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INTRODUCTION

The uronic acids are hexose derivatives which occur widely
in nature and shich differ from the simple sugars in having a
carboxylic group in the terminal position. Three unsubstituted
uronic acids, D-glucuronic, De-galacturonic, and D-mannuronic

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

COOH COOH COOH

Ho A0V N
H, OH KJ’I \:i’, OH K‘H 110 iI, OH
’/ HO

D=-Glucuronic Acid D-Galacturonic Acid D-Mannuronic Acid

acid occurs in certain bacterial polysaccharides(l), in the gums

and hemicelluloses of higher plants(2’3'4), in the mucopolysac-

charides of animals(ﬁ). and in the products of detoxification of
phenols and sterols by mammals(s). D=Galacturonic acid is found

in the guma(v), seed mucilagee(s), and pectic materials(7) of many
higher plants and in a number of bacterial polysaccharidea(l).
Alginic acid(s'g), 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 isoc=-
lated from several sources has been characterised as 4-methyl=-D=-
glucuronic acid(lo). In adéition, an unidentified monomethyl ether
of galacturonic acid has been found by Adams and Castagno(ll) in the
hydrolysate of an unmethylated polysaccharide from the hemicelluloses

of wheat. Hydrolysates of methylated polysaccharides, however, have



been the source of the majority of the known methylated uronic acids.

(12) (13)

2:3=Dimethyl derivatives of D=-glucuronic , D=-galacturonic , and
D-mannufonic(s) 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 acida(8*14'l5)and 2:3:5-trimethyl-D-galacturonic acid(ls)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
. recently been obtained from two sources, methylated glycyrrhinic acid(lsz
a disaécharide'composed of two glucuronic acid residues, and methylated
sapote gum(lv). 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 acids may be prepared by hydrolysis

of natural producta(ls)

or by synthetic means. Synthetically the two
alternative methods are the reduction of the monolactone of a glycaric

acid(lg) or the oxidation of the primary alcoholic group of an aldo-

hexose:
CHQH~—1 CO
R 0O — Q
CHoOH COOH ' COOH
Aldohexosge Uronic Acid Glycarolactone

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

hydroxyl free and all the others suitably protectad(zo'ZI'zz). 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 hydroxyl groups may be unprotected.(23)
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(24). but it is of very limited application. Of the
8ix possible fully methylated uronic a cids, five have been synthesised,
2:3:4-Trimethyl-D-glucuronic acid(25), 2:3:4=-trimethyl-J-mannuronic
ac1d{®®) ang 2:3:4- and 2:3:5-trimetnyl-D-galacturonic acids(2®+26)
have been prepared by oxidation of the corresponding methyl trimethyle

hexosides. In addition, 2:3:4-trimethyl=-D-mannuronic acid(2?2 2:53:4=-

(15,28) , and 2:3:4-trimethyl-D-glucuronic

trimethyl -D-galacturonic acid
acida(ag) 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-methyl uronic

acids theoretically possible, only three have been synthesised.

3-Methyl-D-glucuronic acid has been prepared in two ways. In 1924,



Levene and Eeyer(24) reduced 3-methyl-D-glucarolactone, presumably

to 3-methyl-D-glucuronic acid, but they were unable to characterise
their product satisfactorily. HMore recently, Marsh(so)aubjected
3-methyl-l:2-isopropylidene-D-glucofuranose to catalytic dehydrogena=-
tion with platinum black in the presence of oxygen. Again the
product was a syrup which was difficult to characterise. 2:5«0i-
methyl-D—glucurqnic acid has been prevared on several occasions(31'32)
by methylation of J-glucurone, the stable lactone of D-glucuronic acid,
or of the derived methyl furanoside. Lastly, in 1947, Jones and

(33) synthesised 2-methyl-D-galacturonic acid by a method which

Stacey
consisted essahtially of methylation of methyl 3:4-isopropylidene-a=
D-galactosiduronic methyl ester, followed by hydrolysis.

The properties of a uronic acid combine those of an aldohexose
with those of a polyhydroxycarboxylic acid. The reducing group reacts
with alcohols in the usual manner, and examples of furanosides and
pyranosides(la), and of both anomeric forma(34), 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 disaccharide containing one uroniec
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.
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Aldobiuronic Acid

Several aldobiuronic acids have been isolated from natural sources

(35,36) (36)

and two have been synthesised In 1952, for instance, Bishop

synthesised an aldobiuronic acid containing D-glucuronic acid linked
to the 3 position of U=-xylose by condensing the acetylglycosyl bromide
of D-glucﬁronic acid with an appropriately substituted derivative of

D-xylose. He was unable, howeﬁer. 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 ne 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 eiffect of the carboxylic
group. The important group of nitrogeneus derivatives, including
osazones, hydrazones, and arylglycosylamines, is less satisfactory for
the characterisation of uronic acids since the product is apparently a
mixture of the desired product with the corresponding amine salt or
amide. dnhen the reducing group of a uronic acid is protected by
glycoside formation the product behaves as a simple hydroxy=-carboxylic
acid. If it is sterically possible a lactone(sv) is formed, and the

metallic salts, alkyl esters, amides, and substituted amides, are



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-
eterisation; they are stable, readily recrystallised, have sharp
melting points, and are easily converted back into the glycosiduronic
acid. The comparative stability of the glycosidic group of the
glycosiduronic 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 configuration of the glycosidic
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(ss’ss)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 bromina(34), or of the
glycosiduronic acid or ester with nitric acid(lz), was, until the
introduction of lithium aluminium hydride reduction, the most widely
used method for the characterisation of uronic acids. The resulting
glycaric acids generally give easily crystallisable diamides, and
they may conveniently be synthesised 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-



galactaramidas(l3‘34'5a) nave melting points between 228° and 230°.
Moreover, the "melting points" are in fact decomposition temperatures
and are therefore not entirely suitable for mixed melting 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 aldohexose and it is therefore pos-
sible to carry out all four reactions correlating the aldohexoses,

uronic acids, and glycaric acids:

CHO CHO COOH
—_— 4
CHgoOH COOH COOH
Aldohexosge Uronic Acid Glycaric Acid

The reagents which have been used for the reduction of uronic acids are

(39). In both

1ithiun aluminium hydride1®)and sodium borohydride
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 partiCularlycoﬁveniant 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,
Ivery 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



acid should be isolated as a crystalline, and consequently single,

(10). Unfortunately, however, the numnber

substance before reduction
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.(4°) it was decided to attempt the preparation of a

number of new methylated derivatives of the three common urcnic acids

and to study their general properties, including neriodate oxidation.
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DERIVATIVES OF D-MANNURONIC ACID

DISCUSS ION

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

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

The only derivative of this type known at the commencement of this
work was an amorphous potassium salt prepared by Ault, Haworth, and
Hirst(z?) by oxidation of methyl 2:3~-isopropylidene=-g-D-mannopyranoside.
ethyl a-D-mannopyranoside, prepared conveniently from carcb 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 ester of
methyl a-D-mannopyranoside was prepared and condensed with acetone in
the usual manner. Neither this isopropylidene derivative nor the

Corresponding 2:3-benzylidene acetal was crystalline, however, and
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in view of the fact that the methyl 6-toluene-p-sulphonyl-g=-D-
mamnopyranoside was also a syrup this scheme was abandoned.

Attention was next directed to the preparation of a derivative
of mannuronic acid which might be condensed with acetone. In 1944,
Stacey and Wilson(57)oxidised methyl 2:3:4-triacetyl-u=D-mannoside
to the corresponding uronic acid. Their product was s 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 crystallisable derivatives. Methyl 2:3:4-tribenzoyl=-
6-toluene-p-sulphonyl -a-D-mannoside, a substance first obtained by
Haskins, Hann, and Hndsan(ﬁv), was preparéd in improved yield, but
attempts to reuwove the toluene-p-sulphonyl group by reduction, as dese
cribed for certain carbohydrate sulphonates by Kenner and Hurray(sa),
were unsuccessful except when conditions were drastic enough to cause
more extensive changes. The toluene=-p-sulphonyl group was easily
replaced by iodine(sg) but the latter could not be replaced directly
by hydroxyl. hGventually, methyl 2:3:4-tribenzoyl-a-D-mannoside was
prepared by replacement of the iodo group by nitrate(sg), followed by
reductive de-nitration(sc). 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=-U-mannopyranoside was
treated successively with triphenylchloromethsne and benzoyl chloride
in pyridine. The product, methyl 2:3:4-tribenzoyl-6-triphenylmethyl=
a~D=mannoside, crystallised out in good yield from the reaction mixture.

As originally obtained or after recrystallisation from aqueous pyridine
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the product éontainad one molecule of firmly held pyridine of
crystallisation and analogous compounds containing chlcroform 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(éa) and the crystalline
tribenzoate was obtained in high yield. Oxidation with potassium

(21) gave crystalline methyl

permanganate in acetic acideacetone-water
2:3:4-trivenzoyl ~q=D-mannosiduronic acid, from which the crystalline
methyl ester was easily obtained. In preliminary experiments

(51), using a catalytic amount

debenzoylation by the Zemplén procedure
of sodium methoxide, followed by esterification, gave syrupy methyl
a-Dw&annopyranosidurenic methyl ester, ammonolysis of which gave a
crystalline amide. In a later experiment debenzoylation and amide
formation were: carried out simultaneously with methanolic ammonia.

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

isopropylidene-c-D-manmopyranosiduronamide, which was also prepared

CONHo
i~

from the syrupy methyl ester by acetone condensation followed by
ammonolysis. Methaylation with silver oxide and methyl iodide gave
a crystalline product which analysed as methyl 4-methyl-2:3-iso-
'propylideng~-g=-Demannosiduronic methylamide. The presence of the

methylamide grouping was confirmed by conversion to the methyl ester
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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-Demannaric acid (which by reason of the
symmetry of the mannaric acid molecule iz identical with 3-methyleD-
mannaric acid), isolated as the crystalline diamide.

By methylation with methyl iodide and silver oxide of methyl
a=D=-mannopyranosiduronamide, methyl 2:3:4-trimethyl-a-D-mannosidurcnic
methylamide was prepared as a crystalline solid, 2:3:4=-Trimethyl=D=
mannuronic acid has been synthesised on two previous occaaians(25'27),
but no crystalline derivativeé except the trimethyl glycaramide were
isolated. In the present instance the methylamide was further
characterised, after hydrolysis and oxidation, as crystalline 2:3:4-
trimethyl-D-mannaramide, m.p. 211° (decomp.), undepressed on admixture
with an authentic specimen.

As the first stage in the preparation of 2:3-dimethyl-D-mannuronic
acld, the preparation of the toluene-p-sulphonyl ester of methyl 2:3=
isopropylidene-ag~-D-mannopyranosiduronamide seemed to be the obvious
route to fellow. The conditions which were employed succéssfully in
the preparation of methyl 3:4~-isoprepylidene-2~-toluene=p-sulphonyl-g=-
D-galactosiduronic methyl ester were, however, quite unsuccessful in
the present instance. From numerous experiments under widely varying
conditions only a minute guantity of sclid was isolated on two

occasions and this synthesis was abandoned in the meantime,



DZRIVATIVES OX D=-MAINJRONIC ACID

p-D-Manrosan 2:3-1a propylidene-N- 4-Methyl-2:3-1a0prop-
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DERIVATIVES OF

D-MANNURONIC ACID
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EAPHERIMENTAL .

Pyrolysis of Ivory Nut Mannan.

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

full Meker flame under 15 mm, pressure, using the apparatus of EKnauf,
Hann, and Hndson(sz). Two batches of 100 g. turmings were treated

in this way, two hours bteing required for complete pyrolysis in each
case, The combined pyrolysates were shaken with charcoal, filtered,
and evaporated to & 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 syrup which failed to
crystallise. In order to reduce the time required for complete
pyrolyeis, the ivory nut shavings were hammeremilled, giving a fine
powder which on pyrolysis reacted completsly within 45 minutes.

Again, however, the final product was a dark syrup which did not
crystallise. In a further experiment the pyrolysate was neutraliged
with bVarium carbonate before evaporation and condensation with acetone,
The product was a brown syrup which partly crystallised: the crystals
could not be separated successfully from the tarry syrup, and in view

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

further examined.

Preparation of Methyl a-D-Mannopyranoside from Carob Gum.

0-5K§ Sulphuric acid (500 ml,) was 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 houra(ss). After filtrae-
tion, the residue was washed with hot water and the combined filtrates
neutralised with calcium carbonate. The calcium salts 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% methanolic
hydrogen chloride (400 wl.,). 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 (260 ml.) and dried in vacuo over potassium hydroxide.
After recrystallisation from ethancl or aqueous acetone, methyl a-
D-mannopyranoside had m.p. 194-185°,

Found: OMe, 15°8. Calc. for CqHy,04: OMe, 16-0%.

The carob gum was supplied by Messrs. Bllis Jones, Stockport,
and appeared to be of varizble quality. From three different batches
of gum the yields of pure methyl a-D-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{83) obtained 44-50 g./100 g. dry gum. The water
content of the gum (determined by drying at 110° to constant weight) was
about 157 and the residue obtained after hydrolysis accounted for about
20-30% of the undried gum.

