II

could be extracted subsequently with more concentrated alkali.

The two polysaccharides were therefore examined separately.

Polysaccharide I, after repeated precipitation from ethanol,

was obtained as a hygroscopic powder with [a]^' = +43«9° (2H
iSaOH). The polysaccharide swelled in water and did not dissolve,

but boiling with water caused partial solution to take place;

the polysaccharide was insoluble in acid solution and was soluble

in potassium hydroxide solution (2ii) after vigorous mechanical

shaking. In this, Polysaccharide I shows an extreme difference

to the lichen polysaccharides that have previously been investi¬

gated (p- 8 ); lichen in dissolves readily in hot water, isolichenin

is extremely soluble in cold water, and puatulin is also a water-

soluble polysaccharide.
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Hydrolysis with H-sulphuric acid and examination by paper

chromatograpny showed that the polysaccharide contained D-

manno3e, D-glucose and D-galactose; a-D-galactose-l-phenyl-1-

methyl hydrazone and D-mannose phenylhydrazone have been

prepared from the hydrolysis product. Estimation of the con¬

stituent sugars by paper chromatography using the Somogyi copper

reagent showed that the hydrolysate contained D-mannose 34.2/£,

D-galactose 12-6$, and D-glucose 51*7^. Ho evidence was

obtained from these examinations to suggest the presence of

uronic acid or pentose in the polysaccharide.

Polysaccharide II was obtained from the plant in lower

yield. After reprecipitation from ethanol, this was also

obtained as a hygroscopic white powder with [a]^ = +61.4 (2H.
HaOH). The polysaccharide was similar to Polysaccharide I in many

respects. It was insoluble in cold water and acid solution,

partly soluble in hot water, and was soluble in potassium hydro¬

xide solution (2M) after vigorous mechanical shaking. Hydrolysis

and examination by paper chromatography showed that Polysaccharide

II contained D-galactose, D-glucose and D-mannose; estimation of

the constituent sugars by paper chromatography and sodium raeta-

periodate showed that they were in the ratio 39 *7:12«9:47.4

respectively; a-D-galactose-l-phenyl-1-methyl hydrazone and D-

mannose phenylhydrazone have been prepared from the hydrolysate.

Ho evidence was found for the presence of uronic acid or pentose

by paper chromatography.

The occurrence of D-galactose, D-glucose and D-raannose in

significant amount in polysaccharides is unusual, and frequently
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preparations of alkali-soluble or hemicellulose polysaccharides

are mixtures of related polysaccharides containing more than

one molecular type. Several methods have been used to fraction¬

ate such polysaccharide mixtures; these methods depend on the

formation of polysaccharide complexes with certain inorganic

compounds, as for example, the formation of polysaccharide-copper

hydroxide complexes with Fehling's solution; other copper salts

(97) and the salts of heavy metals, for example, lead acetate

(98), are also used. Since the formation of the polysaccharide

complex depends on the relative positions of the hydroxyl group¬

ings in the molecule the methods are successful in fractionating

mixtures of polysaccharides in which the constituent poly¬

saccharides have dissimilar structures; the fractionation of

mixtures of galactan anu galacto mannan (99), and of araban and

xylan (100) has been achieved using Fehling'a solution. D-galactose-

and D-glucose-containing polysaccharide impurity has been removed

from the D-glucose-containing polysaccharides of Iceland Moss by

fractional precipitation with this reagent. The fractionation

of the alkali-soluble polysaccharides of C.alpestris was therefore

attempted using the same reagent.

It was found that Polysaccharide I could be fractionated with

Fehling's solution with the formation of two products (p.32).

Examination of the polysaccharide fractions showed that they both

contained D-galactose, D-glucose and D-mannose, but that the

relative proportions of the constituent sugars in the fractions

differed from each other and from the original polysaccharide.

Estimation of the constituent sugars showed that the hydrolysate
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of one fraction contained D-galactose 16-2J&, D-glucose 28*2$,

and D-mannose 49*8^, compared with D-galactose 12*6$, D-glucose

51 -7%, and D-mannose 34*2$ in the original polysaccharide.

These results led to the conclusion that this fractionation

procedure would be effective in removing a D-glucose-containing

polysaccharide from Polysaccharide I. An attempt to do this

was unsuccessful.

