
METHYL ETHERS OF URONIC ACIDS

by

R. A. Edington;

A thesis for the degree of Doctor of Philosophy

Edinburgh October,. 1954



COKTEUTS

Introduction • • 1

Derivatives of B-Mannuronic Acid

Discussion 9

Experimental 13

Derivatives of D-Galacturonic Acid

Discussion 36

Experimental .. 43

Derivatives of B-Glucuronic Acid

Discussion * ». 65

Experimental 67

Notes 74

Periodate Oxidation Studies 75

Paper Chromatography .. -. .. .. 84

Summary 87

References 88

Index 92



- 1 -

INTRODUCTION

The uronie acids are hexose derivatives which occur widely

in nature and which differ from the simple sugars in having a

carboxylic group in the terminal position. Three unsubstituted

uronic acids, D-glucuronic, D-galacturonic, and D-mannuronic

acids, have been identified in natural products. D-Glucuronic

COOH COOH

-Ov HO
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OH
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OH

D-G-lucuronic Acid D-Galacturonic Acid D-Mannuronic Acid

acid occurs in certain bacterial polysaccharides^^, in the guras

(2 3 4}and heraicelluloses of higher plantsv ' ' ', in the rnucopolysac-
(5)charides of animalsv , and in the products of detoxification of

(6)phenols and sterols by mammals
(?)

D-Galacturonic acid is found

in the gumsv seed mucilagesv and pectic materials(3) (?) of many

higher plants and in a number of bacterial polysaccharides^^.
Alginic acid^8'9), a mucilaginous polysaccharide confined to the

Algae, is the only known natural source of D-mannuronic acid.

Two partly methylated uronic acids have also been found in

natural products. A monomethyl glucuronic acid which has been iso¬

lated from several sources has been characterised as 4-methyl-D-

glucuronic acid(*°). In addition, an unidentified monomethyl ether
of galacturonic acid has been found by Adams and Castagne^11) in the

hydrolysate of an unmethylated polysaccharide from the hemicelluloses

of wheat. Hydrolysates of methylated polysaccharides, however, have
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been the source of the majority of the known methylated uronic acids.
(12) (13)

2:3-i)imethyl derivatives of D-glucuronic , D-galacturonic , and
f O \

D-mannuronicv ' acids have all been isolated from the hydrolysates

of methylated polysaccharides and have generally been characterised,

after bromine oxidation, as the crystalline diamides of the corres¬

ponding glycaric acids. The 2:3;4-trimethyl ethers of all three

uronic acids1-4'^and 2;3:5-trimethyl-D-galacturonic acid^^have
been obtained and characterised in a similar manner. Finally, the

only other methylated uronic acid of known constitution to be derived

from natural sources is 3:4-dimethyl-D-glucuronic acid, which has
(16)

recently been obtained from two sources, methylated glycyrrhinic acid ,

a uisaccnaride composed of two glucuronic acid residues, and methylated
f 17}

3apote gumv '. The crystalline acid obtained from the latter source

is the first partly methylated uronic acid to be obtained in crystalline

condition.

The three unsubstituted uronic acid3 may be prepared by hydrolysis

of natural products (18) or by synthetic means. Synthetically the two

alternative methods are the reduction of the raonolactone of a glycaric
(19)acidv or the oxidation of the primary alcoholic group of an aldo-

hexose:

CHOH CHOH CO

0

CHgOH
Aldohexose

0

COOH

Uronic Acid

COOH

G-lycarolactone

In practice, the latter procedure has been the more useful. In its

original form the method involved the oxidation, usually with alkaline



permanganate, of an aldohexose derivative having the terminal
(20 21 22}

hydroxy1 free and all the others suitably protectedv • ' . More

recently, however, methods have been devised for the specific oxida¬

tion of the primary alcoholic group of glycosides and non-reducing

acetals, in which the secondary hyaroxyl groups may be unprotected,(^3)
There are two principal methods for the synthesis of a methyl

ether of a uronic acid; either a suitable uronic acid derivative may

be methylated, or else a methylated hexose may be oxidised, A third

method, the reduction of a methylated glycarolactone, has been employed

in one instance(^4), ^ 0f very limited application. Of the

six possible fully methylated uronic a cius, five have been synthesised,
/ 25)

2;3:4-Trimethyl-D-glucuronic acidv ', 2:3:4-trimethyl-D-mannuronic

acid^^, and 2:3:4- and 2:3;5-trimethyl-D-galacturonic acids (25,26)
have been prepared by oxidation of the corresponding methyl trimethyl-

(27)hexosides. In addition, 2:3:4-triraethyl-D-mannuronic acid ; 2:3:4-
(15 OQ \

trimethyl-I)-galacturonic acidv ' , and 2:3:4-trirnethyl-D-glucuronic
(29)

acids ' have been synthesised by methylation of the appropriate

glycosiduronic acids. In most instances these trimethyl uronic acids

were isolated as the crystalline trimethyl glycosiduronamides, In

the case of 2:3:5-trimethyl-D-glucuronic acid and 2:3:4-trimethyl-D-

mannuronic acid, however, the only crystalline derivatives known at

the commencement of this work were the trimethyl glycaramides formed

by bromine oxidation of the uronic acid followed by esterification and

ammonolysis.

The position of the partly methylated uronic acids, however, is

much less satisfactory, Of the twenty seven mono- and di-raethyl uronic

acid3 theoretically possible, only three have been synthesised.

3-Methyl-h-glucuronic acid has been prepared in two ways. In 1924,
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Levene and Meyer^4 ^ reduced 3-methyl-D-glucarolactone, presumably

to 3-methyl-D-glucuronic acid, but they were unable to characterise

their product satisfactorily. More recently. Marsh ^30 ^subj ected
3-rnethyl-l ;2-isopropyl iderie-D-glucofuranose to catalytic dehydrogena-

tion with platinum black in the presence of oxygen. Again the

product was a syrup which was diificult to characterise. 2:5-Di-

(31 32}methyl-Q-glucuronic acid has been prepared on several occasionsv * '

by methylation of D-glucurone, the staole lactone of D-glucuronic acid,

or of the derived methyl furanoside. Lastly, in 1947, Jones and
(33)

Stacey synthesised 2-methyl-D-gala.cturonic aciu by a method which

consisted essentially of methylation of methyl 3:4-isopropylidene-a-

D-galactosiauronic methyl ester, followed by hydrolysis.

The properties of a uronic acid combine those of an aldohexose

with those of a polyhyuroxycarboxylic acid. Hie reducing group reacts

with alcohols in the usual manner, and examples of furanosides and
(13} (34 }pyranosidesv , and of both anomeric formsv , are known. The

pyranosides are remarkably stable to acid hydrolysis, and this has made

work on the polyuronides exceptionally difficult, since the conditions

which are necessary for complete hydrolysis generally cause extensive

decomposition. On the other hand, the stability of the glycosiduronic

linkage has facilitated work on certain polysaccharides containing

uronic acids since, by controlled hydrolysis, it has often been possible

to isolate an aldobiuronic acid, a disacchariue containing one uronic

acid and one pentose or hexose unit. In every aldobiuronic acid which

has been studied the linkage has involved the glycosidic centre of the

uronic acid and it is almost certainly the inherent stability of the

glycosiduronic linkage which has ensured the survival of this particular

fragment of the polysaccharide molecule.



COOH

lOi )t>-
Aldobiuronic Acid

Several aldobiuronic acids have been isolated from natural sources

(35 3S) (3^)and two have been synthesised ' . In 1952, for instance, Bishop

synthesised an aldobiuronie acid containing J-glucuronic acid linked

to the 3 position of J-xylose by condensing the acetylglycosyl bromide

of D-glucuronic acid with an appropriately substituted derivative of

D-xylose. He was unable, however, to characterise his product by the

isolation of crystalline derivatives.

The methyl furanosides of the uronic acids appear to be similar

in properties to the normal aldofuranosides, but no reliable evidence

has been advanced for the existence of furanosiduronic acid groups in

natural products.

Certain reactions typical of aldoses are less easily applicable

to uronic acids because of the modifying effect of the carboxylic

group. The important group of nitrogenous derivatives, including

osazones, hyarazones, and arylglycosylamines, is less satisfactory for

the characterisation of uronic acids since the product i3 apparently a

mixture of the desired product with the corresponding amine salt or

amide. When the redticing group of a uronic acid is protected by

glycoside formation the product behaves as a simple hydroxy-carboxylic
(37)acid. If it is sterically possible a lactone* ' is formed, and the

metallic salts, alkyl esters, amides, and substituted amides, are
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obtainable by classical methods. The methyl glycosiduronamides

have, in general, proved to be the most easily crystallisable

derivatives of the uronic acids, and are quite suitable for charac¬

terisation; they are stable, readily recrystallissd, have sharp

melting points, and are easily converted back into the glycosiduronic

acid. The comparative stability of ths glycosidic group of the

glycosiuuronic acids has been very useful, for it is generally pos¬

sible to perform a variety of chemical operations upon the rest of

the molecule without altering the oonfiguration of the glycoaidic

centre.

The secondary alcoholic groups of a uronic acid react to form

esters, ethers, and acetals in the usual manner. Acetylglycosyl
/\

halides have been prepared * 'and the halogen atom appears to have

approximately the same reactivity as in the corresponding derivatives

of aldohexoses.

The reducing group of a uronic acid may be oxidised by several

reagents, the product being the corresponding glycaric acid. Oxida¬

tion of the free uronic acid with aqueous bromine^^), or of the

glycosiduronic acid or ester with nitric acid^1^, was, until the

introduction of lithium aluminium hydride reduction, the most widely
usea method for the characterisation of uronic acids. The resulting

glycaric acids generally give easily crystallisable diamiaes, and

they may conveniently be syntnesised for comparison by nitric acid

oxidation of the corresponding aldoses. The glycaramides, however,
are not perfect derivatives for characterisation, since they are

sometimes not easily recrystallised and since the melting points of

different isomers are generally not greatly different from one another.

In the galactaric acid series, for instance, the three known dimethyl-
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galactaramidea^'I'3,^4,^®^ have melting point3 between 228° and 230°.

Moreover, the "melting points" are in fact decomposition temperatures

and are therefore not entirely suitable for mixed raelting point

observations.

A more recent method for the characterisation of uronic ad ds

and their methyl ethers is the reduction of the carboxylic group to

primary alcohol. This is in effect a reversal of the method of

synthesis from the corresponding aluohexose and it is therefore pos¬

sible to carry out all four reactions correlating the aldohexoses,

uronic acids, and glycaric acids:
GHO GHO COOH

*

* *

< 4

CH20H COOH COOH

Aldohexose Uronic Acid Glycaric Acid
The reagents which have been used for the reduction of uronic acius are

(16 ) ("$9 )
lithium aluminium hydridev 'and sodium borohydridev '. In both

cases it is essential that the reducing group be protected by glycoside

formation. The immediate product is, therefore, the aldoside, from

which the corresponding aldohexose may be obtained by acid hydrolysis.

This method is particularly convenient since the methyl ethers of the

common aldohexoses are relatively well-known.

The synthesis of crystalline derivatives of the various methylated

uronic acids and the establishment of physical constants is, however,

very desirable since in many investigations of' natural products it

would obviate the carrying out of a reduction and subsequent investiga¬

tion of the hexose derivative produced. Furthermore, even when

reduction is contemplated, it is obviously desirable that the uronic
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acid should be isolated as a crystalline, and consequently single,

substance before reductionUnfortunately, however, the number

of crystalline derivatives of methylated uronic acids which were

known at the commencement of this work was small, and since moreover,

the periodate oxidation of uronic acids had been reported to give

anomalous results,it was decided to attempt the preparation of a

number of new methylated derivatives of the three common uronic acids

and to study their general propertiest including periodate oxidation.
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DERIVATIVES OF D-MANNURONIC ACID

BISgDSSIOH

4-Methyl-D-mannuronic acid may in theory be prepared by

methylation of a 2;3-acetal of D-mannuronic acid:

COX

The only derivative of this type known at the commencement of this

work was an amorphous potassium salt prepared by Ault, Haworth, and

Hirstby oxidation of methyl 2:3-isopropylidene-a-D-mannopyrano3ide.
Methyl a-D-mannopyra.noside, prepared conveniently from carob gum, was

condensed with acetone under the conditions employed by Ault, Haworth,
and Hirst, but only the 2:3-4:6-di-acetal was isolated. In further

preliminary experiments, attempts were made to remove any mono-

isopropylidene derivative from the vicinity of the catalyst (copper
sulphate or cation exchange resin in a Soxhlet thimble) as soon as it

was formed and before further condensation could occur, but again no

mono-isopropylidene derivative was obtained. In order to prevent

formation of the 2:3-4:6-di-acetal the 6-toluene-p-sulphonyl eater of
methyl a-D-raannopyranoside was prepared and condensed with acetone in

the usual manner. Neither this isopropylidene derivative nor the

corresponding 2:3-benzylldene acetal was crystalline, however, and
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in view of the fact that the methyl 6-toluene-p-sulphonyl-a-D-

rnaKnopyranosibe was also a syrup this scheme was abandoned.

Attention wa3 next directed to the preparation of a derivative

of mannuronic acid which might he condensed with acetone. In 1944,

Stacey and Wilson(^7^oxidised methyl 2;3:4-triacetyl-u-i)-raannoside

to the corresponding uronic acid. Their product was a syrup from

which a crystalline lactone was obtained after deacetylation. In the

present work a number of preliminary experiments were carried out in

order to investigate the possibility of preparing and oxidising the

corresponding 2:3:4-tribenzoate, which might reasonably be expected to

give more easily crystalliaable derivatives. Methyl 2:3:4-tribenzoyl-

6-toluene-p-sulphonyl-a-D-mannoside, a substance first obtained by

Haskins, Hann, and Hudson^was prepared in improved yield, but

attempts to remove the toluene-p-sulphony1 group by reduction, as des¬

cribed for certain carbohydrate sulohonates by Kenner and Murray^5®^,
were unsuccessful except when conditions were drastic enough to cause

more extensive changes. The toluene-p-sulphonyl group was easily
f 59 ^

replaced by iodinev ' but the latter could not be replaced directly

by hydroxyl. Eventually, methyl 2:3:4-tribenzoyl-u-D-mannoside was

prepared by replacement of the iodo group by nitratefollowed by

reductive de-nitration^*^, but in the meantime the same substance had

been synthesised more conveniently through the crystalline 6-tri-

phenylmethyl ether.

In the scheme finally employed, methyl a-D-mannopyranoside was

treated successively with triphenylchloromethane and benzoyl chloride
in pyridine. The product, methyl 2:3:4-tribenzoyl-6-triphenylraethyl-
a-D-mannoside, crystallised out in good yield fx-om the reaction mixture.

As originally obtained or after recrystallisation from aqueous pyridine
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the produot contained one molecule of firmly held pyridine of

crystallisation and analogous compounds containing chloroform or

acetone of crystallisation were easily obtained by recrystallisa¬

tion from the corresponding solvent. The pyridine of crystallisa¬

tion did not interfere with the removal of the trityl residue with

hydrogen bromide in glacial acetic acid^6®) and the crystalline

tribenzoate was obtained in high yield. Oxidation with potassium
(21)

permanganate in acetic acid-acetone-water gave crystalline methyl

2;3:4-tribenzoyl-a-I)-mannosiduronic acid, from which the crystalline

methyl ester was easily obtained. In preliminary experiments

debenzoylation by the Zemplen procedure^6*), using a catalytic amount

of sodium raethoxide, followed by esterification, gave syrupy methyl

a-B-raannopyranosiduronic methyl ester, amraonolysis of which gave a

crystalline amide. In a later experiment debenzoylation and amide

formation were carried out simultaneously with raethanolic ammonia.

The amide, on condensation with acetone, gave crystalline methyl 2:3-

isopropylidene-a-D-maniaopyranosiduronamide, which was also prepared

from the syrupy methyl ester by acetone condensation followed by

ammonolysis. Methylation with silver oxide and methyl iodide gave

a crystalline product which analysed as methyl 4-methyl-2:3-iso-

propylidena-u,-I)-manno3iduronic methylamiae. Tne presence of the

methylamitie grouping was confirmed by conversion to the methyl ester

COM

■0,
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from which the original crystalline substance was regenerated by

treatment with methylamine. Acid hydrolysis, followed by bromine

oxidation, gave 4-methyl-D-mannaric acid (which by reason of the

symmetry of the mannaric acid molecule is identical with S-raethyl-.J-

mannaric acid), isolated as the crystalline diaraide.

By methylation with methyl iodide and silver oxide of methyl

a-D-mannopy ranosiduronamiae, me thy1 2:3:4-1 rime thy1-a-D-mannosiduronic

raethylamide was prepared as a crystalline solid, 2:3:4-Trimethyl-D-
(oh 07)mannuronic acid has been synthesiseu on two previous occasions^ ' ',

but no crystalline derivatives except the trimethyl glycaramide were

isolated. In the present instance the Diethylamide was further

characterised, after hydrolysis and oxidation, as crystalline 2:3:4-

trimethyl-D-mannararaide, m.p. 211° (decomp.), undepressed on admixture

with an authentic specimen.

As the first stage in the preparation of 2:3-dimethyl-D-raannuronic

acid, the preparation of the toluene-p-sulphonyl ester of methyl 2:3-

isopropylidene-a-B-mannopyranosiduronamide seemed to be the obvious

route to follow. The conditions which were employed successfully in

the preparation of methyl 3:4-isopropylidene-2-toluene-p-sulphony1-a-

D-galactosiduronic methyl ester were, however, quite unsuccessful in

the present instance. Prom numerous experiments under widely varying

conditions only a minute quantity of solid was isolated on two

occasions and this synthesis was abandoned in the meantime.
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EXPERIMENTAL.

Pyrolysis of Tvory Hut Mannan.

Ivory nuts, in the form of fine turnings, were heated with a

full Meker flame under 15 mm. pressure, using the apparatus of Knauf,

Hann, and Hudson^62^. Two batches of 100 g. turnings were treated

in this way, tv*o hours being required for complete pyrolysis in each

case. The combined pyrolysates were shaken with charcoal, filtered,

and evaporated to a dark syrup which was shaken for 120 hours with

acetone and anhydrous copper sulphate. Filtration of the copper

salts and removal of the acetone gave a dark ayrup which failed t,o

crystallise. In order to reduce the time required for complete

pyrolyeis, the ivory nut shavings were hammer-milled, giving a fine

powder which on pyrolysis reacted completely within 45 minutes.

Again, however, the final product was a dark syrup which did not

crystallise. In a further experiment the pyrolysate was neutralised

with barium carbonate before evaporation and Condensation with acetone.

Hie product was a brown syrup which partly crystallised: the crystals

could not be separated successfully from the tarry 3yrup, and in view

of the low yield (5 g. from 100 g. ivory nut) the product was not

further examined.

Preparation of Methyl u-D-Mannopyranoside from Garob Gum.

0*5iS Sulphuric acid (500 ml.) qas added rapidly to a paste of

carob gum (100 g.) in industrial methylated spirit (100-200 ml.) and

the mixture heated on the steam-bath for 12 hours^63). After filtra¬

tion, the residue was washed with hot water and the combined filtrates

neutralised with calcium carbonate. The calcium salt3 were removed

and washed and the neutral filtrate and washings evaporated to a glass
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which was heated under reflux for 18 hours with 2% raethanolic

hydrogen chloride (400 ml.). The solution was concentrated (150-

200 ml.), allowed to stand overnight at 0°, and the resulting

crystals filtered off and washed with cold methanol (50 ml.) and

acetone (250 ml.) and dried in vacuo over potassium hydroxide.

After recrystallisation from ethanol or aqueous acetone, methyl a-

D-marmopyranoside had ra.p. 194-195°.

Found; 0M.e, 15*8. Calc. for C^H-^Og: OMe, 16 -0%.
The caroh gum wa3 supplied hy Messrs. Ellis Jones, Stockport,

and appeared to be of variable quality. Prom three different batches

of gum the yields of pure methyl a-E-mannopyranoside from 100 g. of

the undried gum were: 30-40 g. (from gum of Cyprian origin); 10-15 g.

(from gum of unspecified origin); and 20-25 g. (from gum of unspecified

origin). Smith^63^ obtained 44-50 g./lOO g. dry gum. The water

content of the gum (determined by drying at 110° to constant weight) was

about 15^ and the residue obtained after hydrolysis accounted for about

20-30<£ of the undried gum.

