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Introduction

Most polysaccharide material is structural

(£•£• cellulose) or serves as food reserve (e..£. starch
and glycogen), but the plant gums do not belong in

either of these categories. Jones and Smith (1) define

them as "substances of plant origin which are obtained

as an exudation from the fruit, trunks or branches of

trees, spontaneously or after mechanical injury of the

plant by invasion of the bark or by removal of a branch

or after invasion by bacteria or fungi". This exudate

is a mixture of polysaccharide, inorganic and organic

material, plus mechanical impurities.

The polysaccharide portion contains uronic

acid and so resembles mucilages, hemicellulose, bact¬

erial polysaccharides and pectic materials. In chemical

constitution the plant gums are similar to mucilages

and bacterial polysaccharides; hexose, pentose, deoxy-

hexose and uronic acid units are joined in a complex

pattern by primary valences. Their structure so closely

resembles the mucilages that in reviews (1-6) both are

considered under a single classification, but they

differ in their environment and mode of origin. Hirst

and Jones give the following description and method

of differentiation. "The gums and mucilages are

hydrophilic colloids of high molecular weight. Some

are completely soluble in water, forming viscous
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solutions of gels, others swell and absorb considerable

quantities of solvent without dissolving. They are

not soluble in the common organic solvents. Gums are

usually characterised as plant exudates, often from

infected tissues, whilst mucilages are obtained by

the extraction, with water, of various plant organs".

In the following discussion the structures considered

have been limited to plant exudates containing uronic

acids.

The relative proportion of polysaccharide in

the crude gum varies greatly according to the genus

which produces it. Gum myrrh (Commiphora myrrha)(7)
contains a large amount of resin, while many other gums

are exuded as almost pure polysaccharide, but gum

tragacanth (Astragalus) is a mixture of a water in¬

soluble polysaccharide, an acidic water-soluble poly¬

saccharide and a neutral galacto-araban (8).

Different sugars compose the acidic poly¬

saccharides isolated from different genuses (Table 1),

while within a genus the gums of various species appear

to have the same component sugars but in varying pro¬

portions. Five Acacia species have been found to contain

different amounts of the same monosaccharides (9*10).

Slight variations in the quantities of the component

sugars have been found in the exudates from the bark

and fruit of the Victoria plum tree (11).
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Gum is produced in greater quantity after

hot dry weather and it has "been suggested that the

formation of it indicates a tree in poor health. For

commercial production the trees are deliberately punc¬

tured. Two different mechanisms have been proposed

for the formation of gums. They may be formed by the

tree after puncturing, to seal the wound and prevent

infection, or they may be the result of bacterial

infection.

Gums are commercially important and are used

as binding agents and inert dispersion media in textile,

cosmetic and food industries, and also in pharmaceutical

products.

Interest in the plant gums derives from their

structural similarity to the bacterial polysaccharides.

Partly hydrolysed gums give a precipitin reaction with

anti-pneumococcus sera (12).
The biochemistry of the production of the

monosaccharides of plant gums and their conversion to

polymers is a fundamental problem.

Purification and Properties

Polysaccharides can be removed from their

native environment by neutral or alkaline aqueous

extraction. Crude gum extracts are often contaminated

with mechanical impurities, low molecular weight organic

material, waxes, inorganic salts, proteins, enzymes
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and lignin. After removal of the mechanical impurities

at a centrifuge or by filtration, the organic material,

waxes and inorganic salts are removed by precipitation

of the polymers from an aqueous solution, by the addition

of a water miscible organic solvent. Alternatively,

the solid can be extracted with aqueous organic solvent

solutions. Low molecular weight contaminants can also

be removed by dialysis or electrodialysis. Lignin is

removed by treatment with chlorite solutions (13).
The separation of polymers is more difficult

and no general method has been devised. Fractional

precipitation can be used, either by adding organic

solvents to an aqueous solution of the polysaccharide,

or adding solvents to a solution of a derivative (e_.£.

methyl ether, acetate)(15). Fractional solution can

also be used. Occasionally an unusual solubility effect

affords a means of separation. Methylated gum tragacanth

has been separated by hot water extraction into a neutral

araban and an acidic polysaccharide, as the former is

insoluble in hot water, while the sodium salt of the

acid is soluble (8). The ability of some polysaccharides

to form insoluble complexes has been used in their

purification - yeast mannan can be precipitated as the

copper complex (17)• The separation of fractions by

precipitation or solution does not always mean that

different molecular types are present but may only be
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a separation of chemically similar molecules of diff¬
erent size, as a polysaccharide sample is an aggregate

of various molecular weight fractions. Purity with

respect to inorganic or protein contaminants can easily
he determined hy elementary analysis, hut no general

test for deciding whether a polysaccharide is homogeneous

has heen devised. In examining fractions it is necessary

to make chemical tests, as molecules which are chemically

identical hut differ in molecular weight can have

different physical properties.

Some polysaccharides have heen examined using

electrophoretic techniques - polyuronic acids, heparin,

mucoitin sulphate, chondroitin sulphate, hyaluronic

acid (18,19), plant gums (11), various acidic poly¬
saccharides of gastric mucosa (20,21) and carrageenin

(22,44). The homogeneity of polysaccharides in molar
alkali has heen examined (23) and neutral polysaccharides

have heen separated in a borate buffer solution (24).
All these results were obtained using a Tiselius electro¬

phoretic apparatus. Paper electrophoresis has heen

used to separate hyaluronic acid and chondroitin sulphate

(25) and to examine the mucopolysaccharides hound to

thyroglobulin (26). The use of a continuous electro¬

phoresis apparatus, to separate iodine complexes of

partially hydrolysed amylose fractions has heen described

(27), in which a solution of the mixture was allowed
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to travel downwards, through, a bed of glass beads, in
an electric field directed across tlie flow. Several

systems for continuous electrophoresis on paper have

been described (28).

Linear dextrins have been separated into

molecular weight fractions by electrohinetic ultra¬

filtration, using collodion membranes of graded porosity

(29).

Electrophoretic behaviour and ultracentrifuge

measurements give the most information about the homo¬

geneity of a polymer and if a substance cannot be

separated into fractions by either cf these methods,

it is considered to be a single molecular species.

There are few examples of chromatographic

procedures being applied to the fractionation of

polysaccharides. Starch has been separated into

amylose and amylopectin on alumina (37) and paper (38).

Hyaluronic acid and chondroitin sulphuric acid have

been separated on a column of silica-coated Celite,
using as the solvent water saturated with n-butanol,

plus 3JS. laurylamine and eluting with increasing con¬

centrations of sodium chloride in water almost saturated

with n-butanol (53). This method was adapted from a

description of counter-current fractionation of heparin,

using a "carrier" amine (32). The separation of some

polysaccharides or partially hydrolysed polysaccharides
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may "be possible by reversed phase partition chromatography

(39). Proteins have been partitioned between two liquid

phases produced when salts are added to a mixture of
water and a water-miscible organic solvent, The phase

in which the protein is most soluble is held stationary

by adsorption on kieselguhr and the phase in which it
is least soluble becomes the moving phase.

An ash content determination indicates any

inorganic impurity in the final product and the presence

of protein can be found by an elementary nitrogen

analysis. The optical rotation gives information

about the type of glycosidic linkages of the component

sugars. Infra-red spectra have been found to yield
information about structural features (36). The rneth-

oxyl content of acidic polysaccharides indicates methyl
ester or methyl ether, Uronic acid can be estimated

from the carbon dioxide liberated on heating with strong

hydrochloric acid (30,31), from the equivalent weight
and by colorimetric estimation of derivatives (32).
Some gums contain acetyl groups«> which can be estimated

as acetic acid (33) produced on acidification after

heating with alkali.

Methods have been described for the ident¬

ification and estimation of individual sugars, formed

after hydrolysis, as insoluble derivatives and by

colorimetric techniques (34,35)» but these have largely
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been superseded by chromatographic procedures.

Gum tragacanth is the only exudate examined
in which the polysaccharide portion has been found

to be heterogeneous, but as only a few attempts have

been made to fractionate plant gums it is possible

that others are mixtures.

Molecular Size and Shape

The molecular weight of polysaccharides can

be determined by chemical or physical means. Some

chemical methods depend on the reaction of the hemi-

acetal group of the monosaccharide,at the end of the

molecule,with oxidising agents (alkaline hypoiodite,
alkaline ferricyanide) and colour complexing reagents

(alkaline copper solutions)(40), Radioactive cyanide
has also been used in end group estimation (41), These

methods cannot be applied with any accuracy to high

molecular weight polysaccharides and are more suitable

for the determination of the molecular weights of

oligosaccharides. The possibility that some of the
end groups are substituted or that the molecule is

cyclic must be considered. An estimate of the molecular

weight of linear polymers can be made from the amount
of fully methylated sugar isolated after methylation
and hydrolysis (43), In branched chain polymers, meth¬

ylation results can indicate the degree of branching.
Information ahout the size and shape of
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polymeric molecules can "be obtained by physical meas¬
urement (45), but as polysaccharides do not exist as

a single molecular weight species, the value obtained

depends on the method used. The measurement of coll-

igative properties (osmotic pressure, isothermal

distillation) gives a number average molecular weight.

Viscosity, light scattering power, sedimentation vel¬

ocity and diffusion, and sedimentation equilibrium

give a weight average molecular weight. Sedimentation

data give information about the shape of the molecule.

Each method has an optimum region for measurement.

Isothermal distillation can be used for the region

5,000 to 10,000, osmotic pressure 10,000 to 20,000
and light scattering and ultracentrifuge methods above

20,000.

Few physical measurements have been made on

gums and their high molecular weight and highly branched

structure make them unsuitable for estimation of mol¬

ecular weight by chemical methods. Gum arabic has

been investigated using osmotic pressure measurements

(46) and sedimentation and diffusion data (A7). Values

of 191,000 to 326,000 have been found. Gum tragacanth

has been found to have a molecular weight of 840,000

(48) and Karaya gum 9,500,000 (49), using sedimentation

and diffusion methods. All the molecules were described

as being highly branched and possessing an elongated
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shape in solution. Highly branched structures have
been indicated from methylation.

Isolation and Identification of Monosaccharides

The breakdown of polysaccharides into their

components occurs on heating with dilute acid or by
the action of enzymes. The glycosidic link of furan-

osides is more readily broken by acids than that of

pyranosides. Glycosides of uronic acids are very

resistant to hydrolysis and as uronic acids are readily

degraded in solutions of low pH, considerable des¬

truction accompanies their hydrolysis. Some destruct¬

ion of neutral sugars also occurs in acid solutions

at high temperatures, so the time of heating and acidic
concentration should be kept as low as possible (52).
Both acidic solutions and crude enzyme preparations

can cause "reversion" - the resynthesis of oligosaccharides

from hydrolysis products (50) - and to avoid this in
acidic hydrolysis, it is desirable to keep the con¬

centration of monosaccharides as low as j^ossible.

Degradation of polysaccharides also takes place under
alkaline conditions (51).

If sulphuric acid is used for hydrolysis,

this can be removed as barium sulphate by the addition

of barium carbonate, but care must be taken to avoid

heating aldose solutions in the presence of barium

carbonate, as epimerisation occurs. If hydrochloric
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acid or methanolic hydrogen chloride is used,this can

"be removed with silver carbonate. Hydrolysis with

formic acid should be followed by treatment with dilute

mineral acid,to hydrolyse any forrnyl esters. Strongly
basic resins in the hydroxyl form should not be used

for removing anions, as they degrade sugars to smaller

chain length acids and cause epimerisation (54-).

Early methods of identification of the sugars,

formed on hydrolysis, depended on the selective pre¬

cipitation of each sugar by the addition of a specific

reagent (35)• These methods have the disadvantage

that they are seldom quantitative and unless a sugar

is present in appreciable quantity, its derivatives

may not easily be crystallised from the solution.

The introduction of multi-stage separation

processes has made the isolation and estimation of the

component sugars more quantitative and less tedious.

Chromatography has been used extensively. Adsorption

chromatography, although a useful method for many

organic substances, is generally unsuitable for sugars

and their derivatives, although some separations have

been effected (55). Compounds of this type have been

successfully separated using partition chromatography

(60,61,62). In 1941,Martin, Gordon and Synge (56)
separated amino acids on a column of silica gel treated

with water, followed by irrigation with organic solvents.
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In 1944,Consden, Gordon and Martin (57) used a strip

of filter paper as the carrier and introduced "paper

chromatography"• This method was later applied to

monosaccharides, oligosaccharides and methylated

sugars (58,69).

Different solvent systems are used for diff¬

erent types of sugars. The most general is n-butanol-

ethanol-water and all neutral monosaccharides can be

examined in this solvent. For highly methylated der¬

ivatives a solution of benzene-ethanol-water (63) is

more satisfactory, while for unmethylated sugars and

oligosaccharides solvents containing pyridine are used.

A method has been described in which the paper is first

treated with borate buffer giving a greater separation

of certain sugars (64), according to their ability to

form complexes with this reagent. Uronic acids and

O-methyl-uronic acids travel slowly and streak in neutral
or basic solvents, due to ionisation and it is necess¬

ary to use a solvent system containing an acid to

suppress this ionisation. A mixture of butanol-water
and formic or acetic acid is satisfactory (58). If

the paper is first treated with alginic acid solution,

then neutral solvent systems can be used for irrig¬

ation (66).

Each substance has a characteristic rate of

movement at a certain temperature,for a particular type
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of paper and solvent system. This can be described

as the Rj, value, i»je. the distance travelled by the
substance, relative to the distance travelled by the
solvent front. A better constant is the R^ value (59),
.i.e.. the distance travelled by the substance,relative
to the distance travelled by 2:3:4:6-tetra-0-methyl-

glucose,in the same time. Other reference sugars can

be used.