Polysaccharide II also formed polysaccharide-copper

complexes with Pehling's solution, but in view of the failure
♦

to obtain a complete fractionation of Polysaccharide I by this

method, no attempt was made with Polysaccharide II. The

original polysaccharide preparations. Polysaccharide I and

Polysaccharide II, were used for further experiments.

Partially methylated derivatives of Polysaccharide I and

Polysaccharide II were obtained by successive treatments with

sodium hydroxide and methyl sulphate; three series of five

methylations gave products containing OMe = 42*2$. Subsequent

methylation of these products with silver oxide and methyl iodide

gave tri-O-methyl Polysaccharide I and tri-O-raethyl Polysaccharide

II. In two separate series of methylation experiments on pre¬

parations of Polysaccharide I that had been obtained from different

samples of moss by the same method of extraction, two products

were obtained with [a.]*7 = +35 (CHCI3), OMe = 44*5$, and [o]^7 =
+36'3 (CHCI3), OMe - 44*2$. Similarly from two Polysaccharide II

preparations, two products were obtained with [a]*7 = +24-5 (CHC1 ),D 3

OMe = 44-0%, and [a]^7 - 23-4 (CHCI3), OMe = 44-5*. These results
confirm that by the method of extraction two distinct polysaccharide
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mixtures are obtained with 5$ potassium hydroxide solution and

with 24$ potassium hydroxide solution, although the mixtures

are similar in many respects.

Preliminary hydrolysis experiments, on a small scale, on

tri-O-methyl Polysaccharide I and tri-O-methyl Polysaccharide

II with raethanolic hydrogen chloride (1*5$), gave syrupy pro¬

ducts that were compared by paper chromatography. This

examination showed that tri-O-methyl Polysaccharide I and tri-

O-methyl Polysaccharide II gave the same cleavage products on

hydrolysis; mixtures of tetra-O-methyl-, tri-O-methyl- and

di-O-raethyl hexoses with R^ = 0*91, 0*85, 0*75, 0«55, 0*52,
were obtained. The small differences in the R^ values of
successive compounds made it apparent that the separation of

the hydrolysis products would be difficult.

Since the cleavage products obtained by hydrolysis of the

tri-O-methyl polysaccharides were identical, it was concluded

that both polysaccharides must have similar general structures.

Previous oxidation experiments with sodium meta-periodate had

led to the same conclusion. It was therefore decided to

combine tri-O-methyl Polysaccharide I and tri-O-methyl Poly¬

saccharide II befbre nydrolysing on a macro-scale. In this way

more conclusive results would be obtained from these raethylation

studies and the experimental difficulties would be minimised.

The combined tri-O-methyl polysaccharides (4*0 g.) although

soluble in methanol, were mainly insoluble in raethanolic hydrogen

chloride (1$) and resisted hydrolysis. After treatment with

methanolic hydrogen chloride and with N-hydrochloric acid over a
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period of 36 hours, a resistant insoluble residue (Product III,
0-5 g.) was separated. The reason for this resistance to

hydrolysis is not clear. Frequently imperfect drying of poly¬

saccharides and their derivatives makes the products resistant

to chemical treatment. This was originally considered to be

the cause of resistance in this experiment, but examination of

the hydrolysis products has shown that resistance to acid

hydrolysis is a property of the polysaccharide mixture.

The main hydrolysis product, a syrup (3*2 g.), was divided

into a number of 0-methyl hexose fractions (Product I) and a

resistant D-mannose-containing substance (Product II) using a

cellulose column; chromatography on a cellulose column provides

the most convenient and rapid method of separating mixtures of

monosaccharides or their methylated derivatives on a macro scale.

Since a preliminary examination by paper chromatography had shown

that the differences in the values of the constituents were

small, small differences in the Rg. values of the eluate were

observed and the tubes were combined accordingly; as a result

of this precaution a large number of small fractions was obtained.

Later examination of these small fractions by paper chromatography

showed that a good separation of the hydrolysis products had not

been obtained. This examination also showed that some fractions

were identical, and that others contained the same mixture of 0-

methyl hexoses with differences in the relative proportions of

the sugars; these fractions were therefore combined.