Preparation of Methyl a-i)-MannQp.yrancaide frors .D-Hennoso

E-Mannose (98 g.) was heated under reflux for 18 hours with 0-5%
roethanolic hyarogen chloride (1500 ml.). The solution was cooled and

the resulting crystals (78*5 g.) filtered off, washed with methanol

(100 mi.) and dried in vacuo over potassium hydroxide. The filtrate

and washings were neutralised with silver carbonate and the neutral

filtrate ana washings concentrated (100 ml.). After standing over¬

night the crystalline solid (22 g. Total 100*5 g., 9b% of theoretical)
was filtered off, washed with methanol (50 ml.) and dried.
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Condensation of Methyl g-D-Mannopyrarioside with Acetone

(a) Methyl a-D-mannopyranoside was shaken with acetone,
( 41)anhydrous copper sulphate and acetaldehyde for 120 hours. The

product was a syrup from which methyl 2:3-4:6-di-0-isopropylidene-

a-D-mannoside was obtained as a crystalline solid, ra.p. 73-76° (yield

80$ and 85$ of theoretical in different experiments). ho other

product was obtained.

(b) Finely powdered methyl a-D-mannopyranosiue (1*0 g.), mixed

intimately with anhydrous copper sulphate (10-15 g.), was placed in a

Soxhlet thimble and extracted for three hours with dry acetone, the

boiling flask containing a few grams of barium carbonate. Filtration,

followed by evaporation of the acetone, gave a syrup which was extrac¬

ted with light petroleum under reflux. The extract was discarded and

the residual syrup extracted with cold acetone containing 5$ light
petroleum. A crystalline residue of methyl a-D-mannopyranoside,

m.p. 194°, remained. The acetone-light petroleum extract was evaporated

to a colourless syrup (ca. 0-5 g,) which, on paper chromatography using

butanol-ethanol-water (4:1:5) as eluant and aniline oxalate containing
3$ phosphoric acid as spray, showed e single spot of the same spaed as

au then tic me thy1 2:3-4:6-di-0-is opropy1idene-a-D-mann oaide.

(c) Finely powdered methyl a-D-mannopyranoside (10 g.) was mixed

intimately with cation exchange resin Dowex 50 (17 g., 200-400 mash;
washed with acetone and dried in vacuo). The mixture was placed in a

Soxhlet thimble and extracted for 24 hours with dry acetone from a flask

containing barium carbonate (ca. 5 g.). Solids were removed by filtra¬
tion and washed and the combined filtrates evaporated to small volume:
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filtered off and the filtrate evaporated to a syrup which was

exhaustively extracted with light petroleum under reflux: the

extracts on cooling gave a strongly reducing crystalline solid

(1*35 g., m.p. 121-123°) identified as 2:3-5:6-di-0-isopropylidene-

D-mannofuranose. Concentration of the mother liquor yielded

crystalline methyl 2:3-4;6-di-0-isopropylidene-a-D-mannoside (2*6 g.).

The syrup (3-1 g.) remaining after extraction with light petroleum

was examined by paper chromatography a3 in (b). Four components

were identified, by comparison with controls, as mannose (trace; Rq.
0«12); methyl a-mannopyranoside (RqO-30); 2:3-5:6-di-0-isopropylidene-
rnannofuranose (3q 1«00); and methyl 2:3-4:6-di-0-isopropylidene-a-

mannopyranoside (1*04). A fifth component, Rq 0-60 was not identified
An attempt to separate the component of Rq 0»60 by fractional dis¬
tillation in high vacuum was unsuccessful.

Preparation of Methyl 6-0-Toluene-p-sulphonyl-q-D-Mannopyranoside.

Methyl a-D-mannopyranoside (21 g.) was 3tirred with dry pyridine

(200 ml.) for 30 minutes at room temperature, cooled to 0° and a solu¬

tion of toluene-p-sulphonyl chloride (22 g., 1*05 equiv.) in pyridine

(50 ml.) added with constant stirring and cooling during 9 hours.

After stirring had continued for a further one hour at room temperature

the mixture was cooled to 0° and water (200 ml.) added with vigorous

stirring during 20 minutes. More water (300 ml.) was added and the

solution extracted with chloroform (4 x 125 ml.). The chloroform

extracts were washed twice with water, dried, and evaporated to a pale

yellow syrup (28*7 g., 76% of theoretical).

Found: S, 9»2; KaOSO^HQ, 54-3.CS7)
C14H21°8S requires 8, 9-2; Ra0S02C7!I8, 55-8#.
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Attempted Preparation of a Crystalline Acetal of IIat In 1 6-0-tuluene-

p-Sulpfoony1"g-D-Manncpyranoside.

(a) Methyl 2:3-Q-isopro"oylidane-6-0-toluene-p-aulphony1-a-D-

mnnnopyranoaicle.- Methyl 6-0-toluene-p-aulphanyl-a-D-marmopyranaside

was condensed with acetone in the presence of anhydrous copper sulphate

and acetaldohyde. The syrupy product gave a positive iodoform test

for the isopropylidene group. This isopropylidene compound was

acetylated, using acetic anhydride in pyridine, and benzoylated, using

"benzoyl chloride in pyridine, but in "both cases the product failed to

crystallise.

("b) Ilethjl 2:3-0"banzylidene~6»0-tolu3n3-p-3ulphonyl-q-I>»

mannouyranoside.- Methyl e-O-toluens-p-aulphonyl-a-D-asannopyranoaida
was condensed with benzaldohyde in the presence of anhydrous zinc

chloride as catalyst^ and gave a product which did not crystallise.

Preparation of Methyl 2:3:4-Tri-0-benzo.yl-6-0-Toluene-p-SuI;:)honyl-a-i>-

Mannoaide.

Methyl a-D-mannopyranoside (107 g.) was converted into the 6-

toluene-p-sulphonyi ester as described above and the latter dissolved

in pyridine (400 ml.) and treated with benzoyl cnloride (228 ml., 4

equiv.). The mixture wao kept at room temperature for 24 hours,

water (20 ml.) added, and the solution poured into saturated aqueous

sodium bicarbonate (2 1.). The deep x-ed guru thus obtained was washed

with water (2x2 1.) by decantation, drained, and heated on the

steam-bath with ethanol (300 ml.) until only a white solid remained.

The solid was filtered off and after recrystallisation from chloroform-
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ethanol gave colourless plates (X) (157 g., 50% of theoretical),

m.p. 198°, [o,]^6 -104° (c, 1*2 in CHCI3). (cf, Haskins, Hann,
and Hudson^57\ yield 37%, m.p. 197-199°, [a]|° -102-4° in 0hd3)

Jounfl: C, 63-5; H, 4-9; S, 5-1.

Calc. for C35H32O11S : C, 63-6; H, 4-9; S, 4-9%.

Preparation of T.fothyl 2;3:4-mrl-0-benaoyl-6-Deoxy-6-Iodo-o,-D-Manno3ide

The above crystalline corapound (I) (6-0 g.) and sodium iodide

(6-0 g.) in dry acetone (100 ral.) were heated in a sealed tube at 100®
f 57 i

for 2 hoursv '. After cooling, sodium toluene-p-sulphonate was

filtered off, the filtrate evaporated, and the crystalline residue

extracted with water. The dry residue (5-57 g.) was recrystallised

from acetone as large prisms (II) (5.05 g., 90% of theoretical), m.p,

199-201°, [a]^7 -106° (c, 1-0 in CHGI3)
Found: C, 55-1; H. 4-1; I, 20-6.

Calc. for C28H2508I : C, 54-5; H, 4-1; I, 20-6%.

Attempted Replacement of the 6-Iodo Group by Hydroxyl

(a) Metnyl 2:3:4-tri-0-benzoyl-6-d©oxy-6-iodo-a.-D-mannoside (II)
was shaken for 7 uaya with dry silver oxide In dry benzene. On

filtration and evaporation the starting material was recovered in

good yield.

(b) The experiment was repeated using moist silver oxide ana again

unchanged material was recovered quantitatively.

(c) The iodo corapound (ll) and moist silver oxide in benzene were

heated in a sealed tube at 100° for 2 hours. After filtration and

evaporation of the solvent a dark syrup which failed to crystallise
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and was 3trongly reducing to Fehlingf3 solution was obtained.

Methyl 2;3:4-Tri-0-benzoyl-u.-i)-Mannoside 6-xiitrate

Methyl 2:3:4-tri-0-benzoyl-6-deoxy-b-iouo-a-D-mannoaide (II)

(13 g.) was dissolved in acetonitrile (200 ml.) and heated unuer

reflux for 4 hours with powdered silver nitrate (4 g.). The cooled

solution was treated with a solution of sodium iouiue (1-0 g.) in

acetone, the mixture filtered, the filtrate diluted with chloroform

(300 ml.), and extracted with water (3 x 300 ml.). Evaporation of

the dried chloroform layer gave a crystalline solid. By f ractional

crystallisation from ethanol unchanged starting material (6*2 g.,

m.p. 193°) was separated from the more soluble nitrate, whicn was

obtained from 90$ ethanol as large priams (III) (5*5 g.f 91$ of theo¬

retical), m.p. 103-104°, [a]*6 -116° (c, 1-6 in CHC13).
Found; C, 61-1; H, 4-5; H, 2*5.

^28^25^11® requires C, 61*0; H, 4*6; ff, 2*5%.

Me thy1 2:3;4-Tri-G-b enz oy1-q-O-Mannoside

The above nitrate (ill) (2*0 g.}, dissolved in glacial acetic

acid (10 ml.) and benzene (20 ml.), was treated at room temperature

with a mixture of equal quantities of zinc and iron powdex-3 until

a portion of the solution no longer gave a pink coloration on treat¬

ment with diphenylbenzidine in concentrated sulphuric acid. The

mixture was filtereu, the residue washed with benzene, the benzene

solution washed with water, dried, and evaporated to a crystalline

3olid (IV) (1*3 g., 71$ of theoretical) which had, aftex* recrystal-

lisation from ethanol, m.p. 143°, undepressed on admixture with a

specimen prepared by detritylation of the 6-trityl ether.
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Attempted Removal of the Toluenc-p-SuIphenyl Group by Hydrogenstion

Unchanged material was recovered in good yield after attempted

hydrogenation of (i) with Raney nickel in ethyl acetate under the

following conditions:

(a) 30 p.s.i. H2, 20°, 6 hours with shaking

(b) 30 p.s.i. H2, 20®, 72

(c) 90 p.s.i« H2, 20®, 72
(d) 1500 p.s.i. H2, 20°, 12 " M stirring

(a) Mozingo conaitions, 77°, 6 hours(^8).
(f) w H 77°, 6 hours with stream of H2.

$hen hydrogenation was carried out at 1500 p.s.i. pressure and

100° for 12 hours the product was a 3yrup, i (°» 1*0 in CHClg),
which was non-reducing to Fabling's solution and gave a negative

qualitative test for primary toluene-p-aulphonyl ester [the substance

(10 mg.) and sodium iodide (10 rcg.) in dry acetone (0*2 ml.) were

heated in a sealed tube at 110° for 1 hour. 32b crystalline precipitate
of sodium toluens-p-sulphonate was observed on cooling the tube].

.Found: C, 63*0

requires C, 66*4

G28H44°9 rgqu:i reB 64

K, 7-4

H, 5*2

H, 8*1

3, 2•4; OMe, 6•equiv., 184.

OJf.s, 6 '1%; equiv., 169

OMe, 5 >8%; equiv., 175.

(CggHggOg = Methyl 2:3:4-tri-0-benzoyl-a-D-mannoside.

G28H44G9 = 2:3;4-tri-0-hexahydrobGnzoyl-a-D-mannosido ).

Preparation of Methyl 6-0-TriphenyImth.yl-c,-D-Mnnnopyranoside

Methyl a-3-mannopyranoside (4*0 g.) and triphenylchlorometh&ne
(8-0 g.) in pyridine (60 ml.) were heated on a boiling water-bath with

occasional shaking for 3 hours"1'. The solution \ma allowed to cool,
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water added to turbidity, and the mixture left overnight. Crystal¬

line triphenylcarbinol was filtered off and the filtrate poured with

stirring into ice-water. The powdery solid (V) which was obtained

was 3tirred and washed by decantation with water until it was

granular enough to be filtered off. "Yield 9*5 g, , 106/2 of theore¬

tical. m.p. 84-124°.

A calcium chloride addition compound was prepared by adding a

solution of the trityl ether in ethanol to a solution of anhydrous

calcium chloride in ethanol. The crystalline solid obtained gave

positive tests for calcium and chloride ions and for the trityl

group and had m.p. 143-147°.

Attempted Condensation of Methyl 6-Q-Trityl-q-D-Mannop.yranoside with

Acetone.

(a) Condensation of (V} with acetone in the presence of anhydrous

copper sulphate and acetaldehyae gave a syrupy product which gave a

negative iodoform test for the isopropylidene group.

(b) Methyl 6-0-trityl-a-D-mannopyranoside (V) was shaken with

acetone, anhydrous copper sulphate, and acetaluehyde for 4 days.

Concentrated sulphuric acid (0-05%, v/v) was added and shaking continued

for 12 hours. After filtration, neutralisation with barium carbonate,

re-filtration and evaporation, a syrupy product was obtained. By

trituration with ethanol-light petroleum, crystals of triphenylcarbinol

(m.p. 158°) were obtained. Evaporation of the mother liquor gave a

syrupy product which gave a positive iodoform test for the isopropylidene

group.

(c) Methyl 6-0-trityl-a-D-mannopyranoside (V) wa3 treated as in (b)
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except that the concentration of acid during the last 12 hours was

0-01$ (v/v). Again, triphenylcarbinol (m.p, 152-154°) was obtained.

Later crops of crystals (m.p. 138-142°; 78-81°; 78-80°) contained

the trityl but not the isopropylidene group. The mother liquor was

evaporated to a syrup which was extracted with water. Svapcr ation

of the aqueous extracts gave a syrup from which methyl 2:3-4:6-di-0-

isopropylidene-ci-D-mannoside (m.p. 74°) was obtained.

Methyl 2:3 :4-Tri-O-benzoyl-6-O-Triphenylmeth.yl-a-D-Mannoaide

(a) Methyl 6-0-trityl-o,-D-mannopyranoside (V) (50 mg.), dissolved

in pyridine (0*7 ml.), was treated with benzoyl chloride (0*15 ml.)
at room temperature. The crystalline solid which separated immediately
was filtered off and washed with pyridine and then with ethanol.

After recrystallisation from acetone the large prisms (60 mg., 70$ of

theoretical), ra.p. 100-110°, gave positive qualitative tests for the

trityl and benzoyl groups and were reducing to Fehling's solution after

saponification and acid hydrolysis.

Found: C, 74 • 5; H, 5 • 9.

C47H40°9,C3H6° require3 C, 74-3; H, 5-7$.

(b) Methyl a-D-mannopyranoside (105-5 g.), triphenylchloromethane

(175 g.), and pyridine (1050 ml.) were heated at 50° with occasional

shaking, until all solid had dissolved (6 hours). The solution was

left at room temperature for 18 hours, after which benzoyl chloride

(317 ml,) was added rapidly and without cooling. The mixture was set

aside at room temperature for 24 hours and the crystalline solid

filtered off and washed with pyridine (100 ml.), with ethanol (2 x 100

ml,), with water (3 1.), and again with ethanol (2 x 100 ml.). After



- 23 -

drying, the product was a colourless, crystalline solid (368 g.,

82% of theoretical).

(i ) With Pyridine of Crystai1isation.- The product obtained

above was found to contain pyridine of crystallisation, which was

retained on recrystallisation from aqueous or ethanolic pyridine but

lost on recrystallisation from acetone or from ethanol-chloroforra.

The substance (VI) showed a double melting point, 100-120°, reery-

stall ising 120-125°, final m.p. 188-188-5°. [a.] J>S -110° (c, 1-3 in

CHC13).
Found: C, 75.1; H, 5-3; a, 1-9.

C^qOq.CgHgM requires C, 75.4; H, 5.5; M, 1 •7»

(ii) With Acetone of Crystallisation.- Recrystallisation of the

above substance (VI) from acetone gave stout prisms, containing

acetone of crystallisation, m.p. 100-115°, recrystallising 115-120°,

final m.p. 187-188°, [a]|° -114° (c, 1-2 in CHCI3).
Found: G, 74-2; H, 6-1.

C1rPH^0°g*C,,H60 requires C. 74-3; H, 5-7$.

(iii) Wi th Chloroform of Crystall Isation.- Reerystallisation of

either of the above substances from ethanol-chloroform gave colourless

plates, containing chloroform of crystallisation, m.p. 100-115°,

recrystallising 115-120°, final m.p. 187-188°, -107° (c, 1-1 in

CHC13).
Found: C, 67-9; H, 5-0; CI, 9-3.

4C47H10Q?-3CHC13 requires C. 68-4; H, 4-9; CI, 9.5$.

(iv) Without Solvent of Crystallisation.- When the substance
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containing chloroform of crystallisation was dried in vacuo, the

following losses of weight were observed;-

20°/15 mrn./72 hours ; loss of weight, 0«08$

50°/l5 mm./ 3 hours ; " " " 0.03%

100°/15 mm./ 2 hours : w " " 1.10$

100°/15 ma./lb hours ; M " w 10.4$

(4C47H4009.3CHC13 requires w M 10-7$).
The product was a fine white powder, m.p. 189-191°,

[a]|° -121° (c, l'l in CHC13).
Pound ; C. 75-4; H, 5-3.

^47H40°9 requires C, 75 -4; H, 5*4$.

(c) Methyl a-D-mannopyranoside (4*35 g.), triphenylchlororaethane

(8*7 g.), and pyridine (43 ml.) were shaken at room temperature until

solution was complete (11 days). Benzoyl chloride (13 ml.) was

added and the mixture left at room temperature for 24 hours. The

product (15*1 g., 81$ of theoretical), isolated as in (b), had m.p.

100-115°, recrystallising 120°, final m.p. 187-188°.

(d) Methyl a-D-raannopyranoside (10»0 g.), triphenylchloromethane

(20*0 g.), and pyridine (100 ml.) were heated on the boiling water-

bath until all solid had dissolved (3-£ hours). The solution was

cooled to room temperature, benzoyl chloride (30 ml.) added, and the

mixture left at room temperature for 24 hours. The product (32 g.,

75$ of theoretical) had m.p. 105-115°, recrystallising 115°, final

m.p. 187-188°.
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Methyl 2:3:4-Tri-0-benzoyI-a-D-Hannoaide

(a) Methyl 2:3;4-tri-0-benzoyl-6-0-trityl-u-D-mannoside (VI)

(pyridine solvate) (20 g. } was shaken vigorously for 45 seconds with

10%' (w/v) hydrogen bromide in glacial acetic acid (33 ml.) and

filtered immediately into water (500 ral.)^66^. The aqueous mixture

was extracted with chloroform (3 x 100 ml.) and the chloroform extracts

washed with water, dried, and evaporated to a 3yrup. Trituration

with ethanol gave a solid (2 g,) identified by m.p. (100-110°, 187-188°)
and mixed m.p. a3 starting material. Evaporation of the mother

liquor gave a crystalline solid (8*6 g., 79% of theoretical), m.p.

142-145°.

(b) When the above procedure was modified by shaking vigorously

for 4 minutes the product was a syrup which was entirely soluble

in ethanol. Evaporation of the ethanolic solution gave a crystalline

solid (8*0 g. from 20*0 g., 65% of theoretical) m.p. 142-145°.

(c) Methyl 2:3;4-tri-0-benzoyl-6-0-trityl-a-I3-rnannoside (VI)

(pyridine solvate) (20 g.) was shaken vigorously for 90 seconds with

10% (w/v) hydrogen bromide in glacial acetic acid (33 ml.) and filtered

immediately through a sintered glass filter (porosity no. l) into a,

mixture of water (1500 ml.) and chloroform (1000 ml.). Fourteen

further portions (each 20 g.) were treated in the same way and all

were filtered into the same cnloroform-water. Finally the chloroform

layer was separated anu the aqueous layer extracted with chloroform

(2 x 400 ml.). The combined chloroform extracts were washed with

water until the wash liquid was neutral, dried, and evaporated to a

crystalline solid which was dissolved in ethanol. After standing at
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room temperature overnight, crystalline starting material (5 g.,

m.p. 95-120°, 187-189°) was filtered off. Evaporation of the

mother liquor gave a crystalline solid (VII) (172 g., 95$ of

theoretical), which, after recrystallisation from aqueous ethanol,

had m.p. 143-145°, [a]^5 -160° (c, 1-0 in CHCI3).
Pound: C, 66*6; H, 5*3.

