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ABSTRACT

Defatted powdered jute was delignified by chlorite treatment and
the ﬁemicellulose extracted with alkali.,jThe precipitated material was
purified by washing with alcoholic hydrochloric acid and dried by sol-
vent exchange.: |

The hydrolysed hemicellulose yielded neutral sugar‘and'sugar acids
separated on ion exchange resins. The neutral sugar was identified as
D-xylose. The sugar acid fraction contained mainly an aldobiouronic'acid,
proved by the reduction of the methyl ester methyl glycoside with lithium
aluminum hydride followed by hydrolysis ﬁo consist of D—xylose linked to
a monomethyl glucose. This was shown, via its anilide and osazone, to
be 4-0-methyl-D-glucose.

Methanolysis of the aldobiouronic acid yielded the methyl glycoside
of ﬁ uronic acid which on treatment with diazomethane and then with meth-
anoiic ammonia gave 4-0-methyl-ct-D-glucuronoamide methyl glycoside,
after fractional crystallization.

Reductioh of the aldobiouronic acid methyl ester methyl glycoside
with lithium aluminum hydride, followed by methylation and hydrolysis,
gave 2,3,4,6-tetra-grmethyl-D-giucose and 3,4-di-grmethyl—D-xylose.
| A search for a crystélline derivative of the purified aldobiouronic
acid and of its related xylitol compound formed on reductioﬁ with pota—

ssium borohydride was unsuccessful.
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HISTORICAL INTRODUCTION

Land plants usually contain several types of polysaccharide mater-
ial other than cellulose which is their main éuppoft structure. These
may be described as "homoglycans" where only one type of monosaccharide
is present in the structure as for instance in starch or insulin or as
"heteroglycans" where more than.one type of monosaccharide residue occurs.
These latter materials have been classified as hemicelluloses, gums, and
mucilages according to their chemical nature andqgrigin and tﬁeir dis-
tribution in nature is very wide since the‘éomposition of the polysacc-
garidés may vary considerablj in differeht‘parts of any one plant. Poly-
saccharides are also obtained from seaweed and from certain types of
bacteria and determinations of structure are essegtidlwgg"hany branches
of science. The function which thej fulfil is not always clear but it
would appear that the hemicelluloses may act aé reserve support struc-—
tures or reserve food materials depending on their nature and situation
in the plant. They occur in wood, bark, leaves, and seed pods whilst
the gums are obtained as exudates on the bark'of tre;s or on fruit and
are used by the plant as a protéctive mechanism against bacterial invas-
ion or physical damage (l1). The mucilages are of widespread occurence
butlﬁ;e most commonl& found i; seeds, wheré they assist in water stbr—
age and may "solubilise" insoluble substances such as cellulose (2).

Many workers have attempted to define these three classes of poly-
saccharides. Generally bemicelluloses are regafded as thqse polysacc~
Barideé which are eitractable from holoceliulose by aqueous alkali.

'Plant gums are defined as giving a clear solution in water, whereas

mﬁciléges swell but do not dissolve in water. There are exceptions to
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this definition since tragacanth gum, which is a tree exudate and a
true gum, is only partly soluble in water and behaves aéia mucilage
(3,4).

These polysaccharide materials undergo acid hydrolysis to yield
hexoses, pentoses, uronic acids and aldobiouronic acids. The méthyl
pentoses L-rhamnose and L-fucose are also found.occasionally and occur
in pyranose form as do all the other constituents except L—arabinosé
which prefers the furanose ring. The hexoses, uronic aéids and xylose
have the D-configurdﬁion. The‘plant gumé all Qontain D-glucuronic acid
except tragacanth ng whfcﬂ co;tains D~galacturonic aéid. The seed
mucilages on the other hand nearly ali_éqntain D-galacturonic acid

whilst the hemicelluloses show more variation and may yield D-gluruconic,

D-galacturonic and:4—g-methy14D—g1ucuronic acids whilst 3-0-methyl-

| .
glucuronic acid has also been claimed to occur (5) (see later).

In the plant gums so far examined D—galactosé and ;—dr&binose are
alvayshfound whilst D-xylose is also of very common occurence. Less
usudl constituents are D-mannose, Lf;haﬁnose,‘andlL~fu€ose whilst D-
glucose has not yet been found. The mucilages are a more complex family
than the gums and may be classified as neutral, acidic, or sulphate
ester (seaweeds only). D-galactose is universally found and L~arabinose
is usually present whilst D-mannoéé, D-glucosg, D-fractose and L—rhamnose
are less common. D—xyiosé is commonly found in ihe acidic mucilages which
contain D—galacturpnic acid. In the hemicellulose family D-xylose is
very common and xylan-polyuronides are often present in woody tissue.
The barks of trees often contain galactan—galacﬁuronides whilst D-

galactose is also predominant in leaves and pods and occurs together

with L-arabinose in green non-lignified plant tissues (6).
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Previous t6 1952, the uronic and aldobiouronic acids were separated
from the hexoses and'pentoses by virtue of the insolqbility of their
barium salts in aqueous alcohol. In that year their absorption from
solution on to wéakly basic anion exchange resins was first utilised by
Hough, Jones and Wadman {7) and this is now the normal method for the
sepdration of sugar acids from the neutral sugars. The isolation of
uronic acids from aldobiouronic, aldotriouronic, and acids of higher
molecuiar weight is best accomplished by partition chromatography on
cellulose columns or on sheets of thick paper whilst mixtures of uromic
acids may be separated by fractional distillation of their methyl gly-
coside methyl esters in vacuo.

The present work deals with the structure of an aldobiouronic acid
isolated ffom jute hemicellulose. Structural determinations on aldo-
biouronic acids are of great importénce in studying the chemical nature
of poljsaécharides and no comprehensive table of their structures and
sources exists in the literature. Table I is a literature survey of
ﬁhis nature giviﬁg the structures of the acids kﬁown at present, Table
II comprises those acids whose structure has not been completely deter-
mined. In so far as it was possible earlier work whiéh has been super-
ceded is 6mitted. In a few cases aldotriouronic acids have also been

isolated and identified.



TABLE I

Aldobiouronic hAecids of Proved Structure

Structure ﬁ::f:g; Source v Ie‘zi:r—
2-0-(D-glucuronopyranosyl)- | = o« maize hull hemicellulose N
D-xylopyranose . o¢  |oat hull hemicellulose 9
4 corn cob hemi‘cellhlose 10
< wheat bra{n' hemicellulose 11
—_ chagual gum 12
3-0—-(D-glucuronopyranosyl)- ¢ sun flower heads 13
D-xylopyranose o< wheat strav hemicellulose 14
B =< pear cell wall 15
2% wheat leaf hemicellulose 16
4=0~(D-glucuronopyranosyl)- — Kadsura Japonica mucilage 17
D-xylopyranose < corn cob hemicellulose 10
4-9-(D—glucuronopyranosyl)- /3 Type II pneumococcus
D-glucopyranose polysaccharide 18
. /3 Type VIII pueumococcus
polysaccharide 19
-0—(D-glncuronopyranosyl)- B cherry gum 20
D-mannopyranose . /B damson gum 21
/3 gum ghatti - 22
4-9—(D—g1qcuronopyranosyl )- o< Acacia Karroo gum 23
D-galactopyranose . Neem gum 24
‘ G—Q-(D-glucuronopyranosyl)— [:) Acacia Karroo gum 23
D-galactopyranose . egg plum gum 97
/B wheat stra.i holocellulose 28
/3 gum arabic 29
— black wattle gum 30
/3 Acacia Pycnantha gum 31
—_ almond tree gum 32
_— peach tree gum 33
ﬁ gum ghatti 22
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pyranosyl)-L—arabofuranos?

lemon gum

TABLE I (cont'd.)
Structure 3:2:25; Source z:z:r_
2-9—(4—Q-Methy1-D-g1ucurono— —_ white birch hemicellulose 34
pyranosyl)-D-xylopyranose| | ;iio eln hemicellulose 35
=< western hemlock :
hemicellulose 36
—_ beechwood hemicellulpse 37
—_ black spruce hemicellulose 38
—_ Scots pine hemicellulose 38
aspen wood hemicellulese 39
o pinus radiata
hemicellulose 40
— | American beechwood
hemicellulose 41
B |Loblolly pine
' hemicellulose 42
o< wheat bran hemicellulose 11
o corn cob hemicellulose 43
o< |oat hulls hemicellulose 9
— flax 44
_— birchwood holocellulose’ 45
—_— sitka spruce hemicellulose 46
3-0-(4~0-Methyl-D-glucurono- X Pinus radiata
pyranosyl )-D-xjépyranose hemicellulose 40
4-0-(4-0-Methyl~D-glucurono- o< gum myrrh 417
pyranosyl )-D-galactopyranose mesquite gum 48,49
| —_ lemon gum 25,26
_— grapefruit gum 25,26
6-0-(4-0-Methyl~D-glucurono~ ;B gum myrrh 47
pyrenosyl)-D-galactopyranose ' mesquite gum 48,49
_ modal gum 50
4-0-(4~-0-Methyl~D-glucurono- o< 51
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TABLE I (cont'd.)

