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M was found by chromatography on di.thylaaino.tbyl 

cellulose to contain one essentially homogeneous polysaccharide, 
which contained as constituent aonosacehaxides -glucuronic acid, 
4-O-a.thyl--glucuronic acid, -galactose, -arabinose sad 
(prasunably k-)rhannose.  The cleavage products from the asthylated 
Sun were identified a. 2,304-tn- and 2,3-di-O-a.thylglucuronic 
acid, 2,3,4-tri-0-aethy1rbamnoss 2,3,5-tn- and 2,3-, 35- and 
2,3-di-O-a.thylarab1noss and 2,3,4- and 2,3,6-tn-, 2,4-di- and 
2-0-usthylgalactose, while the aetbylated snabtuoss-frea degraded 
Sun gave rise to 2,3,4-tni-O-nethylglucuronic acid, and 2,304,6-
tstra-, 2,3,4-, 204,6- and 29306-tn- and 2,4-di--m.thy1galactoss 
as cleavage products. On the basic of the results of Smith 
degradation studies on the degraded gun, the distribution of link-
ages within the galactan core of the polysaccharide was discussed. 

The acidic oligosacchanid.s characterised as partial acid hydrolysis 
products of the gun were 6-0-(--glucopyranesylurontc *ctd)-I-
galactose, 6-0-(4-0-n.tbyl-B-D-glucopyranosyluronic acid)-- 
galactos., 4-O-(4-O-nethyl-4z--glucopyranosylunonic acid)-- 
galactoc.. O-(4Oaethyl-B--slucopyranosyluronic acid)-(l • 6)-
04-R-galaetopyranosyl-(l • 6)--galactos. and 0-(4-0-aethyl-u--
glucopyranoayluronic acid)-(l • 4)-O--D-galactopyrsnosyl-(l 5)- 
-gslactoss. After partial n.thano lye is of the nathylatad gun, 

.v14oe. was obtained for the presence of the following asthylatad 
and partially aetbylatad aldobiouronic acids 
6-0-(23,4-tni-O-nstbylglucopyrsnosyluronie acid)-2,3,4-tni-0-
a.tbylgalsctos., 6-0-(23,4-tni-O-aetbylglucopynanosyluronic aci4)-
2 ,4-di-O-nethytgalactoss, 6-0-(2 3,4-tni-O-a.thylglucopyrauosyl 
uronic scid)-2-0-nsthylgalactose and 4-0-(2,3,4-tnt-O-a.thyl-
glucopyranosyluroaic ac14)-2,36-tni-O-..thylgalacto... On the 
basis of the present results the structural significance of the 
different uronic acid linkages in the gun was discussed and the 
importance of result, of other workers assessed. 

After identification of the neutral oltgosacchanid.s released on 
mild hydrolysis of the gun, the main structural features of the 
arabinoes-nich periphery of the molecule were recognised as 
L-Araf 1- 	 and -Araflu6R-aalLlu3- 
Araflcs3-Ana 1•3 -Ara. 

The configuration of the linkages contained in the aldobiouronic 
acids formed as partial hydrolysis products of Araucania bidwiliti 
Sun were unambiguously determined and the question of the occurrence 
of anoa.nisatioa during acetolysis was discussed. 

As a result of degradative studies on aetbyl.ated cherry..  sun the 
distribution of the different types of linkage, involving uronic 
acids in the polysacohanide was discussed. 

Use other side if necessary. 
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INTRODUCTION 

ORIGIN OF PLANT GUMS 

The term gum" is applied in general to high molecular 

weight compounds which form high viscosity suspensions or 

solutions at low concentrations. Compounds which fit this 

description include high molecular weight hydrocarbons, 

rubbers and certain synthetic polymers with hydrophobic pro-

perties. More specifically, the name "exudate gun" is used 

to describe the highly viscous secretions, mainly containing 

polysaccharides, from the surfaces of some trees and fruits. 

It is in this context that guns will be discussed in this 

thesis. 

Plant gums have for * long time been used as a food by 

the natives of Africa, Asia, India and Australia. Today gums 

are industrially important because they impart viscosity to 

aqueous solutions and endow them with advantageous physical 

properties. They are used in the paper, printing and textile 

industries, as well as for additives to pharmaceuticals and 

confectionery. 

The gun is secreted from the tree as a sticky, mobile 

syrup which dries to form a clear yellow or brown glassy mass, 

termed a nodule. A very wide range of plants produce such 

secretions, although the amount may vary considerably. Some 

trees, such as those of the various specie. of Acacia, be-

longing to the Leguninosie family, produce gun in such copious 
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quantities that it may be harvested on a commercial basis. 

Other plant families producing guns include the Anacardiaceae, 

Combretace*e, Meliaceas and Rosaceae. 

Exudation of gums is stimulated by environmental condi-

tions, mechanical injury to bark or invasion of the plant by 

micro-organisms. Guns have been observed to be produced in 

greatest quantity by injured plants, growing in unfavourable 

conditions, mainly elevated hot and dry areas. Formation 

of the gum nodules then acts as a shield against loss of 

moisture or further microbiological attack on the plant. 

Although the polysaccharides present in exudate gums 

are not found in the interior of the plants producing then, 

structurally similar polysaccharides are produced by botani-

cally related species and these polysaccharides nay therefore 

be considered to be true products of plant metabolism. 
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CRgMISTRT OF PLANT POLTSACCNARIDES 

The principal components of exudate gums are the neutral 

salts, usually the calcium, magnesium, sodium or potassium 

salts, of complex acidic polysaccharides. These polysac-

charides contain 2-glucuronic  acid or -galacturonic acid 

(or sometimes both) as the acidic constituent, together with 

two or more of the following neutral monosaccharides: 

2-galactose, 2-mannese, D-xyloss,  k-arabinos.,  -rhamnos., 

-fuco.e. Some of these sugars may also be present as their 

:*no-O-nethyl derivatives. The gum acid may be isolated by 

pouring an acidified aqueous solution of the gum into an 

organic solvent such as ethanol or acetone. The precipitated 

polysaccharide may be further purified by reprecipitation or 

dialysis and obtained as a solid by freeze-drying an aqueous 

solution or by drying the precipitate by solvent exchange. 

Other acidic polysaccbarides, such as pectin., occur 

naturally with a proportion of their uronic acid residues 

present as the methyl eater. Saponification yields the parent 

acidic polysaccharide. Some gums, particularly those of the 

$terculia and Khaya genera, are partially aestylated, and as 

a result are not completely water soluble. De-acetylation 

and resultant solution of these polyeaccharid.s may be 

achieved by treatment with alkali. However, caution must be 

exercised in the use of alkali in the preparation of polysac-

charides, since degradation or modification may take place. (1,2)  
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To a surprisingly large extent, exudate gums frequently 

contain only one polysaccharide. In the cases where gus.s 

contain more than one polyeaccharide, the types of hetero-

geneity encountered fall into several different classes 

First there is the gross heterogeneity as found, for example, 

in gun tragacauth and Khaya aenegalensis gum. Gus tragacauth 

has been shown to contain tragacanthic acid, a complex fuco-

zylogalacturonan, together with an srabinogalactan. 3  Yhays 

seusgalensis gum has been fractionated into a polysaccharide 

similar to those obtained from other Ihays  guns, and as a 

minor component, a structurally unrelated galactan. 4  

A somewhat less pronounced heterogeneity is exhibited by 

the gum of Anogeissus leiocarpus. This has been separated 

into two components, both of which were shown to contain the 

same sequences of units. However, in contrast to leiocarpan 

A, letocarpan B has a greater proportion of constituent non-

saccharides present in the outer chains. (5) 

Combretum leonense gum has been separated by chromato-

graphy on diethylaninoetbyl cellulose into two fractions. 

These polysaccharide fractions, however, were found to be 

structurally and physic*-chemically similar, except for minor 

variations in composition. (6) Since branched beteropolyeac-

charides may exhibit variations In monosaccharide composition, 

quantitative proportions of the type of linkage in which mono-

saccharide units are involved, degree of branching and mole-

cular weight, Gibbons (7.8) has suggested that the use of the 
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tern polydisperse" be extended to describe nacromolecular 

preparations where the variation of all measurable parameters, 

such as those mentioned above, is uninodal. It is thus pro-

bable that the fractions obtained from Combretua leonense gum 

were indicative of polydispersity rather than heterogeneity in 

the original gun. 

There is no single unambiguous method available for the 

confirmation of the homogeneity of a polysaccharide prepara-

tion. Instead as many methods as possible must be used to 

determine the absence of heterogeneity. These include ultra-

centrifugation, 9  electrophoresis and chromatography on ion-

exchange or gel-filtration media. 

The methods used to fractionate mixtures of polysaccharides 

on a preparative scale are governed by the need to obtain the 

relatively large amounts of material required for structural 

studies. One of the oldest methods used is the graded preci-

pitation of a polysaccharide from solution. Although this may 

not initially give a complete separation of components, re-

peated precipitation can lead to good results. Various pre-

cipitation techniques are available. Khaya senegalensis gun 

was fractionated by graded precipitation from an aqueous 

solution of the gum by the gradual addition of an organic 

solvent. (4)  Acidic polysaccharides may be precipitated from 

aqueous solutions as salts by the addition of copper (10-12)  

or detergent cations such as c.tyltrimethylammoniun (Cetavloa) 33  

as was used to resolve Anogeissus leiocarpus gum into two can- 
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ponents of different acid content. Neutral polysaccharides, 

such as western larch arab1Lnogalactan, 4  have been frac-

tionated by precipitation of their boric acid complexes with 

this latter type of reagent. 

A further method of fractionation of acidic polyaaccharidee 

involves column chromatography on ion-exchange supports, such 

as the dietbylaminoethyl derivatives of cellulose or Sephadax. 

These columns in various forms (format., phosphate, etc.) 

retain at neutral pH acidic polysaccharides which may then be 

eluted with electrolytic solutions of varying concentration 

and p0. Araucaria bidwillil gum was fractionated by this 

method. (15) 

Once a reasonably pure and homogeneous polysaccharide 

preparation has been obtained, the nature and relative amounts 

of the constituent sugars may be determined by quantitative 

chromatographic separation of the monosaccharides released on 

total acid hydrolysis of the polysaccharide. This approach 

is not so readily applicable to acidic polysaceharides since 

the more drastic conditions required to achieve total hydrolysis 

may cause the decomposition of some of the sugar units present. 

The acid content of a polyeaccbaride may be determined by 

decarboxy1ation 6  or with the aid of the carbazole reagent. 
(11) 

Structural studies on polysaccharides are based on three 

main approaches; (a) aethylation, (b) partial depolymerisation, 

(c) periodate oxidation. Metbylation involves the conversion 

of the polysacebaride to its fully methyl etberified deriva-

tive. Complete depolymarisation of the product is followed by 
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separation of the individual methylated sugars. This is 

accomplished by column chromatography of a comparatively 

large amount of material and permits the rigorous identifi-

cation of each component by the formation of suitable crystal-

line derivatives. Identification of the individual aethylated 

monosaccharides derived from the methylated polysaccharide 

gives information on the sites of substitution within the 

polysaccharide as well as the ring structures of the sugars 

involved, but not on the sequences of sugars nor the anomeric 

configurations of the glycosidic linkages present. Idantific;-

tion of the cleavage products from a methylated polysaccharide 

may also be achieved, this time on a micro-scale, by gas-

liquid partition chromatography of suitably volatile deriva-

tives, such as methyl glycoside., a much simpler and less 

time-consuming method, but one which gives satisfactory re-

eulta. 8  Although this method does not give the same unam-

biguous identification of products as that obtained by the 

formation of crystalline derivatives, the components separated 

by gas chromatography may be further analysed by mass spectro-

metry to establish their identity. (19)  

Information on the sequences of sugar units and the eon-

figurations of the linkages present in these sequences may be 

obtained from analysis of the products of partial depolymeri-

sation of the polysaccharide. One of the commonest methods 

of achieving this partial breakdown is acid hydrolysis. 

Although all glycosidic linkages can be cleaved by acid 
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hydrolysis the rates of their cleavage depend on the nature of 

the sugar unit involved. In general, pyranosidic linkages are 

more stable to acid hydrolysis than those involving furano-

aides. Variation is, however, encountered within the pyrano-

sides, since 6-deoxy hexopyranosides are hydrolysed as readily 

as furanosides. The most stable linkages are those of glyco-

siduronic acids. Within a particular type of sugar unit, the 

stability of the glycosidic linkage varies with the position 

of substitution. (1 + 6) Linkages between hexopyranose resi-

dues, for instance, are more resistant to hydrolysis than 

linkages between similar residues which involve substitution 

on secondary hydroxyl groups. Advantage can be taken of this 

varying lability to acid hydrolysis to achieve a fairly 

selective depolymerisation of many types of polyssecharide. 

Thus mild treatment with acid can cleave the furanosidic link-

ages in a polyaaccharide while leaving intact the majority of 

pyranosidic linkages. Where the polysaccharide involved is 

itself acidic, merely refluxing an aqueous solution of the 

polysaccharide is sufficient to cause cleavage of furanosidic 

bonds. This technique of autohydrolysis is well illustrated 

by its application to gum arabic, where prolonged boiling of 

an aqueous solution of the gum acid led to the removal of the 

peripheral arabinofuranosyl residues and the isolation of a 

less complex arabinose-free degraded galactan. Treatment of 

acidic polysaccharidee with stronger acid leads to the for-

mation of more acid-stable fragments such as aldobiouronic 
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acids. Application of such graded hydrolysis was used over 

twenty-five years ago by Smith in studies on gum arabic 20  

and Hirst and Jones on damson (21) and cherry gums, (22) but 

still forms the basis for the controlled fragmentation of 

polysaccharides, as illustrated in the flow sheet in Figure 1. 

The second method of fragmentation of polysaccharides, 

acetolysis, is an alternative to acid hydrolysis. Since it 

proceeds by a different reaction mechanism, a different 

selectivity in the cleavage of glycosidic linkages is often 

involved. 6-Deoxy hexopyranosidés in particular are relatively 

more stable to acetolysis than acid hydrolysis. Thus it has 

proved possible to isolate the oligosaccharide 2-0-ct--fuco-

pyranosyl-xylose after acetolysis of tragacanthic acid, 

thereby preserving a linkage which was readily hydrolysed in 

aqueous solution. (23) A further example of differing lability 

to acetolysis and acid hydrolysis is provided by the manno-

pyranosidic linkages in yeast mannan. Acid hydrolysis of the 

mannan gave 6--a--mannopyranosyl-maflflO8e as the major 

disaccharide formed. (24)A different oligosaccharide, namely 

was the major disaccharide 

observed after acetolysis of the polysaccharide, (25) however, 

suggesting that the glycosidic linkage attached to a primary 

hydroxyl group is split more readily than those attached to 

secondary hydroxyl groups during acetolysis, whereas the re-

verse is true during acid hydrolysis. A disadvantage of 
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acetolysia is that anomerisation of the glycosidic configura-

tion can take place under the reaction conditions used; (26)  

thus too great a significance cannot be placed on the configu-

ration of some oligosaceharidee obtained. 

Additional structural information can be obtained by 

modifying the polysaccharide so that different "cracking pat-

terns" are obtained on acetolysie or acid hydrolysis. The 

first of these methods involves the oxidation of the primary 

sugar hydroxyl group to form a uronic acid unit, thus increas-

ing the stability of the unit's glycosidic linkage to acid 

hydrolysis. This method in obviously only of practical im-

portance in a molecule with a 1ev proportion of free primary 

hydoxyl groups. Such an approach was applied to European 

larch arabinogalactan, 27  resulting in the characterieation 

of, among others, the aldobiouronic acid 6-0-(-arabino-

furanosyluronic acid) -galactose. 

The second method involves the reduction of a hoxuronic 

acid to a hexose residue. Acetolysis of carboxyl-reduced gum 

arabic 28'29  and carboxyl-reduced Araucaria bidvillit sun (15)  

has in both cases led to the characterisation of the oligo-

saccharides 4-0-L-rhamnopyranoeyl--g1izcoee and O--rbamno-

pyranosyl-(l + 4)-O--g1ucopyranosyl-(l + 6)--galactose, thus 

showing that in the parent polysaccharides, -glucurouie acid 

residues are 4-0-substituted by L-rliaanose unite. 

The application of some of these fragmentation methods 

to gum arabic is illustrated in figure le 
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Arabic acid total hydrolysis 

Arabic acid autohydrolys is 

Degraded Sunfurther  A autohydrolysis  >  

partial acid 
Degraded sun B hydrolysis 

Arabic acid acetylation reduction 
acatolysis  

D-Galactose (3.7) 

-Arabinoae (3.0) 

D-Glucuronic acid (1.2) 

L-Ibaano.e (1.1) 

a-Arab moss 
L-Rba*nose 

u-D-Ga1E7(l • 3)--Ara 

Degraded gun A 

-D-Cal-(1 + 3) -R-Gal 

Degraded gun B 

+ 6)-2-Cal 

1-Rbap-(1 + 

6-D-Ga1R7(l + 3)-D-Gal 

1-1ha27 (l • 4)-D-Gp-(1 • 

Fragaentation of Cue Arabic 

Figure 1 
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Another method of polysaccharide fragmentation which has 

been investigated involves alkaline degradation, initiated at 

the reducing and. On treatment with oxygen-free alkali, 3-0-

substituted reducing sugars lose their eubstituent and are 

converted to aetasaccharinic acids. (30) 3,6-Di-0-eubstituted 

reducing sugars are converted, after elimination of the 

substituent at C (3), to the corresponding 6-0-substituted 

metaeacchariaic acids, which are then stable to alkali. 

Application of this method to Japanese larch arabinogalactan A(31) 

resulted in a peeling reaction, initiated at the reducing and, 

taking place part of the way along the (1 + 3) linked galactan 

backbone, releasing the side-chains terminated by a stable 

6-0-substituted aetassechazinic acid. Treatment of those de-

gradation products with hypoch]orite gave oligosaceharides 

terminated by 5-0-substituted 2-deozy--threopentose residues. 

Two such oligosacebarides, namely 5-0---ga1actopyranoeyl-2-

deoxy--threopentose and 0-$-R-galactopyranosyl-(l + 6)-0-8---

galactopyranosyl-(1 • 5)-2-deoxy--1hpentose were partially 

characterised. This sequence of reac. ions is illustrated in 

Figure 2. 
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H2OH 

H 	H 

CHOR 

U 
A 

0 

H,CH 

OH 	ROC 

000H 

EjH5OH 

H2OH + 	
I H2 

HO -C-H 

H -cOH 

CH2OR 

Figure 2 

A reaction sequence such as this may be of value in the struc-

tural determinations of poly.accharides. However, the indivi-

dual steps require to be studied in greater detail, with the 

aid of model compounds, before this method can become generally 

applicable to polysaccharides which contain suitable sequences 

of linkages. 

The other widely-used method of structural investigation 

of polyeaccharides is based on pariodate oxidation. Analytical 

procedures involving the estimation of oxidant consumed, formic 

acid and formaldehyde liberated during oxidation and the pro- 
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portions of sugar residues remaining unoxidised, provide 

valuable quantitative data, which is, however, seldom in-

terpretable unambiguously without other structural informa-

tion. Important degradation procedures are those leading to 

the isolation of the unoxidised regions of the polysaccharides. 

The most valuable reaction sequence of this type is known as 

the Smith degradation (32)  and involves reduction of periodate-

oxidised polysaccharides followed by graded acid hydrolysis of 

acyclic acetals under conditions which cause little or no 

hydrolysis of glycosidic linkages. The products forced during 

the Smith degradation will depend on the relative distribution 

of non-oxidised sugar residues in the parent polyaaccharide. 

Non-oxidised sugar residues which are adjacent to ozidised re-

sidues are isolated as glycosides of glycerol, erythritol, 

threitol or less frequently glyceraldehyde. Such oligosac-

charide glycosides may be conveniently separated by common 

chromatographic methods. Those polysaccharides which contain 

substantial blocks of contiguous non-oxidised residues give 

rise to degraded polysaccharides of less complex structures 

Since 3-0-substituted units are nacessatily resistant to 

periodate oxidation, the Smith degradation is of particular value 

in assessing the distribution of (1 • 3) linkages in branched 

polysaccharides, and its use may be exemplified by studies on 

the galactan framework of the degraded gum forced on auto-

hydrolysis of gum arabic. Methylation of the degraded gum 
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followed by hydrolysis gave 2,3,4,6-tetra-0-aethyl-D-galac-

to.. (1 mole), 2,3,4-tri-O-methyl-D-galacto.e (5 Role.), 
ft 

2,4-di-O-metbyl--ga1acto.e (3 Role.) and 2,3,4-tri-O-

metbyl--glucuronic acid (3 mole.). The three structures 

(i, Ii and iii) in Figure 3 appeared the most likely. 

Application of the Smith degradation to the degraded gua 

resulted in the isolation of a mixture of galactose-containing 

oligosaceharidee which were shown by aethylation to contain 

only (1 + 3) linkages, thus pointing to structure (i) a8 the 

most nearly correct. 
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Classification of Gums and Mucilage. 

Attempts have been made to classify plant gums and mud-

lag.s on many different bases. Increasingly, however, classi-

fication may now be made on the basis of the chemical struc-

ture of the polysaccharide. In this connection, an attempt 

was made to classify according to the hexuronic acid present, 

since many exudate gum. contain -g1ucuronic acid while 

-ga1acturoaic acid is a more usual constituent of acidic 

mucilages. (34)  However, there are gums, such as cholla gum 

and gum tragacanth, which contain -galacturonic acid, while 

other gums, the Khaya  gums, Combretum leonense gum (6) 
 and a 

mucilage from cress seeds (35)  contain both bexuronic acids. 

The presently accepted basis for the classification of 

complex plant polysaccharides is the nature of the struc-

tural units found in the interiors of the molecules. However, 

our knowledge of the detailed chemistry of some of the muci-

lages does not allow thou to be classified satisfactorily 

as yet by this system. Similarly, although much work has 

been done on certain exudate gums, the nature of their main 

chains is not yet apparent, and they therefore cannot be 

unambiguously placed in the following classification. 

The following table gives an indication of some of the 

groups into which plant heteropolysaceharides may be placed. 
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Table 1 

Classification of Plant Heteropolysaccharidas 

Group 	 Type 	 Example 	 Ref. 

zylan 	 arabinoxylan 	rye flour arabinoxylan 	 36 

glucuronoxylan capote sun 	 37,38 

rood heaicelluloses 

unnan 	 galactomannen soy-bean galactonannan 	 39 

gluconannan 	iris seed glucoaannau 	 40 

galacturonan g.lacturonorbanau pectic substances 

Ehaya guns 	 41 

Sterculia guns 	 42 

glucurononannan glucuronoaannan gun ghatti 	 43-46 

Anogeiseus letocarpus gun 	5,47-49 

galactan 	arabinogalactan 	Western larch arabinogalactan 50 

arabino- 	 Acacia guns 

glucuronoga lactan 
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Galacturonans and Galacturonorbaanane 

The main characteristic of members of these types is 

that their basal chains contain n(l + 4) linked -galacturooic 

acid residues, interspersed to varying degrees with units of 

-rhaanopyranoss, as in Figure 4. 

+ 4)-o--GalLA-(l • 4)-c1--Cal2A-(l • 

Figure 4 

Three main families of exudate guns have been identified 

as belonging to these types, all containing varying amounts 

of -glucuromic acid, found mainly as the non-reducing end 

groups of short side-chains. 

Tragacanthic acid, the main polysaccharide component of 

Sun tragacauth (Astralagus guamifer) is the only recognised 

member of the first family. The main chain of this polysac-

charide is composed almost entirely of -galacturonic acid, 

interrupted only very occasionally by units of &-rhaanose, an 

indicated by the isolation of the aldobiouronic acid 2-9-(u- 

-galactopyrnnosyluronic acid)--rbaanose as a minor partial 

acid hydrolysis product. 51  The side-chains contain units 

of -xylos., 2-0-z--fucopyranoayl--xylos* or 

gaiactopyranosy1--xyloa., while -glucuronic acid is only 

present in trace amounts and may terminate some side-chains. 

A partial structure is Indicated in Figure 3. 



Tra&*canthic acid 

Figure 3 

0 
N 

3 
+ 
1 

Zyip 

4)-a--Ga1pA-(1 • 
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The Khaya guns, which occur naturally as partially 

acetylated polysaceharides, represent the second family of 

polysaccharides. Compared to tragacanthic acid, they con-

tain more -rhannose in their main chains and carry entirely 

different side-chains. Lhaya  ivorensis gun is perhaps the 

most fully studied somber of this family, 50  and has been 

shown to contain the structural units 4-0-(4-0-methyl-u--

glucopyranosyluronic acid)-!-galactose and -galactopyranose 

attached as side-chains to the -rhamnopyranose residues 

present in the main chain, as in the partial structure in 

Figure 6. 



-1(1 • 4)-&-D-Ga1pA-J (3. • 4)-cz--Ca1EA-(1 • 2)-&-1hat-(1 
4 
+ 
3. 

4 4)-a.--Gs11A-(1 --o- 2) -L-RhaI7  
4 

2)--Rhe2- 
4 
+ 
1 

4 
+ 
3. 

(4 Xe)z-2--Cp..A 

haya gu 

Figure 6 
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The third family is represented by guns of the Sterculia 

genus and also the gun from the botanically unrelated 

Cochiosperaun gossypium. 42  Like the Khaya guns, these gums 

also occur naturally partially acetylated. Studies on Sterculia 

urens sun 	have shown that the galacturonorhaau.n chains 

consist mainly of alternating residues of the two sugars, and 

that adjacent galacturonic acid units can only occur at in-

frequent interval.. The isolation of the oligo.acch*rid. 

O-(-D-glucopyranoeyluronic acid)-(I • 3)-O-(-b-galacto-

pyranosyluronic acid)-(l • 2)--rhaano.e as * partial hydroly-

sis product of the polysaccharide indicates that 2-glucuronic 

acid is linked directly to the main chain. Characterisation 

of the aldobiouronic acid 4-0-( -R-galactopyranosyluronic 

acid)--galactose as another cleavage product indicates the 

presence of a further structural feature. Partial structures 

for the Sterculia guns are represented in Figure 7. 



-(1 • 4)-a--G.1pA-(1 • 2)--Rha7(1 • 4)- i-Ga12.A-(1  • 2)-L-1ba2- 
3 	 4 	 3 	 4 
+ 	 • 	 + 
1 	 I 	 1 	 I 

8--GtA 	 • 

-(1 • 4)-a--Ga1EA-(1 • 
2 
+ 
1 

s-GalE 

Sterculia sung 

Figure 7 
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The similarity of tragacanthic acid to the pectins is 

immediately obvious since both contain long sequences of 

D-galacturonic acid residues in their main chains, interrup-

ted occasionally by units of L-rbsmnose. Pectins with a 

backbone composed entirely of -galacturonic acid must be 

relatively rare, since most give rise to the aldobiouronic 

acid 2-O-(--ga1actopyrenosyluronic acid) 	on 

partial hydrolysis. 

The acidic polysaccharides isolated from soy-beans (54,55)  

have been found to contain similarities to all three poly-

saccharide families described above. Fragments have been 

isolated which indicate the presence in the main chains of 

blocks of R-gslaceuronic  acid residues, alternating units of 

-galsctnronic acid and L-rhsmnose and sequences of at least 

two contiguous -rhaanose units. These features are con-

tained in the structure in Figure S. 



-0*1(1 • 4)Ga1A(1 s  4)Ga1A(1 • 4)Ga1A(1 • 2)Rha(1 • 4)CaIA(1 • 2)kha(1- 

4)G.1A(1 • 4)Cg1L(1 • 2)Rha(1 • 2)Rha 

Figure 8 
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A similarity of these soy-bean polysaccharides to ttags-

canthic acid occurs in the aide-chains, since the oligo-

saccharides 2-O-ci-L-fucopyranoayl-D-zylose, 3-O-8-- 

xylopyranosyl--galacturonjc acid and 2-0-8-Q-galactopyrano-

ayl-2-xylose, in addition to chains of 8(1 + 4) linked 

2-zalectcpyranoe. unite, have been identified an the products 

of acetoly.is  and •nzy*ic hydrolysis of soy-bean polysac-

charides. 
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Glucuronomannans 

The three polysaccharides so far identified as belong-

ing to this group all contain a backbone made up from an 

alternating sequence of R-glucuronic  acid and -aannose 

units. The first member, gum ghatti, the gum exudate from 

Anogeissus latifolia (Combretsc.ae) was originally thought 

to have a main chain of -galactose units, interspersed 

with -arabinose residues 1  on account of the two polymer 

homologous series of oligosaccharid.s released on partial 

hydrolysis, namely --GalEl-(+6-0--GalI) and -R-GalEl- 

In addition the aldobiouronic 

acids 6-0-(--glucopyranosyluronic acid)1-galactose and 
2-0- (--glucopyrsnosyluronic acid)-R-mannose were identi-
fied. 43  Evidence that mannose was present in the interior 

of the polysaccharide came from the isolation, after partial 

hydrolysis of the degraded gum obtained after two successive 

applications of the Smith degradation, of the oligosaccharide 

6-0---galactopyranosyl--galactose, 3-0-8--galactopyranosyl-

-arabinose and 3-0--arabinopyranoayl--mauuosa. (46) 

Further evidence for the now accepted structure of the gum 

(Figure 9) came from the identification of the alternating 

tetrasaccharide 0- (B--.glucopyranosyluronic acid)-(l + 2)-

0-mannopyranosyl-(l + 4)-0-(8--glucopyranosyluronic acid)-

(1 + 2)--mannose as a partial hydrolysis product of the gua.5 



+ 
6 

,•• ... 4)--g-GpA-(1 • 
3 
+ 
I 

3 
+ 
1 

+ 
I 

B--Os1p 

& • 	-Araf 1- 	or 1... frequently 	L-Araf-(1 4  2)-L-&raf 1- 
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-Araf-(1 • 3)--Arsf 1- 

Gua Chatti 

Figure 9 
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The other two polyeaccharides of this family come from 

the gum exudate of the tree Anpgiesus leiocarpus. 1action-

ation of the gun with cetyl trinethylamnoniuw bromide gave 

rise to two distinct though structurally related polyaac- 

charidea, termed leiocarpans A and 	Leiocsrpsn A con- 

tains -glucuronic acid, -aannose and L-arabinose  and, in 

contrast to gun ghatti,, relatively large amounts of -xylo.e 

and very little -galactose. Proof of the alternating 

sequence of -glucuronic acid and -mannoae in the backbone 

cane from the isolation after acetylosis of the carboxyl- 

reduced gum of the following series of o1igoaaccharides. 48  

8-2-Cp-(l + 2)1-Man 

+ 4)1-C 

2)--Man2.-(l + 4)-D-C 

-Manp-(l + 4)-R-CE-(l + 2)-2-Man 

+ 2)--Manp-(1. • 4)--CE-(l + 2)-i-Man 

-Manp-(l + 4)-2-GE7(l + 2)--Mant7(l • 

D-Cp-(l • 2)--Man-(l • 4)--C27(1 + 2)--Nsnp-(1 + 4)1-C 

The partial structures for leiocarpen A are given in 

Figure 10. 
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, 	-Ar.f-(1 • 3)--Araf1- 

-GEAI- (+6.j_CtE1_)+3_L_Arai_ 
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L.ioerpaD A 

Figure 10 
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L.iocsrpsn B has been shown" to have a structure 

basically similar to leiocarpan A. However, since -galac-

tose is a much more important constituent in polysaccharide 

B, the galactose-containing side-chains may be expected to be 

more extended than in isiocarpan A. 

The gum exudate from Encaphalartos longifolius has been 

shown by partial hydrolysis to contain units of the aldobio-

uronic acids 2-0-0--glucopyranosy1uronic acid)--mannose, 

6-0-(8-D-glucopyranosylurontc acid)--galactose and 6-0-(4-

1-aethyl--.-glucopyranosyluronic acid)--galactose. (56) A 

mixture of higher oligoaaccharidee containing -glucurouic acid 

and!-saunas* was also isolated, and since methylation data 

suggested these arose from interior chains, it seems likely 

that, this polysaccharide also belongs to the glucuronomannan 

group. 

Another exudate gum, that of Virailla oroboidee similarly 

gives rise to the aldobiouronic acid 2-0-(8--glucopyranosyl 

uronc acid)--asnnose as a partial hydrolysis product. (57)  

However, since there is no information on the nature of the 

sugar units contained within the main chains, this gum may 

not be considered a member of the group under consideration. 

One major group of gums giving the aldobiouronie acid 

2-o-(e-glucopyranosyluronic acid)1-manuose as a partial 

hydrolysis product are those from the species Prunus. Recent 

Investigations by a Cuchoslovakiau group on various types 

of cherry gums 586°  as well as those from apricot (61) and 
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blackthorn (62)  showed that these gums on partial hydrolysis 

gave in addition higher oligo.accharidee containing -glu-

curonic acid and -mannose. Although it was thought theee 

fragments originated from the interior chains of the mole-

cules, there was insufficient evidence on the sequence of 

linkages involved to indicate whether these polysaceheridee 

belonged to the type of glucuronomannan already described in 

detail. There are, however, considerable similarities be-

tween Prunus gums and gum ghatti, for instance. The neutral 

oligosaceharides characterised as partial hydrolysis products 

of gum ghatti, namely 3-0-61-galactopyrano.yll-gslactoee, 

6-0-8--galactopyranosyl---galactose, R'-Calk-j(1  + 6)---CalE-I 

(1 + 3)-L-Ara, as well as the aldobiouronic acid 

glucopyranosyluronic acid)--galactose, have also been ebarac-

tensed, if sometimes somewhat tentatively, as cleavage pro-

ducts of various Prunus gums. The additional similarities 

Indicated by results from the methylated gums suggest that 

these polyeaechanides may indeed belong to the same type. A 

further investigation of aspects of the structure of cherry 

Sun forms a minor part of the work presented in this thesis. 
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Gala c tans 

Members of this family contain a branched core of B-D-

galactopyranose residues, mutually joined by (1 + 3) and 

(1 + 6) linkages. In those polysaccharides whose structures 

have been studied in detail, the distribution of linkages 

is such that the former type predominate in the interior while 

the latter are concentrated in the outer chains, as in Figure 

11. 

+ 	 + 	 + 

1 1p. 	13-D-Ca1E 	-D-Galp 

-D-Calp 

Figure 11 

To this basic structure are then attached the peripheral 

units. These are composed mainly of L-arabinose, but can 

also include-rhamnose, -glucuronic acid (or its 4-0-methyl 

ether) and occasionally other units of -galactose. 

(1) Larch arabinogalactans 

The simplest polysaccharides in the group are the arabino-

galactans isolated from the heartwood of various species of 

Larch. Studies on Japanese larch arabinogalactan A 63  showed 

that it contained -arabinose and -galactose with only a 
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faint trace of acidic sugars. Methylation of the polysac-

charide resulted in the identification of the following methyl-

ated sugars: 2,3,4,6-tetra--, 2,3,4- and 2,4,6-tn--, and 2,4-

di-0-methylgalactOse in the ratios 3:2:1:4. There were in 

addition, approximately equal amounts of 2,3,5- and 2,3,4-

tn- and 2,5-di-0--methylarabinose. Mild hydrolysis of the 

polysaccharide gave the oligosacchanide 3-0--8--arabino-

pyranoayl--arabinose, while two successive Smith degrada-

tions gave an arabinose-free galactan containing mainly (1 + 3) 

linkages. This latter observation, taken together with 

methylation and partial hydrolysis data, indicates that the 

arabinose is present in the polysaccharide as single unit 

-arabinofuranosy1 or double unit 3-0-0---arabinopyranoeyl--

arabinofuranosyl side-chains, in equimolar proportions. In 

an attempt to find out more about the linkages involved in 

the side-chains, the primary hydroxyl groups in the arabino-

galactan were protected by triphenylmethylation and the poly-

saccharide derivative methylated. After removal of the pro-

tecting groups, the polysaccharide was oxidised. Analysis of 

the acidic fraction derived from the subsequent hydrolysis 

showed it contained mainly 2,3,4-tni-0-methylgalacturonic 

acid and 2,3,4-tn- and 2,4-di-0-methylgalactoee. Further 

methylation afforded 2,3,4-tni-0--methylgalactose as the 

major neutral sugar, pointing to the presence of the follow-

ing structural units in the polysaccharide 

6)-8--Ga1E- 



From these results, the following partial structure can be 

proposed for Japanese larch arabinogalactan A (Figure 12) 

3)-B-2-Ga1E7(l + 3)-B-Calp-(l 	3)-B--Oalp-(l + 3)---Galp- 
6 	 6 6 	 6 	 6 
+ 	 + 	 + 	 + 	 + 
1 	 1 	 1 	 1 	 1 

	

R3 -R-C*1E 	--Galp 	 1 	 --GalE 
6 	 6 
+ 	 + 	 + 

	

e-R-Ga1p. 	B--Ca1p 	 --Oa1p 

I - 	-Araf 1- 	or 	--Arap-(1 + 3)--Aral- 

Japanese Larch Arab inogalactan A 

Figure 12 
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Recent Smith degradation studies on tamarack larch 

arabinogelactan confirm that this polysaccharide also con- 

tains a backbone of predominantly (l + 3) linked -galacto- 

pyranose residues, (64)  although earlier authors had claimed 

the backbone contained both (1 + 3) and Cl + 6) linkages (65) 

Similar claims have been put forward for the presence of 

both linkages in the backbone of the arabinegalactan from 

Jack pine, although they are not supported by direct evidence. (66) 

In general, Smith degradation studies on polysaccharides of 

this type show that with each successive degradation the poly- 

mer approximates more and more to a completely linear (1. + 3) 

linked galactan. Moreover, since in the majority of cases 

only two successive degradations have been performed, it is 

likely that the few remaining (1 + 6) linkages arose from 

the residual stubs of (1 • 6) linked side-chains, rather 

than representing branch points involving (1 + 3) linked 

chains. 

The presence in most larch arabinogalactan extracts of 

two polysaccharides has been observed. These were first 

separated by Bouveug and Lindberg in the case of western 

larch arabinogalactan 14  by fractional precipitation with 

cethyltrimethylammonium hydroxide-boric acid mixtures into 

polysaccharides £ and B. Investigation has shown that both 

contain similar structural units, but that while arabino- 

galactan A has a number-average molecular weight of 93,000, 

that of polysaccbaride B is 	 In addition, poly- 
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saceharide B has been found to contain fewer L-arabino-

furanosyl units. Studies on the arabinogalactan extract 

from the annular rings of a 700 year old western larch (68)  

have shown that the number-average molecular weight of the 

mixture decreased from 65,500 to 13,000 over a 650 year span, 

and that the proportion of polysaccharide B in the mixture 

Increased with age. The pH and acetyl content of the wood 

of this tree were both found to decrease with age. In the 

light of these observations it was suggested that acetyl 

groups in the wood were gradually hydrolysed, liberating 

acetic acid, which was then responsible for a gradual acid-

catalysed depolymerisation, over very many years, of arabino-

galactan A to form the artefact, arabinogalactan B. 