Preparation of Methyl a-D-Mannopyrencside from D-Msnnose

D-Mannose (98 g.)} was heated under reflux for 18 hours with 0.5%

methanolic hydrogen chloride (1500 ml;). The solution was cooled and
the resulting crystals (78-5 g,) filtered off, washed with methanol
(100 ml,) and dried in vacuo over potassium hydroxide. The filtrate
and washings were neutralised with silver carbonate and the neutral
filtrate and washings cohcentrated (100 ml,). After standing over=-
night the crystalline solid (22 g. Total 100:5 g., 95% of theoretical)

was filtered off, washed with methanol (50 ml.) and dried.



Condersation of Methyl g-D-Mannopyrancside with Acetone

(a) Methyl a-D-mannopyraenoside was shaken with acetone,
anhy&fous copper sulphate and acetaldehyde for 120 hoursg4l)fhe
product was a syrup from which methyl 2:3-4:6-di-O-isopropylidene=-
a=D-mannoside was obtained as a crystalline solid, m.p. 73-76° (yisld
80% and 85% of theoretical in different experiments). No other

product was obtained.

(b) Pinely powdered methyl a-D-mannopyranoside (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 petroleuﬁ under reflux. The extract was discarded and
the residual syrup extracted with cold acetone containing 5% light
petroleunm. A crystalline residue of methyl o=~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 = single spot of the same spced as

authentic methyl 2:3-4:6-di-O-isopropylidene-g-D-mannoside.

(¢) Finely powdered methyl a-D-mannopyranoside (10 g.) was mixed
intimately with cation exchange resin Dowex 50 (17 g., 200-400 mesh;
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:



crystalline methyl u=-D-mannopyranoside (1-35 g., m.p. 191-194°) was
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

(L35 g., m.p. 121-123°) identified as 2:3-5:6-di-O-isopropylidene=
U=mannofuranose. Concentration of the mother liquor yielded

crystalline methyl 2:3-4:6-di~0-isoprnpy1idene-a-D-mannoside (2.6 g. ).
The syrup (31 g.) remaining after extraction with light petroleum

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

were identified, by comparison with controls, as mannose (trace; Rqe
0+12); methyl c-mannopyranoside (RG 0+:30); 2:3-5:6-di=-0O-isopropylidene=-
manno furanose (R; 1:00); and methyl 2:3-4:6-di-O-isopropylidene-g=
mannopyranoside (Rg 1:04). A fifth component, Ry 0:60 was not identified
An attempt to separate the component of Rz 0-60 by fractional dis~

tillation in high vacuum was unsuccessful.

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

Methyl a-D-mannopyranoside (21 g.) was stirred 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., 767 of theoretical).

Found: S, 9+2; NaOSOxCqHg, 54:3.°7

C14H210gS reguires S, 9:2; NaOSOyCqHg, 55-8%.



Attempted Preparation of a Crystalline fcetal of Metiryl 6-=0C-toluens=-

p=Sulphonyl ~a~D-ifanincpyrancsids.

{a) Methyl 2:3-0~isopropylidene-6-0-toluene-p-sulphonyl-a=-D-

mannopyrencside.~ Methyl 6-0-toluene-p-sulphonyl-g-D-mannopyranoside

was condensed with acetone in the presence of anhydrous copper sulphate
and acetaldehyde. 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

cryastallise.

(b) Hethyl 2:3~0-benzylidene~6-0~tclusns~p-sulphonyl=a=-D-

mannopyrenoside.~ lethyl 6-O-toluene=~p-sulphonyl -g~D-uannopyranozide

was condensed with benzaldehyds in the presence of anhydrous zinc

chloeride as catalyat(ﬁ4) and gave a product which did not crystailise.

Preparation of Methyl 2:3:4-Tri-O-benzoyl-6-0-Toluene-p=Sulphonyl-geD-

HMannoside,

¥ethyl a-D-mannopyranoside (107 g.) was converted intoc the 6=

toluene-p-sulphonyl ester as describad above ond the latter discolved
in pyridine (400 ml.) and %treated with benzoyl caloride (258 ml., 4
equiv, ). The mixture was kept at room temperature for 24 hours,
water {20 ml.) added, and the solution poured into saturated aquecus
sodium bicarbornate (2 1.). The deep red gum thus obtained was washed
with water (2 x 2 1.) by decantation, draired, 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 (I) (157 g., 50% of theoretical),

m.p. 198°, [a];f -104° (c, 1+2 in CHClg). (ct. Haskins, Hann,

and Hudson(®”), yield 37%, m.p. 197-199°, [a]Z0 -102.4° in GHCL3)
Found: C, 63+5; H, 4.9; 5, b.1,

£glc. for CznHz20118 : C, 63+6; H, 4+9; S, 4+9%.

Preparation of Methvl 2:3:4-Tri-0«benzoyl~6-DeoXy=6-I0odo=g=-)=Mannoside

The above crystalline compound (I) (6-0 g.) and sodium iodide
(60 g.) in dry acetone (100 ml.) were heated in a sealed tube at 100°
for 2 hours(sv). 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 acstone as large prisms (II) (5.05 g., 90% of theoretical), m.p.
199-201°, [a]}’ -106° (c, 1-0 in CHOlg)

Found: &, 55-1; FH, 4-1; I, 20-8.

Calc. for 028325682 : C, 54‘5; ", 4'1; :, 20'6%-

Attempted Replacemsnt of the 6-Todo Group by Hydroxyl

(a) Metnyl 2:3:4-tri-O-benzoyl-6-deoxy-6-iodo~u=-D-mannoside (II)
was shaken for 7 days with dry silver oxide in dry benzene. On
Tiltration and evaporation the starting material was recoversd in
good yield.

(b) T™e experiment was repeated using moist silver oxide and again

unchanged material was recovered guantitatively.

(¢) The iodo compound (II) and moist silver oxide in benzene were
heated in a sealad tube at 100° for 2 hours. After filtration and

evaporation of the solvent a dark syrup which failed to crystallise



and was strongly reducing to Fenling's solution was ovtained.

Methyl 2:3:4-Tri~O-benzoyl-g-D-Mannoside 6-Nitrate

Methyl 2:3:4-tri-O-benzoyl-6-deoxy-6-iotio=g=D-mannoside {(II)
(13 g.) was dissolved in acetonitrile (200 ml.) and heated under
reflux for 4 hours with powdered silver nitrate (4 g.). The cooled
solution was treated with a solution of sodium iodide (1.0 g.) in
acetone, the mixXture filtered, the filtrate diluted with chloroform
(300 ml.), and extracted with water (3 x 300 ml.). BEvaporation of
the dried chléroform layer gave a crystalline solid. By f ractional
crystallisation from ethanol unchanged starting saterial (6-2 g.,
m.p. 193°) was separsted from the more soluble nitrate, wnicio was
obtained from 907 ethanol as large prisms (1iI) (£+6 g., 917 of tuso-
retical), m.p. 103-104°, [a]3® ~116° (c, 1-5 in CiCly).

Found: C, 61.1; H, 4-5; N, 2-5.

CogHpp011N requires €, 61-0; H, 4°6; N, 2:5%.

Methyl 2:5:4-Tri-C~-benzoyl-g=-D-Manncside

The above nitrate (II1I) (2-0 g.), dissolved in glacial acetic
acid (L0 ml.) and benzene (20 ml.), was treated at room temperature
with a mixture of equal quantities of zinc and iron powders until
a portion of the solution no longer gave a pink coloration on treate
ment with diphenylbenzidine in concentrated sulphuric acia. The
mixture was filtered, the residue washed with benzene, the benzene
solution washed with water, dried, and evaporated to a crystalline
solid (IV) (1+3 g., 71% ot theoretical) which had, after recrystal-
lisation from ethanol, m.p. 143°, undepressed on admixture with a

specimen prepared by detritylation of the 6-trityl ether.



Attempted Recoval of the Toluenc-p-fulphenyl Group by Hydrogenstion

Unchanged material was recovered in good yield after attempted
hydrogenation of (I) with Reney nickel in ethyl acetate under the
following conditions:

(a) 30 p.s.i. Hy, 20°, 8 hours with s haking

() 30 p.s.i. Hy, 20°, 72 » "

{¢) 90 p.s.i, Hy, 20°, 72 * = "

{(d) 1500 p.a;i: Hp, 20°, 12 v "  stirring

(e) Mozingo conditions, 77°, 6 hours(®8),

(£) ” " 77°, 6 hours with stream of Hj.

“hen hydrogenation was carried cut at 1500 p.s.i. pressure and
100° for 12 hours the preduct was a syrup, [“3%P1i 0° (¢, 1.0 in Cﬁﬁla),
which waa non-reducing %o Fshling's solution and gave a negative
qualitative test for primary toluene-p-sulphonyl eztsr [ the substance
(10 mg.) end sodium icdide (10 mg.) in dry acetone (0+2 ml,) were
heated in a sealed tube at 110° for 1 hour. Nocrystalline precipitate
of sodiun toluene-p-sulphonate was cbserved on cooling the tube].

Found: C, 63-0; H, 7-4; 38, 2-4; OMe, 6-7%; equiv., 184.

CopHogOg reguires ¢, 66-4; H, £.2; e, €:.17; equiv., 169
CouHyelg Leguires ¢, 64-1; H, 8.1; Me, 5.8%; equiv., 175.

(CQBHQSQQ = Methyl 2:3:4-tri-O-benzoyl-g-D-mannoside.
CogHeqlg = Methyl 2:3:4-tri-O-hexanydrobenzoyl-a-D-mannoside).

Preparation of Methyl 6-0-Triohenyluethyl-q-D-Nannopyranoside

Methyl a-O-mannopyranoside (4.0 g.) and triphenylchloromethane
(8.0 g.} in pyridine (60 ml.) were heated on a boiling water-bath with

octasional shaking for 3 hours(65). The solution was allowed to cool,



water added to turbidity, and the mixture left overnight. Crystal=-
1iﬁa triphenylcarbinol was filtered off and the fidtrate poured with
stirring into ice-water. The powdery solid (V) which was obtained
was stirred and washed by decantation with water until it was
granular enough to be filtered off, Yield 9-5 g., 106% 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 6-0-Trityl-g-D-Mannopyrancside with

Acetone,
(a) Condensation of (V) with acetone in the presence of anhydrous
copper sulphate and acetaldehyde 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 acetaldehyde 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) was treated as in (v)
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except that the concentration of acid during the last 12 hours was
0-01%7 (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 wiﬁh water. Hvapa ation
of the aqueous extracts gave a syrup from which methyl 2:3-4:;6-di=0=

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

Methyl 2:3:4-Tri-O-benzoyl=-6-0~Triphenylmethyl-a-D-Mannogide

(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 acetcne the large prisms (60 mg., 70% of
theoretical), m.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,

047H4009.03360 reguires C, ?4'3; H, 5’7%.

(b) Methyl g-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
Tiltered 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
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drying, the product was a colourless, crystalline solid (368 g.,

82% of theoretical).

(i) with Pyridine of (Crystallisation.- 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-chloroform,
The substance (VI) showad a double melting point, 100-120°, recry-
stallising 120-125°, final m.p. 188-188-5°. [a]}® -110° (c, 1.3 in
CHClz).

Found: €, 75.1; H, 5.3; N, 1.9,

CaqlyPg-CsHgN requires C, 75.4; H, 5.5; N, 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]50 -114° (c, 1.2 in CHCl,4).

Found: C, 74-2; H, 6-1.

04734009‘03360 requires C, 74-3; H, 5.7%.

(iii) with Chloroform of Crystallisation.- Recrystallisation 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°, [m]%} -107° (¢, 1.1 in
GHCls).

Found: C, 67.9; H, 5.0; Cl, 9-3.
4C4oH,09.3CHCL 5 requires C, 68-4; H, 4.9; Cl, 9.5%.

(iv) without Solvent of Crystallisation.- When the substance




containing chloroform of crystallisation was dried in vacuo, the
following losses of weight were observed:-

20°/15 mm./72 hours loss of weight, 0.08%

LRl

50°/15 mm./ 3 hours : * " » 0.03%
100°/15 mm./ 2 hours : * " 1.10%
100°/15 mm./15 hours : " * " 10.4%

(4047H4009.30H613 requires " " " 10.7%).

The product was a fine white powder, m.p. 189-191°,
[a]%O -121° (¢, 1°*1 in CHClgz).
Found : C, 75+4; H, 5.3.

C47H4009 reguires c, 75'4; H, 5‘4%.

(¢) Methyl g-D-mannopyranoside (4-35 g.), triphenylchloromethane
(87 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 ﬁ.p.
100-115°, recrystallising 120°, final m.p, 187-188°,

() Methyl q-D-mannopyranoside (10:0 g.), triphenylchloromethane
(200 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 caloride (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°.