Structure Config- Source Refer-

uration ence
4-Q0-(D-galacturonopyranosyl)- X Plantago arenaria seed

D-xylopyranose mucilage 52

2-0-(D-galacturonopyranosyl- —_ flax seed mucilage 53
L-rl?amnopy ranose o< |Plantago arenaria seed

‘ mucilage 54

\ — Plantago ovata seed 55

mucilage

S okra mucilage 56

—_ slippery elm bark mucilage 57

—_ Karéy& gum 58

v grape juice 59

—_ sterculia setigera gum 60

4-0-(D-galacturonopyranosyl)- — Karaya gum 58

D-ga.la.cto'pyranose —_— sterculia setigera gum 61
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TABLE I1I

Aldobiouronic Acids of Uncertain Structure

Structure Source Refer—
ence
(D-glucuronopyranosyl)- -xylopyranose Prunus serrulata 62
' Lo cottonseed hull 63
hemicellulose
(4-0-Methylglucurenopyranosyl )~ Eucalyﬁtus'regﬁans 64
D-xylopyranose S -
3-(p ~D-glucuronopyranosyl )-2-deoxy~- cartilage 65
2-amino-D-galactopyranose
(D-galacturonopyranosyl)-D-galacturonic |sterculia setigera gum 61
acid
(D-galacturonopyranosyl )~-D-galactopyra— |gum jeol 66
nose .
(D-galacturonopyranosyl )-D-gluco- asparagus racemosus 67
pyranose ' tuber mucilage .
cress seed mucilﬁge. 68
(D-galacturonopyranosyl )-L-rhamno- white mustard seed 69
pyranose mucilage
cholla gum 70




-8~

THE IDENTIFICATION OF URONIC ACIDS

The characterization of the hexuronic acids and particularly of
their monomethyl ethers is often difficult as their crystalline deriva-
tives are rare and often their preparation is quite time-consuming.

Tﬂree main methods are available for this pﬁrpose.  Two involve the.
preparation of derivatives from the acid by direct and indirect means,
vhereas in the third method the acid is first reduced ﬁo the correspond-
ing neutral hexose from which crystalline derivatives can be more readiiy

obtained.

Oxidation of the Uronic Acids

In 1931, Challinor, Haworth and Hirst (29) isolated 2,8,4-tri-0-
methyl-D-glucuronic acid from the hydrolysate of methylated gum arabic
3
and distillation to yield the methyl ester of 2,3,4-tri-0-methyl-D-

and proved its structure by oxidatioh with HNO,_ followed by methanolisis
glucaro~1,5-lactone which was similarlylderived from 2,3,4-tri-0-methyl-
D-glucose, Similar derivativeg of methylated uronic acids have been
prepared by many authors folioiing this route. Edington and Pércival
have synthesised 3,4-di-0Q-methyl-D-galacturonic acid (71) and>profed its
structure by oxidation wiﬂh bromine water followed by esterification to
yield the dimethyl ester of 3,4-di-Q-methyl-D—-galactaric acid. Haworth,
Hirst, Isherwood and Jones (72) synthesised 2,3,4-tri—0-methyl-D-
mannuronic acid which they identified by oxidation with HNO3 followed by
treatment with methanolic ammonia to yield the diamide of 2,3,4-tri-0-
methyl-D-mannaric acid previously prepared from 2,3,4-tri-0-methyl-D-

mannose. A more. unusual proof of structure was used by White (49) who

identified 4—Qfmethy1—D;glucuronicvacid by periodate oxidation followed

1
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by further oxidation with bromine to yield 2-hydroxy-~3-methoxy-L~
erythrosuccinic acid. This substance when reacted with a methanolic

solution of methylamine gave the crystalline bismethyl amide.

Reduction of the Uromic Acids

The redﬁction of uronic‘acids with LiAlH4 vas first described by
Lythgoe and Trippett (73) and by Abdel-Akher and Smith (74) in 1950. To
confer solubility in etﬁer or tetrahydrofuran the methyl eéter methyl
glycoside of the uromnic acid was first prepared and the final product
vas the methyl glycoside of the corresponding hexose. Since aluminum
salts form s£rom;comp1exes witﬁ free hydrbxyl groups it is nowlﬁsuul to
isolate tﬁé‘f@ducedvsugar as its acetate fr&m which the methyl glycoside
of the free sugar is_easily obtaiﬁéd'upon'saponification. The reduction
df uronic acids with LiAlH4 works very well and gives good yields of the
" corresponding neutral sﬁgafs from which crystalline deriv#tives.may be

made. This method is ptobahly the most widely useful means of identi-

fication of uronic acids known today.

" Formation of the Amide of the Methyl Glycoside

The use of this direct derivative in characterising uronic acids
wag first reported by Smith (75). The methyl ester methyl glycoside of
‘4—Q-§ethy1~D—glu¢uronic acid obtained from mesquite gum wad distilled
-in vacﬁovand treated with a methanolic ammonia solution. Ivaporation
gave a white solid found to be a mixture of the ~ and P forms of the
amide and these vere éasily separated by frgqtionél crystallization.
This derivative has since been ﬁreiared by‘many authors, the only objec-
tion to its use‘being a tedious separation of the o< and'p':forms arising

from the optical aétivity of Cl.

- oy

T
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The Identificatio_n’ of Aldobiouronic Acids

;i is,a.well—knovn fact ;hqt the linkage between a uronic acid
group ‘and the neighbouring neutral sugar molecule in aipélysaccharide
is peculiarlj resistanﬁvto acidic hydrolysis. This is seen from the
large ;mOunts of aldobiouronic acids produced upon acidié;hydraljsis of
hemigellnioqés?'gums and other'polysacchqride-mgtérials. ‘The réason‘fbr
this resiétance'is not yet undefstobd. Aﬁ. . |

‘}Due.to their wideSprea& bccﬁrrence as products of the hydroljsis of
polysaccharides'iﬁef}déhtificétion bf aldobiouronic acids has become of
d'much iyportance iﬁ strhctural studies. 'Unfortunately th;se materials can
very.ra;eiy.be characterised direqtl& as scarcely any'cfystalline deriva-
tives are known. In a very fewic;ses the amide or methyl ester of a
methyl glycoside has been: obtained crystalline (29,53,76,77). Smith and
Srivastava (78) have obtained thevérystaliine pentaacetate of 2-0~-( o =D~
glucuronopyranosyl);D—xyiopyr&noae i; both its o< and B forms. This is
the only occasion on which a xylose cqntaining aldobiouronic acid hax
yielded a crystalline derivative. It is an object in this present work
to search for a suitable derivative of the aldobiouromic acid from jute
or of a compound egsily obtained thereffom.