^28^26^9 requ.ires C, 66-4 j II, 5.2/^.

Methyl 2:5:4-Tri-0-benzoyl-a-l)-Mannosiduronic Acid

A solution of methyl 2:3:4-tri-0-benzoyl-a-D-mannoside (VII)

(150 g.) in acetone (1500 ml.), acetic acid (1500 ml.), and water

(150 ml.) was stirred at room temperature, and potassium permanga-

(21)nate (160 g.) added in small portions over 30 hours . Stirring

was continued for a further 18 hours and the solution was then

decolourised by the slow addition, with stirring, of aqueous potassium

sulphite solution. 4N Sulphuric acid (150 ml.) was added, the solu¬

tion extracted with chloroform (3 x 1000 ml.) and the chloroform

extracts washed with water (6x5 1,), dried, and evaporated to a

syrup (131 g., 86$ of theoretical) which crystallised on storage.

After recrystallisation from chloroform-light petroleum the product

(VIII) had m.p. 180-181-5°, Co.]]}5 -140° (c, 1-9 in CHCI3).
Found: G, 64-5; H, 4-7.

C28H24°10 requires C, 64-6; H, 4-6$.

Methyl 2:3:4-Tri-0-benzoyl-q-D-Mannosiduronic Methyl Ester

(a) a solution of methyl 2:3:4-tri-0-benzoyl-a-DWmannosiduronic
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acid (VIII) (6*65 g,} in 2$ methanolic hydrogen chloride (60 ml,)

was kept at 20° for 24 hours. The crystalline solid (3*70 g.)

which separated was filtered off, washed with methanol, and dried

over potassium hydroxide. The filtrate and washings were neutra¬

lised with silver carbonate, filtered, and the neutral filtrate

and washings evaporated to a crystalline solid (IX), which was

washed with methanol (total yield, 5*75 g., 84$ of theoretical).

After recrystallisation from methanol the product had m.p, 143-144°.

(h) a solution of methyl 2:3:4-tri-0-benzoyl-a-D-mannosiduronic

acid (VIII) (130 g.) in 0*5$ methanolic hydrogen chloride (1500 ml.)
was maintained at 20° for 72 hours. The resulting crystalline solid

(80 g.) was filtered off, washed with methanol (100 ml,), and dried.

The filtrate and washings were evaporated (l5-20°/l5 mm.) to a

crystalline solid which was washed with methanol (total yield 123 g.,

92$ of theoretical). After recrystallisation from methanol a3 large

prisms the product (IX) had m.p, 143-144°, [a]*9 -127° (c, 0*6 in
JJ

OHClj!. , -

Pound: C, 65*8; H, 5-2,

CggHg gO re qu ires C , 65 • 1J H, 4*9 $»

Methyl q-j>Mannopyranosiduronamide.

(a) Methyl 2:5:4-tri-0-benzoyl-a-D-marmosiciuronic methyl ester

(IX) (3-8 g,) was dissolved "by vigorous shaking in a 0-2$ solution of
{61)sodium in methanol (33 ml,) . The solution was kept at room

temperature until the rotation was constant ([a]^S +17°, 18 hours)
and then passed slowly through a column (10 x 350 mm.) of cation
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exchange resin (Araberlite IR-120-H). The eluate was evaporated to

a syrup which was dissolved in 2% methanolic hydrogen chloride (100

ml.) and kept at room temperature for 24 hours. Neutralisation with

silver carbonate, followed by evaporation of the neutral filtrate and

washings, gave a syrup which was repeatedly extracted with dry ether.

Methyl a-D-mannopyranosiduronic methyl ester remained as a colourless

syrup (X),, (1*2 g.), n*9 1-4842, [a]^2 +80° (c, 0-5 in H20). Treat¬
ment of this methyl ester (0*20 g.) with raethanolic ammonia at room

temperature for 24 hours, followed by evaporation, gave a colourless

syrup which crystallised on storage. After recrystallisation from

ethanol-acetor.e, methyl a-D-mannopyranosiduronamiae (XI) (0-11 g.,

45$ of theoretical yield from IX) had m.p. 182-183°, +63°
JJ

(c, 0-9 in H20).

(b) Methyl 2:3:4-tri-0-benzoyl-a-D-mannosiduronie methyl ester

(IX) (100 g.) was dissolved in saturated methanolic ammonia (1100 ml.)
and the solution allowed to stand at room temperature for 24 hours.

Evaporation gave a syrup, from which benzamide was removed by repeated

extraction with ether (250 ml. portions). The crystalline residue

was washed once with acetone (lOfflkml.) and recrystallised from

aqueous acetone as colourless prisms (XI) (20»1 g,, 52$ of theoretical),
m.p. 182-183°, [alii8 +66° (c, 1-1 in H20).

."found: G, 41-0; H, 6-3; U, 6-6.

c7h13°6¥ requires C, 40-6; H, 6-3; li, 6-7$.

Methyl 2:3-0-Isopropylidene -a-D-Mannopyranoaiduronamide.

(a) Methyl a-D-mannopyranosiduronic methyl ester (X) (0.20 g.)
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was shaken with acetone (10 ml.), anhydrous copper sulphate (3 g.)

and a small drop of acataldehyde for four days. Sulphuric acid

(0'03/£) was added and shaking continued for a further 24 hours.

The product, isolated in the usual manner, was a syrup (0.05 g,),

n|j® 1*4763, +65° (c, 0*5 in K2O). Treatment with methanolic
ammonia at 0® for 48 hours gave a syrup which crystallised on

storage. Methyl 2:3-0-isopropylidene-a-D-mannopyranosiduronamide

(XII) (0-02 g., 9% of theoretical) had m.p. 177°, [a]*5 +24° (c, 1-0

in Hr>0).

(b) ?£ethyl a-D-mannopyranosiduronamid e (XI) (20 g.), anhydrous

copper sulphate (100 g.), and acetone (750 ml.) wore shaken for 2

days, concentrated sulphuric acid (0*22 ml.) added, and shaking

continued for a further 2 days. The supernatant liquid was decanted

off and neutralised with barium carbonate and the residual solids

shaken for a further 2 days with acetone (500 ml.) containing 0'03%

(v/v) sulphuric acid. When the volume of the combined neutral

extracts was 4 1. the barium salts were filtered off, washed, and the

filtrate and washings evaporated to a crystalline solid which was

recrystallised from acetone-light petroleum as large, colourless prisms

(XII) (15-0 g., 63% of theoretical), m.p, 177-5-1790, [a]*5 +14°

(c, 1-0 in H2O).

Found: C, 49-0; H, 6-8; S, 5.1.

c10H17°6n requires C, 48«5; H, 6-9; M, 5«7$.

Methyl 4-0~Met,hyl~2 ;3-0-Tsopropy lidene-a-D-Mannosiduronic Methylamide

Methyl 2:3-0-isopropyliuene-a-D-mannopyranosiduronamide (XII)
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(1*00 g.) was methylated three times with methyl iodide (23 ml.) and

silver oxide (12 g.)t the first methylation being conducted in the

presence of dry acetone (23 ml.). The final product, a colourless

syrup (1*09 g., 93$ of theoretical), n^ 1*4650, crystallised on
storage and after recrystallisation from light petroleum, (XIII)
had m.p. 151-153°, [aj^8 +23° (c, 0*6 in H20).

ibund: G, 52*4; H, 7-7; N, 5*3.

G12H21°6JS requires C, 52*4; H, 7*6; isi, 5*1$.

A samnle of the above substance (XIII) was treated with 2H

sodium hydroxide at 100° for 3 hours, the solution cooled to -5°

and acidified by careful addition of 4U sulphuric acid, and the acid

solution extracted with ice-cold chloroform. The chloroform extracts

were washed with water and evaporated to a syrup which was esterified

with ethereal diazoraethane. Treatment of this methyl enter with

ethanolic methylamine gave a crystalline product identical with the

starting material.

Methyl 4-Q-Methyl-q-D-marmosiduronic Methyl Ester.

Methyl 4-0-methyl-2:3-0-isopropylidene-a-D-mannosiduronic

methylamide (XIII) (2*0 g.) was heated at 109° for 30 minutes with

N sodium hydroxide (20 ml.). The solution was cooleed to -5°,

acidified with 4N sulphuric acid (7 ml.), and the solution extracted

with chloroform (4 i 50 ml,), The chloroform extracts were washed

with water (3 x 50 ml.) and evaporated to a syrup which was dissolved

in 1% methanolic hydrogen chloride and left at room temperature for

48 hours. Neutralisation with 3ilver carbonate, followed by filtra¬

tion and evaporation of the filtrate and washings gave a syrup (XIV)
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(1-5 g. ), n^7 1-4727, [u]i9 +84° («. 1*0 in HyO) .

>o_urui: C, 45*3; H, 7-3.

G&Ml6°7 rnc>uire>a 0, 4b*8; H, 6*8%.

Methylation of a small quantity of the above product with methyl
7

iodide and silver oxide in two operations, followed by tx^eatraent .ith

etnanolic methylamine, gave crystalline methyl 2:3:4-tri-0-methyl-u-

D-mannoaiduronic methylamide (XV), m.p. 103-105°, undepressed on

admixture with a specimen prepared by methylation of methyl a-J-

marmopy ranosiduronamide.

4-0-Metnyl (or 3-0-Methyl) -D-Mannaramide.

Methyl 4-0-methyl-a-D-mannoaiduronic methyl estei' (XIV) (0-0S7

g.) was heated in a sealed tube at 100° for 24 hours with M hydro¬

chloric acid (5 ml.). Bromine (0-3 mi.) was auded to the cooled

solution and the mixture left at 40° for 7 days. Bromine was removed

by aeration, and water and hydrohalic acius by repeated distillation

with ethanol under reduced pressure. The residue was treated with

1% methanolic nydrogen chloride at 30° for 48 hours and the solution

neutralised, filtered, and evaporated to a syrup which was distilled

(b.p. 160-170°/0«1 ami.). Treatment of the distillate with methanolic

ammonia gave a crystalline diamide (0*030 g.), id.p. 192-193°,

[a]]j5 -16° (c, 0*6 in HgO).
The compound is being analysed.

Found : C, 38.0; H, 6.2; N, 12.5.
C7H14°6N2 requlres G> 37.8; H, 6.4; N, 12.6/i

Methyl 2:3:4-Tri-0-meth.vl-q-D-Mannosidnronic Methylamide.

Methyl u-B-mannopyranosiduronamide (XI) (1-99 g. ) was methylated
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three times with methyl iodide (23 ml.) arid silver oxide (12 g.),
diox&n being added as s solvent in the first operation. The product

"1 R
was a colourless syrup (2«€18 g., 103% of theoretical), 1*4661,

which crystallised on trituration with light petroleum. After

recrystallisation from light petroleum the methylamide (XV) had

m.p. 103-105°, [ej^9 +42° (c, 1-4 in H20).
Found; C, 50-4; H, 8-0; », 4.8.

CllHaiO^ requires C, 50*2; H, 8-1; H, 5*3^.

A sample of the above substance was treated with 2M sodium

hydroxide at 100° for 3 hours, the solution acidified with sulphuric

acid, exhaustively extracted with chloroform and the chloroform

extracts washed with water. Evaporation of the Chloroform extracts

gave an acid syrup which was esterified by means of 1% raethanolic

hydrogen chloride at room temperature for 48 hours. Treatment of

the resulting syrup with ethanolic methylamine gave in good yield

a methylamida, m.p. 103-105°, undepressed on admixture with a

specimen of the original substance (XV).

2:3:4-Tri -9 -ra c th y 1 -P-Man na ramid e

Methyl 2:3;4-tri-0-methyl-u-D-m&nnosiduronic methylamide (XV)
(0♦10 g.) was saponified with 2H sodium hydroxide at 100° for 1 hour,
the solution acidified, exhaustively extracted with chloroform, and
the chloroform extracts evaporated. The residue was heated with if

hydrochloric aciu (5 ml.) at 100° for 24 hours, and bromine, water,
and volatile acids removed in the manner already described. The

residue wa3 eaterified with 1% methanolic hydrogen chloriae (o ml.)
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at 30° for 24 hours, and the product, isolated in the usual manner,

distilled in high vacuum (fc.p. 130-140°/0.1 sua.}. The distillate,

on treatment with methanolie ammonia, gave a crystalline diamide

(0*030 g.}, ra.p. 211° (decorap.), unchanged by repeated reerystal-

lisation from methanol and undepressed on admixture with a specimen

of the synthetic product of Haworth, Hirst, Ishorwood, and Jones''**)
which itself was found to have a m.p. 211°, on the Kofler apparatus

or in a capillary tuba.
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Attempted Preparation of 'ethyl 2• 3-0-I&opropyIidene-4-Q-Toluene-p-

Sal phenyl.-a-D-Manno* 1 duronamide.

(a) Methy i 2:3-0-laopropyli dene -a-D-mannopy ranoai duronami de

(XII) (0-99 g. ) in pyridine (20 oil.) containing "Drier!te" (13 g. )

was treated with toluene-p-sulpiiony 1 chloride (1-7 g.) under exactly

the conditions used for the preparation of methyl 3:4-0-isop.ropyli-

dene-2»0-toluane-p-sulphony1-a-D-galactosiduronic methyl ester.

Uo precipitate was obtained on addition of water, and chloroform

extraction gave only a small amount (15-20 mg.) of a syrup.

The preparation was repeated twice, with the same result.

(b) A solution of XII (G.9b g.) in pyridine (20 ml.) containing

"Drierite" (12 g.) was treated with toluena-p-sulphonyl chloride

(1*6 g.) in pyridine (10 ml.) at room temperature for 48 hours. The

mixture was filtered, the filtrate treated with water (0-10 ml.) and

poured slowly, with stirring, into ice-water. A small quantity (20

mg.) of a powdery solid wa3 obtained, which after reoryatalliaation

from ethanol, had ra.p. 118-120°, [aj^5 ±0° (c, 2.0 in CHClg). A
carbazole test for uronic acid was poai tivelJ <J ^

jibuna; C. 52*9; II, b-8; M, 4-3; S, 9-3.

C17H23°8N5 J^enirea C. 50*9; H, 5-8; H, 3-b; S, Q-0%.

(c) A solution of XII (0.45 g.) in acetone (3 ml.) containing

toluene-p-aulpbonyl chloride (0-36 g.) and pyridine (0-15 ml.) was

kept at room temperature for 14 days. Samples were removed daily,

poured into water, and the aqueous solution extracted with chloro¬

form. Ho chloroform-soluble product was obtained.
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(d) A similar experiment conducted at 30° for 10 days also

gave negative results.

(e) XII (1*110 g.) ana toluene-p-sulphony1 chloride (1*115 g.)
were dissolved in pyridine (35 ml.) containing "Urieiito" (12 g.}.

bamples (3 ml.) were withdrawn after 1 and 2 days at 0°, after an

additional 1, 2, 4, and 8 Ways at room temperature, and after a

further 1, 5, and 10 days at 30°. Sach sample was poured with

stirring into ice-water: from the third sample 4-5 mg. of a powdery

solid was obtained. All other samples gave negligible quantities

of solid product on pouring into ice-water.
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DiSRIVATIVliS OF D-GALACTURORIC ACID.

DISCUSSION

In principle, 2-methyl-D-galacturonic acid may be prepared by

raethylation of any derivative of D-galacturonic acid -with a free

hydroxy1 at C2, while for the preparation of the 3:4-dimethyl ether
r

a derivative having free hydroxyl groups at positions 3 and 4 is \

required, Metnyl 3:4-isopropylidene-a-D-galactosiduronic methyl

ester, which was prepared by Jones and Stacey in 1947,(^3) appeared

GOOMe

OH

to be a suitable intermediate, since methylation followed by

hydrolysis of the isopropylidene group would give the 2-methyl

ether, while the 3:4-dimethyl ether could be prepared by suitable

masking of the hydroxyl at C2, followed by hydrolytic removal of

the isopropylidene residue, methylation, and removal of the blocking

group.

For their synthesis of methyl 3:4-isopropylidene-a-D-galactosid-
(33)uronic methyl ester, Jones and Stacey prepared D-galacturonic

acid both by enzyrnic hydrolysis of pectin and by synthesis from D-

galactose.^21) Since the yields obtained by Stacey's synthetic

method were low, and in the present work the enzymic method was not

convenient, other synthetic routes were investigated. Ault, Haworth,
(41)and Hirst in 1935 described the preparation of methyl 3:4-
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isopropylidene-a-D-galactoside and its oxidation with alkaline

permanganate to the potassium salt of methyl 3:4-isopropylidene-a-

D-galactosiduronic acid, which was isolated as an amorphous powder.

In the present work, as a preliminary experiment, potassium methyl

3:4-isopropylidene-tt-D-galactosiduronate, prepared according to the

method of Ault, Haworth, and Hirst, was acidified and immediately

esterified with diazoraethane. From the resulting mixture, crystal¬

line methyl 3:4-isopropylidene-u.-D-galactosiduronic methyl ester was

isolated in an overall yield fi-om D-galactose of Q% of theoretical.

{42)In another preliminary experiment methyl a-D-galactopyranoside '

was subjected to catalytic dehydrogenation by means of platinum
(43 44)hlack in the presence of oxygen. * The reaction did not appear

to be complete even after 24 hours, however, and after acidification

and esterification the yield of methyl a-D-galactopyranosiduronie

methyl ester was only 11$ of theoretical.

The scheme which finally proved to be most satisfactory was a

modification of that used by Link and his co-workers,)following
earlier work by Ohle and collaborators^46^. D-Galactoae was

condensed with acetone to give the 1;2-3;4-diisopropylidene derivative

which was oxidised in dilute aqueous solution with alkaline potassium

permanganate to potassium 1:2-3:4-diisopropylidene-i)-galacturonate.
Link had previously prepared methyl a-D-galactopyranosiduronic methyl
ester by treatment of this potassium salt with boiling methanolic

hydrogen chloride which effected simultaneous removal of the potassium

ion, hydrolysis of the isopropyliuene groups, esterification, and

glycoside formation. In the presnt work, however, certain modifica¬

tions were introduced. 1;2-3:4-Diisopropylidene-L-galacturonic acid
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was prepared in good yield by treatment of the potassium salt with

cation exchange resins. Thereafter, removal of isopropylidene

residues, esterification, and glycoside formation were effected

with either hydrogen chloride or cation exchange resins as catalysts.

In both cases, the product of first treatment was a mixture of

isomeric glycosides from which about 33$ of the crystalline a-

pyranoside was isolated. Several re-treatments of the mother liquor

were therefore necessary to obtain a satisfactory yield (66$ of

theoretical). Condensation with acetone in the presence of anhydrous

copper sulphategave methyl 3:4-iaopropylidene-a-D-galactosid-

uronic methyl ester in an overall yield from J-galactose of 29$ of
{33)theoretical. Jones and Staceyv ' prepared thi3 substance in a yield

of 7»8$ (calculated frora the yield quoted by Stacey^2^ for his

synthetic D-galacturonic acid).

For the methylation of the free hydroxyl group at C2, the Purdie

technique, using silver oxide and methyl iodide, was preferred to

the Haworth method, since the alkali used in the latter would cause

saponification of the ester grouping. The product, methyl 2-methyl-

3:4-isopropylidene-a-J-galactoaiduronic methyl ester, was a syrup

which wa3 easily distilled in high vacuum and gave a crystalline amide.
(33)

Jones and Stacey removed the isopropylidene residue from their

methylated product by means of hot acetic acid. Thoir product, how¬

ever, had a low methoxyl content, presumably aue to partial hydrolysis

of the ester grouping, and even after re-e3terification the methoxyl

content was still low. A more satisfactory procedure was therefore

sought, and toe use of cation exchange resin3 in moist methanol at

comparatively low temperatures (15°, 40°) was found to be entirely
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satisfactory. The products ware neutral, non-reducing to Fehling's

solution, contained no isopropylidene residue, and had a high

positive rotation {[a] ^ +113° ). The use of boiling raethanolic
hydrogen chloride gave a product which differed in having a much

lower rotation ([a]^+4°), presuinauly owing to the presence of a

considerable proportion of the furanosides, as was observed by

Luckstt and Smith^*^ in the case of 2:3-dimethyl-D-galacturonic
acid. Methyl 2-methyl-a-D-galactooyranosiduronic methyl ester

was a distillable syrup which gave a crystalline amide. Hydrolysis
with dilute mineral acid gave 2-mathyl-D-galaeturonie acid, which

was oxidised with bromine water to the corresponding glycaric acid,
isolated as the crystalline aiamide. Direct nitric acid oxidation

of methyl 2-methyl-3:4-isopropylidene-a-D-galactosiduronic methyl

ester, followed by esterification and atamonolysis gave 2-methyl-D-

galactararnide, identical with the product obtained through bromine

oxidation. The melting point of this diamide was 205° (decomp.),
(33 )whereas Jones and Staceyv ' reported a melting point of 200° (decomp.)

for their synthetic product. Brown, Hirst, and Jones^4') obtained

a diatnide, ra.p. 195° by oxidation of 2-methyl-D-galacturonic acid

isolated from methylated cholla gum, while Hough and Jones^4®^
isolated a monornethylgalactararaide of m.p. 207° from the methylated

gum of Sterculia Setigera.