Other coniferous wood galactans, such as those from 

mountain larch (69)  and maritime pine 
(70)  have galactose-

containing side chains which are terminated by -g1ucuronic 

acid. The only exudate gum so far found from a coniferous 

tree, that from the bunys pine (Araucaria bidwillii) 
 (71) 

has a more complex structure and in many respects resembles 

Sun arabic, an exudate from a species of Acacia. These 

gums will now be discussed. 
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(2) Acacia gums 

In general, gums from the Acacia specie. contain 

-arabiuoss, -rhunose, -galactose and -glucuronic acid 

(sometime, also as its 4-0-methyl ether). Their struc-

tures are considerably more complicated than the arabino-

galactans already described, and will be discussed in terms 

of (a) linkages involving hexuronic acid residues, (b) 

the galactan core and (c) the nature of the peripheral 

aide-chains. 

Your different aldobiouronic acids have been character-

ised as partial hydrolysis product. of Lucia gums, involving 

two basic types of linkage, namely 

6-0-(--glucepyrauosyluronic acid)---galacto.e 

6-0-(4-0-methyl-8--glucopyranoeylurouic acid)--galactose 

4-0- (-glucopyrauosylurouic acid) --galactos. 

4-0-(4-0-methyl-u-glucopyranosyluronic acid)--galactose. 

Table 2 indicates the guns in which these oligo.accbarides 

have been recognised. 

Table 2 

Aldobiourocic acids from Acacia gums 

4-OMe 	 4-ONe 
Lucia gum 	GAl6Ga1 CA186Ga1 CAla4Cal CAlu4Ga1 Ref. 

pycnantba + 72 

senezal + + 73 

mearnsii + + 74 

nubica + + 	 75 

nilotica + + + 	+ 	76 

drepanolobium + + + 	+ 	77 

seysi + + + 	+ 	78 



40. 

There is as yet no evidence to Indicate whether these aldo-

biouronic acids occupy different structural environments 

within a polysaccharide or are equivalent, with both types 

terminating chains of (1 • 6) linked -galsctose residues. 

It has long been observed that the proportions of 

rhamnose in Acacia gums often closely parallel those of 

-glucurenic acid. Since rhaanoae re.iudee have so far only 

been found as and-group., it was suggested that they were 

joined by (I • 4) linkages to -glucnronic acid units. The 

presence of such a linkage has been confirmed in the cas* of 

Son arable (Acacia sonegal) by the isolation of the oligo-

sacebaride 40_rbsmnopyranosyl--glucO$e after acetolysis 

of the carboxyl-r.duced 

While all Acacia guns have a galactan core containing 

(1 + 3) and Cl • 6) linkages, there is increasing evidence 

that the arrangement of these linkages is more complex than 

was at one time believed. it  was originally thought that 

the galactan interior had a simple comb-like structure, as 

illustrated in Figure 13 containing a single main chain of 

(1 • 3) linkages to which were attached side-chains of 

(1 • 6) linked -galactose residues. 

chains of (1 6) linked 
+ 	+ 	+ 	 -galactose units 

chains of (1 3) linked 

1 	I 	I 	 -galactose units 

+ 	(3 + 6) linkages 

Yigure 13 
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Recent Smith degradation studies on gun arabic, 79  

however, have shown that after five successive degradations, 

the polysaccharide isolated, although basically a (1 • 3) 

linked galactan, still contained 3,6-di-0-substituted 

galactose residues. residues. 6-0-substituted -galsctose units 

were still present after a total of seven such degradations. 

Since all the arabinoss-containing side-chains were removed 

after four degradations, these results Imply that (1 • 6) 

linkages are present within the periodate-resistant (1 • 3) 

linked galactan core and that this core contains a degree 

of multiple branching, as in Figure 14, rather than being 

a single unbranched chain. 

• 	3)-B--CalE-(l + 3)-8--Galp-(l • 

+ 
1 

8-D-Galt 
3 
+ 
1 

3 

MR 

 

1 

Figure 14 

Chains of (1 -+ 6) linked -galactose residues, eone of which 

are terminated by uronic acids, are then attached to this 

basic backbone. To the glucuronogalactan thus formed are 

joined the peripheral arabinos.-containing chains, as in the 

diagram in Figure 15. 
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0 

0 1_ A  

I I 

chains of (1 + 3) linked 

2-salactos. units 
- 	chains of (1 + 6) linked 

-galactosa units 

o glucuronic acid unit 

—A arabinose-containing chain 

+ (1 + 6) linkages 

A 

Figure 15 

A similar degradative approach has been applied to the 

Sum from A. arabtca. 80  It was found that during the course 

of four successive sequences of the Smith degradation pro-

cedure, the polysaccharide was fragmented to a considerably 

greater extent than was A. souesal gun under similar condi-

tions. These results were interpreted as indicating the pre-

sence of short sequences of periodate-vulnerable (1 + 6) link-

ages between areas of multiply branched (1 + 3) linkages. 

It is thus apparent that the basic galactan core is not the 

same for all guns of the Acacia species. 

Variation can also occur in the frequency of attachment 

of the (1 + 6) linked £-galactose chains to the (1 + 3) 

linked framework. In A. senogal gum the majority of (1 + 3) 

linked 2-galactose  units carry such side-chain., Figure 

16(a), whereas in A. pycnautha only about half the (1 + 3) 

linked residues carry (1 • 6) linked side-chains, Figure 

16 
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0 	-galactose units 

- 	(1 • 3) linkage. 

, ( + 6) linkages 

Variation in frequency of attachment of aide-chains to 

sequences of (1 • 3) linked -gslactoao units in (a) 

A. 	(b) A. p!.tha. 

figure 16. 

All Acacia guns contain peripheral chains of varying 

complexity. These invariably contain k-*rabinofuranoss 
units and nay also include -arabinopyranose and 2-galect.- 

pyranose residues. Oligosaceharides which have bean iden-

tified as originating fron this region of various gun. are 

3-0--b-arab  inapyraao.yl--arabinose 
3----arab inofurano.yl--arabino.e 

2-0-3--srabinofuranosyl-j.-arabinose 
3-0---ga1actopyrsno.yl--arabino.e 
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Either disaccharides (I) or (ii) or both have been re-

cognised as products of partial depolymerisation of all Acacia 

guns investigated in sufficient detail, and while oligosac-

charide (iii) has only been isolated so far from A. ullotica 

guns (91)  the prc3enee of a similar linkage in other guns may 

be inferred from the identification of 3,5-di-0-m.thylarabi-

nose as a cleavage product from the aethylated derivatives 

of several other guns. (82)  Although aethylstion evidence in-

dicates that arabinopyranose units generally occur as end-

groups, the recognition of 3,4-di-O-metbylarabinose as a minor 

cleavage product from some aethylated guns indicates that 

occasionally arabinopyranose units nay be 2-0-substituted. 

2,3-Di-0-aethylarabinose has also been recognised as a pro-

duct of depolynerisation of several methylated Acacia gums. 

There is, however, no indication as to whether this repre-

sents a 4-0-substituted arabinopyranose or a 5-0-substituted 

arabinofuranose unit in the original polysaccharide. 

-Calactepyranose residues in the periphery are not known 

to occur as anything other than end-groups.. 

Table 3 indicates the peripheral linkages known to be 

present in various Acacia gums. As can be seen, a consider-

able variety of arabinoayl linkages occurs in most of the 

guns, although little is known about the sequences involved 

above the disaccharide level. Indirect evidence can be 

gained on the lengths of these arabinose-containiug chains 
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from Smith degradation studies. For instance, all arabinose 

was removed from A. 	.!.g!l gum after four successive Smith 

degradatione, 79  indicating that in this gun some peri-

pheral chains contain at least four interlinked arabinose 

residues. Similar studies on A. drepanoiobium gun, 

however, shoved that after five successive Smith degradations 

there was still a largo amount of arabinose left in the de-

graded gum. )fetbylatiou studies on the degraded gum indi-

cated that a considerable proportion of the residues of this 

sugar were present as 2-0-substituted arabinefuranosyl units, 

suggesting that chains of at least eight arabinose residues 

were present in the original gum, with the possibility of 

such longer chains being present. In contrast, four suc-

cessive Smith degradations were sufficient to remove all 

arabinose from A. seysi gum. 	In this case, however, 

nethylation studies on the gum have indicated the presence 

of 2-0-substituted -arabinopyranose residue.. Since these 

could be oxidised by periodate, there remains the possi-

bility of longer arabinose-containing chains being present in 

this polyuccharide. There is thus considerable variation in 

the detailed structure of the peripheral chains between in-

dividual gums from the Acacia genus. 

Comparison of the cleavage products from the methylated 

Sums and their nethylated arabinose-free degraded derivatives 

indicates that the arabinose-containing side-chains can be 

either linked (1 -0- 6) to 3-0-substituted or (1. + 3) to 6-0- 
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substituted -ga1actopyranose residues, the relative pro-

portions of these two types of linkage varying froa gun to 

gun  

The possible partial structure of Sun arabic (Acacia 

senegal) is represented in Figure 17. 



Table 3 	Peripheral linkages in Acacia gums 
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(3) Other guns 

Certain other guns have been shown to be based on an 

inner framework of D-galactose residues. The gun from Citrus 

limonia (lemon sun) (87) has been found to contain R-gaiactoee 

k-arabinose, L-rhaanose, -glucuronic acid and its 4-nethyl 

ether. The aldobiouronià acids 6_0(B_2_giucopyranosyiuroniC 

acid)--ga1actoee, 4-0-(a-glucopyranosy1urouic acid)--

galactose and 4-0-(4-0-nethy1-U--gluCopYr&UO$Y1UrOniC acid)-

D-galactose as well as the neutral disaccharides 3-0-8--

arabinopyranosyi--arabinO$e and the B(l + 3) and (l + 6) 

linked -gaiactobioses were recognised as the products of 

partial depolynerisation, all smiler to fragments obtained 

from Acacia guns. An additional structural feature recognised 

was contained in the sequences of arabinofuranosyl residues, 

containing (1 -*, S)  linkages, which were terminated by units of 

the aldobiouronic acid 4-0-(4-0-eethyl-u--glucopyranO$YiUrOfliC 

acid)--arabinopyrano8e. Metbylation of the gun and degraded 

gun indicated the interior of the molecule contained (1 • 3) 

and (1 + 6) linked 2-galactose residues. Application of the 

Smith degradation, however, caused considerable fragmentation 

of the polysaccharide, leading the authors to suggest that 

the galactan franework is of the branch-on-branch type involv-

ing sequences both of B(l -0- 3)  and 8(1 + 6) linked -galactose 

units, as in the diagrammatic representation in Figure 18. 
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0 
S 
S 

0 0 

0..•0...0•.•0  

0 0 

o - D-galactoee residue 	* - 8(1 • 3) linkage 

a 8(1 + 6) linkage 

Galactan Framework of 9 jkt.rus J&upnia Gum 

Figure 18 

Investigations on cholla 	1:$8 have shown that it also 

contains & framework of -galactose residues. The gun also 

contains -rhamnose, -arabiuoae, -zylose and -ga1acturonic 

acid, rather than -glucurouic as in other g*lactau-type poly-

saccharides. The :ajor aldobiouronic acid identified as a 

partial hydrolysis product was 3-0-(81-galactopyranoeyluronic 

acid)--galactose, although the presence of a second one 

namely O-(-galactopyranosyluronic acid)--rbamnoee, has been 

claimed. (89)  Mild hydrolysis of the gun gave a degraded 

polysaccharide containing -galacturonic acid and -galactose. 

Methylation studies on the degraded gun indicated the presence 
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of 36-di-, 3- and 6-0--substituted galactose units, with 

galacturonic acid present as end-groups only. Periodate oxi-

dation of this degraded gun followed by reduction and couplet* 

hydrolysis gave galactose, glycolaldehyde, glycerol and glyce-

ronic acid. Although conclusive evidence on the distribution 

of linkages within the degraded gun is still lacking, one of 

several possible structures is indicated in Figure 19. 



6)-a-R-calp.- (l 
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1 

9 6)-B-R-Ga1L7(l + 6)-8-Ca1p- (1 
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+ 
1 

Degraded cholla gua 

Figure 19 
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2-Ill..o appears tobe present only as end-groups in the 

acid-labile periphery, a major structural feature of which 

is contained in the trisaccharide identified as 0-0-2-zylo-

pyranosyl-(1 • 5)-O-u--arabinofuranosyl-(l + 3)-k-arabi-

nose. There is no information as yet on the structural 

significance of the -rhaano.e residue., nor the aldobiourouic 

acid with which it is associated. The possibility of rhea-

nose being contained within a main chain in the style of the 

galacturonorhamnan family already described would, however, 

appear remote, both from the low rhamnose content of the 

Sun (2-31), and its virtual elimination from the polysac-

charide under mild dsgradative conditions. 

Comparison of the structural features exhibited by 

various members of the galactan family indicates that a 

whole structural spectrum is involved. This ranges from 

the relatively simple coniferous wood galactaus, such as 

the larch arabinogalactans with little or no acid content 

and the more highly acidic polysaccharides from mountain 

larch and maritime pine, to the more complex exudate gums 

such as Araucaria bidviliti and the extremely complex 

Acacia gums. Since the wood polysaccharides have basically 

simpler structures than the exudate gums, it has been sug-

gested that true arabinogalactans may be the precursors of 

some plant gums, and that the later stages of biosynthesis 

might involve the addition of -glucuronic acid, -rbaanose 
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and considerably more karabiuoe.,  as well as perhaps an 

increase in the extent of branching of the galactan interior. 

However, there has as yet been found no instance of a tree 

producing a complex Sun and also containing a structurally 

simpler arabinogalactan. 
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Chenistry of Mesquite CUR 

Mesquite gun is the exudate from the mesquite tree 

(prosopsis juliflora), a snail tree or bush found in the 

southwestern United States and Mexico. It is the neutral 

salt (mainly calcium) of a complex acidic polysaccharide. 

Analytical work, mainly by Anderson, (90) established the 

main constituents as -arabinose (512), -galactose (192) 

and a uronie acid (13%), together with moisture (112). 

The uronic acid was subsequently identified as 4-0-methyl- 

-glucuronic acid by White(91)  and Smith. (92) The free 

gun acid, mesquitic acid, has an equivalent weight of 1350, 

has a mthoxyl content of 2.9% and shows 	+60 in water* (93)  

The structure of mesquite gun has been extensively investi-

gated by the late V. Smith and by I. V. White, whose results, 

while generally in agreement, differed on the nature of the 

linkages involving uronic acids. 

In a series of studies, Smith found that hydrolysis of 

the gum under mild conditions liberated -arabinose, forming 

an essentially arabinose-free degraded Sun. 
(93)  Hydrolysis 

of this degraded gun under more vigorous conditions, followed 

by separation of the acidic sugars gave a mixture of two 

nononethyl aldobiouronic acids. Methylation of this mixture 

resulted in the characterisation, after hydrolysis, of 

2,3,4-tri-0-nethylglucuronic acid and 2,3,6- and 2,3,4-tn-

0-nethylgalactose. Also isolated from this aethylation 

mixture was the crystalline amide of the methyl glycoside 
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hexanethyl ether of 6-O-( -2-$lucopyranosy1uronic acid)-j-

galactose. Pros the.e results it was concluded that the 

aldobiouronic acids present in the partial hydrolysate of 

the gun were 6-0- (4-0-aethyl-8-D-glucopyrano.yluronie 

acid) 1-galactose (1) and 4-0- (4-0-ne thyl-D-glucopyranoeyl-

uronic acid)-!-galactose (2) 

OH 

H 

Me 

Me 

H2OH 

H2OH 

 

 

H 	OH 

Methylatien studies on the gun by Smith (94) 
 and White (95)  

both indicated that the constituent methylated sugars in the 

asthyl.ated polysaccharide were 2,3, 3-tri-O-aethyl--arabinose, 

3 ,3-di-O-nethy1--arabiuoee, 2 ,4-di-O-aethy1--gslactose and 

2,3,4-tri-0-nethyl-D-glucuronjc acid in the proportion. 
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1:3:2:1. From the methylated arabinose-free degraded gum, 

White 
(96) characterised 2,4-di-O-methyl-2-galactose and a 

tri-0-methy1--ga1*ctoe fraction composed of the 2,3,4-

(63%) and 2,4,6- (37%) isomers. 

After partial asthanolysis of the methylated Sun, (97)  

White obtained, on distillation of the light petroleum in-

soluble component, an olIgosaceharide fraction which on 

further meehanolysis yielded the methyl ester methyl gly-

casidesof 2,3,4-tri-O-aethyl--g1ucuronic acid and methyl 

2,4di-O-aetbyl--galactoeide. M.tbylation of the fraction 

yielded 2,4 ,6-tri-O-aethyl--galactos. on depolymerisation. 

From these results it was concluded that there was present 

In the methanolysate of the methylated polysaccharide the 

methyl ester methyl glycoside of the methylated aldobio-

uronic acid 3-0-(2,3,4-tri-O-methyl--glucopyrsnoeyluronic 

acid)-2 ,4-di-O-aethyl--galactoae. 

From these studies, mesquite gum appears to be struc-

turally related to the galectan group of polysaccharides, 

In that it contains a branched core of (1 • 6) and (I + 3) 

linked -galactose residues. The acid-labile periphery of 

the molecule would appear to be composed entirely of (1 ~ 2) 

linked -arabinofuranoee units. One major area of uncer-

tainty in the structure of the gum lies in the nature of 

the aldobiouronic acid linkages present, since Smith ob-

tained evidence for the presence of (1 -6- 6)  and (1 4 4) 

linked unite while White's results suggested the presence 

of (1 + 3) linked aldobiouronic acid. It was hence decided 

to reinvestigate mesquite gum with a view to resolving this 
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particular apparent contradiction, and also to obtain 

evidence for the detailed sequences of linkage, involved in 

the galactan core and to ezanine in nor* detail the link-

ages present in the arabinosa-rich peripheral chains. 



PART 

MESQUITE i!!! 
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DISCUSSION 

Introduction 

As part of the present study into the structure of 

esquite gun, it was decided to investigate three main  

structural aspects, nanely the nature of the linkages in-

volving uronte acids in the polyuccharide, the sequence 

of linkage, contained within the galactan core, and the 

nature of the acid-labile peripheral chains. Information 

on the nature of the linkages involving the urenic acid 

residues was gained by studying the acidic oligouccharides 

released during partial acid hydrolysis of the gun, and 

the aethylated acidic oligoeaccharides released during 

partial nethanolysie of the nethylated gun. The interior 

galactan core of the molecule was investigated by studying 

the polysaccharides obtained after successive Smith degra-

dations of the degraded gun which had been formed by the 

removal, under conditions of sLid hydrolysis, of the acid-

labile peripheral units of th* gun. finally analysis of 

the neutral oligos*ccbarides released during mild hydroly-

sis of the gun gave Information on the nature of the acid-

labile peripheral chains themselves. These procedures are 

suanarised in the following flow sheet. 
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partial hydrolysis Cum > acidic oligoasecharides 

autohyd 

 

methylated gum — 	 —> methylated acidic 

oligossecharides 

rolys is 

degraded gun A 	+ -arabinose + neutral oligo.accharidu 

carboxyl-reduced degraded gun A 

Smith degradation 

degraded gun 3 

Smith degradation 

degraded gun C 
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Purification and fractionation 

Purified mesquitic acid was obtained by precipitation 

by pouring an acidified aqueous solution of the crude gun 

Into ethanol. Paper chromatographic examination of the 

hydrolysis products of the poly.accharide shoved that in 

addition to the neutral monosaccharide constituents pre-

viously identifi.d, 90  rhasuose was present as a minor com-

ponent. 

The homogeneity of the gun acid was investigated by 

chromatography on 0-(2-diethyiamino.thyl)-celiulose, pre-

pared in the phosphate form. The polysaccharide was dc-

sorbed by citation of the column with solutions containing 

increasing concentrations of phosphate buffer at pH 6 and 

finally with a 0.5 -potassiun chloride solution. Although 

a number of peaks were obtained in the elution pattern, the 

majority of the sample (752) was eluted with 0.25 -phos-

phate, with smaller amounts at lower and higher concentra-

tions. Analysis of samples from these peaks with the car-

bazole reagent indicated that the polysaccharide fractions 

all had approximately similar urenie acid contents. There 

was in addition * small quantity of material (<5%) eluted 

with 0.005 fl-phosphate which contained no acidic constituents. 

from the elution pattern obtained from the fractionation, it 

would thus appear that there is no obvious heterogeneity in 

the polyaaccharid.. The complexity of the citation pattern, 

however, suggests that there may be * considerable distribu-

tion of molecular size. 
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Acidic Oligoeaccharides Released During 

Partial Acid Hydrolysis 

Acidic oligosaccharides formed during partial acid 

hydrolysis of meaqultric acid were separated from the neutral 

components of the bydrolysate by ion-exchange chromato-

graphy on diethylaminoethyl Sephadex. After removal of 

neutral sugars by elution of the column with water, acidic 

sugars were desorbed from the column with formic acid 

solutions. The fractions obtained were further separated 

by preparative scale paper chromatography in appropriate 

solvent systems into five homogeneous acidic oligosaccharides, 

together with three other fractions which contained mixtures 

of higher oligosaceharides but which could not be further 

fractionated preparatively. 

Oligosaceharide I 

000H 	 CH2OH 

H 	/'- 
ID 	 I 

, 	

0 

H2OH 
M e OPH 

H 	OH 	 H 	OH 
This oligosaceharide was identified as 4-0-(4-0-methyl-

u--glucopyranosylurouic acid) --galactose. Hydrolysis gave 

galactose and 4-0-methyiglucuronic acid. Rstimatien with 

the carbazole reagent indicated the sugar had a uronic acid 
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content of 48Z. The m.thanolysis products from the methylated 

disaccharide were examined by gas-liquid chromatography and 

had the retention times of the methyl glycosides of 2,3,4-

tri-O-aethylglucuronic acid and 2,3 ,6-tri-O-eetbylgalactos.. 

)tethanolyeis of the methylated glycitol gave 12,3,5,6-pants-

0-methylgalactitol and the methyl glycosides of 2,3,4-tri-0-

methylglucuronic acid. 

The position of the linkage was confirmed by methylation 

of the carboxyl-reduced disaccharide prepared by sodium boro-

hydride reduction of the derived methyl ester methyl glyco-

sides. The cleavage products from the methylated oligosac-

eharide were identified as 2,3,4,6-tetrs-0-methyl-D-glucose, 

as the crystalline sugar, and 2,3,6-tri-O-aethyl-D-galactose, 

after formation of the derived crystalline aldonolactone. 

An a---glucuronosidic configuration was suggested by 

the specific rotation, [a]D  +94. This value was somewhat 

lover than previous values for the same oligossecharide, 

i.e., [aID  +102, 	but this discrepancy may be explained 

by a slight contamination of the sample witholigaaaccharide 

II. The a-linkage was confirmed by u.m.r. spectroscopy of the 

disaccharide glycitol in deuterium oxide. The anomeric pro-

ton was present as * doublet situated at T 4.84 (J 3c/s), 

values characteristic of a -anorneric proton. (99) 
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H2OH 

H 	OH 
This aldobiouronic acid was characterised as 6-0-

(4 9aethy10i-g1ucopyranesy1urooic acid) --gs1actos.. 

It was chromatographically identical to an authentic sanpie 

and gave galactose and 4-0-aethyiglucurosic acid on hydro-

lysis. The c1.*ag* products from the asthylated disac-

charide were identified by g.1.c. as the asthyl g1ycoi4es 

of 2,3,4-tri-0-aetbylglucuronje acid and 2,3,4- and 2,3,5-

tri-0-asthylgalactos.. Methenolysia products from the 

aethylated glycitol were 1,2,3,4 .5-psnta--*ethy1ga1actito1 

and the *ethyl glycosides of 2,3,4-tri-0-aethylglucuronic 

acid, That the specific rotation, LUID +20, was higher 

than previous values reported for the aldobiouronic acid 

6-0- (4-0-as thy1--D-g1ucopyranosy1uronjc acid)-R-gslact.se,  
1*1D was due to a slight contamination with oligo-

saccharide I. Methyistion of the aldobiouronie acid 

furnished the crystalline *ethyl eater methyl glycosido 

hezaastbyl ether. 
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Oltgosaccharide III 

H 	OH 
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H2OH 

This oligosaceharide was shown to be the aldobiouronic 

acid 6-0- (ø-glucopyrsnosyluronic acid) -B-galactose. It 

was chromatographically similar to an authentic sample and 

gave galactose and glucuronic acid on hydrolysis. Hydrolysis 

of the methyl glycosides of the carboxyl-r.dueed disaccharide 

gave galactose and glucose. The uronic acid content was 

found to be 46% by means of the carbazole reagent. The 

cleavage products from the methylated oligosaccharide and 

its derived glycitol were found by g.l.c. to be the same as 

those obtained from oligouccbaride II. In addition, 

metbylation of this aldobiouronic acid yielded the same 

crystalline derivative. The specific rotation, [U]D  0 0  was 

fully consistent with --glycosidic linkage. The charac-

terisation of this oligeaaccharide thus demonstrates that - 

glucuronic acid is present in mesquite gum in addition to 

its 4-methyl ether. 
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H2OH 

H 	OH 	 H 	OH 
On the basis of the following experimental evidence, 

this oligosaccharide was assigned the structure 0-(4--0-

iuethyl-(%---glucopyranosyluronic acid)--(l + 4)-0----galacto-

pyranoeyl-(1 + 3)--galactose. Hydrolysis of the sugar gave 

4-0-(4-0-methyl-a--glucopyranosyluronic acid)---galactose, 

4-0--methyiglucuronic acid and galactose. Hydrolysis of the 

glycitol gave similar products, together with galactitol. 

Estimations with the earbazole reagent gave a uronic acid 

content of 30%, while comparison of the colorimetric reac-

tions of the sugar and derived glycitol with the phenol-

sulphuric acid reagent (100)  indicated a degree of polymerisa-

tion (D.P.) of three. 

Examination of the methanolysis products from the 

methylated trisaccharide by g.l.c. indicated the presence 

of the methyl glycosides of 2,3,4-tri-0-aethylglueuronic 

acid and 2,3,6- and 2,4,6-tri-0-methylgalactose. Some of 
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the peaks of the two last-mentioned methylated sugars were 

not completely resolved on the columns used, so additional 

evidence was sought on the position of the linkage to the 

reducing galactose unit. 

C H20 H 

HO 	 _ 0 

"H2OH MeOH/HCi 

COLD HO CQH / 

OH 	 HOCH2 0 OH 

P 	 R 
4 	 5 

0 

1914 	 HO Me 
B H  

HO C 

OH 

R 

6 

K 	(4Me)G&A 1u4 Gaip 1- 

The first series of experiments was based on the 

ability of sugars to form furanosides under kinetic control 

upon treatment with cold methanolic hydrogen chloride for 

limited periods. The selective formation of a methyl furano-

side from an oligosacebaride containing a 3-0-substituted 

reducing -glucose unit has formed the basis of its separa-

tion from an isomeric oligoseecharida, also formed on 

partial hydrolysis of nigeran, (101) which oligosaceharide 

contained a 4-0-substituted s-glucose reducing group and 

remained unchanged. Treatment of the oligosaceharide (4) 

with cold methanolic hydrogen chloride resulted in the form-

ation of a new non-reducing sugar derivative (5), probably a 
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mixture of methyl furanosides, thus pointing to the presence 

of a 3-0-substituted reducing group in oligosaceharide 4. 

Evidence in support of this contention was obtained by the 

following experiments. 

The suspected mixture of methyl furanosides (5) was 

oxidised with one mole of sodium aetaperiodate and reduced 

with sodium borobydride to give compound 6. The identity 

of this product was confirmed by hydrolysis, which gave 

4-0-(4-0-methyl-a-D-glucopyranosyluronic acid)-D-galactose, 

4-0-metbylgiucuronic acid, galactose and arabinose, and by 

g.l.c. of the cleavage products from the methylated deriva-

tive, which showed the presence of the methyl glycosides of 

2,3,4-tri-O-methylglucuronic acid, 2,3,6-tri--O-methyl-

galacto.e and 2,5-di-O-methylarabino.e. The detection of 

arabinose as a constituent of product 6 thus proved that the 

methyl furanoside of oligosaceharide IV had originally been 

formed during the treatment with methanolic hydrogen chloride, 

while the identification of 2,5-di-O-aetbylarabinoee as a 

cleavage product of the methylated derivative of 6 was further 

proof of a (1 + 3) linkage to the terminal galactose residue 

in the original trisaccharide. 

The second approach to the nature of the linkage to 

the reducing galactose unit in oligosaccharide IV involved 

treatment of the oligosaccharide (4) with one mole of lead 

tetra-acetate. Under these conditions, oxidation takes 
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place preferentially at the C(l) - C(2) bond of the reducing 

unit of the molecule with the formation of the formyl ester 

of the degraded sugar (7). 

CH2OH 

HO 
pt(OAc)4 > 

R 
4 

0H > 
K'H 

H,oH 

HO 

8 

R 	(4Me)GEA1U4Ga1R1- 

Chromatographic examination of the oxidation products 

confirmed that a new reducing oligosaccharide had indeed been 

formed, while hydrolysis gave 4-0-(4-0-methyl-a--glucopyrano-

syluronic acid)-D-galactose, galactose and lyxose, the ex-

pected degradation product from a reducing galactose unit. 

Treatment of the oxidised trisaceharide (7) with 

oxygen-free lime water over an extended period gave another 

reducing oligosaccharide (8), which, however, gave the same 

products as 7 on hydrolysis, indicating that the only change 

had been the removal of the formyl ester substituente This 

stability of oligosaccharide 8 to alkali indicated that the 

lyxose reducing end-group was 2-0-substituted, further con-

firmation of this being provided by the unreactivity of the 
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oligosaccharide 8 with the tetrazoliuia spray reagent. It 

follows from these results that the linkage in the original 

trisaccharide IV involved C(3) of the galactose reducing 

end group. 

The relatively low molecular rotation of oligosaccharide 

IV, [MID +290 compared to that of the aldobiouronic acid 

4-0-(4-0-methyl-a--glucopyranoByluronic acid)--galactose 

derived from it suggests that the inter-galactose linkage 

has a --configuration. 

Oligosaccharide ! 

COOR 

This oligosaccharide was assigned the structure 0-0-0-

methyl-8__glucopyranosyluronic acid)-(l + 6)-O-8--galacto-

pyranosyl-(l + 6)--galactose. Hydrolysis gave 6-0-(4-0-

methyl---glucopyranoayluronic acid)--galactose, 4-0-methyl-

glucuronic acid and galactose. Carbazole estimation of uronic 

acid gave an acid content of 29%. D.P. measurements con-

ducted similarly to those described for oligosaccharide IV 

indicated the sugar was a triaaccharide. 
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Analysis by g.l.c. of the cleavage products from the 

aethylated oligossecharide showed products with the reten-

tion times of the =ethyl glycoside. of 2,3,4-tri-0-aetbyl-

gluenronic acid and 2,3,4- and 2,3,5-tri-0-aethylgalactose 

Smiler investigation of the methylated glycitol gave 

1,2 ,3,4 ,5-penta-0-nethylgalactitoi and the methyl glycosides 

of 2,3,4-tri-0-*ethylglucuronic acid and 2,3,4-tri-0-aethyl-

galactose. 

The paper chromatographic identification of 6-0-(4-0-

nethyl-0--glucopyranosyluronie acid) -s-ga lactose as a 
partial hydrolysis product of oligosaceharid. V indicated 

that the glucuronosidic linkage had the 6-anoneric configura-

tion while the low molecular rotation of the oligosaccharide, 

(MID +10', suggested that the inter-galactose linkage was 

also of the --configuration. This was confirmed by the 

Isolation, by preparative scale paper chromatography of the 

partial acid hydrolysis products from carboxyl-reduced oligo-

saceharide V, of an oligoseecharide with chronatographic 

nobility and specific rotation similar to those of 6--0-j-

galactopyranosyi--galactose. Methanolysis products from 

the methylated disaccharide were identified by g.lc. as the 

aethyl glycosides of 2,3,4,6-tetra- and 2,3,4- and 2,3,5-tn-

07mathylgalactose. 
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Oligoasceharide fractions VI, VII, VIII 

These oligo.accharide fractions were chromatographi-

cally homogeneous but tonophorsais showed each fraction to 

contain more than one component. Furthermore, each fraction 

was shown to contain a mixture of different types of oligo-

ssccbaride, since in each case partial acid hydrolysis gave 

both 6-0-(4-0-aethyl-B---glucopyranoeyluronic acid)--galac-

tose (II) and 6-0-(--g1ucopyranosyluronic acid)--galactose 

(III), and cleavage of the methylated oligosaceharide glyci-

tols gave both 1,2,3,4,5- and 2,3,4,56-penta-0--*ethyl-

galactitols. Although separation of the individual components 

of each oligosaccharide fraction was not considered to be 

practicable, some information on the nature of the components 

of the fractions was obtained by, examination of the cleavage 

products from the methylated derivatives of the oligesac-

charides and the oligosaccharide glycitols, and, in the case 

of oligosaceharide fractions VI and VII, of the oligosac-

charides formed on degradation with alkali. In the latter in-

stance it was assumed that oligoaaccharides containing 3--

substituted reducing groups would be rapidly degraded as out-

lined in Figure 20. 
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Gal 1 + 3 Cal 
	

Cal 
6 
	

6 
+ 	 OR - 	+ 	+ Retaaaccharinic acid 
R 

Cal 1 + 3 Gal 1 + 3 Gal 
6 	 metasaccharinic acid 
+ 	Gal + 	6 
R 	 / 	 + + metaRaceharinic acid 

I 

Figure 20 

The aethylation results are auaaariaed in Table 4. 
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Table 4 

Methylation products from oligosaceharide fractions VI, VII, VIII 

Methylated sugar Oligoesecharide fraction 

VI VII VIII 

a b c a b 	c a b 

2,3,4-Met glucuronic acid + + + + + 	+ + + 

2,3,4,6-Me4 galactose + + + + 	tr + + 

2,3,4-Me1  galactose + + + + + 	+ + + 

2,4,6-Me3 galactose tr + + + + 

2,3,5-Me galactose + tr + tr + 

2,3,6-Me1 galactose + + 

2,4-Me2 galactose u.d. ad. + 

1,2,3,4,5-Me3 galactitol + + + 

1,2,4,5,6-Me3 galactitol + + + 

a 	metbylation of sugar u.d. not detected 

b 	methylation of glycitol tr trace 

S 	aethylation of products of alkaline degradation 

From the nethylation results, it can be seen that the 

most obvious differences between these oligosacebarides 

and the ones already characterised are the presence of 

galactose non-reducing end-groups, implying branched oligo-

saccharides, and of (1 • 3) linked galactose units. Since 

both these features were removed upon treatment of oligo-

eaceharide fractions VI and VII with alkali, it is likely 
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that 3-0-substituted -galactose residues are present as 

reducing end-groups, and that the branching is associated 

with these units. It is probable that the structures listed 

in Figure 21 are all contained in oligosaceharide fraction 

VI, with higher oligosaccharides of the sane general type 

being contained in fractions VII and VIII. 

Cal 
Cal 6 Gal l 4 3Gal Cal l'.3Cal 

6 + 6 6 
+ 1 + + 
1 Cal 1 1 
Cal 6 Cal Cal 
6 + 6 6 
+ I + + 
1 Cal 1 1 
CA 6 (4Me)CA (4Me)CA 

+ 
1 

(4Me)CA 

Probable Oligosaceharides contained in Fraction VI 

Figure 21 

The results of this partial hydrolysis of nesquite 

gun thus confirn the identity of the a3.dobiouronic acid 

6-0-(4-0-nethyl---g1ucopyranosy1uronic acid)--galactose 

characterised in earlier work by $*ith 9" and also provide 

definite proof of the structure of the second aldobtouronic 

acid, 4-0- (40-*ethyl-u-g1ucopyranosy1uronic acid)-2-

galactose. Isolation of the third aldobiouronic acid, 

namely 60(Ø-g1ucopyranoeyluronic acid)-2-galactose, 

demonstrates for the first time that -g1ucuronic acid is 

present in the polysaccharide in addition to its 4-methyl 

ether. 
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From the isolation of the trisaccharide V and the 

higher oligo.accharides it can be seen that 4-0-.ethy1--

glucuronic acid unite are present as non-reducing end-

group., joined by 8(1 + 6) linkages to -galactose residues 

connected by 8(1 • 6) linkages, and that these in turn are 

linked to 3-0-substituted galactose residues. 

The trisaceharide 0- (4-0-aethyl-u-D-glucopyranosyl-

uronic acid)-(3. + 4)-0-0--ga1actopyranosy1-(l + 

galacto.e was the only higher oligo.accharide characterised 

which gave rise to the aldobiouronic acid 4-0-(4-0-uethyl-n- 

-g1ucopyranosy1uronic acid)--galactose. The (1 + 3) link-

age contained in the trisaccharide must therefore represent 

the major mode of linkage of the aldobiouronie acid unit to 

the adjacent galactose residue in the polysaccharide. 
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Methylation of Mesquite Gum 

Mesquite gum was initially methylated with 30% sodium 

hydroxide solution and methyl sulphate and finally with 

methyl iodide and silver oxide until infra-red spectroscopy 

indicated that no more hydroxyl groups remained. A portion 

of the methylated gum was aethanolysed and the products 

were examined by gas-liquid chromatography. A quantity of 

the methylated polysaccharide was reduced with lithium 

aluminium hydride in tetrahydrofuran. The methanolysis 

products from the reduced methylated gum were similarly 

examined by g.l.c. 