At the present time aldobiouronic acids are identified by reduction
to neutral disaccharides followed by hydrolysis and identification_of
the products. It is also'essential to detefmine the points.of linkage
of the constituénts by methylation of the neutral disacéharide followed
by hydrolysis -and identification of the methylated fragments. Such a

long procedure for the characterization of aldobiouronic acids requires

a8 lot of time and; if suitable cryétalline derivatives were available,

this would be greatly reduced.
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JUTE ALDOBIQURONIC ACID

The first study of jute hemicellulose was made by Sarkar, Mazumdar
and Pal (79) in 1952, In it they determined the optimum conditions for
its extraction from holoceliulose and carried out detaileﬁ analyses of
hemicelluloses extracted under varying conditions. They found the pure
material to contain a md?omethyluronic acid and iylose. Frou methoxyl
content and neutralization equivalent measureméﬁts they‘deduced.an equi-
valent wéight of arouﬂd 1000. .In a furiher paper based on éeriodate
oxidation studies on the hemicellulose Das Gupta and Sarkng(SO) con-
cluded tﬁdt jute #ldobiouronic acid probably bad the structure 4-0-(3-0-
methyl-D—gIucur;nopyranosyl)-{3-D—xylopyranose. As further evidénee
for this structure the same authors in a letter to the editor (5) told
how they had reduced the:methyl ester methyl glycoside with lithium
aluminum hydride and hydrolysed the resulting neut;al disaccharide. The .
sugars in the hydrolysate were identified as xylose ﬁnd S—Q—ﬁethyl glu-
cose by paper chromatography in goivent 5.

The constituent sugars present in jute o&—cellulosé remaining
after alkaline extraction of jute holocellulose have been investigated
by Adams and Bishop (81). Formic.acid hydrolysis and paper chromato-—
graphy of the hydrolysate showed the presence of large"Quantitieé of
glucose andlxylose_together with a definite amount of arabinose.. This..
may indicate the occurence of chemical bonding between the cL-céilulose
and the hemicellulose present in jute fibre. |

The Indian-workefs (80) said that they would present final evidence
for the presence of 3-0-methyl-D-glucuronic acid in the hemidellulo;e

' k]
by the preparation and identification of suitable crystalline derivatives.
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This evidence has not been produced and furthermore it is definitely
shown in the present work that no distinction can be made .by paper
chromatography between 3-and 4-0-methyl-D-glucose using solvents 1 to
'5.* If 3-0-methyl-D—-glucuronic acid really is present in the hemicellu-
lose it is the first time it has been found in nature whereas 4;9;
methyl-D-glucuronic acid has been found in many sources (34-46). - Fur-
ther invgstigation of this question appeared to be desirable.

f;wdered defatted jute was delignified réadily by means of the
chlorite process of Wise, Murphy and D'Addieco (81), to yield white holo-
cellulose. This material was extracte& with 10% aqueous sodium hydroxide
and the solution neutralised. Upon addition of ethanol the hemicellu-
lose was thrown out as a flocculent precipitate. After washing with
aqueous alcohol to remove salts the materia; was dried Ly solvent ex-
change to give a dirty white powder in 16% yield;

A sample of crude hemicellulose was purified by preéipitation as
its copper salt}zlkaline solution., After careful washing the salt was
decomposed with alcoholic hydrochloric.acid and the pure hemicellulose
:
isolated as before (yield 64%). The snow—-vhite powder had ash content
2.33%, and was designated hemicellulose I.

Another sample of the crude material was suspended for a day in
ethanolic hydroghloric.acid and the hemicellulose on recovery was
wvashed and dried as usual to give a snow-white powder (yigld,70%) with
an ash content oflonly 0.28%. This material was designated hemiéellu—
lose iI.

A comparison of the optical rotatioms, neﬁtralisation equivalents

and methoxyl contents of hemicelluloses I and II showed them to be

* Key to this is given on p. 22,



identical. Purification as hemicellulose II was therefore adopted as
a better pro&uct wvas obtained.

An attempt to gxtract the hemicellulose directly from jute without
delignificatioﬁ was not encouraging. The yield vas very poor dnd the
product isolated after purificatioﬁ by the coppér salt proéess bhad a
brown co}our. Hydrolysis of the material.and examination‘of the hydro-
lysate showed. the presencé of a trace of glucose which might have
deriveg'from cellulose present as an impurity.

Trial experiménts on the hydrol&sis of jute hemicellulose showed
‘that 1 Noruwal éﬁlphnric acid for six to eight hours gave éatisfactory
results whereas {ncomplete hydrolysis resulted from the use'of 45%
fo;ﬁicAaCid even after twelve ﬁours on the stéam bath. The presence
of oligosaccharides in this hydrolysate was demonstrated by further
hydrolysis with 1 Normal suiphuric acid when chrqmatography showed only
xylose, uronic and aldobiodfonic acids to be present, It was th found
poésible to aveid the formg?ion of uronic acid which occqned also in
the formic acid hjdrolysate.

A large batch of ﬁemiéellulose was hjdrolysed with sulphuric acid
and the hydrolysate separated into neutral sugar and'sugdr:acid'frac—
tions using Amberlite IR.120 and Duolite A4 resinsioﬁ.bxchange columns.
Chromatography on these fractions revealed only one neutral sugar.which
appeared t§ be xylose whereas the acid fraction contained uronic-and
aldobiouronic acids.‘ Later a second neutral sugar was found present
only in.trace amGunts and noticable only on heavily loaded chromatograms.

The neutral sugar was obtained crystalline and was identified as

D-xylose. This was confirmed by the preparation of the dibenzylidene

dimethyl acetal derivative (82). The trace sugar was identified only
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by paper chromatography agd ran identically with L-rhamnose in three
solvents.

The sugar acid mixture was obtained as a syrup which did not crys-
tallize. The methyl ester methyl glycoside formed by tfeatment wvith
dilute methanolic hydrogen cﬁloride was reduced with lithiun aluminum
- hydride. The reduced sugar was freed from its aluminum complex by
acetylation and the acetate extracted in chloroform and deacetylated
with alkali gave the neutral disaccharide methyl glycoside as a yelloﬁ
syrup‘whigh did not crystallise. .This syrhp was hydrolysed with 1
Normal sulphuric acid as before and ﬁhe hydrolysate examined chromato-
graphically was found to contain xylose and a monomethyl élucose which
might have been 3-or 4—9_—methyl;gluéose.. )

Attempts to separate the sugars in the hydrolysate on a cellulose
coluwen using solvent 1 were a failure ;nd the separation was finaliy
- carried out on sheets of péper using this solvent. The sugars were
_extractéd from the paper in @qneous acetone and obtained as syrups,one
of which crystailized'on standing. This-material vas iden#ified as D-
xylose and confirm@tion was again obt&iped by preparation of tﬁe diben-
zylidene dimethyl.acetal derivatives (82). The other sugar was shown
to be a monomethyl glucose by demethylation with hydrogen bromide and
examination of the product by paper chromatogfaphy. Findl and conclu-
sive proof of the position of the methyl group was obtained by prepara-
tion of the osazone ahd-aﬁlide. Comparison of these derivatives against
similar derivati;es made from 4-Q-methyl-D-glucose revealed that they
wvere identical, |

It is‘worthy of note that 4-0-methyl-D-glucose anilide has not

previously been reported in the literature. This material was prepared
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by the standard method for making sugar anilides and the yields fere
found to be rather variable since the formation of aniline tars often
took place. The compound gave much difficulty in recrystallization
from ethyl acetate and the crystals obtained by diluting with a few
drops of petroleum ether were little better. Eventually a pure product
vas obtained after prolonged rgcrystailizgtion; The maximum melting
point.found wag 158-160°C. | |
In a search for-;suitable derivatives of 4—-0-methyl-D-glucose the
dibenzyl mercaptal was also prepared by the method_usgd by Pacsu (83)
in the preparétion of D-glucose dibenzyl mercaptal. The sugar was con-

densed with ot—-toluenethiol in hydrochloric acid solution in the pres-

‘ence of zinc chloride. After addition of water the acid was removed on

Duolite A4 ion exchange resin and the solution evaporatéd. The dibenzyl

mercaptal crystallized as a white solid from ethanol and after three

recrystallizations from ethanol the white needlelike crystals had a

melting point of 158—15900. This value did not rise on further crysta-

‘1lization. This deri;atiye has been prepared by an indirect route by

other workers (84,85) and melting points of 73°C. and 96-98°C. have
been reported. It is apparent that their materials were not obtained
pure .and it is possible that the mercaptal was thained as & hydrate.