Experiments on the stability of methyl 2-methyl-u-D-galactosid-
uronic methyl ester in aqueous solution to cation exchange resins

indicated that the pyranosiduronic linkage is at least eighty times
as stable at room temperature a3 the glyeosiuic linkage in a typical

methyl hexopyranoside.



40

In preliminary work on the synthesis of 3;4-uiraethyl-.D-galact-

uronic acid, several attempts were made to prepaz'e 1:2-isopropy ii-

dene-D-galacturonic acid "by partial hydrolysis of the l:2-3:4-di-

isopropylidene acid, by analogy with the preparation of 1:2-
(49isopropylidene-D-galactose from 1:2-3:4-diisopropylidene-D-galactose.

Uo mono-isopropylidene derivative could be isolated, however, and

there was no evidence that one acetal group was more rapidly

hydrolysed than the other.

For the preparation of the 3:4-dimethyl ether, it was, therefore,

necessary to substitute position 2 of methyl 3:4-isopropylidene-u,-D-

galactosiduronic methyl ester prior to hydrolysis of the isopropylidene

group and subsequent methylation. The toluene-p-sulphonyl group

appeared to be suitable,since it is relatively stable to acid

hydrolysis, is non-migratory, and may be removed without difficulty.

Treatment of methyl 3:4-isopropylidene-a-z)-galaetosiauronic methyl

ester with toluene-p-sulphony1 chloride in pyridine under the usual
(51)

conditions, however, led to a very low yield (G-7%) of crystalline

product. After a number of experiments, a satisfactory yield (85%)
was obtained by careful purification of the reagents and by allowing

the reaction to proceed for a prolonged period at a relatively high

temperature in the presence of an internal desiccant. In addition,
the crystalline product was isolated by careful addition of water to

the pyridine solution instead of pouring the latter into water. The

apparently low reactivity of this substituted uronic acid is dif¬

ficult to explain, since, in a glycoside, position 2 i3 normally the
(52)most reactive of the secondary groups. Hydzt>lytic removal of the

isopropylidene group was satisfactorily accomplished with either
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hydrogen chloride or cation exchange resins in moist methanol,

and two interesting points emerge from a comparison of this

reaction with the removal of the iaopropylidene groups from methyl

2-methyl-3:4-isopropylidene-a-I>-galactosiuuronic methyl ester.

Firstly, hydrolysis with resins is much slower in the case of the

2-toluene-p-oulphony! derivative, probably owing to the bulkiness

of the arylsulphonyl group. Secondly, whereas the use of boiling
methanolic hydrogen chloride on the 2-methyl derivative gave a

product of comparatively low specific rotation, in the case of the

2-toluene-p-sulphonyl derivative the product was a crystalline

substance having a high positive rotation. This may be a further

example of the stabilisation of glycosides by a toluene-p-sulphonyl
(S3)group at C2 recorded by Percival and Zobrist. By methylation

with methyl iodide and silver oxide, crystalline methyl 3:4-dimethyl-

2-toluene-p-sulphonyl-a-D-galactosiduronic methyl ester was obtained

in good yield. Toluene-p-sulphony1 groups are generally removed by
reductive fission with sodium amalgam,^&0^after which the methylated

sugar may generally be extracted with chloroform. In the present

instance, however, the expected products of the treatment with

sodium amalgam were the sodium salts of methyl 3:4-dimethyl-u-D-

galactosiduronic acid and toluene-p-sulphinic acid. Since the

solubilities of these sodium salts or of the free acids appeared to

be similar, separation was accomplished by absorbing both acids on

an anion exchange resin and subsequently eluting the weaker uronic

acid with a suitable acid eluant. A dilute methanolic solution of

formic acid was effective and had the advantage of being easily

removed from the eluant by evaporation. After reductive fission
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with sodium amalgam and separation of the acids in this manner,

methyl 3:4-diraethyl-a-D-galactosiduronic acid was obtained in 87J&

yield as a crystalline solid. Esterification with methanolic

hydrogen chloride at room temperature or with diazomethane gave a

crystalline methyl ester, in an overall yield from D-galactose of

19/r of theoretical. Treatment of the methyl ester with methanolic

ammonia gave the crystalline amiue in rather poor yield; in con¬

trast, with methanolic methylamine, the crystalline methylamide was

obtained in quantitative yield.

Methyl 3:4-dimethyl-a-D-galactosiduronic methyl ester was

hydrolysed by means of aqueous acid to 3:4-dimethyl-D-galacturonic

acid which was oxidised with bromine water. The oxidation, followed

polarimetricaliy, was complete after 11 days at 30°. Removal of

water and hydrogen bromide by repeated distillation with ethanol gave

the crystalline diethyl ester of 3:4-dimethylgalactaric acid. The

dimethyl ester and diamide were also obtained as crystalline solids.

All three galactaric acid derivatives were optically inactive, as

would be expected in symmetrically substituted derivatives of galac¬

taric acid. The original dimethyl galacturonic acid, therefore could

have been the 2:5 or the 3:4-dimethyl ether. The 2;5 possibility
was eliminated by the observation that the dimethyl galactaramide

gave a positive w/eermann test,^5^) and further evidence for the Sri-

substitution was furnished by the isolation of methyl 2:3:4-trimethyl-

a-D-galactosiduronic methyl ester after methylation with the Purdie

reagents.
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EXPERIMEN TAL

Methyl g-S-Galactop.yranosiduronie Methyl later by Catalytic ite-

hydrogenation of Methyl a-i)-fla lac to pyrenos i he.

Methyl a-D-galactopyranoside was prepared according to the
(42)

method of Robertson and Lamb by reflating D-galactose (25 g.)

with 1% methanolic hydrogen chloride (200 ml.) for 10 hours. .After

neutralisation, filtration and evaporation the product (14 g., 50$

of theoretical) had m.p. 109-110°.

To a solution of methyl a-i)-galaetopyrano3ide (3-5 g.) in water

(100 ml,) was added souium bicarbonate (0*40 g.) and the catalyst,

platinum black on activated charcoal (Darco G60) (0-5 g.), prepared

in the manner described by Mehltretter.a stream of oxygen

purified by passage through sulphuric acid and water was bubbled into

the vigorously 3tirred mixture at 50°. When the pH had fallen from

9-0 (initially) to 7*0 (2 hours), further sodium bicarbonate (0*40 g.)
was added. After 10 hours, when the pH was 7*0-7*5, a further portion

(0*40 g,) of bicarbonate was added. After 24 hours (pH 7*0-7*5) the

catalyst was filtered off and washed briefly with distilled water (10

ml,). The filtrate and washings were passed slowly through a column

of cation exchange resin (Amberlite IR-100-H), evaporated to 20 ml.,
and neutralised with ethereal diazomethane. Evaporation gave a yellow

syrup from which by trituration with ethanol a crystalline solid (0*50

g., 11$ of theoretical) was obtained. This was identified by m.p.

(147°) and mixeu m.p. as methyl a-i)-galactopyranosiauronic methyl ester

raonohyurate.
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Methyl 3:4-Q-Isoprop.yliden6-u-D-galactosiauronic Methyl iSster from

Methyl g-D-Galactopyranoside.

(42)Methyl a-D-galactopyranosiae (5-0 g.) was condensed with
(51)

acetone by hie raetnod of Percival and Percival. The product,

a viscous syrup (5 g.), was dissolved in water (250 ml.) and treated

with potassium hydroxide (3*6 g. ) and potassium permanganate (9*7 g. )
for 24 hours at room temperature. The mixture was filtered,
decolourised with potassium metabieulphite solution, acidified with

hydrochloric acid (211; 33 ml.) and neutralised with ethereal

diazomethane. dlvaporation of the dried ethereal layer gave a syrup

which partly crystallised, After separation and recrystallisation

from acetone-light petroleum the crystalline product (0-52 g., Q% of

theoretical) was identified by m.p. (107-108°) and mixed m.p. as

methyl 3:4-0-isopropylidene-a-D~galactoaiduronic methyl ester.

1 ;2-3:4-Di-0-i3opropylidene-D-Galactose .

O-Gaiactose (80*0 g.) wa3 converted into 1;2-3;4-di-0-isopropy-
iidene-D-galactose by shaking at room temperature for 30 hours with

acetone containing Z>% (v/v) of concenti-ated sulphuric acid, as
(46)described by Ohle and Berend. The mixture was filtered (weight

of recovered galactose, 30*0 g.), the filtrate was nautralised with

sodium carbonate, filtered again, ana the combined neutral filtrate

and washings were evapoxated to a syrup which was distilled. The

colourless product (55*3 g., 76% of theoretical) had b.p. 130-170°/
0-03 ram., n^5 1-4657, [a]*9 -51° (c, 1-2 in H20).
Pound; Me2C0, 44-9. Calc.for C12H2006: Me2C0, 44-6%.
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Potassium 1;2-3:4-Di-Q-iaopropylidene-J-GaIacturonate.

A solution of 1:2-3:4-di-0-isopropylidene-D-galactose (55*0 g.)
in water (5 1.) containing potassium hydroxide (26 g.) was treated

with potassium permanganate (74 g. ), according to the conditions of

Ohle and Berend.^®^ After removal of manganese dioxide the pink

filtrate was decolourised by careful audition of potassium meta-

bisulphite solution anu finally neutralised with carbon dioxide.

The white solid obtained by evaporating the solution was extracted

with ethanol (3 x 500 ml.) under reflux. On concentrating the

extracts to about 150 ml., potassium 1:2-3:4-di-0-i3opropylidene-X>-
galacturonate raononyurate (I) crystallised as colourless needles

(48*0 g., 70$ of theoretical), m.p, 200° (uecomp.), [a]^3" -70°
(c, 2-0 in H20).

Pound: C, 43»3; H, 5-5; MegCO, 36-0.
Gale, for C12H1?07K.H20 : C, 43-6; H, 5*8; Me2C0, 35-2$.

1:2-3:4-Di-0-isopron.ylidene-I)-Galacturonic Acid.

(a) Preliminary hxperitnent«- An aqueous solution of potassium

1:2-3:4-di-0-i3opropylid@n8-D-galaeturonat8 raonohydrate (4-0 g.) was

shaken vigorously with cation exchange rosin (Amborlite IH-100-H)
(6 g.) at room temperature for three hours. The solution was filtered

anu the filtrate treated as before with a fresh portion of resin (6 g.).
The product (3'0 g., 88% of theoretical) obtained on evaporation of

the filtrate had m.p. 157° and contained no potassium ion.

(b) Large deale Preparation.- Potassium 1:2-3:4-di-C-isoproplydene-
D-galacturonate monohyurate (16*0 g. ) in water (200 ml.) was shaken for
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six hours at room tempex'ature with cation exchange resin (Amberlite

IR-IOO-H) (24 g.). The mixture was filtered and the filtrate passed

slowly through a column (250 x 18 mm.) of the same resin. Concen¬

tration of the eluate gave 1;2-3:4-di-0~iaopropylidene-D-galacturonic

acid monohydrate as large colourless crystals (12-7 g., 91$ of

theoretical), ra.p. 158-159°, [a]]^ -79° (c, 0*9 in CHCI3). (Miemann
and Link^45^ record m.p. 156°, [aj^ -84° for 1:2-3:4-ai-0-isopropyli-
dene-D-ga'lacturonic acid).

Found: C, 50-1; H, 6-9; MegCO, 40-0; C02, 16.1,
Calc. for C12H1807.Hg0: C, 49.3; H, 6-9; M©2C0, 39 -S; COg, 15.1$.

Attempted Preferential Hydrolysis of the 3:4-0-Iao;>rop.yIiden e Residue

from 1 ;2-3:4~Di-0-isopropylideri9-D-CTalacturonic Acid.

The course of hydrolysis of 1:2-3:4-di-0-isopropylidene-0-

galacturonic acid in 2% aqueous solution containing 0*05$ ana 0*2$

sulphuric acid at room temperature was followed polarimetrically. In

both cases the graph of rotation against time showed no break in the

curve and no evidence that one group was hydrolysed more easily than

the other. 1:2-3:4-hi-0-isopropylidene-h-galacturonic acid was shaken

in moist acetone with cation exchange resin (Amberlite IH-100-H) and

portions of the solution removed at intervals of one day and evaporated

to dryness. From the first six samples only starting material (m.p.

157°) was isolated; from the next eight the latter and D-galacturoniC

acid (m.p. 108°) were both obtained; after 14 days only J-galacturonic

acid was present. In another experiment l;2-3:4-di-0-isopropylidene-

D-galacturonic acid monohydrate was shaken in dry chloroform with dry

cation exchange resin (Araberlite IR-100-H) for 28 days. After
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filtration and evaporation of the filtrate, crystalline h-galact-

uronic acid was obtained: no other product could be detected.

Methyl q-h-Calactopyranosiduronic Methyl Ester.

(a) Potasaiura 1:2-3:4-di-0-isopropylidena-i)-galacturonate

monohydrate (I) (4*8 g.) was refluxed with 2% (w/v) methanolic

hydrogen chloride (100 ml.) for 10 hours. -After cooling,

potassium chloride, which had appeared on the addition of hydrogen

chloride solution, was removed by filtration, the filtrate concen¬

trated, and further potassium chloride removed. The filtrate was

neutralised with silver carbonate and evaporated to a dark-coloured

syrup which partly crystallised on trituration with ethanol. The

crystals (0*40 g., 12JC of theoretical), m.p. 136-137°, were conta¬

minated with potassium and silver chlorides. The mother liquors
were dark-coloured and on standing for several weeks iailed to

deposit crystals.

(b) The potassium chloride produced by the addition of 2%

methanolic hydrogen chloride (100 ml.) to potassium i :2-3:4-di-0-

isopropylidene-h-galacturonate monohydrate (i) (3*8 g.) was removed

immediately by filtration and the filtrate refluxed for 10 hours.

The solution was neutralised with silver carbonate, filtered, and

the filtrate and washings evaporated to a partly crystalline syrup.

The crystals (0-7 g., 26^ of theoretical], rn.p. 136-137°, were again

contaminated with inorganic material. The residual syrup was brown

in colour and had [a]^° -13° (c, 0-8 in H 0).
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(c) 1:2-3:4-Di-0-isopropylidene-I)-galacturonic aciii monohydrate

(I) (1*8 g.) was refluxed for 9 hours with 1% methanolic hydrogen

chloride (60 ml.). Ethereal diazometnane was addeu to the cooled

solution until a faint yellow colour persisted. After stanuing for

45 minutes, the solution was evaporated, giving a yellow syrup which

crystallised on trituration with ethanol. The crystals (0*5 g.,

34/fc of theoretical), m.p. 134-136° were pale yellow in colour. On

evaporation of the mother liquor a yellow, viscous, syrup (0*9 g.,

6\% of theoretical) wa3 obtained.

(d) 1:2-3:4-Di-0-i3opropylidene-D-galacturonic acid monohyarate

(I) (15*3 g.) was ref'luxed for 10 hours with 1% methanol ic hydrogen
chloride (250 ml.) anu the solution neutralised with silver carbonate.

Filtration, followed by evaporation of the filtrate, gave a pale

yellow syrup which crystallised on trituration with ethanol. The

crystals (4*2 g.) were filtered off anu the filtrate evaporated to

a syrup which was treated again with 1% methanolic hydrogen chloride

(200 ml.) for 10 hours. After four such treatments the total

yield of crystalline material, m.p. 145°, was 8*3 g. (66% of theoretical).

(e) 1:2-3:4-Di-0-isopropylidene-D-galacturonic acid monohydrate
(I) (13*9 g. ) was boiled for 24 hours with dry methanol (200 ml.)
containing dry washed cation exchange resin (Amberlite IH-100-H)
(14 g.). The resin was removed by filtration and washed with

methanol and the filtrate and washings evaporated to a colourless

syrup from which a crystalline solid (3*6 g.) was obtained by tritura¬
tion with ethanol. The mother liquor was evaporated to a nearly
colourless syrup which was dissolved in methanol (150 ml.) and re-
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the same sample of resin the total yield of crystalline products was

7 *48 g. {66% of theoretical). After recrystall isation from ethanol,

methyl a-D-galactopyranosiduronic methyl eater raonohyurate (II) had

m.p. 145°, +121° (c, 1*0 in H2O). (Jones and Stacey(3*^record
in.p. 147°, and Ifiemann and Link^4^ the anhydrous

substance.

Found: C, 39«9; H, 6*6; OMe, 26»5.

Gale, for C8H1407.H20 : C, 40*0; H, 6»7; OMe, 25-8$.

Methyl 3:4-0-Isopropylidene«»a-D»galactosiduronic Methyl Ester.

(a) Methyl a-D-galactopyranoaiduronic methyl ester monohydrate

(II) (1-20 g.) was shaken for 72 hours with dry acetone (50 ml.),

anhydrous copper sulphate (12 g.), and acataldehyde (l drop), as
(511described for methyl a-B-rhamnoaide by Percival and Percival.

Sulphuric acid (0»05 ml.) was added and shaking continued for a further

24 hours. The mixture was filtered, the copper salts extracted with

dry acetone (4 x 30 ml.), the filtrate and washings neutralised with

barium carbonate, and the neutral filtrate anu washings evaporated to

a yellow solid which was recrystall!sed from acetone-light petroleum

as colourless needles, m.p. 109-110° (1*15 g., 81^ of theoretical).

(b) Methyl a-D-galactopyianosiduronic methyl ester raononydrata

(II) (3*60 g,) was shaken for 120 hours with dry acetone (250 ml.),
anhydrous copper sulphate (30 g.), and acetaldehyde (2 drops).

Evaporation of the filtered solution and washings gave a white solid

which was recrystallised from light petroleum (1100 ml.) as colourless
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needles (III) (3-62 g., 94$ of theoretical), M.p. 113-114°,

[ajr® +117° (c, 1 • 2 in HgO). (Jones ana Stacey^33) record m.p.

107°, +118° for this substance).

■sound; 0, 50*6; H, 6*7; OMe, 23*2.

Gale, for C11H1807: C, 50*4; H, 6-9; OMe, 23-7$.

Methyl 2-0-Meth.yl-3:4-Q-Isoprop;ylidoae-a-D-Galu ctosiauronic Methyl

Gster,

(a) Methyl 3:4-0-isopropylidene-a-D-galactosiauronic methyl ester

(ill) (0*63 g.) was dissolved in the minimum quantity of acetone, methyl
iodide (23 ml.) added, and the solution refluxed gently on a water

. (1 g.)bath. Dry silver oxide (12 g.) was added in small/yportions every

30 minutes, with frequent shaking. The mixture was filtered, the

silver residues extracted with acetone, the filtrate and washings

evaporated, and the resulting syrup (n^6 1*4622) kept in vacuo over¬
night. After one further treatment, using metnyl iodide (23 ml.)
alone as solvent, the product was a pale yellow viscous syrup (0*55
g., 83$ of theoretical), 1*4630.

Found; die, 33*3. Gale, for OMa, 33*7$.

(b) Methyl 3:4-0-i3opropylidene-a-D-galactosiduronic methyl

ester (III) (3*80 g.) was methylated three times by the procedure

described above, using 33 ml. methyl iodide and 20 g. of silver oxide

for each operation. The product (3*24 g., 87$ of theoretical) was

decolourised with charcoal-Filtercel find distilled in presence of a

trace of barium carbonate. Methyl 2-Q-methyl-3:4-0-isopropylidene-
a-D-galactosiduronic methyl ester (IV) was obtained as a colourless
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syrup (2*70 g., at theoretical), b.p. 120-13G°/Q-1 ram.,

n^7 1-4622, [all)6 +103° (c, 0-7 in H20), +114° (c, 0-8 in MeOH).

(Jones and Stacey^33^ record n|6 1-4210, [u]^ + 116° (c, 1-1 in

HgC ) for this substance). I /+3SO is cerTaddy an ennor.

round: C, 52-8; H, 7-4; CMe, 33-3.