A general method of detection of the position

of polyhydric substances on the paper is to spray with

ammoniacal silver nitrate (58,69»70). This reagent

is not specific, but is valuable because almost every

compound on a paper chromatogram either produces a

stain or inhibits background colour. Other sprays

that indicate polyhydroxy compounds are potassium

permanganate solution, iodine vapour, potassium met-

aperiodate followed by fuchsine which reacts with the

aldehydes formed, or potassium iodide which reacts

with the formic acid (71). Lead tetra-acetate in

benzene and a mixture of permanganate and metaperiodate

(72) give brown spots. More specific reagents can be

used. Aldoses,on spraying with amine salts and sub¬

sequent heating,appear as coloured spots. A saturated

aqueous solution of aniline oxalate (73) is an example
of this type of spray reagent. Different combinations

of amine and acid give different colours,according to
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the class of sugar (74)• Many of the spots fluoresce

in ultra-violet light thus increasing the sensitivity

of the reagent. Ketoses can be detected with urea

hydrochloride solution (75)• Acids can be shown by

using a spray composed of an indicator (76) and lactones

and esters have been indicated by spraying with alkaline

hydroxylaminejfollowed by ferric chloride solution (77).
A useful application of paper chromatography

is the micro-estimation of the component sugars of a

mixture. The amounts can be estimated by spraying
I

the paper with a reagent that produces a colour and

comparing the intensity of the spot with that produced

by known weights of the same substance. An example

of this method is the addition of silver nitrate to

the flowing solvent, followed by exposure of the dried

paper to ammonia fumes and heating. The intensity of

the spot is measured in a densitometer (78),
More accurate determinations involve detection

of the position of the sugar by spraying a guide strip

and then elution of the material, followed by estim¬

ation. Titration of the formic acid produced by the

action of metaperiodate (59) s-nd the Somogyi copper

reagent (80) have been used for the estimation of

sugars•

The separation on paper strips is useful for

indicating the sugars present in a mixture, but as
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final identification depends on the isolation of the

components and their characterisation, the minute

quantities that can he separated limit its use. Using

thick sheets of paper, it is possible to separate up

to 100 mg. of a mixture on a single strip. For pre¬

parative purposes cellulose powder packed in columns

is used. In 1944- (81), several highly methylated

sugars were separated on silica gel columns, using

chloroform and water as eluant. In 1949, Wadman, Hough,

and Jones (82) described a general method of separation

of sugars and their derivatives, using a column of

powdered cellulose. n-Butanol-water or n-butanol-

ethanol-water solvent systems have been used to sep¬

arate monosaccharides. Automatic fraction cutting-

devices are used for collecting and at regular intervals

the contents of a tiibe examined on a paper chromat-

ogram.

Another method of separation of neutral sugars

depends on the adsorption of negatively charged borate

complexes on a strongly basic ion exchange resin and

preferential elution with dilute sodium borate solution

(85).

Column chromatography of uronic acids has

not been described. As hydrolysis to a uronic acid

is so difficult and accompanied by extensive degrad¬

ation, they are more readily identified by comparing
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the sugars, produced on hydrolysis of the polysaccharide,
with those formed after reduction with potassium boro-

hydride of the methyl glycoside, methyl ester of the
acidic fraction (83), obtained on partial hydrolysis.

Care must be taken when using this reagent, as it slowly

attacks glycosidic linkages (84).
Galacturonic and glucuronic acids have been

separated by adsorption on the formate form of a strongly
basic resin and elution with formic acid, but mann-

uronic and glucuronic acids were not separated (65) •
The ionophoretic behaviour of the borate

complexes of sugars can be used for compounds that
show similar chromatographic behaviour and several

descriptions of this method have been published (86-89).
The carrier is a strip of filter paper and the borate

complexes migrate towards the anode. Amino sugars and
uronic acids can be separated from neutral sugars, using

non-borate buffer solutions. The term value has

been introduced and this is constant for a particular

sugar. It describes the distance of migration of the

substance,relative to the distance of migration of
glucose.

The paper strip method has the disadvantage

that only small quantities can be separated. Several

authors have described methods that can be used for

larger quantities. In these,the mixture is allowed
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to fall under gravity down a strip of the carrier

(£.£. sand, glass or paper) and a potential is applied
across the direction of flow. The various components

are deflected from a vertical path according to their

electrophoretic mobility. The merits of various systems

have been discussed (28) and an apparatus has been

described that uses thick paper as the carrier and is

claimed to obviate difficulties associated with former

designs.

A large number of plant gums have been hyd-

rolysed and the component sugars characterised. The

results obtained are recorded in table 1. Several

other gums have been examined using paper chromatographic

procedures to indicate the components. Cashew gum

(Anacardium occidentale) contains galactose and arabinose

(109), jeol gum (Lannea grandis) galacturonic acid,

galactose and arabinose (110), Chile plum gum contains

partially methylated monosaccharides (7) and golden

apple gum (Spondias cytheria) galactose, arabinose,

xylose, glucuronic acid (mainly, if not entirely as a

mono-0-methy1 ether) and traces of rhamnose and fucose

(91)* Ketha gum (Feronia elephantum)(79) contains

L-arabinose, D-xylose, D-galactose, L-rhamnose (trace)
and uronic acid, silky oak gum (Grevilla robusta)(111)

L-arabinose, I)-galactose and D-glucuronic acid,and

Anogeissus schimperi gum (121) arabinose, galactose
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Table 1

Plant guia Uronic
acid

Hexose Pentose Methyl
pentose

Other Ref
sugars

Arabic(Kordofan) D-Glu+ D-Ga L-Ar L-P.h 93
Acacia mollissima D-Glu D-Ga L-Ar L-Rh 94
Acacia pycantha D-Glu D—Ga 1-Ar L-Rh 9

Acacia cyanophylla D-Glu D-Ga L-Ar L-Rh 10

Acacia karroo D-Glu D-Ga L-Ar L-Rh 156

Egg plum D-Glu D-Ga L-Ar,D-Xy 98
Almond D-Glu D-Ga L-Ar,D-Xy 99

Peach(Prunu3
persica)

D-Glu D-Ga L-Ar,D-Xy L-Rh 100

Cherry D-Glu L-Ar,D-Xy • 67

Damson plum D-Glu L-Ar,D-Xy 96

Ghat ti(Anogeisaus
lailfolia)

D-Glu L-Ar,D-Xy L-Rh 97

Phormium tenax D-Glu D-Xy 101

Mesquite(Prosopis
.iuliflora)

4--Me-D-Glu D-Ga L-Ar 102

Myrrh(Commiphora
myrrha)

4--Me-D-Glu D—Ga L-Ar 7

lemon 4--Me-D-Glu D-Ga L-Ar 150

Grapefruit 4--Me-D-Glu D-Ga L-Ar 103

Sapote Me-D-Glu L-Ar,D-Xy 104

Sterculia
setigera

D-Gal D-Ga L-Rh D-Ta 105

Cochlospermum
gossypium

D-Gal D-Ga L-Rh D-Ta 106

Cholla(Opuntia
rulgida)

D-Gal D-Ga L-Ar,D-Xy L-Rh 107

Tragacanth
(Astralagus)

D-Gal D-Ga D-Xy L-Pu 8

Neem(Melia D-Glu D-Ga L-Ar L-Fu 108
azadirachta)

+D-Glu:- D-glucuronic acid; 4-Me-Glu:- 4-0-methyl-D-glucuronic;
D-Gal:- D-galacturonic; D-Ga:- D-galactose; L-Ar:- L-arabinose;
D-Ma:- D-mannose; D-Xy:- D-xylose; L-Rh:- L-rhamnose;
L-Fu:- L-fucose; D-Ta:- D-tagatose.
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and glucuronic acid.

All the plant gums contain uronic acid in

varying quantity: D-glucuronic acid or its 4-O-methyl

ether occurs in most gams, although several have heen

found to contain D-galacturonic acid: D-galactose and

L-arahinose are present in most gums while D-xylose

and L-rhamnose are often found; D-mannose, L-fucose

and D-tagatose have been found in several cases. The

absence of D-glucose is common to all the gums.

Mode of Linking Monosaccharides

After the detection and estimation of the

monosaccharides, it is necessary to find the mode of

linking of the individual sugars. This is not random

and one particular sugar has a regular manner of linking.

In a polysaccharide composed of one or two sugars,

periodate oxidation can give information about the

linkages and the degree of branching (90), In struct¬

ures as complex as the plant gums the interpretation

of results is difficult.

Enzyme action can be used to determine the

manner of linking and whether the hemi-acetal bond has

an a or (3 configuration. This method has been useful

in structural work on starch and glycogen, but only

a few enzyme systems capable of degrading gums have

been investigated (112), although this method would

appear to be promising for the determination of fine
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structure.

Methylation, followed by acidic hydrolysis
and identification of the methylated sugars, is the
usual method of finding the manner of linking. Meth-

ylation is accomplished by repeated treatment with

dimethyl sulphate and alkali (131), reaction of the

thallous derivative with methyl iodide (114) or add¬

ition of methyl iodide to the polysaccharide in a sol¬

ution of sodamide in liquid ammonia (115). Another

method is to suspend the finely divided polysaccharide

(from freeze-drying) in an ethereal solution of

diazomethane (116). As the methoxyl content increases,
the material becomes soluble in organic solvents and

it is possible to use methyl iodide and silver oxide

(117). Several of these methods expose the polysaccharide

to conditions that degrade certain linkages (118) and

it is always possible that the methylated product is

partly degraded. Incomplete methylation and dernethy1-

ation during hydrolysis limit the use of the methylation

procedure for determining fine structure, but the main

linkage types are readily detected.

Characterisation of the methylated sugars^
produced on hydrolysis, often does not define the original

linkages. A 2:3*6-tri-0-methyl-hexose can come from

a Is4 linked pyranoside or a Is5 linked furanoside and

further evidence (enzymic hydrolysis, periodate oxidation
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or rate of acid hydrolysis) mast "be considered. The

linkage is always a hemi-acetal type,involving the

oxygen on the first carbon of one sugar with another

sugar. The determination of which anomeric configuration

is present becomes more difficult as the number of

sugars and degree of branching increases. In gums,

the probable configuration can be predicted from the

change in rotation during acidic hydrolysis and from

the ease of hydrolysis.

Methylated polysaccharides cannot be hydrolysed

by heating in aqueous acid, as they are precipitated

from hot solutions. It is necessary to reduce the

chain length first, by heating in methanolic hydrogen

chloride (119), formic acid (120) or keeping at room

temperature in strong mineral acid, and then heating

with dilute aqueous acid.

Formerly, the isolation of the various methy¬

lated sugars, produced by hydrolysis, was effected by

fractional distillation under reduced pressure of the

methyl glycosides, formed by methanolysis of the

methylated polysaccharide (4-3). Now the methyl sugars

are separated by chromatographic methods. For chrom¬

atography on paper, n-butanol-ethanol-water and benzene-

ethanol-water are useful solvent systems for neutral

sugars and amine-acid sprays suitable for indicating

the components. By using different combinations of
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amine and acid and noting the colours produced, it is

often possible to gain useful information about the

nature of a particular product (74)•
The quantitative estimation of methylated

sugars by paper chromatography is more difficult than

for the parent sugars. Most methods depend on color-

imetric comparison with standard samples (74), Recently

a method has been described in which the reaction with

sodium borohydride has been used for estimation (125).

Usually, the quantitative estimates have been obtained

by separation of larger quantities on cellulose columns.

The solvent system used is n-butanol-light petroleum-

water and the proportion of light petroleum is decreased

as the more highly methylated sugars are eluted (82).
Fractionation of tri-£-methyl-glucoses on charcoal-
celite columns has been described (126).

Ionophoresis has been used to separate certain

methylated sugars that cannot be separated by cellulose

chromatography - 3:4-di--0-methyl-L-rhamnose travels at

a much faster rate in borate buffer than 2j3 or 2t4-

di-O-methyl-L-rhamnose (88), as in the first compound,

complexing occurs between borate ion and the oxygen

atoms at and Cg, while the other compounds contain
no contiguous hydroxyl groups. 2t4 and 3:4-Di-0-methyl-

D-glucoses have also been separated (89).

Methylated uronic acids occur in the hydrolysates
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of plant gums. Their slow rate of travel in neutral

solvents can be used to separate them from neutral

methylated sugars. If the acid can form a lactone,

this will move like a neutral sugar in neutral solvents,

so it is necessary to run acids, capable of forming

lactones, as their salts, in order to separate them

from neutral sugars when using neutral solvent systems.

The acids can be separated on paper, using as the

solvent n-butanol-water and acetic or formic acid.

The large scale chromatography of 0-methyl-

uronic acids has been found to be unsatisfactory (129).

They are readily characterised by conversion to the

methyl ester, methyl glycosides after separation from

the neutral sugars and then reduction to the methyl

glycosides with lithium aluminium hydride, followed

by hydrolysis of the glycosides to a mixture of neutral

methylated aldoses (130),

The following O-methyl sugars have been isol¬

ated from methylated plant gums. (The figures in

brackets after the name of a sugar refer to the pos¬

itions of the methyl groups).

Gum arable (131) gave D-glucuronic acid (2:3:4,

2:3), D-galactose (2:3:4:6, 2:4), L-arabinose (2:3:5,

2:5), L-rhamnose (2:3:4).

Cherry gum (132) gave D-glucuronic acid (2:3:4,

£:3), D-galactose (2:4:6, 2:4), L-arabinose (2:3:5, 2:5).
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Damson plum gum (133) gave D-glucuronic acid

(2:3s4, 2:3), D-galactose (2:4:6, 2:4, 2), L-arabinose

(2*3*5, 2:3).

Egg plum gum (134) gave D-glucuronic acid

(2:3), D-galactose (2:4:6, 2:4), D-xylose (2:3:4),
L-arabinose (2:3*5, 2:5, 2),

Mesquite gum (135) gave D-glucuronic acid

(2:3*4), D-galactose (2*4), l-arabinose (2*3*5, 3*5).

Sapote gum (136) gave D-glucuronic acid (3*4),

D-xylose (2:3*4, 3), L-arabinose (2:3*4).

Sterculia setigera gum (137) gave D-galacturonic

acid (2), D-galactose (2*3*4:6, 2:3*6, 2:6), 1-rhamnose

3:4, 2 and/or 3).
Cholla gum (107) gave D-galacturonic acid (2),

D-galactose (2*4), D-xylose (2:3:4), L-arabinose (2*3*5,

2:3).

Tragacanth gum (8) gave D-galacturonic acid

(2:3, mono), D-xylose (2:3*4, 3*4), L-fucose (2*3*4).
Cochlospermum gossypium gum (106) gave methy¬

lated uronic acids, D-galactose (2*3*4*6, 2*3*6, 2:6),

L-rhamnose (2:3:4, 3:4, 3).
Acacia pycantha gum (9) has been methylated

and the products of hydrolysis examined on a paper

chromatogram. The R& values obtained,indicated the
presence of 2:3:5-tri-0-methyl-arabinose, 2:3:4:6-

tetra-O-methyl-galactose, an unknown sugar,
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2:3*4--tri-0-methyl-galactose, a di-O-methyl-galactose,

an unknown sugar and a methylated uronic acid. Per-

iodate oxidation of Phormium tenax gum (101) indicated

1,2' or 1,4-' glycosidic linkages.