Table 5 

Methanolysie products from methylated and reduced methylated 

gum 

Cleavage products 	 Methylated Sun Reduced Methylated Gum 

2,3,4-Me3 glucuronic acid +++ 

2,3-Mel glucuronic acid + 
2,3,4-Ne3 glucose +4+ 

2,34-Me3 rhamnose + + 

2,3,3-Met arabinose ____ HH 

3,5-Me2  arabinose +++++++ +++++++ 

2,5-Ne2 arabinose ++ ++ 

2,3-Mes arabinose + + 
2,3,4,6-Me4 galactose + + 

2,3,4-Ne1 galactose + + 
2,3,6-Me3 galactose + + 

2,4-Mel galactose +++++ +++++ 
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The aethanolysete from the methylated gum was hydroly-

sed and the methylated sugars were converted to the corres-

ponding aldonolactonea by treatment with bromine water. 

C.l.c. indicated the presence of the following compounds: 

2,3 ,5-tri-O-aethylarabonolactone 

3 ,5-di-O-nethylarabonolectone 

2 ,5-di-O-methylarabonolactone 

2, 3-di-O-methylarabouolactone 

2 3,4 ,6-tetra-O-aethylgalactonolactone 

2,3 6-tri-O-aethylgalactonolactone 

From a subsequent metbanolysis of the aethylated gum 

(partial aethanolysia III), neutral sugars, insoluble in 

light petroleum were hydrolysed and separated preparatively 

by thick paper chromatography. Two sugars were isolated 

as 	crystalline compounds, namely 2 ,4-di-O-methyll-galae- 

tose and 2-0-aathyl--galactose. No aono-O-methylarabi- 

noses were encountered. 	 - 

- 	These results confirm earlier studios by White (93)  

and Smith (94)  who identified 2,3,5-tn- and 3,5-di-0-

aetbylarabinoses, 2,4-di-0-asthylgalectoss and 2,3,4-tnt-

0-aethyiglucuronic acid as cleavage products from the 

methylated gum. In addition 2,5-di-0-methylarabinose to-

gether with smaller amounts of 2,3,4-tni-O-aethylrhaanose, 

2,3-di-O-aethylarabinoae, 2,34,6-tatra-, 2,3,4- and 
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2,3 ,6-tri-0-aethylgalactose and 2 ,3-di-0-aethylglucuronic 

acid have now been shown to be present. The structural 

significance of the 2-0-.ethylgalactose is uncertain since 

it could arise as a product of under-wethylation of a 

3,6-di-0-substituted galactose unit. The axial C(4) 

hydroxyl group of a 3-0-substituted -gslactopyranose 

unit is known to be sometimes difficult to aethylate. No 

evidence weo obtained that -arabinose residues are involved 

as branch points. However, the identification of 3-di-0-

aethylarabinoses indicates that the .rabiuose-containing 

peripheral chains are considerably wore complex than was 

previously thought. 	-Glucuronic acid residues are pre- 

sent mainly as end-groups, although the identification of 

snail amounts of 2,3,4-tri-0-*ethy1rhaanose and 2,3-di-0-

a.thylglucuronic acid could indicate that in some cases 

-glucuronic acid unit* are 4-0-substituted by (presumably 

-)rhaanopyraziose residues, as has been shown to be the 

case in gun erabic 28  and Araucaria bidvillii 

Direct evidence, however, is lacking. 
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Partial Metbanolyeie of Methylated MesQuite Gum 

During an investigation of the partial methanolysis 

products of methylated gum, E. V. White" obtained a 

fraction which he characterised as the partly aethylated 

aldobiouronie acid 3-0-(2 ,3,4-tri-0-asthyl-D-glucopyrano-

syluronic acid)-2,4-di-0-methyl--galactose (9) 

CH2OH 

0 
000H 	MeO H 

H0H 	(9) 

HK \\H 	

H/ 

MeO OMe 
	 H MeO 

H Me 

Although during the course of the partial acid hydro-

lysis studies on mesquite gum, (1 + 4) and (1 + 6) linked 

aldobiouronic acids had been characterised, no evidence 

had been found to indicate the presence of a (1 + 3) 

linked aldobiouronic acid, as implied by White's results. 

Accordingly, it was decided to re-investigate the partial 

methanolysis products of the methylated gum with a view to 

clarifying this particular situation. 

During the course of his experiments White depolyasri-

sed the methylated polysaccharide by beating under reflux 

with methanoltc 4% hydrogen chloride for five hours. The 
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acidic sugars in the methanolysate were saponified and 

precipitated as their barium salts. These acidic sugars 

were re-methyl esterified and fractionally distilled 

under reduced pressure to give a fraction which yielded a 

crystalline snide upon treatment with netbanolic ammonia. 

A fraction giving the sane crystalline derivative was 

also obtained by concentrating the partial methanolysate 

to * syrup, extracting the syrup with hot light petroleum 

and fractionally distilling the petroleum insoluble re-

sidue. Examination of both fractions gave 2,3,4-tri--0-

methyl--glucuronic acid and 2,4-di-0-mstbyl--ga1acto8e, 

characterised at a crystalline level, as cleavage products. 

Further methylation of these fractions gave a syrup which 

furnished a different crystalline amid* and gave 2,4,6-

tri-0-eethyl--ga1ectOse, identified by a crystalline 

derivative, as a cleavage product. As a result of these 

experiments the structure (9) was assigned to the fraction. 

There was, however, no coufireatiOn that the fraction 

obtained by either method was homogeneous and hence no 

certainty that the aetbylated sugars characterised were 

derived from the same compounds as furnished the crystal-

line amides. 

A further fraction was also obtained from the partial 

methanolysate of the methylated degraded gum which gave 

the same products as those from the corresponding fraction 
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obtained from the methylated whole gum. 

Partial flethanolyeis I 

In the present investigation, a sample of the methy-

lated gum was aethanolysed under the same conditions as 

employed by White. Acidic sugars present in the aethanoly-

sate were saponified and separated from the neutral com-

ponent by chromatography on diethylaminoethyl Sephadex 

A-25. The methanolysie products obtained from these 

acidic sugars were found by g.l.c. to be the methyl glyco-

sides of 2,3,4-tri-O-methylglucuronic acid, 2,3,4- and 

2,3,6-tn- and 2,4-4i-O-aethylgalactoee. Metbylation of 

these acidic sugars resulted in the characterisation of 

their cleavage products as 2,3,4-tri-0-methylglucuronie 

acid, 2,3,4,6-tetra-, 2,3,6-, 2,4,6-, 2,3,4-tn- and 2,4-

di-0-aethylgalaetos.. 

The occurrence of tetra-O-mathylgalactose as a 

aethylation product of the mixture of acidic sugars im-

plies the presence of branched oligosacebanidee amongst 

these acidic sugars. Indeed similar products were ob-

tained from aethylation of the mixtures of tetra- and 

peutasaccharides present in oligosaccharide fractions 

VI and VII obtained from partial acid hydrolysis of the 

Sun. It is thus apparent that the aethanolysis conditions 

used by White were not sufficiently vigorous to give com-

plete breakdown to aldobiouromic acids alone. 
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Partial Methanolysis II 

A further sample of methylated gum was heated in 

methanolic 42 hydrogen chloride at 100 for five hours, 

and acidic sugars were isolated in the same way as after 

partial a.thanolyis I. Cl.c. examination of a aethanoly-

sate of the acidic component showed that it contained the 

same constituents as before. The cleavage products ob-

tained after further aethylation were 2,3,4-tri-O-aethyl-

glucuronic acid and 2,3,6-, 2,4,6- and 2,3,4-tri-0-methyl-

galactoess. Thus although breakdown of the methylated 

polysaccharide had obviously proceeded further than during 

the first partial methanolysis, the presence of a (1 + 3) 

linked aldobiouronic acid as a unit in the gum could not 

be ruled out. 

Partial Methanolysis III 

In a final partial methanolysis, the remainder of the 

methylated gum was reacted under White's conditions, and 

the aethanolysate, after neutralisation, was evaporated to 

a $7TUs This syrup was then repeatedly extracted with 

hot light petroleum. A portion of the petrel-insoluble 

residue was fractionally distilled under reduced pressure 

(0.005 ma Hg) to give three fractions. 

Fraction 3. (b.p. 88-160) Gas-liquid chromatography of 

this fraction and its methanolysate shoved it contained the 
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methyl glycosides of 3,5- and 2,5-di-0-aetbylarabino.e. 

Fraction 2 (b.p. 160-180') This fraction contained 

mainly methyl 2,4-di-0-aethylgalactosides together with 

small amounts of the two arabinosides found in the first 

fraction. 

Fraction 3 (b.p. 180-210') C.1c. of this fraction 

showed it to contain methyl 2,4-di-0-methylgalactoside. A 

small quantity of the fraction was methanolysed and addi-

tional constituents of the fraction were found to be the 

methyl glycosides of 2,3,4-tri-0-methylglucuronic acid to-

gether with smaller amounts of 2,3,6- and 2,3,4-tri-0-

nethylgalactoses. A further quantity of the fraction was 

methylated and the cleavage products were identified as 

2,3,4-tri-O-m.thylglucuronic acid, 2,3,4,6-tetra-9  2,3,6- 9  

and 2,4,6- and 2,3,4-tri-0-methylgalactose. 

Fraction 3 thus corresponds to that investigated by 

Whit., since it gave tri-O-aethylglucuronic acid and 2,4-

di-O-aethylgalactose as cleavage products and 2,4,6-tri-0-

methylgalactose as a cleavage product after further methyl-

ation. Treatment of fraction 3 with methanolic ammonia 

failed, however, to yield a crystalline amide. 

From the identification of methyl 2,4-di-0-methyl-

galactosides upon g.l.c. examination of fraction 3, it was 

obvious that the fraction contained a considerable pro-

portion of neutral sugars. The acidic component of the 

fraction was therefore saponified and separated from the 
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neutral sugars by ion-exchange chromatography on diethyl-

sninoethyl Scphadez 1-25. In this way was obtained fraction 

3k, containing acidic sugars, and fraction 31, composed of 

neutral sugars in the approximate ratio 1:2. 

Examination of Fraction 31 

Examination of the aethanolysis products showed the 

presence of the aetbyl glycosides of 2,3,4-tri-O-aetbyl-

glucuronic acid, 2,3,6- and 2,34-tn- and 2,4-di-0-aethyl-

galactose. A sample of fraction 31 was aethylated and the 

cleavage products were found to be: 

relative amount 

23 ,4-tri-O-a.thylglncuroajc acid 

2,3, 6-tni-O-aetbylgalacto.e 	 ++ 

2,4 ,6-tni-0-aethylga]actose 	 + 

2,3 ,4-tni-O-aethylgalactoae 	 HiH 

Partial separation of fraction 3k was observed on thin-

layer chromatography in solvent (2). It wes considered 

probable that this partial separation was based on differences 

In the degree of ethenification, and that Isomeric o]igo-

saccharides of the sane degree of substitution, e.g. 10 and 

11, would not be resolved. In an attempt to effect a 

C R2OH 

Me O 	

H2OMe 

/ 

01 
Ome 

10 

MeOOH H,CMe  

OMe 
11 

I - 234 M* 3  CA 1- 
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separation of partially methylated acidic oligoaaccharides 

carrying free primary hydroxyl groups (as in 10), fraction 

3k was treated with triphenylmethyl chloride in pyridine. 

In the event no products of increased chromatographic 

mobility due to tritylation were observed. However, pre-

parative layer chromatography of the mixture gave three 

sub-fraction.. 

Sub-fraction 3A(I) (Rf  0.63) 

The aethanolysate of a quantity of the sub-fraction 

was found by g.l.c. analysts to contain t'-e methyl glyco-

sides of 2,3,4-tri-0-methylglucuronic acid, 2,3,6- and 

2,3•,4-trt-O-aethylgalactose, plus traces of the glycosides 

of 2,4-di-O-methylgalactoee. Methylation of a sample fol-

lowed by g.l.c. of the aethanolysate resulted in the 

Identification of the methyl glycoside. of 2,3,4-tri-0-

methyiglucuronic acid and 2,3,6- and 2,3,4-tri-O-aethyl-

galactoses. 

Sub-fraction 3A(It) (Rf  0.40) 

This sub-fraction gave on aethanolyaie the methyl 

glycoside. of 2,3,4-tri-O-aethylglucuronic acid and 2,4-

di-O-a.thylgalactose together with a trace of methyl 

2,3,4-tri-O-methylgal*ctoside. A further quantity of this 

sub-fraction was methylated and the cleavage products were 

identified as 2,3,4-tri-0-aethylglucuronic acid and 2,3,4-

tri-O-aethylgalac test. 
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Sub-fraction A(!II)(R 0.25) 

I4ethanolysia of a sample of the sub-fraction gave rise 

to the methyl glycosides of 2,3,4-tri-0-methylglucuronic 

acid and 2,4-di-O-w.thylgalactoae. Hydrolysis gave 2,4-di-

and 2-0-aetbylgalactose. The sub-fraction was aethylated 

and the cleavage products identified as 23,4-tri-0-methyl-

glucuronic acid and 2,3,4-tri-9-aathylgelsctose. 

The remaining material on the thin-layer plates was 

examined, but no 2,4,6-tri-0-methylgalactose was identified 

as a cleavage product after further methylation. 

Examination of Fraction 31 

Examination of this fraction by gl.c. indicated the 

presence of methyl 24-di-O-aethylgalaetoaides. The frac-

tion was methylated and the methanolysis products identi-

fied by g.i.c. as the methyl glycosides of 2,3,4,6-tetra-

and 2,3,4-, 2,4,6- and 2,3,6(tr)-tri-0-aethylgalactose. 

As a result of the investigations on the acidic 

sugars contained in fraction 3A, evidence was obtained for 

the presence of several asthylated aldobiouronic acids. 

The identification of 2,3,4- and 2,3,6-tri-O-aethylgalsc-

toss as cleavage products from sub-fraction 3A(1) suggests 

this sub-fraction contained the fully methylated aldobio-

uronie acids (12) and (13). 

2,3,4 mea CA (1 • 4) 2,3,6 ae3Cal (12) 

2,3,4 ae CL (1 • 6) 2,3,4 nes Cal (13) 
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The small amounts of 2,4-di-O-methylgalactose identified as 

a cleavage product of sub-fraction 3A(1) undoubtedly arose 

from the partially methylated aldobiouronic acid (14), 

since methylation of the sub-fraction indicated the pre-

sence of only (1 + 4) and (1 + 6) linkages. Compound (14) 

was identified as the major constituent of sub-fraction 

3A(II) since 2,4-di-0-aethylgalactose was recognised as a 

cleavage product of the sub-fraction while 2,3,4-tri-0-

methylgalactose was the only neutral sugar formed on cl.av-

age of the sub-fraction after methylation. 

2,3,4 meS GA (1 + 6) 2,4 me2  Gal (14) 

2,3,4 a&& CA (1 + 6) 2 me Cal 	(15) 

Aldobiogronic acid (13) use present as a minor component in 

sub-fraction 3A(II), since 2,3,4-tri-0-methylgalactose was 

recognised as a minor cleavage product of the sub-fraction. 

Sub-fraction 3A(II1) contained a mixture of partially 

methylated aldobtonronic acids (14) and (15), since while 

both 2,4-di- and 2-0-aetbylgal.actosss were identified as 

cleavage products of the sub-fraction, only 2,3,4-tri-0-

methylgalactoøs was recognised as a cleavage product after 

methylation. No direct evidence was obtained that the 

oligosaccbaridas described were in fact disaccharides, al-

though the cleavage products obtained after aetbylation of 

the sub-fractions contained approximately equal quantities 

of tri-O-methylglucuronic acid and tri-O-methylgalactoee, 
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as judged from the respective peek areas on the gas-liquid 

chromatograms. Moreover, since fraction 3 was the first 

fraction obtained from the distillation to contain acidic 

sugars, it is likely that these sugars included consider-

ably more disaccharides than trisaccharides. 

The nature of the linkages thus found in these products 

from the partial methanolysis of the methylated gum con-

firms the results of the partial said hydrolysis, which 

identified uronic acids involved in only Cl • 4) and (1 + 6) 

linkages. The identification of the fully methylated 

aldobiouronic acid (12), when considered in conjunction with 

that of the trisaceharide IV, namely 0-(4-0-methyl-a--

glucopyranosyluronic acid)-(l + 4)-0-0--galactopyranosy1-

(1 + 3)--galactose, obtained from partial acid hydrolysis 

of the gum, provides valuable information on the mode of 

linkage of the aldobiourouic acid unit 4-0-(4-0-aethyl-- 

-glucopyranosyluronic acid)-R-galactose within the poly-

saccharide, since it shows that the aldobiouronic acid must 

be present as an unsubstituted side chain linked to the 

3-position of another 2-galactose residue. Since 2,4,6-

tri-O-methylgalacto.o was not recognised as a cleavage pro-

duct of the methylated gum, it follows that this second 

-galactose unit must also be 6-0-substituted, as in struc-

ture (16). 
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+ 
1 

(4Me)GA 1 + 4 Gal 1 + 3 Cal 	 (16) 
6 
+ 

The alternative structure (17) which could also give rise 

to acidic oligosaceharids IV may thus be rejected. 

Gal 1 + 3 Gal 1 • 3 Gal 1-
4 
+ 	 (17) 
1 

(4M.) CA 

The nethylated aldoblourouic acids (13) and (14) indicate 

that 4-0-nethy1---g1ucuronic acid residues may be joined 

by (1 • 6) linkages to both branched and uubranched 

galactose residues. The partially aetbylated aldobiouronic 

acid (15) to perhaps significant only in that it shows that 

2-0-methylgalactose, whether or not a product of under-

nethylation, is associated with the (1 • 6) as opposed to 

(1 • 4) linked aldobiouronic acids. 

Although several nethylated aldobiouronic acids were 

thus recognised as products of partial depolynerisation of 

aetbylated neequite gun, no evidence was obtained for the 

presence of one containing a (1 + 3) linkage, as claimed 

by White. Fraction 3, the fraction from the distillation 

corresponding most closely to the one he investigated did 

indeed contain 2,3,4-tri-O-aethylglucuronic acid and 2,4-

di-O-netbylgalacto.e as the main acidic and neutral com-

ponents, and gave 2,4,6-tri-O-methylgalactose as a cleavage 

product after further methylation, although the 2,3,4-tn-

0-aethyl Isomer was present in considerably greater amount. 
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In this instance, the 2,4,6-tri-O-.ethylgslactose Is likely 

to have arisen in two ways. The major proportion of this 

sugar undoubtedly arose from the aethylation of neutral 

partially methylated oligosaceharides present in the dis-

tillate, since it is known that the metbanolysis conditions 

used were not sufficiently vigorous to give complete break-

down of the methylated gum to aldobiouronic acids alone. 

The second explanation, and the one which accounts for the 

presence of a small amount of 2,4,6-tri-0-methylgalactoee 

as a cleavage product after aethylation of the acidic frac-

tion 3A is that this sugar arose from the 3-0-substituted 

galacto.e unit known to be present in the trisaccharide 

0-(4-0-*ethyl-a--g1ucopyranosy1uronic acid)-(l • 

-gslactopyr*nosy1-(l • 3)--galactose isolated during the 

partial acid hydrolysis studies, and not from a disaccharide. 
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STUDIES ON ARABINOSE-PREE DEGRADED GUM 

Autohydrolysia of Mesquite Gum 

Previous studies by both White (96) and Cunneen and 

Smith(93) had indicated that it was possible to remove most 

of the -arabinose from mesquite gum by mild acid hydrolysis 

to leave an essentially arebinose-free degraded gum. In 

order to obtain more detailed information on the nature of 

the inner core of the polyeaccharide, a similar approach 

was used in the course of these investigations, using the 

technique of autohydrolysie to cleave the acid-labile peri-

pheral units. 

Using conditions previously determined by trial expert-

meats, mesquitic acid was subjected to sutohydrolysis to give 

degraded gum A in s yield of 27Z by weight. Hydrolysis 

showed this degraded gum contained only traces of arabinose. 

The degraded polysaccharide was methylated and the cleavage 

products examined by gas-liquid chromatography. In this way 

the methyl glycosides of the sugare listed in Table 6 were 

Identified. 
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Table 6 

Cleavage products from methylated degraded gum A 

methylated sugar 	 relative amount 

2,3,4-Mal rhamnose 	 (tr) 

	

2,3,5-Ms1 arabinose 	 (tr) 

	

3,5-Ms2 arabinose 	 (tr) 

	

2,5-Me2 arabinose 	 (tr) 

	

2,3,4,6-Me4 galactose 	 ++ 

	

2,3,4-Mes galactose 	 HIH 

	

2,4,6-Ma1 galactose 	 + 

	

2,3,6-Map galactose 	 (tr) 

	

2,4-Mep galactose 	 +++++ 

2,3,4-Me3 glucuronic acid 	 +++ 
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The preparation of a degraded gum which was essentially 

arabinose-free, and the identification of cleavage products 

obtained from the methylated degraded gum show that mesquite 

Sun is made up of a 4-0-aethylgiucuronogalactan core, sur-

rounded by an acid-labile periphery containing mainly L-

arabinofuranose residues. The methylation results from the 

degraded gum indicate that within the core, (1 + 6) and 

(1 + 3) inter-galactose linkages are involved. Since partial 

hydrolysis results have already indicated that 4-0--methyl-2-

glucuronic acid residues terminate chains of (1 4  6) linked 

-galactose units, the (1 + 3) linkages must predominate in 

the interior of the galactan core. A possible structure 

for the degraded gun A, based on the relative proportions 

of the aethylation products, is given in the structure in 

Figure 22. More evidence will be presented for the distri-

bution of (1 + 3) linkages during discussion of the Smith 

degradation studies. 
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.3 Cal 1 • 3 Gal 1 + 3 Gal 1* 3 Cal 1 + 3 Gal 
6 6 6 6 
+ + + + 
1 1 1 1 

C*1 Gal Cal Gal 3 • 1 Gal 4 + 1 (4Me)GA 
6 6 6 6 
+ + + + 
1 1 1 1 

Gal Cal Cal Gal 
6 6 
+ + 
1 1 

(4M.) GA (4Me) GA 

Partial etrtIeture of _4e!r4d sun A 

Figure 22 
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Table 7 

Comparison of Products from Methylated Gum and 

Methylated Degraded Gum A 

methylated 

methylated sugar methylated gum degraded gum A 

2,3,4-Me3 rhamnose + tr 

2,3,5-Me3 arabinose Hfa tr 

3,5-H*1 arabinose HfHH tr 

2,5-Me2  arabinose ++ tr 

2,3-Me2 arabinose + nd. 

2,3,4-Me 3  glucuronic acid +++ +++ 

2,3-Me2 glucuronie acid + m.d. 

2,3,4,6-Me' galactose + ++ 

2,3,4-Met galactose + Haia 

2,4,6-Me3  galactose m.d. + 

2,3,6-flee galactose + tr 

2,4-Ma2 galactose +++++ 

tr - trace 

m.d. - not detected 
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Comparison of the nature and the relative amounts of the 

cleavage products from methylated mesquite gum and the 

methylated degraded gum A (Table 7) provide, evidence for the 

hydroxyl groups exposed during formation of the degraded gum. 

The almost complete removal of arabinose residues during the 

formation of the degraded gum, taken together with the con-

siderable increase in the proportion of 2,3,4-tri-O-aethyl-

galactose relative to that of 2,4-di-O-metbylgalactose as 

constituents of the methylated degraded gnu clearly indicates 

that the partial structure in Figure 23 is a major struc-

tural feature of mesquite gum 

6 Calpi-
3 
+ 	(R- [Ara] -) 
R 	 u 

Figure 23 

The appearance of significantly greater quantities of 

2,3,4,6-tetra- and 2,4,6-tri-0-metbylgalactose as cleavage 

products of the methylated degraded gum than of methylated 

mesquite gum points to the hydrolysis of other types of 

glycosidic linkage (Figure 24,A + A', B (or B') • 

during the formation of the degraded gum. However, in view 

of the relatively low recovery of the degraded gum (271. by 

weight of the parent gum) and of the recognition of 

galactose-containing oligoeaccharides as hydrolysis products, 
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it is apparent that some galactopyranosidic linkages were 

broken during the autohydrolysis. The transforastions 

A • A' and B (or B') • B", therefore, cannot be unambiguously 

ascribed to the cleavage of arabinosidic linkages. 

-3 G*1i 1-
6 
+ 
V 

(A) 

-3 Call 1-

(A') 

R" + 3 Cal? 1-
6 
+ 
K' Geip 1- 

(B) 
	 (a") 

V + 6 Caip 1- 

01 ) 

Figure 24 
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Smith Degradation of Carboxyl-reduced Degraded Gum A 

Degraded gum A was converted to its carboxyl-reduced 

derivative (carboxyl-reduced degraded gum A) by treatment 

of the acetylated 2-bydroxyethyj ester with lithium boro-

hydride after the method of Rees and Saauei$l02) 

Hydrolysis of the reduced poly.accharide gave galactose and 

4-0-methylgiucose, together with small amounts of glucose 

and arabinose, but no trace of acidic components. 

Smith degradation involving periodate oxidation and 

reduction with sodium borohydride followed by mild hydrolysis 

of the carboxyl-reduced polyeaccharid* gave degraded gum 3 

and low-molecular weight cleavage products, which included 

mainly glycerol and non-reducing oligosaceharides contain-

ing galactose and traces of arabinose. 

Partial hydrolysis of degraded gum B led to the identi-

fication by paper chromatography of 3-0--galactopyranosyl- 

-gslactose and 6-0-0--galactopyranosy]--galacto.e as 

cleavage products. Visual inspection of the chromatagreas 

Indicated that the former was present in proportionally 

greater amounts. 

A sample of degraded gum B was asthylated using sodium 

hydride and methyl iodide in methyl suiphoxido as described 

by Sandford and Conrad. (103) The methylated polysaccharide 

was finally treated with methyl iodide and silver oxide to 

ensure complete aethylation. The cleavage products detected 



100. 

from the methylated polysacebaride are listed in Table S. 

Degraded gun Z was oxidised with sodium aetaperiodate 

in a similar manner to gun A. After twenty-four hours, the 

consumption of psriodet. was 0.78 aol per sugar residue. 

After reduction and mild hydrolysis of the oxidised polysac-

charide, degraded gun C was obtained by precipitation in 

ethanol. Partial hydrolysis of the degraded gun C gave 

3-0-0j-ga1actopyranosy1--ga1actos., together with a mall 

amount of 6-0-8--galactopyranosyl--galactose. Periodats 

oxidation of gun C gave a final consumption of periodate of 

025 mole* per aole of sugar residue. The polysaccharide was 

methylated as before and the cleavage products, identified 

by g.l.c. of the methyl glycosides, are listed in Table S. 

Table 8 

Relative proportions of cleavage products 

from aethylated degraded guns I and C 

Cleavage products 	 sun B 	sun C 

	

2,3,4,6-N*4 galactose 	 1.5 	1.5 

	

2,4,6-Me1 galactose 	 4 	 15 

	

2,3,4-Me1 galactose 	 1 	 0.3 

	

2,4-Me5  galactose 	 1 	 1.8 

From these results it can be seen that the polysaccharides 

obtained after successive Smith degradations of carboxyl- 
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reduced degraded gum A approximated more and more to a 

8(1 + 3) linked -ga1sctan. The 8-linkage was assigned on 

the basis of the low specific rotations of degraded gums 

B and C ([a]  +18', +19 rasp.), and of the paper chromato-

graphic identification of the partial hydrolysis product 

3-0--8--galactopyranosy1i-galactoee which was chromato-

graphically distinguishable from the corresponding a-isomer. 

Degraded gum C consumed 0.25 moles of periodate per mole of 

sugar residue. Bearing in mind that 2,3,4,6-tetra- and 

2,3,4-tri-0-aathylgalactos.s were identified as cleavage 

products from methylated degraded gum C in the ratio 3:1, 

and that both these methylated derivatives would originate 

from units within the polysaccharide which would consume 2 

solo* of periodata per sugar residue, it can be calculated 

that approximately 1 in 10 of the -galactose units carries 

a branch point. The most likely structure for degraded 

gum C is indicated in the partial structure in Figure 25. 
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-Gal 1 + 3 Caip 1 • 3 Ca1p 1 + 3 CaIp 1 
6 
+ 
1 
Caip 
3 
+ 
1 
Caip 
3 
+ 
1 
Caip 

+3 CaIp 1 + 3 Gaip 1 • 3 Caip- 

Degraded Gun C 

Figure 25 

Coaparison of the partial structure for degraded gun C 

(Figure 25) and degraded gun A (Figure 22) now permits a nor* 

extended partial structure to be proposed for the 4-0-nethyl-

glucuronogalactao framework of mesquite gun (Figure 26) 

-Calk 1 + 3 Galp 1 • 3 Gal2 1 • 3 Gil2 1 + 3 Cal2 1 • 3 Ceip 1 • 3 Galp- 
6 	 6 	6 	 6 	6 	6 	 6 
+ 	+ 	+ 	+ 	+ 	+ 	+ 
* 	I 	1 	 1 	1 	 1 	1 

4 6 Galp 
3 
+ 
1 

6 Cup 
3 
+ 
1 

1 • 6 Gulp 

I 	(4Ms)GpA 1 • 6 Gulp 1 + 6 Calk  1--- 

less frequently (4Me)CpA 1 • 6 Gulp 1 • 6 Calp 1-
3 
+ 
1 

(4K4) CPA 1 + 4 Gal2 

4-0-Methylglucuronogal*ctan framework of Mesquite Gun 

Figure 26 
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On the basis of the partial structure in Figure 26 it 

can be seen that two successive Smith degradations would 

remove completely the aide-chains containing (1 • 6) linked 

1-galactose units. Thus the identification of 2,4-di-0-

nethylgalactose as a significant cleavage product from 

methylated degraded gun C, together with the recognition of 

6_04-2-galactopyranosyl-2-galactose as a partial hydrolysis 

product of gun C, confirm* that (1 + 6) linkages are con-

tained within the (1 • 3) linked galactan framework, in 

addition to being present as side-chains. 
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Structure of Acid-labile Peripheral Unite 

In order to obtain information on the nature of the 

acid-labile periphery of mesquite gun, the oligosaceharidee 

released during autohydrolysis of the gum were investigated. 

Mesquitic acid was heated under reflux in aqueous solution 

for a period of time similar to that employed during the pre-

vious autohydrolysis. In this instance, however, the de-

graded polysaccharide recovered was found to contain an appre-

ciable amount of -arabinose, and was consequently refluxed 

for a further period. The degraded gum subsequently isolated 

by precipitation with ethanol contained only traces of 

arabino... The two supernatant solutions obtained after pre-

cipitation of the degraded gums were combined and the re-

sultant solution separated into acidic and neutral fractions 

by ion-exchange chromatography on diethylaninoethyl Sephadex 

A-25. This step-wise autohydrolysis, however unintentional, 

was undoubtedly responsible for the formation in comparatively 

good yield of the large number of neutral tn-, tetra-, and 

pentasacchanides subsequently examined. 

Examination of neutral oligosaccharide. 

The mixture of neutral sugars was applied to a charcoal-

Celite column and monosaccharides were eluted with water. 

Paper chromatographic examination identified these as galac-

tose, arabinose and rhamnose. The column was then eluted 

with water containing an increasing proportion of ethanol. 
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Fractions were collected as appropriate and further separated 

Into homogeneous oligosaceharido fractions by filter sheet 

chromatography in suitable solvents. The oligosaccbarides 

characterised will be described in terms of groups of struc-

turally related compounds, rather than in order of separation, 

In order to present a more readily understandable picture. 

Group 1 oligosacebarid.. A and B 

Oiigo.accharide A 

This oiige.accharide was characterised a. 3-0---

arabinopyranosyl-L-arsbtnose on the basis of the following 

observation. Rydrolysia of the oligosaceharide gave only 

arabinose, while comparison of the calorimetric reactions 

obtained with the phenol-sulphuric acid reagent before and 

after borohydride reduction (21)  indicated the sugar had a 

degree of polymerisation of 2. C.l.c. of the methanolysis 

products of the methylated disaccharide showed the presence 

of the methyl glycosides of 2,3,3-tn- and 2,5-di-0-aethyl-

arabinose. The methylated oligasaccharide glycitel gave as 

methanolysis products methyl 2,3 ,5-tni-0-metbylarabino.ide 

and a tetra-O-aethyiarabinitol, either 1,2,4,5- or 1,3,4,5-

tetra-0-a.thylarabinitol since these isomers were not resolved 

on the g.l.c. columns used. Oligoesechanide A furnished a 

crystalline phenylosazono whose ultra-violet spectrum was 

characteristic of a disaccharide phenylosasone. Periodate 

oxidation of the phenylosasone released 1.1 moles of form-

aldehyde, while no m.sox*ldehyde 1,2-bisphenyihydrazone was 
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detected, thus pointing to the presence of a 3-0-ubstitut.d 

penrose pheny1osaone. 

The chromatographic and electrophoretic mobilities of 

oligosaccharide A were closely similar to values quoted by 

Stephen (31)  who tentatively characterised 3-0-a.--arabino- 

fnrauosyl-&-arabinoee as a cleavage product of Virgilia 

oroboideB gum. The specific rotation of oligoaaccharide A. 

!G!D 0', was likewise similar to the value reported by Stephen 

and was indicative of an -k-arabinosidic  linkage. 

Oligosseobarid. B 

Oligosacebaride B was chromatographically and eleetro-

phoxetically indistinguishable from 3-0--0--arabiuofuranosyl- 

-arabinose, and the following observations provided support 

for the identity of the two compounds. The sugar, which gave 

arabinese only on hydrolysis, had a degree of polymerisation 

of two and gave a positive staining reaction with the terra-

solium spray, indicating the absence of a (1-o- 2) linkage. 

2,3,5-Tn- and 2,5- and 24-di-0-netbylarabinose were identi-

fied as cleavage products from the methylated oligosacehanide 

by gl.e. of the derived natbyl glycosides and aldonolactones. 

Methanolysis of the methylated oligosacchanide glycitol 

furnished methyl 2,3,5-tri-0-methylarabinofuranosidea and a 

(1,2,4,5- or 1,3,4,5-) t.tra-O-methylarabinitol. 

Oligosaceharide 8 furnished a crystalline phenylosazone 

with an ultra-violet spectrum characteristic of a disaccharide 
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phenylosazone. The presence of a (1 • 3) linkage in the 

phenylosazone was indicated by the formation on periodete 

oxidation of 0.85 sole of formaldehyde but of no *e.oxalde- 

hyde 1,2-bispbenylhydrazone. This derivative had a melting 

point (215-217) higher than those previously reported 

(200* (104)  and 198103))  for the phenylosezone of 

arabinofuranosyl--arabinoee. The non-identity of the 

phenylosazone with that from oligosaceharide A (n.p. 212-213) 

was indicated by depression of the melting point (205) on 

admixture of the two phenyloeaeones. 

The evidence thus indicates that the disaccharide i. a 

3-O-.L-sxab In*  furanaayl-L-arab loose  , while the specific 

rotation, (c)  +125, suggests that the glycosidic linkage 

has the E--configuration. Although this value is somewhat 

higher than other values quoted for 3-O---srbinefuraneayl- 

-arabinose, i.e. [z) +,4.(104) +,e(72), the discrepancy 

maybe attributed to a minor impurity, probably a tn-

sacebaride, whose presence was indicated by the identifica-

tion of 2,3-d1-O-metbylerabin99e es a minor cleavage product 

from both the aetbylated sugar and glycitol. 
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Group 2 oligasaccharides C-C 

The main experimental data for these oligosacebaridee is 

summarised in the following table. 

Table 9 

oligosaceharide: 

contains: 

Stability to alkali: 

oligosaccharides formed on 

(1) partial hydrolysis of 

oligosaceharide: 

(ii) partial hydrolysis of 

oligosaceharide glycitol 

luetharLolysie products from 

methylated derivatives: 

2,3,4,6 MSk galactose 

2.3,4 Mel galactose 

2 0 3,5 Meg arabinosa 

2,5 Meg arabinose 

1,2,4,3 /1,3,4,5 Me4 arabinitol 

C 	D 	z 	F 	C 

GalAra CalAra Gal,Ara Gsl,Ara Gal,Ara 

2 	3 	3 	4 	5 

-we 	-vs 	 -vs 

C 	C 	C 	C 

C 	- 	C 	C 

a a  a 

+ + + + 

+ + + + + 

+ + + + + 

+ + + + + + 

+ + + 

a - metbylation of oligosaceharide 

b - methylation of oligosaceharide glycitol 

C Galplc*3Arti 

D Ca1lciAraf1-3Ara 

E Arafla 60al1u3Ara 

P Arafl6Ca1J!lz3Aral-3Ars 

C higher members of series 
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Ojigosaceharide C 

This sugar was chromatographically indistinguishable 

from 3-0-a--galactopyrauoeyl--atabtno.e. The nature of 

the linkage was confirmed by the identification of cleavage 

products from both the methylated sugar and glycitol while 

the specific rotation, [a]D  +156', was characteristic of 

the a-D-galactopyrano3idic linkage. The identity of oligo-

saceharide C and 3-0-a---galactopyranosyl--arabinose was 

confirmed by the preparation of identical crystalline phenyl.o-

sazones. Additional confirmation that a (1 + 3) linkage 

was present came from periodate oxidation of the phenylosazons 

of oligosaccharide C, which gave 1.0 mole of formaldehyde 

but no mesoxaldehyde 1,2-biephenyihydrazone. 

Oligosaccharide D 

This oligosaceharide was assigned the structure 

galactopyranosyl-(1 	3)-O--arabinofuranosyl-(l + 3)-i- 

arabinose. The sequence of sugar units was indicated by 

the recognition of 3-0--a--ga1actopyranosy1--arabinoae as 

a partial hydrolysis product of both the sugar and derived 

glycitol. While the cleavage products from the methylated 

oligosaceharide were consistent with the above structure, 

the additional presence of a small amount of 3,5-di-0-

methylarabinose as a cleavage product cast some doubt on 

the nature of the linkage to the reducing arabinose residue. 



110. 

That this residue was not 2-0-substituted and was most 

probably 3-0-substituted was shown by the degradation of 

the oligoseecharide with alkali. 

Oligosaecharide E 

Oligosaccharide Z was characterised as 0-u--arabino-

furanoeyl-(1 + 6)-0-c--ga1actopyrano.yl-(l + 3)--arabiuose. 

The sequence and linkages of the constituent sugars were 

Indicated by the cleavage products from both the methylated 

oligosaccbaride and derived glycitol, and confirmed by the 

recognition of 3-0-a--galactopyranosy1--arabinoee as a 

partial hydrolysis product of the oligosaccharide but not of 

the oligosaccharida glycitol. The low molecular rotation of 

the oligosaccharide, [MID  +284, compared with that of 

oligosaccharide C ([MID  +480) suggests that the additional 

-arabinofuranosidic linkage has the *-configuration. 