The identity of all the individual constituents of Product I

could not be established as a result of the imperfect separation



87

that was obtained. It was found that a large proportion

(31*6^) of the mixture consisted of tetra-O-methyl hexose, of

which 2:3:4;6-tetra-0-methyl-D-galactose formed 17-8$, and the

remaining 13*8^ was a mixture of 2:3:4;6-tetra-0-methyl-D-

galactose and tetra-Q-methyl-D-mannose, probably 2:3:4:6-tetra-

O-methyl-D-mannose. This large amount of non-reducing end

group indicates that the molecule is highly branched. It is

interesting to note that all of the D-galactose residues were

found in Product I and that they were mainly present as 2:3:4:6-

tetra-O-methyl-D-galactose; a small amount (ca. 5^) was present

as tri-0-methyl-D-galactose, probably 2:4;6-tri-0-m3thyl-D-

galactose. Thus a polysaccharide containing only D-galactose

can be present in the polysaccharide mixture in small amount

only, and the majority of the D-galactose residues must be

linked through C-^ to D-mannose and/or D-glucose residues.
The main tri-^-methy1 fraction presented a difficult separa¬

tion problem. Demethylation of the syrup had shown that D-

glucose and D-mannose derivatives were present, and from paper

chromatography examination these derivatives appeared to be

2:3:6-1ri-O-methy1-D-glucose and 2:3:6 -1r i-O-methy1-D-mannose.

These compounds could not be separated by paper chromatography.

The presence of 2:3:6-tri-£-methyl-D-glucose in the mixture was

confirmed by the behaviour of the syrup in cold, methanolic

hydrogen chloride; 2:3:6-tri-0-methyl-D-glucose has [a]^° +70°
—» -29° in this solution, and it was observed that 2:3:6-tri-0-

methyl-D-mannose has [aJ^ = +11° unchanged, in identical condi¬
tions. The value of the equilibrium rotation of the syrup,
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[a.]*7 3 +26*6, (cf. Ca-]^7 ~ +50*4 (MeOH)) confirmed that 2:3:6-
tri-O-methyl-D-glucose was present and indicated that additional

substances were al30 present. The presence of 2:3:6-tri-0>-

methyl-D-mannose could not "be established; attempts to charact¬

erise this compound by the preparation of crystalline derivatives

from the mixture were unsuccessful, and this was probably due to

the contamination of the tri-O-methyl fraction by a small amount

of 2:3:4:6-tetra-0>-methyl-i)-galactose, or to the presence in the

mixture of other tri-O-methyl derivatives of D-glucoae and D-

mannose, as for example 2:4 :6-tri-0-methyl-D-glucose. 2:4:6-

Tri-O-methyl-D-glucose has B(j = 0»83 compared with 2:3:6-tri-0-

methyl-D-glucose and 2:3:6-tri-0-methyl-D-mannose with Bq = 0*85.
It is possible to distinguish between 2:4;6-tri-0-methyl-D-

glucose and 2:3:6-tri-0-methyl-D-glucose on the paper chromato-

gram if the experimental conditions are carefully chosen, but

it has been observed in this investigation that whereas two

compounds of close Bq value may be separated under chosen con¬
ditions the presence of a third compound with similar Brt valueG

will greatly increase the difficulty of separation. The various

tri-O-methyl derivatives of D-glucose and D-mannoae show little

difference in their Rq values in various solvents.

It can be concluded that approximately 50^' of the tri-O-

methyl fraction consisted of 2:3:6-tri-0-methyl-D-glucose, and

that the remainder consisted of tri-O-methyl-D-mannose, with

possibly other tri-O-methyl derivatives of D-glucose being

present. The action of aqueous periodic acid on the fraction

(p.58) provided some evidence to exclude the presence, in quantity,
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of derivatives possessing a hydroxy 1 group at Cg; the slow

rate of reaction of D-mannose derivatives with the periodate

ion does not allow the complete exclusion of such D-mannose

compounds.

The type of glycosidic linkage connecting the structural

units in the main chain of a haxoaan molecule is determined by

the nature of the tri-O-methyl product that is obtained on

hydrolysis. The examination of the tri-Q-methyl product has

given mainly inconclusive results; therefore the linkage of D-

mannose residues in this position in the polysaccharide cannot

be derived, but it can be concluded that part, at least, of the

D-glucose residues are linked through C]_ and C4.