Methyl 2:3:4-Tri-O-benzoyl-c-D-llannoside

(a) Methyl 2:3:4-tri=O=-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 ml.)(gs). The aqueous mixture
was extracted with chloroform (3 x 100 ml,) and the chloroform extracts
washed with water, dried, and evaporated to a syrup. Trituration
with ethanol gave a solid (2 g,) identified by m.p. (100-110°, 187-188°)
and mixed m.p. as starting material. Bvaporation 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 cirystalline

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

(¢) Methyl 2:3:4-tri-0-benzoyl=-6-0-trityl-a-D-mannoside (VI)
(pyridine solvate) (20 g.) was shaken vigorously for 90 seconds with
107 (w/v) hydrogen bromide in glacial acetic acid (33 ml.) and filtered
immediately through a sintered glass filter (porosity no. 1) 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 chloroform-water. Finally the chlorofomrm
layer was separated and the aqueous layer extracted with chloroform
(2 x 400 ml.). The ccmbined chloroform extracté 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



room temperature overnight, crystalline starting material (5 g.,
m.p. 95-120°, 187-189°) was filtered off. XKvaporation 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°, []}® -160° (c, 1.0 in CHCLZ).

Found: C, 66:6; H, 5:3.

CogHaglg reguires c, 66-4; H, 5.2%,

Methyl 2:3:4~-Tri-O-benzoyl-a-D-Mannosiduronic Acid

A solution of methyl 2:3:4-tri-O-benzoyl-g-D-mannoside (VII)
(150 g.) in acetore (1500 ml.), acetic acid (1500 ml.), and water
(150 ml.) was stirred at room temperature, and potassium permanga=
nate (160 g.) added in small portions over 30 hours(zl). Stirring
was continued for a further 18 hours and the soluticn 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 (6 x 5 1,), dried, and evaporated to a
syrup (131 g., 88% of theoretical) which crystallised on storage.
After recrystallisation from chloroform-light petroleum the product
(VIII) bhad m.p. 180-181-5°, [a]}® -140° (c, 1-9 in CHClg).

Yound: C, 64+5; H, 4-7.

028H24010 regu1r35 C, 64.6; H, 4.67.

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

(a) A solution of methyl 2:5:4-tri-0-benzoyl=g-Demannosiduronic



acid (VITI) (6+65 g.} in 2% methanolic hydrogen chloride (60 ml,)
was kept at 20° for 24 hours. The crystalline solid (3.70 g.)
which séparated 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, 575 g., 84% of theoretical).
After recrystallisation from methanol the product had m.p. 143-144°,

(b) A solution of methyl 2:3:4-tri-0O-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 (15-20°/15 mm,) to a
crystalline solid which was washed with methanol (total yield 123 g.,
92% of theoretical). After recrystallisation from methanol as large
prisms the product (IX) had m.p., 143-144°, [a]é? -127° (c, 06 in
CHClg). U -

Found: C, 65-8; H, 5-2.

C29H26010 reguires C, 55'1; H, ‘3'9%0

Hethyl g=D-Mannopyranosiduronamide.

(a) Methyl 2:5:4-tri-O-benzoyl-a-D-mannosicuronic methyl ester
(IX) (3-8 g.) was dissolved by vigorous shaking in a 0.2% solution of
sodium in methanol (33 ml.)(sl). The solution was kept at room

temperature until the rotation was constant ([a]éﬁ +17°, 18 hours)

and then passed slowly through a column (10 x 350 mm.) of cation
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exchange resin (Amberlite IR-120-H). The eluate was evaporated to

& syrup which was dissolved in 27 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
washirgs, gave a syrup which was repeatedly extracted with dry ether.
Methyl o-D-mannopyranosiduronic methyl ester remained as a colourless
syrup (XL,(I-E £.), 5%9 1-4842, [a]%z +80° (¢, 0-5 in Hy0).  Treat-
ment of this methyl ester (0:20 g.) with methanolic ammonis at room
temperature for 24 hours, followed by evaporation, gave a colourless
syrup which crystallised on storage. After recrystallisation from
ethanol-acetore, methyl ¢=-D-mannopyranosiduronamide (XI) (0-11 g.,
45% of theoretical yield from IX) had m.p. 182-183°, [a]l5 +63°

(¢, 0:9 in Ho0). |

(b) Methyl 2:3:4-tri-O-benzoyleg-D-mannosiduronic methyl ester
(1X) (100 g.) was dissolved in saturated methanolic ammonia (1100 m1,)
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 (100 ml.) and recrystallised from
aqueous acetone as colourless prisms (XI) (20.1 g,, 52% of theoretical),
m.p. 182-183°, [a]}® +66° (¢, 1.1 in Hu0).

Found: C, 41-0; H, 6-3; N, 6+6.

CqHy30¢N reguires C, 40-6; H, 6-3; N, 6:7%.

Methyl 2:3-0-Isopropylidene =q-D-Mannovyranosiduronamide.

{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 & small drop of aceteldenyde for four days. Sulphuric acid
(c-03%) was added and shaking continued for a further 24 hours.

The product, isolated in the usual manner, wes a syrup (0.05 g.),
nl® 1.4763, [a]l® +65° (c, 0-5 in Hp0). Treatment with methanolic
ammonia at C® for 48 hours gave a syrup which crystallised on
storage. Yethyl 2:35-0O-isopropylidene-o=D-mannopyranosiduronamide
(XI11) {0.02 g., 9% of theoretical) had m.p. 177°, [a]éf +24° (e, 1.0
in Hy0).

(b) Methyl a-D-mannopyranosiduronamide (XI) (20 g.), anhyirous
copper aulphate (100 g,), and acetone (750 ml,) were 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 deys with acetone (500 ml,) containing 0.03%
(v/v) sulphuric acid. then the volume of the combined neutral
extracts was 4 l. the barium salts were filtered off, washed, and the
filtrate and washings evaporatad %0 a crystalline solid which was
recrystallised from acetone-light petroleum as large, colourless prisms
(x11) (15-0 g., 63% of theoretical), m.p, 177-5-179°, [a]l® 4140
(e, 1+0 in H20),

Found: C, 49.0; H, 6.8; N, 5-1,

Ci10H1706N reguires ¢, 48.5; H, 6.9; XN, 5.74.

Methyl 4-0-Methyl-2:3-0-Tsopropylidene-g=-D-Mannosidurcnic Methylemide

Nethyl 2:3-0-isopropylidene-q~-D-manncpyranosiduronami de (x11)



(1.00 g.) was methylated three times with methyl iodide (23 ml,) and
silver oxide (12 g.), the first methylation being conducted in the
presence of dry acetone (23 ml,). The final product, a colourless
syrup (1-09 2., 93% of theoretical), n%ﬁ 1-4650, crystallised on
storage and after recrystallisation from light petroleum, (XIII)
had m.p. 161-153°, [a]}® +23° (c, 0.6 in HgO).

Found: C, 52-4; H, 7-7; N, 5-3.

A sample of the above éubstance (XITII) was treated with 2N
sodium hydroxide at 100° for 3 hours, the solution cooled to -5°
and acidified by careful addition of 4N 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 diazomethane. Treatment of this methyl ester with
ethanolic methylamine gave a crystalline product identical with the

starting material.

Hethyl 4-O0-Methyl-a-D-mannosiduronic Methyl Ester.

Methyl 4-0-methyl-2:3-0O~isepropylidene-c-D-manncsiduronic
methylamide (XIII) (2:0 g.) was heated at 100° for 30 minutes with
N sodium hydroxide (20 ml.). The solution was cooleed to =5°,
acidified with 4N sulphuric acid (7 ml.), and the golution extracted
with chloroform (4 & 50 ml.). The chloroform extracts were washed
witn 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 silver carbonate, followed by filtra=

tion and evaporation of the filtrate and washings gave a syrup (XIV)



(15 g.), nh? 1-4727, {a]}® +84° (e, 1-0 in H:0).
Found: C, 4L-3; H, 7-3.

CgH1607 regquires C, 45:8; H, 6-8%.

Yethylation of a small qguantity of the above product with methyl
iodide and silver oxide in two Operaticns. followed by treatment .ith
ethanolic methylamine, gave crystalline methyl 2:3:4-tri=-O-methyleg=
Demannosiduronic methylamide (XV), m.p. 103-105°, undepressed on
admixture with a syecimen prepared by methylation of methyl a=i=-

mannopyranosiduronamide.

4-0-Methyl (or 3=O-Methyl) -D-Mannsramide.

HMethyl 4-~O-methyl-c-De-manncsiduronic methyl ester (XIV) (0.087
g.) was heated in a sealed tube at 100° for 24 hours with N hydro=-
chleric ascid (5 ml.). Bromine (0:3 ml.) was added to the cooled
solution and the mixture left at 40° for 7 days. Bromine was removed
by aeration, and water and hydrohslic acids by repeated distillation
with ethanol under reduced pressure. The residue was treated with
1% methanolic nyarogen chloride at 30° for 48 hours and the solution
neutralised, filtered, and evaporated to a syrup which was distilled
(b.ps 160-170°/0-1 mm.}. Treatment of the distillate with methanolic
ammonia gave a crystalline diamide (0.030 g.), m.p. 192-193°,
[]}® -16° (c, 06 in Hy0).

The compound is being analysed.
A Found : ¢, 38.0; H, 6.2; N, 12.5,
07H1406N2 requlres C, 37.8; H, 6.4; N, 12.6%

Hethyl 2:3:4-Tri-O-methyl-c~-D-Mannosiduronic Methylamide.

Methyl u-D-mannopyranosiduronamide (XI) (1.99 g.) was methylated
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three times with m@thyl indide (23 ml,) and silver oxide (12 g.),
dioxsn being added ns & solvent in the first operation. The product
was & colourless syrup (2-€18 g., 103% of theorsetical), n%? 1-4661,
which crystallised cn trituration with light petroleun. After
recrystallisation from‘light petroleur the methylamide (XV) had
m.p. 103-105°, [a]3% +42° (c, 1-4 in Hg0).

Found: C, 50-4; H, 8.0; N, 4.8,

C11H210¢¥ reguires C, 50.2; H, 8-F; H, 5-37%.

A sample of the above substance was treated with 2V sodium
hydroxide at 100° for 3 hours, the solution acidified with sulphuric
acid, exhaustively extracted with colorosorm snd the chloroform
exiracts washed with wetar. Bvanoration of the chloroform extracts
gave an acid syrup which was esterified by means of 1% methanolic
hyarogen chloride at room temperature for 48 hours. Treatment of
the resulting syrup with ethanolic methylamine gave in good yield
a methylamids, m.p. 103-105°, undepressed on admixture with a

specimen of the original substance (XV).

2:3:4=Tri=0-m2thyl-D-Mannavamide

Methyl 2:3:4-tri-O-methyl-c-D-mannosiduronic methylamide {xv)
(0-10 g.) was saponified with 2N sodium hydroxide at 100° for 1 hour,
the solution acidified, exhaustively extracted with chloroform, and
the cihloroform extracts evaporated. The residue was heated with N
hydrochloric acid (5 ml.) at 100° for 24 hours, and bromine, water,
and voiatile acids removed in the manner already described. The

residue was esterified with 1% methanolic hydrogen chloride (5 ml,)
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at 30° for Z4 hours, and the product, isolated in the usual manner,
distilled in high vacuum (b.p. 130-140°/0.1 mm.}. ‘The distillate,
on treatuent with methanolic ammonia, gave a crystalline diamide
(0-030 g.), m.p. 211° (decomp.), unchanged by repeated recrystal=-
lisation from metnanol and undepressed on adwmixture with & specimen
of the syntietic product of Hawortn, Hirst, Ishorwood, and Jones''S)

whicih itsell was found t0 huve a m.p. 211°, on the Kofler apparatus

or in a capillary tubae.



Attempted Preparation cof Yethyl 2:3-0-Tsoorcpylidene=-4«0=-Toluene=p-

Sulphonyles=DeMannesiduronamide.

(a) Methyl 2:3-0=isopropylidene-c-D-mannopyranosiduronamide
(XII) (0.99 g.) in pyridine (20 ml.) contsining "Drierite" (13 g.)
was treated with toluens=-p-sulphonyl cnloride (1-7 g.) under exactly
the conditions used for the preparstion of methyl 3:4-0O-isopropyli=-
dene~Z-0=toluene-p-sulphonyl-u=D=-galactosiduronic methyl ester,

No precipitate was obtained on addition of water, and chloroform
extraction gave only a small amount (15-20 mg.) of s syrup.

The preparation was repeated twicse, with the same result,

(b) A solution of XII (0.95 g.) in pyridine (20 ml.) containing
"Drierite" (12 g.) was treated with toluens-p-sulphonyl chloride
(16 g.) in pyridine {10 ml.) at room tsmperature for 48 hours. The
mixture was filtered, the filtrate treated with water (0:10 ml.) and
poured s}lowly, with stirring, into ice-water. A small quantity (20
mg.) of a powdery solid was obtained, which after recrystallisation
from ethanol, had m.p. 118-120°, [aj” #0° (c, 2.0 in CHClg). A
carvazole test for uronic acid was positive(go)

und: €, 529; H, 5-8; N, 4+3; S, 9.3,

Ci9llpoz0gNS reguires C, 50-9; 4, $-8; #, 3+5; S, 8+0%.

(c) A solutioca of XTI (0.45 g.) in acetone (3 ml.) containing
toluene-p~sulphonyl chloride (0-36 g.) and pyridine (C-15 ml,) was
kept at room temperature for 14 days. Samples wers removed daily,
poured into watsr, and ths agueous solution extraciecd with chlors=-

form. No chloroform=soluble product was obtained.
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(d) A similar experiment conducted at 30° for 10 days also

gave negative results.