Calc. for C12H2007: C, 52-2; H, 7-3; OMe, 33-7^.

Methyl 2-0-Methyl-3:4~0~l3oprop.yliaene-a-D-Galactosiduyonarnide.

The foregoing ester (IV) (0-20 g.) was treated with saturated

methanolic ammonia (5 ml.) at 0° for 48 hours. On evaporation, a

white crystalline solid (0-20 g. ) was obtained. After recrystal-

lisation from ethanol-light petroleum, the product, methyl 2-0-methyl-

3:4-0-iooprcpylideue-a-D-galactosiduronemide, had m.p. 123-124°,

[a]19 +70° (c, 1-1 in HgO).
.found; C, 49-9; H, 7-1; Jff, 5-0; OMe, 23-7.

Cn-HxgOgM requires 0, 50-6; H, 7-3; H, 5-4; OMe, 23-8^.

Methyl g-Q-Methyl-g-J-Oalactopyranosiduronic Methyl lister.

(a) A solution of methyl 2-0-methy 1-3 ;4-0-isopropylidene-a-.D-

galactosiduronic methyl ester (IV) (2-48 g.) in dry methanol (50 ml.)
containing water (0*20 ml.) was shaken with dry cation exchange resin

(Amberlite IB-100-II) (1-5 g.) at room temperature for 6 hays. The

resin was removed by filtration, washed with methanol, and the

filtrate and washings evaporated to a colourless syrup (V) (2-18 g.,
98^ of theoretical), n*7 1-4680, [aj^8 +105° (c, 0-7 in MeOH),
[a.]])6 +113° (c, 0-8 in H2O). (Jones and Stacey^°3^ record n^1 1-4732
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and [u]^° +80° (c, 1*1 in %0) for their synthetic specimen, and
Brown, Hirst, and Jones^4'' record nj° 1 *4695, [c,]x) *'2i° Urt H20)
for this substance isolated from methylated Gboila gum).

Found: C, 45-3; H, 6-9; OMe, 39*7.

Calc. for Cgll160?: C, 45-8; H, 6-8; OMe, 39-A%.

(b) Me thy1 2-0-me thy1-3:4-0-isopro py1idane-u-D-gala c t osiuuronic

methyl eater (IV) (0*30 g.) was dissolved in dry methanol (10 ml.)

containing water (0-03 ml.) and heated with cation exchange resin

(Amberlite IH-100-H) (0*3 g.) at 50® for 48 hours. The product

was isolated aa above as a colourless syrup (V) (0*271 g., 98^ of

theoretical), ni)7 1*4679, [a]§° +97° (c, 0*7 in MeOH). It was

neutral, non-reducing to Fehling's solution, and contained no

isopropylidene group.

(c) A solution of methyl 2-0-methyl-3:4-0-isopropylidene-a-i>-
galaetosiduronic methyl ester (IV) (0*25 g.) in 0*5$ methanolic

hyurogen chloriue (10 ml.) was heateu at 70® for 70 minutes. After

neutralisation with silver, carbonate, filtration, extraction of the

silver residues with dry methanol, and evaporation of the filtrate

and washings, the prouuct was a. colourless syrup (V) (0*22 g., 98%
of theoretical), n*7 1*4679, [a]^7 +1*2° (c, 1*6 in MeOH), +4°
(c, 1*7 in HgO), which was neutral ana non-reducing and gave a

negative teat for the iaopropylidene group.

Found: OMe, 39*4. Calc. for CgH]607: OMe, 39*4%'.

Stability of the Glycoside Grouo to Hyurolysis.

A solution of methyl 2-0-methy1-a-D-galactopyranoaiduronic methyl
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ester (V) (80 tag.) in water (10 ml.) was shaken at room temperature

with cation exchange resin (Amberlite I.R-100-H) (0*2 g.). Initially,

the solution had [u.]^6 +113°, pH 7, and was non-reducing. After
14 days, the solution had [a]^6 +110° and pH 2 and was non-reducing.
After standing for fourteen months with occasional shaking the

solution was still non-reducing. Under similar conditions, methyl

D-xy1ofuranoside became strongly reducing within 24 hours ana methyl

a-B-maimopyranoaid e within 120 hour3.

2-Q-Me thy 1 -D-Ga la c tarami da.

(a) Methyl 2-Q-me thyl-3:4-0-i3opropylidene-a.*»D-galactosiduronic
methyl ester (IV) (120 aag.) was dissolved in nitric acid (d, 1*3;
5 ml.). The temperature of the solution was raised from 40° to 80°

during 15 minutes and maintained at 80° for 10 minutes. The solution

was diluteu with water and nitric acid removed by distillation under

reduced pressure with frequent additions of water. The resulting
acid syrup was refluxed with 4% methanolic hydrogen chloride (10 ml.)
for 6 hours, neutralised with, silver carbonate, filtered, the silver

resiaues extracted, ana the filtrate and washings evaporated.

Distillation gave a colourless syrup (70 rag.), b.p. 160-180°/0*1 mm.

On treatment of this syrup with saturated methanolic ammonia at O3

for 48 hours, crystalline 2-0-methyl-D-galactaramide (40 mg.), m.p.

{33 ]205° (decorap.), was obtained. (Jones and Stacey record hi.p. 200°
for their synthetic product, Brown, Hirst, and Jonesm.p. 195°
for the same product from methylated 6holla guip, and Hough and Jones

m.p. 207° for the product from the methylated gum of Sterculia set, igera).
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(b) A solution of methyl 2-0-raothyl-3:4-0-isopropylldane-u-i)-

galactosiduronic methyl estor (IV) (307 mg. ) in 0«2tl sulphuric acid

(10 ml.) was heated at 100° for 48 hours ([a.J^ +-36°, constant),
neutralised with barium carbonate, filtered, the residue extracted

with water, and the filtrate passed through a column (160 x 12 aim.)

of cation exchange resin (Amberlite IS-120-H). Evaporation of the

eluaie gave 2-0-raethyl-D-galacturonic acid as a colourless syrup

(250 rag.), [a]p® +42° (c, 1*0 in tfeO). An aqueous solution of the
latter was oxidisea with Bromine at 30° until the solution was non-

reducing (120 hours). Excess bromine was removed by aeration, and

water and hydrogen bromide by repeated distillation with ethanol.

The resulting syrup was re fluxed with 2% methanolic hydrogen chloride

for 8 hours and the product isole ted in the usual way as a syrup

(120 Big.), n*ft 1*4640, [a]^6 +34° (c, 3*0 in HgO). The diamide,
prepared as described under (a), had ra.p. 205° (decomp.).

Found: 0, 37*8; H, 6*2; H, 11*6; OMe, 14-9.

Calc. for C7H140g&j,: C, 37*8; H, 6-4; *, 12*6; OMe, 14*0%.
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Methyl 3:4 -0 -13 o p ro py I i de n e -£ -0 - mo 1 u on e - p - fiul ui on y 1 -a -J- Ga 1a c t o a i a -

uremic Methyl dster.

The starting matsrial for preparations (a), (b), (c), and (d)
was recrystallised from acetone-light petroleum and had m.p. 108-109°,
whilst that lor preparation (e) was recrystallised from light

petroleum and had m.p. 113-114°.

(a) A solution of methyl 3:4-0-i3opropylidene-a-D-gaIactosiduronic
methyl oster (III) (l»30 g.) in pyridine (5 ml.) was cooled to 0° and

powdered toluene-p-sulphonyl chloride (1»Q g.) aduea in small portions

over several hours. After standing for 48 hours at room temperature

the solution was poured with vigorous stirring into ice-water. The

resulting flocculent precipitate was washed several times with water

by decantation and filtered, giving an amorphous soliu (130-150 rng.,

6-7^ of theoretical) which became sticky on exposure to the air.

Bo further material was obtained by chloroform extraction of the

aqueous washings.

(b) In another experiment, carried out under similar conditions,
a granular solid (40 tag. from 201 mg., 13% of theoretical) was

obtained. After recrystaHisation from eth&nol the product had

m.p. 157-150°, [a]j8 +85° (c, 1-3 in CHClg).
found: C, 46*0; H, 5-3; 0, 8*1.

C18H24°9S requ*re3 C, 51-9; H, 5*0; 0, 7'&%.

(c) A solution of methyl 3:4-0-isopropylidene-a-D-galactosid-
uronic methyl ester (ill) (1*005 g. ) in pyridine (15 ml.) was cooled

to 0° and alloweu to stand in contact Vfith "iiri erite* (1*5 g. ) for
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30 minutes. A solution of toluene-p-sulphonyl chloride (1»50 g.)
in pyridine (10 ml.) was added in small amounts over several hours

and the mixture kept at room temperature for 96 hours. After

filtration of the "Drierite," water (0*5 ml.) was added with vigorous

stirring, the mixture allowed to stand for 30 minutes and then

diluted with chloroform (100 ml.). The chloroform solution was

extracted twice with water, dried, and evaporated to a syrup which

partly crystallised. The crystals (0»284 g., 11% of theoretical)
were separated by means of a little methanol ana had m.p, 158-159°,

[a]*8 +122° (c, 1*3 in MeOH).

Bound: C, 52»3; H, 6-0; S, 8»1.

Gl8H24°9s re quires C, 51-9; H, 5-8; S, 7-8^.

The mother liquor failed to crystallise further on storage or

after a second treatment with toluene-p-sulphonyl chloride in pyridine.

(d) Methyl 3:4-0-isopropylidene-a-D-galactosiduronic methyl ester

(1•30 g.), treated exactly as in (c) above, gave a syrup which did not

crystallise even on prolonged storage. He-treatment of this syrup

with toluene-p-sulphonyl chloride failed to give a crystalline product,

although the 3yrup isolated gave positive tests for sulphur and for

the isopropylidene group.

(e) Methyl 3:4-0-i3opropylidene^a-I)-galactosiduronic methyl ester
(0*931 g., m.p. 113-114°), dissolved in dry pyridine (20 ml.), was

allowed to stand in contact with "G2rierite" (12 g.) at 0° for 20 hours.

A solution of recrystallised toluene-p-sulphonyl chloride (1«6 g.) in

pyridine (10 ml.) was added in small amounts during several hours,
the mixture being maintained at 0°. The solution was kept at 0° for
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24 hours, at 15° for 24 hours, and at 30° for 72 hours. After

cooling to 0°, the "Drierite" was filtered off and water (100 ml.)

was added cautiously and with constant cooling. After standing at

0P for one hour, the crystalline solid (1*028 g.) was separated and

washed with water. Methyl 3:4-0-isopropylidene-2-0-toluene-p-
sulphonyl-a-D-galactosiduronic methyl ester (VI) had m.p. 157-158°,

unchanged on recrystallisation from methanol, [g-3^ +122° (c, 1*1
in MeOH), [a]])9 +117° (c, 2*2 in CIICI3).

Pound: C, 52*0; H, 5*5; S, 8*1; OMe, 14.6.

C18H24°9S require8 C. 51*9; H, 5*8; S, 7*8; OMe, 14-9$.

The aqueous mother liquor was extracted twice with chloroform

(200 ml.), the chloroform extracts washed with water (3 x 400 ml.),

dried, and evaporated to a syrup which crystallised spontaneously.

After recrystallisation from methanol, crystals (0*23 g.), identical

with the main product, were obtained. Total yield 1*255 g., 85$
of theoretical.

Methyl 2-0-Toluene-p-Sulphonyl-q-D-Galacto;).vrano3iduronic Methyl dster.

(a) Methyl 3;4-0-isopropy lidene-2-0-toluene-p-sulphonyl-a-D-*
galactosiduronic methyl ester (VI) (1*345 g.) was dissolved in 1%
methanolic hyurogen chloride (130 ml.) and kept at 30° for 30 hours,

[a]^5 +122° (initially); +91° (7 hours); +79*5° (26 hours); +79°

(28 hours); +79° (30 hours). Neutralisation with silver carbonate

and evaporation of the filtrate and washings gave a colourless glass

(1*180 g., 97$ of theoretical) which crystallised completely from

aqueous methanol. After recrystallisation from aqueous methanol,

methyl 2-0-toluene-p-3ulphony1-a-D-galactopyranosiduronic methyl ester
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monohydrate (VTI) had m.p. 71°, [a]^ +61° (c, 1*1 in GHCI3).
Found: C, 45-8; H, 5-7; S, 8-4; OMe, 15-2.

G15H20°9S,H2° requires C, 45*7; H, 5*6; S, 8*1; OMe, 15*7$.
An identical product was obtained;

(b) in 96$yield by treatment of the isopropylidene derivative

with 1$ methanolic hyurogen chloride at 70° for 60 minutes,

(c) in approximately 90-95$ yield by shaking in methanolic

solution with the cation exchange resin (Amberlite I3-120-H) for

21 days.

Methyl 2-0-Toluene-p-6ulphonyl-a-D-GalactOi>yrano8iduronamide.

Treatment of the above methyl ester (VII) (210 rag.) with

methanolic ammonia (10 ml.) at 0° for 48 hours, followed by evapora¬

tion of the solvent, gave a crystalline amide (195 mg.), which after

recrystallisation from ethanol had m.p. 94-95°, [a]^8 +67° (c, 0*5
in CHCI3).

Found; C, 45-1; H, 5-6; S, 3-5; S, 8-1; OMe, 8*2.

Cj^H^gOgilS .HgO requires G. 44-3; H, 5*6; JJ, 3*7; S, 8-4; OMe, 8*2$.

Methyl 3 ;4-i3i-0-me thy 1-2-0-Toluene -p-Sul phony1-a-D-Galactoaiduroni c

Methyl fister.

Methyl 2-0-toluene-p-sulphonyl-a-D-galactopyranosiduronic methyl
ester monohyurate (VII) (1*180 g.) was methylated four times with

methyl iodide (23 ml.) and silver oxide (15 g.). The product (VIII)
(1*218 g., 96$ of theoretical) had, after recrystallisation from

aqueous methanol m.p. 82*5-83°, n§° 1*4900, [a]j7 +82° (c, 1*1 in CHCI3),
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+88° (c, 2-4 in EtOH).

Found: C, 50-2; H, 5*8; S, 8-1; OMe, 29*5.

^17^24^9^ requires C, 50*5; H, 6-0; S, 7*9; OMe, 30-7^,

Methyl 3;4-I)i-0-fflethyl-c.-l)-Galacto8iduronic Acid.

In order to te3t the separation of uronic acid from aryl sul¬

phonyl acid by preferential elution from anion exchange resin, the

following experiment was carried out. A solution of potassium 1:2-

3:4-di-0-isopropylidene-D-galacturonate (i) (100 mg.) and sodium

toluene-p-sulphonate (100 mg.) in methanol (30 ml.) was passed slowly

through a column (300 x 12 mm.) of anion exchange resin (Amberlite

II1A-400-0H). The eluate was alkaline and optically inactive. The

column was washed with methanol and eluted with 1% formic acid in

methanol (200 ml.). Evaporation of the eluats gave a colourless

pyrup (ca. 50 mg.), which gave a negative test for sulphur and a

strongly positive naphtharesorcinol test for uronic acid,the

substance (2 mg.) and naphtharesorcinol (5-10 rag. ) were boiled for a

few minutes with concentrated hydrochloric acid (10 ml.), cooled, and

extracted with benzene: a blue-purple colour in the benzene layer
indicated the presence of uronic acid]. Further elution of the re3in

with 2N aqueous hyurochloric acid gave an optically inactive eluate.

(a) Preliminary Experiment.- Methyl 3:4-di-0-methyl-2-0-toluene-

p-sulphonyl-a-E-galactosiduronic methyl ester (VIII) (125 rag.) was

dissolved in methanol (10 ml.), water (5 ml.) added, and the solution

stirred at room temperature and 3oaium amalgam (4$, 3 g.) added in small

portions over 6 hours.After stirring for a further 18 hours at
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room temperature the mixture was filtereu, neutralised with caroon

dioxiue, and evaporated to dryness. The resiuual white solid was

extracted with methanol (4 x 50 ml.) under reflux and the methanolic

extracts evaporated to a white solid (323 rag.) which was dissolved

in methanol (30 ml.) and passed through a column (300 x 12 mm.) of

cation exchange resin (Amberlite IH-120-H), previously washed with

methanol. The acid eluate was then passed slowly through a similar

column of anion exchange resin (Amberlite IRA-4Q0-0H). The alkaline

eluate was passed twice more through the two columns: the final

eluate was neutral and gave no appreciable residue on evaporation.

The column of anion exchange resin was washed with methanol (100 ml.)

and then slowly eluted (6 hours) with 2% formic acid in methanol

(200 ml.). Evaporation of the eluate gave a syrup (30 rag.) which

crystallised on storage (m.p. 151-153°). The prouuct gave a negative

test for sulphur and a positive naphtharesorcinol test for uronic acid.

(b) Large Scale Preparation.- Anion exchange resin (Amberlite

IRA-400-0H), previously regenerated by passage of ii sodium hydroxide

for 1 hour and thorough washing with distilled water, was packed into

short glass tubes (60 x 13 mm, and with a constriction at one end).
Four of these tubes, containing ca. 20 c.c. of resin in all, were placed

alternately with three similar tubes containing cation exchange resin

(Amberlite IB-120-H), and held in position by means of short rubber

sleeves. The composite column was washed with distilled water (300

ml.), with ethanol (200 ml.), and with methanol (200 ml.).
A solution of methyl 3:4-di-0-methyl-2-0-toluene-p-3ulphonyl-a-

L-galactosiauronic methyl ester (VIII) (1-200 g.) in metnanol (20 ml.)
was stirred at room temperature with 2N aqueous souium hydroxide (1-5
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ml.)» After 30 minutes, water (10 ml.) was added, followed by sodium

amalgam (4$; 15 g.) in small portions over 6 hours. After stirring

had continued for a further 18 hours the aolius and mercury were

filtered off and washed with methanol. The combined filtrates were

neutralised with carbon dioxide, evaporated to dryness, and the

resulting white solid exhaustively extracted with hot, dry methanol

(4 x 50 ml.). The cooled methanolic extracts were passed through the

composite column described above at the rate of 3-4 ml. per minute and

the eluate recycled through the column, which was finally washed with

methanol (100 ml.). The combined eluate and washings were evaporated

to a syrup (0*03 g.) which was discarded. The composite column was

dismantled and the portions containing anion exchange resin re¬

assembled and elutea by passage uuring 60 hours of 2% formic acid in

methanol (500 ml.). Evaporation of the eluate gave a colourless

3yrup (0*613 g., 87$ of theoretical) which crystallised spontaneously.

After recrystallisation from ethanol-light petroleum, methyl 3:4-di-0-

methyl-a-D-galactosiduronic acid (IX) had m.p. 154-155°, [a]^5 +158°
(c, 1*3 in CHC13), +156° (c, 1*3 inMeOH), +163° (c, 1*3 in H20).

ffound: G, 46*4; H, 7*0; OMe, 38-4.

C9H16O7 requires C, 45*8; II, 6-8; OMe, 39*4$.

Methyl 3:4-Di-0-methyl-a-^-Galactosiduronic Methyl Ester.

(a) A solution of methyl 3:4-di-0-methyl-a-D-galactosiauronic acid

(IX) (0-375 g.} in 1% raethanolic hydrogen chloride (32 ml.) was kept at
30° for 48 hours and then neutralised with silver carbonate. After

filtration and extraction of the silver salts, evaporation of the

filtrate and wasnings gave a crystalline solid (X) which was
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recrystallised from light petroleum a3 long silky needles (0-378 g.,

95$ of theoretical), m.p. 113-114°, [a]])® +165° (c, 0-4 in CHCI3).
Found: C, 48-0; H, 7-1; OMs, 49-8.

^10^18^7 requires C, 48*0; H, 7-3; OMe, 49-6$.

(b) An identical product was obtained in 94$ yield by treatment

of a solution of methyl 3;4-di-0-rnethy 1-a-D-galactosiduronic acid

(IX) in ethanol with ethereal diazomethane. Evaporation of the

solution and recrystallisation from light petroleum gave needles, m.p,

113-114°.

Methyl 5:4-Di-0-meth.yl-q-I)-Galactosiduron-arnide and -methylamide.

Treatment of the above methyl ester (x) with methanolic ammonia

at 0° for 48 hours, followed by evaporation, gave a syrup, [a.]^ +108°
(c, 1*1 in iitQH), from which by trituration with ethanol a crystalline

solid, ra.p. 130-131°, was obtained in poor yield. Similar treatment

of the ester (X) (110 rag.) with methanolic raethylamine gave the

crystalline raethylamide (109 mg.) which was recrystallised from acetone

in the form of large prisms, m.p. 205°, +116° (c, 0-6 in H2O).
Found: C, 48-5; H, 7-5; M, 5-8; OMe, 38*8.