The remaining significant fractions contained di-O-methyl

hexose (7*1$), a mixture of 2:3-di-0j-raethyl-D-glucose and other

di-O-methyl derivatives of i)-gluco3e and D-raannose.

Product I then contained tetra-O-methyl haxose (ca. 13

raol.), tri-O-methyl hexose (ca. 27 mol.) and di-O-methyl hexose

(ca. 3 mol.). It is apparent that these products could not

have been derived from the complete hydrolysis of a polysaccharide;

complete hydrolysis of a highly branched polysaccharide as this

must be would result in the production of tetra-O-methyl hexose

and di-O-methyl hexose in approximately equimolecular proportions

(Fig.li).

H—H—H—H-H—

I
[H]^

I
H



(For a molecule with a low degree of polymerisation the tetra-

O-methyl hexose derived from H* is significant and the propor¬

tion of tetra-O-methyl hexose obtained would therefore be

increased). On this basis a relationship between the tetra-O-

methyl hexose and the di-O-raethy1 hexose in Product I cannot

be established, and these products must be derived in these

proportions as a result of incomplete hydrolysis of a poly¬

saccharide. The remaining hydrolysis product, the j-mannose

containing fraction, must therefore be considered.

It has been shown that the D-mannose-containing product was

a resistant part of a polysaccharide ana that it contained 1-CHQ

grouping per 10-11 di-O-methyl anhydrohexose residues. The

product was hydrolysed with anhydrous formic acid; this reagent

is frequently used for the hydrolysis of some D-mannose-contain-

ing polysaccharides that resist hydrolysis by mineral acid.

The hydrolysis products were separated on a cellulose column into

several O-methyl-D-mannose derivatives and a still resistant

polysaccharide fragment; it was considered that this residual

material also contained the accumulation of degradation products

from repeated hydrolysis experiments, and from the developing

solvents of the two cellulose column operations.

examination of the 0_-methy 1-D-mannose fractions showed that

2:3:4:6-tetra-O-methyl-D-mannose {20'A%), tri-O-methyl-D-mannose

(18«1$), di-O-methyl-D-mannose (33*7/fe) and mono-O-methyl-D-mannose

(19*7?) were obtained in significant amount and in approximately

equimolecular proportions. The tri-O-methyl-D-mannose fraction
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appeared to contain one substance only by paper chromatography

examination, but the identity of the compound was not established.

3:4-Di-0-methyl-t>mannose formed part of the di-O-methyl fraction;

this compound crystallised in a foxm with lower melting-point

than has previously been recorded. iixamination of authentic

specimens of 3:4-di-£-methyl-D-mannose, monohyarate has shown

that these specimens had changed on standing over a number of

years to the more stable form that was obtained in this inves¬

tigation; transformations of this type are not unusual in

organic chemistry. The remaining di-0,-methyl-D-raannose and

the mono-O-methyl-I>-mannose products were examined by paper

chromatography only and this examination showed that more than

one substance was present in both the mono-O-methyl and di-O-

methyl products.

Allowance must be made for the occurrence of some degree

of demethylation and undermethylation when interpreting the

results obtained by methylstion and subsequent methanolysis and

hydrolysis; both factors are difficult to avoid completely.

Undermethylation always occurs to some extent in practice, and

the degree of demethylation that is obtained depends on the

concentration of the acid solution and the hydrolysis time.

Connell, Hirst and Percival (101) found 4*7$ dernethylation of

2:4;6-tri-0-methyl-I!-glucose after 7 hours treatment with 2N-

hydrochloric acid, and 8 *7$ demethylation after 11 hours treat¬

ment with the same acid; Mac^Villiam and Percival (102) have

reported aeraethylation of 2:3:6-tri-0-methyl-D-glucose by
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the action of \% hydrochloric acid; and Ghanda (33) found

that in qualitative experiments on the demethylation of pure

samples of 2:4;6- and 2:3:6-tri-0-methyl-D-glucose with N-

hyurocnloric acid for 3 hours appreciable amounts of di-O-methyl-

D-glucoae with traces of mono-O-methyl-D-glueoBS were produced.