Isolation of Partial Hydrolysis Products

Further information about structure can he

gained from the isolation of oligosaccharides produced

by mild acidic hydrolysis or enzyme action. Disaccharides

and partly degraded polymers have been examined, but

much information about structure could be obtained from

fractions of intermediate size.

The isolation of oligosaccharides from acidic

or enzymic hydrolysis can give misleading information,

as the oligosaccharide isolated may not be an essential

structural unit, but may have been synthesized from

other fragments, formed in an earlier stage of hydrol¬

ysis (4-2,139). A study of the amount of oligosaccharide

produced from likely fragments in the presence of the

enzyme or acid solution, compared with the amount formed

in the breakdown of the polysaccharide, indicates whether

it is a product of re-synthesis or a genuine fragment.

The isolation of disaccharides composed of

a uronic acid linked through to a neutral sugar is

facilitated by the resistance of this linkage to acidic

hydrolysis.

6-0yD-Glucuronopyranosyl-D-galactose has been
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isolated from arable (123), Acacia mollissima (94),
Acacia pycantha (9), Acacia cyanophylla (10), Acacia

karroo (156), egg-plum (14-2), almond (99), peach (100)
and ghatti (97) gums.

6-0-(4-0-Methyl-D-glucuronosyl)-D-galacto s e
has been isolated from mesquite gum (161).

4-0-D-Glucuronosyl-D-galactose has been iso¬

lated from Acacia karroo (156) and neem (108) gums.

4-0-(4-0-Methy1-D-glucuronosyl)-D-galacto s e
has been isolated from gum myrrh (160).

4-0-(4-0-Me thyl-D-glucuronosyl)-L-arabinos e

has been isolated from lemon gum (144).

2-0-D-Glucuronosyl-D-mannose has been isolated

from cherry (67), damson plum (96) and ghatti (97) gums.

2-_0-D-Galacturonosyl-I-rhamnose and 4-0-D-

galacturonosyl-D-galactose have been isolated from

Sterculia setigera (105) and Cochlospermum gossypium

(106) gums.

An aldobiouronic acid in which the uronic acid

is linked to the 4 position of D-galactose has been

isolated from lemon (103) and grapefruit (103) gums.

Mesquite gum (140,143,157,161) has been reported to

contain three aldobiouronic acids in which D-galactose

is joined through the 3, 4 or 6 position to 4-0-methyl-

D-glucuronic acid. In all cases the high yields ob¬

tained, relative to the amount of uronic acid, in these
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gums excluded the possibility that they were reversion

products. The aldobiouronic acid is isolated as the

barium salt, by precipitation with alcohol, from a neu¬

tralised partial hydrolysate and the structure estab¬

lished by methylation and identification of the hydrolysis

products. The introduction of lithium aluminium hydride

as a reducing agent has simplified identification, as

the final hydrolysis is carried out on a neutral di-

saccharide, which splits readily and both products of

hydrolysis are neutral sugars, the derivatives of which

are more extensively described than those of O-methyl-

uronic acids (145)•

Recently, the isolation of two acidic tri-
saccharides from an hydrolysate of okra mucilage (146),

using cellulose partition chromatography and n-butanol-

acetic acid-water as the eluant, has been described

and an aldotriouronic acid has been separated from an

hydrolysate of com cob hemicellulose by a similar

method (16). The oligosaccharides, produced by enzymic

action from hyaluronic acid, have been separated on a

column of the formate form of a polystyrene quaternary

ammonium salt of 200-400 mesh (147), by elution with

continuously increasing concentrations of aqueous

formic acid and in a similar manner mono, di, tri, and

tetra-galacturonic acids from enzymic hydrolysis of

pectic acid (148,149)• Continuous electrophoresis would
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appear to be another possible method of purification.

Charcoal-Celite chromatography has been found unsuit¬

able for preparative purposes (149)•

Using very dilute acidic solutions or auto-

hydrolysis, neutral oligosaccharides have been isolated

from some gums,

3-0-p-L-Arabinopyranosyl-L-arabinose has been

isolated from Acacia karroo (156), peach, cherry, and

golden apple gums (91f150,151).

(4 or) 5-0-p-D-Xylopyranosyl-L-arabinose has

been isolated from peach and cholla gums (151),

3-jO-D-Galac10pyranosyl-D-galac10se has been
isolated from Acacia pycantha and arabic gums (9,113),

3-0-D-Galactopyranosyl-I-arabinose has been

isolated from arabic (93) and Acacia cyanophylla (10)

gums,

3-0~a-D-Xylopyranosyl-L-arabinose has been

isolated from golden apple gum (91).

Cellulose partition chromatography separates

disaccharides and as small quantities are produced,

thick sheets of paper have often been used. The rate

of movement of disaccharides on paper chromatograms is

slow and for qualitative purposes they can be more

quickly separated as their K-benzyl glycosylamine

derivatives, formed in situ on the paper (153)* iaper

ionophoresis in borate buffer also provides a rapid
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means of separating oligosaccharides (154). Charcoal-

Celite (1:1) columns can be used for preparative purposes.

The oligosaccliarides are eluted with increasing con¬

centrations of ethanol or other organic solvents in

water (155).

The disaccharides are usually characterised

by methylation, hydrolysis and identification of the

fragments. Recently, measurement of the amount of

formic acid produced on oxidation with lead tetra¬

acetate has been used and this has the advantage that

it can be carried out on small quantities of substance

(152).

Some polysaccharides, but not gums, have been

subjected to partial acetolysis with an acetic anhyd¬

ride, sulphuric acid mixture, then dissolved in benzene

and the products separated by chromatography on Silene

EF-Celite, using benzene-ethanol for developing (14).
If an aqueous solution of an acidic poly¬

saccharide is heated, slow hydrolysis occurs and if

some of the linkages are labile (.e.g. pentofuranose),
these are preferentially removed leaving a degraded

residue. If the labile links are on the periphery of

the molecule, the residue will still be of high molecular

weight. Methylation and hydrolysis of this gives in¬

formation about the inner part of the molecular structure.

Autohydrolysis of gum arabic yielded arabic acid (122,95)»
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which on methylation and hydrolysis gave D-galactose

(2:3:4:6, 2:3:4, 2:4) and D-glucuronic acid (2:3:4).

Degraded mesquite gum (143) gave D-galactose

(2:3:4, 2:4:6) and O-methyl-D-glucuronic acid.

Degraded egg plum gura (142) gave D-galactose

(2:3:4:6, 2:4:6, 2:3:4, 2:4) and D-glucuronic acid (2:3).

Degraded damson plum gum (138) gave D-galactose

(2:3*4:6, 2:4:6, 2:3:4, 4:6), D-xylose (2:3:4) and

D-glucuronic acid (2:3, 2:3:4).

Degraded cherry gum (68) gave D-galactose

(2:3*4:6, 2:4:6, 2:4, 2:6), D-xylose (2:3*4, 2:4) and

D-glucuronic acid (2:3:4, 2:3).
Another method of partial degradation is "by

periodate oxidation. The oxidised polysaccharide can

then "be reduced with soditim horohydride or Raney nickel,

followed "by hydrolysis and analysis of the various

products (124), Alternatively, the oxidised polysaccharide

can "be degraded by heating with phenylhydrazine acetate

(127) or hydroxylamine acetate (128), This degraded

polymer can again be treated with periodate followed

by phenylhydrazine acetate and the process repeated

until only one sugar is found on hydrolysis. In this

manner the less highly substituted outer sugars are

progressively removed. Using this method it has been

possible to modify (141) a previously postulated struct¬

ure for arabic acid,
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Discussion

The gum exudate of Khaya grandifolia, a west

African tree, has heen examined by Mcllroy (121). He

found that the crude gum softened and swelled in cold

water and dissolved in hot water with difficulty, to

give a clear, neutral solution. The gum was prepared

as a white powder by dissolution in M» alkali, acid¬

ification of the solution and precipitation by ethanol.

Re-precipitation did not reduce the ash content below

10.5^. An aqueous solution of the gum was non-reducing

towards Fehling's solution, gave a negative test for

protein with Millon's reagent, and was dextro-rotatory

([a}p° +104°). On acidic hydrolysis the rotation de¬
creased, indicating a-linkages and the production of

galactose and rhamnose was shown by paper chromatography.

The barium salt of the acidic material was obtained

after neutralisation and on further hydrolysis this

liberated more rhamnose and galactose. On heating

with basic lead acetate a brick-red precipitate formed.

This test is claimed to be specific for galacturonic

acid (158)*

In the present investigation, the gum, which

was supplied by irofessor R. J. Mcllroy, was purified

by dissolving in acid, precipitating twice from water

by the addition of ethanol (3 parts of ethanol to 1 part

of water), once by acetone (4 parts of acetone to 1 part
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of wafer) and then "by ethanol (3 parts of ethanol to

2 parts of water). The addition of more ethanol in

this last precipitation produced only a snail amount

of substance. This gave a product, free from ash,

with a rotation of -?-1220 which was used for the de¬

termination of properties and the rate of hydrolysis,

and it has been referred to as the purified gun. For

the large scale hydrolysis, methylation and subsequent

experiments, the gum was prepared by dissolving in acid,

removing mechanical impurities, precipitating by the

addition of ethanol (3 parts of ethanol to 2 parts of

water) and washing the precipitate until free from

chloride ions. This product has been referred to as

the re-precipitated gum.

The electrophoretic behaviour, in a borate

buffer of pH 10, of the material obtained from Professor

R, J. Mcllroy, indicated a single polymeric component.

The measurements were carried out in an Antweiler semi-

micro apparatus.

The purified product was readily soluble in

water, in, contrast to the crude gum. Apparently the
treatment with alkali removed ester groups. Acetyl

groups have been found in some other gums, e>£. Ster-

culia gums (105). A low, but significant, methoxyl

content (1,0^) was obtained after a portion of the

purified gum had been precipitated from water by acetic
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acid and freeze-dried from aqueous solution, indicating

the presence of methyl ether groups. The equivalent

weight was determined by direct titration with N/10
sodium hydroxide solution, using phenolphthalein as

the indicator. This gave a value of 344 which indic¬

ates 51$ uronic anhydride in the gum. The uronic

anhydride content, estimated from the carbon dioxide

evolved on heating with 19$ hydrochloric acid, was

47.2$ - no explanation is apparent for the discrepancy

in the results obtained by these two methods.

The hydrolysis of the purified gum with N-

sulphuric acid at 100° was followed polarimetrically,

and the iodine consumption of the hydrolysate in

alkaline solution estimated. The neutral sugars pro¬

duced were examined on a paper chromatogram. The

rotation changed from +122 to +93 in 5.0 hours and

the iodine number (millilitres of N/10 iodine solution

consumed by the hydrolysate of one gram of the poly¬

saccharide) from 1.9 to 46. Only a slight change

occurred on heating another hour.

Galactose and arabinose appeared after heating

for half-an-hour and rhamnose after 3 hours. After

15 hours, the iodine number was 75 and after 20 hours

the rotation changed to +50. On heating an aqueous

solution of the gum at 100° (autohydrolysis) the iodine

number changed to 11.5 in 8 hours.
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As one grata of hexose reacts with 111 ml. of

N/10 iodine solution, hydrolysis of the polysaccharide
cannot have been complete after 6 hours heating, although

the reaction slowed down. After 15 hours, the hydrolysis

was still not complete. The slow rate of hydrolysis

is explained by the high uronic acid content of the

gum, as the glycosidic linkage of uronic acids is

resistant to acidic hydrolysis. The high proportion

of uronic acid made the total estimation of the com¬

ponent sugars, formed on hydrolysis, impossible. After

heating for 18 hours at 100° with 2N-sulphuric acid

and estimating the component sugars by the formic

acid produced on the addition of meta-periodate, the

total recovery was only 80% - the percentages based

on the original polysaccharide were anhydro-galactose

18%, anhydro-rhamnose 15%» anhydro-arabinose <1% and

the uronic acid, estimated by the carbon dioxide evolved

on heating with 19% hydrochloric acid, 47%.
A large scale hydrolysis of the re-precipit-

ated gum with N-sulphuric acid at 100° and separation

of the products by partition chromatography on a col¬

umn of powdered cellulose, using as the eluant n-butanol-

ethanol-water, gave four fractionsj-

L-rhamnose 3.7%

L-arabino s e 0.2%

D-galacto s e 18.0%
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an acidic fraction 52.0%

Total 74%

The three neutral sugars were obtained crys¬

talline and were characterised by their melting points,

mixed melting points with an authentic sample and their

optical rotations. The acidic fraction was obtained

as an amorphous solid by washing the column with water

and removing the barium ions with Amberlite IR-120

resin. An examination on a paper chromatogram, using

a neutral solvent for irrigation, revealed a faint

trace of galactose in this fraction.

On heating a portion of the acidic fraction

with 2N-sulphuric acid for 18 hours, galactose and

rhamnose were produced.

The acidic fraction was converted to the

methyl ester, methyl glycoside and reduced in aqueous

solution with potassium borohydride. The glycosides

were hydrolysed and the mixture of neutral sugars

separated into five fractions by partition chromato¬

graphy on a column of powdered cellulose. (The amounts
of sugar isolated are expressed as a percentage of the

weight of original polysaccharid^.
L-rhamnose 10.1%

4-0-methyl-D-gluco s e 2.0%

D-glucose 0.1%

D-galactose 26.6%
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L-Rhamnose and D-galactose were obtained

crystalline. 4-0-Methyl-D-glucose was characterised

as the osazone and the other fraction was assumed to

"be D-glucose on the basis of its R^ value and destruct¬
ion by glucose-oxidase (notatin). The D-glucose was

probably formed by demethylation of 4-0-methyl-D-

glucose.

As 4-0-methyl-D-glucose was not found in the

hydrolysis before reduction, even after using vigorous

conditions for hydrolysis, then presumably 4-0-methyl-

D-glucuronic acid is present in the gum. The total

quantity of D-galactose isolated indicates that D-

galacturonic acid is also a constituent. The amount

of D-galactose and L-rhamnose found was 58.4% of the

original polysaccharide. As the gum contains 47 - 51%
of uronic acid, some of the D-galactose must have been

produced by the reduction of D-galacturonic acid.
The presence of two different uronic acid

residues in a single gum is unique, although the two

uronic acids have been previously found in different

gums, 4-0-Methyl-D-glucuronic acid occurs in mesquite

(161), myrrh (7), lemon (150), grapefruit (150) and

probably sapote (104) gums, and D-galacturonic acid in
four other cases; gum tragacanth (8), cholla gum (107)»
Sterculia setigera gum (105) and Cochlospermum gossypium

gum (106). The gum of Khaya grandifolia resembles
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the gums of Sterculia setigera and Cochlospermum

gossypium in its high uronic acid content and in hav¬

ing L-rhamnose and D-galactose as the neutral sugar

components. It differs in having 4-0-methyl-D-gluc-

uronic acid and a trace of L-arabinose.