The dibenzyl mercaptal 6f standafd 3fgrmethyI-D—g1uéose was also

_prepared as above. This compound did not crystallize from alcoholic

solution but was obtained as white platelets from aqueous alcohol.,
After two fecrystallizatiqns a maximum melting point of 65-70°C. was

feached. The material was apparently not pure and may have been a hy-—

.drate. The compound decomposed on heating in boiling toluene in the

Abderhalden in vacuo in an atteﬁpt to remove water of crystallization.
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This was unfortunate as 3-0-methyl-D-glucose dibenzyl mercaptal has
never previously been reported.

| A sample of jute aldobiouromic acid was hydrolysed in 10% methan-
olic hyd;ogen chloride for sixteen houras on the steam bath. Aftér
removal of hydrogen chloride the mixture cont;ining methjl xyloside,
uronic acid methyl ester methyl glycoside and the aldobiouronic acid
methyl ester methyl glycoside was partially séparat;& by continuous ex-
traction with e#her fér twenty-four hours. The ether layer éqs'éhown
.ﬁo contain methyl xyloside and the uronic acid deriVative,‘whilst.the
aqueous phase contained all three gongtituents. The ether extréét vas
saponifiéd';ith 0.15 Normal barium hydroxide and the uronic acid methyl

glycoside separated by running the solution through Duolite A4 ion

exchange resin when the acid remained on the resin whilst the methyl

4 3

xyldsigg was removed. The recqvered uronic Acid methyl glicoside was
\fe—esterified with ethereal diazomethane and the amide formed by treat—
ment with methanolic ammo;ia solution. A mixture of the o~ and g forms
of the amide methyl glycoside was obtained on evaporation. The white
solid material was fractionally cfystallized from aqueous ethanol solu-
tion to jiéld the pure o form after four recrystalliiations. This was
shown to be.identiéal to an authentic sample of 4;g—methy1-°<-D-g1ﬁcur;
onamide methyl glycoside (75).

A sample»of the neutral disaccharide methyl gljcosidé obtained by
reduction of the aldobiouronic aéid_petﬂyl estgr'methyl glycoside with
lithium aluminum,hydri@evﬁss methylated three times with Haworth's re-
agents using dimethyl sulphate and 40% sodium hydroxide_soluﬁion; Tﬁe

partly methylated diéaccharide vas again methylated using Purdie's re-

agents viz. silver oxide and methyl iodide. After three such methyl—
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ations the disaccharide was found to be fully methylated.: Hydrolysis
of the distilled syrup with 1 Normal sulphuric acid for eleven hours
vas followed by separation of the methylated sugars on sheets of |
chromatographic paper ig solvent 1.

»The dimethylxylose obtained as a syrup was oxidized with bromine
and on distillation in vacuo white crystalline 3,4-di-Q-methyl-D-xylono-
=='% #lactone was obtained. The tetramethyl glucose was not obtained
pure and the contaminant'appéared to be trimethyl rhamnoée. An attempt
to prepare the aniligé)of the tetramethyl glucose was successful but-
the c;ygtalline anilide was not obtainedhﬁnre due to the smallness of
the scale on which iﬁ was made. Frbm this derivative however and |
paper chromut;grgphy_it was dlmost certain tﬁat the tetraméthyl glucose
obiaihedeaé 2,3,4,6~tetrafg—methy1-b-giucose.

From the evidenée presentéd.in ﬁhis vork it is concluded that the
aldobiouronic aéid preseqﬁ in jﬁté must have the structure [A]. 1t is
also evident however that a small amount of a sécoﬁd aldobiouronic acid
occu¥s in which the_neutrai sﬁgar unit is not D-xylose but L-rhamnose.
The xylose unit to whiph the uronic aci& is atteched is’part of.; chain
consisting of mainly xylose ﬁnits with an occ;sional rhamnose. The
length of this chain is not known bnﬁ it is buiit up from blocks con-
taining six xylose units to which one uronic acid group is attached.

Jute'hemicelluloée is unusual in that it contains no arabinose.
This sugar is commonly fouﬁd‘iﬁ hemicelluloses from annual plants. It
would appear that rhamnose is involvéd somewhere in the biosynthetic‘
pathwqys'of the jute‘plant.

Whilst this thesis was being written Srivastava and Adams (86)

published a short note on work which they bad carried out om jute
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hemicellulose. They also:showed the presence of 4-0-methyl-D-glururo-
nic acid and identified the aldobiouronic acid as having stfuéture [A].
Their characterization of the uronic acid was based on the preparation
‘of the osazone of the monomethyl glucose obtained as already described.
In addition they also separated an aldotriuronic ecid in crystalliqe
form and proved it to: be 4-Q-methyl-D—glucuronopyrunosjl-l,2—c<—D-;ylo-
pyrahbsyl—l,4-f§-D-xylopyranose. This shows that the xylose units in
the hemicellulose main chain-are linked 1,4. | ‘

As already mentioned, the jute aldobiouronic acid used in this
wofk contained appreciable aﬁounfs'of uronic acid formgd by hydrolysis
and also'some‘aldotriuronic acid which had not been completely degraded.
To obtain a pure sample of aldobiouronic acid, the crude material was
applied as heavy s@reaks on 3 mm. chfomatographic paper and separated
by chromatography in solvent 1. The pure acidAwas obtained as a pale
brown glass with a high positive rotation [ ]2)" + 146.5° (€0.75 in H,0).
‘This value is higher than any previously reported for the ﬁaterial and
it is probably the purest sample‘yet pregared.

Aftempts we;e made to prepare crystalline derivatives of this pure
acid both directly and ingirecily. An attempt to prepare the anilide
wvas unsuccessful. Alcohol, which is normally used as soivent when pre-
paring sugar anilides, could not be used here due to the danger of
ester formatiéh. The acid would have had to be dissolved in a pelar
solvent and none of suitable boiling péint appeéréd to be available.

An attempt to carry fut the reaction withput a solvent failed as the
acid did not appe#r to dissolve in aniline.

In order to overcome the difficulty of ester formation, a sample

of aldobiouronic acid was esterified with methanolic diazomethane.
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The methyl ester was reacted.in methanolic solution with p-nitroaniline.
The latter dissolved on gentle warming but thelsolution turned brown in
colour and no p-nitroanilide precipitated.v On evaporation a brown syrup
was obtained and some unchanged p-nitroaniline.

A further sample of aldobiouronic ;cid vas allowved to react with
phenylhy&razine in the same way as for osazone formation. Some amor-—
phous brownish-yellow material precipitated. This could not have been
an osazone &8 the 2-position on the xylose was blocked by linkage to
the C1 of thé 4-Q-methyl-D—glucuronic'acid. The matéridl must therefore
have been a phenylhydrazide salt or a phenylhydrazong or both., Attempts
to recrystallize this material failed and no crystalline compound was

' obtained after séparation on an ealumina column, It appeared that the
derivative did not ﬁossess.a sharp melting point as_it always appeared

plastic in nature.
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In an attempt tp'make a crystalline &erivative indirectly the aldo-
biourcnic acid was reduced in alkaline solution by potassium borokydride.
The reaction préduct was dissolved in methanol and boric acid filtered
off. ﬁvaporation of the solution gave a yellow glass which was reacted
with excess p-nitrobenzoyl chloride in pyridine solution. After des-
troying the excess reagent with sodium bicarbonate, the p-nitrobenzoate
vas extracted into chloroform and evaporated to yield a golden jellow
glass (compound Dﬂ). This material did not crystallise and vas ester-
ified with ethereal diazomethané to faciiitgte its separation on an
alumina column (compouné [C]); Imp;ritieé vere reﬁoved on waéhing with
dry benzene and theiéster removed as a péle yellow band on washing with
dfy benzene containing 2% ethanol. The product obtained behaved as a
glass vhen heated and melted over a very wide range of temperaiure. It

appeared likely‘that the presence of six p-nitrobenzoyl groups in the

ﬁolecule was sufficient to prevent crystallization due to their large
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bulk and mutualinterfer;nce.

In a furﬁher experiment the xylitol compound obtained as before
by borohydride reduction was acetylated with acetic anhydride in the
presence of anhydrous sodium acetate. The acetaﬁe wvas extracted with
chloroform and evaporated ﬂo Yield a viscous colourless syrup which did
not crystéllise on keeping (compound [D]).