C10H19°6H reWire3 C, 48-2; H, 7-7; H, 5-6; OMe, 37-4$.

Methyl 2:3:4-Tri-0-methyl-q-D-Galactosiduronic Methyl Ester.

Methyl 3:4-di-0-mathyl-a-D-galactosiauronic methyl ester (X) (18
mg.) was methylated twice with methyl iodide and silver oxide. The

product (19 mg.) had m.p. 71-72° (after sublimation in vacuo) alone and
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admixed with a specimen prepared from methyl a-D-galactopyranosid-

uronic methyl ester as described below, £aJjj6 (c, 1.0 in HgO).
For comparison, methyl a-L-galactopyranosiduronic methyl ester

(15was methylated with silver oxide and methyl iodide in two operational '

The product crystallised and after purification by sublimation in

vacuo had m.p. 71-72°.

.Diethyl 3:4-Di-0-methylgalactarate.

A solution of methyl 3:4-di-O-methyl-a-D-galactosiduronic methyl

ester (X) (294 mg.) in 0*2h sulphuric acid (20 ml.) was heated on the

boiling water bath for 51 hours: [a]^ +160° (initially); +118°
(3*5 hours); +112° (6-5 hours); +100° (24 hours); +90° (31 hours);
+84° (48 hours); +84° (51 hours, constant). The solution was

neutralised with barium carbonate, filtered through charcoal-Filtercel,
the barium salt3 washed and the filtrate ana washings passed through

a column (300 x 10 mm.) of cation exchange resin (Amberlite IR-120-H).
Evaporation of the eluate gave a colourless syrup (242 mg.), .. r ^

n*1 1-4615, [a]*7 +87° (c, 1-2 in EtOH), [a]*5 +93° (c, 1-4 in H20).
A solution of this syrup (220 mg.) in water (15 ml.) was oxidised

at 40° with bromine (2 ml.). The course of the reaction was followed

polarimetrically, excess bromine being removed by aeration before each

observation and added again afterwards: [^ +93° (initially); +80°
(1 day); +60°(3 days); +23° (5 days); +15° (8 days); +15° (11 days).
After 11 days, water and hydrogen bromide were removed by repeated

distillation with ethanol under reduced pressure, the residue dissolved

in 0-2R hydrochloric acid (10 ml.) and the solution heated at 100° for

50 hours ([a]jj +8°). Bromine (2 ml.) was added and after 3 days at 40°
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the rotation was zero. Water and hydrogen bromide were removed as

before, and a crystalline solid (205 mg. ) which was insoluble in

water, was obtained. After recrystalliaation from aqueous acetone,

diethyl 3:4-di-0-mathylgalactarate (XI) was obtained as flat plates,

m.p. 146-149°, [a]lj8 +0°.
Found: C, 49-4; H, 7-4; OR (as Cite), 42-2.

C12H22°8 requires C, 49-0; H, 7»5; OH (as OMe), 42.2jg.

Dimethyl 3 :4-Di-0-methylgalactarate.

Treatment of the above diethyl ester (XI) with 1«5^ methanolic

hydrogen chloride at 60° for 16 hours, followed by neutralisation

with silver carbonate, arid evaporation of the filtrate and washings

gave the crystalline dimethyl ester (XII), which was recrystallised

from acetone-light petroleum as needles, m.p. 172-173°, [a,]*® +0°.
I) ~~

Found: C, 44.8; H, 6«7.

c10h18°8 requires C, 45*1; H, 6'Q%.

3;4-Pi-Q-methylgalec tarsal ide.

Treatment of the dimethyl ester (XII) in the usual way with

methanolic ammonia gave the crystalline diamide, which, after re-

crystallisation from methanol, had m.p. 230° (deeomp.), [a]18 +0°.
(541 2A Weermann testv ' was positive.

Found: », 11*9. CeHigOg^ requires g. 11 »9#.
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D33IVATIVJSS OF D-GLUCUHONIG ACID

DISCUSS ION

Metnyl 2:3-dimethyl-a-i>-glucopyrano8ide has bean prepared ^64 '6 ''
by methylation of several different acetals of methyl a-D-gluco-

pyranoside and it was considered suitable for oxidation to the

glycoside of 2;3-dimethyl-D-glucuronic acid by means of alkaline

permanganate. Methyl 4:6-banzylidene-a~D-glucoside^^ was chosen

as starting material, and methylation, followed by removal of the

benzylidene residue with dilute acid at room temperature gave

crystalline methyl 2:3-dimethyl-a-D-glucopyra.noside in good yield.

Oxidation with dilute aqueous alkaline permanganate, followed by

esterification, gave methyl 2:3-dimethyl-a-D-glucopyranosiduronic methyl

ester as & syrup. Treatment with phenylhyarazine gave the crystalline
(12)phenylhydrazide previously prepared by Smith from the hyurolysate

of methylated arabic acid, and esterification with p-nitrobenzoyl

chloride in pyridine gave the beautifully crystalline p-nitrobenzoate,

shown by mixed melting point determinations to be identical with a

(12)
specimen prepared by Smith from methylated arabic acid. Hydrolysis

and bromine oxidation led to the production of 2:3-dimethyl-D-glucaric

acid, characterised as the crystalline 1—♦4-lactone-6-raethyl ester
and as the crystalline diamiae.

An attempt was made to carry out an unambiguous synthesis of

4-methy1-D-glucuronic acid by a modification of the method used for

(68 6 9 )the synthesis of 4:6-diraethyl-D-glucoae. ' Crystalline methyl

2:3-dibenzyl-a-D-glucopyranoside was prepared by benzylation of

methyl 4:6-benzylidene-a-D-glucosiae, followed by mild acid hydrolysis
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to remove tne benzylidene group. Oxidation at room temperature

with potassium permanganate in neutral acetone solution resulted

in a mixture which was diluted with water, acidified, and extracted

with chloroform. ISvaporation of the chloroform and removal of a

considerable quantity of benzoic acid by extraction with light

petroleum left a residue which gave positive tests for uronic acid

and was therefore methylated with dimethyl sulphate and 3odium

hydroxide. The product of raethylation, however, was a very mobile

liquid which contained no uronic acid. The aqueous solution

remaining after extraction with chloroform gave a strongly positive

test for uronic acid, probably indicating the presence of a quantity

of uronic acid which had lost its benzyl substituents and was there¬

fore useless in the present synthesis. It seems probable that the

dibenzyl methyl glycoside was extensively degraded by the action of

neutral permanganate and that very little, if any of the desired

product, methyl 2:3-dibenzyl-a-D-glucosiduronic acid, was obtained.

Since the corresponding dimethyl ether was successfully oxidised to

the uronic acid by means of the more vigorous alkaline permanganate

it is unlikely that degradation commenced at the unprotected hydroxyl
on C4. It may therefore be inferred that the benzyl ether grouping,

which is known to be relatively stable to acid and alkali and to be

readily removable by mild reduction, is unstable under comparatively
mild oxidising conditions.
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BXJPigRiagiaS TAL

Methyl a-J-Glucopyranositie was prepared from D-glucose by
(70)the action of 5% methanolic hydrogen chloride. JIT.p. 163-165°,

[ajjj7 +153° (c, 1 *8 in H20).

Methyl 4• 6-0—Benzylidene-a-D-Glucoside, was prepared by a

(64)modification of the method of Freudenberg. Methyl a-D-glueo-

pyranoside (100 g.), powdered anhydrous zinc chloride (75 g.), and

benzaldehyde (500 ml.) were shaken for 4 hours. The solution was

then poured with stirring into a mixture of saturated aqueous sodium

bicarbonate (1200 ml.) and light petroleum (1200 ml.). The white

solid which was deposited was filtered, washed with water (1000 ml.),
with light petroleum (1000 ml.), and drained overnight. The result¬

ing moist solid was extracted with boiling water (1500 ml.) and the

aqueous extract filtered hot. On cooling the product was obtained

as long needles (102 g., 70^ of theoretical), ra.p. 164-165°,

[a]J)5 +108° (c, 1-1 in CHC13).
Found: C, 59*0; H, 6*6.

Gale, for C14Hx806: C, 59«6; H, 6-4$.

Methyl 4:6-0-Benzyliaene-2:3-Di-0-fliethyl-q-jj-Glucoside.

A solution of methyl 4:6-0-benzylidene-u-D-glucoaide (50 g.)
in acetone (300 ml.) was stirred at 55-60° and 30^ aqueous sodium

hydroxide (320 ml.) and dimethyl sulphate (130 ml.) added in 1/10
(71 72)port ions at 10 minute intervals. ' The solution was stirred for

a further 20 minutes, the acetone removed under reduceu pressure, and

•

-



- 68 -

the residue chiliad. The resulting crystalline solid was filtered

off, dissolved in acetone (300 ml.) ana methylated as before. The

product (51»b g., 94$ of theoretical) had, after recrystallisation
1A

from ethanol, m.p, 121-122°, [a]p +95° (c, 3*0 in CHCI3). '

Bound; G, 61-8; H, 7»0.

Calc. for C16K2206: c» 61 '9i H»

Methyl 2:3~Di-0-tnethyl-a-I)-01ucopyranoaide.

A solution of methyl 4:6-0-benzylidene-2:3-di-0-raethyl-a-X)-

glucosiue (38-4 g.) in a mixture of acetone (800 ml.) and 4N sulphuric

acid (200 mi.) was kept at room temperature for 72 hours: [a]_ +95°
Jj

(initially); +109° (53 hours); +110° (72 hours, constant). The

solution was neutralised with barium caroonate, filtered, the barium

salts washed with water, and the neutral filtrate ana washings

evaporated to a syrup from which benzaldahyde was removed by repeated

distillation with water under reduced pressure. The crystalline

residue (23*5 g., 98$ of theoretical) had, after recry3tallisation

from carbon tetrachloride, ra.p. 81-82°, +153° (c, 1-0 in H20).
Found; C, 48*9; H, 8»0.

Gale, for C9H1806: G, 48-6; II. 8-1$.

Methyl 2:3-Di-0-m3thyl-a-0-Glucopyranosiduronic Methyl iister.

A solution of methyl 2:3-di-0-methyl-u-D-glucopyranoside (27*3 g.)
in water (2 1.), containing potassium hyuroxide (14 g.), was stirred

at room temperature, and potassium permanganate (37 g.) added in

small portions over 8 hours. Stirring was continued for a further
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16 hours, excess permanganate decomposed by careful addition of

aqueous potassium metatoisulphite, the mixture filtered, and the

residue washed with hot water (4 x 150 ml.). The filtrate was

neutralised with solid carbon dioxide and evaporated to dryness.

The resulting white solid was extracted, first with ether (2 x 300

ml.) and then with ethanol (3 x 300 ml.) under reflux and the

cooled ethanolic extracts passed slowly through a column (17 x 700

mm.) of cation exchange resin (Araberlite IR-120-H). The column was

washed with water (200 ml.) and the eluate and washings evaporated

to a syrup (20*5 g. ) which was dissolved in 1% raethanolic hydrogen

chloride (500 ml.) ana left at room temperature for 48 hours. The

solution was neutralised with silver carbonate, filtered, and the

filtrate and washings evaporated to a colourless syrup (20-9 g., 68/5
of theoretical), b.p. l30-140°/0*5 mm., njj® 1*4441, [ajr,® +111°
(c, 1*1 in HjjO).

Methyl 2;3-Di-0-methyl-4-0-p-#itrobenzoyl-a-D-Giucosiauronic

Methyl aster.

To a solution of methyl 2:3-di-O-methyl-a-D-glucopyranosiduroniC
methyl ester (2*2 g.) in pyridine (7 ml.), p-nitrobenzoyl chloride
/ v „ „ (12)(3*0 g.) was added in small portions over 2 hours. The mixture

wa3 left at room temperature for 48 hours and water (0-20 ml.) added

cautiously, with shaking and cooling. The resulting crystalline
solid (4*8 g.) was filtered off and washed with aqueous sodium bicar¬
bonate (200 ml.) and water (300 ml.). After recrystallisation from

ethanol, the p-nitrobenzoate had in.p. 156-158°, [a]?*° +69° (c, 1-8
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(IP ^
in CHC13). Smith records m.p. 157°.

Found: C, 51*4; JI, 5*4; K, 4*1.

C^^HgiOiQN requires C, 51-1; K, 5*3; H, 3*5£*.
A specimen (kindly supplied by Professor F. Smith) of the

p-nitrobenzoate prepared from 2:3-di-0-methyl-.D-glucuronic acid

isolated from the hydrolysate of methylated arable ^ciu had m.p.

154°, and a mixture of the two specimens had m.p. 154-157°.

Methyl 2 ;3-i?i-0-meth.yl-a-.D-'?l.ucop.yranoaiduronic Phenylhydrazide.

Methyl 2:3-di-0-raet.hyl-a-3-glucopyranosiduronic methyl ester

(2*0 g.) and freshly distilled phenylhyarazine (0*78 ml.) were heated

together in an atmosphere of carbon dioxide in a sealed tube at 110°

for 18 hours. The resulting mixture was extracted with ether (3 x

20 ml.) under reflux arid the crystalline residue (1*85 g. ) recrys-
tallised ffom benzene as prisms, ra.p. 195-197°, La];/* +85° (c, 1*1
in GHClj). Smith reports m.p. 225-227° for the phenylhydrazide
obtained from the dimethyl uronic acid isolated from the hydrolysate
of methylated arabic acid.

Found: G, 55*2; K, 6*8; I*, 9*0.

^lo^22®6^2 requires C, 55*2; H, 6*8; if, Q'6%.

2; 3 -Di -0 -:ne th y1 -D-G1 uca rum i de.

Methyl 2:3-di-0-methyl~a-D-glucopyranosiduronic methyl ester

(2*0 g.) was heated in a sealed tube at 100° for 24 hours with ii

hydrochloric acid (40 ml.). Bromine (5 ml.) was added to the cooled

solution and the mixture kept at 40° for 6 days. Bromine was removed
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by aeration and hydrohalie acids by repeated distillation with

ethanol under reduced pressure. Ttie syrupy residue was ester if led

with 1% methanolic hydrogen chloride at 30° for 3 days, and the

product, isolated in the usual manner, distilled in vacuo (b.p, 120-

l30°/0•! mm.). The distillate crystallised spontaneously and after

recrystsllisation from benzene 2:3-di-0-methyl-D-glucaro-l—* 4-

lactone-6-methy1 ester had m.p. 99-100°, [h]«® +17° (c, 1-2 in H20).
Smith'records m.p. 101°, [ctjj,8 +12° in H20 for this compound.

Treatment of the above lactone ester with methanolic ammonia,

followed by evaporation, gave crystalline 2:3-di-O-methyl-D-glucar-

aroide, which after recrystallisation from methanol had m.p. 154-155°,

undepressed on admixture with an authentic specimen.

Methyl 2:3:4-Tyi-0-fflethyl-a.-2-(Tlucoslduronamide.

Methyl 2:3-di-0-methyl-a-I>-glucopyranosiduronic methyl ester

(70 mg.) was methylated with methyl iodide and silver oxide in two

operations. The product (70 mg.) was distilled (b.p, 13Q-140/0-1
mm.) and the distillate treated with methanolic ammonia. The result¬

ing amide, after recrystallisation from benzene, had m.p, 180°,

undepressed on admixture with an authentic specimen, +14 7°
jj

(c, 0-7 in H20).

Methyl 2; 3-Ji-0-benz.yl-4 :6-0-benzylidone-c.-3-GIucoeide.

Methyl 4:6-0-benzylidene-a-D-glucoside (50 g.) was dissolved in

a mixture of benzyl chloride (134 ml.) ana toluene (1500 ml.).^6"^
Powdered sodium hyaroxiae (350 g.) was added and the mixture heated

on the boiling water-bath, witn vigorous stirring, for 5 hours.
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Water (1200 ail.) was added to tne cooled mixture and the toluene

layer separated and washed .vitn water. The toluene solution was

evaporated anu bauayl chloride removed from the residue by repeated

distillation with water under reduced pressure. finally, the solid

residue was washed with water and recryetallised from aqueous ethanol

or from light petroleum as fine needles (53 g., 65$ of theoretical)

m.p. 94-95°, [a]*8 -30° (c, 2-3 in CHClj).
found: C, 72-3; II, 6-3.

Calc. for C2gH3o06; C, 72-7; H, 6-5$.

Methyl 2 ^-hi-O-bensyl-a-J-grqcopyranosiQe.

A solution of methyl 2:3-ai-0-benzyl-4 :6-0-benzylidene-a-h-

giucoside (43 g.) in acetone (300 ml.) and 4$ sulphuric acid (200 ml.)
was kept at room temperature for 72 hours: [a-li) +20° (initially);
+45° (7 hours); +o?° (23 hours); +72° (53 hours, constant). The

solution wa3 neutralised with barium carbonate, filtered, the barium

salts washed with acetone, and the neutral filtrate evaporated to a

syrup from which benzaldahydc was removed by repeated distillation with

water under reduced pressure. The crystalline residue (35»5 g., 92$
of theoretical) had, after recrystallisation from aqueous ethanol,

ra.p. 77-78°, [alj9 +26° (c, 4-3 in CHCl-j).
found: C, 67-1; H, 6-6.

Calc. for C21H2606: C, 87-4; H, 7-0$.
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Oxidation of Methyl 2:3-Di-O-ben2.vl-a-S-Giucop.vranogj.de.

To a solution of methyl 2:3-di-O-banzyl-a-B-glucopyranoside

(50 g.) in acetone (1500 ml.) containing water (100 ml.}, potassium

permanganate (100 g. ) wa3 added in small portions with constant

stirring during 48 hours. The mixture was acidified (170 ml. of

4U sulphuric acid) with stirring and cooling, filtered, and the

residue washed with acetone (2 x 200 ml.). The filtrate was diluted

with water (5 1.), extracted with chloroform (4 x 500 ml.) and the

chloroform extracts washed with water (3 x 400 ml.). iSvaporation of

the chloroform solution gave a syrup which was extracted with light

petroleum (4 x 200 ml.) under reflux. From the light petroleum

extracts benzoic acid (15 g.) was obtained on cooling. The residual

eyrup (8 g. ) had [u]rj +103° (c, 1«8 in CHCI3) and gave a positive

naphtharesorcinol test for uronic acid. Two methylations with di¬

methyl sulphate and sodium hydroxide gave a very mobile liquid,

isolated by acidification and chloroform extraction, which gave negative

naphtharesorcinol and carbazole tests for uronic acid. After

dabsnzylation with sodium mothoxiue as described by Bell and Lorber^6®^
naphthare&orcinol and carbazola tests were still negative. The

aqueous solution remaining after extraction of the oxidation mixture

with chloroform gave a positive teat for uronic acid.
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HOTSS

Melting points were determined on the Kofler hot-stage micro¬

scope. All boiling points recorded are bath temperatures. Rota¬

tions were measured in 1 dm. polarimeter tubes. Elementary analyses

were performed by Drs. Weiler and Strauss, Oxford. Methoxyl^®^ and
(791

acetonev ' determinations were carried out by the author, using

volumetric raethous. For analysis anu the determination of physical

constants, crystalline substances were dried in vacuo (0*1 mm.) over

phosphorus pentoxide. All evaporations were carried out under reduced

pressure at a temperature not higher than 50°. Salts of silver and

barium were removed by filtration through layers of charcoal and

Filtercel on a sintered glass filter anu the residue on the filter

washed at least thrice with a suitable warm solvent. In the case of

the silver salt3 from Puraie wetliylations, boiling acetone was most

effective. All light petroleum used was the fraction of b.p. 60-80°.

The conventions cf the Journal of the Chemical Society, with

regard to new compounds,^80^ are observed throughout the experimental

sections. The analyses of new compounds are therefore reported in

the form: Found: C, IT, -.-.

ci2Hi6°6 r<sauirea c»
whereas for compounds already adequately described in the literature

the form is: Found; 0, H,

Calc. for C12H1q06 : C, H,

Through the experimental sections the nomenclature is in accordance

with the recommendations cf the Joint Committee on nomenclature{81^In
the Introduction and Discussion, however, a simplified nomenclature

i3 used for the sake of clarity.
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pbriodate oxidatiou op ubonic acijdb

In 1928 Malaprade^4 ^ showed that a-glycols were smoothly

oxidised by periodic acid with the production of formic acid from

a secondary alcohol group and formaldehyde from a primary alcohol

that 5 molecules of periodic acid are consumed and that the hexosea

break down with the liberation of 5 molecules of formic acid and

one of formaldahyae.