01iosaceharideP 

The oligosaceharide was assigned the structure 

arabinofuranosyl-(1 + 6)-O-z---galactopyranosy1-(l + 3) 

O-a--arabinofuranosyl-(l • 3)--arabinose, which was con-

sistent with the cleavage products from both the aethylated 

oligesaccbaride and the derived glycitol, and with the 

partial hydrolysis products of the sugar and its glycitol. 

The presence of a 3-0-substituted arabinose reducing unit 

In the oligosaceharide was confirmed by the ready degradation 



of oligosaccharide F with alkali. The small amounts of 3.3-

and 2,3-di-O-nethylarabinose present as cleavage products 

from the aethylated derivatives presumably arose from 

Impurities. Comparison of the molecular rotation, (MID 

+172, with that of oligos.ccbarid. E suggests that the 

(1 • 3) linkage to the reducing -arabiuose residue may have 

the z--configuration. 

Oligosaccharide fraction C 

Paper chromatography suggested this fraction was not 

homogeneous, while identification of both galactopyranose 

and arabinofuranose as non-reducing and groups indicated 

that the fraction most probably contained a mixture of 

higher oligosaccharid.s structurally related to oligosac-

charides E and E, particularly as no evidence was obtained 

for branched oligosaccharides. 
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Croup 3 oligosaccharides H-L 

Experimental data for these oligosaceharides is con-

tained in the table below. 

Table 10 

oligoasccbarids: 	 U I J 

contains: 	 Ara Are Are Ara 

2 3 4 5 

oligoeaccharides formed 

on partial hydrolysis: II U,! R J I,J 

methanolysis products from 

methylated derivative.: 	a 	b a 	b a 	b a 	b 

2,3,5 Met arabinose 	+ 	+ + 	+ + + + + 

3,5Me2arabinos, 	+ + 	+ + + + + 

34 Mci arabinose 	+ n.d. + + 

1,3,4,5/1,2,4,5 Me4 arabinitol 	+ + + + 

a - methylation of oligosaccharide 

b - methylatiou of oligosaccharide glycitol 

n.d. - not detected with certainty 

H Araf12Ara 

I Arafl2Arafl2Ara 

J Araf12Arafl2Araf12Ara 

K 	Arafi B2Araf 1 B2Araf I ZAraf 1 2Ara 
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Oligoucchsride U 

O1igosacchaide U was characterised as 2-0---arabino-

furano.yl-L-arabiuose on the basis of the following observa-

tions. The sugar was found to be a disaccharide on the 

basis of D.P. measurements and the cleavage products from the 

methylated glycitol. The nature of the linkage was indicated 

by g.1.c. of the cleavage products from the methylated oligo-

saccharides, as their methyl glycosides, and subsequently 

confirmed by the isolation of these products as crystalline 

derivatives. 

Although these experiments provided conclusive proof 

of the nature of the linkage involved, before their results 

became known, additional experiments were performed on the 

oligosacabaride. Treatment of the oligosaceharide with 

alkali resulted in the chromatographic separation of two 

oligosaceharides. One was identical to oligoeaccharide U 

while the other was identified as 2-0-0-&-arabinofuranosyl- 

-riboae and presumably formed by epimerisation about C(2) 

of the reducing unit of the disaccharide. Oligosaccharide U 

was treated with one molo of lead tetra-acetate. No new 

products were observed and barohydride reduction of the 

sugar after treatment with lead tetra-acetate, followed by 

hydrolysis, gave only arabinose and arabinitol. Since lead 

tetra-acetate most readily cleaves the bond between carbon 

atoms (1) and (2), provided they carry free hydroxyl groups, 

Its failure in this instance to degrade the o11gosaccbaride 
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Indicates that the reducing unit is 2-0-substituted. 

The arabinofuranosidic linkage was assigned a 

configuration on the basis of the high specific rotation, 

+101•. 

Oligoccharides, I, .1 and K 

The.e oligosacchsrid.s were assigned structures as 

nenbers of the polyaer honologous series 0.6--arabinofurano- 

1I, awl; J. n2; and K. u31 on the basis of the following 

observations. Each oligoaaccharide gave no stain with 

the tetrazolium spray, indicative of the presence of 2-0-

substituted reducing groups, and gave on partial acid 

hydrolysis arabinose and lower oligossecharides of the 

series including 2-0--L-arabinofuranosyl--arab moss 

(oligosaccharide H). The identification of cleavage pro-

ducts fron the methylated oligoseecharides and netbylated 

oligosaceharide glycitols indicated that arabinofuranose 

was involved in (1 • 2) linkage, only. Comparison of the 

nolecular rotations of the oligosaceharides shoved that 

each additional arabinofuranose residue had the --con-

figuration. 
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Group  j oligo.aech*ride* L-Q 

Some of the experimental data for these oligosaceharideo 

is included in Table 11. 

Table 11 

oligosaccharide: 	 L 	N 	N 	0 	P 
	

Q 

contains: 	 Are Are Are Are Are Are 

2 	2 	2 	3 	4 
	

3 

oligosaceharidee formed on 

(1) treatment with alkali: 

partial hydrolysis of 

oligoseecharide: 

partial hydrolysis of 

oligosacchsride glycitol: 

aethanolysis products from 

mathylated derivatives: 

2,3 $  Met arabinose 

2,3,4 Mel arabinose 

2,3 Mel arabinose 

2,5 Mel arabinoss 

3,5 Mel arabinose 

1,2,4,5/1,3,4,5 M&4 arabinitol 

1,2,3,5 M*4 arabinitol 

a - asthylation of oligosaccharide 

b - asthylation of oligosaccbaride glycitol 
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Table 11 (eont'd.) 

L Ara1l03Ara 	 H £rmfl02Lra 

M Araflu4kr* 	 I AraflB2AraflB2Ara 

H Araflt34Ara 

o Araf14Arap1B3Ara 

P Araft82Araf144AraE13Ara 

Q 	AraflB2Araflø 2Arafl44Araal 3Ara 
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4,accharide L 

Oligoaaccharide L was chromatographically indistinguish-

able from 3-0---arabinopyranosyl--arabino.e, but the ob-

served specific rotation, (u) +156', although consistent 

with that of a disaccharide containing a e--arabinopyrano-

sidic linkage, was lower than those previously reported. 

The disaccharide furnished a phenylosazone of the correct 

melting point (m.p. 233-234', lit. 234.(b06))  and ultra-

violet spectreum. Periodate oxidation of the phenylosasone 

Savo formaldehyde but no aesoxaldehyde 1,2-bisphenylbydrasone 

In accordance with the proposed structure. 

Oiigosacchartdes Hand N 

These structurally similar oligosaccharides were assigned 

the structure 4-O-u-L- and 4-O--L-arabinofnranoeyl-L-arabino- - 
pyranose respectively on the basis of their specific rota-

tions, (aJ +6' and +86', and of the following experiments 

which are additional to those summarised in Table 11. Both 

disaccharides were oxidised with bromine water, and nethyla-

tion of the derived aldobionic acids, followed by hydrolysis, 

furnished components with the retention times of 2,3,5-tri-0-

methylarabinose and 2 ,3,5-tri-O-*ethylarabinolactone. Oligo-

asecharide H afforded a phenylosazone, which was isolated in 

a pure but non-crystalline state by thin-layer chromatography 

and had a typical ultra-violet spectrum. The presence of a 

(1 + 4) linkage was further indicated since periodate oxidation 
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of the phenylosaaone gave no aesoxaldehyde 1,2-bisphenyl-

hydrazone and only a trace of fornaldebyde. 

Oligoescchsride 0 

The structure 0-0--arabinofuranosy1-(1 + 4)-0-8-L 

arabinopyranosyl-(1 • 3)-L-arabino.e was assigned to this 

oligosacebaride. The sequence of linkages was indicated 

by the cleavage products obtained from the methylated 

oligosaceharide and aethylated oligosaccharide glycitol, 

and confirmed by the recognition of 3-0---arabinopyrano-

syl-I-arsbinose as a partial hydrolysis product of the 

oligosaceharide but not of the oligosaccharide glycitol. 

Comparison of the molecular rotation of the oligesaceharide, 

(MID  +165', with that of oligosaceharide L(3-0-6--arabino-

pyranosyl--arabLnose), (MID  +443', suggests that the 

arabinofuranosidic linkage in oligo.accharide 0 has the 

a-configuration. 

Oligosaccharid. P 

This oligosaccharide was assigned the structure 

arabinofuranosyl-(l + 2)-0--arabinofurano.y1-(l + 

-arabinopyrauo.yl-(1 + 3)--arsbino.e. This sequence of 

linkages was consistent with the cleavage products obtained 

from the methylated oligosaceharide and the nethylated 

oligosaecbaride glycitol, which indicated that the reducing 

unit was 3-0-substituted. The involvement of the non-

reducing arabinofuranose end-group in a (1 + 2) linkage vs. 



confirmed by the identification of 2-0---arabinofuranosy1-

-arabinose as a product of alkaline degradation of oligo-

sacebarid. P. 

Oligosaceharide Q 

Oligo.accharide Q was assigned the structure 

arabinofurenosyl-(i • 2)-0-8---arebinofuranosyl-(l • 2)-0- 

-arabinofuranosy1-(l • 4)-0-(3--arabinopyranosyl-(1 • 3)-

&-arabinosa on the basis of the following observations. 

2,3,5-Tn-, 3,5-, 2,3- and 2,5-di-0-aethylarabinose in the 

relative proportions of 1:2:1l were identified as cleavage 

products from the nethylated oligosaccharide by g.l.c. of 

their derived aethyl glycosides and aldonoiactones. 

Coapanisen of these products with the cleavage products 

from the methylated oligosacchanide glycitol indicated that 

the reducing anabinose residue was 3-0-substituted. This 

conclusion was supported by the recognition of 3-0---

arabinopyranosy1--arabinose together with oligosacebarides 

0 and P as products of partial hydrolysis of the oligo-

sacchanide but net of its glycitol. Further evidence for 

the sequence of linkages in oligosacehanide Q  was provided 

by the liberation of the enisacehanide I [0-0--arabtnofuraao-

syl-(l • 2)-0---arabinofuranosy1-(1 • 2)-k-anabineee) upon 

degradation of the o].igosacchanide with alkali. 
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Group 5 oligoaaccharjdes I, $ and T 

Oligosaccharjd. R 

This oligosaceharide was chromatographically identical 

to 3--0- -galactopyranosyl-....gslacos., It contained only 

galactose and gave as cleavage products from the aetbylated 

derivative 2,3,4,6-tetra- and 2,4,6- and 2,5,6-tri-0-aethyl-

galacto.e. 

Oligosaccharjde $ 

Oltgosaccharide S was chromatographically indistinguish-

able from 6-0--D-9418ctopyranosy]-D-galscto.. and gave only 

galactose on hydrolysis. The cleavage products from the 

aethylat.d oligo.accharjd. were 2,3,4,6-tetra- and 2,3,4-tn-

0-asthylgalactose, while those from the aethylated oligosac- 

chanide glycitol were 2,3,4,6-tetra-0-aethylgalactose and 1,2,3,4,5-

penta-O-nethylgalactjtol. The specific rotation of the oligo-

saccharid., IaJD  +23' was consistent with the presence of * 

--g1ycosidic linkage. 

Oligosaccharjd. T 

This oligoaacchanide was chromatographically identical 

to 0--2-galactopyranosyl-  (1 + 6)-9---galactopyranosy1-

(1 + 6)-D-galacto... The sugar, which gave only galactose 

on hydrolysis, had a degree of polyaerisation of three and 

furnished 2,3,4,6-tetra- and 2,3,4- and 2,3,3-tri-O-wethyl-

galactose as cleavage products from the wethylated derivative. 
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The cleavage products from the methylated oligosaceharide 

glycitol were identified as 2,3,4,6-tetra- and 2 034-tn-

0-methylgalactose and 1,2 ,3,4,5-penta-O-metbylgaiactitol. 

The molecular rotation of the auger, (14]D  +90, indicated 

the presence of B---g1ycosidic linkage, within the oligo-

eacehanide. 

Although a considerable number of oligo.accharide., 

containing a variety of different linkages, were characterised 

as cleavage products formed during mild hydrolysis of 

mesquite gum, all the linkages were consistent with the types 

of linkage inferred from the cleavage products of the 

m.thyleted polysaccharide. However the identification of six 

different arabinobiosee raises the question of whether acid-

catalysed reversion could have been responsible for the 

formation of some of than. 3-0-0--Arabinopyrano.yl--

arabinose has indeed been shown (106)  to be a major product 

of the acid-catalysed reversion of L-arabinose. Another 

typical reversion product, however, namely 4-0-13-L-arabino-

pyranosyl--arabinose was not encountered in these investi-

gations. These reversion products were, however, formed from 

-arabinose under thermodynamic control, whereas the experi-

mental conditions employed in the autohydrolysie, involving 

exposure to a mildly acidic solution for a comparatively 

short period, might have favoured the synthesis under 

kinetic control of different oligosacchanidea. The possi- 
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bility of kinetically controlled traneglycosylation having 

occurred must also be considered, in view of the presence 

throughout the autohydrolysis of a comparatively high con-

centration of polymeric material. However, in view of the 

correspondence already noted between the linkage, in the 

oligoeacchsrides and those indicated by the methylation re-

suits, it is unlikely that any of the linkages were formed 

by reversion or transglyco.ylation. 

While the linkages identified in the disaccharides may 

thus be representative of those occurring in the polysac-

charide, the isolation of two pairs, differing in anomeric 

configuration, does suggest that anomerisation may have 

taken place. Of the arabinobioses containing the (1 + 4) 

linkage the u- and 0-anomers were isolated in the molar 

ratio of 2:1. Consideration of the molecular rotation of 

oligosaceharide 0 (Arafl+4AraEl3Ara) suggested the (1 4  4) 

linkage had an o--configuration. The minor (1 4 4) linked 

arabinobiose, involving the --configuration, could thus be 

ii product of anomerisation. The two arabinobiosee A and B 

containing (I • 3) linkages were isolated in equimolar 

amounts. Comparison of the molecular rotations of oligo-

saccharides ! (Arafla6CalElu3Ara) and F (Araflu6CalB,lu3Arafl+ 

3Ara) indicates that in oligoeaecharide F, the (1 • 3) 

linkage to the reducing arabinose residue may have the 

configuration. if then either of the two (1 -0-  3) linked 
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disaccharides is a product of anomerisation, it is more 

likely to be the one involving the --linkage. 

The four groups of arabinose-coutainiag oligossecharides 

discussed earlier would appear to be derived from two basic 

structural sequences. The first involves a combination of 

Groups 1 and 2 to form structure (18), from which the various 

oligosaccharides in the two groups were derived. 

derived 	D-CalE1z3-Ara (C) 	L-Arafl3L-Ara (A) 

oligoeaccharides 	 (E) 

D-Ca1p1a3--Araf1a3-Ar* (D) 

(F) 

Similarly the oligosaccbarides of Groups 3 and 4 can be 

derived from the single structure (19). 

(19)-Araf132-Araf 13 2-Araf1 32L-raf1c*4--Ara13 3-Ara1- 

derived (3) 

oligo.accharides-Ara1t3-Ara (L) 	-AralB2-AraLlB2 -Ara (I) 

-Araflc14-AraE (N) 	-Arafle2-Ara (B) 

L-Araf1a4-AraplB3-Ara (0) 

L-AraflB2-Araf1u4-Ara213--Ar* (P) 

(Q) 

One of the interesting features revealed by these struc-

tures is that although the oligosaceharides 3-0---galacto-

pyranosyl--arabinose and 3-0-$--arabiaopyranosyl--arabinO$e 
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have been characterised as partial hydrolysis products of 

various uas of the galactan group, the presence of isolated 

R-zalactoplrano.e and -nrabinopyrano.e residues within 

chains of &-arabinofuranose  units has not been previously 

observed. 

From the isolation of pent*saccharid. I, containing 

(3. • 2) linked L-arabinofurauo.e  residues, and the implica-

tion from oligosaceharides P and Q that the (1 • 2) linked 

oligosaccharid,e are terminated by arabinopyranosylarabinose 

units in the polysaccbaride, it would appear that there are 

chains containing at least seven _L-arabinose residues present 

In the gum. 
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Examination of acidic oligosaccharides 

The acidic oligosaceharides released during the auto-

hydrolysis were fractionated preparatively by filter-sheet 

chromatography in suitable solvents. Examination of the 

oligosaceharides showed that they were similar to those 

characterised as partial acid hydrolysis products, namely 

6-0-( --2-g1ucopyranosy1urontc acid)--ga1actose (III), 

6-0-(4-0-aethy1-8--glucopyraaoeyluronic acid)--galactose 

(II), 4-0-(4-0-aethyl-e--glucopyrauosyiuronjc acid)--

galactose (I) and the trisaceharida 0-(4-0.-laethyl-e-2-

glucopyranosyluronic acid)-(l + 6)-O---galactopyranosy1-

(1 + 0--galactose (V). The other trisaccharide, 1-(4-0-

aethyl---glucopyranoeyluronic acid)-(l • 

galactopyranosyl-(1 + 3)1-salactos. (IV), however, was not 

encountered on this occasion. This latter observation re-

inforces previous suppositions about the position of this 

fragment within the polyaacchsride, since its formation 

would require the cleavage of two relatively resistant 

galactopyranosidic linkages during the autohydrolysis, com-

pared with the cleavage of only one galactopyranosidic 

linkage required for the release of the other oligossechari-

dee, as in Figure 27. 



oligoaaccharid. IV oligosacebaride V 
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Gal 3-1 Cal 4 + 1 (4Me) CA 

(4Me) CA 

Figure 27 
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Higher acidic oligoaaccharides which contained arabi-

nose were separated froa the autobydrolysi. product.. 

)Iethylation indicated that the arabinese was present as 

non-reducing end-groups. This was confirned by hydrolysis 

of the derived glycitole, which showed neither the disappear-

ance of arabinose, nor the fornation of arabinitol. It is 

thus apparent that -arabinose is associated with the acidic 

oligosaccharides only in the fora of side-chains, as in 

Figure 28(a), rather than being an integral part of a galac-

tan chain (b) as is found in gun ghatti. 

Gal 1- AraEl- 
6 3 
+ + 
1 1 

+ Araf 1 • 3 Gal Gal 
6 6 
+ + 
1 1 
Gal Gal 
6 6 
+ + 
1 1 

4MeCA GA 

(a) (b) 

Figure 28 
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Conclusions 

As a result of these investigations, mesquite gun has 

been shown to be a complex acidic polysaccharide containing 

4-0-methy1---glucuronic acid, -g1ueuronic acid, -galactose, 

-arabinose and (presumably -) rhannose. It has features 

in common with other members of the arabinoglucurono-

galactan family, such as the Acacia gun., in that it is 

composed of a glucuronogalactan core, involving (1 + 6) 

and (1 + 3) inter-galacto.* linkage., with glueuronic acid 

or it. 4-methyl ether occupying terminal positions, which 

core is surrounded by a periphery of chains containing 

mainly arabinofuranose units. 

Inner galactan core 

Msthylation studies on both the whole gun and degraded 

gum A indicated the presence of both (1 + 6) and (1 + 3) 

linkages within the basic galactan framework of the poly-

seecharide. Evidence as to the distribution of these link-

ages within the molecule was obtained from Smith degradation 

studies on the degraded gum. The results of these studies 

Indicated that the polysaceharideo obtained after successive 

application, of the Smith degradation contained increasing 

proportions of (3. • 3) linkage.. However, evidence was 

obtained that in degraded gun C, 1 in every 10 of the galac-

tose residues wes present as a branch point, involving a 

(1 + 6) linkage. These results are qualitatively similar to 

those obtained from similar investigation, on other complex 



129. 

acidic polysaccharides of this type, such as gun arable, (79)  

and reinforce the vie, that the galactan frameworks of many 

guns are move complex than was originally believed. 

Earlier studies on guns of the arabineglucuronogalactan 

family suggested that the galactan area of the polysaccbaridss 

contained relatively staple comb-like structures, a. in 

Figure 29(a), where a single main chain of (1 • 3) linked 

galactose residues carried side-chains of galactose units 

mutually involved in (I • 6) linkages. 

1 	I 	I 	I 
I 	I 	I 	I 
I 	I 	I 	I 

chains of (1 • 3) linked 2-galactose units 

4 	(1 • 6) linkages 
- - chains of (1 + 6) linked -galactose units 

Figure 29(a) 

The studies on the degraded gun C obtained from 

mesquite gun, however, indicate that the (1 + 3) linked 

backbone of the molecule, instead of being a single"main 

chain', contains a degree of multiple branching, involving 

occasional (1 • 6) linkages. Side-chains of galactose 

unite containing (1 • 6) linkages are attached to this 

multiply branched framework, as in Figure 29(b). 
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chains of (1 4  3) linked R-galactose  units 

- - - chains of (1 + 6) linked -2.1actoss unit. 

- (1 + 6) linkages 

Calactan Presswork of Mesquite Cum 

Figure 29(b) 

Both the (1 + 3) and (1 + 6) -galactopyrsne.idic ]ink-

ages within the galactan framework of the polysaccharide have 

the B-anoneric configuration, as indicated by the recognition 

of oligosaceharide. (20-22) as cleavage products formed on 

hydrolysis of the gun under mild conditions, and the low 

optical rotations of degraded Sums A, B and C. 

2-GalIl83-Cal 

D-Ga11106D-Cal 
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Linkages-involving *aronic acids 

Three aldobiouronic acids, (23-25), involving two 

basic types of linkage, were formed on partial hydrolysis 

of mesquite gun, together with the trisaccharides(26) and 

(27). 

 

(4Me)-GpA1B6-Ga1 

-Gp.A1662-Gal 

(4Me)-CEAla4D-Ga1pl3-Ga1 

 

The isolation of the two trisaceharides suggests that 

the aldobiouronie acids containing (1 + 4) and (1 • 6) 

linkages originated from structurally distinct areas of 

the polysaccharid.. 

More information on the nature of the linkages involving 

uronic acids cane from an examination of the products of 

partial depolynerisation of the aethylated gun which indi-

cated that the structural units (28-30) are present in the 

polysaccharide. 

-CIAl44D-GalEl- 

2-GEAl+6-GalEl-
+ 

D-CEAl+4D-Ca1l- 

Consideration of structures (26) and (30) shows that 

terminal units of 4-0-a.chyl-u--glucurouic acid are joined 

(1 • 4) to nnbranched -galactose residues which in turn 
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are linked (1 3) to 6- -substituted -ga1actopyrsnoee 

units, as in structure (31), since results from studies 

on the nethylated gun showed that all the 3-0-substituted 

-galactose unite were also 6-0-.ubstitut.d. 

+ 
1 

(4H, ) -CAiu4D-C*llB3D*Galp 
6 
+ 

It is therefore likely that while unite of aldobiou-

ronic acids (24) and (25), containing (1 • 6) linkages, 

terminate chains of -galactose residues involved in (l 6) 

linkages, units of aldobiouronic acid (23), containing 

(1 • 4) linkages, are attached as aide-chains thereto, as 

in structure (32). 

+ 
1 

6 
+ 
1 

(4Ne)-.-CpA(1 • 4)1-CalE(l + 3)1-Gal 

+ 
1 

B-i-Ca 1E 

+ 
I 

(4Ne) --GEA 

No direct evidence was obtained to indicate the position 

of rbannoie in the structure of mesquite gum. Rowever, the 

Identification of 2 ,3,4-tri-O-sethylrhaanoee and 2 ,3-di-O-

aethylgiucuronic acid as cleavage products from the methy-

lated gum suggests rhaunose could be joined by a (I + 4) 
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linkage to glucuronic acid, as in gun arable 
(28)  and 

Araucria bidwillii gum. 
(15) 

Structure of arabinose-containing peripheral chains 

The -arabinoae-rich peripheral chains have been found 

to be considerably more complex than was at one time sup-

posed, since they contain (1 + 2), (1 + 3) and (1 + 4) inter-

arabinose linkages, as well as isolated unite of -ga1acto-

pyranos.. The principal features of the peripheral chains 

are long sequences containing at least five units of 8(1 + 2) 

linked -arabinofuranose residues. These are joined by a 

(1 + 4) linkage to single -arabinopyranose units which are 

in turn linked (1 + 3) to other -arabinoee residues, pre-

sumably containing furanose ring forms. Such sequences are 

contained in structure (33). A second type of peripheral 

side-chain is illustrated by structure (34), where a 

galactopyranose unit, 6-0-substituted by an -arabinofuranose 

residue, is joined to a series of 3-0-eubatituted -arabino-

furanoss units. 

 

 

No evidence for branching was found among the neutral 

oligosaceharides investigated. The absence of branching in 

the arabinose-containing chains was further supported by 

results from the methylated polysaccharide, where examination 

of the cleavage products failed to detect aono-O-metbyl- 
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arabinoses. Examination of these cleavage products also 

indicated that -arsbinopyranose units, if present, did 

not occur as non-reducing end-group.. This conclusion 

was supported by the isolation of a series of neutral 

oligoeaccharides (0, P and Q) after partial depolymerisation 

of the polysaccharide which demonstrated that -arabinu-

pyranose is present as isolated units within chains of 

£-arabinofuranose unite. The presence of both -arabino-

pyranose and -galactopyranoae as isolated unite within 

chains of -arabinofurano.* units represents structural 

features not previously recognised in polysaceharid.s of 

this type. 

The position of linkage of these arabinose-containing 

side-chains to the galactan portion of the polyuccharide 

was established by comparison of the netbylated sugars and 

their relative amounts identified on depolymerisation of 

the methylated gum and aethylated degraded gum A (Table 7). 

The major difference in the galactose derivatives was found 

to be a considerable increase in the proportion of 2,3,4-

eri-0-methylgalactoee relative to 2 ,4-di-0-aethylgalactose, 

in the degraded gun. This indicates that the majority of the 

arabinose-containing chains are linked (1 • 3) to 6-0-subs-

tituted -galactopyranose units. 

The conclusions drawn from these observations on 

structural features of mesquite gum are summarised in the 

partial structure in Figure 30. 
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(4Me)CA 
1 
+ 
6 

Cal 
1 
+ 
6 

3 Gal 1+3 Cal 1+3 Gal 1+3 Cal 1- 

	

6 
	

6 	6 

	

+ 	+ 	+ 

	

+ 3 Gal 1-13 Cal 1 
	

1 	1 

	

6 	6 
	

Cal 34-R Cal 34-R 

	

+ 	+ 	6 	6 

	

1 	1 
	 + 	+ 

	

(4Me) GA 1+4 Cal 1+3 Gal 	Cal 3+R 
	

1 	1 
6 	6 
	

Gal 34-R Gal 34-1 Gal 44-1(4Me CA 
+ 	+ 	6 	6 
1 	1 
	 + 	+ 

R+3 Gal (4Me)CA 
	

1 	1 
6 
	

CA 	Gal 
+ 	 4 	6 
1 
	 + 	+ 

	

We) CA 
	

1 	1 
Rha (4Me)GA 

K includes Araf 1 [-2Araf] 1+4 Arep 1+3 Ara - 

Araf 16 Gaip 1+3 Araf 13 Araf - 

Possible Structure of Mesquite Gus  

Figure 30 
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EXPERIMENTAL 

General Methods 

Paper chromatography of sugars was carried out on Whatnan 

No. 1 and Whatnan No. 4 paper. The chronatograna were de-

veloped using the following solvent systems (vlv). 

A ethylacetate : pyridine : water (10:4:3) 

B ethylacetate : acetic acid : formic acid : water (18;3:1:4) 

C ethylacetate : acetic acid : formic acid : water (18 :8:3:9) 

B ethylacetate : pyridine : acetic acid : water (5:5:1:3) 

H butau-1-ol : ethanol : water (4:1:5, upper layer) 

F butan-2--oue : water : concentrated ammonia (200:17:1) 

C butan-2-one : acetic acid : water (9:1:1, saturated with 

boric acid) 

H a 3:2 mixture of solvent B and butan-2-one : water : 

formic acid (200:17:1). 

After development for the required time, the chronato-

grus were air dried and the sugars were located by treatment 

of the chromatograms with one of the following spray re-

agents. 

Aniline oxalate. Reducing sugars were detected by 

spraying chromatograms with a saturated solution of aniline 

oxalate in ethanol and heating then at 120-130 for about 

five minutes. 

Alkaline silver nitrate. 07 	This was used to detect 

non-reducing sugars and other polyhydroxy compounds. Because 
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of its great sensitivity, this reagent was used to detect 

trace quantities. 

Alkaline permanganate-periodate. 08  This spray was 

used to detect both sugars and sugar alcohols. 

Periodate-Schiff.009  This reagent detects sugars which 

carry an a-glycol group and is particularly useful when 

formaldehyde is formed as a product of periodate oxidation. 

(C) Aniline-zylose. 
(110)  This spray was used to detect 

acidic sugars. 

(f) Triphenyltetrazolium chloride (111)  was used to detect 

reducing sugars unsubstituted at C(2). 

The definition of the symbols used in the description 

of the chromatographic mobilities of sugars are as follows: 

- rate of moveaCut of gar 
f 	rate of movement of solvent front 

- rate of movement of sugar 
Gal 	rate of movement of -galactose 

- 	rate of movement osugar  
rate of movement of 2,3,4,6-tetra-0-uethyl---glucose 

Preparative paper chroatograhic separations of sugars were 

carried out on Whatman 314M filter sheets which had been 

washed with water for three days in a Soxhiet extractor. 

The positions of the sugars on the developed chroaatogrsws 

were determined by cutting off and spraying narrow strip.. 

Appropriate bands of the filter sheet were then cut out and 

the sugars were eluted with water. 
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Paper e1actrophoreais 112  of sugars was conducted on 

Whatman No. I paper in 0.05 2 borate buffer (p11 10) at 

a potential of 350 volts for 4-8 hours. Reducing sugars 

were detected by spraying the dried electrophoretograms 

with aniline oxalate reagent containing 1OZ glacial acetic 

acid and heating at 120-130' for five minutes. 

Alternatively electrophoresis of acidic sugars was 

carried out in water : acetic acid : pyridine (289:10:1) 

solution using a potential of 500 volts for about two hours. 

The value for M0  refers to the rate of movement of 

sugars on electrophoresis in borate buffer relative to that 

of fl-glucose. 

Thin layer chromatography. This was most frequently carried 

out on microscope slides coated with silica gel. Silica 

Sol (kieselgel C nach Stahl., Merck) was added to water 

(4 ml) with shaking until a creamy suspension was obtained 

(sufficient for about 12 plates). Part of the suspension 

was poured onto a clean microscope slide and smeared over 

the surface. By tilting and gently agitating the plate 

a thin uniform layer of silica was obtained. The plate was 

left at room temperature to set, activated by heating at 

105 for 30 minutes and stored in a deasicator. 

Preparative scale chromatography was carried out on 

20 x 20 cm plates. Bands were detected by removing a 

strip of silica adhered to the edge of another plate which 
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had been coated with a paste made from silicone vacuum 

grease and silica gel, and by treating with the appropriate 

spray reagent. 

Thin layer chromatograms were developed in the fallow-

Lug solvents. 

benzene 	ethanol (2:1) 

benzene : methanol (6:1) 

toluene : ethanol : water (270:30:1) 

Sugars were detected by the spray reagents already de-

scribed or by the anisaldehyde-sulphuric acid reagent. The 

plates were sprayed lightly with a solution of anisaldehyde 

(1 ml) and AnalaR sulphuric acid (1 ml) in etano1 (20 ml). 

On heating, sugars gave dark spots on a light background. 

Column Chromatograj 

(a) Cellulose columns were packed as a slurry in 

acetone. The packed column was washed with acetone con-

taining an increasing amount of water, water, and finally 

with the solvent to be used. 

(1,) DiethylaminoetIv1D.E.A.E.) Sephadex columns were 

used to fractionate mixtures containing acidic sugars. 

O-(2-Diethylaminoethyl)-Sephadex A-25 was allowed to swell 

in water overnight, fine material was washed out by decan-

tation and the residue washed alternately twice with 0.5 

sodium hydroxide and twice with 0.5 N hydrochloric acid 

before being generated in the formate form by stirring with 
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15% formic acid. The column was packed and washed free 

from formic acid with water. 

Diethylaminoethyl cellulose. (113) The ion-exchange 

cellulose was washed alternately with 0.5 a hydrochloric 

acid and 0.5 N sodium hydroxide by stirring for several 

minutes, centrifuging and decanting the supernatant solution. 

The cellulose was then washed free from acid (or base) with 

water and packed in a column as a slurry. The column was 

generated in the phosphate form by elution with 0.5 

sodium dihydrogen phosphate (buffered at p11 6 by the addi-

tion of sodium hydroxide). Finally the column was equili-

brated by elution with 0.003 U sodiw dihydrogen phosphate 

solution at the same pH. The polysaccharide was dissolved 

in a little water and allowed to soak into the column over-

night. The rate of elution of the column thereafter was 

adjusted to 40150 ml per hour. 

Charcoal-Celito columns (114)  were used to fraction-

ate mixtures of neutral oiigoaaccharidas. Celite was al-

lowed to stand overnight in concentrated hydrochloric acid, 

filtered and washed free from chloride with water. Charcoal 

was washed six times with boiling distilled water and fine 

particles were decanted. The mixture of charcoal : Celite 

(1:1) was packed into a column as a water slurry and equili-

brated with water before use. 

(a) Duolite A4 columns. Duolite A4 was washed altern-

ately with 0,5 § hydrochloric acid and 0.5 1 sodium hydroxide, 
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fine material being removed by decantation each time. The 

resin was finally generated in the hydroxide form, packed 

In the column and equilibrated with water. 

Gas-liquid partition chromatography (g.1.e.)015  was con-

ducted qualitatively on a "Pye Argon Chroaatograph, using 

the method of Bishop and Cooper. (116) Separations were 

achieved using various stationary liquid phases supported 

on acid washed Celite (80-100 mesh). The liquid phases 

used were: 

32 by weight of neopentyiglycoladipate polyester. 

SI by weight of polyetbyleneglycoladipate polyester. 

3% by weight of XE-60 on Gas-chrom P. 

102 by weight of polyphenyl ether. 

Operating temperatures were (a) 130, (b) 175, 

(c) 123, (d) 200. 

The retention times (T) of the peaks are given relative 

to the peak of methyl 2,3,4,6-t.tra-O-aethy1-5--g1uco-

pyranoside. 

Evaporation, were carried out under reduced pressure on a 

rotary film evaporator at or below W. 

Optical rotations were measured at room temperature in 

aqueous solution (unless otherwise stated) at 589 mu (sodium 

D-line) on a Perkin-Elmer model 141 polarineter. 

Deuterations for nuclear magnetic resonance spectroscopy ware 

achieved by concentrating the sugar three times on a rotary 
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evaporator from deuterium oxide. 

Hydrolyses 

Hydrolysis with sulphuric acid. 

Snail scale hydrolyses were conducted by heating 1-5 ag 

of the sample,  in 0.5-2 al N sulphuric acid in a sealed tube 

at 100. The duration of th. hydrolysis varied depending on 

the nature of the sugar and the degree of depolynerisat ion 

required. The tine required to achieve complete depolyn.ri- 

sation varied from four hours for a neutral oiigosaccharide 

to overnight for acidic oligo- or polysaccharides. The 

hydrolyses were neutralised by raising the pH initially 

with saturated barium hydroxide solution and finally with 

barium carbonate until neutralisation was complete. 

Insoluble barium salts were removed at the centrifuge and 

the supernatant was deionised with Ainberlite ZR 120 (II) 

cationic exchange resin. After filtration the solution was 

concentrated to a syrup which was examined by paper chromato-

graphy. 

Hydrolysis with hydrochloric acid. 

The sugar was heated at 100' in ! hydrochloric acid 

for the required length of time. The solution was neutra-

lised with silver carbonate and insoluble salts were re-

Roved at the centrifuge. By treatment of the supernatant 

with hydrogen sulphide, colloidal silver was converted to 

silver sulphide which was removed by filtration through 
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glass fibre paper. The filtrate was then concentrated to 

a syrup. 

Detonisation. Removal of cations from sugar solutions was 

achieved by treatment with Amberlite IR 120 (H) cationic 

exchange resin. Anions were removed with Amberlite II 45 

(OH) anionic exchange resin. 

Alkali degradations were effected by dissolving the sugar 

(1-5 *g) in saturated calcium hydroxide solution (2-5 al). 

Oxygen was removed by bubbling nitrogen through the solution 

for 1/2 hour. The flask was then tightly stoppered and left 

for the required length of time. The solution was neutral-

ised with anionic exchange resin, filtered and the filtrate 

was concentrated. 

Methanolys*s were carried out by heating the sample (1-2 ag) 

in dry cethanolic 42 hydrogen chloride (0.5-1 ml) in a 

sealed tube at 100'. The length of time varied from four 

hours for cethylated neutral oligosaceharides to overnight 

for methylated acidic oligoeaccharides. The solution was 

cooled, neutralised with silver carbonate and centrifuged. 

The centrifugate was carefully concentrated to give the 

methyl glycosides 

Acetates for gas-liquid chromatography were prepared by 

heating the sugar or glycoside (2-3 cg) for 1-1/2 hours in 

a sealed tube at 100' with anhydrous sodium acetate (2 mg) 

and acetic anhydride (0.5 ml). The solution was mixed with 

water and concentrated to a syrup. Traces of water were 
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removed by distillation with acetone and the residue was 

extracted with chloroform. 

Small scale methylationa 

Haworth methylation.(117)  

The oligoeaecharide (5 mg) was dissolved in water (2 ml) 

and methyl sulphate (0.25 ml) and 30Z sodium hydroxide 

solution (0.50 ml) were added dropwise over a period of one 

hour. The vigorously stirred solution was kept in an ice 

bath while oxygen was excluded from the reaction by a stream 

of nitrogen. Additions of methyl sulphate (1 ml) and 302 

sodium hydroxide (2 ml) were made on the following five day., 

each addition taking four hours. Twenty-four hours after 

the final addition, the solution was heated at 100 for one 

hour to destroy any remaining methyl sulphate. After the 

pH of the solution had been adjusted to 4 with dilute sul-

phuric acid, sodium sulphate was precipitated by pouring 

into ethanol (8 vol..). The precipitate was removed at 

the centrifuge and washed with ethanol. The supernatant 

and washings were combined, the pH adjusted to 8 and the 

solution concentrated to small volume. The pH was re-

adjusted to 4, the solution was extracted with chloroform 

and the combined extracts, after drying over anhydrous 

sodium sulphate were evaporated to dryness. 