The re-precipitated gum was methylated by

six treatments ?/ith dimethyl sulphate and alkali, and

converted to the ester by methyl iodide and silver oxide

in methanol. The ester was heated with methyl iodide and

silver oxide. After five treatments, the material sol¬

uble in chloroform-light petroleum (Is4) (50$) was

isolated and had a methoxyl content of 40.2$.

The methylated gum was hydrolysed by keeping

in 2N-sulphuric acid at room temperature for 10 days

and Then heating at 100° for 20 hours. Five fractions

were obtained by partition chromatography on a column

of powdered cellulose, using n-butanol-light petroleum-

water as the eluant.

2:3:4:6-Tetra-0-methyl-D-galactose was char¬

acterised as the aniline derivative.

2 s 3 s6-Tri-0-methyl-I)-galactose was charact¬

erised as the 2:3:6-tri-0-methyl-D-galactonolactone,
*

after oxidation with bromine water.

3-0-Methyl-L-rhaianose was obtained crystalline.

Oxidation with bromine water produced a syrupy lactone

and its optical rotation agreed with the previous value
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for 3-O-methyl-L-rhamnonolactone. The methyl glycoside

was not attacked by meta-periodate. Methyl-2 and 4-0-

methyl-L-rhamnosides consume one mole, of meta-period-

ate.

The fourth fraction was obtained in <1^ yield

and was a mixture, as indicated by paper chromatography,

of 3~0_methyl-L-rhamnose and a fraction with an R& value
of ,45. The methoxyl content indicated a mixture of

2 parts of a di-O-methyl-hexose and 1 part of 3-0-methyl'

L-rhamnose.

By washing the column with water, the barium

salt of an acidic fraction was eluted. After removal

of the barium ions by Amberlite IR-120 resin, this was

separated into two fractions by partition chromato¬

graphy on a column of powdered cellulose, using as the

eluant n-butanol-acetic acid-water. As the separation

was not efficient, it was necessary to re-cycle the

mixed fraction twice. The first fraction had an R&
value of .81, with a trace of substance of R& value
of .95» when examined in an acidic solvent. On heating
with acid it was unchanged. The second fraction was

a mixture of substances with R^ values in an acidic
solvent of less than .81, and on hydrolysis further

quantities of 2:3*6-tri-0-methyl-D-galactose and 3-0-

methyl-L-rhamnose were produced. There were also traces

of substances with R& values of .45» .30 and .25.
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Washing with, water eluted an acidic fraction which

was combined with the rest of the uronic acid, con¬

verted to the methyl glycoside, methyl ester and red¬

uced with lithium aluminium hydride in tetrahydrofuran.

Hydrolysis and separation of the mixture of neutral

sugars, by partition chromatography on a column of

powdered cellulose, gave four fractions.

2:3:4-Tri-£-methyl-D-glucose was characterised
as the aniline; derivative and by methylation to 2:3:4:6-

tetra-jO-methyl-B-glucose. It was presumably formed

by the reduction of 2:3:4-tri-0-methyl-D-glucuronic

acid.

2:3:6-Tri-0-methyl-D-galactose was charact¬

erised as the lactone. This cannot have been formed

by the reduction of a uronic acid, as the 6 position

is substituted. The isolation of this compound in

earlier stages of the hydrolysis indicates that it

arose from incomplete hydrolysis of the acidic portion.

3-JD-Methy1-1-rhamnose was isolated as the

crystalline sugar.

2:3-Di-Oymethyl-D-galactose was characterised
as the aniline derivative. This, presumably, was formed

by the reduction of 2:3~di-0-methyl-D-galacturonic

acid, as the yield, although low compared with the

expected amount, was higher than the quantity of neut¬

ral sugar of similar value already isolated.



- 41 -

Assuming that the sugars were present in the

pyranose form in the original polysaccharide, the

isolation of these sugars indicates that the following

structural units* are present in the gum.

I

<-l.D-Ga <-1.D-Ga.4- (<-l.D-Ga.-)
1
2

♦-1.L-Eh.4-

<-1. (4Me)D-Glu

<-l.D—Gal. 4—

The slow rate of autohydrolysis and hydrolysis

makes the assumption of pyranose rings reasonable. If

the small amount of L-arabinose is an integral part

of the molecule, this may be present as the furanose

sugar, but all the arabinose was lost during the

methylation.

*D-Ga, D-galactose

L-Rh, L-rhamno s e

(4Me)D-Glu, 4-0-methyl-D-glucuronic acid

D-Gal, D-galacturonic acid

The numbers refer to the positions where one mono¬

saccharide is joined to another.
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The small quantity of substances of R& values
lower than ,45 isolated, made it improbable that these

were structurally significant as they could have arisen

from undermethylation or demethylation. The total yield

of monosaccharides was 37$. This low recovery was due

to the decomposition of the uronic acids and probably

some of the neutral sugars during the prolonged heat¬

ing with strong acid, which was necessary for hydrol¬

ysis, As the difficulty of hydrolysis is associated

with the uronic acid linkages, the methylated gum was

reduced v/ith lithium aluminium hydride in tetrahydro-

furan. It was possible to hydrolyse the neutral poly¬

saccharide produced, using less vigorous conditions.

On hydrolysis and separation of the components on

sheets of thick paper (Whatman 3 MM), five fractions

were obtained and the total yield of monosaccharides

was 80$ (average of two results). As two of the com¬

ponents could not be separated, the reduced gum was

methylated and on hydrolysis, six fractions were ob¬

tained, The recovery was 76$,

Reduced gum

29

22

23

2
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Methylated, reduced gum

2:3:4:6-t etra-O-methyl-3)-gluco s e

2:3*4:6-tetra-O-methyl-D-galactose

tri-O-methyl-L-galacto se

3-O-methy1-L-rhamnos e

di-G-methyl-D-galacto s e

43

24

19

8

5

SG -3° 1

The total of tetra-methyl sugars in the

methylated product is higher than the total of tetra-

O-methyl-galactose and tri-O-methyl-glucose in the

reduced gum, and the amount of tri-O-methyl-galactose

in the methylated material is not enough to account

for the amount of di-O-methyl-galactose which has been

methylated to tri-O-methyl-galactose. These results

suggest the presence of 2:3:4-tri-O-methyl-D-galactose

in the tri-O-methyl-galactose fraction of the reduced

material, presumably formed by the reduction of 2:3:4-

tri-O-methyl-D-galacturonic acid. Assuming this, it

is possible to balance the two sets of analyses and

the following approximate percentages have been estim¬

ated for the original polysaccharide.

♦~1.I)—Ga, 12 ♦-1.D—Ga.4-, 17

2

♦-1.D—Ga,—, 5 ♦~1.L-Rh.4-, 26
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4-1. (4Me)D-Glu, 8 4-1.1-Gal, 6

<-1.D-Gal.4-, 25

These figures can only be approximate, as the

total uronic acid (39^) is lower than the value for

the original gum (47^).

The methylation results show that Khaya

grandifolia gum resembles in some aspects Sterculia

setigera and Cochlospermum gossypiua gums. Galactose

is linked through the 1 and 4 positions in contrast

to most of the gums that have been examined, where

the linking is 1-3, 1-6, or 1-3-6, je.£. Acacia (131),
mesquite (135), cherry (132), damson plum (133), egg-

plum (134) and cholla (107) gums. L-Rhamnose is the

main branching point and not on the periphery of the

molecule as in Acacia, cherry, cholla and damson plum

gums. The linking of D-galacturonic acid through the

1 and 4 positions is similar to pectic acid (159).
The acidic portion,formed after partial hyd¬

rolysis of the original polysaccharide, was found to
be a mixture of oligosaccharides. Examination on a

paper chromatogram, in an acidic solvent system, in¬

dicated a number of substances which varied in their

rate of movement, relative to galactose, from zero to

,85, One gram of the mixture reacted with 36 ml. of

N/10 iodine in alkaline solution.
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Six fractions were obtained by adsorption

on the acetate form of Amberlite IRA-400 resin and

eluting with increasing concentrations of aqueous

acetic acid# The resin was prepared by grinding the

commercial product and packed as a slurry in dilute

acetic acid and washed with water. The concentration

of the acetic acid was increased stepwise. The in¬

creases were small (0.1$) at low concentrations but

larger (2.5$) at higher concentrations.

A uronic acid, a mixture of two aldobiouronic

acids, three acidic trisacch&rides and a mixture of

higher oligosaccharides were obtained.

The uronic acid was characterised as D-ga.l-

acturonic acid by oxidation to mucic acid. The yield,

based on the original polysaccharide, was 1.3$. The

aldobiouronic acid fraction was obtained in 10$ yield.

Only one spot was obtained after paper chromatography

end spraying with aniline oxalate, but this was brown

at the head and red-brown at the tail. Two substances

with slightly different values were indicated by

paper electrophoresis in a borate buffer. One gram

of the mixture consumed 44 ml. of N/10 iodine. This

value is low for a disaccharide but rhamnose does not

react completely. On acidic hydrolysis, rhamnose,

galactose, galacturonic acid and 4-0-methyl-glucuronic

acid were liberated. After oxidation of the disaccharides
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with bromine water, the rhamnose and galactose were

destroyed but the two acids were not.

The mixture was methylated with dimethyl

sulphate s.nd alkali (four treatments) and esterified

with silver oxide and methyl iodide. After reduction

with lithium aluminium hydride in tetrahydrofuran,

the neutral disaccharides produced were completely

methylated by silver oxide and methyl iodide. Hydrol¬

ysis with N-sulphuric acid and separation of the com¬

ponents by partition chromatography on a column of

powdered cellulose, using n-butanol-light petroleum-

water as the eluant, gave three fractions. The second

fraction was separated into two parts by partition

chromatography on sheets of thick paper, using benzene-

ethanol-water for irrigation.

2:3:A:6-Tetra-0-methyl-D-glucose was isolated

as the crystalline sugar.

213 s 4:6-Tetra-O-methyl-D-galactose was char¬

acterised as the aniline derivative,

3:4-M-0-methyl-L-rhamnose was characterised

as 3:4-di-0-methyl-L-rhamnonolactone, after oxidation
with bromine water.

2:3i6-Tri~£-methyl-D-galactose was characterised

as 2:3:6-tri-0-methyl-D-galactonolactone, after ox¬

idation with bromine water.

These results indicate a mixture of two
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aldobiouronic acirls, either,

*-1 •D-Ga. 4*-l • (4-Me)D-Glu

and

*-1. L-Eh • 2*-l«D-Gal

or the other combination with B-galacturonic acid

joined to D-galactoce and 4-0-methyl-D-glucuronic

acid linked to L-rhamnose, Three pieces of evidence

suggest tliat the formulation, as shown, is correct.

The two aldobiouronic acids have the same

rate of movement on a paper chrcmatogram. A di-

saceharide composed of L-rhamnose and 4-0-methy1-D-

glucuronic acid would move at a faster rate than one

composed of D-galactose and D-galacturonic acid.

The rate of movement in a borate buffer on

paper electrophoresis is similar. As the compounds

are arranged they have the same charges in borate

buffer but in the other arrangement the charges would

be different.

2-0-D-Galacturonosy1-L-rhamnose and 4-0-

(4-0-metIiyl-D-glucuronosyl)-D-galactose occur in

other plant gums and mucilages.

From the results obtained by hydrolysis of

the methylated gum, it is possible to describe the

mode of linking of these aldobiouronic acids in the
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gum. All the tetra-.0-methyl-D-galactose was removed

in the first stage of hydrolysis, so the following

units must he present
I

4

•KL.L-Bh.2 *-l.D—G-al. 4—

and

«-l.D-Ga .4 *-1. (4Me)D-Glu

While the presence of two different uronic

acid residues in a single gum is unusual, the isol¬

ation of two aldohiouronic acids is not. Whenever

two disaccharides have "been found, they have had the

same constituent uronic acid, .e.g. mesquite (140,143,

157,161), ghatti (97)f Cochlospermum gossypium (106),
Sterculia setigera (105) and Acacia karroo (156) gums

have given mixtures of aldohiouronic acids.

2-0-D-Galacturonosyl-L-rhamnose has heen is¬

olated from the partial hydrolysis of Sterculia setigera

and Cochlospermum gossypium gums and 4-0.-(4-0-metiiyl-

D-glucuronopyranosyl)-D-galactose from gum myrrh (160).
Three substances were isolated which were

probably trisaccharides, as indicated by their rate
of movement on a paper chromatogram. The first was

isolated in 2.0% yield and contained some impurities.

On hydrolysis, rhamnose and galactose were liberated
and after reduction of the methyl ester, methyl
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glycoside with potassium borohydride, followed by

hydrolysis, galactose and rhamnose were indicated

by paper chromatography. By oxidation of the tri-

saccharide with bromine, most of the rhamnose was

destroyed. This suggests a trisaceharide composed

of rhamnose, galactose and galacturonic acid in which

the rhamnose has the 1 position unsubstitutedi-

'Gal
",Rl1 (Ga

The second, isolated in 0,8"fa yield, gave a

single spot on a paper chromatogram and on paper el¬

ectrophoresis, Ehamnose and galactose were produced

on hydrolysis and after bromine oxidation the galactose

disappeared. On reduction of the methyl ester, methyl

glycoside and hydrolysis, galactose and rhamnose were

produced, suggesting a structure of:-

- n* <Gal
(Eh

The third was isolated in 7,0';= yield and was

impure. On hydrolysis, galactose and rhamnose were

found and on bromine oxidation the galactose was de¬

stroyed, Seduction and hydrolysis produced galactose

and rhamnose. The equivalent weight was 4-90, indicating

one uronic acid linked to two neutral monosaccharides

with a structure ofs-
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_ r_ (Gal#Ga (Eh

The isolation of these three products indic¬

ates that at least three of the sugars are in a single

polymer.