No further‘wqu was carried §ut on the aldobiouronic acid. It
might however have been possible to obtain a crystalline derivative by
oxidatioy with nitric acid for example. Such an approach may prove

successful in the future.
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EXPERIMENTAL

Unless otherwise stated all paper chromatography was carried out

on sheets of Whatman No..l chromatograghy paper. The developer employed

vas p—anisidine reagent and the irrigating:solvents were as followss-

1. ethyl acetate 18, glacial acetic acid 3, 45% formic acid 1,
water 4. |

2. l-butanol 40, 95% ethanol 10, water 49, 0.880 ammonia 1.

3. methyi ethyl kétone/water azeotrope. ’

4, 1-butanol 5, beﬁgene 1, pyridihe 3, water 3.

5. l—bntanolf4, glacial acetic acid 1, vater 5, (upper layer
' : ‘ : only)

expressed as parts by volume. All evaporations of solvents were carried
out under reduced pressure.
The jute used in this work was purchased from the Beamiss Bag

Company of Vancouver.

Jute Hemicellulose

Jute sacking was cut into strips and reducd to powdered form in a
Wiley mill. Portions of powdered jute (100 glie ) Were extracted twice
with 1200 ml. benzene 50/ethanoi 50 in the cold, filtered and dried.
The dried 5ute vas délignified readily by the method of Wise, Murphy
and D'Addieco (81) using sodium chlorite and acetic acid at 70-80°C.
for three hours. - The whiie holocellulose obtained was filterq& ;ff
and washed with éold water to give yields of ground790%.

Jute holocellulose was extracted overnight in 1000 ml. 9.3% aque-
ous sodium hydroxide and filtered. The rem9ining solid material was

again extracted with 500 ml. of alkali for several hours and filtered
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as before. The cellulose remnant was washed well with cold water and
dilute acetic aéid, and dried.. The orgnge-yellow filtrates were bulked
and neutralised with glacial acetic acid t; give a straw—colourea solu-
tion from wh#ch the hemicellulosé did not precipitate. Uponvaddition
of two volumes of ethanol jute hemicéllulose wvas thrown out as a curdy
precipitate and waé isolated by cenyrﬂhg;tion. The product was washed
several times with 50% ethanol to remove inorganic salts, then with in-
creasing strengths of alcohol and finélly dried by solvent e;change to

yield a white ppwder (16 gm. from 100 gm. jute).

Purification of Jute Hemiéellulbse

Crude‘hémicellulose'(5 gu.) was dissolved in 30 ml. 10% aqueous
sodium hydrokide'and 50 ml. Fehiing's solution added. The greenish-blue
preéipitaté vas left standing overnight and isolated by centrifugatién.
After carefui wvashing with alcoholic sodium hydroxide followed by wash-
ing wvith ethanol, the complex vas decoﬁposed with d;lute ethanolic hydro—
gen chloride and vashed free of chloride ion witﬁ aqueous ethanol before
igolation as a white powder by solvent exchange. This material (hemi-
cellulose I, 3.2 gm.) had ash content 2.33%, [oé]%o - 45.1° (éalculated
as ash free C. 0.15 in 2N NaOH). N.E. of 953 indicated 21.7% anhydrou-
ronic acid units,

A second batch of crude hemicellulose (5 gm.) was suspended in 150
ml. ethanol copt#ining 4.5 ml. hydrdgen chloride. After standing over-
night the suspenéioh was centrifuged and the precipitaﬁe washed free
of chloride ion as before, After solvent exchange the hemicellulose
was obtained as a snow-white powder (hemicellulosé II; 3.5 gm.) with

ash content 0.28% and [oq %0 - 47.1° (C. 0.5 in 2N NaOH). N.E. of 1005

indicated 20.6% anhydrouronic acid units. The methoxyl content of



-24~

3.18% indicated & mean E. Wt. of 975 or 21.3% anhydrouronic acid.

An attempt to prepare absolutely pure hemiqellu{ose by electrodi-
alysis of an aqueous solution of the crude material fdailed as the pure
material was precipitated in gel form from which it was found impossible
to rémove the last traces of water by solvent exchange.

In view of the higher purity obtained, the main batch of jhte hemi-
cellulose was purified by the ethanolic hydrogen chloride method and

vas obtained'as hemicellulose II,

Attempted Direct Extraction of Hemicellulose from Jute

A 100 gm. sample of jute was solvent extricted and then alkali
extracted in the usual way. The hemicellulose vds purified by the

coppef salt method to yield a brownish-white powder (4.9 gm,). Ash con-

20
D

tent 6.38%, [0<]
A sample (304 mg.) of this matqrial vas hydrelysed on the steam

- 47.0° (calculated as ash free C. 1.25 in 2N NaOH).

bath for sixteen hours with 1 Normal sulphburic acid and the hydrolysate
neutré;igéd with barium carbodate,‘tﬁe solition obtained being deionised
in an Ambérlité IR_Iéb regin column.. The concentrated eluate showed
chromdtpgraphic sboﬁéf;prresponding to xylosé, glucose, uronic acid,
uldobiourdnic acid, and oligosaccharides when irrigated‘in solvents 1

and 2 and developed with p-anisidine spray reagent. The glucose was

. present only in trace amounts.

Jute Aldobiouronic Acid

w

In a preliminary experiment hemicellulose II (2 gm.) was hydrelysed
with 30 ml., 1 Normal sulphuric acid for six hours on the steam bath
and the acids neutralised with barium carbonate. The hydrolysate was

deionised in an Amberlite IR 120 resin column and the concentrated
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eluate showed spots with Rx values 0.30, 0.69, 1.00 and 1.44 correspond-
ing to oligosaccharide, aldobiouronic acid, xylose, and uronic acid
vhen chromatographed in solvent 1.

Another trial hydrolysis of hemicellulose II (3 gm.) vas carried
out in 100 ml. 45% formic acid. After twelve hours on the steam bath
the formic acid was removed by evaporation under reduced pressure.
Chromatography showed the same spots as before with a larger amount of
aldotriuroﬁic acid (Rx 0.35) apparently Que to incomplete hy&rolysis.
Further hydrolysis of the material in 1 Normal sulphuric acid removed
this spot with a& corresponding increase in uronic and aldobiouronic
acid. | |

A large batch of hemicellulose II (15.0 gm. expressed‘as dry weight)
was hydrolysed on the steam bath in 400 ml. 1 Normal sulphuric acid and
the reaction followed on the polarimeter. After seven hours the rota-
tion had reached a steady vahe of +57° yhen the acids were neutralised
with barium carbonate as before and deionised in‘an Amberlite IR 120
resin column. Upon'runqing the eluate through a Duolite A4 reﬁin column
the sugar acids were ré;ained and the neutral éugar fraction obtained
in solution. The column wasEcarefully washed with water and ﬁhe sugar
acids eluted with 1 Normal sodium hydroxide. Upon returning this eluage
to the Amberlite IR 120 column:a solution of the sugar acids was obtainedi

The neutral sugar solution when concentrated under reduced prgssu}e |
yielded a pale yellow syrup (9.976 gm.) which crystallised oveiniéht.'
It agpeérédfat first to contain only x&lose when spots vere irrigated
in solvent 1 but later a true sugar with an Rx value greater than'that
of xylose was found.

The sugar acid fraction when concentrated under reduced pressure
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gave a yellow glass (3.604 gm.). Spots of this material when irrigated
in solvent 1 showed the presence of anegpreciable amount of uronic acid
and small amounts of triuronic acid besides the main fraction of aldo-

biouronic acid. The fraction had OMe 8.05% (calculatgd for C, H,.0

. . 12720711
it is 9.1%) [o<]§° + 124.4° (c. 0.5 in Hp0). N.E. 314 (calculated for
Cl2H20011 it is 340). The low values of the methoxyl vaue and neutral-

‘'isation equivalent were attributéble to the uronic acid present in the
fraction.

The recovery of sugars from the hydrolysate was approximately 90%
and the anhydrouronic acid content of 18% was. in fair agreement with

the value estimated by other methods.