Kuhn aethylation. (118) 

The oligosaceharide (0.5-2 mg) was dissolved in N,N- 
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dimethylformamide (0.2 *1) and shaken in the dark in a 

sealed tube with methyl iodide (0.3 ml) and silver oxide 

(0.1 g) at room temperature for 48 hour.. The reaction 

mixture was diluted with chloroform, filtered and the 

residue was washed with chloroform. The combined filtrate 

and washings were concentrated to dryness, the N,N-dimethyl-

formamide being removed by aseotropic distillation with re-

distilled toluene under reduced pressure. 

Demethylations were effected by one of two methods, depend-

ing on whether (a) or not (b) the nethylated sugar or its 

methyl glycoside was soluble in dichloromethane. 

The sugar was treated in dichioromethane with boron 

trichloride at -70 for 1/2 hour. (119) 	The solution was 

allowed to evaporate overnight at room temperature and 

borate was removed by distillation with methanol. 

The sugar (4 mg) was heated with hydriodic acid (1 ml) 

in a sealed tube at 100 for eight minutes. (120) After 

dilution with water, the solution was neutralised with silver 

carbonate. The removal of insoluble material and decolori-

cation of the solution was accomplished by filtration 

through charcoal. Colloidal silver was precipitated as 

the sulphide upon treatment with hydrogen sulphide, and 

after filtration, the solution was concentrated to a syrup. 
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Reductions 

(a), Glycitol reductions. (121)  

Sodium or potassium borohydride (10 ug) was added to 

the sugar (2-4 mg) dissolved in water (0.5 ml) and the 

solution was left overnight. Excess borohydride was de-

stroyed and cations were removed by treatment with Amberlite 

1* 120 (H) cationic exchange resin. boric acid was removed 

by repeated distillation with methanol. 

(b) Carboxyl reductions. 

Aldobiouronic acid. The aldobiouronic acid was 

converted to the derived methyl eater methyl glycosides by 

standing the sugar overnight in methanolic lZ hydrogen 

chloride, before refluxing the solution for 3/4 hour. After 

neutralisation of the solution with silver carbonate and 

concentration, the sugar was taken up in water and treated 

with borehydride as described in (a) above. This gave the 

methyl glycosides of the corresponding derived neutral 

disaccharide. 

Methylated polysaccharide. Lithium aluminium 

hydride (100 mg) in tetrabydrofuran (3 ml) was added to 

a solution of methylated polysaccharide (100 ag) in tetra-

hydrofuran (5 a]). After being left for 30 minutes at 

room temperature, the solution was stirred under reflux for 

3 hours. Aqueous ethyl acetate was added to destroy excess 

hydride and dilute sulphuric acid was than added until the 

solution was pH 4. The reduced methylated polysaccharide 

was extracted with chloroform. 
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Small scale periodate oxidations of methylated sugars were 

performed according to the method of Saner and 

Methoxyl contents were measured by the semi-micro Zeisel 

method. (123) 

Spectrophotometrjc determinations 

Total sugar content was determined by the phenol- 

sulphuric acid method. (124)  

Degree of polymerisatiom (D.P.) was estimated by 

comparing the sugar concentrations in the oligosaccharide and 

oligosaceharide glycitol as determined by the phenol-sulphuric 

acid method. 

Uronic acid content was measured with the aid of 

the carbazole reagent. 17  

Cd) Sodium metperiodate consumption was measured by 

the method of Aspinall and Perrier. (125) 

(e) Formaldehyde produced during the periodate oxidation 

of phenylosazones was measured as described by Rough at al. (126) 

Formation of derivatives 

(a) Phenylosezones of oligosaceharideg were prepared by 

dissolving phenyihydrazine hydrochloride (100 mg), sodium 

acetate (200 mg) and sodium bisuiphite (30 mg) in water 

(0.5 ml). The solution was warmed until all the solid had 

dissolved and filtered to remove tarry material. The sugar 

(50 ug) was added and the test tube plugged with glass wool 

and placed in a boiling water bath. The phenylosazone 
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Methyl •ulphoxide was redistilled over calcium 

hydride. 

Methyl iodide was redistilled over silver oxide, 

(a) Pyridine was redistilled twice over phosphorous 

pentoxide and stored over potassium hydroxide pellets. 

(1) Light petroleum was shaken overnight with concen-

trated sulphuric acid (10%, v/v) washed free from acid 

with distilled water, dried over anhydrous sodium sulphate 

and redistilled. 

Formamide was redistilled using a splash bulb and 

stored over molecular sieve (type 4A). 

Methanol was refluxed with magnesium and iodine 

for 1/ 2  hour, then distilled. 
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Purification and Fractionation of Mesquite Gum 

Mesquite gum was obtained as bard vitreous amber-

yellow nodules, embedded with bark, twigs and other foreign 

material. The nodules (50 g) were dissolved by standing in 

water (150 *1) overnight. Insoluble material was removed 

by filtration through muslin and the solution was made 52 

acid with dilute hydrochloric acid. After stirring for 

five minutes the polyeaccharide was precipitated by pouring 

Into ethanol (6 vol.). This procedure was repeated and 

the precipitate was redissolved in water (200 ml) and frees.-

dried to give purified aesquitic acid (28 g). liydrolysis 

of a small sample followed by paper chromatographic examina-

tion of the hydrolysate showed that the neutral monosac-

charide constituents of the gum were mainly arabinose and 

galactose, together with & small amount of rhamnose. 

A column of 0-(2-diethylamiuoethyl)-cellulose (30 g, 

3 x 30 cm) was prepared in the phosphate form by elution 

with 0.5 	sodium dihydrogen phosphate (21, pH 6) followed 

by 0.005 	sodium dihydrogen phosphate (11, pH 6). The 

polysaccharide (470 mg) was washed onto the column with 

water (50 ml) and left overnight to adsorb. The column 

was eluted with batches of solution (pH 6) of sodium 

dihydrogen phosphate of the following concentrations. 
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 0.005 1'! (900 ml) 

 0.05 (600 *1) 

 0.10 H (400 ml) 

 0.15 V (500 ml) 

 0.20 K (800 ml) 

 0.25 K (900 ml) 

(s) 0.30 (300 ml) 

 0.35 K (300 ml) 

 0.45 K (250 ml) 

The column was finally eluted with 0.5 M potassium 

chloride (230 ml). 

Fractions were collected every 20 ml, and the sugar 

concentration was measured by the phenol-sulphuric acid 

method, using a standard graph based on aesquitie acid to 

calculate the concentration. The elution pattern is re-

presented on the graph in Figure 31. The majority of 

the polysaccharide (752) was eluted with 0.25 V sodium 

dihydrogen phosphate. Estimation of the uronic acid con-

tent of the polysaccharide eluted at each peak was made 

by the carbasole method. All the peaks were found to con-

tain polysaccharide of similar acid content to unfractionated 

aesquitic acid, except the first peak, which had no acid con-

tent. 



Figure 31 

D.E.A.E.-cellulose chromatography of Mesguitic acid 

Graph of concentration of eluted sugar versus concentration of eluant 

HItt_ ItHIlI LI trl 
C 

150 	 100 	 50 

Sugar concentration (pg/10 ml) 
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Partial Acid Hydrolysis 

!4esquitie acid (20 g) was hydrolysed by refluzing in 

0.5 1 sulphuric acid (21) for 1-1/2 hours. The solution 

was cooled and neutralised by the addition of barium car-

bonate. The precipitate was removed by centrifugation, 

washed with water (500 ml) and the combined solution and 

washings were reduced in volume (200 ml). After deioni-

cation with Anberlite IR 120 (0) resin, the solution was 

further concentrated and applied to a column of D.Z.A.E. 

Sephadex A-25 (format. form 3 x 20 cm). After the sugars 

had been allowed to adsorb overnight, the column was eluted 

with water (1.5 1) to remove neutral sugars. 

The column was then elated with water containing an 

increasing concentration of formic acid. Fractions (30 *1) 

were collected every 1/2 hour, with samples from every 

third tube being concentrated and examined by paper chromato-

graphy. Appropriate fractions were combined and evaporated 

to dryness. 

Eluant 	 Fraction Weight 

	

0-0.05 1 formic acid 	 1 	0.2 g 

(31) 	 2 	1.2 g 

	

0.05 X formic acid 	 3 	1.7 g 

(1.51) 
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Fraction 1. Paper chromatographic examination in solvents 

B and C indicated the presence of acidic oligosacebarides 

I, II, IV, V and VI. The fraction was not investigated 

further. 

Fraction 2. This fraction was separated by thick paper 

chromatography in solvent C into oligosaceharides I (100 ag), 

II (300 mg), IV (87 mg), V (190 mg), VI (150 as), VII (140 

ag), and VIII (22 mg). 

Fraction 3. Part of this fraction was separated by chro*a-

tography in solvent B into oligossecharides I (105 ag), II 

(180 mg), III (150 mg) and V (20 mg). 

Oligosaccharide I 	[u] +94 	(C 0.5) 

Gal (B) 0.75, 	MG  0.69 

Acid hydrolysis gave galactose and 4-0-aethyiglucuronic 

acid. Estimation of uronic acid by the carbazole method 

gave an acid content of 481. 

The oligossccharide (3 mg) was aethylated by the Kuhn 

procedure. Examination of the aetbanolysat* by gas-liquid 

chromatography shoved the presence of the methyl glycosides 

of 

2 ,3,4-tri-O-nethylg].ucuronic acids 	T(a) 2.29, 3.01 

2,3,6-tri-O-aethylgalactosa 	 T(a) 2.81, 3.64, 4.00. 

The oligo.accharide (150 ag) was converted into the 

derived methyl ester methyl glycosides by standing overnight 

* present as methyl ester 
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In methenolic 12 hydrogen chloride (10 *1), then refluxing 

the solution for 3/4 hour. After neutralisation with 

silver carbonate, the solution was filtered and evaporated 

to a syrup. This syrup was redissolved in water and 

treated overnight with excess sodium borohydride. Remaining 

borohydride was destroyed with Amberlite ZR 120 (H) resin 

and the reduced oligosacebaride was methylated with 30% 

sodium hydroxide solution and methyl sulphate. The methy-

lated disaccharide (105 mg) was hydrolysed in i hydrochloric 

acid at 100' for six hours. The solution was neutralised 

with silver carbonate and concentrated to a syrup which was 

fractionated on a cellulose column (2 x 35 cm) using light 

petroleum (b.p. 100-120°)-butan-1-ol (1:3) saturated with 

water as eluant. Two fractions were obtained. 

Fraction (a) 45 mg. This was chromatographically 

identical to 2,3,4 ,6-tetra-O-metbyl--glucoae. The sugar, 

recrystallised from acetone, had a.p. 79-80' and mixed 

a.p. 79-80' (with sanple,m.p. 81-82). 

Fraction (b) 32 ag. The sugar was chromatographically 

Identical to 2,3,6-tri-0-methyli-galactosa. It was con- 

verted by oxidation with bromine water into 2,3,6-tri-0-

aethylgalsctono1actons which, after recry.tallisation 

from ether, had m.p. 98-99' and mixed m.p. 97-98' (with 

sample, a.p. 97-98'). 

Oligosacebaride 1 (3 ag) was reduced with sodium 
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borohydride to give the derived glycitol which was 

methylated by the Kuhn procedure. The aethylated product 

was aethanoiyaed and the following compounds were identified 

by g.l.c.:- 1,2,3,5,6-penta-0-uetbylgalsctitol T(b) 2.70 

2,3,4-tri-0-aaethylglucnronic acid T(b) 2.40, 3.13, 

the latter product as its =ethyl ester methyl glycoside.. 

A further quantity of the oligoseecharide (50 ag) was 

similarly converted to the glycitol and the product, after 

proton exchange with deuterium oxide, was examined by 

nuclear magnetic resonance spectroscopy. The signal due to 

the anomeric proton was observed as a doublet at r 4.84 

(J - 3c/s). 

Oligossecharide 11. [e] +20 	(S  1.0) 

R Cal  (B) 0.65, MG  1.06 

The sugar was chromatographically identical to 6-0-

(4-0-aethyl-0--glucopyranoeyluronic acid)--galactose, al-

though there was also a amer contamination with oligo-

eaceharide I. Hydrolysis of the olfgosaccharide gave 

galactose and 4-0-methylgiucuronie acid. 

The oligosaceharida was methylated on a snail scale 

by the Kuhn procedure and the wethanolysis products were 

Investigated by S.I.C. The eatbyl glycosides of the 

following sugars were detected, 

2,3,4-tri-0-aethylglucuronic acid* 	T(a) 2.31, 3.03 

2,3,5-tri-0-aethylgalactoee 	 T(a) 3.95 

2,,3,4-tri-0-a.thylgalactose 	 T(a) 6.53. 

* present as methyl ester 
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The derived oligossccharid. glycitol (2 ag) was 

similarly methylated and the product was aetbanolysed. 

Investigation of the aethanolysate by g.1.c. shoved the 

presence of the asthyl eater aethyl glycosidsa of 2,3,4-

tri-O-aetbylglucuronic acid, T(a) 2.27, 2.94 and 1,2,3,4,5-

penta-0-aethylgalactitol, T (a) 3.83. 

The oltgosaccbaride was aethyletad initially with 

sodium hydroxide and methyl sulphate and later with *ethyl 

iodide and silver oxide. The product crystallised and 

after recryatallisation from eblorofora-light petroleum 

(h.p. 100-120) had m.p. 89-90 and mixed u.p. 90 fwitb 

a sample of the aethyl eater aetbyl glycoaida hexeasthyl 

ether of 6-0-(8--glucopyrano*yluronic acid)-R-galactoses 

M.P. 90-9l3. 

Oligosacebaride 111. tuJ 	(S 2.0) 

R Gal  (B) 0.26, N C 1.14 

This oligoasceharide was chromatographically homogeneous 

and identical to 6-0-(--g1ucopyranoayluronic acid)--

galactose. Hydrolysis followed by paper chromatographic 

examination of the products in solvent D shoved the presence 

of galactose and glucuronic said. Berohydride reduction of 

the derived *ethyl aster nethyl glycosides followed by 

hydrolysis gave galactose and glucose. Estination of uronic 

acid content in the oligosaccbaride with the cerbazole re-

agent gave an acid content of 462. 
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The oligosaceharids (2 mg) was aetbylated by the tuba 

procedure. Examination of the mathanolysate by g.1.c* re-

vealed the presence of the methyl glycosides of 

2,3,4-tri-0-metbylglucuronie acid* T(a) 2.28, 2.98 T(b) 2.37, 3.07 

2,3,5-tri-0-methylgalactos. 	T(*) 3.87 	T(b) 4.20 

2,3,4-tri-0-aethylgalactose 	T(a) 6.41 	T(b) 6.98. 

The methanolysie products from the methylated oligo-

saccharids glycitol were examined by g.l.c. Detected were 

the methyl ester methyl glycosides of 

2,3,4-tri-0-methylglucuronic acid T(a) 2.27 2.98 T(b) 2.40, 3.12 

and 1,2,3,4,5-pente-0-aethylgalactitol T(a) 382 T(b) 3.76. 

The oligosaceharid. (75 mg) was aethylated to give the 

methyl ester methyl glycoside hexametbyl ether of 6-0-(B--

glucopyranosyluronic acid)-2-galactose.  The product, re-

crystallised from chloroform-light petroleum (b.p. 100-120), 

had a.p. 86-87' and mixed m.p. 86-88' (with sample, m.p. 

90-91'). 

Oligosaccharide IV. 	IQI D +6' (c 1.0) 

Rci (H) 0.24, MG  0.72. 

Hydrolysis gave galactose and 4-0-aethylgiucuronic acid. 

Partial hydrolysis gave in addition 4-0-0-0-methy1-o--g1uco-

pyranosyluronic acid)--galactose. Borohydride reduction 

of the oligosaceharide (2 mg) followed by partial hydrolysis 

of the product gave galactose, galactitol and 4-0-(4-0- 

* próaant as methyl eater 
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*ethyl-o-D-glucopyranosyluronic acid)1-galacto... 
Estimation of uronic acid content by the carbuole method 

gave an acid content of 30.5Z. Comparison of the colon-

metric intensities of the reactions of the sugar and derived 

glycitol with the phenol-sulphuric acid reagent indicated 

that the oligosacehanide had a degree of polymerisation of 

three. 

The oligoaaccharide (5 mg) was methylated by the Haworth 

method. Examination of the aethanolysis products by g.1.c. 

identified the presence of the methyl glycosides of 

2,3,4-tni-O-aethylgluouronic acid T(a) 2.27, 2.98 T(b) 2.36, 3.07 

2,3,6-tri-O-metbylgalactoae 	T(a) 2.75 (3.49,4.01) T(b) 4.07 

2,4,6-tni-0-aethylgalactose 	T(a) 3.49, 4.01 T(b) 3.89, 4.44. 

The methanolysate was reduced with lithium aluminium hydride 

and nethanolysed. Peaks with the retention times of the 

methyl glycosides of the following sugars were detected by 

g.1.c. 

2,3, 4-tni-O-aethylglucose 	T(b) 2.47, 3.52 

2,3 ,6-tri-O-methyrlgalactose 	T(b) 3.03, 4.06, (4.47) 

2,4 ,6-tni-O-nethylgalactoae 	T(b) 3.90, 4.47 

Degradation to arabinose: 

The oligosacchanide (20 mg) was dissolved in methanolic 

42 hydrogen chloride (2 ml) and the change in optical 

rotation with time noted. 
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Tine (am.) 	0 	60 	120 	150 	165 

[aID 	+56 	52 	44 	42.2 	42 

The reaction was stopped after 2-3/4 hours by the addi-

tion of silver carbonate and the solution was filtered and 

evaporated to dryness. Paper chromatographic examination of 

the product showed that it contained some starting material 

together with a aajor component at R ai ($) 0.46 which was 

unrsactj,e to aniline oxalate spray. 

£ portion of this product (5 us) was dissolved in water 

(2 .1) and periodic acid (3 as) was added. The solution was 

kept at 5' for one hour, when excess periodate was precipi-

tated by the addition of barium hydroxide solution. The solu-

tion was centrifuged and the supernatant was neutralised with 

Anberlite II 120 (H) resin. After filtration, potassium boro-

hydride (13 us) was added to the solution which was then left 

overnight. After destruction of renaming borohydride with 

Auberlite Ii 120 (H) resin, the solution was concentrated and 

boric acid was renewed by repeated distillation with methanol. 

Half of this oxidised product was hydrolysed in 2 a sulphuric 
acid at 100' for two hours. Paper chromatographic examina-

tion of the hydrolysate in solvents A and H shoved the 

presence of arabinose, galactose, 4-0-uethylglucuron1c acid 

and 4-0-(4-0-uothyl-a-b-glueopyranosylurenic acid)-D-galac-

tale. The remainder of the periodate oxidised product was 

netbylated by the Kuhn procedure. The *•thanolysis products 

were investigated by gl.c. which showed the presence of the 
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methyl glycosides of the following sugars 

2,3,4-tri-0-methylglucuronic acid T(a) 2.32, 3.01 T(b) 2.34 (3.06) 

2,3 ,6-tri-0-aethylgalactose 
	T(a) 2.81,3.61, 4.11 T(b) 3.79,4.11, 

4.48 

2, 5-di-0-aetbylarabinoss 
	T(a) 1.48 	T(b) 1.80 

Degradation tolyxose 

The oligosaceharide (12 mg) was dissolved in water (0.5 

*1) and glacial acetic acid (1 ml) was added. A solution of 

lead tetra-acetate (10 mg) in acetic acid (1 ml) was then 

added and the solution was left for 15 minutes. Lead was 

precipitated by treatment with hydrogen suiphids gas and 

the solution, after filtration, was concentrated. Chroma-

tographic examination of the product showed the presence of 

a small amount of starting material, together with a much 

larger component with 1Cal  (B) 1.13, staining pink with 

aniline oxalate spray. hydrolysis of a small sample of the 

product gave lyzos., galactose and 4-0-(4-0-w.thy1-a--gluco-

pyramosyluronic acid) --ga1actose. 

The remainder of the tetra-acetata treated sugar was 

dissolved in oxygen-free saturated lime water (15 ml) and 

left for 10 days. The solution was neutralised with 

Amberlite 1k 120 (R) resin, filtered and concentrated. 

Paper chromatographic examination showed the presence of 

only one component, R Gal  (1) 0.39, reactive to aniline oxalate 

spray. This sugar, which had a negative reaction with the 
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tetrasolium spray reagent, gave on hydrolysis lyxose, 

galactose and 4-0- (4_O_methy1-a-g1ucopyranoay1uronic 

acid) -R-galactose. 

Oligosaccharide V. [aJ +2 	(c 1.0) 

R Cal  (B) 0.15, x 0.92 

Hydrolysis of a sample (2 mg) gave galactose, 4-0- 

aethyl-glucuronic acid and 6-0- (4-0-me thy1-8--g1ucapyrano- 

syluronic acid)1-galactose. Formation of the derived 

methyl ester methyl glycosides followed by borobydride re-

duction and hydrolysis gave galactose and 4-0-methyiglucose. 

Estimation of uronic acid in the oligoaaccharide by the 

carbazole method gave an acid content of 29%. Comparison of 

the intensities of the colorimetric reactions of the sugar 

and derived glycitol with the phenol-sulphuric acid reagent 

indicated that the sugar was a trisaceharide. 

The oligosaceharida (2 us) was methylated by the Kuhn 

procedure. Examination of the aethanolysis by g.l.c. shoved 

the presence of the methyl glycosides of 

2,3,4-tri-O-nethylglncuronic acid 	T(a) 2.28, 2.98 

2,3,4-tri-O-aéthylgalactose 	 T(a) 6.41 

2,3,5-tri-0-aethylgalactose 	 T(a) 3.87. 

The derived oligosaccharide glycitol was similarly 

methylated and the cleavage products investigated by g.l.c. 

The following components were identified (reducing sugars 

as their methyl glycosides). 
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2,3,4-tri-0-methylglucnronic acid T(b) 2.40, 3.11 

2,3,4-tri-0-methylgalactose 	T(b) 6.91 

1,2,3,4,5-penta-0-methylgalaetttol 	T(b) 314 

Isolation of 6_0_B__g*lactopyranosyl--ga1actose 

The oligosaccharide (50 ug) was dissolved in aethanolic 

1% hydrogen chloride (15 ml) and the solution, after 

standing overnight, was refluxed for one hour. After 

neutralisation and filtration, the solution was concentrated 

and the resulting syrup was treated overnight with a solution 

of sodium borchydride (23 ag) in water (15 ml). After de-

struction of borohydride and removal of borate, the solution 

was concentrated and the product was bydrolysed in 0.5 

sulphuric acid at 100 for one hour. Filter sheet chromato-

graphy of the hydrolysate in solvent B resulted in the 

isolation of a fraction (6 ag) which was chromatographically 

identical to 6-0---ga1actopyranosyl--ga1actose. This 

oligosaceharide, R Gal  (B) 0.31, tUID +25 (e 0.5), gave 

galactose on hydrolysis. The sugar (2 mg) was asthylated 

by the Kuhn method and the methanalysis products were ex-

amined by g.1.c. The methyl glycosides of the following 

sugars were detected. 

2,3,4,6-teera-0-methylgalactose 	T(b) 1.78 

2,3,4-tri-O-metbylgalactose 	T(b) 6.87 

2,3,5-tri-0-aethylgalactose 	T(b) 4.19 

Oligosaccharide VI. RGa1  (B) 0.06, 	RGaI (C) 0.30 

This fraction was homogeneous on paper chromatography. 



163. 

Eleetropboresie in borate buffer, however, gave two com-

ponents, M C 0.78, 0.92. Partial hydrolysis gave galactose,  

6-0- (---glucopyranosy1uronic acid) -galactose, 6-0.- (4-0-

aetbyl-a-D-glucopyranosyluronic acid)--ga1acto.s and the 

corresponding trissecharide. 

Oligosacebaride !.1 	 0.02,Rci (C) 0.20 

Partial hydrolysis gave products similar to those ob-

tained from oligossecharide VT, together with a spot 

corresponding to oligosacchsride Vt. 

Oligosaccharide VIII. R Gal  (B) 0.01 

Although the sugar was apparently chromatographically 

and electrophoretics].ly homogeneous, partial hydrolysis gave 

products similar to those obtained from oligoaaccharide 

VII together with that aligoesecharide. 

Oligoaaccharides VI, VII and VIII, together with their 

derived glycitols, were each methylated on a small scale by 

the Kuhn procedure. The cleavage products, identified by 

g.1.c. of the methyl glycosides, are listed in Table 12. 

Oligosaceharides VI and VII were also treated with oxygen-

free saturated lime water for seven days. After neutralisa-

tion and concentration of the solutions, the products were 

methylated by the Kuhn method. The cleavage products from 

these derivatives are included in Table 12. 
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Table 3.2 

Cleavage Products froa Methylated Derivatives 

of Oligosaccharides VI, VII, VIII 

Oligosaceharid. 

VI VII VII 

a b 	c a b C • b 

+ + 	+ + + + + + 

+ + + + tr + + 

+ + 	+ + + + + + 

tr + + + + 

+ tr + tr + 

+ + 

.d. + 0.4. + 

+ + + 

+ + + 

Sugar 

2,3,4 Not glucuronic acid 

2,3,4,6 M*4 galactose 

2,3,4 Me1 galactose 

2,4,6 Me1 galactose 

2,3,5 Me galactose 

2,5,6 Me1 galactose 

2,4 Me2 galactose 

1 02,3,4,5 Me1 galactitol 

1,2,4,5,6 Kos galectitol 

a Kuhn nethylation of sugar 

b Kuhn aethylation of sugar glycitol 

c Kuhn aetbylation of products of alkaline degradation. 
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Methylation of Mesquite Gum 

The crude gum (30 g) was dissolved in water (100 ml) by 

standing overnight. Bark and other insoluble material were 

filtered off and the gum was metbylated by adding methyl sul-

phate (200 ml) and 301 sodium hydroxide (400 ml) dropwise 

over 4 hours. The solution was stirred vigorously overnight, 

then cooled on an ice-bath and almost neutralised with dilute 

sulphuric acid. The precipitated inorganic salts were 

filtered off and the volume of the solution was reduced to 

100 ml. The gum was then subjected to a further methylation 

using the same quantities of reagents, with sufficient acetone 

being added to maintain solution 	Sodium sulphate was this 

time removed by precipitation with methanol. After the fifth 

such methylation the solution was heated on a boiling water 

bath to expel acetone and the partially methylated gum, which 

came out of eolution, was filtered off. It was redissolved in 

acetone/water solution (1/1, 200 ml) and methylated again. 

This process was repeated twice. 

A small sample of the methylated gum was then suspended 

in dilute sulphuric acid and extracted with chloroform. The 

extract was dried over sodium sulphate, concentrated, and the 

methylated gum acid was precipitated by pouring into light 

petroleum (b.p. 60-80'). [Pound: OMe, 34.5%) 

The partly methylated polysaccharide was redissolved 

in a water-acetone mixture and treated twice more with 

Haworth reagents. A small sample was purified as before. 
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[Found: OMe, 37.223. The bulk of the polysaccharide was 

then similarly purified, dissolved in acetone-water and 

neutralised with silver carbonate. This solution was 

filtered, concentrated and freeze-dried. Yield: 1.7 g. 

The polysaccharide was dissolved in methyl iodide (200 

ml), silver oxide (20 g) was added in four batches and the 

solution was ref luxed for eighteen hours. The solution was 

cooled and filtered and the residue was thoroughly washed 

with chloroform. After concentration of the combined 

solutions, the polysaccharide was precipitated in light 

petroleum. (Found: OM., 40.82). The polysaccharid& was 

again treated with methyl iodide (130 ml) and silver oxide 

(8 g) to give the methylated gum (15 g), mID  +59 Cc 0.8 

in CUd3)9  (Found: OMe, 43.121 whose infra-red spectrum 

showed negligible hydroxyl absorption. 

A sample (13 mg) of nethylated gum was nethanolysed in 

aethanolic 42 hydrogen chloride at 100e  overnight. After 

neutralisation with silver carbonate, the metbanolysate was 

examined by gas-liquid partition chromatography. Peaks with 

the retention tines of the methyl glycosides of the following 

sugars were obtained. (In those cases where the retention 

time may be attributed to more than one sugar, the T value 

Is given in parenthesis). 
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Table 13 

Cleavage Products of Methylated Mesquite Gus 

T 

Sugars column a column b column d 

2,3,4 Not rhaanose 0.46 0.43 

2,3,5 Me3 *rebinose 0.49, 0.63 0.54, 0.72 0.49, 	(0.63) 

3,3 Has grabluese 0.83, 1.98 1.05, 2.40 (0.63), 	0.84 

2,5 No& arabino.. 1.49 1.79 0.71, 	1.08 

2,3 Mal arabinose 1.19 1.49 

2,3,4,6 M*4 galacto.. 1.77 1.59 

2,3,4 Not galactose 6.54 7.02 2.55, 	2.82 

2,3,6 Me3 galactose 2.74,3.54,4.07 3.93, 4.32 

2,4 Mel galactose 13.55, 15.41 3.66, 	4.21 

2,3,4 Me3 glucuronic acid 2.28, 	2.99 2.40, 3.13 1.75, 	2.18 

2,3 Mel glucuronic acid 7.7,8.45,10.26 

A portion of the glycosides was hydrolysed in H sulphuric 

acid (5 al) at 100 for twelve hour.. The solution was neutra-

lised with barium hydroxide solution and barium carbonate, 

filtered, deionised with Anberlite Ii 120 (fl) resin and reduced 

In volume (5 *1). Bromine (10 drop.) was added and the mixture 

was kept in the dark for three days. Excess bromine was r.-

moved by aeration and the solution was neutralised with silver 

carbonate. After the filtration, the solution was evaporated 
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to dryness and the products were extracted from the residue 

with acetone. The mixture of sldonolactonss was examined by 

g • 1 .c. 

Table 14 

Aldonolactones Derived from 

Cleavage Product. of Methylated Mesquite Gun 

Aldonolactones 	 T (column b) 

2,3,5 Not arabonolactoma 1.74 

3,5 Not arabonolactone 5.41 

2,5 Met arabonolactone 14.8 

2,3 Not arabonolactone 8.09 

2,3,4,6 M. galactonolactone 6.80 

2,3,6 Mae galactonolsetone 13.6 

Reduction of Metbylated Mesquite Gum 

The aethylated polysaccharide (150 US) was dissolved in 

tetrahydrofuran (8 ml) and lithium aluminium hydride (200 mg) 

in tetrabydrofuran (8 *1) was added slowly. The reaction 

mixture was stirred at room temperature for 30 minutes, then 

under reflux for a further 3 hours. Excess lithium aluminium 

hydride was destroyed by the addition of ethylacetate, water 

was added and the mixture was acidified (pH 4) by the addi-

tion of 2 g sulphuric acid. The reduced polysaccharide was 
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extracted into chloroform (5 x 50 ml), the extracts were 

concentrated and the reduced methylat*d polysacchartde 

(50 ag) was precipitated by pouring into light petroleum 

(20 vol.). (Pound: OW., 39.423, (U3D +61 (c 1, CECI,). 

A sample  of the reduced nethylated gun was aethanolyaed, 

and on examination of the *.thsnolysate by g.1.e., peaks with 

the retention tines of the methyl glycosides of the sugars 

listed in Table 15 were obtained. 

Table 15 

Cleavage Products of Reduced Methylated 

Mesquite Gum 

T 

Sugars 	 column $ 	- column b 

2,3,4 Mi rhannos. 	 0.46 

2,3,5 Me1  arabinose 0.47, 0.63 0.54, 0.72 

3,5 Mep arabinose 0.83, 2.02 1.02 0  2.39 

2,5 M* arabittose 1.53, 2.86 1.80 9  3.21 

2,3 Me3 arabinose 1.23 1.48 

2,3,4,6 M. galactose 1.79 

203,4 Mal galactose 6.82 7.02 

2,3,6 Has galactose 2.86, 	3.54 3.09,4.08,4.55 

2,4 Me2 galactose 14.4, -16.4 

2,3,4 Nos glucose 2.29, 	3.36 3.58 
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Partial Methanolysis  of Methylated Mesquite Gus 

Partial Metbanolysis  I 

Methylated mesquite gun (250 us) was refluzed in 

nethanolic 42 hydrogen chloride (10 al) for five hour.. 

The solution was cooled, neutralised with silver carbonate, 

filtered and concentrated. The syrup was taken up in water 

(15 *1), the pH was adjusted to 12 with dilute sodiun hydrox-

ide solution and left for two hour.. The solution was then 

extracted with chloroform in a liquid-liquid extractor over-

night. 

The aqueous solution was neutralised with Anberlits 

U 120 (B) resin, concentrated and applied to a column (10 z 

1 en) of D.R.A.E. Saphadex A-25 (format* form). The neutral 

fraction was eluted with water (100 nI) and the acidic 

fraction was then desorbed by elution with 0.5 V formic acid 

(100 al), concentrated to a syrup and dried in vacuo. A 

sample of the acidic fraction was aethanolysed and the 

a.thyl glycosides of the following sugars were identified 

by g.l.c. 

Sugar. 	 T(a) 

2,3,4 Has glucuronic acid 	2.27, 2.99 

2,3,4 Me 3  galactose 	 6.40 

2,3,6/2,4,6 Has galactose 	 3.47, 3.95 

2,4 11S* galactose 	13.6, 13.6 
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£ further sample of the acidic fraction was methylated 

by the Kuhn method, aethanolysed and the aethsnolysate was 

examined by g.l.c. The methyl glycosides of the following 

sugars were identified. 

Sugars T(b) 

2,3,4 Me3  glucuronic acid 2.38, 	3.07 

2,3,46 Kok galactose 1.80 

2,3,4 Meg galactose 6.90 

2,3,6/2,4,6 Me3 galactose 3.89, 4.49 

2,4 Meg galactose 13.5, 	17.8 

A portion of this methanolysate was scetylatad and the 

products were re-examined by g.1.c. Peaks with the retention 

times of the methyl glycosides of the following sugars were 

obtained. 

Relative 
Sugars 

2,3,4 Mej glucuronic acid 

2,3,4,6 Mok galactose 

2,3,6 Me* 4 Ac galactose 

2,4,6 Ma3 3 Ac galactose 

2,3,4 Me* SAc galactose 

T(e) amount 

2.36, 3.10 

1.83 1 

3.92, 4.43 1 

6.41, 864 3 

7.30 7.3 

Partial Methanolysis II 

M.tbylated mesquite gum (250 mg) was heated with methauo-

lie U hydrogen chloride (10 ml) in a sealed tube for five 

hours in a boiling water bath. The solution was neutralised 
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with silver carbonate, filtered and concentrated. The syrup 

was taken up in dilute sodium hydroxide (p0 12) and after 

two hours the solution was extracted with chloroform on a 

liquid-liquid extractor. The aqueous solution was finally 

separated into acidic and neutral fractions by chromatography 

on D.E.A.E. Sephadax. 

A portion (3 mg) of the acidic fraction was aethanolysed. 

G.l.c. analysis of the aethanolyaste identified the usthyl 

glycosides of the following sugars. 

Sugar. 

2,3,4 Met glucuronic acid 

2,3 Mel glucuronic acid 

2 03,6 Met galactose 

2,3,4 Met  galactose 

2,4 Mel galactose  

T (b) 

2.40, 3.10 

7.77,8.40,10.2 

3.10,4.06,4.52 

6.92 

13.5, 17.9 

The nethanolysate was subsequently acetylated. C.1.c. indi-

cated the presence of the aethyl glycosides of these sugars. 

Sugar. 	 T(c) 

2,3,4 Met glucuronic acid 	 2.36, 3.12 

2,3,6 Net 4 Ac galactose 	 3.96, 4.47 

2,3,4 Not 6 Ac galactose 	 735 

A further quantity (5 ag) of the acidic fraction was 

methylated by the Kuhn procedure and aethanelysad. Exaaination 

of the a.thanoly.ate by g.l.c. shoved the presence of the 
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asthyl glycosides of the following sugars. 

Sugars 	 T(b) 

2,3,4 Mel glucuronic acid 	2.40, 3.10 

2,3,6/2,4,6 Me3 galactose 	 4.17, 4.50 

2,3,4 Meg galactose 	 6.92 

The aethanolysate was acetylatad and re-examined by g.1.c. 

The following sugars were identified as their methyl glyco-

sides. 

Sugars 

2,3,4 Mal glucuronic acid 

2,3,6 Me3 4 Ac galactose 

2,4,6 Me1 3 Ac galactose 

2,3,4 Mel 6 Ac galactose 

Relative 
T(c) 	 amount 

2.36, 3.12 

	

3.94, 4.46 	1 

	

6.49, 8.66 	1 

7.35 	 3 

Partial Methanolysis III 

Methylated mesquite gum (13 g) was refluxed in netbanolic 

42 hydrogen chloride (110 ml) for five hours. The solution 

was then cooled, neutralised with silver carbonate, filtered 

and concentrated to a syrup. This syrup was extracted five 

times with hot (ca. 100) light petroleum (b.p. 100-120). 

The petroleum-insoluble residue was taken up in chloroform 

and concentrated to a syrup (30 g). 
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Examination_of 2tro1-ineo1uble residue 

A portion of the petrol-insoluble residue was treated 

with dilute sodium hydroxide solution (pH 12) for two hours. 

After neutralisation with Anberlite IR 120 (H) resin, the 

solution was concentrated to a syrup which was separated on 

a column of D.E.A.!. Sephadex A-25 (formats form) into an 

acidic fraction (340 wg) and a neutral fraction (460 mg). 

The neutral fraction was hydrolyzed in M hydrochloric 

acid (25 ml) at 100' for 15 hours, neutralised and concen-

trated to a syrup. A portion of this syrup (65 mg) was 

further fractionated by thick paper chromatography in solvent 

H. 

Fraction 1 (2 ag) R   0.10. This fraction was chromatographi-

cally identical to erabinose. 

Fraction 2 (21 mg) R 0.21. The sugar was chromatographically 

Identical to 2-0-methyl--ga1actose. Treatment of a portion 

of the sugar (2 mg) with I mole of lead tetra-acetate followed 

by saponification of the reaction products gave only one 

sugar, which was chromatographically identical to the starting 

material. The syrup crystallised on seeding with 2-0-methyl-

D-galactoee and after recrystallisation from ethanol had a.p. 

148-150' and mixed m.p. 148-151' (with a sample m.p. 149-151'). 