The final fraction was a mixture of substances,

all of which moved more slowly than the probable tri-

saccharides. Hydrolysis produced galactose and rhamnose

and the same sugars were found after reduction and

hydrolysis. The equivalent weight of 300 indicated

more than 50^ uronic acid in the mixture, which suggests
the presence of oligosaccharides in which uronic acids

are linked together.

The recovery from the column was 60^.

In view of the investigations on Acacia species,

which have indicated that the different species have

the same component sugars but in differing proport¬

ions, another uhaya species, senegalensis, was sub¬

jected to preliminary examination.

Khaya senegalensis gum swelled and dissolved

slowly in water but was readily soluble after treat¬

ment with alkali. One particular nodule of the gum

had an acetyl content of 2.75^ and a methoxyl content

of 2.2^. The gum was purified by dissolution in al¬

kali and precipitation from acidic solution by ethanol.

After four precipitations, the rotation was constant
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at a slightly higher value than the rotation of Khaya

grandifolia gum. An attempt at fractionation between

water and ethanol was unsuccessful. After precipit¬

ation from acetic acid and freeze-drying, the methoxyl

content was 1.25&. The equivalent weight was 412, in¬

dicating 42i° uronic anhydride in the gum.

L-arabinose (2.1'^), D-galactose (16.1^) and an acidic

fraction (37.8%) were produced. The acidic fraction

had an equivalent weight of 348 and on further hydrolysis

galactose and rhamnose were liberated. It was con¬

verted to the methyl glycoside, methyl ester and red¬

uced with potassium borohydride. Examination on a

paper chromatogram indicated three substances and a

trace of another. These corresponded in values to

rhamnose, 4-0-methyl-glucose, glucose (trace) and

galactose. A paper chromatogram of the acidic fraction,
which was irrigated with an acidic solvent and sprayed

with aniline oxalate, gave a pattern of spots similar

to the acidic fraction obtained by partial hydrolysis

of Khaya grandifolia gum.

that the same monosaccharides are present in both

species of Khaya genus. The proportions of uronic

On hydrolysis of the purified gum with N-

sulphuric acid at 100° for 6 hours, L-rhamnose (4.0^),

Prom these preliminary results it appears

acid and L-arabinose differ and there are probably
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differences in the other sugars. As in the Acacia

genus, different species have the same component sug¬

ars "but in different quantity.
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EX. ERIMENTAL

The following solvent systems were used for

paper chromatography: A, n-butanol-pyridine-water-

"benzene, (5:3:3:1); B, n-butanol-ethanol-water, (4:1:5);

C, n-hutanol-acetic acid-water (4:1:5); D, n-butanol-

acetic acid-water (8:2:5); "benzene-ethanol-water,

(169:15:47)• All these are two phase systems and the

upper phase was used for irrigation of the paper.

Unless otherwise stated, Whatman no.l filter paper

was the carrier and spraying with a saturated aqueous

solution of aniline oxalate was used for development.

The term R& refers to the rate of movement relative
to 2:3:4:6-tetra-0-methyl-I)-glucose in solvent B, ex¬

cept when another solvent system is specified, Taper

electrophoresis was carried out in borate buffer of

pH 10.

Purification of Khaya grandifolia Gum.- The

gum was obtained as a light grey powder which had been

reprecipitated by ethanol,after solution in 4$ aqueous

sodium hydroxide (121). The crude gum (4.0g.) was

dissolved in water (150 ml.) and after addition of

concentrated hydrochloric acid (5 ml.) the mechanical

impurities were removed at the centrifuge. The gum

was precipitated by pouring the solution into ethanol

(500 ml.). The precipitate was dissolved in water

(100 ml.), reprecipitated in ethanol (300 ml.),
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dissolved in water (100 ml.) again, and acetone (400 ml.)

added. The white powder was washed with ethanol (3 times),

kept overnight with anhydrous ethanol, washed with dry

ether and dried (2.8g»). After dissolution in water

(200 ml.), ethanol was added in f>0 ml, portions to

effect a fractionation. The "bulk of the material

(2.3g.) precipitated when 300 ml. of ethanol had "been

added. This precipitate was removed at the centrif-
A

uge and dried (100 /12mm.), to give a white amorphous

powder, free from chloride ions, [V]^ +122° (£, 1.88
in HgO). value did not change on re-precipitation.
Hydrolysis of a sample for 6 hours at 100° with N-

sulphuric acid and examination of the products on a

paper chromatogram, indicated the presence of galactose,

rhamnose, acidic material and a trace of arahinose. This

sample was used for the determination of properties

and the hydrolj'sis of the gum. On addition of ethanol

(600 ml.) to the mother liquors, only a trace of mat¬

erial was precipitated (»03g.)« For the partial

hydrolysis, methylation and subsequent experiments,

the polysaccharide was dissolved in water, hydrochloric

acid added and then precipitated "by the addition of

ethanol (3 parts of ethsnol to 2 parts of water). The

precipitate was washed with ethanol until free from

chloride ions and then dried, +120° (£, 1.80
in H20).
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Properties of K. grandifolia Guru- A 1.7$

solution of the crude polysaccharide, in borate buffer

of pH 10, gave a single symmetrical peak when examined

in an Antweiler micro-electrophoresis apparatus. The

purified polysaccharide was free from ash and had an

equivalent weight of 344, found by titration with 11/10
sodium hydroxide solution, iising phenolphthalein as the

indicator • (Pound* OMe, 1.0$). The uronic anhydride

content, estimated as carbon dioxide formed on heating

with 19$ hydrochloric acid (30)» was 47.2$. Hydrolysis

with N-sulphuric acid in a boiling water bath for 6

hours and estimation of the liberated aldoses by the

method of Hirst and Jones (59), indicated the presence

of anhydro-galactose 16.1$, anhydro-rhamnose 8.2$,
and anhydro-arabinose <1$ in the gum. After hydrol¬

ysis with 2N-sulphuric acid for 18 hours, the values

were anhydro-galactose 18.0$, anhydro-rhamnose 14.7$,
and anhydro-arabinose <1$. Oxidation of the gum with

nitric acid and estimation of the mucic acid (m.p. 216°),
indicated 58$ galacturonic and galactose anhydride.

Paper chromatograms of the neutral sugars9 prod\iced
on hydrolysis,were sprayed with urea hydrochloride,
ammoniacal silver nitrate and a mixture of periodate

and permanganate to detect any other substances but

none were indicated.

Hydrolysis of K. grandifolia Gum.- The purified
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gum was heated in a "boiling water bath with N-sulphuric

acid and the rate of hydrolysis followed polarimetric-

ally and by the iodine consumed on reaction with hyp-

oiodite. The neutral sugars produced were examined

on a paper chromatogram. Originally the solution had

[&]d +122° and one gram of polysaccharide consumed
1.9 ml. of N/10 iodine solution. After 0,5 hours

16.5 ml. of iodine was consumed; 1 hour, 22 ml.;

1.5 hours, [V]^ +113°, 26 ml.; 2.0 hours, [a]^ +110°,
30 ml.; 3.1 hours, [a]B +107°, 37 ml.; 4.1 hours,
[a] j) +97°, 42 ml.; 5.0 hours, [a] ^ +93°» 46 ml,; 6.0
hours, [a] ^ +92°, 47 ml. Galactose and arabinose
appeared after heating for 0.5 hours and rhamnose

after 3 hours. Some decomposition started after 6

hours heating and the iodine values became erratic

and the solution too dark to measure the optical rot¬

ation. The heating was continued for 15 hours when

the iodine consumption was 75 ml. After 20 hours, the

rotation of a solution which had been decolourised

with charcoal was +50°.
On heating the gum in aqueous solution, after

8 hours one gram of the hydrolysate consumed 11.5 ml.

of N/10 iodine solution.

- artial Hydrolysis of K, grandifolia Gum.-

The re-precipitated gum (10.Og.) was dissolved in

N-sulphuric acid and heated in a boiling water-bath
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for 6 hours, the solution neutralised with barium

hydroxide and the excess alkali quickly destroyed with

carbon dioxide. The precipitated barium salts were

removed at the centrifuge and washed three times with

water. The water was removed by distillation under

diminished pressure and the residue separated into

four fractions by chromatography on a column of powd¬

ered cellulose, using n-butanol saturated with water,

plus 10% ethanol as the eluant.

Fraction A,- 0.370g., [V] ^ +9,8° (£» 4.44
in HgO), ,30, This fraction crystallised on rem¬
oval of the solvent and was recrystallised from eth¬

anol to give L-rhamnose hydrate, m.p, 95° (not depressed

on admixture with an authentic specimen).
Fraction B»— ,023g,» [a]^ +104° (<c, 1,13 in

HgO), E& ,12, Tills fraction crystallised on removal
of the solvent and was recrystallised from methanol

to give L-arabinose, m.p. 155° (not depressed on ad¬

mixture with an authentic sample).

Fraction C.- l,80g., [a]^ +81° (_c, 1.61 in
HgO), Pi£ .07. This fraction crystallised on removal
of the solvent and was recrystallised from methanol

to give D-galactose,m.p. 164° (not depressed on ad¬

mixture with an authentic sample).

Fraction I> was obtained by washing the column

with water and was qomposed of a mixture of barium
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salts of acidic material, (Found: Ba content 17,4%).

The barium was removed by passage through a column

of Amberlite IR-120 resin (acid form) and the solvent

removed by freeze-drying to leave a yellow powder (5.2g.);
one gram consumed 36 ml, of N/10 iodine. Hydrolysis

with 2N-sulphuric acid at 100° for 18 hours, followed

by examination of the hydrolysate on a paper chromat-

ogram (solvent A), indicated the presence of rhamnose

and galactose.

Identification of the Constituent Sugars of

the Acidic Fraction Produced on Partial Hydrolysis of

K. grandifolia Gum,- The freeze-dried product (4.5g»)

was kept overnight with.4^ hydrogen chloride in meth¬

anol and then boiled for 7 hours. The solution was

cooled, neutralised with silver carbonate and filtered.

After distillation of the methanol, the residue was

dissolved in water (100 ml,) and added slo?/ly to a

solution of potassium borohydride (2,3g.) in water

(100 ml,). After 2 hours,the excess borohydride was

destroyed by the addition of dilute acetic acid and

ions removed by passage through columns of ion ex¬

change resins (Amberlite IR-120 and IR-4B). After

removal of the water, the residue was bydrolysed by

heating with N-sulphuric acid at 100° for 18 hours.

The sulphuric acid was neutralised with barium carb¬

onate and the syrup, left after distillation of the
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water, was separated into four components "by partition

chromatography on cellulose powder, using as eluant n-
butanol saturated with water, changing to n-butanol

saturated with water plus 10$ ethanol. Fractions A

and B were only partially separated. The mixed fract¬

ion was triturated with wet butanol, when most of frac¬

tion A crystallised. The residue from the mother

liquors was then separated by chromatography on a

smaller column.

Fraction A.- 0.878g., fa] ^ +10° (£, 2.35 in
H20), R& .30. This fraction crystallised on removal
of the solvent and was recrystallised from v/et butanol

to give L-rhamnose hydrate m.p. 95° (not depressed on

admixture with an authentic sample).

Fraction B.- 0.173g.» fa] +62° (£, .74 in

HgO), R& .27. (Found* OMe, 15.5). (Calc. for a mono-
O-methyl-hexose 15.sf). A portion (.030g.) was heated

in a boiling water bath for 30 minutes with phenyl-

hydrazine (.08 ml.), acetic acid (.08 ml.) and water

(0.5 ml.). The precipitated osazone (.022g.) was

recrystallised from ethanol, m.p. 154°, fa]D -31°
-14° (equilibrium value) (jc, 1.11 in HgO).

Fraction C.- .Ollg., R& .09 (solvent A). A
portion was incubated with glucose-oxidase and the

solution examined on a paper chromatogram (solvent A).
On development with aniline oxalate, no spot at R& .09
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was found, indicating that the original substance was

D-glucose.

Fraction D.- 2.30g., ["a] +81° (£, 2.34 in

1^0), ,07. This fraction crystallised on removal
of the solvent and was recrystallised from methanol

to give D-galactose, m.p. 163° (not depressed on ad¬

mixture with an authentic sample).

Methylation of K. grandifolia Gum.- An at¬

mosphere of nitrogen was maintained inside the reaction

vessel,during all methylations using aqueous sodium

hydroxide.

The re-precipitated gum (20g.) was dissolved

in 30$ aqueous sodium hydroxide solution (600 ml.)

and dimethyl sulphate (270 ml.) added,with vigorous

stirring, over a period of 8 hours. During the add¬

ition of the dimethyl sulphate, the temperature of the

reaction was hept below 20°. After 24 hours, more

sodium hydroxide solution (30$, 600 ml.) was added,

followed by the gradual addition of dimethyl sulphate

(270 ml.) over a period of 5 hours. The next day,

sodium hydroxide (180g.) in water (200 ml.) was added,
followed by dimethyl sulphate (270 ml,) over a period

of 5 hours. The reaction mixture was acidified and

dialysed against running tap water for 24 hours* The

volume of the solution was reduced to 200 ml. by dis¬

tillation of the water under dirainished pressure.
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After three more methylations,the solution was dial-

ysed against running tap water for 24 hours. The

volume of the solution was reduced to 200 ml.; this was

acidified with dilute sulphuric acid and dialysed for

48 hours against distilled water. The water was re¬

moved by freeze-drying to give a yellow powder which

was dissolved in water and silver carbonate added.

(Found; OMe, 24.2; ash, 7.550. The solution was

filtered, the water removed by freeze-drying and the

residue boiled with methanol (100 ml.), methyl iodide

(80 ml.) and silver oxide (5g.) for two hours, during

which time two further additions of silver oxide were

made. The silver oxide was removed by filtration, the

solvent distilled and the residue methylated five times

with methyl iodide and silver oxide. The time of

heating in each methylation was 24 hours. After each

treatment,the material soluble in petroleum ether (80

parts) and chloroform (20 parts by volume) was isolated.

Any material soluble in petroleum ether was discarded.

This yielded 10.lg., [a]^6 +53° (c, 1.32 in CHC13).
(Found: OMe, 40.2/0.

Hydrolysis of Methylated K. grandifolia Gum

and Identification of the Neutral Sugars.- The meth¬

ylated gum (8.0g.) was kept at room temperature for

10 days with 2N-sulphuric acid (125 ml.). The

solution was heated at luO° for 20 hours and neutralised
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with, barium hydroxide, followed by carbon dioxide. The

precipitated barium salts were removed at the centrif¬

uge, washed with water, and the solvent removed by

distillation under diminished pressure. The residue

was separated into five fractions by partition chrom¬

atography on a column of cellulose powder, using as

eluants light petroleum (60 parts)-n-butanol (40 parts),
saturated with water, changing to light petroleum

(50 parts)-n-butanol (50 parts), saturated with water
and finally water.