Identification of Neutral Sugars

The cryétallised neutral sugar fraction vas twice recrystallised
from methanol to give whi#e prismatic crystals melting point and mixed
melting point 143-145°C. with an authentic sample of puré'xylose,[cx:lg?
+ 17.0° (equivalent C. 1.0 in H,0). |

Tﬁe dibehi&lidene dihethyl acetal derif&tive was prepared by dis-
solving a sémple of the sugar (686 mg.) in 7 c.c. of benzai&eﬁyde -

\ methayolic hydrogen chloride reageﬁt (82). This reagent was prepared
by dissolving freshly disiilled benzaldehyde (40 ml.) in a mixture of
methanolic hydrogen chloride (éo ml., 2.5N) and methanol (120 ml.).
ifter étanding for four days a qhite crystalline product was obtained.
Two recrystallizations from methanol/benzene gave finé vhite needie—
like crystals melting point:and mixed melting péint 211°C. with a.stan—
derd derivative'ma&e froi éf&stalline D-xylose. |

A sample of the true sugar was obtained when a sheet of Whatman
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3 mm. chromatographic paper was heavily streaked with the neutral sugar
mixture and i;rigated in solvent 1., The Sand of sugar vas extracted

into éO% aqueous methanol and concentrated to give a yellow syrup.
Chromatography in solvents 1, 3 and 4 against standard rhamnose and xylose

showed that the unknown sugar was L~rhamnose.

Reduction'qf Jute Aldéﬁiouronic Acid

The ;ldobiouronic acid (2.210 gm.) was treated with 3% methanolic
hydrogen chloride on a steam bath under reflux and the reactiq# followed
on the polarimeter., After five hours a constant rotation of 41120 wvas
attained. The hydrogen chloride was neutralised with lead carbonate
and the precipitate removed after centrifugation. After cereful washing
of the precipitate with methanol the filtrate and ﬁashings_were buiked
and evaporated to yield the methyi glycoside methyl ester (2.697 gm.)
as a thin b;owﬁ Sfrup. ) |

Fineiy crushed lithium aluminum hydride (2.8 gm.) was suspended in
120 ml. dry tetrahydrofuian and'réfluxed to promote dispérsion. A solu-
tion of the methyl ester methyl glycoside of the aldobiouronic acid in
50 ml. dry tetrahydrofuran was added gradually to the cooled suﬁpension‘
Qnd the reabtiop mixture refluxed for thirty minutes. ' Excess reagent
was'destroyed;by the addition of etheregl ethyl acetate solution and
the solvents removeﬂ?undér reduced pressure. Acetic anhydride (50 ml.)
and anhydrous,Sodium'acetate (8.5 gm.) ves added to the reaction vessel
which was hé;ted under reflux for three hours on the stéam bath. After
evaporating off excess acetic anhydride the inorganic salts were dis-
solved in dilute hydrogen chloride and the solution extracted with 250

ml. chloroform in four separate washings. The chloroform extract was
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freed of chloride ion by washing with water and the solvent removed to
give a mobile yellow syrup of the disaccharide methyl glycoside penta-
acetate (3.68 gm.). |

Removal of the acetyl groups was accomplished by saponification in
20 ml. ethanol with 20 ml. 1 NQrmal sodium hydroxide for one hour on thé
steam bath. After deionising in Amberlite IR 120 followed by Duolite
A4 resin columns the solution of the disaccharide methyl glycoside vas

evaporated to give a viscous yellow syrup (2.093 gm.). OMe 19.7%

20

D

(cale. for C, H, 0,  is 18.2%),”[CK]

+ 98.5° (C. 0.75 in Hy0).

Hydrolysis of the Neutral Disaccharide.

The‘diéaccharide methyl gl&coside (850 mg.) was hydrolysed in 50
ml. 1 Normwal sulphuric acid on the steam bath and the reaction followed
on the polarimeter. After fourteen hours d steady rotation of +44.5°
was attained. The hydrolysate was neutralised with barium carbonate
and the precipitate fémo§edhby centrifugation and washed frée of carbeo-
hydrate material. Thé filtrate and washings werelbulﬁed.and evaporated
to yield a viscous yellow syrup. (820 mg.)f-

Paper chromatograms were spotted with this material and irrigated
_in solvents 1, 2, 3, 4 and 5 using D-xylose, 3-0-methyl-D-glucose, and
4-0-methyl-D-glucose as-standérds. An excellent separation was achieved
in solvent 1 gi&ing two spots Rx 0.98 and 1.24. There was no doubt
that the slowef yellow spot was xylose but thé faster pale brown spot

might have been either 3-or 4-0-methyl-D-glucose. These sugars wvere

found to be uite impossible to distinguish chromatographically.

Separation of the Sugars in the Hydroljsate

Attempts to separate the monomethyl glucose from the xylose using
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a cellulose column irrigated with solvent 1 were unsuccessful and only

a partial separation was achieved. . The sugar.mixture (500 mg.) was |
streaked on sheets of Whatman 3 mm. prewashed chromat;graphic péper and
~irrigated for sixteeg{hourg iﬁ solvent 1. After drying the sheéts the
sugar zones were loégfed by sprayiﬁg.strips with p-anisidine reagent.

A good separation was achieved and the suéars were extracted from tﬁe
paper into 80% aqueous methanol. Evaporation of the extracts yielded

. two chromatographically pure sugars. One fraction (120 mg.) had Rx 0.98

in solvent 1 and was apparently D-xylose whilst the other (200 mg.) had

Rx 1.23 and was the monomethyl glucose.

Identification of D-xylose

The extracted sugar crystallised on standing for two days and after
treatment with charcoal in @queoué solution and evaporation it was eb-
tained as white prismatic crystals Eu]%o + 22.9° (equil. Literature
value + 18.00). The dibenzylidene dimethyl acetal was made as already
described (82) and after récrjstallization from bénzene/petroleum ether
vas obtained in'tﬁe form of white ngedles melting point amd mixed melt-
ing éoint 211°C. with a standard deri?ative médé_from crystalline D~

xylose.

Identification of L-rhammose

When attempting the separation of xylose and monomethyl glucose on
a ceilulose column three tubes were obtained coﬁtaining a sugar running
faster than monomethyl glucose in solvent 1. This appearéd to be present
in only traece amounts and its identification was only carried oﬁt by

paeper chromatography. When examined in solvents 1, 2 and 4 the unknown

hed Rx values of 1.58, 1.88 and 1.23 respectively and ran side by side
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;iith a standard spot of L-rhamnose. Both sugars gave a pale yellow

spot with' p-anisidine reagent.

Identification of 4 Methyl Glucose

(a) Demethylation

A sample of the chromatographically pure sugar (26 mg.) vas heated
with 1.5 ml. 40% hydrobHOQic acid in a sealed ﬁube in the steam bath
for five minutes when the solution in the tube was diluted with 20 ml,
vater. The hydrobromic acid was removed on Duolite A4 exchange resin‘

_and_the.deionised solution evaporated to give a pale yélloﬁ syruﬁ. When
exé@inedtby paper chromatégraphy in solvent 4 this syrup showed sﬁots
1:coihcidiﬂg';ith D—glucose and unreacted monomethyl glucose.

(b) Preparatlon of the osazone

A: port1on of monomethyl glucose (55 mg.) was d1ssolved in 1.8 ml.
water and 0.18 ml, freshly dlstllled phenylhydraz1ne, 12. ml. 20% acetic
acid anq 60 mg. sodium b1su1ph1te addedf The reaction was carried out
in a wéter.bath aat:fO-SOOC. for ﬁwo @ours when the osazone separated

as small yellow crystals which were filtered off and recrystall1zed
tw1§e from agqueous alcohol to yxeld small yellow need1e11ke crystals of
the osazone melting point 159:16000. wibthout decomposition.

Th; osazones .of sf&hdérd 3-and 4;Q-methyl-D-glucose were prepared
in similar féshioﬁ. 4—Q—Q§thy1-D—g1ucosazone was obtained as small
golden needles from aquéous alcohol melting point 158f159°C. (84) but
the 3-methyl analogue (yellow sheaves) did not give a sharp melting
point even after many recrystallizations from aqueous.alcohél and aqu-

eous acetone. The best value obtained was 168-172°C. (values of 164-

166°C. (87) and 178-179°C. (88) are reported in the literature).
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The osazone from jute gave mixed melting point 158-159°C. with
4~-0-methyl-D-glucosazone and 146-164°C. vith 3-0-methyl —D-glucosazone.