(8) XIT (1-110 g.) and toluene-p-sulphonyl ciloride {(1-115 g.)
were dissolved in oyridine (85 ml.) containing "Drierite® (12 g.).
samples {3 ml.) were withdrawn after 1 and 2 days at 0°, after an
additional 1, 2, 4, and 8 Mays at room temperature, and afier a
further 1, 5, and 10 days at 30°. Bach samvle was poured with
stirring into ice-water: f{rom the third szmple 4-5 mg. of a powdery
solid was obtained. All other samoles gave negligible guantities

of s0lid product on pouring iunto ice-water.
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DERIVATIVES OF D-GALACTURONIC ACID.

DISCUSSION

In principle, 2-methyl-D-galacturonic acid may be prepared by
methylation of any derivative of D-galacturonic acid with a free
nydroxyl at C2, while for the preparation of the 3:4-dimethyl ether
a derivative having free hyd}oxyl groups at positions 3 and 4 is
required. Methnyl 3:4-1sopropylidene-a-D-galactosiduronic methyl
ester, which was prepared by Jones and Stacey in 1947,(33) appeared

COOMe

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 résidue, methylation, and removal of the blocking
group.

For their synthesis of methyl 3:4-isopropylidene-a-D-galactoside
uronic methyl ester, Jones and Stacey(33) prepared D-galacturonic
acid both by enzymic hydrolysis of pectin and by synthesis from D-
galactose.(zl) 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-



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 preseant work, as a preliminary experiment, potassium methyl
3:4-isopropylidene-g~-D-galactosiduronate, prepared according to the
method of Ault, Haworth, and Hirst, was acidified and immediately
esterified with diazomethane. From the resulting mixture, crystal=
line methyl 3:4-isopropylidene-u-D-galactosiduronic methyl ester was
isolated in an overall yield from D-galactose of 8% of theoretical.
In another preliminary experiment methyl a-D-galactopyranoside(42)
was subjected to catalytic dehydrogenation by means of platinum

(43,44)

black 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-galactopyranosiduronic
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-wcrkera,(45)following
earlier work by Ohle and collaborators(46). J=-Galactose was
condensed with acetone to give the 1:2-5:4-diisopropylidené derivative
which was oxidised in dilute aqueous solution with alkaline potassium
permanganate to potassium 1:2-3:4-diisopropylidene-D-galacturonate.,
Link had previously prepared methyl a=-J-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 isopropylidene groups, esterification, and
glycoside formation. In the presnt work, however, certain moiificae

tions were introduced. l1:2-3:4-Diisopropylidene-D-galacturonic acid
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was prepared in good yield by treatment 5f 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 liguor
were therefore necessary to obtain a satisfactory yield (66% of
theoretical). Condensation with acetone in the presence of anhyd rous
copper sulphate(41) gave methyl 3:4-isopropylidene-c-D-galactosid=-
uronic methyl ester in an overall yield from D-galactose of 29% of

(33) prepared this substance in a yield

theoretical. Jones and Stacey
of 7+8% (calculated from the yield quoted by Stacey(al) for his
synthetic D-galacturonic acid).

For the methylatibn 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-D-galactosiduronic methyl ester, was a syrup
which was easily distilled in high vacuum and gave a crystalline amide.
- Jones and Stacey(sa) removed the isopropylidene residue from their
methylated product by means of hot acetic acid. Their product, how=-
ever, had a low methoxyl content, presumably due to partial hydrolysis
of the ester grouping, and even after re-esterification the methoxyl
content was still low. A more satisfactory procedure was therefore

sought, and the use of cation exchange resins in moist methanol at

comparatively low temperatures (15°, 40°) was found to be entirely



satisfactory. The products were neutral, non-reducing to Fehling's
solution, contained no isopropylidene residue, and had a high
positive rotation ([a] +113°). The use of boiling methanolic
hydrogen chloride gave a product which differed in having a much
lower rotation ([a]p +4°), presumably owing to the presence of a
considerable proportion of the furanosides, as was observed by
Luckett and Smith(ls) 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-methyl-D-galacturonic acid, which
was oxidised with bromine water to the corresponding glycaric acid,'
isolated as the crystalline diamide. Direct nitric acid oxidation
of methyl 2-methyl-3:4-isopropylidene-a-D-galactosiduronic me thyl
ester, followed by esterification and ammonolysis gave Z-methyl-D=-
galactaramide, identical with the product obtained through bromine
oxidation. The melting point of this diamide was 205° (decomp. ),
whereas Jones and Stacey(sa) reported a melting point of 200° (decomp.)
for their synthetic product, Brown, Hirsﬁ, and Jonc§(47) obtained
a diamide, m.p. 195° by oxidation of 2-methyl=D-galacturcnic acid
isolated from methylated cholla gum, while Hough and Jones(48)
isolated a monomethylgalactaramide of m.p. 207° from the methylated

gum of Sterculia Setigera.

Experiments on the stability of methyl 2-methyl=g-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 as the glycosiuic linkage in a typical

me thyl hexopyranoside.



In preliminary work on the synthesis of 3;4-dimethyl-D=-galact-
uronic acid, several attempts were made to prepare l:2-isopropyli-
dene-D-galacturonic acid by partial hydrolysis of the l:2-3:4-di-
isopropylidene acid, by analogy with the preparation of 1:2-
isopropylidene~D-galactose from 1:2-3:4-diisoprOpylidene-ﬁ~galactose549)
No 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

(50) since it is relatively stable to acid

appeared to be suitable,
hydroiysis, is non-migratory, and may be removed without difficulty.
Trezatment of methyl 3:4-isopropylidene-a-l-galactosiduronic methyl
ester with toluene-p-sulphonyl chloride in pyridine under the usual
conditions,(sl) however, led to a very low yield (6-7%) 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 is normally the

(52)

most reactive of the secondary groups. Hydrolytic 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 isopropylidene groups from methyl
2-methyl-3:4~-isopropylidene-a=-D-galactosiduronic methyl ester.
Firstly, hydrolysis with resins is much slower in the case of the
2=toluene-p-sulphonyl derivative, probably owing to the bulkiness
of the arylsulphonyl group. Secondly, whereas the use of boiling
methanclic 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 posditive rotation. This may be a further
example of the stabilisation of glycosides by a toluene-p=-sulphonyl

5
( 3) By methylation

group at C2 recorded by Percival and iobrist.
with mesthyl iodide and silver oxide, crystalline methyl 3:4-dimethyl=
2-toluene-g-sulphonyl-a-D-galactosidurbnic methyl ester was obtained
in good yield. Toluene~-p=-sulphonyl groups are generally removed by
reductive fission with sodium amalgam,(so)after which the methylated
sugar may generally be extracted with chloroform. In the present
instance, howaver, the expected products of the treatment with

sodium amalgam were the sodium salts of methyl d:4-dimethyleu=D=
galactosiduronic @cid 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 advantuge of being easily

removed from the eluant by evaporation. After reductive fission



with sodium amalgam and separation of the acids in this manner,
methyl 3:4-dimethylea-D-galactosiduronic acid was obtained in 87%
yield as a crystalline solid. iZsterification with methanolic
hydrogen chloride at room temperature or with diazomethane gave a
crystalline methyl ester, in an overall yield from D-galactose of
19% of theoretical. Treatment of the methyl ester with methanolic
ammonia gave the crystalline amide in rather poor yield: in con-
trast, with methanolic methylamine, the crystailina methylamide was
obtained in quantitative yield.

Methyl 3:4-dimethylec-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
polarimetrically, 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 alsc obtained as crystalline solids,
All three galactaric acid derivatives were optically inactive, as
would be expected in symmetrically substituted derivatives of galace
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 galactaranide
gave a positive Weermann test,(54) and further evidence for the 3:4~
substitution was furnished by the isclation 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-D-Galactopyranosiduronic Wethyl Hster by Catalytic De-

hydrogenation of Methyl g~D-Galactopyrsnoside.

Methyl a-D-galactopyrenoside was prepared according to the
method of Robertson and Lamb(ég) by refluxing 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-D-galactopyranoside (3.5 g.) in water
(100 ml,) was added sodium bicarbonate (0-40 g.) and the catalyst,
platinum black on activated charcoal (Darce G60) (0.5 g.), prepared
in the manner described by Mehltrétter.(és) 4 stream of oxygen
purified by gasaags through sulphuric acid and water was bubbled into
the vigorously stirred 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. Gvaporation gave a yellow
syrup from which by trituration with ethanol a crystalline solid (0.50
€., 11% of theoretical) was obtained. This was identified by m.p.
(147°) and mixed m.p. as methyl u-D-galactopyranosiduronic methyl ester

monohydrate.
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Methyl 3:4-0-Isopropylidene-g=-D-Galactosiduronic Methyl Bster from

Methyl a=-D-Galactopyranoside.

Methyl a-D-galactopyranoside(42) (5.0 g.) was condensed with
acetone by the method of Percival and Percival.(SI) 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 potassiun metabisulphite solution, acidified with
hydrochloric acid (2N; 33 ml.) and neutralised with ethereal
diazomethane. dvaporation 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., 8% of
theoretical) was identified by m.p. (107-108°) and mixed m.p. as
methyl 3:4-0O-isopropylidene=a=-D-galactosiduronic methyl ester.

1:2-3:4-Di-O-isopropylidene-D-Galactose.

D-Galactose (80-0 g.) was converted into 1:2-3:4-di-0O~-isopropy=
lidene-D-galactose by shaking at room temperature for 30 hours with
acetone containing 37 (v/v) of concentrated sulphuric acid, as
described by Chle and Berend.(45) The mixture was filtered (weight
of recovered galactose, 30+0 g.), the filtrate was nautralised with
sodium carbonate, filtered again, and the combined neutral filtrate
and washings were evaporated to a syrup which was distilled. The
colourless product (55-3 g., 767 of theoretical) had b.p. 130-170°/
0:03 mm., n2% 1-4657, [a]l% -51° (¢, 1-2 in Hy0).

Found: MeyCO, 44:9. (Calc.for CpoHyn0g: MeoCO, 44+6%.



Potassium 1:2-3:4-Di-O=isopropylidene-D-Galacturonate.

A solution of 1:2-3:4~-di-O~isopropylidene-D-galactose (55-0 g.)
in water (5 1.) containing potassium hy.roxidie (26 g.) was treated
with potassium permangsnate (74 g.), according to the conditions of
Chle and Berend.(46) After removal of manganese dioxide the pink
filtrate was decolourised by careful addition of potassium meta-
bisulphite solution and finally neutralised with carbon dioxide.
The white solid obtained by evaporating the soluticn was extracted
with ethanol (3 x 500 ml.) under reflux. On concentrating the
extracts to about 150 ml., potassium 1:2-3:4-di-O-isopropylidene-D-
galacturonate monohydrate (I) crystallised as colourless needles
(48-0 g., 70% of theoretical), m.p. 200° (decomp., ), [a]gl -70°
(c, 2-0 in Hg0).

Found: C, 43.3; H, 5.5; MeyCO, 36-0.
Cale. for CyoHy)q00K.Hy0 : C, 43°6; H, 5:8; WeyCO, 35-2%.

1:2-3:4-Di-O-isopronylidene~D-Calacturonic Acid.

(a) Preliminary Experiment.- An aqueous solution of potassium
1:2-3:4-&i-G-iaapropylidene?E-galacturonate monohyirate (4-0 g.) was
shaken vigorously with cation exchange resin (Amberlite IR-100-H)

(6 g.) at room temperzture for three hours. The solution was filtered
and the filtrate treated as before with a fresh portion of resin {6 &+)-
The product (3-0 g., 86% of theoretical) obtained on evaporation of

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

(b) Large Scale freparation.- Potassium 1:2-3:4-di~-C-isoproplydene-

D-galacturonate monohydrate (16+0 g.) in water (200 ml.) was shaken for
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six hours at room temperature with cation exchange resin (Amberlite
IR-100-H) (24 g.). The mixture was filtered and the filtrate passed
slowly tharough a column (250 x 18 mm.) of the same resin, Concen-
tration of the sluate gave 1l:2-J:4-di=-O~iscpropylidene=-J-galacturonic
acid monohydrate as large colourless crystals (12.7 g., 91% of
theoretical), m.p. 158-159°, [a]k? -79¢ (c, 0.9 in CHClz). (Wiemaun
and Link(éﬁ) record m.p. 158°, [a}D -84° for 1:2-3:4-di-O-isopropyli=
dene-D=-galacturonic acid). | '
Found: €, 50+1; H, 6.9; MeyCO, 40-0; COp, 16-1,
Calc. for CygHyg0q.HgO: €, 49+3; H, 6-9; MeyCO0, 39-8; C(0,h, 15.1%,

Attempted Preferential Hydrolysis of the 3:4-O-Isopropylidene Residue
from 1:;2-3:4-5i~-0~igsopropylidene-d=Galacturonic Acid.

The course of hydrolysis of 1:2-3:4-di-0~isopropylidene-O~-
galacturonic acid in 2% aqueous solution containing 0-05% and C-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-Di=0O-isopropylidene=-D=galacturonic acid was shaken
in moist acetone with cation exchange resin (Amberlite IR-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 obtainei; after 14 days only D-galacturonic
acid was present. In another experiment 1:2-3:4-di-O-isopropylidenc=
J=-galacturonic acid monohydrate was shaken in dry chloroform with ary

cation exchange resin (Amberlite IR-100-H) for 28 days. After



‘filtration and evaporation of the filtrate, crystalline U-galact-

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

Methyl a-D-Calactopyranosiduronic Methyl Ester.