In this investigation it was found that treatment of pure 2:3:4:6-

tetra-0-methy1-D-glucose with acid, under the same conditions that

were used in the main hydrolysis experiment, produced traces of

tri-O-methyl-D-glucose and di-O-methyl-D-glucose. It can be

assumed that during acid hydrolysis approximately 1% demethylation

of the higher methylated products occurs. This factor, and some

allowance for possible undermethylation of the polysaccharide,

must be considered when assessing the importance of the lower

methylated derivatives in the molecular structure.

If the relative proportions of tetra-, tri-, di-, and mono-

O-methyl-D-mannose obtained by hydrolysis of Product II are now

considered, it is apparent that a relationship between these

products alone cannot be established. It is probable that the

mono-O-raethyl product has been derived , in part, as a result of

demethylation and underraethylation, and that the type of branching

that would give rise to mono-O-methyl aerivatives (Pig.12) does

not occur frequently.

H

Fig.12 — H— j[—H—
I
H

However, the di-O-raethyl-D-mannose and mono-O-methyl-D-mannose
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that have been obtained, must be derived, in part, from D-mannose

residues that were attached to hexose residues other than those

contained in Product IX. This suggests that Product I and

Product II are complementary, and that by considering them con¬

jointly a general structure for the main polysaccharide consti¬

tuents of the mixture will be obtained.

Prom the proportions of tetra-O-methyl, t.ri-0-methyl. di-O-

methyl and mono-O-methyl hexose (ca. 7:10:4:3 respectively) that

are obtained by this correlation of results, the simplest structural

formula that can be deduced consists of a straight chain of hexose

residues to which side chains are attached at frequent intervals;

hexose residues in the main chain may form the point of union for

more than one side chain, but more frequently they are attached to

one side chain (Pig. 13), Since the degree of polymerisation of

the polysaccharide is approximately 100 unit3 (p. 80 ), the amount

of tetra-O-methyl hexose producted by is relatively small.
H H H
I I I

U— H—H—H—H—H—H—H—H—
1
H

Fig. 13.

A structure of this type contains approximately one end group per

3-4 anhydrohexose residues and derives support from the results of

periodate oxidation studies. It was found that sodium metaperiodate

oxidised Polysaccharide I witn the liberation of 1 mole of formic
acid for 3»9 anhydrohexose units and the consumption of 1*2 moles

of periodate per anhyurohexose unit; similarly Polysaccharide II

was oxidised with the liberation of 1 mole of formic acid per 3
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anhydrohexose units and the consumption of 1*18 moles of

periodats per anhydrohexose unit.

A similar structure can be deduced for the insoluble,

resistant material. Product III. Since this product- remained

insoluble throughout treatment with methanolic hydrogen chloride

and hydrochloric acid, it can be considered as a separate

resistant carbohydrate constituent of the polysaccharide mixture.

Hydrolysis with anhydrous formic acid produced mainly 2:3:4:6-

tetra-O-raethyl-D-glucose (ca. 13 parts), tri-O-methyl-D-gluco se

(ca. 7 parts), ui-O-methyl-D-glucose (ca. 17 parts) and mono-O-

methyl-D-glucose (ca. 8 parts). Thus Product III must possess

a highly branched structure similar to the main constituents of

the polysaccharide mixture.

The complexity of the polysaccharide mixture resulted in a

large number of cleavage fragments being produced on complete

hydrolysis of the tri-O-methyl products. It was not possible

to obtain a complete separation of these products by the partition

chromatography methods that were used. As a result of this

imperfect separation and of the low yield oi some products, it

has only been possible to iuentify 3oma of the individual cleavage

products; thus the position of the connecting glycosiuic linkages

for some of the hexose residues only can be derived. The presence

in the cleavage products of 2:3:4;6-tetra-0-methyl-D-glucopyranose,

2:3:4:6-tetra-0-methyl-D-mannopyranose and 2:3:4:6-tetra-0-methyl-

D-galactopyranooe shows that D-glucose, D-mannose and D-galactose

residues linked only through are present in the polysaccharides;
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these residues must occupy terminal positions in the molecule.