Fraction A.- 0.90g., +111° (c, 0.96 in

HgO), E& .88. (Found: OMe, 52.0. Calc. for a tetra-
O-methyl-hexose 52.5$)* A portion (O.lOOg.) was heated

under reflux with aniline (0.1 ml.) in ethanol (2.0 ml.)

for 3 hours. On cooling,needles (.098g,) appeared

having m.p. 190° (not depressed on admixture with the

aniline derivative of 2:3*4:6-tetra-0-methyl-D-galactose)

and [a]^ -63° +34° (equilibrium value) (jc, O.83 in
(CH3)2co).

Fraction B.- 0.84g,, [aj^ +86° (c, 1.07 in
HgO), Rg .71. (Found: OMe, 42.4. Calc. for a tri-0-
methyl-hexose 41.9$). A portion (0.168g.) was oxid¬

ised with bromine water at 60° for 6 hours, the sol¬

ution aerated to remove excess bromine and neutralised

with silver carbonate. The solution was filtered,

hydrogen sulphide passed and the solution filtered
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again. The water was distilled under diminished pressure

and the residue extracted with ether. Distillation

of the ether left a syrup,which crystallised (0.129g.)
on cooling. This was examined on a paper chromatogram

(solvent B). The paper was dried and kept in a cov¬

ered dish with ethereal diazo-methane, sprayed with

an alkaline methanolic solution of hydroxylamine foll¬

owed hy ferric chloride. Only one spot was observed

and this was chromatographically identical with 2:3*6-

tri-O-methyl-D-galaotonolactone. Using bromo-cresol

green as the spray, a faint streak from the origin

was observed. This might indicate the presence of

2:4:6-tri-0-methyl-D-galactonio acid, but all attempts

to prepare an aniline derivative of any 2:4:6-tri-£-

methyl-D-galactose in the original syrup were unsucc-

essfiil. The crude lactone was purified by distillation

under diminished pressure (0,08 mm./bath temperature

100-110°) and recrystallised from benzene-light pet¬

roleum to give needles, m.p. 98° (not depressed on

admixture with 2:3:6-tri-0-methyl~D-galactono-la,ctone)

[a]^ -40° *♦ -29° (equilibrium value) (£, 0.55, in HgO).
Fraction C.- 0.28g., [a]+37° (£, 0.95 in

H20), [a] J5 +11° (£, 1.93 in C^OH), RQ .55. (Found:
OMe, 18.5. Calc. for a mono-O-methyl-deoxy-hexose

17.4%). This fraction crystaJLlised on removal of the

solvent, and had m.p. 115°. A portion (.068g.) was
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kept with bromine water for 20 hours and then heated

for 6 hours at 60°, The bromine was removed by aerat¬

ion, the solution neutralised with silver carbonate,

filtered, the silver ions precipitated by passing

hydrogen sulphide and the solution filtered again.

The water was distilled under diminished pressure and

the residue extracted with acetone. On distillation

of the acetone^a syrup (.032g.) remained, -20° -♦

-18° (equilibrium value) (c., 1.6 in HpO). The glyc¬
oside, prepared by boiling for 7 hours with 3i> hydro¬

gen chloride in methanol, was not oxidised by potassium

meta-periodate solution.

Fraction D.- ,023g«, Rq *55 and .4-5. This
fraction was combined with a later fraction.

The ions of methylated uronic acids then

appeared.

Fraction E.- (water wash). The solvent was

distilled, the residue dissolved in water and the sol¬

ution passed through a column of Amberlite IR-120 (acid

form; resin to remove cations. The water was distilled

and the residue separated into two portions by partition

chromatography on a column of powdered cellulose, using

as the eluant n-butanol half saturated with water plus

5% acetic acid. Three cycles were necessary.

Fraction 1.- 0.70g., R^ ,81 and a trace of .95,
was unchanged on heating at 100° with 2N-sulphuric acid
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for 24 hours.

Fraction 2.- 3«lg«# Rq. values less than ,81,
This was heated with 2N-sulphuric acid at 100° for
24 hours. The solution was neutralised with barium

carbonate, the insoluble barium salts removed at a

centrifuge and the solvent removed by distillation

under diminished pressure. The residual syrup was

separated into six fractions by partition chromatog¬

raphy on a column of powdered cellulose, using light

petroleum-butanol, butanol-water and water as eluants.

Fraction B(i),- ,045g.» Rq. ,71,
Fraction C(i),— O.llOg,, R& .55,
Fraction P(i),- ,033g., Rq ,55 + #45. This

was combined with fraction 33, total ,056g,, Hp +57°
(c, 0,63 i» HgO), (Found: QMe, 25.2^), The methoxyl
content indicates a mixture of di-0-methy1-hexose (,04g.)

and mono-O-methyl-rhamnose (•02g,)•
Fraction F.- ,020g,, R& ,30,
Fraction G.- ,020g,, Rq ,25*
Fractions P, F, and G were isolated in such

small quantity that they cannot be considered to be

structurally significant, as they could easily have

arisen from undermethylation or demethylation.

Fraction 3,- (water vmsh). The barium ions

were removed by passing an aqueous solution through a

column of ion exchange resin (Amberlite IR-120) to
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yield 1.2g. Examination on a paper chromatogram (sol¬

vent C) indicated one main component R& .45 with, traces
of other compounds. On heating a portion with 2N-

sulphuric acid at 100° for 16 hours and examination

of the product on a paper chromatogram, two neutral

components of R& values .71 and .56 were indicated.
Reduction of Acidic Fraction from the Hydro1-

ysate of Methylated K. grandifolia Gum.- The two acidic

fractions from hydrolysis of the methylated gum (1 and

3) were combined (2.1g.) and boiled with hydrogen

chloride in methanol for 10 hours. The acid was neut¬

ralised with silver carbonate and the solvent distilled

to leave a yellow syrup, which was dissolved in dry

tetrahydrofuran (10 ml.) and the solution added slowly

to lithium aluminium hydride (l.Og.) in dry tetrahyd¬

rofuran (10 ml.). (The tetrahydrofuran was purified

by distillation from lithium aluminium hydride, after

it had been kept at least one week over sodium wire).

After 4 hours, the excess lithium aluminium hydride

was destroyed with water and the solution acidified

with dilute sulphuric acid. The sulphate and aluminium

ions were removed as precipitates, by the addition of

barium hydroxide and the barium and lithium ions re¬

moved as the insoluble carbonates. The water was

distilled under diminished pressure to leave a syrup

(l.lg.), which was hydrolysed by heating with N-sulphuric
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acid at 100° for 16 hours. The sulphate ions v/ere

removed as barium sulphate and the water distilled.

The residue was separated into four fractions, using

as the eluants n-butanol, light petroleum, water and

n-butanol half-saturated with water.

Fraction A.- O.lllg., [a] +73° (c, O.63 in

HgO), R& .85. (Founds OMe, 4-0.3. Calc. for a tri-0-
methyl-hexose 41.9^). A portion (.OlOg.) was boiled

for 6 hours with aniline (.02 ml.) and ethanol (0.4 ml.).

The solvent was removed in a desiccator leaving crys¬

tals, which were recrystallised from benzene-light
petroleum (.Ollg.), m.p. 146°. A further portion

(,030g.) was boiled with M° hydrogen chloride in meth¬

anol for 6 hours. The acid was removed with silver

carbonate and the methanol distilled. The residue

was methylated v/ith silver oxide and methyl iodide.
The glycoside was hydrolysed with N-sulphuric acid and

the acid neutralised with barium carbonate. On dis¬

tillation of the water, crystalline 2:3»4-:6-tetra-0-

methyl-D-glucose (.019g.) was obtained, m.p. 82°, [aj^
+81° (equilibrium value) (£, 0.32 in HgO).

Fraction B.- ,068g., [<*•] p° +85° (£, 0.99 in
HgO), Rg .*]/• (Found: OMe, 40.5. Calc. for a tri-0-
methyl-hexose 41.9^)# A portion (,042g.) was oxidised
with bromine water for 6 hours at 60°. The bromine

was removed by aeration and the hydrobromic acid as
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silver bromide. Hydrogen sulphide was passed through

the solution, which was filtered. The water was re¬

moved by distillation under diminished pressure and

the residue extracted with ether. On distillation

of the ether, the lactone crystallised and was purified

by distillation under diminished pressure (bath temp¬

erature 80°- 90°/.05 mm.) and recrystallised from

benzene-light petroleum to give crystals, m.p. 97°,
(not depressed on admixture with 2:3:6-tri-0-methyl-

D-galactonolactone),

Fraction C.- 0.154g., {V]^ +14° (c_, 0.57 in
C2H^0H), Rg .55. (Found.* OMe, 17.0. Calc. for a mono-
O-methyl-deoxyhexose 17.4/°). The m.p. was 115° (not

depressed on admixture with 3-0-methyl-L-rhamnose).

Fraction D.- 0.250g., [a] J5 +103° (c, 0.84
in HgO), Rfi .46. (Found* OMe, 30»2. Calc. for a di-
O-methyl-hexose 29.8$). A portion (,020g.) was boiled

with aniline (.02 ml.) and ethanol (0.4 ml.) for 8 hours.

The ethanol and aniline were removed in a desiccator

and the residue dissolved in benzene and precipitated

as an amorphous solid, by the addition of light pet¬

roleum. After crystallisation from acetone (.0l3g.),
the m.p. was 154° (not depressed on admixture with

the aniline derivative of 2:3-di-O-methyl-D-galactose),

[V)p^ -46.5° "* +12° (equilibrium value, 120 hours),
(c, 1.0 in C2H5OH).
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Reduction of Methylated K. grandifolia Gum.-

The methylated gum (0.50g.) was dissolved in dry tetra-

hydrofuran (10 ml.) and added slowly to lithium aluminium

hydride (0.25g.) in tetra-hydrofuran (10 ml.). After

2 hours, the solution was "boiled for 2 hours. On

standing for 16 hours at room temperature, the excess

lithium aluminium hydride was destroyed with ethyl

acetate, the solution acidified with dilute sulphuric

acid and extracted with chloroform. The chloroform

extract was washed with sodium bicarbonate solution

and dried over anhydrous calcium chloride. Distill¬

ation of the chloroform left a yellow amorphous solid

(0.39g.). [a]J8 +46° (ct 1.44- in CHC13). (Found: OMe,
31.6%).

Hydrolysis of Reduced Methylated K. grandifolia

Gum.- The reduced, methylated gum was heated in a

boiling water bath with formic acid for 4 hours. The

formic acid was distilled under diminished pressure,

the residue dissolved in water and the water distilled.

Water was added again and distilled. The residue was

heated at 100° with N-hydrochloric acid for 16 hours.

The hydrochloric acid was removed with silver carbon¬

ate, the solution filtered and hydrogen sulphide passed.

The solution was filtered again and the water distilled.

The residue was separated into five components by

chromatography on Whatman 3 MM paper (two sheets 17 cm.
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wide). The paper had been exhaustively extracted with

hot methanol in a soxhlet apparatus* The positions

of the sugars were found "by spraying a guide strip,

prepared from a separate hydrolysate and the sugars

eluted "by extraction with hot methanol in a soxhlet

apparatus. The extract was filtered under gravity

through a no.3 sintered glass funnel, the methanol

distilled and the residue weighed. Two hydrolyses

were carried out.

Wt.(mg.)

Original polysaccharide 87.3# 91.0

Rg .88 + .85 16.6, 18.6
" .71 17.6, 18.6
w .55 17.9, 20.0
w .46 22.8, 22.3

" .30 2.9, 3.0

Blank 1.7, 1.8

Total (corrected for blanks) 69.3, 73.5

Methylation of Reduced Methylated K. grandifolia

Gum.- The reduced, methylated gum (0.30g.) was heated

with silver oxide and methyl iodide (4 x 24 hours) and

the product isolated (0.26g.), [ajlJ +34° (jc, 1.12 in

CHCl^). (Found: OMe, 40.
hydrolysis of Methylated Reduced Methyl K.

grandifolia Gum.- The methylated, reduced, methyl gum

was heated in a boiling water bath with formic acid and
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then with N-hydrochloric acid* The sugars were iso¬

lated and separated on two strips of Whatman 3 MM

filter paper and the fractions isolated in the same

manner as described for the methylated, reduced gum.

Wt* (mg.)

Original polysaccharide 86*9

Rg 1.00 6.7
.88 14.3

.71 30.0

.55 17.0

.46 5.2

.30 2.4

Blank 1.6

Total (corrected for blanks) 66.0

Separation of Acidic Components Obtained by

Partial Hydrolysis of K. grandifolia Gum.- Examination

of the acidic fraction on a paper chromatogram (solvent

D), revealed a number of substances;- (R(j8iac-fc0se values
.80 (intense), .40, .19, .09 with other faint spots

and streaking). The EQ.siac-tose values we**e re~
producable, but the pattern of spots,produced on

spraying with aniline oxalate solution,was always the

same. The mixture was fractionated by chromatography

on the acetate form of Amberlite IEA-400 resin,using

aqueous acetic acid as the eluant. The resin was

prepared by grinding in a mortar and taking the
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material that passed through a 100 mesh seive. After

stirring in water, the fraction that settled between

10 and 30 minutes was used. The freeze-dried acidic

fraction (4.0g.) was adsorbed on a column 30 cm. x 3.4 cm.

and eluted with increasing concentrations of dilute

acetic acid (from 0.1 to 1.0$ by stages of 0.1$, to 2.0

by 0.2$, to 5 by 0.5$, and to 15 by 2.5$). The column was

then washed with 30$ formic acid solution; (R&£1 refers to
the rate of movement,relative to galactose,in solvent D).

Fra,ction 1.- Eluted with 0,1$ acetic acid,

Q.105g., 1.00, (.81), .67, .52, (.35), zero (sol—
vent D). Similar R^a values were obtained using a
basic solvent system (solvent A) for irrigation.

Fraction 2.- 0.2 - 0.7$ acetic solution, 0.172g.,

R<ja *4-0 with streaking from ,1 - .5, M& .65 with a
diffuse spot at .81. On hydrolysis with 2N-sulphuric

acid at 100° for 18 hours, galactose and rhamnose were

produced (paper chromatography). After oxidation with

bromine water and hydrolysis, most of the rhamnose was

removed. A portion was boiled with hydrogen chloride

in methanol, reduced with potassium borohydride and

hydrolysed. Galactose and rhamnose were formed (paper

chromatography).