CHO

(ch0h)4 + 5HI04 * hchq + 5hc0gh + 5hi0,

ch2oh

Although this represents the hexoses in the aldehydic form periodic

acid was also found to react with the a-glycol groups in the cyclic

glycosides^ in a similar way; the chain of carbon atoms is

broken whilst the oxide ring of the sugar is left intact. Thus with

a methyl a-D-hexoside a molecule of formic acid is released and a

derivative of diglycollic aldehyde produced. Aslightly different

result is obtained with the ^-hexosides; the oxidation product has

ch2oh

the configuration of 01 reversed. $ien a pure methyl a- or 0-2-

pentofuranosiae is oxidised the same products are obtained, with the

residue. when this reaction was applied to haxoses it was found
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difference that only one molecule of periodic acid is consumed and

no formic acid is produced. On the other hand the methyl pento-

pyranosides under the same treatment give monosubstituteu

diglycollaldehyde derivatives. In this way periodic acid oxidation

HCrOGH

2HI04 + HCOOH

has proved a valuable method for the determination of ring structures

and for the correlation of the configuration of the glycoeidic
centre of glycosides, and has provided many valuaole results in spite
of the fact that the original simple concept of specificity for the

a-uiol structure has been modified considerably. Link and co-workers

recorded tnat zinc bornyi glucosiduronate and methyl a-L-galactosid-
uronic methyl ester gave rise to more than the theoretical amount of

formic acid. llalsall, Hirst and Jones confirmed these results.

These latter workers found that if they used potassium metaperiodate
at pH 4 and kept the concentration of formic acid low the methyl

glycosides of hexoses, pentoses and the reducing uisaccnaridea gave

the normal quantity of formic acid, while the methylglycosides of

uronic acids and of hexwaofuranosides ana the reducing sugars all

underwent further oxidation. Link and hi3 colleagues xiad previously
explained the over-oxidation of the uronosides on the assumption that

after the formation of the dialdehyde II the hydrogen situated on

carbon 5 is activated by the adjacent carboxyl and aluenyuic groups
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and is oxidised to a hydroxyl group (III). "This would result in

the formation of a substance which in its hydrated form contains

hydroxy1 groups on adjacent carbon atoms and would undergo further

oxidation with perioclato with the formation of an ester of oxalic
h~

acid" (IT). At this stage the consumption of periodata is t mol.
COOH GOOH GOGH COOH COOH

•Ov xG 0. GOOH H

\OH
CHO

°^e OHG 0Me OHC 0Me
yi H0"
0

-OLfe

GHO

I II III IV V VI

for each mol. of uronic acid. If the conditions are such that the

ester (IV)l is hydrolysed, fceth pre ducts,—uxalic a-eiil (V) wi%d. the

hemi-acetal of glyoxal (VI) would be oxidised further and the total

consumption of periodate would be 5 mol. Sprinson and Chargaff)
investigated the conversion of the aldehyde (II) into the hydroxyl

aldehyde (ill) and proved that substances such as malonic acid which

contain a hyurogen atom combined to a carbon atom situated between
OHO

2 carbonyl groups can be oxiuised to the corresponding

hydroxy compound which then undergoes further oxidation. Hirst and

his co-workers found that this explanation could bu applied to the

various compounds they investigated where over-oxidation occurred.

They also observed that where this type of oxidation occurred free

iodine was invariably released and ascribed this to the reaction

between sodium iodide anu sodium iodate in acid solution, the sodium

iodide being formed by reduction of sodium iodate during oxidation on

the activated carbon atom.

In the present work methyl a-D-galaetopyranosiduronic methyl
ester was oxidised under different conditions of pH ana temperature.



- 78 -

Within 20 hours under all the conditions employed more than the 2

raol. required by the simple oxidation had "been consumed. In 66

hours the consumption in all cases was 3 mol. or more and the

reaction generally appeared to become slower after this point. In

300 hours reaction appeared to be complete at a consumption of

5 »0-5 »1 raol. except in four cases, notably at pH 4-5 at 0° ana 18°,
in which the consumption was still only 4*0-4»l taol. From the

results it appears that the over-oxidation postulated by the previous

workers occurs under all the conditions studied and that, apart from

the figure of b mol. representing complete over-oxidation, the only

significant arrest in the progress of oxidation occurs at 3*0 mol.,

tpost evident at 0® with no buffer or with a buffer of pH 4*5. It

would appear, therefore, if the previous explanation of cver-oxiaation

is correct, that hydrolysis of the oxalyl ester (IV) is relatively
slow. No liberation of iodine occurred under any of the conditions

employed nor with any of the other derivatives investigated.
In order to investigate the behaviour of methylated glycosiduronie

acids, each was oxidised with periodate at 0° in a buffer of pH 4.5
and at 15° with a buffer of pH 7*0. Of the four glycosiduronic acid

derivatives studied in which ovar-oxiuation was expected it. did indeed

occur, but the numerical results are difficult to reconcile with theory,
At 0° and a pH of 4*5 the over-oxidation was small even after 300 hours,
methyl a-D-galacto3iduronamide and mennosiduronamide consumed respec¬

tively 2*5 and 2*7 mol. periodate for each .sugar molecule, although the

postulated over-oxidation would require 5 mol. Methyl 2-methyl-a-D-
galactosiduronic methyl ester consumed 2 raol. mid-way between normal

oxidation anu complete over-oxidation. No over-oxidation occurred
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with methyl 4-motJttyi-a-D-mannosiduronic methyl eater which consumed

a single mol. of perioaate fox- each aiol. of sugar; on the current

theories this is to oe expected as the methyl group on C4 would

prevent oxidation between 05 and 04 and consequently the formation

of an active hydrogen atom. This is also in agreement with the

results of Smith*88^ who found that methyl 4-niethyl-a-D-glucoaid-
uronic methyl ester consumed only one mol. of periodate. With two

dimethyl and three triiaethyl uronosidic methyl esters where no

oxidation of any kind was expected the actual results fitted expec¬

tations.

A number of free uronie acids were oxidi3ed at 0° end pH 4.5.

The periociata consumption after 300 hours was in every case roughly
1 jbo1 . less than would be expected if the uronic acid reacted in the

straight-chain {aldehydo) for;n. In every experiment the glycoaid-
uronic ester was hydroiysed with sulphuric acid at 100® for 24 hours

and no attempt was made to isolate the product before oxidation with

periodate and it might be acguod that low consumption of periodate

was due to loss of sugar during hydrolysis. However, hydrolysis of

methyl 3:4-dimethyl~a-D-galactORiduronic methyl ester under the same

(17)conditions gave a 97^ yield of the free acid. White found that

3:4-diraethyl-I>-glucuronic acid consumed only one mol. of periodate
which is in agreement with the present results for 3:4-dimsthyl-D-
galacturonic acid. Greville and Sorthcote^^ found that 3:4-di-

methyl-D-glucose consumed only 1 instead of 2 mol. of periodate which

could be explained by assuming that the sugar reacts in the pyranose

configuration, although these authors consider that the immunity of
G5 and C6 to oxidation may only partly be due to the impossibility of
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the sugar assuming the furanose configuration. Application of this

concept to the uronic acids oxidised in the present work gives

figures which fit experimental results in the case of 4-msthyl-D-

rnannuronic acid, 3:4-diraethyl-.D-galacturonic acid, and 2:3:4-tri-

raethyl-D-glucuronic acid. In considering the results of the oxida¬

tion of the remaining uronic acids it must he borne in mind that if

an uronic acid having hyuroxyls at C3 and C4 reacts in the pyranose

form one of tns intermediates is a substance which contains activated

hydrogen and over-oxidation is therefore to he expected.

HO

COOH COOH

Ov

OH •H, OH > CliO OHOClio

This over-oxidation would be expected with D-galacturonic acid,
D-mannuronic acid, and 2-methyl-D-galacturonic acid, in all of which

the periouate consumption actually exceeds the figure predicted on

the hasis of pyranose configuration without over-oxidation. 2:3-

Dimethyl-D-glucuronic acid also consumes more periodate than would

he expected from the pyranose form although in this case over-oxidation

due to activated hydrogen is haraly to be expected.

BXPBaiMgMTAL

Buffer solutions were prepared according to Vegel,^82^ except
that sodium salts were used in all cases. The following buffer
solutions were us 3d: Ctotd o i M)
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Buffer A (pH 2*0} Toluane-p-sulphonie acid-sodium toluene-p-sulphonate.
Buffer B (»H 4«5) Acetic acid-sodium acetate.

Buffer C (i>H 5*3) Acetic acld-3odium acetate.

Buffer I) (pH 5 *3} Biaociium hydrogen phosphate-sodium dihydrogen

phosphate.

Buffer E (pH 7*0) Sodium dihydrogen phosphate-sodium hydroxide.

A typical oxidation is described in uetail below.

The substance (10-50 nig.; sufficient to give a back titration

difference of 10-20 ml.) was weighed accurately and dissolved in

about 40 ml. of the buffer solution at the appropriate temperature.

Sodium metaperiodate solution (0*097lf; 5 ml.) was added end the

volume made up to 50 ml, with buffer solution. At suitable inter¬

vals, portions of 10 ml. were withdrawn, saturated with sodium bi¬

carbonate, 10 ml. of 0*131 sodium arsenite and 1 g. of potassium

iodide added. The mixture was allowed to stand for 15 minutes after

the addition of the potassium iodide and then titrated quickly with

0.1U iodine solution, using starch indicator, until addition of 1

drop of iodine gave a blue colour which persisted for 5 seconds with

shaking. A blank experiment was treated similarly.
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■RESULTS

Uptake of Periodate (mol») toy Methyl g-D-Galactopyrano3iduronic

Methyl as tar.

Temperature 18° 0°

Buffer Sone A B G 2 B .Sarie B ig

l>H 2*0 4.6 5.3 5*3 7.0 4.5 7-0

Tine (hra.)

20

66

140

300

I

3-5 2-9 2-9 3-0 3-1 4-2

4.0 3*2 3*2 3-8 4.7 4.9

4-7 3*5 3*3 4.9 5»0 3«0

5.1 3-6 4-1 5-1 5-1 o.l

2.5 2.4 3.1

3 »0 3-0 4-7

3*1 3*0 4.9

4*0 4*0 5*0
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Uptake of Periodate (Mol._) joy JJronic Acid Derivatives .

Uronic Acid
Mol.

expected
Buffer B

pH 4 *5 Gy
I Buffer J3

pH 7-0, 18°

A B
90
hrs i?g toO SO

hrs
300
hrs

Me-a-33-galactopyranosiduronic Me eater 2 5 3-0 4 -0 5-0 5-1

Me-a-I)-galnctooyranosiuu ronamide 2 5 2-3 2*5 2-8 4-7

Me -a-J)-mannopyrano3i duronaraide 2 5 2-3 2-7 2*8 4 -7

Me 2-Me-a-D-galactosiciuronic Me ester 1 3 1-4 2-0 2-0 3-0

Me 4-Me-a-D-mannosiduronic Me ester 1 1 0 »9 1 *0 1 -0 1-1

Me 3:4-Me2-ot-I)-galactosiduronic Me ester 0 0 0*0 0*0 0-0 0 «0

Me 2:3-Me2-or-I)-glucoRiduronie Me ester 0 0 0*0 0-0 Q'O 0.0

Me 2:3:4-Me3-a-D-glucosiduronic Me ester 0 0 0-0 o.o 0-0 0.0

Me 2:3 :4-M03-a-h-mannosidurortic methyl-
amide

0 0 0.0 0 -0 0 *0 0-0

C a A

D-Galacturonic acid 5 3 5 3-3 3*6

D-Mannuronic acid 5 3 5 3-9 4-2

4-Me-D-mannuronic acid 3 2 2 2-0 2-1

2-Me-h-galacturonic acid 3 1 3 1.5 1.9

3;4-Me2-D-galacturonic acid 2 1 1 1-1 1.2

2;3-Me2-2-glueuronic acid 2 0 0 0*9 1 «2

2:3:4-Me3-D-glucuronic acid 1 0 0 0-0 0»0

A Without over-o^iuation

B With over-oxidation

0 Open-chain configuration

D Pyranose, without uver-oxidation

IS Pyranose, with over-oxidation.
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PA-PRR CHRPMATOGRAPHY OF UROMIC ACIDS

Although the paper chromatography of uronic acid3 has been

mentioned in the literature on a number of occasions,C4) there are

remarkably few reliable records of the Rq values of the uronic acid3
and their methyl ethers. There are probably two principal reasons

for this, firstly the scarcity of authentic specimens of the uronic

acids, and, secondly, the practical difficulties of "trailing" and

poorly defined spots. The various uronic acids prepared in the

course of this work were, therefore, examined on the paper chromato-

gram using various solvent systems and spray reagents. Prom pre¬

liminary experiments it appeared that all the systems containing acetic

acid behaved rather similarly and that for moat purposes the two types

of solvent system available were, on the one hand, those containing

acetic acid, typified by butanol-acetic acid-water, ana, on the other

hand, the butanol-formic acid-water system proposed by Akher, Smith,
(75)

and Spriestersbach. The properties of both of these solvent

mixtures change on standing owing to esterification of the acid by
(83 1

the butanol. Smith and Spriestersbach ' used paper impregnated

with alginic acid in order to overcome this difficulty but in the

present work consistent results were obtained by using an aged or

otherwise equilibrated mixture. Although rhamnose has been proposed

as a control substance for the paper chromatography of uronic acids,

it was found in the present work to be hopelessly erratic, its SG
value sometimes varying by over 50j£ under apparently identical con¬

ditions. Tetramethyl-11-glucose was found to give reasonably consis¬

tent results, the derived R^, values being generally within 2% of one
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another on different papers and at different times, using butanol-

aqueous foxmic acid. In the case of butanol-acetic acid-water,

however, results were less consistent the maximum variation in the

Hq value being about 6%. The formic acid system has certain other

advantages over the systems containing acetic acid: it is faster,

gives better separations, and is much less liable to cause badly

shaped spots or trails through incomplete de-ionisation. It is

noteworthy that the "heart-shaped spot" which is occasionally men-

(77)
tioned in the literature as being characteristic of uronic acids

has, in the present work been observed only with acetic acid-con-

taining solvents in the presence of inorganic cations. As a rule,

the spots are discrete and spherical or elliptical in outline.

Aqueous aniline oxalate and butanolic p-anisidine hydrochloride were

found to be the most generally useful spray reagents. With uronic

acids having a free hydroxyl at 02 these spray reagents give a b rown

or reddish-brown colour, whereas with acids substituted at C2 a

brilliant red or purple colour i3 produced.

The following table summarises the results obtained. Methyl

glycosiduronic acids were generally hyurolysed, prior to paper

chromatography, with H sulphuric acid at 100° for 24 hours in a

sealed tube, followed by neutralisation with barium carbonate,

filtration, and de-ionisation with cation exchange resin (Amberiite

IR-100-H or IR-120-H). Butanol-acetic acid-water (B) (40:10:50)
and butanol-formic acid-water (A) (500:115:385) were either kept at

room temperature for 14 days or boiled under reflux for 1 hour

before use.
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Uronic Acid Colour with
Aniline
Oxalate

Colour with
p-Anisiuine

HCX

Rg in
A

Rg il
B

D-Galacturonic Acid Brown Brown 0-03 0-15

D-Mannuronic Acid Brown Brown 0-05 0.16

D-Mannuronolactone Brown Brown 0.13 0-29

2-Me-D-Galacturonic Acid Orange-Bed Red-Purple 0.20 0.22

D-Glucuronolaetone Brown Brown 0-21 0-37

4-Me-D-Mannuronic Acid Red-Brown Red-Brown 0-25 0-29

3:4-Me2-D-Galacturonic Acid Red-Brown Red-Brown 0-43 0*46

2:3-Me2-D-Glucuronic Acid Orange-Red Red-Purple 0-47 0-56

2:3:4-Me3-D-Galacturonic Acid Orange-Red Red-Purple 0*63 0-61

2:3:4-Me3-D-Mannuronic Acid Orange-Red Red^Purple 0-79 0-80

2:3:4-Me3-D-Glucuronic Acid Orange-Red Red-Purple 0.84 0-84
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BUMMAHY

(1) Crystalline derivatives of 4-methyl-D-mannuronic acid have been -

prepared by methylation of methyl 2:3-isopropylidene-a-D-marmosid-

uronamide.

(2) Crystalline derivatives of 2:3:4-trimethyl-D-mannuronic acid

have been prepared by methylation of methyl a-D-mannosiduronarnide.

(3) Attempts to prepare the 4-toluene-p-sulphonate of methyl 2:3-

isopropylidene-a-fHnannosiduronamide as an intermediate in the

synthesis of 2:3-dimethyl-D-mannuronic acid have been unsuccessful.

(4) Crystalline derivatives of 2-methyl-D-galacturonic acid have been

prepared by raethylation of methyl 3:4-i3opropylidene-a-D-galactosid-

uronic methyl ester.

(5) Crystalline derivatives of 3:4-dimethyl-D-galacturonic acid have

been prepared by methylation of methyl 2-toluene-p-sulphonyl-a-D-

galactosiduronic methyl ester, followed by removal of the blocking

group.

(6) Crystalline derivatives of 2:3-dimethyl-D-glucuronic acid have

been prepared by oxidation of methyl 2:3-diraethyl-a-D-glucopyranoside.

(7) An attempt to prepare methyl 2:3-dibenzyl-a-D-glucosiduronic acid

by permanganate oxidation of methyl 2:3-dibenzyl-a-D-glucoside was

unsuccessful, the benzyl group being apparently unstable under these

conditions.

(8) The uronic acids and certain of their derivatives prepared in the

course: of this work have been oxidised with periodate under various

conditions.

(9) The paper chromatography of the uronic acids and their methyl

ethers has been studied.
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501. Synthesis of 2-O-Metliyl- and 3 : 4:-Di-0-methyl-D-galacturonic
Acid.*

By R. A. Edington and Elizabeth E. Percival.
Crystalline methyl (methyl 3 : 4-0-isopropylidene-a-D-galactosid)uronate

(B) has been synthesised from D-galactose. Methylation of (B) gave methyl
(methyl 2-0-methyl-3 : 4-0-isopropylidene-a-D-galactosid)uronate (C) which
was characterised by isolation of a crystalline amide, by oxidation to dimethyl
2-O-methyl-D-galactarate and by formation of the known crystalline diamide
thereof. Hydrolysis of (C) gave 2-O-methylgalacturonic acid which on
appropriate treatment gave the same diamide.

The crystalline 2-toluene-J>-sulphonyl derivative of (B) was prepared,
and removal of the fsopropylidene residue followed by methylation and
reductive fission of the toluene-J>-sulphonyl group gave methyl 3 : 4-di-O-
methyl-D-galactosiduronic acid. The methyl ester and its corresponding
amide and methylamide were also obtained.