(c) Preparation of the anilide

To a sample'of monomethyl glucose (99 mg.) was added 2 ml, absol-
ute alcohol and 0.1 ml. freshly distilled dry aniline. After refluxing
on the steem'baﬁh,for one and a half hours the reaction was stopped and
the alcohol and excess aniline'removed by evaporation in vacuo. The
pale brown reaction product was treated with 20 ml.,ethyl acetate under
reflux and the extract upon concentration yielded pale yellow crystals
of the anilide. After three recrystallizations from ethyl acetate
small white needlelike crystals werelobtained (15 mg.) melting boint
158-160°C. Further recrystallization did hot raise this value.

A sample of 4-0-methyl-D-glucose anilide was similarly prepared
from the standard sugar. It yielded white mushroom like crystals melt-
ing point 156-158°C. from stéaight ethyl aceﬁate solution, This material
was difficult tq obtain pure and the melting point quoted was the high-
est that could be obtained. |

The mixed melting point for these derivatives was 156-159°C.

(d) Preparation of other standard derivatives

In a search for suitable derivatives of.éiandard 3-and 4-0-methyl-
D-glucose the dibenzyl mercaptals were prepared.

Standard 4-Q—meth§1—D-glucose (270 mg.) waé dissolved in 0.35 ml.
hydrogen chloride and 0.33 ml. (- toluenethiol and 150 mg. granular
zinc chloride added to the solution. After élacing in the mechanical

shaker for six hours a one phase liquid vas obtained, and this was dil-

uted vith water throving out a white oil from soludion. The hydrogen

chloride was removed on Duolite A4 resin which was filtered off and _
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wgshed wvith alcohol. The filtrate and washings were bhlked and efgpor—
ated to yield a ih%ck yellow oil which solidified overnight. This wask
dissolved in‘sbsol;te alcohol and treated with charcoal. ‘After filtra-
tion and concentratibn of the filtrate white crystals of the mercaptal
fere obtained (50 mg.). These gfter three recrystallizations from ab-
solute alcohol had melting point 158-159°C.l Further recrystalliza@ion
did not raise this value. |

An ﬁttempt-was made to prepare 3fgimethy1-D-g1ucose‘dibenzyl mer-
éapta1 in siﬁilar fashion. The m;terial could no# be induced to crys-
tallize from.sbso;ute alcohoi but a cr9p4of'white plateliﬁe cfysﬁals
was obtained after diluting the cogcéntrated aicoholi§ solution with a
‘few drops of water. These had meliing point 66—69°C¢>beforé and after
recrystallization from aquéous_alcohol.,{Uponidryihg this material in

the Abderhalden over boiling toluene decomposition took pilace and a

small amount of yellow 0il remained.

Methanolysis of Jute Aldobiouronic Acid

| A sample of aidbbiourqnic acid (3.06 gm.) was treated with 10%
methanolic hydrogen chidride on the steam bath ovgrnigﬁﬁ. After neut-
rélization Gith lead carbonate and evaporation of ihe filtrate a dark
brown syrup (3.07 gm.) was obtained. This showed thrée spots when
chromatégraphed in solvent 2 thé Rx values being 0.23, 1.00 and 2.11.
The mixture was continuousiy.extfacted iqto ether for'one day and the
ethereal and aqueous phases evaporaﬁéd to jeld brown syrups (0.979 gm.
and 1.544 gm. respectively). | |

‘The syrup from the aque&us phase vas dissolved in 50 ml. 0.15 Normal

barium hydroxide and kept at 60°C. for two hours vhen the excess alkali
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was destroyed by the addition of solid carbon dioxide. The precipi~-

tated barium carbonate was centrifuged off and the filtrate deionised

with Amberlite IR 120 resin. When the eluate was runm éhrough Duolite
A4 resin a solution of methyl leoside Qas obtained. The acids were :
eluted from the column in 30 ml. 1 Normal sodium hydroxide and this on
running through Ambérlite IR 120 resin yielded a solution of the ééid
component which on ev#porqtfon'gave a brown syrup (0.643 gm.). Chroma-
tography in solvent 1 and épréying'vith a 1% bromophenol blue indic;torb
solution showved two yellow spots with Rx 0.18 and 0.49 due to aldobio-
uronic and uronic acid methyl glycosides. |

A similar ﬁreatment of ﬁhe_ether extracted syrup gave an acid com—
ponent (0.431,gm.) Rx 0.53 corresponding to the?methyl glycoside of the
uronic acid,

The methyl xyloside solutions were bulked and.evaporated to yield
a pale yelloi syrup (0.687 gm.) vhich gave fernlike crystals on keeping.

t

This material was not further investigated.

Characterigation of Jute Uronic Acid

Thg uronic methyllglycoside (431 mg.) obtained above was esteri-
fied ;ith ethereal diazomethane ahd evaporated. The methyl ester
methyl glycoside was dissolved in 25 ml. cold saturated methanolic.
ammonia and allowed ﬁo stand for two days. Evaporation gave a white
solid which vas decolourised with charcoal in methanol solu£ioﬁ. Con~-
centration jielded white mushroomlike crystals melting point 204—21300;
After four recfystallizations from aqueous ethanol small white pris-
matic crystéls‘of %—Q-methyl-cx—D—glucuronamide.methyl glycoside were

obtained melting point and mixed melting point 234.5-236°C. with a stan—

dard sample. (Literature value 236°C. (75)).
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Methylation of NeutraI‘Disaccharide

To the neutral disaécharide methyl glycoside.(864 mg.) vas a&ded
6 ml. 40% sodium hydroxide solution followed by 0.5 ml. dimethyl sul-
‘ﬁhate. The mixture was stirred at high speed at a temperature of 45-
55°C. and 0.5 ml. porfions of.dimethfl sulphate addéd every fiftéen
minutes for one and a half hours.  A further addition of 6 ml. 40%
sodium hydroxide was then made and the whole cycle of operations re-
peated twice so that the total reaction time wvas four and a half hours.

The whole procedure was repeated twice more so that in all nine
6 ml. portions of 40% sodium hydroxide and 27 ml. dimethyl sulphate
were used. The excess dimethyl sulphate was destroyed at the end on
heating the mixture to 8000. for half an hour. After neutralisatién to
pH 8.9 with sulphuric acid the‘reaction mixture was continuously ex—
tracted with chloroform overnight. Evaporation of the extract gave a
yellow mobile syrup (675 mg.) whose infra-red spectrum showed oﬁly a
weak hydroxyl function,

The partly methylated syrup was dissolved in 20 ml. dry methyl
iodide and a few gfains of Drierite added. Silver oxide (5 gm.) was
added in small amounts to the reaction mixturé,kept at 50°C. under
reflux in & flask fitted with mercury sealed stirrer. .After nine hours
acetone was added and:the excess meéthyl iodide distilled off. The-
methylated sugar vas filtered in acetone solution and the filtrate
returned to the flask for e;aporation of the;solvent; Aftér three such
methylations the pfo&udt gavé an infra-red sﬁécirum shoving zero hyd-
roxyl function. The methylated sugér was purified by distillation in

vacuo when a pale yellow syrup (517 mg.) was obtained (bath tempera-

ture 170-1809C. at 0,01 mm. Hg). OMe content 55.7% (calculated for
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. 20 1] . .
0181134010 is 527976) [tx] p * 108.6 (C. 1.75 in cnma). The high

methgoxyl content found was due to the presence of some rhamnose con-

taining disaccharide present as impurity.