At the "branching points D-mannose residues linked through Cx,

C2 ana C6 and D-glucose residues linked through Cx, C4 and C6

occur, since 3:4-di-0-methyl-D-mannopyrano3e and 2:3-di-0-methyl-

D-glucopyranose respectively are obtained on cleavage; the

presence in the hydrolysis products of other di-O-methyl deriva¬

tives of D-marmose and D-glucose, and of mono-0-methyl-D-manno3e

indicates that other linkages are also present at branching

points. It has also been shown that D-glucose residues lini© d.

through Cx and C4 are present in the polysaccharide mixture.
The highly branched structure of the polysaccharides, and

the presence of D-galactose residues mainly in terminal positions,

suggests that the alkali-soluble polysaccharides of C.alpestris

bear a structural resemblance to the ga lac tomannans found in the

seeds of leguminous plants (p.16). The preferential hydrolysis

of the D-galactose residues that has been observed in this inves¬

tigation can be compared with the hydrolysis of the galactomannan

guaran. It was observed (103) that the D-galactose residues of

Huaran were readily removed by acid hydrolysis while the D-mannose

residues were set free more slowly. Similarly, in the hydrolysis

of the trisaccharide (Fig. 8b, p.20) obtained from guaran. two

disaccharides (Fig.7a,b) were obtained as intermediates, but due

to the greater lability of the a-1-6' bond connecting the D-

galactose and D-mannose resiuues, one disaccharide (Fig.7,a) was

produced in greater quantity. In general these galactomannans are

more readily hydrolysed than polymannans, and complete hydrolysis
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of tri-£-methyl guaran would he obtained by the hydrolysis
conditions used in this investigation. The behaviour of the

B-mannose-containing product (Product II) of the tri-O-methyl

polysaccharide mixture during acid hydrolysis, is comparable

with that of polymannans like yeast tnannan (90,39) and ivory

nut mannan (6), rather than with the behaviour of the B-mannose

part of the galactomannan polysaccharides. This preferential

cleavage of the glycosidic bonds of the B-galactose residues

was also observed by Bemer ( k ) in experiments on the alkali-

insoluble carbohydrate of Q.alpeatris. lie found that by treat¬

ment with methanolic hydrogen chloride he obtained methyl-B-

galactoside first; methyl-B-glucoside wa3 then produced, and

finally methyl-D-mannoside was obtained.

It has been shown by this investigation that the alkali-

soluble polysaccharides of C.alpestris consist of mixtures of

closely related polysaccharides that have a highly branched

general structure. The polysaccnaride preparations contain

D-glucose, B-galactose and B-mannose residues and all three

sugar units occupy terminal positions in the molecular structure;

the majority of the B-galactose residues occur in terminal

positions and mu3t be linked to B-mannose and/or B-glucose

residues. Borne information has been obtained on the glycosidic

linkage of the remaining B-mannose and B-glucoss residues, and

it has been shown that more than one type of linkage occurs.

The structure is obviously complex and it will be impossible to

determine the complete structures of the individual polysaccharide
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constituents until a method of separating the polysaccharide

mixture is found. The initial separation of the individual

polysaccharides would also minimise the experimental difficulty

that is caused by the presence of the closely related hexoses,

D-mannose and D-glucose, in approximately equal proportions.

It has been shown in this investigation that treatment of the

tri-O-methyl polysaccharide mixture with methanolic hydrogen

chloride partly resolves the mixture, but this treatment results

in degradation of the polysaccharides and gives results that

are difficult to interpret.

The structure of a lichen polysaccharide must depend

ultimately on the complexity of the polysaccharides that ars

produced by the organisms forming the plant; a study of the

polysaccharides contained in the algal component of C.alpestris

would no doubt provide part of the solution to this interesting

structural problem.
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SUMMAiff.

1. Two alkali-soluble polysaccharide preoarations, Polysaccharide

I and Polysaccharide II, have been obtained from C.alpestris by

extraction with 5$. and 24^ potassium hydroxide solutions respec-
1 7

tively. The polysaccharides had [a]jj - 43*9 and [a]^ = +61.4
(2N HaOH) respectively.