Fraction 3.- 0.8 - 1.0$ acetic acid, 0.731g*»

[a]p6 +130° (£» 1*83 in HgO), RGa .80 (brown at the
head and reddish-brown at the tail), ,82 and .69.
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One gram consumed 44 ml. of N/10 iodine solution on

oxidation. Hydrolysis (2N-sulphuric acid at 100° for
18 hours) indicated the presence of rhamnose, galactose,

galacturonic acid and mono-O-methyl-uronic acid (paper

chromatography). After oxidation with bromine water,

the neutral sugars were destroyed, but both uronic

acids remained.

A portion (0.600g.) was dissolved in water

(5.0 ml.) and dimethyl sulphate (3.0 ml.) added, and

40% sodium hydroxide solution (6.0 ml.) added during

6 hours. After 12 hours, dimethyl sulphate (6.0 ml.)

was a,dded, followed by 40% sodium hydroxide (15 ml.)

during 6 hours. After another 12 hours, dimethyl

sulphate (7 ml.) was added and sodium hydroxide (15 ml.)
over 6 hours. This was repeated using dimethyl sulphate

(10 ml.) and sodium hydroxide (20 ml.). The solution

was neutralised with sulphuric acid and extracted with

chloroform. The chloroform was distilled to leave a

pale yellow syrup (0.684g.), which was heated with

methyl iodide and silver oxide for 24 hours, filtered

and the methyl iodide distilled. The syrup was dis¬

solved in dry tetrahydrofuran and added slowly to

lithium aluminium hydride (0.30g.) in tetrahydrofuran.

After 3 hours the excess lithium aluminium hydride

was destroyed with water, the solution acidified with

dilute sulphuric acid and extracted with chloroform.
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The chloroform was washed with sodium bicarbonate

solution and water, and the chloroform distilled.

After meth.yla.tion with silver oxide and methyl iodide

(3 x 24 hours), the methylated product (0.410g.) was

isolated as a yellow syrup. (Found* OMe, 52.1$). A

methylated disaccharide composed of a methyl-pentose

and a hexose requires 51.1$ and a methylated disaccharide

composed of two hexoses 54.6$, After hydrolysis with

N-sulphuric acid (10 ml.) at 100° for 16 hours, the

acid was neutralised with barium carbonate and the

mixture of sugars, obtained after distillation of the
water under diminished pressure, separated into three

fractions by partition chromatography on a column of

powdered cellulose, using n-butanol,^30 parts), light
petroleum, (70 parts), saturated with water as the eluant.

Faction A.— .093g«» Calp^ +82° (c_, 1.12 in
HgO), R& 1.00. (Found: OMe, 52.8. Calc. for a tetra-
O-methyl-hexose 52.5$). This fraction crystallised

on distillation of the solvent to give 2:3:4:6-tetra-

O-methyl-D-glucose, having m.p. 84°.
Fraction B.- 0.200g., ,88 and .84. This

was separated into two components by chromatography

on Whatman 3 MM paper (solvent E).
Fraction B(a).- .082g., [a]*8 +97° (c, 1.32

in HgO), Rg ,85 (solvent E). (Found: OMe, 48.6. Calc.
for a tetra-O-methyl-hexose 52.5$). A portion (.040g.)
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was heated with aniline (.04 ml.) in ethanol (0,5 ml.)

for 3 hours. On cooling, crystals separated (.039g.).

Recrystallisation from ethanol gave needles, m.p. 194°
(not depressed on admixture with the aniline derivative

of 2:3:4:6-tetra-0-methyl-D-galactose), [ajp -60° "*
+18° (equilibrium value) (c_, 0.80 in (CH^JgCO).

Fraction B(b).- ,076g., jVj^ +20° (c, 1.42
in H20), Rg .54 (solvent E), M& .4. (Foundi OMe, 32.2.
Calc. for a di-O-methyl-deoxyhexose 32.3%). A portion

(,021g.) was kept with bromine water for 24 hours and

then heated at 60° for 6 hours. The bromine was re¬

moved by aeration and the solution neutralised with

silver carbonate. The solution was filtered, hydrogen

sulphide passed and the soltition filtered again. The

water was distilled under diminished pressure and the

residue extracted with acetone. The acetone was dis¬

tilled to leave a syrup,which crystallised on cooling.

This was purified by distillation under diminished

pressure (0.2 mm./bath temperature 90°- 100°) to give

needles (.005g.),m.p. 80°, [oTjp -120 +10(equilibrium
value) Cc, 0.20 in HgO).

Fraction C.- .073g»» [®Qi)^ +88° (c_, 0.50 in
H^O), Rq .71. (Found: OMe, 41.0. Calc. for a tri-
C)-methyl-hexose 41.9%). A portion (.053g») was ox¬

idised with bromine water for 6 hours at 60 . The

excess bromine was removed by aeration and acid removed
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with silver carbonate. The water was distilled under

diminished pressure and the residue extracted with

ether. On distillation of the ether, the residue (.037g.)

crystallised. Recrystallisation from "benzene-light

petroleum gave needles, m.p. 96° (not depressed on

admixture with 2:3:6-tri-0-methyl-D- galactonolactone),

[V]D -42° -25° (equilibrium value) (£, 0.57 in HgO).
Fraction 4,- 1.0 - 2.0$ acetic acid, .060g.,

SGa MG 1*06. On hydrolysis with 2N-sulphuric
acid at 100° for 18 hours, galactose and rhamnose were

found (paper chromatography). After oxidation with

bromine water, no galactose was found. On heating

with hydrogen chloride in methanol, followed by re¬

duction with potassium borohydride and hydrolysis,

galactose and rhamnose were formed (paper chromato¬

graphy).

Fraction 5.- 2.5 - 3.0$ acetic acid, 0.102g.,

RGa *85' MG a *aizrt SP0"6 "travelling behind
this value), +30° (£, 1.42 in HgO). On heating
with 2N-sulphurie acid for 18 hours at 100° and ex¬

amination of the products on a paper chromatogram, a

trace of galactose was indicated but the main product

appeared unchanged. A portion (,028g,) was oxidised

at room temperature with bromine water. Crystals of

mucic acid (,006g.) formed, m.p. 220° (dec.).

Fraction 6.- 4.0 - 12.5^ acetic acid, 0.528g.,
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RGa (wifh. faint streak to the starting line),
M& .79 (with diffuse spot travelling faster). Hydrol¬
ysis with 2N-sulphuric acid for 18 hours at 100°,
produced galactose and rhamnose (paper chromatography).
The galactose was almost completely removed hy oxid¬

ation with "bromine water. Reduction of the glycoside,

ester with potassium "borohydride followed hy hydrolysis,

indicated galactose and rhamnose. The E.W. was 490

(hy titration with N/10 sodium hydroxide with phenol-

phthalein as indicator).

Fraction 7.- 12.5 - 15.0$ acetic acid, 0.650g.,

.19, .09 and zero (with streaking from zero to .35),

.93 (elongated spot), E.W. 300 (hy titration with

N/10 sodium hydroxide with phenolphthalein as indicator).
On hydrolysis with 2N-sulphuric acid for 18 hours at

100° and examination on a paper chromatogram, the pre¬

sence of galactose and rhamnose was indicated. Reduction

of the methyl glycoside ester with potassium horohydride,

followed hy hydrolysis and examination of the products

on a paper chromatogram, indicated the presence of

galactose and rhamnose.

Elution with 3O76 formic acid gave a further

.085g. of material,

^purification of Khaya senegalensis Gum.- The

gum was obtained as hard nodules, of varying size and

colour,mixed with a small amount of hark. The nodules
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varied from colourless to dark red-brown. Hydrolysis

of a nodule with N-sulphuric acid at 100° for 6 hours,

followed by examination of the product on a paper

chromatogram, indicated the presence of galactose,

arabinose, rhamnose and acidic material. One partic¬

ular nodule had OMe, 2.2$ and acetyl, 2.7$. The crude

gum was powdered and dissolved,by stirring in 4$ sodium

hydroxide solution (200 ml.). The mechanical impur¬

ities were removed at the centrifuge, the solution

cooled, acidified with hydrochloric acid and poured

into ethanol (600 ml.), to which had been added con¬

centrated hydrochloric acid (5 ml.). The precipitate

was removed at the centrifuge, dissolved in water

(100 ml.) and precipitated by addition to ethanol

(300 ml.). After two more precipitations the product

was washed with ethanol, then ether and dried (4 hours,

60°/12 mm.) to give a white powder (1.8g.). An attempted

fractionation between water and ethanol was unsuccess¬

ful.

xroperties of K. senegalensis Gum.- The pur¬

ified polysaccharide contained 2.0$ sulphated ash,

jjxJ^ +124° (£, 0.971 in HgO). A portion was dissolved
in N/10 sodium hydroxide solution and after 12 hours,

precipitated by pouring the solution into acetic acid.

The precipitate was dissolved in water and the water

removed at 0°/°*5 mm. The residue had OMe, 1.2$. The
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E.W. (found "by titration with N/10 sodium hydroxide

using phenolphthalein as indicator) was 412.

Partial Hydrolysis of K. senegalensis Gum.-

The purified gum (2.30g,) was dissolved in N-sulphuric

acid and heated in a "boiling water "bath for 6 hours;

the solution neutralised with "barium hydroxide and

carbon dioxide. The precipitated barium sulphate was

removed at the centrifuge and washed several times

with water. The water was removed by distillation

under diminished pressure and the residue separated

into four fractions by partition chromatography on a

column of powdered cellulose, using as eluant n-butanol

saturated with water, plus ethanol.

Fraction A.- .091g., [VJ p8 +10° (c_, 1.02 in
H^O), R& .30. This fraction crystallised on removal
of the solvent and was recrystallised from wet n-butanol

to give L-rhamnose hydrate, m.p. 92° (not depressed

on admixture with an authentic sample).

Fraction B.- .048g., [aj^ +113° (c., 0.79 in
H20), R& .12. This fraction crystallised on removal
of the solvent and was recrystallised from ethanol

to give L-arabinose, m.p. 156° (not depressed on ad¬

mixture with an authentic sample).

Fraction C.- 0.370g., [a] J8 +80° (c, 2.14 in
HgO), R^ .07. This fraction crystallised on removal
of the solvent and was recrystallised from methanol to
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give D-galaetose, m.p, 164° (not depressed on admixture

with an authentic sample).

Fraction D was obtained by washing the column

with water. The barium was removed by passing a sol¬

ution through a column of ion exchange resin (Amberlite

IR—120, acid form) and the water removed at 0°/0,5 mm.

to give a yellow powder (0.87g.). Examination on a

paper chromatogram (solvent D), indicated a complex

mixture of substances with the same EQ.aiac-tose values
as the mixture of acidic substances^obtained on partial
hydrolysis of Khaya grandifolia gumi- E(jaiac-tose
(intense), .40, .19, .09 with other faint spots and

streaking. The E.W. was 348 (obtained by titration

with N/10 sodium hydroxide solution,using phenolphthalein

as the indicator). Hydrolysis with 2N-sulphuric acid

at 100° for 18 hours and examination of the hydrolysate

on a paper chromatogram (solvent A), indicated the
presence of rhamnose and galactose.

Reduction of the Methyl Ester Glycosides of
■*>

the Partial Hydrolysate of K. senegalensis Gum.- The

freeze-dried acidic fraction (0.70g.) was kept over¬

night with 51° hydrogen chloride in methanol and then

boiled for 6 hours. The solution was cooled, neutral¬

ised with silver carbonate and filtered. After dis¬

tillation of the methanol, the residue was dissolved

in water (10 ml.) and added slowly to a solution of
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potassium borohydride (0»35g.) in water (10 ml.)# After

2 hours, the excess borohydride was destroyed by the

addition of dilute acetic acid and the ions removed

by passing the solution through two columns of ion

exchange resins (Amberlite IR-4B, hydroxyl form, and

IR-120, acid form)# The water was removed by dis¬

tillation and the glycosides hydrolysed by heating

with N-sulphuric acid at 100° for 18 hours. The acid

was removed with barium carbonate and the water re¬

moved by distillation under diminished pressure, to

leave a yellow syrup (0.51g.). Examination on a paper

chromatogram (solvent A) and spraying with aniline

oxalate,, revealed three substances, R& values #07,
.25* #30 and a trace of material R& .09#



— 82 ~

References

(1) J.K.N.Jones, F.Smith, Advances in Carbohydrate

Chemistry. Academic Press. New York. 1949, .4, 243.

(2) R.L.Whistler, C.L.Smart, i olysaccharide Chemistry.

Academic Press. New York. 1953, 304.

(3) E.L.Hirst, Endeavour. 1951, 10» 1°6.

(4) E.L.Hirst, J.K.N.Jones, Research, 1951, 4., 411.

(5) E.L.Hirst, J.K.N.Jones, Modern Methods of Plant

Analysis, Springer-Verlag. Berlin, 1955, 2., 275.

(6) E.Anderson, L.Sands, Advances in Carbohydrate

Chemistry, Academic ress, New York. 1945, 1, 329.

(7) L.Hough, J.K.N.Jones, W.H.Wadman, £., 1952, 796.

(8) S.i.James, P.Smith, J., 1945, 739, 746, 749.

(9) E.L.Hirst, A.S,Berlin, J., 1954, 2622.

(10) A.J.Charlson, J.R.Kunn, A.M.Stephen, J., 1955, 269.

(11) J.E.Pridham, roc, Biochea, Soc., 1954, 57., xxviii.

(12) M.Heidelberger, O.T.Avery, W.F.Goebel, J. Exu. Med..

1929, 49, 847.

(13) L.E.Wise, M.IIurphy, A.A.D*Addieco, . aper grade J.

1946, 122; 35* read as C. A., 1946, 40, 1312.

(14) M.L.Wolfram, J.C.Bacons, J.. Amer. Chem. Soc.. 1952,

74, 5331.

(15) J.Mullan, E.G.V.Percival, J., 1940, 1501.

(16) R.L.Whistler, D.I.McGilvray, £. Amer. Chem. Soc.

1955, 77, 2212.

(17) A.R.Ling, D.R.Nanji, P.J.Baton, Analyst, 1925, 50, 407.



-"83 -

(18) M.L.Wolfram, F.A.H.Rice, £. Aner. Chem. Soc.,

1947, 59, 2918,

(19) S.Gardell, A.H.Gordon, S.Aquist, Acta Chem. Scand.,

1950, 4, 907.