Hydrolysis of Met@ylated D1sacchar1de and Sgparat1on of the Methylated
_ Sugars

The methylated disaccharide (437:ﬁg.) vas dissolved_in 25 ml. 1
Normal sulphuric acid and hydrolysed on the steam bath for eleven hours
when aksteady'rotation of 5-81.0o vas attained. The acid'was neutralised
with barium carbonate and the precipitate centrifuged off and washed
free of carbohydrate. The filtrate and washings were bulked and evapor-
ated to yxeld a yellow syrup (396 mg.) show1ng two spots R 0.68 and
0. 83 vhen chromatographed in solvent' 1. The spots gave buff and pale
yellow colours with p-anisidine reagent, the former resgmbling 3,4-di-

methyl xylose whilst the latter fan identically to 2,3,4,6-tetramethyl

glucose in solvepts 1 and.2;'v
The mixture of methylated sugars (396 mg.) vas streaked om pre-
vashed Whatman 3 mm. chromatographi; paﬁer and ir;igated.iﬁ.SO;vent 1,
Thevzohes vere located by spraying sﬁrips and the sugars weré extracted
from the dried papef using étherlfor the tetramethyl glucose and
absolute alcohol for the dimethyl,x&lose. Evaporation of the extracts

gave syrups of tetramethyl glucose (129 mg.) and dimethyl xylose (56 mg.).

ldentification of 2,é;46—ﬁétra-O—méthyl—D:glucose
The extracted sugar showed traces of trimethy1~rh&mnose as impurity
when examined on chromatograms. Attempts to crystallise the tetra—

methyl glucose from ether solution were unseccessful and an attempted

fractional distillation of the syrup in vacuo did not yield a pure

sas f L,
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product. Finally a seﬁond separation on paper yielded some pure tetra-
methyl glucose (26 mg.). |

The anilide was prepared in the usual way and a few long needle-
like crystals were obtained. The material was recrystallised from
absolute alcohol and gafe melting point 122-132°%. (literature value
138°C. (89)). Owing to the smallness of the sample it was imposéible
tdfrecrystallize the mdﬁeriai to constant melting poiﬁt. The mixed
melting point’ with standard 2,3,4,6-tetra~0-methyl-D-glucose anilide

was 130-136°C. 2

Identification of 3,4-di~-0-methyl-D-xylose

‘The dimethyl xyloée (56 mg.).was disgolved in 2 ml. water and 20
drops ﬁroﬁine added. The well;stbpperéd-fiask vas kept for tﬁo,days
"in thé dark when a spot on paper gaveia hegative tegt.with p~anisidine
spray. The bromine was removed by"aeraiioﬁ and hydrobromic acid
neutfalised with silver oxide. After centrifugation and washing of
" the brecipitate‘the bulked filtrate and washings were treated vith
hydrogen sulphide for tﬂree minutes. After évaporatiqn the product
wvas taken up in a littie’watef, centrifuged -and transferred to a clean
flask. Evaporation yielded.a pale brown glass (47 wg.) and on distil-
lation in vacuo white needlelike crystals were obtained (bath tempera-
ture .140-160°C. #t 0.1 mm.ng), The lactone (25 mg.)‘hadtmelting point
58—6400.1and vas contaminated with a small amount of‘cblourless syrup.

Redistillation gave crystals of 3,4—di-Q-methy1-D—xylose-S-daéténe

melting point 64—6690. (literature value'64-66°C. (8)).
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Pure Jute Aldobiouronic Acid

Impure aldobiouronic‘acid (4.65 gm.) prepared in the usual way
was heavily streaked on Whatman 3 mﬁ. chromatographic paper at a load
of approximately 8 mg. per cm. After irrightion in solvent 1 for‘six—'
teen hours the aldobiouronic acid vas located by the method of spraying
strips. The dried paﬁér was extracted with 80% aqueous acetone until
a faint ﬁolisch test was'given by the extract. On evaporation the
chromatographically pure aldobiouronic acid was ob@ained a8 & brownish-
white giass (0.947 gm.)[ch %2 + 146,5% (C. 0.75 in H20).

The uronic’ acid zone wﬁs also retained aﬁd extracted with 80%
aqueous acetone to yieldion evaporation a-brownish—yellow glass (0.124

‘ 20

gm.). The material was found to be chromatographically pure[cx] p. *

55,0° (C. 1.25 in Hy0).

Attempted Preparation of a ngﬁtalline Derivative by Direct Methods

An attemﬁt to make the anilide from the aldobiouroﬁicvacid»was un-—
successful sincebthe choice of solvent gave difficulty. The acid did
not react with aniline without a‘solvent‘being present,

A sample of aldobiouronic acid (82 mg.) was esterified with methan-
olic diazomét@ane and évaporated to give a brown s&rup. 'Upon reaction
with recrystallized é—nitrqaniline (45 mg.) in methanol (2 ml.) a dark
browvn solution was obtaine& after heating gt 70°C. for fﬂtgen minutes,
No crystalline p~nitroanilide was found and vhén the solution was dil-
uted with water some p-nitroaniline vas recovered unchanged.

A further portion of acid (71 mg.) was dissolved,in:2 ml, water
and reacted at 80°C. with 0,13 ml. distilled phenylhydrazine in the

presence of 20% acetic acid (1.4 ml.) and sodium bisulphite (50 mg.).
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After three hours the mixture was allowed to cool vhen -a yellow-brown
solid separated. This mate;ial was filtered off and applied to the top
of an alumina column'after dissolving in the minimum volume of acetone.
Excess phenylhy@rézine was removed by washing with benzene containing
2% ethanol. The derivative_remainéd a8 & brown band ai_the top of the
column and vas finally removed in 5% aqueous‘alcohol solution. After
treatment with charcoal, filtration and evaporation the material ias
recrystallised from aqueous #iéoﬂbl and had melting point 950 £o>130°.

- The indefinite melting point persisted after a further recrystqllization
and the attempt to‘obtain_a satisfactory crystalline defivative by this

method was abandoned.

Attempted Preparation of a Crystalline Derivative by Indirect Methods

A samplé of acid (107 mg.) was dissolved in 2.0 ml}. water and made
alkaline by the addition of 1.0 ml. 5 Normal sodium hydroxide. After
the addition of po£assium borohydride (55 mg.) the reduction vas allowved
Até proceed in the cold for two hours when the excess reagent was des-
troyed with glacial acetic acid; The solu@ion vas deionised with Amber-
lite IR 120 exchange resin and filteréd. Evaporation gave a mix@ure of
the xylitol compound with white crystalline boric acid. Thié3mixtur9
waé abeﬁylated with acetic anhydride (5 ml.) in the presence of‘anhydroﬁs
sodium acetate (150 mg.) under reflux on the steam bath. -Afﬁér three
hours the excess acetic anhydride was distilled off under reduced pres-
sure and the iﬂorganic salts dissolved in dilute hydrochloric acid.
The solution was extracteg three times with chloroform and the bulked
extf&pts vashed free of cﬂloride ion with water. Evaporation yielded
& pale yeilow viscous syrup (41 mg. Compound [D]). All attempts to

crystallize the acetate were unsuccessful.
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A large batch of acid (655 mg.) was reduced with potassium boro-
hydride as before and the xylitol compound dissolved in acetone.  The
boric acid was filtered off.and the solution evaporated to yield a
~ yellow glass (623 mg. 1 mole). This was dissolved in dry pyridine
(40 ml.) and reacted wi?h 4;23 gm. (12 moles) pure p-nitrobenzoyl
chloride on the steam bath under reflux for two hours. After standing
oiérnight a heavy precipitate probably of pyridine hydréchléride vas
obtained. Excess saturated sodium bicarbonate solution was added to
the reaction mixture until no further effervescence vas éﬁservéa and
the sblut?on left for three hqurs. The soiution was extracted three
times witﬁ:chloroform and the chloroform extracts washed freewof bi-
c&rbonaﬁe with water., E#époration ;f the extract yieided'a yellow
glass (1.265 gm. Compound [B]).

Only a fraction (800 mg.) of this material was soluble i# chloro-
form the remaiﬁder having been dissolved by pyridine which bad carried
over.in the chloroform extract. This fraction was dissolved in chloro-
form and methylated with ethereal diazomethane. Evaporati&h gave the
p-nitrobenzoate methyl ester as & golden yellow glgés (800 mg. Compound
[C]). A sample of this compound (158 mg.) was applied to the top of
an alumina column in chloroform solution (3 ml.) and the column irri-
gated with 400 ml. dry benzene. This was followed by irrigation with
dry benzene containing 2% ethanol when th; p-nitrobenzoate came off as
a thin yellow band. When evaporated this gave a yellow material (69 -
mg.) melting point 97 to 185°C.'which was apparently a glass. The ben-
zene extract yielded a mixture of p-nitrobenzoate dnd what appeared to
be methyl p—nitrobenzdate present as an.impurity melting point 75-80°C.
It did not'appea; ﬁhat the p-nitrobenzoate of the xylitol cbmpound

could be obtained crystalline;
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