{a) Potassium 1:2-3:4-di=-O~isopropylidene-D-galacturonate
monohydrate (I) (4°8 g.) was refluxed with 27 (w/v) methanolic
hydrogen chloride (100 ml.) for 10 haurs.(és) After cooling,
§otassium 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 svaporated to a dark-coloured
syrup which partly crystallised on trituration with ethanol. The
crystals (0-40 g., 12% of theoretical), m.p. 136-137°, were conta-
minated with potassium and silver dhloridas. The mother liquors
were dark-coloured and on standing for several weeks failed to

deposit crystals,

(b) The potassium chloride produced by the addition of 2%
methanolic hydrogen chloride (100 ml.) to potassium 1:2-3:4-3i=0-
isopropylidene-D-galacturonate monohydrate (I) (3-8 g.) was removed
imnediately by filtration and the filtrate refluxed for 10 hours.
The solution was neutralised with silver carvonate, filtered, and
tihe filtrate and washings evaporated to a partly crystalline syrup.
The crystals (0-7 g., 26% of theoretical), m.p. 136-137°, were again
Contaminated with inorganic material. The residual syrup was brown

in colour and had [a]%o -13° (¢, 08 in Hao).



(¢) 1:2-3:4-Di-O-isopropylidene-D-galacturonic acid monohydrate
(1) (1+8 g«) was refluxed for 9 hours with 1% methanolic hydrogen
chloride (60 ml.). Bthereal diazomethane was added to the cooled
solution until a faint yellow colour persisted. After s tanding for
45 minutes, the solution was evaporated, giving a yellcw syrup which
crystallised on trituration with ethanol. The crystals (05 g.,
347 of theoretical), m.p. 134-136° were pale yellow in colour. On
evaporation of the mother liguor a yellow, viscous, syrup (0-9 &g

61% of theoretical) was cbtained.

(d) 1:2-3:4-Di-0-isopropylidene-D-galacturonic acid monohydrate
(1) (15°3 g.) was refluxed for 10 hours with 1% methanolic hydrogen
chloride (250 ml.) and the eolution 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 and the filtrate evaporated to
& 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°, wag 8-3 €. (66% of theoretical).

(e) 1:2-3:4-Di-O~isopropylidene-D-galacturonic acid monohydrate
(1) (13-9 g.) was boiled for 24 hours with dry methanol (200 nl.)
containing dry washed cation exchange resin (Amberlite IR-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-



treated with.the same batch of resin. After five treatments with
the same sample of resin the total yield of crystalline products was
7+48 g. (66% of theoretical). After recrystallisation from ethanol,
methyl a-D-galactopyranosiduronic methyl ester monohydrate (II) had
m.p. 145°, {ajés +121° (¢, 1-0 in Hp0). {Jones and Stacey(ss)record
m.p. 147°, and Niemann and Link(45) [a]B +121° for the anhydrous
substance.

| Found: C, 39.9; H, 6:6; OMe, 26+5,

Calc. for CgHys0q9.Hs0 ¢ C, 40-0; H, 6-7; OMe, 25.8%.

Hethyl 5:4-0-Izopropylidene-a-D-Galactosidurenic Hethyl Ester.

(a) Methyl u-D-galactopyranosiduronic methyl ester monokydrate
(Ir) (1-20 g.) was shaken for 72 hours with dry acetone (50 ml,),
anhydrous cepper sulphate (12 gz.), and acetaldenyde {1 drop), as
described for methyl a-D-rhamnoside by Percival and ?arcival.(ﬁl)
Sulphuric acid {0.05 ml.} wss 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 aund washings evaporated to

a yellow solid which was recrystallised from acetone-light petroleum

as colourless needles, m.p. 109-110° (1-15 g., B17 of theoretical).

(b) Methyl a=D-galactopyranosiduronic methyl ester mononydrate
(11) (3:60 g.) was shaken for 120 hours with dry acetone (250 ml.),
anfydrous copper sulphate (30 g.), and acetaldehyde (2 drepa).(él)
Bvaporation 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°,
[g]%ﬁ +117° (¢, 1:2 in 520). (Jones ana $tacey(33) record m.p.
107°, [a]%P +118° for this substance),

¥ound: C, 50.8; H, 6-7; OMe, 23.2,

Calc. for 011318‘07: C, 50'4; H, 6-9; Ode, 23'7%.

Methyl 2-0-Methyl-3:4-0-Isopropylidene-u-D-Galactosidurenic Methyl
%‘3 ter,

(a) Methyl 3:4-0-isopropylidene-o-D-galactosiduronic methyl ester
(111) (0:63 g,) was dissolved in the minimum quantity of acetone, methyl
iodide (23 ml.) added, and the solution refluxed gently on a water
bath. Dry silver oxide (12 g.) was added in smag%Aiéitions 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 (ni:)6 1-4622) kept in vacuo overe
night. After one furtasr treatment, using metnyl iodide (23 ml.)
alone as solvent, the product was a pale yellow viscous syrup (0.55
g., 83% of theoretical), n}? 1-4630.

Found: OMe, 33.3. Calc. for CyoHon0y: OHe, 33-7%.

(b) Hethyl 3:4-0-isopropylidene~-a-D-galactosiduronic methyl
ester (III) (3.80 g.) was methylated thres 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 charccal-Filtercel and distilled in presence of a
trace of barium carbénate. Methyl 2«0~methyl-3:4-0-isopropylidene=

a=D=galactosiduronic methyl ester (IV) was obtained as a colourless



syrup (2:70 g., 72% of theorstical), b.p. 120-120°/0-1 mm.,
n}? 1.4622, [a]}® +103° (c, 0.7 in H20), +114° (c, 0-8 in MeOH).
{(Jones and Stacay(zs) record n%F 1.4210, faly +116° (c, 1:1 in
HgC) for this substance). NF I'L210 5 cerfaialy an ecror

FYound: C, 52-8; H, 7-4; C(Ne, 33-3.
Calc. for CyuHon0q: c, 52-2; H, 7+3; OMe, 33-7%.

Methyl 2-0-Wethyl-3:4-0~Tsopropylidene-g-D-Galactosiduronamide.

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 R=0-methyl=
3:4=0~-isoprepylidene-a=-D~galactosiduronemide, had m.pe 1l23-124°,

[a]%ﬁ +70° (e, 1-1 in Hy0).
Found: C, 49.9; H, 7-1; X, 5.0; OMe, 23.7.

C11H190¥ reguires ¢, 50-6; H, 7+3; H, 5-4; OMe, 23-8%.

Methyl 2-0-Methyleg=D-Calactonyranosiduronic Methyl dster.

(a) A solution of methyl Z-O-methyl-3:4-O-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 IR-100-1) (1+5 g.) at room temperature for 6 days. The
resin was removed by filtration, washed with methanol, and the
filtrate and washings evaporated to a colourless syrup (V) (2-18 Ee,
98% of theoretical), nl7? 1.4680, [ali8 +105° (¢, 0.7 in MeOH),

D
[“]56 +113° (¢, 0.8 in H,y0). (Jones and Stacey(ss) record n%l 1-4732
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and [u]%o +80° (¢, 1-1 in Hp0) for their synthetic specimen, and
Brown, Hirst, and Jones'*") record n%0 1.4695, [a]p +21° (in Hgo)
for this substance isolated from methylated €holla gum).

Founéd: ¢, 456-3; H, 6-9; OMz, 39-7.
Calc. for Cgiljg0y: C, 45+8; H, 6-8; OMe, 39-4%.

(b) Methyl 2-0-methyl=-3:4-0-isopropylidens-u-D-galactosiduronic
methyl ester (IV) (0-30 g.) was dissolved in dry methanol {10 ml.)
containing water (0-03 ml.,) and heated with cation exchange resin
(Amberlite IR-100-H) (03 g.) at 50° for 48 nours. The product
was isolated as above as a colourless syrup (V) (0-271 g., 98% of
theoretical), n}7 1-4679, [a]° +97° (c, 0-7 in MeOH). It was
neutral, non-reducing to Feniing's solution, and containsd no

isopropylidene group.

(¢) &4 solution of méthyl 2-0-methyl-3:4=-0=-isopropylidene=-u=D=
galactosiduronic methyl ester (IV) (0-25 g.) in 0+.5% methanolic
hydrogen chloride {10 ml.) was heated at 70° for 70 minutes. After
neutralisation with silver: carbonate, filtration, extraction of the
silver residues with dry methanol, and evaﬁoration of the filtrate
and washings, the product was a colourless syrup (V) (0.22 g., 98%
of theoretical), nl7 1.4679, [a}§f +1+2° (c, 1.6 in MeOH), +4°
(c, 17 in 320), wirich was neutral and non-reducing and gave a
negative test for the isopropylidene group.

Found: OMe, 39+4. (slc. for CgHy450n: OMe, 39-4%.

$tability of the Glycosidic Grouo to Hyirolysis.

A solution of methyl 2=0-methyl-a-D-galactopyranosiduronic methyl
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ester (V) (80 mg.) in water (10 ml.) was shaken at room temperature
with cation exchange resin (Amberlite IR-100-H) (0°2 g.). Initially,
the solution had {u}%s +113°, pH 7, end was non-reducing. After

14 days, the solution had [a]%s +110° and pH 2 and was non-reducing.
After standing for fourteen months with occasicnal shaking the
solution was still non~fe&ucing. Under similar ccnditions, methyl
D=xylofuranoside became strongly reducing within 24 hours and methyl

a=O=mannepyranoside within 120 hours.

2=0-ifethyl-D=Galactaramice.

{a) Methyl R=0-methyl-3:4-0-isopropylidene-ageD-galactosiduronic
metinyl ester (IV) (120 mg.) was dissolved in nitric acid (&, 1.3;
5 ml.). The temperature of the solution was raised from 40° to 80°
during 15 minutes and maintained at £0° for 10 minutes. The solution
was Gilutea with water and nitric acid removed by distillation under
reduced pressure with frequent additions of water. The resulting
acid syrup wes refluxed with 4% methanolic hydrogen chloride (10 ml,)
for 6 hours, neutralised with silver carbonate, filtered, the silver
residues extracted, and the filtrate =nd washings evaporated.
Distilletion gave a colourless syrup (70 mg.), b.p. 160-180°/0+1 mm.,
On treatment of this syrup with saturated methanolic ammonia at 0°
for 48 hours, crystalline 2-O-methyl-D-gzalactaramide (40 mg. ), m.p.

(33) record m.p. 200°

205° (decomp.), was obtainad. (Tones snd Stacey
for their synthetic product, Brown, Hirst, and Jones(47) m.p. 195°
for the same product from methylated €nolla gum, and Hough and Jones(48)

m.pe. 207° for the product from the methylated gum of Sterculia setigera).




(b) A solution of methyl 2-C-methyl-3:4-0-isopropylidene=-u=-D=
galactosiduronic methyl ester (IV) (307 mg.) in 0.28 sulphuric acid
(10 ml.) was heated at 100° for 48 hours ({a]D +36°, constant),
neutralised with barium carbonats, fiitered, the residue extracted
witn water, and the filtrate passed through a coluan (160 x 12 am.)
of cation exchange resia (Amberlite IR-120-H). Hvaporation of the
eluate gave 2=0-methyl-D=galacturonic acid as a colourless syrup
(260 mg.), [a]}® +42° (c, 1-0 in B0).  4n aqueous solution of tne
latter was oxidised with bromine at 30° until the solution was none-
reducing (120 hours). mXcess bromine was removed by aeration, and
water and hydarogen bromidé by repeated distillation with ethanol.
The resultiug syrun was refluxed with 2% methanolic hydrogen chloride
for 8 hours and the product isolated in the usual way ss a syrup
(120 mg.}, n’éﬁ 1-4640, [a]1® +34° (c, 3.0 in H,0). The dismide,
prepared as described under {a), hed m.p. 205° (decomp.).

Found: C, 37-8; H, 6:2; N, 11.6; OMe, 14-.9.
Calc. for CyHy406li.:  C, 37-8; H, 6-4; N, 12:6; OMe, 14-0%.



Meothyl 3:4-0-Isopropylidene-E-0-"oluene=-p-tul shonyl-a=-J-Calactosid=

vronic Methyl Fster.

The starting material for preparations (a), (b}, (¢), anda (a)
wes recrystallised from acetone-light pstroleum and had m.p. 108-109°,
whilst that for prepearation {(e) was recrystallised from light

petrcleum and had m.p. 113-114°,

fa) A sclution of mathyl 3:4-0~isopropylidene-g-D-galactosiduronic

methyl ester (IIX) (1+30 g.) in pyridire (5 ml.) was cooled to C° and
powdered toluene-p-sulphonyl chloride (1+8 g.) added in small portions
over several hours, After standing for 48 hours at room temperature
the solution was voured with vigorous stirring into ice-water. The
resulting flocculent precipitate was washed several times with water
by decantation and filtered, giving an amorphous solid (130-150 mg.,
6~77% of theoretical ) which became sticky on exposure to the air.