(20) L.E.Kreji, L.Sweeny, C.A.Zittle, Arch. Biochem.,

1949, 22, 253

(21) B.R.Record, K.II.Grinstead, Biochea. J., 1953, 53. 671.

(22) W.H.Cook, R.C.Rose, J.R.Colvin, Biochim. Bio-ohys.

Acta. 1951, 7, 601.

(23) J.R.Colvin, W.H.Cook, G.A.Adams, Canad. J, Cham,,

1952, 10, 603.

(24) D.H.Northcote, Biochem. J., 1954, 58, 353.

(25) K.G.Reinits, Biochem. J., 1953, 51, 79.

(26) G.J.M.Hooghwinkel, G.Smits, D.B.Kroon, Biochim.

Biophys. Acta. 1954, lj5, 78.
(27) D.L.Mould, R.l.M.Synge, Biochem. J., 1954, 58, 585.

(28) G.Dicastro, M.SajoMarco, J., 1954, 4157.

(29) D.L.Mould, R.L.M.Synge, Biochem. J,, 1954, J58, 571.

(30) R.M.McCready, H.A.Swenson, W.D.Maclay, Ind. Eng.

Chem, Anal. Ed.. 1946, 18, 290.

(31) A.Johansson, B.Lindherg, O.Tlieander, Svensk

Papperstidning, 1954, 57, 41.

(32) M.A.G.Kaye, P.W.Kent, J,, 1953, 79.

(33) E.P.Clarke, Ind. Eng. Chem. Anal. Ed., 1936, 8, 487.

(34) R.L.Whistler, C.L.Smart, -olysaccharide Chemistry,

Academic Press, New York, 1953, 59.



- 8* -

(35) D.J.Bell, Moaem Methods of Plant Analysis,

Springer-Verlag, Berlin, 1955, 2, 30.

(36) S.A.Barker, E.J.Bourne, M.Stacey, D.H.Whiffen,

J., 1954, 171.

(37) M.Ulmann, Kakromol. Chem.. 1953, 10* 147.

(38) E.H.Fischer, W.Settele, Helv. Chim. Acta. 1953,

i6, 811.
(39) A.J.I .Martin, R.R.mrter, Biochem. J., 1951, 49_, 215.

E.E.Porter, Biochem. J., 1953, 53. 320.

R.R.Porter, Biochem. J., 1955, j>9, 405.

(40) W.J.Whelan, Modem Methods of . lant Analysis,

Springer-Verlap;, Berlin. 1955, j2, 1A8.

(41) H.S.Isbell, Science, 1951, 113. 532.

(42) E.B.Bacon, J.S.D.Bacon, Biochem. £., 1954, 58, 396.

(43) E.L.Hirst, G.T.Young, J., 1938, 1247.

(44) D.A.I.Goring, E.G.Young, Canada J. Chem., 1955, 480.

(45) C.T.Greenwood, Advances in Carbohydrate Chemistry.

Academic Press, Hew York, 1952, 7, 289.

(46) H.B.Oakley, Trans. Faraday Soc., 1936, 32, 1360.

(47) S.SEverborn, Contribution to the Knowledge of the

Acid polyuronides, Almquist and Wiksells

BoktryckeriAB. Uppsala, 1945.

(48) N.Gralen, M.Karrholm, J. Colloid Science, 1950, 5, 21.

(49) J.V.Kubal, N.Gralln, J, Colloid Science. 1948, 457.

(50) K.Myrback, Advances in Carbohydrate Chemistry,

Academic press. Hew York, 19*8, 308.



- 85 -

(51) E.T..Bottle, G.A.Gilbert, C.T.Greenwood, K.N.Saad,

Chem. Ind., 1953, 541#

S.J.Pirt, W.J.Whelan, £. Sci. Food Agric.« 1951, _5, 224.

G.S.Berenson, S.Roseman, A.Dorfman, Bioehim.

Biooloys, Acta, 1955, 17, 75.

A.C.IIulme, Nature, 1953, 171. 610.

J.K.N.Jones, J., 1944, 333.

A.H.Gordon, A.J.P.Martin, R.L.M.Synge, Biociiem. J,,

W*1* 1358.

R.Consden, A.H.Gordon, A. J.P.Martin, Biociiem. £.,

1944, J8, 224.

S.M.Partridge, Biochem. , 1948, 42, 238.

E.L.Hirst, J.K.N.Jones, £., 1949, 1659.

E.Lederer, M.Lederer, Chromatography, Elsevier.

Amsterdam, 1953.

F.Cramer, Paper Chromatography, Macmillan, London, 1954.

British Medical Bulletin, 1954, 10, no.3.

I.Andrews, L.Hough, J.K.N,Jones, J., 1952, 2744.

C.A.Wachtmeister, Acta Chem. Scand.. 1951, 5, 976,

J.X.Khym, D.G.Boherty, J. Amer. Chem. Soc., 1952, 74, 3199.

F.Smith, D.Spriestersbach, Nature, 1954, 174, 466.

J.K.N.Jones, J,, 1939, 558.

J.K.N.Jones, J., 1949, 3141.

E.L.Hirst, L.Hough, J.K.N.Jones, J., 1949, 928.

W.E.Trevelyan, D.P.Proctor, J.S.Harrison, Nature.

1950, 166, 444.



- 86 -

(71) J.G.Buchanan, C.A.Bekker, A.G.long, J., 1950, 3162.

(72) R.U.Lemieux, H.F.Bauer, Anal. Chen.. 1954, J26, 920.
(73) S.M.Partridge, Biochen. Soc. Symposia, 1949,1., 52.

(74) F.A.Isherwood, British Medical Bulletin, 1954,

10, 206,

(75) 1.Hough, J.K.N.Jones, W.H.Wadman, J., 1950, 1702.

(76) J.W.H.Lugg, B.T.Overell, Austral. £. Sci. Res.,

1948, 1, A, 98.

(77) M.Abdel-Akher, F.Smith, £. Amer. Chen. Soc.,

1951, II, 5859.
(78) E.F.McFarran, K.Brand, H.R.Rutkowski, Anal. Chem.,

1951, 21, 1146.
(79) G.P.Mathur, S.Mukherjee, £. Sci. Indust. Research,

India. 1952, 11B, 544.

(80) H.G.Wager, Analyst. 1954, 79, 34.

(81) B.J.Bell, J., 1944, 473.

(82) L.Hough, J.K.N.Jones, W.H.Wadman, J., 1949, 2511.

(83) M.L.Wolfram, K.Anno, J. Amer. Chem. Soc.,

1952, 74, 5583.

(84) 1.Hough, J.K.N.Jones, E.L.Richards, Chem. Ind.,

1953, 1064.

(85) L.P.Zill, J.X.Khym, G.M.Cheniae, J_. Amer. Chem. Soc.,

1953, 75, 1339.

(86) L.Jaenicke, Naturwiss., 1952, 19, 86.
(87) R.Consden, W.M.Stainer, Nature, 1952, 169, 783.

B.Gross, Nature, 1953, 172, 908.



- 87 -

(88) A.B.Poster, Chem. Ind., 1952, 828, 1050.

(89) A.B.Foster, M.Stacey, J. Appl. Chem., 1953, jL» 19#
(90) T•G.Halsall» E.L.Hirst, J.K.K.Jones, J., 1947,

1399, 1427.

(91) 1.Andrews, J.K.N.Jones, J., 1954, 4134.

(92) A.E.O'Xeefe, F.M.Russo-Alesi, M.A.Dolliver,

E.T.Stiller, J. Amer. Chem. Soc., 1949, 71, 1517.

(93) P.Smith, J., 1939, 744.

(94) A.M.Stephen, J., 1951, 646.

(95) P.Smith, J., 1939, 1724.

(96) E.L.Hirst, J.K.K.Jones, J., 1938, 1174.

(97) G.O.Aspinall, E.L.Hirst, A.Wickstr^m, J., 1955, 1160.

(98) E.L.Hirst, J.K.N.Jones, J., 1947, 1064.

(99) P.Brown, E.L.Hirst, J.K.N.Jones, J., 1948, 1677.

(100) J.K.N.Jones, J., 1950, 534.

(101) R.J.McIlroy, J., 1951, 1372.

(102) E.V.White, _J. Amer. Chem. Soc., 1947, 69., 2264.
(103) J.J.Connell, R.M.Hainsworth, E.L.Hirst, J.K.N.Jones,

J.i 1950, 1696.

(104) E.Anderson, H.Ledbetter, £. Amer. .harm. Assoc.,

1951, 40, 623.

(10?) E.L.Hirst, L.Hough, J.K.N.Jones, J., 1949, 3145.

(106) E.L.Hirst, S.Bunstan, J., 1953, 2332.
/ / •'

(107) P.Brown, E.L.Hirst, J.K.N.Jones, J., 1949, 1761.

(108) S.N.Mukherjee, H.C.Srivastava, £. Amer. Chem. Soc..

/« "1955, 77, 422.



- 88 -

(109) F.R.Tiommo, Rev. Quia. Ind. (Rio de Janero), 194-6, 15,

no.172, 19; no.168, 23: read as C_.A. 1947, 41, 2921.

(110) S.N.Mukherjee, £. Indian Chem. Soc.. 1948, 25, 63.

(111) E.Anderson, L.Harris, J. Arner. irharm. Assoc..

1952, 41, 529.

(112) E.L.Hirst, J.K.N.Jones, J., 1948, 1278.

R.L.Whistler, W.H.Eoff, D.M.Doty, J_. Amer. Chen.

Soc.. 1950, 72, 4938.

(113) J.Jackson, P.Smith, J., 1940, 79.

(114) E.L.Hirst, J.K.N.Jones, J., 1938, 496.

(115) K.Freudenberg, E.Plankerhorn, H.Boppel, Her.,

1938, 71, 2435.

(116) L.Hough, J.K.N.Jones, Chem. Ind., 1952, 38O.

(117) T.Purdie, J.C.Irvine, J., 1903, 83^, 1021.

(118) J.Kenner, G.N.Richards, Chem. Ind.. 1954, 1483.

(119) S.K.Chanda, E.L.Hirst, J.K.N.Jones, E.G.V.Percival,

J., 1950, 1289.

(120) J.K.N.Jones, J., 1950, 3292.

(121) R.J.McIlroy, J., 1952, 1918.

(122) J.Jackson, P.Smith, J., 1940, 74.

(123) S.W.Challinor, W.N.Haworth, E.L.Hirst, J., 1931, 258.

(124) M.Abdel-Akher, J.K.Hamilton, R.Montgomery, F.Smith,

J. Amer. Chem. Soc.. 1952, 74, 4970.

(125) P.S.Skell, J.G.Crist, Nature, 1954, 173. 401.

(126) B.Lindberg, B.Wickherg, Acta Chem. Scand., 1954, 8_, 569.

W.J.Whelan, K.Morgan, Chem. Ind.. 1954, 78.



- 89 -

(127) V.C.Barry, Nature, 1943, 152, 537.

(128) T.Dillon, Nature, 1945, 1£5, 546.

(129) S.K.Chanda, E.L.Hirst, E.G.V.Percival, A.G.Ross,

J., 1952, 1833.

(130) B.Lythgoe, S.Trippett, £., 1950, 1983.
(131) P.Smith, J., 1940, 1035.

(132) J.K.N.Jones, J., 1947, 1055.

(133) E.L.Hirst, J.K.N.Jones, J., 1946, 506.

(134) P.Brown, E.L.Hirst, J.K.N.Jones, J., 1949, 1757.

(135) E.V.White, J. Amer. Chem. Soc., 1946, 68, 272.

(136) E.V.White, J. Amer. Chem. Soc., 1952, T4, 3966;

1953, IS. 257, 4692; 1954, 76, 4906.

(137) L.Hough, J.K.N.Jones, J., 1950, 1199.

(138) E.L.Hirst, J.K.N.Jones, J., 1939, 1482.

(139) S.Peat, W.J.Whelan, K.A.Hinson, Nature,

1952, 170, 1056.

(140) J.I.Cunneen, F.Smith, J., 1948, 1141.

(141) T.Dillon, D.P.O'Ceallachain, P.O'Colla, Broc. Roy.

Irish Acad., 1953, 55B. 33I.

(142) E.L.Hirst, J.K.N.Jones, J., 1948, 120.

(143) E.V.White, J. Amer. Chem, Soc.. 1947, 69., 622.

(144) P.Andrews, J.K.N.Jones, J., 1954, 1724.

(145) G.O.Aspinall, Advances in Carbohydrate Chemistry,

Academic Press, New York, 1954, 9, 131.

(146) R.L.Whistler, H.E.Conrad, J. Amer. Chem. Soc.,

1954, 76, 3544.



- 90 -

(147) B.Weissmann, K.Meyer, P.Sampson, A.Linker,

J. Biol. Chem.. 1954, 208, 417.

(148) R.Berungs, H.Deuel, Helv. Chim. Acta, 1954, ^£7, 657.
(149) J.Ashby, J.Brooks, W.W.Reid, Chem. Ind., 1955, 360.

(150) P.Andrews, J.K.N.Jones, £., 1955, 583,
(151) P.Andrews, B.H.Bali, J.K.N.Jones, J., 1953, 4090.

(152) A.S.Perlin, Anal. Chem.. 1955, 27, 396.

(153) R.J.Bayley, E.J.Bourne, Nature, 1953, 171, 385.

(154) A.B.Poster, J., 1953, 982.

(155) R.L.Whistler, B.F.Burso, J. Amer. Chem. Soc.,

1950, 72, 677.

(156) A.J.Charlson, J.R.Nunn, A.M.Stephen, J., 1955, 1428.

(157) P.Smith, J., 1951, 2646.

(158) F.Ehrlich, Ber., 1932, 65, 352.

(159) J.K.N.Jones, W.W.Reid, J., 1955, 1890.

(160) Unpublished work; quoted by A.J.Charlson, J.R.Nunn,

A.M.Stephen, J., 1955, 1428.

(161) M.Abdel-Akher, P.Smith, B.Spriestersbach, J.,

1952, 3637.



- 91

Acknowledgement s

This work was carried out under the direction

of Professor E. L. Hirst and Br. G. 0. Aspinall, to

whom I am indebted for guidance and advice.

I would like to thank Drs. B. J. Bell and

G. Greville for samples of 2:3-di-O-methyl-D-galactose

and its aniline derivative.

The electrophoresis measurements on Khaya

grandifolia gum were carried out by Br. C. T. Greenwood.