Apart from their intrinsic interest the methyl ethers of galacturonic acid are of great
importance in the structural studies of the polysaccharides occurring in plant gums and
pectins and in certain bacterial polysaccharides. Methylation followed by hydrolysis of
these polysaccharides has led to a number of partially methylated galacturonic acid
derivatives (Luckett and Smith, J., 1940, 1106, 1506; Hirst, Hough, and Jones, J., 1949,
3145; Brown, Hirst, and Jones, J., 1949, 1761; Hough and Jones, J., 1950, 1199). In
addition G. A. Adams et at. (Canad. J. Res., 1950, 28, B, 753; Canad. J. Chem., 1951, 29,
109) isolated a monomethyl galacturonic acid from the hydrolysis products of the un-
methylated polysaccharide from the hemicelluloses of wheat. The present work is con¬
cerned with the synthesis of 2-0-methyl- and 3 : 4-di-0-methyl-galacturonic acid. Methyl
(methyl 2-0-methyl-a-d-galactopyranosid)uronate (I; R = Me) has been synthesised

(jl02Me H-Q-OMeH-(I'OMe

H-<j.-OR
HO-(

I
HCHf'H
H-(

XbMe

H-C'OMe H-C^-OH
HOC-H MeO-C-H

HO-C-H MeO(j>H
-O H-<|>OH H-C O

C02Me G02Me
"(I) (II) (III)

previously by Jones and Stacey (/., 1947, 1340) from 1:2:3:4-tetra-O-acetyl-6-0-
tritylgalactose, which on removal of the trityl residue and oxidation gave 1:2:3:4-
tetra-O-acetylgalacturonic acid. Hydrolysis of the acetyl groups and treatment with 1%
methanolic hydrogen chloride then gave methyl (methyl a-d-galactosid)uronate (I;
R = H). The hydroxyl groups at C(3) and C(4) were blocked by an fsopropylidene residue
and methylation followed by hydrolysis gave methyl (methyl 2-0-methyl-d-galactosid)-
uronate in approximately 7-5% overall yield. The present synthesis differs in the earlier
stages and gives a 20% overall yield. 1 : 2-3 : 4-Di-O-fsopropylidene-d-galactose was
oxidised with permanganate, giving crystalline potassium 1 : 2-3 : 4-di-O-fsopropylidene-
d-galacturonate monohydrate. This was converted into the crystalline free acid mono-
hydrate which when boiled in dry methanol with cation-exchange resins furnished crystal¬
line methyl (methyl a-d-galactosid)uronate. Although different conditions for the sub-

* For nomenclature, see 1952, 5108, especially rules 9, 20, 26, 27, and 28.



stitution and for the removal of the fsopropylidene residue have been used, the subsequent
stages were the same as those employed by Jones and Stacey (loc. cit.). In the present
experiments the syrupy methyl (methyl 2-<9-methyl-3 : 4-0-fsopropylidene-a-d-galacto-
pyranosid)uronate was characterised by the isolation of a crystalline amide and by-
oxidation to dimethyl 2-0-methylgalactarate (II). This, on appropriate treatment, gave
the known crystalline diamide. Hydrolysis of the fsopropylidene and glycosidic and
ester methoxyl groups from methyl (methyl 2-0-methyl-3 :4-O-isopropylidene-a-d-
galactopyranosid)uronate and oxidation of the resulting 2-O-methyl-d-galacturonic acid
with bromine water gave the same dimethyl ester which after treatment with methanolic
ammonia furnished the above-mentioned crystalline diamide.

Crystalline methyl (methyl 3 : 4-di-0-methyl-a-d-galactopyranosid)uronate (III) has
been synthesised by blocking position 2 in crystalline methyl (methyl 3 : 4-0-isopropyl-
idenegalactosid)uronate with a toluene-/>-sulphonyl group. Hydrolysis of the fsopropyl-
idene residue followed by methylation gave crystalline methyl (methyl 3 : 4-di-0-methyl-
2-0-toluene-/>-sulphonylgalactosid)uronate. Reductive fission of the toluene-/>-sulphonyl
group with sodium amalgam and separation from the toluenesulphinic acid and metallic
ions by adsorption on ion-exchange resins followed by preferential elution led to the
isolation of crystalline methyl 3 : 4-di-0-methylgalactosiduronic acid. Treatment with
methanolic hydrogen chloride furnished the methyl ester (III) as long needles, and appro¬
priate treatment gave a crystalline amide and methylamide. It was converted into
crystalline methyl (methyl-2 : 3 : 4-tri-0-methyl-x-d-galactopyranosid)uronate. Hydrolysis
of (III) followed by oxidation gave crystalline diethyl 3 : 4-di-O-methylgalactarate. The
corresponding crystalline dimethyl ester and diamide were isolated.

Experimental

Methyl (Methyl a.-B-Galactopyranosid)uronate.—D-Galactose (80-0 g.) was converted into
1 : 2-3 : 4-di-O-wopropylidene-D-galactose by the method described by Ohle and Berend (Ber.,
1925, 58, 2585). The syrupy product, when distilled in a high vacuum, had b. p. 130—170°/0-03
mm., wf? 1-4657 (yield, 55-3 g., 76%), [a]" —51° (c, 1-2 in H20) [Found : COMe2, 44-9. Calc.
for C12H20O6 : COMe2, 44-6%).

Oxidation of this syrup (55-0 g.) by potassium permanganate as described by Ohle and
Berend (loc. cit.) gave potassium 1 : 2-3 : 4-di-O-wopropylidene-D-galacturonate monohydrate
(48 g., 70%), m. p. 200° (decomp.), [a]" —70° (c, 2-0 in H20) (Found : C, 43-3; H, 5-5; COMe2,
36-0. Calc. for C12H1,07K,H20 : C, 43-6; H, 5-8; COMe2, 35-2%). 1 : 2-3 : 4-Di-O+so-
propylidene-D-galacturonic acid was obtained by treatment of this (16 g.) with cation-exchange
resins (Amberlite I.R. 100-H) (24 g.) in distilled water (200 c.c.) for 6 hr. The resins were
removed by filtration and the filtrate was passed through a column (250 x 18 mm.) of the same
resin. Removal of part of the water gave the acid as colourless crystals (12-7 g., 91%), m. p.
158°, [a]" —79° (c, 0-9 in CHC13) (Niemann and Link, J. Biol. Chem., 1934, 104, 197, record
m. p. 157°, [a]c -84°) (Found: C, 50-1; H, 6-9; COMe2, 40-0; C02, 16-1. Calc. for
Ci2H180„H20 : C, 49-3; H, 6-9; COMe2, 39-8; CO?, 15-1%).

1 : 2-3 : 4-Di-O-Mopropylidene-D-galacturonic acid monohydrate (13-9 g.) was boiled for
24 hr. with dry methanol (200 c.c.) containing cation-exchange resins (Amberlite I.R. 100-H).
Removal of the resins and evaporation gave a colourless syrup which on trituration with ethanol
partly crystallised (3-6 g., 32%). Repeated treatment of the mother-liquor with methanol
and resins brought the total yield of crystalline methyl (methyl a-D-galactosid)uronate to
7-48 g. (66%), m. p. 145°, [a]" +121° (c, TO in H2OJ (Jones and Stacey, loc. cit., record m. p.
147°, and Niemann and Link, loc. cit., [a]D +121°) (Found : C, 39-9; H, 6-6; OMe, 26-5. Calc.
for C8H140„H20 : C, 40 0; H, 6-7; OMe, 25-8%).

Methyl (Methyl 3 : £-0-isoPropylidene-a.-v-galactosid)uronate.—Methyl (methyl a-D-galacto-
sid)uronate monohydrate (3-6 g.) was shaken for 120 hr. with dry acetone (250 c.c.) containing
acetaldehyde (2 drops) and anhydrous copper sulphate (30 g.). A white solid was obtained
which on recrystallisation from light petroleum (b. p. 60—80°) gave colourless needles (3-62 g.,
94%), m. p. 113—114°, [a]„ +117° (c, 1-2 in H20) (Jones and Stacey, loc. cit., record m. p. 107°,
[a%° +118°) (Found: C, 50-8; H, 6-7; OMe, 23-2. Calc. for CnH1807 : C, 50-4; H, 6-9;
OMe, 23-7%).

Methyl (Methyl 2-0-Methyl-x-D-galactopyranosid)uronate.—The foregoing isopropylidene
compound (3-8 g.) was methylated thrice with methyl iodide and silver oxide, and the product



distilled (b. p. 120—130°/0-l mm.) as a colourless syrup (A) (2-70 g., 72%), n]J 1-4622, [a%6
+ 103° (c, 0-7 in H20), +114° (c, 0-8 in MeOH) (Found : C, 52-8; H, 7-4; OMe, 33-3. Calc.
for C12H20O7 : C, 52-2; H, 7-3; OMe, 33-7%). This was characterised by conversion into the
crystalline amide by treatment with methanolic ammonia. After recrystallisation from ethanol-
light petroleum (b. p. 60—80°) the crystals had m. p. 123—124°, [<x]e +70° (c, 1-1 in HaO)
(Found: C, 49-9; H, 7-1; N, 5-0; OMe, 23-7. C1]LH1906N requires C, 50-6; H, 7-3; N, 5-4;
OMe, 23-8%).

Mild hydrolysis of the isopropylidene residue was carried out in three ways : (1) A solution
of the syrup (A) (2-48 g.) in methanol (50 c.c.) containing water (0-20 c.c.) was shaken with dry
cation-exchange resins (Amberlite I.R. 100-H) (1-5 g.) for 6 days. Filtration and removal of
the solvent gave methyl (methyl 2-0-methyl-a-D-galactopyranosid)uronate as a colourless
syrup (2-18 g., 98%), n]J 1-4680, [a]D +105° (c, 0-7 in MeOH), +113° (c, 0-8 in H20) (Jones
and Stacey, loc. cit., record nD 1-4732, [a]!? +80°) (Found : C, 45-3; H, 6-9; OMe, 39-7. Calc.
for C9H160, : C, 45-8; H, 6-8; OMe, 39-4%). (2) Similar treatment of (A) for 48 hr. at 50°
gave a syrup (98%), [a]D +97° (c, 0-7 in MeOH). (3) Treatment of (A) with 0-5% methanolic
hydrogen chloride at 70° for 70 min. gave a syrup (98%), n" 1-4679, [a]" +4-0° (c, 1-7 in HzO)
(Brown, Hirst, and Jones, J., 1949, 1761, record [a]D +21° in H20). The derived amide, after
recrystallisation from ethanol-ether, had m. p. 174—175°, [a]" +60° (c, 1-3 in HaO) (Jones and
Stacey, loc. cit., record m. p. 174°, [a%8 +55° in EtOH) (Found: C, 43-8; H, 6-6; N, 6-8;
OMe, 28-4. Calc. for C8HI506N : C, 43-4; H, 6-8; N, 6-3; OMe, 28-1%).

Characterisation of Methyl (Methyl 2-O-Methyl-S : 4-O-isopropylidene- and 2-O-Methyl-ai-v-
galactosid)uronate.—A portion of the syrup (A) (0-12 g.) was oxidised with nitric acid (d 1-3)
by raising the temperature from 40° to 80° during 15 min., and then kept at 80° for 10 min.
After removal of the nitric acid by distillation under diminished pressure, with frequent
additions of water, the product was esterified by boiling it for 6 hr. with methanolic hydrogen
chloride (4%). The resulting ester, dimethyl 2-O-methyl-D-galactarate, gave on distillation
a syrup (0-07 g.), b. p. 160—180°/0-1 mm., from which a crystalline diamide, m. p. 205° (decomp.),
was obtained on treatment with methanolic ammonia for 48 hr. at 0° (Jones and Stacey, loc.
cit., record m. p. 200°; Brown, Hirst, and Jones, loc. cit., give m. p. 195° for this product from
methylated Cholla gum; Hough and Jones, loc. cit., give m. p. 207° for the same derivative
from methylated gum from Sterculia setigera).

The syrup (A) (0-3 g.) was hydrolysed with 0-2N-sulphuric acid at 100° until the rotation
was constant ([a]D +36°; 48 hr.). Neutralisation was effected with barium carbonate and
2-O-methyl-D-galacturonic acid was obtained as a colourless syrup ([a%8 +42°), after elution
through a column (160 x 12 mm.) of cation-exchange resin (Amberlite I.R. 120-H). Oxidation
with bromine, followed by ester formation, furnished dimethyl 2-O-methyl-D-galactarate which
had n5? 1-4640, [«]JJ +34° (c, 3-0 in HaO). The diamide prepared as above had m. p. 205°
(decomp.) (Found: C, 37-8; H, 6-2; N, 11-6; OMe, 14-9. Calc. for C7H1406N2 : C, 37-8;
H, 6-4; N, 12-6; OMe, 14-0%).

Methyl (Methyl 3 : 4:-0-isoPropylidene-2-0-toluene-p-sulphonyl-<x.-T>-galactosid)uronate.—The
above-mentioned isopropylidene derivative, m. p. 113—114° (0-931 g.), was dissolved in dry
pyridine (20 c.c.) and kept with " Drierite " (12 g.) at 0° for 20 hr. Toluene+>-sulphonyl chloride
(1-6 g.) in dry pyridine (10 c.c.) was added in small portions during several hours, the mixture
being kept at 0°. The solution was then set aside for 24 hr. at 0°, for 24 hr. at 15°, and for
72 hr. at 30° (unless these conditions are observed the yield is much diminished). The mixture
was cooled to 0°, the "Drierite" removed by filtration, and water (100 c.c.) cautiously added
with constant cooling. Methyl (methyl 3: 4=-0-isopropylidene-2-0-toluene-p-sulphonyl-a.-o-
galactosid)uronate (B) was deposited as colourless needles (1-02 g.), m. p. 157—158°, [ajjJ +122°
(c, 1-1 in MeOH), +117° (c, 2-2 in CHC13) (Found: C, 52-0; H, 5-5; S, 8-1; OMe, 14-6.
C18H24O0S requires C, 51-9; H, 5-8; S, 7-8; OMe, 14-9%). After removal of the crystals,
extraction of the aqueous filtrate with chloroform and removal of the solvent gave a further
yield (0-23 g.) of crystals (total yield, 1-255 g., 85%).

Methyl (Methyl 3 : 4:-Di-0-methyl-2-0-toluene-p-sulphonyl-a-D-galactosid)uronate.—The
crystals (B) (1-345 g.), dissolved in 1% methanolic hydrogen chloride (130 c.c.), were kept at
30° for 30 hr. After neutralisation with silver carbonate methyl (methyl 2-O-toluene-p-sulphonyl-
a.-T>-galactosid)uronate (C) (1-18 g., 97%) was obtained. After recrystallisation from aqueous
methanol it had m. p. 71°, [a]J? +61° (c, 1-1 in CHC13) (Found : C, 45-8; H, 5-7; S, 8-4; OMe,
15-2. C15H20O9S,H2O requires C, 45-7; H, 5-6; S, 8-1; OMe, 15-7%). Methanolic anhydrous
ammonia quantitatively converted the ester into the amide which crystallised on removal of
the solvent. The amide after recrystallisation from methanol had m. p. 94—95°, [a]" +67°



(c, 0-5 in CHC13) (Found: C, 45-1; H, 5-6; N, 3-5; S, 8-1; OMe, 8-2. CuH1908NS,H20
requires C, 44-3; H, 5-6; N, 3-7; S, 8-4; OMe, 8-2%).

The product (C) (1-18 g.) was methylated four times with methyl iodide and silver oxide.
The resultant dimethyl ether (1-21 g., 96%) was dissolved in warm ethanol and crystallisation
induced by the addition of water. After recrystallisation from aqueous methanol it had m. p.
83°, n$ 1-4900, [a%7 +82° (c, 1-1 in CHC13), +88° (c, 2-4 in EtOH) (Found: C, 50-2; H, 5-8;
OMe, 29-5; S, 81. C17H240„S requires C, 50-5; H, 6-0; OMe, 30-7; S, 7-9%).

Methyl 3 : ^-Di-O-methyl-a-o-galactosiduronic Acid.—Anion-exchange resin (Amberlite
I.R.A. 400-OH) was packed into four short glass tubes (60 x 10 mm.) which were arranged
alternately with three similar tubes containing cation-exchange resin (Amberlite I.R. 120-H)
to form a column, and the whole washed with distilled water (300 c.c.), with ethanol (200 c.c.),
and with methanol (200 c.c.).

Methyl (methyl 3 : 4-di-0-methyl-2-0-toluene-^-sulphonyl-a-d-galactosid)uronate (1-2 g.),
dissolved in methanol (20 c.c.), was stirred at room temperature with 0-25N-aqueous sodium
hydroxide (12 c.c.) during 30 min.; thereafter sodium amalgam (4% ; 15 g.) was added during
6 hr. with continuous stirring. The mixture was stirred for a further 18 hr. and then the solids
were removed by filtration and washed with methanol. After treatment with solid carbon
dioxide the combined filtrates were evaporated to dryness and a white solid was obtained which
was repeatedly extracted with dry methanol under reflux. The cooled methanolic extracts
(200 c.c.) were passed through a column, prepared as described above, 3—4 c.c. of eluate being
collected during a minute, and, after complete elution, the eluate was recycled through the
column which was finally washed with methanol (100 c.c.). Removal of the solvent from the
combined eluate and washings gave a syrup (0-03 g.) which was discarded. The column was
dismantled and the portions containing the anion-exchange resin reassembled and eluted by
slow passage (60 hr.) of 2% formic acid in methanol (500 c.c.). Removal of solvent from the
eluate, under reduced pressure, gave methyl 3 : 4-di-O-methyl-tx-n-galactosiduronic acid as a
colourless syrup (0-613 g., 87%) which crystallised spontaneously. Recrystallised from ethanol-
light petroleum (b. p. 60—80°) it had m. p. 154—155°, [a]i? +158° (c, 1-3 in CHC13), +156°
(c, 1-3 in MeOH), +163° (c, 1-3 in H20) (Found: C, 46-4; H, 7-0; OMe, 38-4. C9H1607
requires C, 45-8; H, 6-8; OMe, 39-4%).

Methyl (Methyl 3 : i-Di-0-methyl-a.-r>-galactosid)uronate.—Methyl 3 : 4-di-O-methyl-a-d-
galactosiduronic acid (0-375 g.), dissolved in methanolic hydrogen chloride (1%: 32 c.c.), was
kept at 30° for 48 hr. The solution was neutralised with silver carbonate, and the filtrate after
evaporation to dryness at 40°/15 mm. furnished a crystalline ester. Recrystallisation from
light petroleum (b. p. 60—80°) gave needles of methyl (methyl 3 : 4:-di-0-methyl-<x-v>-galactosid)-
uronate (0-378 g., 95%), m. p. 113—114°, [a]" +165° (c, 0-4 in CHC13) (Found : C, 48-0; H,
7-1; OMe, 49-8. C10H18O7 requires C, 48-0; H, 7-25; OMe, 49-6%). The crystalline amide
and methylamide were prepared by treating the ester, in the usual manner, with methanolic
ammonia, and with methanolic methylamine respectively. The amide, after trituration with
ethanol, had m. p. 130—131°, [a]" +108° (c, 1-1 in EtOH). The methylamide, obtained as
prisms on recrystallisation from acetone, had m. p. 205°, [a]" +116° (c, 0-6 in HaO) (Found :
C, 48-5; H, 7-5; N, 5-8; OMe, 38-8. C10H19O6N requires C, 48-2; H, 7-7; N, 5-6; OMe,
37-4%).

The ester (0-018 g.) was methylated twice with methyl iodide and silver oxide, and crystalline
methyl (methyl 2:3: 4-tri-0-methyl-a-d-galactopyranosid)uronate (0-019 g.) was obtained.
It had m. p. 71—72° (after sublimation in vacuo) alone and admixed with an authentic specimen.

Diethyl 3 : k-Di-O-methylgalactarate.—The foregoing dimethyl ether ester (0-294 g.) was
hydrolysed at 100° with sulphuric acid (20 c.c., 0-2n), the rotations observed being [a]d +160°
(0 hr.), +118° (3-5 hr.), +112° (6-5 hr.), +100° (24 hr.), +90°.(31 hr.), +84° (48 hr., const.).
The solution was neutralised with barium carbonate and filtered through a well-washed bed of
charcoal-" Filter Cel," and barium ions were removed by passage of the filtrate through a
column (300 x 10 mm.) of Amberlite (I.R. 120-H) ion-exchange resin. The clear eluate was
concentrated to a colourless syrup, n]} 1-4615, [a]B +87° (c, 1-2 in EtOH), +93° (c, 1-3 in H20).
The syrup (0-22 g.) in water (15 c.c.) was oxidised with bromine (2 c.c.) at 40°, the rotations
observed being [a]B +93° (0 hr.), 80° (1 day), 60° (3 days), 23° (5 days), 15° (8 days, constant).
After removal of the water and hydrobromic acid under diminished pressure with frequent
addition of ethanol the syrupy residue was heated in hydrochloric acid (10 c.c.; 0-2n) at 100°
for 50 hr. by which time the rotation had fallen to +8°. Further treatment with bromine
(2 c.c.) for 3 days at 40° gave a solution with [a]D +0°. Removal of the water and hydrobromic
acid as above gave crystalline diethyl 3 : 4-di-O-methylgalactarate. Recrystallisation from



aqueous acetone gave flat plates, m. p. 148—149°, [a]D ±0° [Found: C, 49-4; H, 7-4; OR
(as OMe), 42-2. C12H2208 requires C, 49-0; H, 7-5; OR'(as OMe), 42-2%]. Treatment with
methanolic hydrogen chloride (1-5%) at 60° for 16 hr. gave a crystalline product. Recrystal-
lisation from acetone-light petroleum (b. p. 60—80°) furnished dimethyl 3 : i-di-O-methyl-
galactarate as needles, m. p. 172—173°, [a]D ±0° (Found : 44-8; H, 6-7. C10H18O8 requires
C, 45-1; H, 6-8%). The derived diamide, after recrystallisation from methanol, had m. p.
230° (decomp.), [a]D ±0° (Found : N, 11-9. C8H1606N2 requires N, 11-9%).
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