Ko further material was cbtained by chloroform extraction of the

aqueous washings.

(b) In anoﬁher expariment, carried out under similer conditions,
a granular solid (40 mg. from 201 mg., 13% of theoretical) was
obtsined. After recrystallisation from ethancl the product had
m.p. 157-158°, [a]l® 485 (c, 1.3 in CHCL,).
Found: C, 48.0; H, 5-3;W g, 8-1,

{c) A soluticn of methyl $:4-0O-iscpropylidene-u-D-galactosid=
uronic methyl ester (II1I) (1.085 g.) in pyridine (15 ml.} was cooled

to 0° and allowed to stand in contact with "Drierite® (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., 17% of theoretical)
were separated by means of a little methanol and had m.p, 158-159°,
[a]3® +122° (¢, 1'3 in MeonH).
Found: C, 52:3; H, 6-0; S5, 8-1.

C18H2409S reguires C, 51°9; H, 5-8; &, 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. Re-treatment of this syrup
with toluene-p-sulphonyl chloride failed to give a crystalline product,
although the syrup isolated gave positive tests for sulphur and for

the isopropylidene group.

(e) Methyl 3:4-0-isopropylidene~g=-D-galactosiduronic methyl ester
(0.931 g., m.p. 113-114°), dissolved in dry pyridine (20 ml.), was
allowed to stand in contact with "Orierite" (12 g.) at 0° for 20 hours.
A solution of recrystallised toluene-p-sulphonyl chloride (1.6 g.) in
dry pyridine (10 ml.) was added in small amounts during several hours,

the mixture being maintained at 0°,. The solution was kept a2t 0° for



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
0° for one hour, the crystalline solid (1-028 g.) was separated and
washed with water, Hethyl 3:4-0-1sopropylidene-Z-G-toluene-?-
sulphonyl-g-D-galactosiduronic methyl ester (VI) had m.p., 157-158°,
unchanged on recrystallisation from methanol, [a]%o +122° (¢, 1-1
in ue0H), [a]}? +117° (c, 2:2 in cuClg).
FYound: C, 52-0; H, 5-5; S, 8-:1; OMe, 1l4-+6.

C1gHpg0gS requires ¢, 51-9; H, 5°8; s, 7-8; OMe, 14.9%.

The aqueous mother liquor was extracted twice with chlorofomrm
(200 m1.), 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-g=-D-Galactopyranosiduronic Methyl Gster.

(a) Methyl 3:4—O-isopropylidane-é-o-toluene-y-aulphcnyl-a-D-
galactosiduronic methyl ester (VI) (1-345 g.) was dissolved in 1%
methanolic hydrogen chloride (130 ml.) and kept at 30° for 30 hours,
[a]%? +122° (initially); +91° (7 hours); +79:5° (26 hours); +79°
(28 hours); +79° (36 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 aqueoua'methanol,

methyl 2-O-toluane-9-sulphonyl-a-Dbgalactopyranos1dur0nic methyl ester
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monohydrate (VII) had m.p. 71°, [a]}® +61° (e, 1.1 in cHClg).
Found: C, 45-8; H, 5-7; S, 8-4; OMe, 15.2,

C15Hog0gS .HoO Treguires C, 45:7; H, 5:6; S, 8:1; OHe, 15.7%.

An identical product was obtained;

(b) in 967 yield by treatment of the isopropylidene derivative
with 1% methanolic hydrogen chloride at 70° for 60 minutes,

(¢) in approximately 90-95% yield by shaking in methanolic
solution with the cation exchange resin (Amberlite IR-120-H) for

21 days.

Methyl 2-0-Toluene=-p=Sulphonyl-g-D-Galactopyranosiduronamide.

Treatment of the above methyl ester (VII) (210 mg.) with
methanolic ammonia (10 ml.) at 0° for 48 hours, followed by evapora=
tion of the solvent, gave a cryétalline amide (195 mg.), which after
recrystallisation from ethanol had m.o. 94-95°, [a]%a +67° (¢, 05
in CHClgz).

Found: C, 45-1; H, 5+6; u, 3:5; S, 8-1; OMe, 8.2,

CI4H1908NS.320 reguires C, 44'3; H, 5'6; N, 3‘7; S, 8'4; OMe, 8'2%.

Methyl 3:4-Di-o—metgxl-z-O-Tolgene-p-Sglphony1-a~D-Galactoa;Qgron;g

Methyl Ester.

Methyl gfo-toluene-g-sulphonyl-a-D-galactopyranoeiduron1c methyl
ester monohydrate (Vi) (1-180 g.) was methylated four times with
mathyl 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%O 1-4900, [a]%? +82° (¢, 1-1 in CHC13),



+88° (¢, 2+4 in EtOH).
Found: C, 50-2; H, 5.8; S, 8-1; OMe, 295.

Cq9Hoy40gS requires ¢, 50:5; H, 6.0; S, 7-9; OMe, 30-7%.

Methyl 3:4-Di-O-methyl-a-D-Galactosiduronic acid.

In order to test 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-iadprepylidane-D-galacturonate (1) (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
IRA-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.). Bvaporation of the eluate gave a colourless
syrup (ca. 50 mg.), which gave a negative test for sulphur and a
strongly positive naphtharesorcinol test for uronic acid,(55)[the
substance (2 mg.) and naphtharesorcinol (5-10 mg.) were boiled for a
few minutes with concentrated hydrochloric acid (10 ml.), cocled, and
extracted with benzene: a blue-purple colour in the benzene layer
indicated the presence of uronic acid]. Further elution of the resin

with 2N aqueous hydrochloric acid gave an optically inactive eluate.

(a) Preliminary Experiment.- Methyl 3:4-di-O-methyl-2-0-toluene-
p-sulphonyl-a-D-galactosiduronic methyl ester (VIII) (125 mg.) was
dissolved in methanol (10 ml.), water (5 ml.) added, and the solution

stirred at room temperature and sodium amalgam (4%, 3 g.) added in small

(56)

portions over 6 hours. After stirring for a further 18 hours at



room temperature the mixture was filtered, neutralised with carbon
dioxide, and évaporated to dryness. The residual white solid was
extracted with me thanol (4 x 50 ml.) under reflux and the methanolic
extracts evaporated to a white solid (323 mg.) which was dissolved

in methanol (30 ml.) and passed through a column (300 x 12 mm.) of
cation exchange resin (Amberlite IR-120-H), previously washed with
methanol. The acid eluate was then passed slowly through a similar
column of anion exchange resin (Amberlite IRA-400-0H). 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.). Bvaporation of the eluate gave a syrup (30 mg.) which
crystallised on storage (m.p. 151-153°). The proiuct 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 N sodium hydroxide
for 1 hour end 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 IR-120-H), and held in position by means of short rubber
sleeves. The compesite 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-methy1-2-0-toluens-g-sulphonyl-a~
D-galactosiduronic methyl ester (VIII) (1.200 g.) in methanol (20 ml.)

was stirrgd at room temperature with 2N aqueous sodium hydroxide (1-5



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 solids 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 werevpassed 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 columm was
dismantled and the portions containing anion exchange resin re-
assembled and eluted by passage during 60 hours of 2% formic acid in
methanol (500 ml.). Bvaporation of the eluate gave a colourless
syrup (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]%s +158°
(e, 13 in CHCla), +156° (¢, 1:3 in MeOH), +163° (c, 1:3 in HQO).

| Found: C, 46-4; H, 7-0; OMe, 38-4.

CoHyg09 requires C, 45+8; H, 6-8; OMe, 39-4%.

Methyl 3:4-Di-O-methylea-U-Galactosiduronic Methyl ZEster.

(a) A solution of methyl 3:4-di-O-methyl-g-D-galactosiduronic acid
(1X) (0-375 g.) in 1% methanolic 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 washings gave a crystalline solid (X) which was
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recrystallised from light petroleum as long silky needles (0-378 g.,
95% of theoretical), m.p. 113-114°, [a]}f +165° (c, 0-4 in CHCls).
Found: C, 48-0; H, 7-1; OMe, 49-.8.

Ci10H1807 regquires ¢, 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-O-methyl-a-D-galactosiduronic acid
(IX) in ethanol with ethereal diazomethane. Hvaporation of the
solution and recrystallisation from light petroleum gave needles, m.p.

113-114°,

Methyl 3:4-Di-O-methyl-c-D-Gelactosiduron-amide and -methylamide.

Treatment of the above methyl ester (X) with methanolic ammonisa
at 0° for 48 hours, followed by eveporation, gave a syrup, [a]iv +108°
(¢, 1+1 in EtOH), from which by trituration with ethanol a crystalline
solid, m.p., 130-131°, was obtained in poor yield. Similar treatment
of the ester (X) (110 mg.) with methanolic methylamine gave the
crystalline methylamide (109 mg.) which was recrystallised from acetone
in the form of large prisms, m.p. 205°, [al}® +116° (c, 0-6 in Hy0).

Found: C, 48-5; H, 7-5; N, 5.8; OMe, 388,

C10H190¢N reguires C, 48-2; H, 7-7; N, 5:6; OMe, 37+4%.

Methyl 2:3:4-Tri-O-methyl-g-D-Galactosiduronic Msthyl Hster.

Metbyl 3:4-di-O-methyl-a=-D-galactosiduronic 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



admixed with a specimen prepared from methyl a-D-galactopyranosid-
uronic methyl ester as described below, [a}%ﬁ +172° (c, 1.0 in Hy0).
For comparison, methyl o=-D-galactopyrancosiduronic methyl ester
was methylated with silver oxide and methyl iodide in two operationsgls’zs)
The product crystallised and after purification by sublimation in

vacuo had m.p. 71=-72°,

Diethyl 3:4-Di-O-methylgalactarate.

A solution of methyl‘3:4—di-O-methyl-a-D-galactosiduronic me thyl
ester (X) (294 mg.) in 0-2N sulphuric acid (20 ml.) was heated on the
boiling water bath for 51 hours: [a]D +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 salts washed and the filtrate and 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.), (
n%)l 1-4615, [a]})" +87° (¢, 1+2 in EtOH), [a]}f +93° (c, 1+4 in Hp0).

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 andi added again afterwards: {a}D +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
dis;illation with ethanol under reduced pressure, the residue dissolved
in 0-2K hydrochloric acid (10 ml,) and the solution heated at 100° for
50 hours ([a]p +8°). Bromine (2 ml,) was added and after 3 days at 40°



the rotation was zero. Water and hyirogen bromide were removed as
before, and a crystalline solid (205 mg.) whicn was insoluble in
water, was obtained. After recrystallisation from aqueous acetone,
diethyl 3:4-di-O-methylgalactarate (XI) was obtained as flat plates,
m.p. 148-149°, [a]}® +0°.

Found: C, 49-4; H, 7-4; OR (as Cl¥e), 42.2.

CyoHog0g reguires C, 49-0; H, 7-5; OR (as OlMe), 42.2%.

Dimethyl 3:4-Di-O-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, and evaporation of the filtrate and washings
gave the crystalline dimethyl ester (XII), which was recrystallised
from acetone-light petroleum as needles, m.pe. 172=-173°, {a]ﬁf +0°,

Found: C, 44.8; H, 6.7.

CioHyg0g requires C, 45-1; H, 6:8%.

3:4-Di~0-methxlgalactaramide.

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° (decomp.), [a]18 (1
A VWeermann teat(54) was posi tive,

Found: N, 11-9. (CgHjg0gs requires N, 11-9%.
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DERIVATIVES OF D-GLUCURONIC ACID

DISCUSS ION

¥etnyl 2:3~dimethyl-g=D-glucopyranoside has been prepareﬁ(54.67)

by methylation of several different acetals of methyl a-D-gluco-
pyranoside and it was considered suitable for oxidation tc the
glycoside of 2;54dimethyloﬁ~glucurvnic acid by means of alkaline

(64)

permanganate. Methyl 4:6-benzylidene-a~D=-glucoside was chosen

as starting materizal, and methylation, followed by removal of the
benzylidene residue with dilute acid at room temperature gave
crystalline methyl 2:3-dimetkyl-a-D-glucopyranoside in good yield.
Oxidation with dilute aqueous alkaline permanganate, followed by
esterification, gave methyl 2:3-dimethyl-a-D-glucopyranosidurcnic methyl
ester as a syrup. Treatment with phenylhydrazine gave the crystalline
phenylhydrazide previously prepared by Smith(lg) from the hydrolysate
of methylated arabic acid, and esterification with p-nitrobenzoyl
chiloride in pyridine gave the beautifully crystalline p-nitrobenzoate,
shown by mixed melting point determinations to be identical with a
specimen prepared by Smith(lz) from methylsted arabic acid. Hydrolysis
and bromine oxidation led to the production of 2:5-dimethyl-D-glucaric
acid, characterised as the crystalline 1—4-lactone-6-methyl ester
and as the crystalline diamide.