Fraction 3 (22 mg) R 0.40. This was chromatographically 

identical to 2,4-di-O-methyl-D-galactoee and crystallised on 

standing, 5ev. 101-103". A sample was methanolysed. G.l.c. 

analysis indicated that in addition to the major component, 
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there were two minor peaks with T (column a) 3.66 and 4.22. 

Fraction 4 (3 mg) R   0.65. G.].c. of the derived =ethyl 

glycosides gave the same two peaks as were present in minor 

amount in the netbanolysate of Fraction 3 together with * 

third peak with retention time identical to that of methyl 

2,3 ,4-tri-0-mathylgalactose. 

Fraction 5 (7 mg) R   0.74. The fraction was nthanolysed and 

subsequent g.1.c. analysis showed the presence of the methyl 

glycosides of 3,5- and 2,5-di-O-aethylarabinoeea. 

Fractional distillation of petrol-insoluble residu 

A further quantity of the petrol-insoluble residue 

(1.8 g) was fractionally distilled under reduced pressure 

(0.005 5* Hg) 

Fraction 	 Distillate temperature 

1. 	 34 mg 	 88-160 

2 	 393 sg 	 160-180 

3 	 300 mg 	 180-210 

Traction 1 Examination of the fraction by g.1.c. showed the 

presence of methyl 3,5- and 2,3-41-0-*ethylar*binonides. 

Methanolysis of the fraction gave the same products. 

Fraction 2 G.1.c. analysis shoved that this fraction contained 

the methyl glycosides of 2,4-d1-O-*ethylgalactoa., 3,5-41-0-

methylarabinoss together with a trace of 2,5-di-O-*ethylarabi-

noside. After methanolysis of the fraction, small amounts of 

methyl 2,3,4-tri-O-aethylgalaetoside and methyl 2,3,4-tri-0- 
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methylglucuronoside were detected as additional conponent.. 

Fraction. 3 Gas-liquid chronatography shoved the presence in 

the fraction of nethyl 2,4-di-0-oethylgalacto.ide. After 

nethanolysis, the nethyl glycosides of 2,3,4-tr1-0-methyl-

glucuronic acid 2,3,4- and 2,3,6-tri-0-a.thylgalactose, in 

addition to those of 2,4-di-0-s.thylgalactou were detected 

by g.1.c. 

A •anple of traction 3 was *ethylat.d twice by the Kuhn 

procedure. After nethanolysis, the products were acetylated 

and exanined by g.1.c. The methyl glycosides of the follow-

ing sugars were detected. 

Sugars 	 T(c) 

2,3,4 Meg glucuronic acid 	2.40, 3.10 

2,3,4,6 M*4 galactose 	 1.82 

2,3,6 Meg 4 Ac galactose 	3.97, 4.39 

2,4,6 Meg 3 Ac galactose 	6.40, 8.50 

2,3,4 Mel 6 Ac galactose 	7.20 

Treatnent of a portion of Fraction 3 with metbanolie 

asnonia yielded a syrup which failed to crystallize. The 

remainder of the fraction was saponified in dilute sodium 

hydroxide solution (pH 12.5) for two hours and after 

neutralisation and concentration, the fraction was applied 

to a column of D.E.A.E. Zeph*dex A-23 (format. form). 

Neutral sugar. (sub-fraction 3*) were eluted with water and 
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acidic sugar. (sub-fraction 3A) were deeorbsd with 0.3 

formic acid. 

Acid sub-fraction 3* (90 *g) 

Examination of the aethanolysis products of the sub-

fraction and their derived acetate$ by g.1.c. indicated the 

presence of the methyl glycosides of the following sugar.. 

Sugar. 

2,3,4 Me3  glucuronic acid 

2,3,6 Nos galactose 

2,3,4 Xe3 galactose 

2,4 Mon galactose  

T(a) (glycosides) T(c) (derived acetate) 

2.30, 3.01 	2.34, 3.05 

3.91, 4.31 

6.42 	 7.20 

13.2, 13.0 

A portion of sub-fraction 3* (2 ug) was aethylsted and 

the aethanolysio products acetylatid. Methyl glycosides of 

the following sugars were detected by g.1.c. 

Sugars 

2,3,4 Me, glucuronic acid 

2 03,6 Me, 4 Ac galactose 

2,4,6 Me3  3 Ac galactose 

2,3,4 Not 6 Ac galactose 

T(c) 	Relative amount 

2.36, 3.06 

	

3.95, 4.42 	 ++ 

	

6.37 0  8.50 	 + 

7.21 	 41-t4 

Fractionation of sub-fraction 3* 

The cub-fraction (75 mg) was taken up in dry pyridine 

(2 ml), tripheuylaethyl chloride (80 mg) was added and the 

solution was heated at 100' for 1 hour. The reaction pro-

ducts were examined by thin layer chromatography on activated 
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silica gel using 152 methanol in benzene as solvent and 

anissldehyds-sulphuric acid as spray reagent. Three main 

fractions ultimately turning blue on beating after treat-

ment with the spray were observed. The reaction products 

were then fractionated by preparative thin layer chromato-

graphy using 20 x 20 cm plates in the same system. Bands 

war, detected by removing a strip of silica gel adhered to a 

glass strip coated with a paste made from silica gel and 

high-vacuum silicone grease and spraying with anisaldehyde-

sulphuric acid. This method detected the presence of three 

bands, which were removed from the plates and extracted with 

acetone. These extracts were then filtered and concentrated, 

to give sub-fractions 3A(!), Ut)and (III) which were treated 

with cold methanolic 1% hydrogen chloride for 18 hours to 

remove any triphanylusthyl substituente which may have been 

present 

SubfrationA(fl R 0.65 

Part of the sub-fraction was methanolysed. Analysis of 

the glycosidee and their derived acetates by g.1.c. indicated 

the presence of the methyl glycoeides of these sugars. 

Sugars 

2,3,4 Me3 glucuronic acid 

2,3,6 Xes galactose 

2,3,4 Me galactose 

204 Not galactose (tr)  

T(b) (glycosides) T(c) (derived acstate 

	

2.38, 3.04 
	

2.36, 3.10 

	

4.01, 4.44 
	

3.91, 4.39 

6.70 
	

7.17 

15.4, 17.2 
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The renainder of sub-fraction 3A(I) was methylated and 

the aethanolysis products and their derived acetates were 

ezanined by g.1.c. Methyl glycosides of the following sugars 

were detected. 

Sugars 	 T(b) (glycosides) 	T(c) (derived acetate.) 

2,304 Ma3 glucuronic acid 	2.38, 3.04 	 2.36, 3.06 

2,3,6 Not galactose 4.09, 4.46 3.91, 	4.42 

2,3,4 Mel galactose 6.75 7.20 

Sub-traction 3A(11)_ Rf  0.40 

Methanolysis of a .s.ple gave the *ethyl glycosides of 

the following sugar, on examination by g.l.c. 

Sugars 	 T(b) 

2,3,4 Mel glucuronic acid 	2.37, 3.04 

2,4 Mel galactose 	 1.30, 17.0 

2,3,4 Not galactose (tr) 	6.66 

A further portion of the cub-fraction was aethylated and 

aethsnolys.d. Methyl glycosides of the following sugars were 

detected on g.1.c. exatination of the *ethanolysate and sub-

sequent acetylation products. 

Sugar. 
	 T(b) (glycosides) T(c) (derived acetate.) 

2,3,4 Me3 glucuronic acid 
	

2.38, 3.05 	2.36, 3.08 

2,3,4 Ne3 galactose 	 6.70 	 7.17 
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Sub-fraction 3A(1II) I 0.23 

The aethyl glycosides of the following sugars were de-

tected as aethanolysis products of the sub-fraction. 

Sugars 	 T(b) 

2,3,4 Ms3 glucuronic acid 	2.38, 3.05 

2,4 Me2 galactos. 	 13.0, 17.0 

Bydrolyeis of a sample of the sub-fraction followed by 

paper chromatographic examination in solvent E showed the 

presence of 2,4-di- and 2-0-methylgalactos.. G.1.c. examina-

tion of the aethanolysis products and their derived acetates 

from the methylated sub-fraction gay, peaks with the reten-

tion times of the methyl glycosides of the following sugar.. 

Sugars 	 T(b) (glycosides) T(c)(derived acetates) 

2,3,4 Me3 glucuronic acid 	2.36, 3.05 
	

2.37, 3.06 

2,3,4 Xe3 galactose 	 6.71 	 7.20 

The remainder of the material on the thin layer plates 

was extracted and examined by metbylation. The fastest moving 

material, with R smiler to trityl chloride gave small 

amounts of 2,3,4-tri-0--*etbylglucuronie acid and 2,3,4- and 

2,3,6-tri-0-uethylgalactose as cleavage product.. The first 

two sugars were also obtained in trace quantities from the 

slowest moving material. 



Neutral Sub-fraction 35 (160 as) 

Examination of the neutral sub-fraction by gas-liquid 

chromatography showed the presence of methyl 2,4-di-0-

aethylgalactoside. Methanolysis gave in addition a small 

amount of methyl 2,3,4-tri-O-methylgalactoside. A portion 

of the sub-fraction 35 was methylated and the methanolysie 

products and their acetates were examined by g.l.c. Methyl 

glycosides of the following sugars were detected. 

Sugars 	 T(a) (glycosides T(c) (derived acetates) 

2,3,46 Net, galactose 	 1.81 	 1.82 

2,3,4 Mel galactose 	 6.41 7.20 

2,4,6 Me, galactose 	 3.55, 4.04 6.38, 	8.50 

2,3,6 Mel galactose (tr) 3.95, 	4.42 
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Autohydrolysis of Mesquite Gun 

A trial autohydrolysie was conducted by dissolving the 

purified gun acid (2.40 g) in water (120 ml). The optical 

rotation was noted and the solution then heated under ref lux. 

Samples (20 ml) were withdrawn every three hours, the optical 

rotations ware measured and high molecular weight material was 

precipitated in ethanol. After purification by reprecipita-

tion in ethanol, this material was hydrolysed and the products 

examined by paper chromatography. 

Time (bra.) 	0 	9 	12 	15 	18 	21 	24 

(aID 	 60.0 	73 	75 	13 	75.5 	77 	17.5 

Arabinose in ppt. 	++++ +++# ++++ 14++ 	++ 	tr 

Purified gun acid (25.5 g) was dissolved in water (1275 

ml) and heated under ref lux for 24 hours. The solution was 

then cooled and poured into acidified ethanol (6 L). The pre-

cipitated degraded polyesccharide was removed at the centri-

fuge, taken up in water (100 *1) and reprecipitated in ethanol 

(300 ml). The precipitate was again removed by centrifuaa-

tion, redissolved in water and the solution was freeze-dried 

to give degraded gun A (1.0 g), (GID -V Cc 1.0). Sound: 
uronic acid (by csrbazole method) 402. Hydrolysis of the 

polysaccharide showed there was still a trace of arabinese 

present. 
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)lethylation of Degraded Gum A 

Degraded mesquite gum A (5 g) was dissolved in water 

(20 ml) and methyl sulphate (50 ml) and 30% sodium hydroxide 

solution (100 ml) were added over four hours with vigorous 

stirring under a stream of nitrogen. After five such addi-

tions during five day., the solution was reduced in volume, 

sodium sulphate was precipitated by the addition of methanol 

and removed at the centrifuge, and the solution was further 

concentrated. After two similar methylations, the solution 

was heated on a boiling water bath for one hour, reduced in 

volume and sodium sulphate was removed by precipitation with 

methanol. The solution was concentrated (200 ml) and acidi-

fied (pH 4) with dilute sulphuric acid. This solution was 

then extracted with chloroform (5 x 200 ml). The extracts 

were combined and concentrated to a syrup which was redissolved 

In acetone-eater (150 ml). The solution was neutralised with 

silver carbonate, excess carbonate was filtered off. acetone 

was removed and the resulting aqueous solution was freeze-

dried to give partially methylated polysaccbaride (2.5 g). 

Your treatments of this product with methyl iodide and silver 

oxide furnished aethylated degraded gum A (1.2 g) tUJD - 50 

(c 1.0 in CHC13), [Pound: OMe, 43.6Z]. 

A sample (10 mg) of the methylated degraded gum was 

aetb*nolys.d and the products were analysed by gas-liquid 

chromatography. Peaks with the r.tenion times of the methyl 

glycosides of the sugars listed in Table 16 were obtained. 
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Table 16 

Cleavage Products of Methylated Degraded Mesquite Gus  

(Degraded Gum A) 

Sugars 	 column a 	 column b 

2,3,4 Met rheanoss 0.43 0.45 

2,3,5 Met arabinos. 0.47, 0.63 0.55, 	0.71 

3,3 Mel arabinoes 0.83, 	1.98 1.02 

2,5 Mel arabinos. 1.51 

23,4,6 Me4  galactose 1.77 1.77 

2,3,4 Mel  galactose 6.48 6.88 

2,4,6 M.1 galactose 3.34, 4.06 3.87, 443 

2,3,6 Me, galactose 2.80 

2,4 Met galactose 13.7, 	15.5 15.3, 17.6 

2,3,4 Mel  glucuronic acid 2.28, 	2.99 2.38, 	3.08 

Rydrolyeie of a sample of methylated degraded gum A followed 

by paper chromatographic examination gave only a trace amount 

of 2-0--nethylgalactose. 
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Carboxyl-Reduced Degraded Gum A 

Formation of glycol  ester 

Degraded mesquite gun A (9.0 g) was dissolved in water 

(600 *1). Ethylene oxide (100 ml) was added and the solution 

was allowed to stand in a stoppered flask at room temperature. 

After three days the pH had risen from 2 to 7.1. Excess 

ethylene oxide was removed by evaporation and the glycol ester 

was precipitated in ethanol, removed by centrifugation, re-

dissolved in water and freeze-dried (9.5 g). 

Formation of glycol ester acetate 

A small-scale acetylatiou was conducted to establish 

suitable conditions. Freeze-dried glycol ester (1 g) was 

dissolved in formamida (25 ml) and the solution stirred at 

30 for four hours. The temperature was raised to 40-45 

(water bath) and pyridine (33 ml) added dropwise over two 

hours. After the solution bad been cooled again to 30, 

acetic anhydride (27 ml) was added dropwise over two hours. 

The solution was then stirred for a further seventeen hours 

at room temperature. The reaction mixture was finally poured 

drepviss, with vigorous stirring, into ice-cold hydrochloric 

acid (1 &, 2% v/v). The precipitated glycol ester acetate 

was removed at the centrifuge and washed with water (2 * 150 

ml). The acetate was dissolved in acetone and water removed 

by assotropie distillation with chloroform. By this process 

the acetate eventually became soluble in chloroform, and 
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concentration of the dried chloroform solution (70 ml) was 

followed by precipitation of the acetate by pouring the 

solution into light petroleum (500 ml). The product was 

recovered by filtration and dried in vacuo to give a white 

powder (1.3 g). 

The remainder of the glycol ester (8.4 g)  was similarly 

acetylated to give the product (14.4 g). 

Reduction of glycol enter acetate 

Lithium borohydride (16 g)  in tetrahydrofuran (230 ml) 

was added to glycol ester acetate (15.5 g) in tetrahydrofuran 

(230 ml) with the immediate formation of a precipitate. The 

reaction mixture was stirred at room temperature for two 

hours and then heated under reflux for eighteen hours with 

continued stirring. Excess lithium borobydride was destroyed 

by the careful addition of water. The mixture was then aci-

dified (pH 3) by the addition of dilute sulphuric acid, 

dialysed against running tap water for five days, concentrated 

(200 ml) and freeze-dried to give carboxyl-reduced degraded 

gum A (6.5 g). IUID  +50°  (c 1.0). 

Hydrolysis of a sample of the gum followed by paper 

chromatographic examination in solvent A gave galactose and 

4-0-methylgiucose together with some arabinose and glucose, 

but no trace of slow-moving acidic components. 
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Smith Degradation of Carboxyl-Reduced Degraded Gun A 

To a solution of sodium netaperiedat. (17.12 g)  in water 

(it) was added carboxyl-reduced degraded gun A (68 g) and 

the reaction was followed •pectropbotoaetrically. 25  

Time (hr..) 	 0.5 	1 	2 	4 	6 

Moles periodate consumed 	0.030 	0.034 	0.035 	0.035 	0.035 

Moles p.riodate consumed 0.73 	0.83 	0.87 	0.87 	0.87 

Mole sugar residue 

After seven hours the reaction was stopped by the addition 

of ethylene glycol (3.4 g). The solution was dialysed for 

five days against running tap water before being treated with 

potassium borohydride (5 g) which was added in two portions 

over three days. Excess borohydride was destroyed with 

Amberlite U 120 (H) resin, the solution was concentrated and 

boric acid was removed by codistillation with methanol. The 

solution was finally concentrated and dried in vscuo to give 

a syrup (3.6 g). 

The syrup in N sulphuric acid (100 ml) was kept at room 

temperature for three hours. The solution was neutralised 

with barium hydroxide solution and barium carbonate, the pre-

cipitate was removed at the centrifuge and the eolution was 

detonised with Amb.rlite U 120 (0) resin. After concentra-

tion to small volume, the solution was poured into ethanol 

(6 vol.). The resulting precipitate was removed by c.ntri-

fugation, washed with ethanol and redissolved in water. This 
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solution was freeze-dried to give degraded gun 3 (1.2 g), 

laiD +18' Cc 1.0). 

The supernatant ethanolic solution was concentrated and 

dried to a syrup (2.0 g). Paper chromatographic examination 

of the syrup showed that it contained mainly glycerol, but no 

reducing sugars. Hydrolysis of the syrup gave snail amounts 

of galactose and arabinose. 

Degraded_gum B 

Hydrolysis of a sample gave galactose together with a 

faint trace of arabinose. Partial hydrolysis in 0.5 1 sul-

phuric acid at 100' for one hour followed by paper chromato-

graphy in solvents A and 3 gave in addition 3-0-galactopyrano-

sylgalactose and the corresponding trisaccharide together 

with a relatively smaller amount of 6-0-galactopyranosyl-

galac toss. 

Metbylation of the gum: 

Sodium hydride (1.5 g) was washed three tines with dry 

light petroleum and stirred with methyl suiphoxide (15 ml) 

under nitrogen for one hour at 30. Methyl su]pbozide (10 al) 

was added to the freeze-dried gun (200 ag) in a 100 ml conical 

flask and the methyl suiphinyl carbanion solution (4 ml) was 

added dropwiso with stirring. The resulting gel was stirred 

at room temperature for five hours, then methyl iodide (1 *1) 

was added dropwise over a period of ten minutes. The mixture 

was stirred overnight and dialysed against running tap water 
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for twenty-four hours before the residue was concentrated 

and extracted with chloroform. The extracts were combined, 

dried over anhydrous sodium sulphate, and concentrated to a 

syrup. This syrup was further methylated with silver oxide 

and methyl iodide before the methylated polysaccharide (83 mg) 

was finally recovered by precipitation with light petroleum. 

laiD -24 Cc 1.0 in CUd,). Found: OMe, 43.82. Infra-red 

spectroscopy confirmed that the polysaccharide was fully 

methyla tad. 

A sample of the methylated polysaccharide was methenolysed. 

The methyl glycosides of the sugars listed in Table 17 were 

identified by gas-liquid chromatography of the methanolysata. 

The relative amounts of the products were determined by 

measurement of the peak areas on the chromatograms. 

Table 17 

Cleavage Products of Methylated Degraded dun B 

T 
Relative 

Sugars 	 _gunt 	column a 	Column b 

2,3,4,6 Mek galactose 	1.5 	 1.77 	 1.77 

2,4,6 Has galactose 4 3.53, 4.07 3.88, 4.46 

2,3,4 Me3  galactose 3 6.42 6.90 

2,4 Mel galactose 1 13.7, 15.6 15.4, 	17.7 

2,3,5 Has arabinose tr 0.49, 0.63 0.35, 0.72 

3,5 Mel arabinosa tr 0.86, 2.00 1.04, 	2.37 

2,5 Me, arabinose tr 0.52, 2.83 (1.17), 3.24 



190. 

Smith Degradation of Degraded Gum B 

Degraded gun B (800 mg) was dissolved in 0.08 1 sodium 
aetaperiodata (100 ml) and the uptake of periodate was 

measured spectrophotorietrically. 

Time (bra.) 05 1 2 4 24 

Holes pariodate consumed 0.0023 0.0028 0.0028 0.0029 0.0035 

Moles periodate consumed 0.52 0.63 0,63 0.65 0.78 

Mole sugar residue 

After twenty-four hours, the reaction was stopped by the 

addition of ethylene glycol. Sodium ions were removed by 

Passing the solution through a column of Amberlite It 120 (B) 

resin and ladle acid was neutralised with barium carbonate. 

The solution was filtered, the filtrate again treated with 

Amberlite It 120 (B) and concentrated (50 ml). The solution 

was treated with sodium borohydride (500 ag) overnight, excess 

borohydride was destroyed with Amberlite It 120 (B) resin and 

boric acid was removed by repeated distillation with methanol. 

The resulting syrup was bydrolysed to ! sulphuric acid (50 ml) 

at room temperature for three hours. After neutralisation and 

deionisatjon, the solution was concentrated and poured into 

ethanol (7 vol.). The resulting precipitate was removed by 

centrifugation, taken up in water and freeze-dried to give 

degraded gum C (360 mg), (UJD  +19 (c 1.0). 
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Degraded Gun C 

Total hydrolysis gave galactose while partial hydrolysis 

gave 3-0-gaiactopyranosylgalactose and only a snail amount of 

6-0-galactopyranosyigalactose. The gun (10 ag) was oxidised 

with sodium wataperiodate and the reaction was followed 

epectrophotometrically. The final uptake of periodat. was 

0.23 moles per mole of sugar residue. The polysaccharide 

(80 mg) was methylated initially with sodium hydride and 

methyl suiphoxide and finally with methyl iodide and silver 

oxide. Precipitation from light petroleum furnished fully 

methylated degraded gun C (30 mg), [a]D  -16 (c 1.0 in CRC1 ). 

The nethylated gum was methanolysed and the methyl glycosides 

of the following sugars detected by gas-liquid chromatography. 

Table 18 

Cleavage Product. of Methylated Degraded Gum C 

T 
Relative 

Sugars 	 Amount 	Coluun 	Column b 

2,3,4,6 Ms4 galactose 	1 	 1.71 	 1.75 

2,4,6 Me1 galactose 10 3.50, 4.04 3.83, 	4.41 

2,3,4 Met galactose 0.3 6.42 6.91 

2,4 Me3 galactose 1.2 13.5, 15.4 15.4, 	17.7 
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Investigation of Oligosgccharides Released 

during Autohydrolysis 

Meaquitic acid (30 g) was refluxed in water(l.5 L) for 

twenty-four hours. The solution was then cooled, reduced in 

volume and degraded poly.acchartde was precipitated by pouring 

into ethanol (6 vol). A sample of the precipitate was puri-

fied by reprecipitatien and hydrolyzed. Paper chromatographic 

examination of the hydrolyaate indicated the continued pro-

sauce of * substantial proportion of arabia..e residues in 

the degraded gun. The partially degraded gum was again re-

fluxed in water (500 ml) for a further twelve hours and de-

graded polysaccharide was recovered by precipitation with 

ethanol. Hydrolysis of a sample of the precipitate indicated 

the presence of only a snail proportion of arabinose in the 

Sun. The precipitate was redissolved in water and freeze- 

dried to give degraded gum A (7.1 g), [] 	i°  (c 1.0). 

The two supernatant solutions obtained after precipita- 

tion of the degraded polysaccharides were combined and con-

centrated to a syrup. This syrup was applied to a column of 

diethylaminoetbyl Sephadex L-23 (30 g, formats form) and 

allowed to adsorb overnight. Neutral sugars were eluted with 

water (2 1), the solution was concentrated and dried to * 

syrup (15 g). Acidic sugars were desorbed by elutiug the 

columnth 0.3 1 formic acid (1.5 2). Concentration of the 
solution yielded a syrup (35 g). 
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Examination of Neutral Sugars 

Paper chromatographic examination of the neutral sugar 

fraction showed that it contained components with mobilities 

identical to the monosaccharide. -arabiuose, -galactose and 

-rhamnose, together with others of lover nobility staining 

both brown and pink with aniline oxalate spray. 

The fraction (14 g) was adsorbed on a charcoal-celite 

column (300 g). Monosaccharides were removed by eluting the 

column with water (3 2). The column was then aluted with 

water containing increasing concentrations of ethanol. 

Fractious (25 ml) were collected every 1/2 hour. Samples 

(8 ml) from every third tube were treated with Amberlite U 

45 (OH-) resin, evaporated to dryness and examined by paper 

chromatography in solvent I. Appropriate fractions were com-

bined, treated with anion exchange resin and evaporated to 

dryness. 



Table 19 

Eluant 	 Fraction 	 Weight (mg) 	 Contents 

Water 	 1 	 9 g. 	 arabinos., galactose, rhasnose 

0-52 ethanol 	1 	 40 	 oligosaceharide L 

(3 1) 	 2 	 70 	 oligossecharides L, C 

3 	 2-5 	 oligosaceharides L. C o  14, U, S 

4 	 210 	 oligoeaccharidee C, 14, U, 5, A 

32 ethanol. 5 103 oligoasecharides H, N, R 

(1 	1.) 

5-10% ethanol 6 13 oligosaccbsrid.s N o  N 

(3 	1.) 7 50 oligosaccharides 3. T 

24 oligoseecharides 8, T, D 

9 36 oligo.accharidea B. D, F 

10% ethanol 10 200 oligosaecharid.s H, 0 

(2 	9) 

11 135 oligo.accharides, I, Q. F, C 
13% ethanol 

12 46 oligosaccharid.s I, K 
(3 	J) 

13 102 oligosaceharides I. K 

14 72 oligosaceharidse J. K 
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Traction 1. Paper chromatography showed this fraction con-

tained oligosaccharide I., together with a faint trace of 

arabinose. 

Fraction 2. This fraction was sub-fractionated by filter 

sheet chromatography in solvent B into chromatographically 

pure oligosaceheride L (24 ag) and oligosaceharide C (24 ag). 

Fraction 3. Thick paper chromatography in solvent A yielded 

àligos*cchsrides C (87 mg), N (18 ag), B (24 ag)  and $ (18 

ag) together with a mixture which was fractionated in solvent 

B into chromatographically pure oligosaceharides L (16 ag) 

and C (10 mg). 

Fraction 4. Fractionation in solvent I yielded oligosac-

charides C (31 mg), U (71 mg), 8 (14 ag) together with a 

mixture (36 ag). Fractionation of this mixture in solvent 

A gave oligosaceharides N (9 ag) and A (23 ag). 

Fraction 5. 	Thick paper chromatography in solvent A gave 

oligosaccharides B (42 mg),.N (10 ag) and R (6 ag). 

Fraction 6. Separation in solvent A gave oligosaccharideo 

B (3 mg), N (2 ag) and three further small fractions which 

on paper chromatography in solvent B gave several spots each 

and were not investigated further. 

Fraction 7. This was separated in solvent A into two main 

fractions, oligosacebarides T (6 ag) and B (25 ag). Some 

arabinose and slower moving streaking material were dis-

carded. 
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Fraction 8. Fractionation in solvent A gave the chromato-

graphically pure oliosaccbarides 3 (3 *g) and T (4 ag) 

together with a slightly impure fraction containing mainly 

oligosacebaride D (4 ag). 

Fraction 9. Chromatography in solvent A gave oligasaccbarid.s 

B (3 mg), D (8 ag) and a mixture which on subsequent chroma-

tography In solvent B gave as a major component oligosac-

charide P (3 ag), the minor component being discarded. 

Fraction 10. (200 ag) Fractionation in solvent B gave 

oligosaceharides 0 (13 ag) and B (32 ag) together with un-

resolved slower moving material which was not investigated 

further. 

Fraction 11. (135 mg) Separation in solvent B gave four main 

sub-fractious, oligosaccharidee I (26 mg), Q (13 ag), F 

(5 ag) and a further component, oligoaaccharide C (3 ag) 

which did not appear to be homogeneous. 

Fraction 12. (46 ag) This was fractionated in solvent B 

into d.Lgosaccharides I (12 mg) and K (6 ag). 

Fraction 13. (102 mg) Separation in solvent B gave oligo-

saccharides I (10 ag) and K ( 6 mg) plus slower moving 

streaking material. 

Traction 14. (72 ag) Fractionation in solvent B gave 

oligoeaccbaridee J (6 mg) and K (18 mg) together with un-

resolved slow moving material. 

Later fractions were obtained which could not be resolved 

Into chromatographically distinct components and were not 

investigated further. 
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OligosaccharideA (23 ag) [UJD  0 	Cc 0.5) 

R Gal  (A) 1.48, 1GaI  (B) 1.26, Real  (E) 1.23, K0  0.39. 

Rydrolysis gave arabinose only, while partial hydrolysis 

(0.1 N sulphuric acid at 100.  for 1/2 hoer) gave arabinose 

and starting material only. Conparison of the colorinetric 

reaction obtained with the phenol-sulphuric acid reagent 

before and after borohydride reduction showed a decrease in 

Intensity of 52Z. A sample (2 ug) was twice usthylated by 

the Kuhn procedure and the uethanolyeis products examined 

by g.1.c. The methyl glycosides of the following sugars 

were detected. 

2,3,5 tri-O-methylarebinose T(a) 0.48, 0.63 T(b) 0.54, 0.72 

2,5 di-O-*ethylarabiaose 	T(a) 1.49, 2.70 T(b) 1.79, 3.20 

Borohydride reduction of the oligosaccharide (2 mg) 

followed by wethylation by the Kuhn method and g.l.c. of 

the subsequent methanolysate gave peaks with the retention 

times of methyl 2,3,5-tri-O-aethylarabiuose T(b) 0.54, 0.72 

1,2,4,5/1,3,4,5-tetra-O-m.thylarabinitol 	T(b) 0.98. 

The pheflylosasone derivative (3 ag) was prepared, m.p. 212-3°  

[Found: C, 55.0; H, 6.6. C0.1004  requires C, 57.3; 

H, 6.12.] 

Ultra-violet absorption, M 460 (in ethanol) 

A max. 255 up, a 18,000 

A max. 310 up, a 9,800 

1 max. 394 up, a 18,300 
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Oxidation of the pbenylosazone with sodium wetaperiodate 

gave formaldehyde (1.1 moles). No meaoxaldehyde 1,2-

bisphsnylhydrazone was formed. 

OligosaceharideB (25 mg) (UJD  +125 	Cc 0.5) 

1Ca1 (A) 1.40, 1Gal  (i) 1.35, MG  0.4 

This oligosaceharide was chromatographically and electro-

phoretically identical to 3--e--arabinofuranosy1--arabi-

nose. Hydrolysis gave only arabinoee. Comparison of the 

colorimetric reactions obtained on treatment of the sugar 

and derived glycitol with the phenol-sulphuric acid reagent 

showed a decrease in intensity of 532. The sugar gave a 

positive reaction with the tetrazolium spray, while treat-

ment with oxygen-free saturated lime water for twenty-four 

hours gave arabinose as the major reducing product, together 

with a trace of starting material. The methyl glycosides 

of the following sugars were identified by g.l.c. as cleav-

age products of the oligosaccharide after aethylation by 

the Kuhn procedure. 

2,3,5-tri-O-methylarabinose T(a) 0.48, 0.64 T(b) 0.57, 0.72 

2,5-di-O-aethylarabinoee 	T(a) 1.48, 2.68, T(b) 1.74, 3.09 

2,4-di-O-methylarabinose (tr) T(a) 1.86 	T(b) 2.18 

2,3-di--O-methylarabinose (tr) T(a) 1.18 	T(b) 1.48 

These methyl glycosidas were hydrolysed and the products were 

oxidised with bromine water. G.1.c. of the oxidation pro-

ducts showed the presence of 
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2,3, 5-tri-0-aethylarabonolactona 	T (b) 1.79 

2 ,5-di-0-aethylarabonolactone 	T (b) 14.3 

2,3-di-0-methylarabonolactona (tr) 	T(b) 7.98. 

Methylation of the oligosaceharide glycitol by the Kuhn 

method followed by g.1.c. of the cleavage products identified 

methyl 2,3,5-tri-0-methylarabinoeide 	T(a) 0.48, 0.64 

1,2,4,3/1,3,4,5-tstra-0-meehylarabinjtol 	T(a) 0.91 

methyl 2,3-di-0-aethylarabinoside (tr) 	T(a) 1.18, 1.48. 

The phenylosazone derivative had m.p. 2157, mixed m.p. 

205 - with the phenylosuone of oligosaceharide A (m.p. 

212-3) 

Ultra-violet absorption 14 460 (in ethanol) 

A max. 255 mba, c 20,100 

A max. 309 up, £ 12,100 

A max. 390 m1, c 22,200 

Oxidation of the osazone with periodate gave formaldehyde 

(0.85 noise) and no aesoxaldehyde 1,2-bispheny1bydrazone. 

Oligosaccharide C (150 mg) [U]D  +154 	(e 0.03) 

R1 	(A) 0.73, R Cal  (') 0.32, N 0.62 

The oligoaaccharide was chromatographically identical to 

3-0-6-2-galactopyranosy1-karabinose while hydrolysis gave 

galactose and arabinose. Alkaline degradation resulted in 

the disappearance of the oligosaceharide and the liberation 

of galactose. The o1igoeacharide (2 mg) was aetbylated by 

the Kuhn procedure and the methanolysis products examined 
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by g.3.c. The wethyl glycosides of the following sugars 

were detected. 

2,3,4 ,6-tetra--0-wetbylgal.actose 	T(a) 1.76 

2,3-di-0-a.thylarabinoee 	T(a) 1.49, 2.73 

The oligo.accharide glycitol was similarly methylated and 

the following cleavage products detected by g.1.c. 

aethyl 2,3,4,6-tetra-0-aethylgalacto.ida T(a) 1.77 

1,2,4,5/1,3,4,5-t.tra-9-wethylarabinitol 	T(a) 0.91 

The phenylosazone derivative of the oligosaccharide had 

w.p. 232-3 and mixed a.p. 233 [with authentic sample (w.p. 

235')]. 

Ultra-violet absorption 14 460 (in e thano3.) 

A wax. 257 up, e 18,000 

A wax. 310 a, c 10,800 

A wax. 394 up. £ 20,500 

Oxidation of this derivative with sodium wetaperiodate 

yielded formaldehyde (1.0 moles) and no aesoxaldehyde, 192- 

bi.pheny1bydrazon.. 

Qligosaccharide D (12 mg) 

"Gal (A) 0.53, Raj  (B) 0.30. Solvent A showed the 

presence of a small amount of impurity at 10a1  0.67. 

Partial hydrolysis in 0.02 i sulphuric acid at 100 for 

one hour gave galactose, arabinosa and 3-0---ga1actopy- 

ranoeyl--arabinose. Similar reducing sugars were detected 

as partial hydrolysis products of the oligosaccharide glycitol. 
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Treatment of the oligosaceharide (2 mg) with oxygen-fr.e 

line water for 5 days followed by paper chromatographic 

examination of the products shoved galactose and traces of 

other reducing sugars, but no starting material. The 

oligoaacchnrid. (1 ag) was aethylated by Kuhn's procedure 

and the product nethanolysed Peaks with the retention 

tie.s of the wethyl glycosides of the following sugars were 

obtained by g.1.c. 

2,3,4 ,6-tatra-O-nethylgalacto.e 	T(a) 1.74 

205-41-0-nethylerablnos. 	 T(a) 1.50, 270 

	

20,5-tri-Oaethylarabino*. (ti) 	T(a) 0.500  0.63 

	

2.3,4-tri-O-aethylarabino.e (tr) 	T(a) 0.89 

	

3,5-di-O-a.thylarabinoae (tr) 	T(a) (0.89), 1.93 

Oligoucch*ride E (32 Mg) 1u3 +64 	( 1.0) 

Gal (A) 0.72, tGal () 0.24. Oligosacchsride D was also 

present as a vary minor impurity. 

Partial hydrolysis of the oligosacchartde in 0.02 j sul-

phuric acid at 100 for one hour gave galactose, arabinos. 

and 3-0-a--ga1actopyrznosyl--arabinose. Borobydrido 

reduction of the oligosacebaride followed by hydrolysis 

under similar conditions gave galactose, arabinoas and 

virtually no galactosylerabinos.. Treatment of the oligo 

aaccbaride and derived glycitol with the phenol-sulphuric 

said reagents showed a decrease in the intensity of the re- 

action with the glycitol of 31% compared to the sugar. The 
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sugar (2 ag) was methylated by the Kuhn method, metbanolysed 

and the products were examined by $el.C. The methyl glyco-

sides of the following methylated sugars were identified. 

2,3,5-tri-0-aethylarabinoee 	T(a) 0.50, 0.64 

2,5-di-0-aetbylarabinose 	T(a) 1.48, 2.67 

2,3,4-tri-0-metbylgalactose 	T(a) 6.40 

2,3,4,6-tetra-0-methylgalactose (tr) T(a) 1.76 

£ sample of the derived glycitol (2 mg) was similarly 

methylated. The following cleavage products were identified 

by g.1.c. 

methyl 2,3,5-tri-0-metbylarabinoside T(a) 0.40, 0.64 T(b)0.540.71 

methyl 2,3,4-tri-O-aetbylgalactoeide T(a) 6.40 T(b) 6.90 

1,24,5/1,3,4,3-tetra-0-aethylarabinito1 T(a) 0.90 T(b) 0.97 

methyl 2,3,4,6-tetra-0-aethylgalactoaide (tr) T(a) 1.76 T(b) (148Q 

methyl 2,5-di-O-aethylarsbinoside (tr) T(s) 1.50 	T(b) (1.80) 

Oligosscch&ride F (5 mg) IC&]D  +30 	(c 0.5) 

R 1  (A) 0.69, Ga1  (3) 0.20 

Partial hydrolysis of the oligosaccbaride gave galactose, 

arabinose and 3-0---galactopyranosyl--arabinose together 

with a component with chromatographic mobility similar to 

oligoeaccharide R. Hydrolysis of the derived glycitol under 

similar conditions gave galactose, arabino.e, and 3-0-a--

ga1actopyranoey1--arabinose as the only detectable reducing 

sugars. 

A sample of the oiigo.accbaride (0.5 mg) was methylated 
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by the Kuhn procedure. The methyl glycosides of the fol-

lowing sugars were detected by g.1.c. as cleavage products 

of the methylated oligosaceharide. 