2. Hydrolysis of (a) Polysaccharide I, and of (b) Polysaccharide

II gave products containing (a) D-galactose 12*6^, D-glucose

51 *7$ and D-mannose 34 *2$, with = +39«2 (HgO) and (b) D-

galactose : D-glucose : D-mannose; 12*9 : 39*7 : 47*4; with
17

[a]^ = +36 *9 (H20); a-D-galactose-l-phenyl-l-methyl hydrazone
and D-mannose phenylhydrazone were prepared from both hydrolysis

products.

3. The polysaccharides were insoluble in water and acid solution,

partly soluble in hot water and were soluble in alkali. Ho colour

was obtained with iodine.

4. The polysaccharides formed copper complexes with Fehling's

solution. Fractionation of Polysaccharide I gave two fractions,

one of which on hydrolysis gave a product containing D-galactose

15«2^, D-mannose 49*8$, and D-glucose 28-2%. .An attempt to

obtain a complete fractionation of Polysaccharide I was unsuccess¬

ful, and no attempt was made with Polysaccharide II.

5. Polysaccharide I required 1«2 moles of periodate and liberated

0*254 moles of formic acid per anhydrohexose unit on oxidation with

sodium metaperlodate; Polysaccharide II required 1*2 moles of
^cuk.

periodate and^0«330 moles of formic acid per anhydrohexose unit .
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6. By raethylation with sodium hydroxide and methyl sulphate,

and subsequent raethylation with silver oxide and methyl iodide

tri-O-methyl Polysaccharide I and tri-O-methyl Polysaccharide

II were obtained. The products had [a]^7 = +35 (CHCl-j),
OMe = 44 *5$, and [a]^,7 = +24*5 (CHCI3) and OMe = 44-0^ res¬
pectively .

7. Methanolysis and hydrolysis of the tri-O-methyl products

on a small scale showed that the two products had similar

general structures. Since periodate oxidation experiments

had also shown this, the tri-O-methyl polysaccharides were

combined.

8. Methanolysis and hydrolysis of the combined tri-O-methyl

polysaccharides (4*0 g.) gave a syrup (3-2 g.) and an insoluble

white residue that resisted hydrolysis (0-5 g.; Product III).

9. Separation on a cellulose column divided the syrup into a

number of methylated monosaccharide derivatives (1*9 g.; Product

I) and a resistant, soluble product (0*6 g., part lost; Product

II).

10. Examination of Product I showed that it consisted mainly of

tetra-O-methyl- (ca. 13 moles), tri-O-methyl- (ca. 27 moles) and

di-O-methyl- (ca. 3 moles) hexoses; that all of the D-galactose

residues were contained in this mixture and that they were present

mainly a3 2;3:4;6-tetra-O-methyl-D-galactose was established.

Evidence was also obtained that indicated that 2:3:6-tri-0-methyl-

D-glucose and 2:3-di-0-methyl-i)-glucose were also present.

11. Product II contained only D-mannose residues. Hydrolysis
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of this product with formic acid, and separation of the

hydrolysis products on a cellulose column gave a number of

methylated D-mannose derivatives (60$) and a residual material

(40$) which was not investigated completely.

12. Examination of the mixture of methylated D-mannose deriva¬

tives showed that it contained mainly tetra-£-methyl, tri-0-

methyl, di-O-raethyl and mono-£-methyl-D-mannoses, in approxim¬

ately equimolecular proportions. The presence of 2:3:4:6-tetra-

jO-methy1-D-mannose and 3:4-di-0-methy 1 -D-mannose in the hydrolysis

products was established.

13. Product III contained only D-glucose residues. Hydrolysis

with formic acid and separation of the hydrolysis products by

paper chromatography gave a number of methylated D-glucose

derivatives. Examination of these fractions showed that they

contained 2:3:4:6-tetra-O-methyl-D-glucose (ca.13 moles), tri-0-

methyl-D-glucose (ca. 7 moles), di-0-methy1-D-glucose (ca.. n

moles) and mono-O-methyl-D-glucose (ca. 8 moles). The presence

of 2:3:4:6-tetra-0-methyl-D-glucose in the hydrolysis products

was established.

14. Determination of the molecular weight of the combined tri-0-

methyl polysaccharides gave a value of 22,000 + 1,000.

15. These results have been discussed and it was concluded that

the alkali-soluble polysaccharides of C.alpeatris consisted of a

complex mixture of polysaccharides possessing a highly branched

general structure.
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