An attempt was made to carry out an unambiguous synthesis of
4-methyl-D-glucuronic acid by a modification of the method used for

(68,89) o vstnlline mothyl

the synthesis of 4:6-dimethyl-D-glucose.
2:3-dibenzyl-a-D-glucopyranoside was prepared by benzylation of

methyl 4:6-benzylidene-g-D~-glucoside, followed by mild acid hydrolysis
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to remcve the benzylidene group. Oxjdation &t room temperature
with potassium permangenate in neutral acetone soluticn resulted

in a mixture which was diluted with water, acidified, and extracted
with chloroform. Evaporation 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 sulphnate and sodium
hydroxide. The product of methylation, 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 bensyl substituents and was there=
fore useless iﬁ the present aynthesia. It sesems probable that the
dibenzyl methyl glyéoside was extensively degraded by the action of
neutral parmanganaie and that very little, if any of the desired
product, methyl 2:3-dibenzyleag-D-glucosiduronic acid, was obtained.
Since the corresponding dimethyl ether was succéssfully oxidised to
the uronic acid by means of the more vigorous alkaline permanganate
it is unlikely that degradation commenced at the unprotected hydroxyl
onAC4. 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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Methiyl g-D-Glucopyranoside was prepared from D-glucose by

70
the activn of 5% methanolic hydrogen chloride.( ) Mep. 163-165°,
[a]}? +188° (c, 1.8 in Hy0).

Hethyl 4:6-C-Benzylidene=-ag=D-Glucoside, was prepared by a

- 64
modification of the method of Freudenberg.( ) Methyl a=-D=gluco=-

pyrancside (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 aqueovs sodium
bicarbonate (1200 ml,) and light petroleum (1200 ml.). The white
80lid which was Ceposited was filtered, washed with water (1000 ml.),
with light petroleum (1000 ml,), and drained overnight. The resulte-
ing moist solid was extracted with boiling water (1500 ml.) and the
aquaous extract filtered hot. On cooling the product was obtained
8s long needles (102 g., 70% of theoretical), m.p. 164-165°,
[al}® +108° (c, 1-1 in cuclg).

Found: C, 59-0; H, 6-6.
Calc. for CyqaH1g06: C, 59:6; H, 6-4%.

e A

Methyl 4:G-O-Eenzzlidene-z:3-gggo-methy1-a-D-GlucosL_g.

A solution of methyl 4:6-O-benzylidene=-c~D-glucoside (50 g.)
in acetone (300 ml.) was stirred at 55-60° and 30% agueous sodium
hydroxide (520 ml.) and dimethyl sulphate (130 ml.) added in 1/10

(71,72)

portions at 10 minute intervals. The solution was stirred for

a further 20 minutes, the acetone removed under reduced pressure, and



the rssidue chilled, The resulting c¢rystalline solid was filtered

off, dissolved in acetone (300 wml.) and wethylated as bafore. The

product (51+5 g., 947 of theoretical) had, after recrystallisation

from ethanol, m,p, 121-122°, [a]3® +95° (c, 3.0 in CHOly). :
Found: C, 61-8; H, 70.

Cale. for Cyglpg0¢: C, 61°9; H, 7-24.

Methyl 2:3-Di-O-methyl-a=-D=-Glucopyranoside.

A solution of methyl 4:6-0O<-benzylidene=-2:3-di-0-methyl-a=-D-
glucoside (38-4 g.) in a mixture of acetone (800 ml.) and 4N sulphuric
acid {200 ml.) was kept at room temperature for 72 hours: [a]D +95°
(initially); +109° (53 hours); +110° (72 hours, conatant). The
solution was neutralised with barium caroponate, filtered, the barium
salts washed with water, and the neutral filtrate and washings
evaporated to a syrup from which benzaldehyde was removed by repeated
distillation with water under reduced pressure. The crystalline
residue (23-5 g., 98% of theoretical) had, after recrystallisation
from carbon tetrachloride, m.p. 81-82°, {a]%a +153° (c, 1-0 in Hg0).

Found: C, 48-9; H, 8-0.
Calc. for Cgilygdg: C, 48:6; H, 8-1%.

Vethyl 2:3-Di~-0-methyleg-D-Glucopyrenosiduronic Methyl ligter.

A solution of methyl 2:3~di-O-methyl-a-D-glucopyranoside (273 g.)
in water (2 1.), containing potassium hydroxide (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 pemmanganate decomposed by careful addition of
aqueous potassium metabisulphite, 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 exgracts passed slowly through a column (17 x 700
mn. ) of cation exchange resin (Amberlite 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% metnanclic hydrogen
chleride (500 ml.) and 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%
of theoretical), b.p. 130-140°/0-5 mm., n3® 1.4441, [a]18 +111°

(e, 1-1 in Hs0).

Yethyl 2;3-Di~0-methyl-4-0-g-ﬂitrobenzoyl~a-Q~GlgCosidugonic
Methyl EHster.

To a solution of methyl 2:3-di-0-methyl=a-D-glucopyranosiduronic
methyl ester (2.2 g.) in pyfidine (7 ml.), p-nitrobenzoyl chloride
{(3-0 g.) was added in small portions over 2 hoursflz) The mixture
was 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 bicare
tonate (200 ml.) and water (300 ml.). After fecryshallisation from

ethanol, the p-nitrobenzoate had m.p. 156-158°, [a]%ﬁ +69° (¢, 1.8
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in cHClg).  smith'®) records m.p. 1570,
Found: C, 51-4; H, 5.4; K, 4.1,
Cq7H210y0¥ reauvires C, 51.1; H, 6.3; N, 3-5%.
A specimen (kindly supplied'hy Professer F. Smith) of the
p=nitrobenzoate prepared from 2:3-di~-O-methyl-D=-glucuronic acid
isolated from the hydrolysate of methylated arabic gcid had m.p.

154°, and a mixture of the two specimens had m.p. 154-157°,

Methyl 2:3-Di-O-methyl-c-D~-Glucopyranosiduronic Phenylhydrazide.

Methyl 2:3-di-O-methyl-g-D-glucopyranosiduronic methyl ester
(2.0 g.) and freshly distilled phenylhydarazine (078 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 and the crystalline residue (1-85 g.) recryse-
tallised ffom benzene as prisms, m.p. 195-197°, {a}%a +85° (¢, 1.1
in CHCIS). Smith (12) reports m.p. 225-227° for the phenylhydrazide
obtained from the dimethyl uronic acid isolated from the hydrolysate
of methylated arabic acid.

Yound: ¢, 55-2; E, 6:8; u, 9-0.

Ci15Hgo0gNg reguires ¢, 55-2; H, €-8; H, 8-6%.

2:3=-Di=0-methyl-D-CGlucaranide.

Hethyl 2:3-di-0O-methyl ~a-D=glucopyranosiduronic methyl ester
(20 g.) was heated in a sealed tube at 100° for 24 hours with N
hydrochloric acid (4¢ ml.). Bromine (5 ml.) was added to the cooled

solution and the mixture kept at 40° for 6 days. Bromine was removed



by aeration and hydrohalic acids by repeated distillation with
ethanél under reduced préssura. The syrupy rasiduevwaé esterified
with 1% methanolic hydrogen chloride at 30° for 3 days, and the
product, isolated in the usual manner, distilled in vacuo {(b.p. 120-
130°/0-1 mm. ). The distillate crystallised spontaneously and after
recrystallisation from benzene 2:3-di-O-methyl-D-glucaro=-1— 4-
lactone-6-methyl ester had m.p. 99-100°, {a]é? +17° (e, 1.2 in H20).
Smith(lz) records m.p. L01°, [a]is +12° in Hg0 for this compound.
Treatment of the above lactone ester with methanclic ammonia,
followed by evaporation, gave crystalline 2:3-di-O-methyl-D-glucar=
amide, which after recrystallisation from methanol had m.p. 154-1669,

undepressed on admixture with an asuthentic specimen,

Methyl 2:3:4-Tri-O-methyl-g=D-Glucosiduronsmide.

Methyl 2:3-di-O-pethyleg=D~glucopyrancsiduronic methyl ester
(70 mg.) was methylated with methyl iodide and silver oxide in two
operations.  The product (70 mg.) was distilled (b.p., 130-14070-.1
mm.) ard the distillate treated with methanclic ammonia. The resulg-
ing amide, after recrystallisation from benzene, had m.p. 180°,
undepressed on admixture with an authentic specimen, [a]%f +147°

(C, 0'7 in H‘?O)o

Methyl 2:3-Di-0-bornzyled:€-O=benzylidene-c~-D~Gluco=ide.

Hethyl 4:6-0-benzylidene-a-D-glucoside (50 g.) was dissolved in
a mixture of benzyl ciloride (134 ml.) and toluene (1500 ml.).(ﬁg)
Powdered sodium hyuiroxide (350 g.) was added and the mixture heated

on the beiling water-bath, with vigorous stirring, for 5 hours.



¥ater (L200 ml.) was added to tne coolsd mixture and the toluene
laysr separated and wasinsd ~ita water. Tae toluene solution was
svaporated and beuzyl caloride removed from the residue by repeated
distillation with watsr uader rsduced pressure. Finally, the solid
residue was washed with water and recrystallised from agueous ethanol
or from light petrolewn as fine needles (53 g., 65% of theoretical)
mep. 94-95°, [a]p® -30° (e, 25 in cHCLy). -

Found: €, 72-3; U, 6-3.

Calc. for CpgHznOg: C, 72-7; H, 6:5%.

Methyl 2:3<Di-0O«benzylea-D-Clucopyranoside.

T e

A solution of methyl 2:3-di=-0O-benzyl-4:6-0-benzylidene-g=D=-
glucoside (48 g.) in acetone (%00 ml.) and 4§ sulphuric scid {200 ml.)
was kept at room temperature for 72 hours: [a]p +20° (initially);
+45° (7 nouxs); +67° (23 hours); +72° (53 hours, constant). The
solution was neutralised with barium carbonate, filtered, the bariuam
salta washed with acetone, and the neutral filtrate evaporat2d to a
syrup from which benzaldehyde was removad by repeated distillation with
water under raduced pressure. The crystalline residue (35-5 g., 92%
of theoretical) had, after recrystallisation from aqueous ethanol,
m.p. 77-78°, [al}? +26° (c, 4°3 in CHCLy).

Yound: ¢, 67-1; H, 6-8.

Calc. for CoyHpg0pg: C, 67+4; H, 7-0%.
217°26V6
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Oxidstion of Methyl 2:3-Di-O-benzylea-D-Glucopyranoside.

To & solution of methyl 2:3-di-O-banzyl-a-D-glucopyrancside
(50 g.) in acetone (1500 ml.) containing water (100 ml.), potassium
permanganate (100 g.) was added in small portions with constant
stirring during 48 hours. The mixture was acidified {170 ml. of
4N sulphuric acid) with stirring and cooling, filtered, and the
residuve washed with acetone (2 x 200 ml.). The filtrate was diluted
with water (3 1.), extracted with chloroform (4 x 500 ml.) and the
chloroform extracts washed with water (3 x 400 ml.). Evaporation 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 [a]p +103° (¢, 1-8 in CHClz) and gave a positive
naphtharesorcinol test for uronic acid. Two methylations with di-
methyl sulphate snd souium hydrvoxide gave a very mobile liquid,
isclated by acidification and chloroform extraction, which geve negative
naphtharesorcinol and carbazole tests for uroniec acid. Af ter
debenzylation with socium mothoxide as described by Bell and Lorber(69)
naphtharesorcinol and carbazele tests were still negative. The
aqueous solution remaining after siatraction of the cxidation mixture

with chloroform gsave a positive test for uronic zcid.
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BOTES

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. Jeiler and Strauss, Oxford. Hethoxyl(va) and
acetone(vg) determinationﬁ were carried out by the author, using
volumetric methods., For analysis and the determmination of physical
constants, crystalline substances were dried in vacuo (01 mm.) over
phosphorus pentoxide. All evaporationsvere 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 and the residue on the filter
washed at least thrice with a suitable warm solvent. In the case of
the silver salts from Purdie methylations, boiling acetone was most
effective. ALl light petroleum used was the fraction of b.p. 60-80°,

The conventions c¢f the Jouimal of the Chemical Society, with

(80)

regard to new Ccompounds, are observed throughout the experimental
sections. The enalyses of new compounas are therefore reported in
the form: Xound: C, =~.-; H, =-.=-,

Ci1o8160¢ Zeguires ¢, -.-; H, -.-%,
whereas for compounds already adequataly described in the literature

the form is: Found: €, =.=; H, -.=-,

Calc. for 01231606 . C.. .=, Ha """%'

Through the esperimental sections the nomenclature iz in accordance
with the recoummendaticns of the Joint Committee on Homenclaturesel)ln
the Introduction and Discussion, however, a simplified nomericlature

is used for the sake of clarity.
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PERIODATE OXIDATICN OF URONIC ACIDS

In 1928 ﬂalaprade(84) showed that a=-glycols were smoothly

oxidised by periodic acid with the production of formié acid from
a secondary alcohol group and formaldehyde from a primary alcohol
residue.,  Whaen this reaction was applied to hexoses it was found
that 5 molecules of periodic acid are consumed and that the hexoses
break down with the liberation of 5 molecules of formic acid and
one of formaldehyde.