2,3,5-tri-0-nethylarabinoee T(a) 0.50, 0.65 T(b) 0.55, 0.72 

2,3,4-tri-0-netbylgalectoee T(a) 6.47 	T(b) 6.70 

2,5-di-0-nethylarabino.e 	T(a) 1.50, 2.74 T(b) 1.80 

3,5-di-0-aethylarabinose (tr) T(a) 0.88)  1.98 T(b) 1.03, 2.33 

2,3-di-0-methylarabinose (tr) T(a) 1.21,(1.50) T(b) 1.50,(180) 

Methylation of a similar quantity of the derived glycitol 

was followed by g.l.c. analysis of the cleavage product.. 

Methyl glycosides of the following sugars more detected. 

and 1,2,4 05/1,3,4,5-tetra-0-*ethylarabjnjtol 

2,3, 5-tri-0-aethylarsbinoa. 

2,3, 4-tri-0-metbylgalactose 

2, 5-di-O-metliylarab  inoee 

3 ,5-di-0-methylarsbino.e (tr) 

2, 3-di-0-aethylarabiuos. (tr) 

T(a) 0.49, 0.64 

T(a) 6.43 

T(a) 1.49 

T(a)(0.91), 1.98 

T(a) 1.21, (1.49) 

T(a) 0.91 

Olizosaccbaride C, (3 *g) 

Rf;]  (B) 0.09. Chromatography in solvent A gave an elongated 

spot indicating the fraction was not homogeneous. Partial 

hydrolysis gave galactose, arabinose, 3-0-u--galactopyrano-

syl--arabinose together with higher oligoaaccharidea. The 

methyl glycosides of the following sugars were detected as 

cleavage products from the methylated derivative. 
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2,3,3-tri-0-aethylarabinose T(a) 0.50, 0.66 

2,3,4,6-tetra-0-uethylgalactose T(a) 1.77 

2,3 ,4-tri-0-aethylgalacto.e T(a) 6.39 

2,3-di-0-aetbylarabinose T(a) 1.51, 	2,71 

3,5-di-0-.ethylar*bimoae (tr) T(a) 0.90, 1.98 

2,3-di-0-aethylarabino.. (tr) T(a) 1.21, 	(1.31) 

Oligoeaccharide U (137 as) 1°3D  +101 	(c 1.0) 

1Cal (A) 1.44, R051  (1) 1.36, IGal  (K) 1.23, MG  0.29 

Rydroly.is  of the oligoascebaride gay, only arabinose. 

Measurement of the sugar content by the phenol-sulphuric 

acid method before and after reduction shoved that 491 of the 

sugar content was removed by reduction. A sample (2 ag) of 

the oligosaceharida was aetbylated by the Kuhn procedure and 

metbanolysed. The methyl glycosides of the following sugars, 

were detected by g.1.c. 

23 ,5-tri-O-methylarabinose 	T(a) 0.48, 0.63 T(b) 0.56, 0.73 

3, 5-di-O-aethylarabinose 	T(a) 0.83, 1.99 T(b) 1.04, 2.37 

39  4-di-O-aethylarabinoae 	T(a) 1.57, 3.30 T(b) 1.99, 4.20 

A further sample was aethylated as before, hydrolysed and 

the hydrolysate oxidised with bromine water. G.l.c. of the 

oxidation products showed the presence of the following sugar 

derivatives. 

2,3, S-tri-O-methylarabenolac ton. T(b) 1.74 

3, 5-di-O-methylarabonolactone 	T(b) 5.52 

3 ,4-di-O-methylarabouolactone 	T(b) 10.70 

2,3-d1-0-aethylarabonolactone (tr) T(b) 8.14 
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The sugar (2 mg) was reduced with sodium borohydride and 

methylated. The methylated glycitol was methanolysed 

and the following products identified by gl.c. 

methyl 2,35-tr1-0-aethylsrabinos1de T(a) 0.48, 0.63 

1,2,4,5/1,3,4,5-tetra-0-.ethylarabinitol 	T(a) 0.90 

The oligosaceharids (40 ag) was usthylated with methyl 

sulphate and 302 sodium hydroxide solution. The product 

was finally refluzed in methyl iodide with silver oxide to 

ensure complete aetbylation and hydrolysed. The hydrolysis 

products were fractionated by thick paper chromatography in 

solvent E into two main fractions. 

Fraction 1 (12 eg). This fraction was characterised as 

2,3,3-tri-O-a.thy1--srsbinose by conversion of the sugar 

to the corresponding derived aldonolactone, followed by 

treatment of this product with nethanolic ammonia which 

gave, on evaporation of the solvent, 2,3,5-tr1-O-methyl--

arabonawide, a.p.135-6 and mixed np. 135-6' (with sample, 

n.p. 137-8'). 

Fraction 2 (14 ng). This traction was identified as 34-

di-0-metbyl-arabtnose. The sugar was oxidised with bromine 

water and the derived sidonolactone treated with aethanolic 

ammonia, Evaporation of the solvent gave a syrup which 

crystallised on seeding with 3,4-di-O-aethyl--arabonamide 

and had a.p. 123-3' and mixed np. 124-5' (with sample, m.p. 

127-8'). 
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Oligosaccharide 0 (10 mg) was treated with oxygen-free 

saturated Use water for 10 days. The solution was then 

neutralised with Amberlit. U 120 (E) resin, filtered and 

concentrated. taper chromatography revealed the presence 

of two components, both staining pink with aniline oxalate 

spray. These were separated preparatively by chromatography 

in solvent B. 

OligosaccharideHl (4.2 ag) This was chronatographi-

cally similar to the starting material and on hydrolysis 

Save arabinose. A sample was methylated, aechanolysed and 

the products examined by g.1.c. The methyl glycosides of 

the following compounds were recognised. 

2,3, 3-tri-O-nethylarabinose 
	T(a) 0.48, 064 T(b) 0.57, 0.73 

3, 5-di-O-a.thylarabinose 
	

T(A) 0.83, 2.00 T(b) 1.05, 2.40 

3 4-di-O-netbylarabinose 
	T(a) 1.37, 3.29 T(b) 2.02, 4.20 

Oligesaccharide 02 (2.0 ag) RGC1  (A) 1.68, 0Gal  (a) 1.66. 

Hydrolysis of the sugar gave arabinose and ribose. The 

remainder of the sample was aetbylated by the Kuhn method and 

the methanolysis products examined by g.1.c. Peaks with the 

retention times of methyl 2 ,3,5-tri-O-methylarabinoside 

[T(a) 0.48, 0.641 together with several other unidentified 

peaks were obtained. 

Oligosaccharide 0 (5 ag) was treated with lead tetra-

acetate (1.5 mole) in aqueous acetic acid (1 ml) for twenty 

minutes. Lead was precipitated by treatment with hydrogen 
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suiphide and the solution was filtered and concentrated. 

The syrup was redissolved in saturated line water. After 

three hours the solution was neutraijeed with Anberlit. 

II 120 (H) resin, filtered and concentrated. Paper chrona-

tographic examination of the resulting syrup shoved the 

presence of only one component, with chromatographic mobi- 

lity identical to the original oligosaceharide. Hydrolysis 

Of a •saple gave only arabinose. A further saapls of the 

tetra-acetate treated sugar was reduced with potassium bore- 

hydride and hydrolysed. Paper chromatography showed the 

presence in the hydrolysat* of arabinose and arabinitol only. 

Oligosaccharjd. I (48 ag) [aID  +98 	Cc 1.0). 

Rc51  (A) 1.29, Rci (B) 0.81 

Hydrolysis of the oligosaccbaride gave erabinose while 

partial hydrolysis in 0.02 A sulphuric acid at 100 for one 

hour gave arabinose and oligosaccharid, H. Smiler products 

were observed after partial hydrolysis of the derived glyci-

tol. Oligoeaccharjde I gave a negative colour reaction with 

the tetrasoliun spray reagent. Comparison of the colorinetric 

reactions of the oligosacebaride and glycitol with the phenol-

sulphuric acid reagents showed a decrease in the intensity 

of the reaction with the glycitol of 301. 

The oligosaccharid. (2 ag) was nethylated by the Kuhn 

method and nethanolysed. O1.c, examination shoved the pre-

sence in the nethanolysate of 
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methyl 2,3,5-tri-0-methylarabinosid. T(s) 0.50, 0.65 T(b) 0.35, 0.72 

methyl 303-di-0-methylarabino.ide 	T(a) 0.84, 1.99 T(b) 1.04, 2.35 

Ole. of the methanolysis products of the methylated glycitol 

showed the presence of 

methyl 2,3,3-tri-0-msthylarabinoside T(a) 0.48, 0.66 T(b) 0.55, 0.71 

methyl 3,5-di-0-aetbylsrabinoside T(m) 0.83, 1.98 T(b) (1.01),2.36 

l,2,4,5/1,3,4,5-tetra-0-a.thylarsbinitol T(a) 0.90 T(b) (1.01). 

Oligosaceharids .1 (6 mg) 

1Gal (A) 1.20, ft  051  (1) 0.55 

Hydrolysis gave erabinose while partial hydrolysis in 0.02 

sulphuric acid at 100 for 3/4 hour gay, products with the 

paper chromatographic mobilities of arabinos., oligosaceharide 

H and oligosaceharide I. Comparison of the colorimetric re-

actions of the oligosaccharide and derived glycitol showed a 

decrease in the intensity of the reaction with the glycitol 

of 25.32. The oiigosaccbsrid. (1 ag) was methylated by the 

Kuhn procedure. Examination of the methanolysis products 

by g.1.c. showed the presence of the methyl glycosides of the 

following compounds. 

2,3,5-tri-O-aethylarabinos. 	T(*) 0.4$, 0.64 

3,5-di-O-methylarsbinos. 	 T(a) 0.83, 1.95 

3,4-di-O-aethylarabinos. (tr) 	T(a) 1.53 

23-di-O-methylar*binose (tr) 	T(a) 1.18, 1.30 

The oligosaccharid. glycitol (1 mg) was methylated by the 

Kuhn method and the following methanolysis products were de- 
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totted by &.1.c. 

methyl 2,3,5-tri-0-methylarabinoeide 	T(a) 0.48, 0.66 

methyl 3 05-di-0-m.thylarabiaoside 	T(a) 0.83, 1.95 

l,2,4,5/1,3,4,5-tetra-0-methylarabinitol 	T(a) 0.91 

methyl 2,3-di-0-methylarabino.1de 	 T(a) 1.18 0  1.49 

Oligosaccharide K (30 mg) 	1D +121' ( 1.0) 

k011  (A) 1.14, R Gal  (8) 0.32 

Hydrolysis gave arabino.s only, while partial hydrolysis in 

0.02 1 sulphuric acid at 100.  for 3/4 hour gave, on paper 

chromatographic examination, arabinose and oligoseecharides 

B, I and J. The intensity of the colorimetric reaction ob-

tained on treatment of the oligosaceharid* glycitol with the 

phenol-sulphuric acid reagent was 18.5% less than the re-

action with a similar weight of oligosaceharide. 

The oligeeaccharide (2 mg) was aethylated by Kuhn's 

procedure and the methanolysis products examined by &.1.c. 

Methyl glycosidee of the following sugar, were detected. 

2,3 ,3-tri-O-aethylarabinoe. 	T(a) 0.49, 0.64 T(b) 0.35, 0.72 

3, 5-di-O-aethylarabiaos. 	T(a) 0.82, 1.97 T(b) 1.04, 2.35 

3,4-di-0-0ethylarabiuos. (tr) T(a) 1.34, 3.30 T(b) 1.97, 4.10 

2,3-di-O-methylarabinose (tr) T(a) 1.19 9  1.53 T(b) 1.49, 1.84 

The derived glycitol was similarly aethylated and the 

following cleavage products were identified by g.1.c. 

methyl 2,3,5-tri-O-*eehylarabinoside T(a) 0.50, 0.64 

methyl 3,5-41-0-methylarabinoside 	f(s) 0.83, 1.94 

1,2,4 ,5/l,3,4,5-tetra-O-.ethylarabtnitol T(a) 0.88 
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Oliaosaccharide 1. (94 as) [aID  +156 	(!. 0•5) 

cal (A) 0.860 1Cal  (g) 0.73, M0  0.61 

The oligesaccharide was chromatographically identical to 

3-0-8--arabinopyranosyl-'-arabinose. Hydrolysis gave 

arabinose only. Treatment of the sugar before and after 

borohydrids reduction with the phenol-sulphuric acid reagent 

Sava * decrease of 49Z in the intensity of the calorimetric 

reaction obtained with the glycitol. Treatment with oxygen-

free saturated line water degraded the oligosaccbsride, 

while the sugar gave * positive reaction with the tetra-

solium spray reagent. 

A sample (2 ag) was m.thylatsd by the luhu method. The 

following methanolysis products were detected by g.1.c. 

methyl 2,3,4-tri-O-aethylarabinoside T(a) 0.88 T(b) 1.04 

methyl 2,5-di-O-methylarabinoside 	T(a) 1.32, 2.74 T(b) 3.20 

The derived glycitol was aethylated and the following cleavage 

products were identified by g.1.c. 

methyl 2 ,3,4-tri-O-aethylarabinoside 	) 
) T(a) 0.88 T(b) 1.04 

1,2,45/1,3,4,5-tetra-0-metbylarabinitol ) 

The pbenylosasone derivative of the oligosaccharide was pre- 

pared, a.p. 233-4'. 

Ultra-violet absorption, M 460 (in ethanol) 

A max. 256 ap, a 23,100 

A max 309 mu, a 12,400 

1 max. 393 mu, a 22,500 
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Periodate oxidation of the osazon* gave formaldehyde (1.1 

solos) but no aesoxaldehyde 1,2-bisphenylhydrazone. 

Oligosaceberide M (27 mg) [OlD  +6 	Cc 0.0$) 

1c.i (A) 1.28, R81  (B) 1.07, Mc  0. 

Electrophoresis in borate buffer showed the additional pre-

sence of three amer mobile components. Hydrolysis of the 

oligouccharide gave arabinos.. 

The oligosaceharide (2 ag) was aethylated twice by the 

Kuhn procedure. The aethylated derivative was aethauoly.ed 

and the following cleavage products were identified, as 

methyl glycoside., by g.l.c. 

2,3,3-tri-O-aetbylarabino.e 	T(a) 0.48, 0.64 T(b) 0.55, 0.72 

2,3-di-O-a.thylarabino.. 	T(a) 1.18, 1.45 T(b) 1.48 91.67,1.82 

2,3,4-tri-O-a.thylarabino.e (tr) T(a) 0.89 	T(b) 1.02 

2,5-di-O-aethylarabinose (tr) T(a) 1.50, 2.70 T(b) (1.82) 

3,5-di-O-*ethylarabino.e (tr) T(a)(0.89),1.97 T(b) 1.02, 2.34 

A further sample of the oligossccharide (2 mg) was reduced 

with sodium borohydride and the derived glycitol was aethy-

lated by the Zuba procedure. The product was hydrolysed and 

the following compounds were identified by g.l.c. 

2,3,3-tri-O-uethylsrabinose 	 T(b) 2.23 

2,3,4-tri-O-aethylarabino.e (tr) 	 T(b) 3.17 

1,2 ,3,5/1,2,3,4-tetra-O-aethylarabinitol 	T(b) 1.12 

1,3,4,5/1,2,4,5-tetrs-0-aethylarabinitol(tr) T(b) 1.00 
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The oligosaccharide (4 ug) was treated with bromine 

water (10 ml) in the dark for four days. Excess bromine 

was removed by aeration and the solution was neutralised 

with silver carbonate. After filtration, the solution was 

treated with hydrogen sulphide, precipitated silver sulphide 

was removed by filtration and the filtrate was evaporated 

to dryness. The oxidised oligosaccharide thus obtained was 

eethylat.d twice by the Kuhn procedure. The methylated 

product was taken up in a solution (5 ml) of sodium hydroxide 

(pR 12). After two hours the solution was acidified with 2 

sulphuric acid (5 *1) and heated at 100°  for four hours. 

After neutralisation and deionisation, the solution was 

evaporated to dryness, the residue was extracted with acetone 

and this solution was examined by g.I.c. The products identi-

fied were 

2,3,5-tri-O-methylarabinose 	 T(a) 1.78 T(b) 2.20 

2,3,4-tri-O-aethylarabinos. (tr) 	T(a) 2.49 T(b) 3.14 

2,3,5-tri-O-nethylarabonolactoue 	T(a) 1.40 T(b) 1.77. 

The phenylosazone derivative was prepared but not ob-

tained crystalline. It was purified by t.1.c. in solvent (3). 

Ultra-violet absorption (in ethanol) 

A max. 390 m, (c 20,000 assumed) 

A max. 307 mp, c 11,700 

A max. 256 m1, c 18,900 

The phenylosazon. (0.306 as in I ml water) (concentration 

determined by u.v. absorption at 390 *a) was oxidised with 
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0.003 V sodium aetaperiodate (1 *1). 

After one hour, periodate consumed 1.8 soles 

fromaidehyds formed 0.046 soles 

No sesoxaldehyde 1,2-bisphenylbydrazone wes observed, either 

visually or by U.V. spectroscopy, 

Oligosacebarid, N (12 mg) (UID  +86 	(c 0.5) 

L051  (A) 1.28, Rci  (3) 1.19 0  Mc  0. 

Hydrolysis of the oiigosaccharide gave arabinose while treat- 

mast with oxygen-free lime water resulted in the destruction 

of the oligossccharide and the appearance of arabinose. 

The oligosaceharid. (2 as) was methylated by the Kuhn 

method. The following components were identified by g.ic. 

as cleavage products from the methylated derivative. 

methyl 2,3,5-tri-0-methylarabino.ide T(a) 0.49 0  0.83 T(b) 0.53, 0.72 

methyl 2,3-di-O-methylarabinoeide 	T(a) 1.20, 1.47 T(b) 1.47 0  1.80 

These glycosides were then hydrolysed and the aethyicted 

sugars were oxidised with bromine water. C.1.c. confirmed 

the identity of the products as 

2,3, 5-tri-O--metbylarabonolactone 	T(b) 1.74 

2, 3-di-O-methylarabonolactone 	T(b) 7.90. 

A sample of the oligosaceharide (2 mg) was converted 

to the glycitol and the product was methylated. The methanoly- 

sia products were identified by g.1.c. a. 

methyl 2,3,3-tri-O-*ethylara1ino.ids T(b) 0.55, 0.72 

1,2 ,3,4/l,2,3,5-tetra-O-aethylarabiuitol T(b) 1.11. 
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The sequence of reactions, involving oxidation and 

methylaticu, performed an oligosaceharids N was also ap- 

plied to this oligosacebaride (3 ag). C.l.c. examination 

of the hydrolysis products showed the presence of 

2,3, 5-tri-0-methylarabinoae 
	 T(b) 2.20 

2,3,5-tri-O-methylsrabenolactone 	T(b) 1.77. 

Oligouech*rids 0 (13 ag) tD  +40 (A 10) 

R Gal 	 Cal (A) 1.32, 1 	(n) 0.78 

Partial hydrolysis of the oligoeaecharide gave arabinosa 

and a trace of a component with nobility identical to that 

of 3-0---arabinopyranosy1---arabinose. Comparison of 

the calorimetric reactions of the oligosaccharide and derived 

glycitol with the phenol-sulphuric acid reagent showed a de- 

crease in the intensity of the reaction with the glycitol of 

402. 

The oligo.accharide (2 mg) was wathylated by the Kahn 

method and methanolysed. The methyl glycosides of the 

following sugars were identified by g.1.c. 

2,3 ,5-tri-O-methylarabinoee 
	T(a) 0.48, 0.61 

2, 3-di-O-aethylarabinoee 
	 T(a) 1.14, (1.46) 

5-di-O-methylarabinose 
	

T(a) (1.46) 

5-di-O-aethylarabinoae (tr) 
	

T(a) 0.83, 1.90 

This aethanolyaats was by'drolyeed and the methylated sugars 

ozidieed with bromine water. The following products were 

identified by g.1.c. 
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2,3 ,5-tri-0-msthylarabonolactons t(s) 1.51 

2 .3-di-O-*.thylarabonolactona T(a) 6.40 

2,5-41-0-methylarabouolactone T(a) 14.20 

3,5-di-0-aethylarabonolaetone (tr) T(a) 4.51 

The derived oligoeaccharide glycitol was sethylated and 

the following cleavage products were detected by g.1.c. 

methyl 2,3,5-tri-0-a.thylarabiueside T(a) 0.49, 0.62 

aethyl 2,3-di-0-aethylsrabinoside T(a) 1.15, 	1.43 

1,2,4,5/1,3,4,3-tstra-9-nethylarabinitol r(s) 0.87 

methyl 3,5-di-O-nethylarabinoside (tr) T(s) 1.90 

Oligosaccharide P (3 ag) 

1ci 	(A) 1.12, R Cal  (1) 0.56 

The =ethyl glycosides of the following sugars wet* detected 

by g.1.c. as cleavage products from the methylated eligo-

saccharide. 

2,3 ,3-tri-O-aethylarsbinose 	T(a) 0.49, 0.62 

3-di-O-aethylarsb moss 	T(a) 1.17, (1.47) 

2 ,3-di-O-aethylarabiuoae 	T(a)(1.47) 

3-diO-nstbylarsb ins.. 	T(a) 0.83, 1.96 

The derived glycitol was a.thylated and nothanolysod. 

The products were identified by g.l.c. as 

aetbyl 2,3,3-tri-O-asthylarabinoside 	T(a) 0.48, 0.62 

aetbyl 23-di-0-*.thylarabin.side 	T(a) 1.14 0  1.41 

methyl 3,5-di-O-methylarabiaosid. 	T(a) 0.81, 1.86 

1,2,4,3/1,3,4 ,5-tetrg-O-aethylarabiuitol T(a) 0.86. 



216. 

Treatment of a sample of the oligosaccharide (2 mg) 

with oxygen-free saturated lime water resulted in degrada-

tion of the sugar and the appearance of an oligosaccharide 

with chromatographic mobility identical to that of 2-0-0- 

-arabinofuranosy1-J-arabinose (oligosaccharide 0). 

Oligosaccharide Q  (13 mg) 11D +30' Cc 1.0) 

Gal 
	(A) 1.02, & Cal (B) 0.37 

Partial hydrolysis gave arabinose and components with 

chromatographic mobilities similar to those of 3-0-0--

arabiuopyranosy1--arabinose and oligosaceharides 0 and P. 

Partial hydrolysis of the derived glycitol gave arabinose 

as the only detected reducing sugar. Treatment of the 

oligosaccharide with oxygen-free saturated lime water de-

graded the sugar and liberated oligosaccharide I (Araf 1+2 

Araf 1+2 Ara). Comparison of the intensities of the colon-

metric reactions of the sugar and derived glycitol with the 

phenol-sulphuric acid reagent shoved a decrease in the in-

tensity of the reaction with the glycitol of 241. 

The oligosaccharide (2 mg) was aethylated by the Kuhn 

procedure and the product was methanolysed. The methyl 

glycosides of the following sugars were detected by g.l.c. 

2,3 ,5-tni-O-aetbylarabinose 
	T(a) 0.47, 0.62 T(b) 0.57, 0.73 

3, 5-di-O-metbylarabino.e 
	 T(a) 0.85, 1.99 T(b) 1.05, 2.30 

2 ,5-di-O-aethylarabinou 
	 T(a)(1.44),2.70 T(b)(1.82),3.20 

2, 3-di-O-sethylarabinou 
	 T(a) 1.16,(1.44)T(b) 1.52,(1.82) 
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A further sample of the oligosaccharide was twice 

methylated by the Kuhn method, the methylated derivative 

was hydrolysed and the products were oxidised with bromine 

water. The following sugar derivatives vera detected by 

g. 1.c. 

2,3,5-tri-0-wstbylarabonolactone T(b) 1.78 

3,5-di-0-aethylarabonolaetone T(b) 3.40 

2 ,5-di-0-methylar'abonolacton. T(b) 	14.0 

2,3-di-0-uethylarabonolactone T(b) 7.83 

The derived oligo.accharide glycitol was twice methy-

lated by the Kuhn method. The product was hydrolysed, and 

after oxidation with bromine water, the following sugar 

derivatives were identified by g.1.c. 

2,3,3-tri-O-methylarabonolactone T(a) 1.43 T(b) 	1.72 

3,5-di-0-methylarabonolacton. T(a) 4.45 T(b) 3.35 

2,3-di-0-methylarabonolactone T(a) 6.35 T(b) 7.89 

1,2,4,5/1,3,4,5-t.tra-0-methylarabinitol T(a) 0.92 T(b) 0.99 

Oligosaccharide R (6 mg) 

Rci (A) 0.43, KC1  (1) 0.30 

This oligosaccharida was chromatographically identical to 

3-O---galactopyranoey1-galaeto.e. Bydrolysis gave only 

galactose. The oligosaccharide (2 mg) was aethylated by the 

kuhn procedure and the cleavage products identified by g.1.co 

as the methyl glycosides of 



218. 

2,3,4,6-tetra-0-aethylgalactose I(s) 1.78 	1(b) 1.78 

2,4,6-tri-0-aethylgalactoee 	T(a) 3.48, 3.98 1(b) 3.84, 4.44 

2,5,6-tri-0-aethylgalactos. 	T(a) 4.85 	1(b) 4.09. 

Oligosaccharide $ (32 	[a]D  +23' (c 1.0) 

Rc51 (A) 0.38, R Cal  (B) 0.31 

The sugar was chromatographically identical to 

g*lsctopyranosyl-D-galactose, while hydrolysis gave only 

galactose. £ sample (5 ag) was methylated by the Haworth 

procedure. The methanolysis products from the aethylated 

sugar were identified by g.1.c. as 

methyl 2,3,46-t.tra-0-methylgalactoside 	1(a) 1.79 

methyl 2,3,4-tri--0-methylgalactoside 	 T(a) 6.41. 

The cleavage products from the methylated oligosacchsride 

glycitol were identified by g.l.c. as 

methyl 2,3,4,6-tetra-0--*ethylgalactoside 1(b) 1.77 

1,2,3,45-penta-O-methylgalactitel 	1(b) 3.72. 

Oligosacebaride 1 (10 ag) 11D  +17' (c 10) 

Cal (A) 0.11, R 51 (B) 0.10. 

The oligosaccharide was chromatographically identical to 

1---ga1actopyranosyl-(1 • 6)-O--ga1actopyranoay1-(1 • 6)-

2-galactose. Partial hydrolysis gave 6-0-0-2-galactopyrano-

sy1--ga1actose, galactose and a trace of arabinose. 

Comparison of the coloriaetric reaction obtained on treat-

ment of sugar and glycitol with the phenol-sulphuric acid 

reagent showed a decrease in the intensity of the reaction 
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obtained with the glycitol of 312. 

Metbano]ysie of the Kuhn m.thylat.d oligossecharida 

furnished the methyl glycosides of 

23,4,6-tetra-0-methylgalactos. T(b) 1.80 

2,3,4-tri-Omethylgalactose 	T(b) 6.85 

2,3,5-tri-0-methylgelactoee 	T(b) 4.13. 

The oligosaccharide glycitol was similarly methylated 

and the following cleavage products were detected by g.l.c. 

methyl 2,3,4,6-tetra-0-methylgalectoaid3 T(a) 1.75 T(b) 1.79 

methyl 2,3,4-tri-0-m.thylgalactoeide 	T(a) 6.40 T(b) 6.90 

1,2,3,4,5-penta--0-metbylgalactito1 	T(a) 3.90 T(b) 3.72 

Examination of the Acidic Sugars 

Chromatographic examination of the fraction in solvents 

B and C showed the presence mainly of oligosaccharides already 

characterised as partial acid hydrolysis products. The 

syrup was separated by filter sheet chromatography in solvent 

C into the following components. 

Fraction 1 (55 mg) R 51 () 0.76 

This fraction was chromatographically identical to 

oligouccharide 1. Borohydride reduction of the derived 

methyl eater methyl glyeoedss followed by hydrolysis gave 

galactose and 4-0-methyiglucos.. 

Fraction 2 (104 mg) R Cal  (B) 0.67 

The fraction was chromatographically identical to eligo-

saccharide II. Borohydrids reduction of the derived methyl 
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ester methyl glycosides followed by hydrolysis gave galac-

tose and 4-0-methylgiucose. The sugar (3 ag) was methylated 

by the Kuhn procedure. Gas-liquid chromatography of the 

aethanolycis products gave peaks with the retention times of 

the methyl glycosides of 2,3,4-tri-!-nethylglucuronic acid 

(as methyl ester) and 2 03,5- and 2,3,4-tri-0-aethylgalactose. 

Fraction_3 (83 ag). This was further fractionated by chroma- 

tography in solvent B. 

Sub-fraction 3* (22 ag) R Cal  (B) 0.25 

The sugar was chromatographically identical to oligo- 

sacebaride III and on hydrolysis gave glucurons and galac-

tose* Reduction of the derived methyl ester methyl glyco-

sides with borohydride followed by hydrolysis gave glucose 

and galactose. 

Sub-faction 3b (37 ag) 1Ga1  (3) 0.13 

This was identical on paper chromatography to oligo.ac- 

charide V. Hydrolysis of the borohydride reduced methyl 

ester methyl glycosides gave 4-0-aethylgiucose and galac-

tose. Partial hydrolysis of the oligossecharide gave 

acid)1-galactoss 

and galactose. 

Fraction 4 (42 ag) tCal (3) 0.07. Further fractionated by 

electrophoresis. 

Sub-fraction 4* (12 ag) 

This sub-fraction was chromatographically similar to 

oligosaccharide VI and on partial hydrolysis gave galactose, 
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aldobiouronic acid It and III and the trisaccbaride V. 

Sub-fraction-4b (17 as) 

Partial hydrolysis gave the same products as were ob-

tamed from sub-fraction 4*, together with arabinose. 

lorobydride reduction of sub-fraction 4b followed by hydro-

lysis gave arabinose, galactose, galactitol and the aide-

biouronic acids It and III. 

Fraction 5 (29 ug) R Col  (C) 0.22 

The fraction was homogeneous on paper chromatography, 

with mobility similar to that of oligo.accharide VII, but 

was further fractionated by electrophoresis. 

Sub-fraction 4* (8 ag) 

Partial hydrolysis gave galactose, aldobiotaronic acids 

1, It and III and trisaccharide V. 

Sub-fraction 4b (6 mg) 

Hydrolysis gave arabinoas, galactose and 6-0-(4-0-metbyl-

$-R-slucopyraaosyluronic acid)-2-galactose. Hydrolysis of 

the glycitol gave galactitol in addition. The sub-fraction 

was aetbylated by the Kuhn procedure and the aetbanolysis 

products examined by g.1.c. The methyl glycosides of the 

following sugars were identified. 

Sugars 
	 T(a) 

2,3,5 Me arabtnose 	 0.49, 0.63 

2,3,4,6 $e, galactose 	 1.77 

2,3,4 Not glucuronic acid 	2.30, 3.10 

2,3,4 Ms1 galactose 	 6.36 



222 

sugars (cont'd) 	 T(a) 

2,4,6 Me1 galactose 	 3.48, 3.95  

2,5,6 Has galactose 	 4.85 

Sub-fraction Sc (4 mg). 

Hydrolysis gave arebinoss, galactose and glucuronic 

acid. Hydrolysis of the glycitol gave the sane reducing 
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AIAUCAZIA )IDWILLIII GUM 

Introduction 

The resinous exudate from coniferous wood, are generally 

terpenoid in nature. However that from the Australian buuya 

pine (Arauatj* bidviliji) has been found to contain an addi-

tional polysaccharide component. It was the first reported 

polysacchartde exudate from a coniferous tree, and initial 

studios (71)  showed it was coaposad of -galactose, -arabi- 

nose and -rb*aaose in the molar proportions of 13:3.5:1, 

together with acidic sugars which war* later identified as 

-glucuronic acid and 4-0-asthyl-fl-glucuroni, acid. 

Partial acid hydrolysis of the polysaccharide and 

separation of the acidic couponents led to the identification 

of two aldobiouronic acid*. Aldobiourouje acid I was chroma-

tographically identical to 6-0- (B--glucopyranesy1uronie 

acid)--galactose. Hydrolysis of the sugar gave glucuronic 

acid and galactose, while hydrolysis of the carboxyl-reduced 

derivative gay, glucose and galactose. The aethylated product 

save rise to 2,3,4-tri-0-aethylglucuronic acid and 2,3,4-tn-

O-*etb7lg4lact,se on examination of the hydrolysste by paper 

chromatography and the aethanolysate by gas chromatography. 

On the basis of the specific rotation, [OlD  0, a 	-glyco- 

side linkage was assigned to the oligosacchanjde. 

Oligoaacchanjd, 11 was chromatographically identical to 
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6-0- (4-0-*ethyl-B--glucopyranosyIuronic acid)--ga1acto.e 

and gave 4-0-methylglucuronic acid and galactose on hydro-

lysis. Hydrolysis of the carboxyl-reduced disaccharide 

shoved 4-0-aethylglucoee and galactose while periodate oxi-

dC LOfl(122)  of this bydrolysate gave 2-0-e.thylerytbrose, a 

characteristic product of 4-0-*ethylglucose. Nethylation 

Savo the same products as aldobiouzonic acid 1, while the 

specific rotation, [u +3, was similarly consistent with 

a 8--glycosidic linkage. 

Under milder conditions of hydrolysis of the polysac-

charide, neutral oligosaccharides with the chromatographic no-

bilities of 6-0--galaetopyranosyl--galactose (major), 

3-0-0--galactopyranosyl--galactose (minor) and 3-0---

arabinopyranosyl--arabinose (trace) were detected. 

Gas chromatographic examination of the aetbanolysis 

products from the methylated polysaccharide indicated the 

presence of the methyl glycosides of the following sugars; 

2,3,4-tri-O-meehylrhamnose (+) 2,3,5-(+++), 2,3,4-tn-

(trace) and 2,3-di-O-*ethylarabinose (tr), 2,3,4,6-tetra-

(+4+), 2,3,4-(++) and 2,4,6-tn-(++) and 2,4-di-O-methyl-

galactose (+++) and 2,3,4-tni-O-seehylglucuronic acid. In 

a separate hydrolysis of the methylated polysaccharide the 

acidic sugars were separated by iou-exchange chromatography 

on diethylaminoethyl SephaZex. Gas-liquid chromatography of 

the subsequent methanelysate identified the methyl glyco-

sides of 2,3,4-tri-O-methylglucuronic acid and 2,3,4-tri-0- 
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matbylgalactoae, thus indicating that the fully •therif ted 

aldobiouronic acid 6-0-(2,3,4-trt-O-methylglucopyranosyluro-

nic acid)-2,3,4-tri-O-methylgalactose represented the major 

mode of linkage of acidic sugars in the polysaccharide. In 

particular, no di-O-methylglucuronic acid was identified. 

The nature of the interior of the molecule was investi-

gated by periodate oxidation. Degraded polyeaccbarides A 

and 3 were obtained after two sequences of the Smith degra-

dation, involving periodate oxidation, reduction and mild 

hydrolysis. Investigation by hydrolysis and methylation in-

dicated that these polyeaccharidee were approximating in-

creasingly to linear (1 + 3) linked galactans. 

From these studies it was clear that the structure of 

A. bidwillit gum was typical of the galactan group, and re-

sembled that of gun arabic in many ways, except in the location 

of the -rhamnose units which in gum arabic are known to be 

present as end-groups linked (1 + 4) to -glucuronic acid 

residues. However, failure to detect 2,3-di-O-methyl-

glucuronic acid as a cleavage product of the methylated poly-

saccharide appeared to rule out a similar arrangement in A. 

bidwillii gum. 

In a subsequent investigation of another sample of the 

exudate of A. bidwillii," the carbohydrate portion of the 

gum was found to contain two polysaccharides, a neutral 

arabiuogaiactau and, as the major component, an acidic poly-

saccharide. Investigation of this acidic polyaacchsride 
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indicated that it was of the sane structural type as the 

one studied earlier. However the identification of 2,3-di-0-

methylgiucuronic acid as a significant cleavage product 

from the methylated polysacebaride reopened the question of 

the location of the -rhamnopyranose end-groups. To estab-

lish the position of the Vrbaunose residues in the poly-

saccharide, an approach similar to that used on gum arabic 28  

was taken, namely acetolysie of the carboxyl-reduced poly-

saceharide. 

From the mixture of acetolysis products a number of 

oligosnecharides were ebaracterised, among which were 

4-0--rhamnopyranosyl--glucose 

6-0--glucopyranosyl--g&lactose 

6-0-(4-0-merbyl--glucopyranoeyl)--galactoee 

0--rhamaopyranosyl-(1 -4 4)-0--glucopyranosyl-(l --> 6)-

-galactose. 

The isolation of oligosaceharides (i) and (iv) thus confirmed 

that -glucuronic acid residues are 4-0-substituted by - 

rhamnopyranose units in the parent polysaccharide. 

Oligoeaccharidee (ii), (iii) and (iv), however, cast 

doubt on the configurations of the glucuronosidic linkages 

in the polysaccharide. These were thought to be of the 81-
configuration, but the specific rotations of oligosacch*rides 

(ti)-Civ) derived from the carboxyl-reduced gum were too high 

to be consistent with 8--glucosidic linkages. Indeed, clear 
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evidence was presented that oligesaccharide (Li) contained 

an U--glucoeidic linkage. 

Since inversion of the configuration of the glycosidic 

linkage is known to sometimes occur under the conditions used 

to achieve acetolysi.,39' 121)  it scene likely that the con-

figurations of the linkages in the oligosacebarides obtained 

after ecetolysis of carboxyl-reduced A. bidvillii gun are not 

representative of those in the original polyuccharide. 

However, as the anoneric configurations of eldobiouronic 

acid. I and II obtained as partial hydrolysis products of 

the polysaccharide were only inferred from the observed 

specific rotation., it was decided to reinvestigate these 

aldebiouronic acids in order to obtain more definite evidence 

for the configurations of their linkages. 
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Discussion 

The water soluble portion of the gun (15)  was subjected 

to partial hydrolysis with dilute mineral acid. Separation 

of the products by ion-exchange column chromatography and 

filter-sheet chromatography furnished two aldobiouronic 

acids. 

Aldobiouronic acid I 

This was identified a, 6-0-(B--glucopyranosyluronic 

acid)--galactose. It was chromatographically identical to 

an authentic sample and gave glucuronic acid and galactose 

on hydrolysis. The u.m.r. signals assigned to the anomeric 

proton (99) (r 5.39, J7c/a) in the disaccharide glycitol 

corresponded to those of a 8--glucuronoaide. Metbylatton 

of the aldobiouronic acid furnished the crystalline fully 

methylated derivative which gave an identical melting point 

and X-ray powder photograph to those of an authentic sample. 

£ldobiouronic acid IT 

This sugar was characterised as 6-0-(4-0-metbyl-6--

glucopyranosyluronic acid)-galactoae. It was chromato-

graphically identical to an authentic sample of that oligo-

saccharide and gave 4-0-riethylglucuronic acid and galactose 

on hydrolysis. Reduction of the derived methyl eater methyl 

glycosides with sodium borohydride, followed by hydrolysis, 

gave 4-0-methylgiucose. The identity of the 4-methyl ether 

was established by chromatography of its periodate oxidation 
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products (122)  which were indistinguishable from those den-

'wed from 4-0-a.thyl--mannose. Metbyletion of the aldobie-

uronic acid gave a crystalline derivative with melting point 

and X-ray powder photograph identical to those of an authen-

tic sample of the methyl ester methyl glycoside hexaaethyl 

ether of 6_0(0--glucopyrenosyluronic acid)--gaIsctose. 

The n.m.r. spectrum of the disaccharide glycitol in deu-

terium oxide showed a doublet (t 3.39, .7-Ic!.) characteristic 

of an*f-amomenic proton and a three-proton singlet att6.30 

(-OCRs). 

From these results it Is clear that both aldobiouronic 

acids obtained as partial hydrolysis products of Arsucaria 

bidvillit gum contained 	-glucuronesidic linkages. The 

a--glycosidic linkages in the corresponding oligosaccharides 

obtained from acetolysis of the carboxyl-reduced gun suet 

therefore be the result of snoasnisetion during the acid-

catalysed depolymerteation. Acetelysis results in the 

anoaertution of a small proportion of the Cl • 4) linked 

--aannopyranosyl bonds in glucomann*ns 27  and Salacto- 

mannaas* (39) 	the present studies confirm that 

anomerisation occurs to a considerable extent when (1 • 6) 

linkages are present. 
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Experimental 

Araucaria bidvillii gum (40 g) was stirred overnight 

in water (500 *1). Insoluble material was removed by 

filtration and the polysaccharide (19 g) was precipitated 

by pouring the filtrate into ethanol (2 &). The precipi-

tate was dried by solvent exchange. 

The purified polysaccharide (16 g) was hydrolysed by 

ref luxing in I sulphuric acid (1 1) for four hours. The 

solution was cooled and neutralised with barium carbonate. 

Barium sulphate, was removed by filtration and the filtrate, 

after concentration (100 ml), was deionis.d with Amberlite 

II 120 (H) resin. This detonised solution was adsorbed on 

a column (20 x 3 cm) of diethylaainoethyl Sephadex A-25 

(format. form). Neutral sugars were eluted with water and 

acidic sugars with 0.05 N formic acid (15 1). Concentration 

of the solution of acidic sugars gave a syrup (3.3 g) which 

was found by paper chromatographic examination to contain 

mainly glucuronic acid and oligosaceharidesI and II. A 

portion of this syrup (1.5 g) was fractionated by filter 

sheet chromatography in solvent B to give these two oligo-

saccharides. 

Oligoeaçcharide I (340mg) LQID  -2 	Cc 1.0). R Cal  (1) 0.23. 

The oligosaccbartde was chromatographically homogeneous 

and identical to 6-0-(a--g1ucopyranosy1uronic acid)--

galactose. Hydrolysi, of a sample (2 ag) followed by paper 
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chromatographic examination of the hydrolysate shoved the 

presence of glucuronic acid and galactose. The oligosac-

charide (50 ag) was reduced to the glycitol with sodium boro-

hydride. After destruction of excess borobydride and re-

novel of berate, the glycitol was concentrated twice fros, 

deuterium oxide. Eur. spectroscopy of the glycitol in 

deuterium oxide shoved * doublet due to the *noaeric proton 

at T 5.39, J-7c/s. The oligoe*echaride (100 ag) was 

methylated with 302 sodiun hydroxide and methyl sulphate 

and later with silver oxide and methyl iodide to give the 

aethyl ester nethyl glycoside hezanethyl ether of 6-0-(B--

glucopyranoeyluronie acid)--galactose, crystallised from 

chlorofora-ligbt petroleum, n.p. 900  and sized n.p. 89-90 

[with authentic sample (up. 89-90)J. The X-ray powder 

photograph of the derivative was identical to that obtained 

from an authentic sample. 

Oligosaccharide II (160 ag) [a] 0 	(c 1.0). Cal 	0.60. 

The oligosaceharide was chromatographically homogeneous 

and identical to 6-0-(4-0-aethyl-8-D-glucopyrauosyluronic 

acid)-galactose. Hydrolysis of a sample (2 ag) gave 

galactose and 4-0-aethyiglucuronic acid. The sugar (40 eg) 

was converted to the glycitol with sodium borohydride. After 

proton exchange with deuterium oxide the glycitol was ex-

amined by n.c.r. spectroscopy. The signal due to the snoaeric 
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proton was observed as a doublet at r 5.39 (3-7c/a) while 

there was a further three-proton singlet (-OCR3) at t 6.50. 

The glycitol was subsequently netbanolysod in aethauolic 4% 

hydrogen chloride at 100 for 18 hours. After neutralisation 

and concentration, the syrup obtained was treated with sodium 

borohydrid. (30 ag) in water (10 iii). After destruction of 

excess borohydride and removal of borate, the sample was 

hydrolysed in N sulphuric acid at 100 for four hours. Filter 

sheet chromatography of the by-drolysate yielded a fraction 

(5 ag) chromatographically identical to 4-0-metbylgiucose. 

The periodate oxidation products of this sugar were chroas-

tographically indistinguishable from those obtained from a 

crystalline sample of 4-0-metbyl-R-msnnose. Oligosaceharide 

II was methylated with methyl sulphate and 30X sodium 

hydroxide and later with methyl iodide and silver oxide to 

give the crystalline methyl ester methyl glycoside hexamethyl 

ether of 6-0-(B--glucopyrsnosyluronic acid)j-galactoae. 

m.p. 85-87 and mixed a.p. 85-87 [with authentic sample 

(m.p. 89-90)]. Th. X-ray powder photographs of the deri-

vative and authentic sample were identical. 
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Chemistry of Cherry Gums 

The gum from the English cherry tree (Prunus careen.) 

has been extensively investigated by J. X. N. Jones. In 

initial experiments, (22)  he found that the gum acid consisted 

of -arabinoes (6 moles), -galactose (2 soles), R-aaunose 

(1 mole) and 2-glucuronic  acid (1 mole), together with a 

smaller amount of -zylose (1.52). In addition, the aldo-

biournuic acid 2-0-0--glucopyrano.y1uronic acid)--mannose 

was formed as a product of acid hydrolysis of the gum. 

The cleavage products from the methylated gum (128)  were 

found to include 2,3,5-tn- and 2,5-di-0-aetay1--arabino.e, 

2,4,6-tn- and 2,4-di-O-aethyl-D-galactose and 2,3,4-tn-

and 2,3-di-O-aethy1--glucuronic acid. However, because of 

the difficulty encountered in separating complex mixtures 

of methylated sugars by fractional distillation of methyl 

glycosides, other products, notably derivatives of -mannose 

and -xylose, were not identified. 

It was found that under mild conditions of hydrolysis, 

all the L-arabinoae and some of the D-xylose residues 
ft 

could be removed from the gum to give a degraded polysac-

chanide. 329  The cleavage products from the aethylated 

degraded gum were, after column chromatographic separation, 

Identified as 2,3,4-tnt- and 2,4-di-O-methyl-fl-zylose, 

2,3,4,6-tetra-, 2,4,6-tnt-, 2,4- and 2,6-di-O-m.thyl--

galactose and 2,3,4-tnt- and 2,3-di-O-metbyl-D-glucuronic 
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acid, together with unidentified mannass derivatives. 

Subsequently the oligoasecharide 3-0-8--arabino-

pyranosyl--arabinose was found to be released on mild 

hydrolysis of the 	,(13 while a second aldobiouronic 

acid, 6-0- ($--g1ucopyranosylurouic  acid)--galaetoae, was 

also reported to be a partial acid hydrolysis product. 

Bowever, despite these results, the general arrangement of 

sugar units within the polysaccharide is unknown, beyond the 

fact that the bulk of the -arabinose residues occur as acid 

labile peripheral units. 

The polysaccharides from other species of cherry trees 

have recently been examined. (58-60)  Although composed of 

similar monosaccharides, these gums all contained consider-

ably larger proportions of -galactose and less -aannose 

than the English cherry gun. These other cherry gum. gave 

2-0-(3-D-glucopyranosyluronic acid)--aannose together with 

the homologous series of oligosaceharides  

Call-)+6 _2- Cal (n 0-3) as products of partial hydrolysis. 

On the basis of these and other observations it was suggested 

that the structures of these polysaccharides were based on 

chains of B(l 4 6) linked -galactopyranose residues, which 

were 6-9-substituted at their non-reducing ends by -glu-
curonic acid residues (or sometimes the 4-methyl ether), and 

branched at the 3-positions by single units of -zylopyranose 

and perhaps longer sequences of -arabinose. There was, 
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however, no indication as to the structural significance of 

-unnoee in the guns. 

The gun from another species of Prunus, namely apricot 

tree gum " was found to contain additional structural 

features, as represented by the eligosaccharides --C&Al+ 

(u m 0-2), (4Na) 8--CpA-(l + 6)-

-Gal2l+&--Ara, -Gal-D-Gal-&-Ara and 8-Calpl+(3--D-Calpl-) 

3--Gal (11 0, 1) which were characterised as partial 

hydrolysis products. In addition an acidic oligosaceharide 

was tentatively characterised as -CpA-(l • 2)-Man-(l • 2)-

Nan. These oligoaaccharidee are broadly similar to ones 

already charscterieed as partial hydrolysis products of gun 

ghatti. 

In the light of these results, the possibility arises 

that Prunus guns are in fact structurally related to the 

glucuronomannan group of polysaccharides as represented by. gun 

ghatti and lelocarpan A. Since a quantity of aethylate1 

cherry gun (provided by Professor J. K. N. Jones) was avail-

able, it was therefore decided to reinvestigate the cleav-

age products from the methylated gum both with a view to 

determining the constituent methylated monosaccharides pre-

sent in the gnu, and also, by examining the products of 

partial depolymerleatlon, to obtaining more information on 

the nature of the linkages involving uronic acids within 

the polysaceheride. 
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Discussion 

A sample of aethylated cherry gum was mathanolysed and 

the cleavage products were examined by gas-liquid chromato-

graphy. A further sample was methanolysed under milder con-

ditions, and after saponification of the methyl esters of 

acidic sugars present in the methanolysate with sodium 

hydroxide solution, the aqueous solution was extracted with 

chloroform. The chloroform extract was examined by g.l.c. 

while the aqueous solution, after neutralisation and concen-

tration, was separated into neutral and acidic fractions by 

ion-exchange column chromatography. Both the acidic and 

neutral fractions were remethanolysed and examined by gl.c. 

After extensive g.l.c. analysis of these fractions, peaks 

with the retention times of the methyl glycosides of the 

following methylated sugars were obtained: 2,3,4-tn- and 

2,4-di-O-nethylxylose, 2,3,5-, 2,3,4-tn- and 2,3-, 2,4-

and 2 ,3-di-O-methylarabinose, 2,3,4-tni-O-methylrhamnose, 

2,4,6- and 2,3,4-tn- and 2,4-di-O-aethylgalactose, 3,4,6-

tn-, 3,4- and 4,6-di-0-methylmannose and 2,3,4-tn- and 

2, 3-di-O-netbylglucuronic acid. 

A further quantity of methylated cherry gun was 

aetbanolysed under conditions which were thought to be suf-

ficiently vigorous to give breakdown to mainly aldobiouronic 

acids and monosaccharides. After the methanolysate had 

been treated with sodium hydroxide solution, the sugars 
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present in the aqueous solution were adsorbed on a column of 

D.E.A.E. Sephadex. After elution of neutral sugars with 

water, acidic sugars were deserbed with formic acid solution. 

After concentration to small volume, the acidic solution was 

exhaustively extracted with ether. This extract was found to 

contain the methyl glycosidea of 2,3,4-tri-O-methyl--glucuro-

nic acid. The acidic sugars remaining in the aqueous solu-

tion, Fraction A. were investigated (a) by methanolysis and 

(b) by metbylation followed by methanolysis. The cleavage 

products from Fraction A were found, by g.l.c. of the methyl 

glycosides, to be 2,3,4-tn- and 2,3-di-O-aethylglucuronic 

acid, 4,6-di-O-methylm*nnose and 2,4-di--O-aethylgalacte.e. 

After methylation of Fraction A. the cleavage products were 

found to be 2,3,4-tn- and 2,3(tr)-4i-0-methylg]ucuronjg acid, 

3,4, 6-tni-O-aethylmauuose and 2,3, 4-tni-O-methylgalactose. 

A quantity of Fraction A was hydrolysed and the neutral 

monosaccharides, after separation from the acidic monosac-

charides by iou-exchange column chromatography, were frac-

tionated preparatively by thick paper chromatography into 

the following components. 

Fraction 1: This was chromatographically identical to 

2,3,4-tni-O-methylgalactose. After methanolysis of the 

sample, g.l.c.gave a peak with the retention time of methyl 

2,3,4-tni-O-methylgalactoaide while methylation of the 

sample gave methyl 2,3,4,6-tetra-0-methylgalacto.id., 
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Fraction 2: By paper chromatography of the sugar and g.l.c. 

of the derived glycoside, this component was identical to 

4,6-di-0-.*tbylaauos.. Periodate oxidation of the sugar 

gave products indistinguishable from those obtained from a 

synthetic sample of 4,6-di-O-eethylmannose while similar 

oxidation of the derived methyl glycosides followed by 

hydrolysis gave no trace of the original sugar on subsequent 

paper chromatography. The sugar was finally treated with one 

mole of lead tetra-acetate. The product was identified as 

3,5-d1-0-nethylarabinose by g.l.e. both of the derived methyl 

glycosides and of the derived aldonolactone. 

Fraction 3: This was chromatographically identical to 2,4-di-

0-methylgalactose and gave galactose on demethylation. 

Fraction 4: The sugar was chromatographically identical to 

4-0--aethylmannose and on denethylation gave nannoes. 

Oxidation of the sugar with periodate and one mole of lead 

tetra-acetate in both cases gave products indistinguishable 

from those obtained by similar treatments of a sample of 

crystalline 4-0--aethyl--aannose, 

Fraction 5: This sugar was chromatographically identical to 

2-0-methylgalactose and gave galactose on demethylation. 

Periodate oxidation of this sugar and 2-0-aethylgalactose 

gave identical products, while treatment with one mole of 

lead tetra-acetate failed to degrade the sugar. 

The remainder of Fraction A was separated by filter 
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sheet chromatography into two principal fractious, 6 and 7. 

Fraction 6: Metbsnolysis of this fraction gave the methyl 

glycosides of 46-di-O-uthylnanno.e and 2,3,4(tr)- and 

2,3-di-O-aetbylglucuronic acid. After aethylation of the 

fraction, the methanolysia products were found to consist 

of approximately equal amounts of the glycosides of 3,4,6-

tri-O-nethylaannos. and 2,3,4-tri-O-a.thylglucuronic acid. 

Fraction 71 M.thanolysis of the fraction gave the methyl 

glycosides of 4,6-di-0-methyl.anuose and 2,3-di-O-nethyl-

glucuronic acid. The methylated fraction gave as cleavage 

products 3,4,6-tri-0-asthyl*annoee and 2,3,4-tri-O-aethyl-

glucuronic acid in the ratio of 2:1, together with a smaller 

amount of 2,3-di-O-netbylglucuroaic acid. 

From the relative amounts of sugars present in Fractions 

1-5, it is likely that the principal nodes of linkage of 

glucuronic acid in cherry gun are represented by the 

partial structures (i) and (ii). Other structural features 

probably also present are (iii)-(v). 

4. 
4 

...4)CA 1 + 6 Gal 1- 
3 
+ 

....4)GA 1 • 2 Man 1- 
3 
+ 

(i) 

+ 
6 

...4)GA 1 • 2 Has 1- 
3 
+  

...4)GA 1 • 6 Cal 1- 
3 
+  

..4)GA 1 + 6 Cal 1- 

(iii) 	 (iv) 	 (v) 
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Since the oligosaceharides in Fractions 6 and 7 were 

present as their methyl glycosides it was not possible to 

establish their degrees of polyaerisation. It is likely, 

however, that Fraction 6 was a disaccharide and that Traction 

7 was a tn- or tetraaaccharide. The cleavage products from 

these oligoeaccharides and their aethylated derivates suggest 

that the g-slucuronic acid residues associated with the di--

substituted D-uannose units are themselves 4-0-substitute4, 

and that a significant structural feature of the gum is re-

presented in the partial structure (vi). 

+ 4 GA 1 2 Man 1- 
3 
+ 

(vi) 

In an attempt to obtain partially aethylated acidic 

oligoaacchanidea containing -manaose, methylated cherry gum 

was hydrolysed in dilute mineral acid using dioxan as a 

diluent to maintain the solubility of the polysacebanide. 

The hydrolysis products were adsorbed on a column of diethyl-

aminoethyl S.phadex, and after neutral sugars had been eluted 

with water, acidic sugars were desorbed (in comparatively 

low yield) by gradient elution with formic acid solution. 

The mixtures of acidic oligoaaccharidee so obtained were 

further separated by preparative scale paper chromatography 

Into the following fractions. 
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Fraction 8: This fraction contained 2,3,4-tri-0-aethyl-

glucuronie acid. 

Fraction 9: The bulk of this fraction was composed of 

2,3-di-0-sethylglucuronic acid. 

Fraction 30: This fraction also contained some 2,3-di-0-

sethyiglucuronic acid although the major constituent was 

characterised as the partially asthylated aldobiouronic acid 

6-0-(2 , 3,4-tri-0-aethylglucopyrano.ylurouic acid)-2-0-

zetbylgalactose. 

The identification of this oligoasccharide both confirm* 

that the aldobjouronic acid unit 6-0-(-g1ucopyranesyluronic 

acid)--galactose is present in cherry gun, and that the 

uronic acid in this unit occupies a terminal position in the 

poly.accharid* molecule, as represented in structure (vii). 

+ 
4 

GA 1 + 6 Gal 3- 
3 
+ 

Fraction 11: From its low chromatographic nobility and the 

variety of cleavage products derived from it, this fraction 

was thought to contain a mixture of tn- or tetrasacehanidea. 

The main cleavage products from the fraction were identified 

as 2,3,4-tni-O-n.tbylglucnronic acid and 2,46-tn-, 2,4-di-

and 2-0-sethylgalactose, while 2,3 ,4-tni-O-nethylglucuronic 

acid and 2,3,4,6-tetra-, 2,4,6- and 2,3,3-tn- and 2,4-41-0- 



242. 

methylgalactose were observed after depolymerisation of the 

methylated fraction. These cleavage products also indicate 

that these oligosaccharide., some of which must be branched, 

contain 3-0-substitute4 galactose residues. 

Fraction 12: It is likely that this fraction contained a 

mixture of tetra- or pentasacebarides. In addition to the 

cleavage products detected from Fraction 11, this fraction 

gave rise to 2,3,4-tn- and 2,4-di-O-methylxylose. After 

aethylation of the fraction, the cleavage products contained 

2,3,4-tri-0-methy]xylose as the only zylo.s derivative, to-

gether with other products similar to those derived from 

methylated fraction 11. The following structural features are 

thus present in Fraction 12. 

GA 1 + 6 Gal. 

+3 Gal l- 	 6 Gal l- 	 Gall- 
3 
+ 

....4)Xyl 1- 

From the results of the partial hydrolysis of the methy-

lated gum it can be seen that no mamnose-containing oligo-

saccharides were encountered as had been hoped, and it can 

only be assumed that the hydrolysis conditions employed were 

insufficiently vigorous to cause the necessary degree of do-

polymerisation of the polysaccharide. This view is supported 
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both by the low yield of acidic oligosacebarides isolated 

and by the comparatively high degree of polymerisation of 

some of the fragments obtained. 

In the acidic oligosaccharidea obtained, glucuronic acid 

was glycosidically linked to galactose units. Furthermore, 

these uronic acid residues were present exclusively as non-

reducing end-groups in the polysaccharide. This observation 

would, therefore, suggest that the 4-0-substituted glucuronic 

acid units known to be present in the polyeacchsride are in-

volved in glycosidic linkages to mannose residues. Such a 

conclusion has indeed already been drawn as a result of the 

Investigations on Fractions 6 and 7. It is thus probable that 

while the glucaronosylgalactose units are present as the ends 

of the outer chains of the cherry gum molecule, the glucuro-

nosylmannose units are involved in linkages in the interior 

of the polysaccharide. This is similar to the araugement of 

these units in lelocarpan A, as represented in Figure 32. 



I - i-Ar 1- or 

-AraL-(1 • 

Laiacarpan  

244 

Figure 32 
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Indications that the structures of the outer galactose-

containing chains of cherry gum and leiecarpan A may be 

similar comes from examination of Fractions 11 and 12, since 

the cleavage products from these Fractions showed the pre-

sence of linkages similar to those contained within the outer 

chains of leincarpan A. The available evidence, however, 

suggests that in Iciocarpan A the -xy1opyrauose units are 

linked to the -mannose residues in the interior chains, 

whereas the identification of zylose derivatives in Fraction 

12 means that in cherry gum, xylose is linked to the outer 

galactose-conteining chains. 
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Experimental 

Metbanolysis of Methylated Cherry Gum 

listhylated cherry gum (10 mg) was aethano]yu.d by beating 

at 100' for 18 hours in n*thaaolic 42 hydrogen chloride. 

After u.utrali.ation and concentration of the solution, the 

products were examined by g.le. Peaks with the retention 

tines of the methyl glycosides of the sugars listed in Table 

20 were obtained. 

Table 20 

Cleavage Products from Methylated Cherry Cue 

Retention times 

Methylated sugars 	 column a 	column a(125') 	column b 

2,3,4 Me1 rhamnose 	 0.39 

2,3,4 Me3 xylose 0.40,(0.49) 0.36 w(0.45) 0.471(0.35) 

2,3,5 Has arabinose (0.49)0.63 (0.45),0.61 (0.33) ,0.72 

2,3,4 Me3 arabinos. 0.83 0.8$ 1.02 

2,5 Mel arabimose (1.50)0(269) (1.54) 1.78,(3.11) 

2,3 Mel  arabinose 1.18 1(1.30) 1.17,1.29,(1.54) 1.47,(1.78) 

2,4 Mel  arabinos. 
	 2.18 

2,4,6 H., galactose 
	

3.48, 4.02 
	

3.86, 4.45 

2,4 Mel galactose 	13.1, 15.0 
	

15.0, 17.3 

3,4,6 Has mannose 
	

(2.69) 
	

(3.11) 

34 H.2  nannose 	 6.78 

2,3,4 Me1  glucuronic acid 2.28,2.99 
	

2.34, (3.11) 

2,3 Mel glucuronic acid 
	

7.6,8.2,9.9 
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The methanolysate was subsequently hydrolysed and the pro-

ducts were converted to the corresponding derived aldono-

lactones by oxidation with bromine water. The following 

compounds were identified by g.l.c. 

Table 21 

Aldonolactones Derived from Cleavage Products 

of Methylated Cherry Gum 

Aid ono 1 act ones 
	

T (column (b) 

2,3,4 Mes xyionolactone 3.52 

2,3,4 Meg arabonolactone 3.72 

2,3,5 Me3 arabonolactone 1.74 

2,5 Mel arabonolactone 14.75 

2,3 Mearabonolactoue 8.05 

A further quantity of mothylated cherry gum (1 g) was 

heated under ref lux in mathanolic 4% hydrogen chloride for 

5 hours. After neutralisation and concentration of the 

solution, the resultant syrup was dissolved in water (50 ml) and 

the solution was cooled to 0 and made pH 12 with sodium hydro-

xide. After two hours the pH of the solution was lowered 

to 10 and the solution was then continuously extracted over-

night with chloroform. After drying over anhydrous sodium 

sulphate the extract was concentrated and examined by g.l.c. 

Peaks with the retention times of the methyl glycosides of 

the neutral sugars listed in Table 20 were obtained, together 

with a small amount of methyl 2,3,4-tri-0-methylgalactoaide. 
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The aqueous solution, after the extraction with chloroform, 

was neutralised with Anberlite U 120 (8) resin and after 

concentration to snail volume, was applied to a column of 

Duolits £4 (On). Neutral glycosides were eluted with water 

and the solution was concentrated. Hydrolysis of this fraction 

shoved the presence of mainly 2,4-di-0-aethylgaiactose and 3,4-

di-0-a.thylaannose on paper chromatographic examination in 

solvents H and F, together with a considerable amount of 

material with the nobility of mono-O-nethyi hexosea. 

The glyco.idss of acidic sugars were eluted from the 

Duolite column with N sodium hydroxide (200 ci). After neu-

tralisation with Laberlite 1* 120 (8) resin, the solution was 

evaporated to dryness and a portion of the product was aethano-

lysed. G.l.c. of the nethanolysato indicated the presence of 

the aethyl glycosides of the sugars listed in Table 22. 

Table 22 

Cleavage Products from Acidic Fraction 

Retention tine. 

Methylated sugars 

column a 	column a (125) 	column b 

	

2,3,4 Not xylose 	 0.63, 0.49 

	

2,4 Kea zylose 	 1.16, 1.53 

2,4,6 Hej galactose 3.30, 4.04 

3,4,6 Kos manna** 2.64 

4,6 Keg nannose 986 

2,3,4 Kos glucuronic acid 2.30 9 	2.99 

23 M.* glucuronic acid 6.7, 7.4, 9.0 

0.47, 0.39 

1.41, 1.86 

3.86, 4.44 

(2.97) 

10.8 

2.38, 2.97 

7.63, 8.3, 10.1 

0.38, 0.48 

1.13, 1.60 
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Partial Methanolysis of Methylated Cherry Cu* 

Methylated cherry gun (.30 g) was heated with aethanolic 

4Z hydrogen chloride (40 *1) in a sealed tube in a boiling 

water bath for 5 hours. After neutrali.atiou and concentra-

tion of the solution the product was redissolved in sodium 

hydroxide solution (50 ml, pH 12) which, after two hour., was 

extracted with chloroform. The aqueous solution was neutralised 

with Aeberlite It 120 (H), and after reduction in volume, was 

applied to column of D.E.A.E. Sephadex A-25 (format. fern). 

The glycosides of neutral sugars were removed by elution with 

water, while elution with 0.5 V formic acid (300 *1) desorbed 

acidic compounds. The acid fraction was concentrated (50 ml) 

and continuously extracted overnight with ether. Both the 

ethereal and aqueous solutions were concentrated to yield the 

ether extract (150 mg) and traction A (310 ag) 

Ether extract 

G.1.c. examination of the a.thanoly.is  products of both 

the extract and aetbylated extract showed that the fraction 

contained only the methyl glycoside. of 2,3,4-tri-O-methyl-

glucuronic acid. Treatment with methanolic ammonia yielded a 

crystalline amide which, after recrystallisation from ether, 

had a.p.  175-8. 

Traction A 

After ..thanolysis of the fraction, the methyl glycosides 

of the following sugar* were detected by g.1.c. 
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2,3, 4-tri-0-uethylglucuronic said 
	

T(a) 2.29, 2.98 

2, 3-di-0-a.tbylglucuroatc acid 
	

'f(s) 6.50, 7.21, 8.73 

4, 6-di-0-*ethyluauno.e 	 'f(s) 9.40 

2 ,4-di-0-aathylgslsctose 	 T(a) 13.0, 15.0 

After aethylation of the fraction the glycosides of the follow-

Lug sugars were detected as cleavage products. 

2,3,4-tri-0-aethylglucurouic acid 	'f(s) 2.29, 2.98 T(b) 2.45,(3.11) 

2,3-41-0-aethyl5lucuronic acid(tr) 'f(s) 7.29, 8.81 

3,4, 6-tri-0-nethylaannos. 	 'f(s) 2.67 	T(b) 3.11 

2,3,4-tri-0-nethylgalsctese 	 'f(s) 6.35 	T(b) 6.98 

Fraction £(200 eg) was hydrolysed in I hydrochloric 

acid (23 *1) at 100 for 12 hours. The hydrolysis products 

wer, thou applied to a celuan of D.Z.A.Z. Sephadex A-25 and 

the neutral sugars were.luted with water. Concentration of 

this solution yielded a syrup (80 ag) which was separated by 

filter sheet chromatography, in solvent S into the following 

fractions. 

Fraction 1 (5 ag) LG  (1) 0.73. Tsugar was chroaatographic-

ally identical to 2,3,4-tri-O-aethylgalactose, while the de-

rived asthyl glycosides had the sane retention tine on g.l.c. 

as methyl 2,3,4-tri-0-aethyigalaetoside. )tethylation of the 

glycosides gave aethyl 2,3,4,6-tetra-0-asthylgalactosid.. 

Yraction_2 (28.5 ag) Z (8) 0.63, [O]D  +36 (c 2.0). By 

g.l.c. of the derived glycosidee and paper chromatography of 

the sugar, the fraction was identical to 406-di-O-aethyl- 
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manse... Demethylation of the sugar gave manuose. The 

p.riodat* oxidation products of the sugar were chromatographi-

cally indistinguishable from those derived from synthetic 

4.6-di-0--*thylmanno.e. The derived glycosides were also 

treated with p.riodate. After destruction of the periodate, 

hydrolysis gave no traco of the original sugar. 

The sugar (3 ag), in glacial acetic acid (1 ml), was 

added to a solution of lead tetra-acetate (10 ag) in glacial 

acetic acid (1 ml). After 1/2 hour, lead was precipitated by 

treatment with hydrogen sulphide and the solution was filtered 

and evaporated to dryness. flethanolysis of the residue gave 

methyl 3,5-di-O-methylarabinosid., T(a) 0.82, 1.93, while 

hydrolysis of this product followed by bromine oxidation 

Savo 3, 5-di-O-methylarabonolaetone, T (b) 5.30. 

Traction 3 (5 g) k C (1) 0.49. This fraction was identical 

by paper chromatography of the sugar and g.1.c. of the derived 

methyl glycosides to 2,4-di-O-msthylgalactose. Demethylation 

gave galactose. 

Traction 4 (6 ug) R a (E) 0.35. The sugar was chromatographi-

cally identical to 4-0-methylmannose while demethylation gave 

mannose. Periodate oxidation of the sugar gay, identical 

products to those derived from an authentic sample of the 

sugar. Oxidation of the sugar with excess lead tetra-acetate 

for 1/2  hour followed by removal of lead and saponification 

Savo a single product, R   (Z) 0.57, which was chromatographi- 
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cally identical to that obtained by a smiler treatment of 

4-0-.ethylaannese, product 2-0-aetbylerythrose. 

Traction 5 (10 ng) R (!) 0.23. This sugar was chromatographi-

cally identical to 2-0-nethylgalactose and on du.thylatioa 

gave galactose. Periodate oxidation gave products identical 

to those obtained f row a crystalline sanpie while treatment 

of the sugar with 2 woles of lead tetra-acetate followed by 

renoval of lead and saponification gave the original sugar as 

the only product. 

The renainder of fraction A was separated by filter sheet 

chrowatography in solvent H, using the aniline-wylose spray 

reagent to detect the coaponeats, into two wain fractions. 

Fraction 6 (38 mg) R0  (H) 0.60. Nethanolysis of this fraction 

gave the aethyl glycosides of the following sugars 

2,3,4-tri-0-nethylglucuronic acid (tr) T(a) 2.27, 2.96 

2,3-41-0-*ethylglucuronic acid 	T(a) 6.56, 7.27, 8.85 

4,6-di-O-*etbylaannos. 	 T(a) 9.60. 

After aethylation of the fraction, the cleavage products were 

Identified by g.1.c. as the aetbyl glycosides of 

20,4-tri-0-*.thylglucuronic acid T(a) 2.27, 3.03 

3,4 ,6-tri-O-uetbylaannose 
	

T(a) 2.63 

in the ratio 1.2:1 9  as measured by the respective peak areas. 

Fraction 7 (12 ag) R (U) 0.33. Methanolysis of the fraction 

Save the aethyl glycosides of 2,3-di-O-.athylglucuronic acid, 

T(a) 6.609  7.29, 8.90 and 496-di-O-netbylaannos., T(a) 9.65. 
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The fraction was methylated and the cleavage products ware 

examined by g.l.c. The methyl glycosides of the following 

sugars were detected in the ratio 1:0.4:1.8. 

2,3,4-tri-0-meehylglucuronic acid T(a) 2.30, 2.98 

2,3-di-O-methylglucuronic acid 	T(a) 6.61, 7.30, 8.90 

3,4,6-tri-0-utethylmannose 	 T(a) 2.67 
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Partial Hydrolysis of Methylated Cherry Gum 

Methylated cherry gum (30 g) was heated for 5 hours under 

reflux (96) in N sulphuric acid (1.5 9.) containing dioxan 

(900 ml). After neutralisation with barium carbonate, the 

solution was filtered and the filtrate was concentrated (100 

ml) and deionised with Amberlite IR 120 (H) resin. The 

deionised solution was then adsorbed on a column of D.E.A.E. 

Sephadex A-25 (3 x 30 cm, formate form). Neutral sugars 

were removed by eluting the column with water. The column 

was then eluted with water containing increasing concentra-

tions of formic acid and the following fractions were col-

lected. 

Conc. of eluant Fraction Weight Contents 

0.045 1 	(2 9.) B 2.1 g 8, 	9, 	10,11 

0.045-0.06 M 	(1.5 9.) 	C 520 mg 8, 	9, 	10, 	11 

0.06-0.10 M 	(1.5 	9.) D 309 ag 10, 	11, 	12 

0.10 M 	( 1 9.) B 105 mg 12 

0.15 N 	(1.5 	9.) F 321 mg 12 + immobile 

Fractions B-B were separated into individual components 

by preparative scale paper chromatography in solvent H. 

Fraction B (1.0 g) was separated into fractions 8 (800 mg), 9 

(45 mg), 10 	(10 mg) together with a trace of fraction 11. 

Fraction C (250 mg) gave fractions 8 	(105 mg), 	9 (17 mg), 	10 

(33 mg) and 11 (30 mg). 
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Fraction D (0 mg) gave fractions 10 (11 mg), 11 (12 mg) and 

12 (9 mg). 

Fraction 1 0.00 ng) gave fraction 12 (31 mg) together with 

material which streaked on the chromatograms and was discarded. 

Fraction F contained mainly chromatographically immobile 

material together with a component which was chromatographi-

cally similar to fraction 12. 

Fraction C contained no chromatographically mobile components. 

Examination of fractions 8-12 

Fraction 8 R (H) 0.96. This fraction was chromatographically 

Identical to 2,3 14-tri-O-methylglucuronic acid and on aethano-

lysis gave only the methyl glycosides of that sugar. 

Fraction 9 k G (H) 0.70. The fraction was chromatographically 

Identical to 2,3-di-0-methylglucuronic acid. A sample wes 

aethanolysed and the products were examined by g.l.c. Peaks 

with the retention times of 2,3,4(tr)- and 2,3-di-O-methyl-

glucuronic acid and 2,34-tri--0-aethylgalactose were obtained. 

Fraction 10 R (H) 0.58. Methanelysis of the fraction gave 

the methyl glycosides of 2,3,4-tn- and 2,3(tr)-41-0-aethyl-

glucuronic acid while hydrolysis gave mainly 2,3,4-tni-O-

metbylgiucuronie acid and 2-0-methylgalactese together with 

trace amounts of 2,3-di-O-methylglncuronie acid and 2,4-di-0-

methylgalactose. Borohydride reduction of the fraction followed 

by hydrolysis gave only 2,3,4-tni-O-methylglucuronic acid. 

The fraction was methylated by the Kuhn procedure and after 
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metbanolysis of the products, the methyl glycosides of the 

following sugars were detected by g.l.c. 

2,3,4-tri-0-m.thylglucuronic acid T(a) 2.30, 3.05 

2,3, 5-tri-0-methylga lactose 	T (a) 3,96 

2,3 ,4-tri-O-aetbylgalsctose 	T (a) 6.70 

Fraction 11 R0  (H) 0.26. The methanolysis products from this 

fraction were found by g.l.c. to include the methyl glycosides 

of 2,3,4-tri-O-methylglucurouic acid, 2,4,6- and 2,3,4(tr)-tri-

0-methylgalactose. Hydrolysis gave in addition 2,4-di- and 

2-0-methylgalactos.. The methyl glycosides of the following 

sugars were detected by g.l.c. as cleavage products from the 

methylated fraction. 

2,3,4-tri-0-methylglucuronic acid T(b) 2.51, 3.33 

2,3,4,6-tetra-O-methylgalsctose 	T(b) 1.92 

2,4,6-tri-O-aethylgalactose T(b) 4.25, 	5.03 

2,3,5-tri-O-methylgalactose T(b) 4.80 

2,3,4-tri-O-m.thylgalacto.e T(b) 8.23 

In addition 2,4-di-O-m.thylgalacto9e was detected by paper 

chromatography after hydrolysis of the mixture of glycosides. 

Fraction 12 R G  (8) 0.08. G.I.C. examination of the aetbano-

lysis products from this fraction gave peaks with the reten-

tion tines of the methyl glycosides of the following methy-

lated sugars. 
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2,3,4-tri-0-aethy11ucurouic acid 	T(a) 2.28, 2.95 

2,3,4-tri-0-ethy1zy1oIe T(a) 0.42, 0.33 

2,4-di-0-aethylxyloeo T(a) 1.16, 	1.50 

2,4,6-tri-0-aethylgalactoee T(m) 3.50, 4.06 

2,3,4-tri-0-ethy1ga1actoe* T(a) 6.67 

After hydrolysis of the traction, 294-di- and 2-0-aethylgalac-

toae were detected by paper chroaatagraphy. The fraction was 

methylated by the Kuhn procedure. After mathanolysis, glyco-

sides of the following sugars were identified by g.l.e. 

2,3,4-tri-0--aethylglucuronie acid T(a) 2.30, 2.96 

2,3,4-tri-0-aetbylxylose T(a) 0.41, 0.53 

2,3,4,6-tetra--.thy1ga1aetos$ 	T(a) 1.77 

2,4,6-tri-0-aethylgalacto$e 	T(a) 3.51, 4.07 

2,3,4-tri-0-aethylgalactOs* 	T(a) 6.70 

2,4-Di-O-aethylgalactoee was also detected as a cleavage 

product of the methylated fraction by paper chrocatographic 

examination of the hydrolysis product.. 
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