CHO

(éxoa)4 + BHIO,—HCHO + SHCOOH +  5HIO

CHgOH
Although this represents the hexoses in the aldehydic form periodic
acid was also found to react with the w-glycol groups in the cycliec
glycosidescgs) in a similar way; the chain of carbon atoums is
broken whilst the oxide ring of the sugar is left intact. Thus with
a methyl a-D-hexosgide a molecule of formic acid is raleased‘and a
derivative of diglycollic aldehyde produced. Aslightly different

result is obtained with the B-hexosides; the oxidation product has

%;6-0033 n-riz-oca5
cﬁn;\\ﬁ c;;\\\T

, 0 2HIO,  HCOOH + 1 )
?ﬁ@ﬁ —_ CHO ,
CHOH H%

CH CH,OH
CH,OH

the configuration of Cl reversed. #hen a pure methyl a=- or B-D-

pentofuranoside is oxidised the same products are obtained, with the
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difference that only one molecule of periocdic acid is consumed and
no formic acid is produced. On the other hand the methyl pento-
pyranosides under the same treatment give monosubstituted

diglycollaldehyde derivatives. In this way periodic acid oxidation

(I)m C}N

?HOK 0 + ZQHIQ4 — 0 + HCOOH
CHOH ?HO
CHz CHz

has proved a valuable method for the determination of ring structures
and for the correlation of the configuration of the glycogidic
Ccentre of glycosides, and has provided many valuable results in spite

of the fact that the original simple concept of specificity for the

a=-diocl structure has been modified coneiderably. Link and co-workers(

recorded that zinc bornyl glucosiduronate and methyl g-De-galactoside
uronic methyl ester gave rise to more than the theoretical amount of

40)

formic acid. lialsall, Hirst and Jonea( confirmed these results,

These latter workers found that it they used potassium metaperiodate
at pH 4 and kept the concentration of foimic acid low the methyl
glycosides of hexoses, pentoses and the reducing disaccharides gave
the normal quantity of formic acid, while the metaylglycosides of
uronic acids and of hexemofursnosides anu thae reducing sugars all
underwent further oxidation. Link and his colleagues had previously
explained the over-oxidation of ths uronosides on the assumption that
after the formation of the dialdehyde Il the hydrogen situated on

Carbon 5 is activated by the adjacent Carboxyl anu aldehydic groups

86)



and is oxidised to a hyiroxyl group {(III). *This would result in
the formation of a substance which in its hydrated form contains
hydroxyl groups on adjacent carbon atoms and would undergo further

oxidation with pericdate with tus formstion of sn ester of oxalic
-

acida® (1v). At this stage the consuaption of periodate is 2 mol.
COOH COO0OH COQH (}'OOH CI)OOH
( : 0 o,/C“O CO0H H
Ul HO :—;'O.__l__k)]fe
HO N oue” Ole ofe” Ole CHO
I IT ITI Iv v VI

for each mol. of urcnic acid. If the conditions are such that'the

ester (IV) is hydrolysed, ‘ - = the
hemi~-acetal of glyoxzal (VI) would be oxidised further and the total
consumption of periodate would be 5 mol. Sprinson snd Chargaff(av)
investigated the conyersicn of the aldehyde (II} into the hydroxyl
aldehyde (III) and proved that substances such as malonic acié which

Contain a hydrogen atom combined to a carbon atom situsted between
CHODQ

2 carbonyl groups -&-é—g~ can be oxidised to the corresponding
hydroxy compound which then undergoes further oxidation. Hirst and
his co-workers found that this explanation could be applied to the
various compounds they investigated where over-oxidation occurred.
They also observed that vhere this type of oxidation occurred free
iodine was invariably released and ascribed this to the reaction
between sodium iodide and sodium iodate in acid solution, the sodium
iodide being formed by reduction of sodium iodate during oxidation on
the activated cérbon atom.

In the present work methyl a=D=galactopyranosiduronic methyl

ester was oxidised under different conditions of pH and temperature,
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#ithin 20 hours under all the conditions employsd more than the 2
mol . required by the simple oxidation had been consumed. In €6
hours the consumption in all cases was 3 mol. or more and the
reaction generally appeared to become slowsr after this point. In
300 hours reaction appearsd to be complete at a consumption of
$:0<6-1 mol. except in four cases, notably at pH 4.5 at 0° and 18°,
in which the consumption was still only 4-0-4+1 mol. From the
results it appears that the cver-oxidation postulated by the previocus
workers occurs under all the conditions studied and that, apart from
the figure of 5 mol. representing complete over-oxidation, the only
significant arrest in the progress of oxidation occurs at 3.0 mol.,
post evident at 0° with no buffer or with a buffer of pH 45, It
would eppear, therefore, if the previous explanation of avar-oxidation
is correct, that hydrolysis of the oxalyl ester (IV) is relatively
slow. No liberation of icdine occurred under any of the conditions
employed nor with any of the other derivatives investigated.

In order to investigate the behaviour of methylated glycesidurpnic
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 over-oxidation 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 cvexr~oxidation was small even after 300 hours,
methyl a-D-galactosiduronamide and mannosiduronamide consumed respec=
tively 2+5 and 2+7 mol. periodate for each sugar molecule, although the
postulated over-oxidation would require 5 mol, Hethyl 2emethylegel=
galactosiduronic methyl ester consumed 2 mol. mid-way between normal

oxidation and complete over=-oxidation. No over-oxidation occurred
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with methyl é-matnyi-g-D~mannosi@uronic rmethyl ester which consumed
a single mol. of pericdate for ecach wol. of sugar; on the current
theories this is to be expected as the methyl group on Cé would
prevent oxiudation between C3 and C4 and consequently the formaticon
of an active hydrogen atom. This ie alse in agreement with the
results of Smith(aa) wito tound that wethyl 4-methylea-De-glucoside-
urcnic methyl ester consumed only cne mol, of periodate, With two
Gimetnyl and turee trimethyl uronosidic methyl esters where no
oxidation of any kind was expected the actual results fitted axpaCe
taticns.

A nuamber of free uronic acids were oxidised at 0° and pH 4.5,
The periodate consumption after 300 hours was in every case roughly
1 mol. less than would be expected if the uronic acid reacted in the
straight-chain (aldehydo) fom. In every experiment the glycosid-
uronic ester was hydrolysed with sulphuric acid at 100° for 24 hours
andi no attempt #as made to isolate the product before oxidation with
periodate and it might be argued that low consumption of periodate
was Gue to loss of sugar during hydrolysis. However, hydrolysis of
methyl 3:4-dimethyl-g-D-galactosidurcnic methyl ester under the sanme
conditions gave a 97% yield of the free acid. white':’) found that
3:4~dimethyl=-D-glucuronic acid consumed only one mol. of periodate
which is in agreement with the present results for 3:4-dimethyl-ﬁ-
galacturonic acid. Greville and Horthcote(ag) found that 3:4-di-
methyl-D-zlucose consumed only 1 instead of 2 mol. of periodate which
could be explained by assuming that the sugar reacts in the pyrancse
configuration, although these asuthors consider that the immunity of

C5 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 experimsntal results in the case of 4-methyleD=-
mannuronic acid, 3:4-dimethyl-l=-galacturonic acid, and 2:3:4-tri-
methyl-ld=glucuronic acid. In considering the results of the oxidae
tion of the remaining uronic acids it must be borne in mind that if
an urenic acid having hydroxyls at C3 and C4 reacts in the pyranose
form one of the intermediates is a substance which contains activated
hydrogen and over-oxidation is therefore to be expacted.

CQOH
Q

\/1 TI7

—_— CHO CHO

0H

This over-oxidation would be expected with D=galacturonic scid,
D-mannuronic acid, and 2-methyl-D-galacturonic acid, in all of which
the periodate consumption actually exceeds the figure predicted on

the basis of pyranose configuratfon without over-oxidation. 2:3=
Dimethyl=-D-glucuronic acid also consumes more periadate than would

be expected from the pyranose form although in this case over-oxidation

due to activated hydrogen is hardly to be expected.

BXPERIMENTAL

Puffer solutions wers prepars=g4 according to vcge1,(82) except
that sodium salts were used in sll cases. The fellowing buffer

solutions were usad: (tﬁd molamtly ~ o1 M)



Buffer A (pH 2-0) Toluene-p-sulphonic acid-sodium toluene-p-sulphonate.

Buffer B (pH 4-5) Acetic acidesodium acetate.

Buffer C (pH 5-3) Acetic acid-sodium sceiate.

Buffer D {pX 5-3) Disodium hydrogen phosphate-sodium dihydrozen
pnoesphate.

Buffer E (pH 7.0) 3odium dihyGrogsn phosphate-sodium hyiroxide.
A typical oxidation is described in dGetail below.

The subatance (10-50 mg.; sufficient to give a back titration
difference of 10-20 ml.) was weighed accurately and dissolved in
about 40 ml. of the buffsr zolution at the agvpropriate temperature.
Sodium metaperiodate solution (0-097; 5 ml,) was sdded end the
volume made up to 50 ml, with buffer solution. A%t suitable inter-
vals, portions of 10 ml. vere withdrawn, saturated with sodium bie
carbonate, 10 ml, of 0.1¥ sodium arsenite snd 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
O0.1N 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.



RESULTS

Uptake of Periodate (mol,) by W¥ethyl a-D-Galactopyranosiduronic
Methyl #ster.

Temperature 18° o*®
@uffar None A B Cc D B Hone B B
by - 2.0 4.% 5.3 5.3 7.0 - 4.5 7.0

Time (hrs.)

20 3.5 249 2.9 3.0 3.1 4.2 2.5 244 3.1
66 4.0 3.2 3.2 3.8 4.7 4.9 3.0 3.0 4.7
140 47 3+5 33 449 5.0 5.0 S¢1 3.0 4.9
300 £,1 36 4+1 5.1 5.1 5.1 4.6 4.0 5.0
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Uptake of Periodate (Mol.) by Uronic Acid Derivatives.

Mol. Buffer B Buffer B
Uronic Acid dxapected | pH 45 ¢° pi 7.0, 18°

g0 300 %0 300

A_ B hrs hrs hrs  hrs

Me-a-D=galactopyranosiduronic Me ester 2 5 3-0 4-0 5.0 5.1
Me-a-D-galactopyranosiduronamide 2 5 23 25 2.8 4-?
Me-a=-D=mannopyranosiduronanide 2 5 23 2.7 28 47
Me 2-Me-a-D=-galactosiduronic ¥e ester b 4 3 1.4 2.0 20 3.0
Me 4-Me-a-D-mannosiduronic Me ester 1 1 09 1-0 1.0 1.1

Me 3:4-Mep-o-l-galactosiduronic ie ester 0.0 0.0 0-0 0.0
0«0 0s-0 0.0 0-0

O
Me 2:3-Meg-a-D-glucosiduronic MYe ester C
Me Z2:3:4~Mez-a-D=-glucosiduronic ile ester O

G

0

0

0 GG C-C 0-0 G-0
O

Me 2:3:4-Hez~o~l-mannosiduronic¢ methyl- 0.0 0.0 00 0.0

amide

C D &

D=-Galacturonic acid 5 3 b5 33 346
D-Mannuronic acid 5 3 b 3.9 4.2
4 -Me-D~mannuronic acid S 2 2 2.0 2.1
Z=ile=D=galacturonic acid 3 1 3 1.5 1.9
Sid-Meg-D-galacturonic acid 2 1 1 1.1 1.2
2:3-Meg=-D~-glucuronic acid 2 0 o© 0-9 1.2
2:3:4-Meg-D-glucuronic acid 1 0 0 0.0 0-0

A Without over-oaidation C Open=-chain configuration

B With over-oxidation o Pyrancse, without over-oxidation

& Pyranose, with over-oxidation.



PAPER CHROMATOGRAPHY OF URONIC ACIDS

Although the paper chromatography of uronic acids has been
mentioned in the literature on a number of occaaions,(74) there are
remarkably few reliable records of the RG values of the uronic acids
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. From pre-
liminary experiments it appeared that all the systems containing acetic
acid behaved rather similarly and that for most purposes the two types
of solvent system available were, on the one hand, those containing
acetic acid, typified by butanol-acetic acid-water, and, on the other
hand, the butanol-formic acid-water system proposed by Akher, Smith,
and Sprieatarsbach.(vs) The properties of both of these solvent
mixtures change on standing owing to esterification of the acid by
the butanol. Smith and Sprieatersbach(as) 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(76)
as a control substance for the paper chromatography of uronic acids,
it was found'in the present work to be hopelessly erratic, its Rg
value sometimes varying by over 507 under apparently identical con-
ditions. Tetramethyl-D-glucose was found to give reasonably consise-

tent results, the derived R, values being generally within 3% of one
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another on different papers and at different times, using butanol-
aqueous formic acid, In the case of butanol-acetic acid-water,
however, results were less consistent the maxXximum variation in the
Rg value being about 67. 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-
tioned in the 1iteratura(77) 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., #ith uroniec
acids having a free hydroxyl at C2 these spray reagents give a b rown
or reddish-brown colour, whereas with acids substituted at C2 a
brilliant red or purple colour is produced.

The following table summarises the results obtained. Methyl
glycosiduronic acids were generally hydrolysed, prior to paper
chromatography, with N 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 (Amberlite
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,



Uronic Acid

D=Galacturonic Acid
D=-Mannuronic Acid
D-Mannuronolactone
2=Me=-D-Galacturonic Acid
De=Glucuronolactone
4-Me-D=-Mannuronic Acid
3:4=-Meg-D=Galacturonic Acid
2:3=-Weg=D~-Glucuronic Acid
2:3:4-Mez-D-Galacturonic Acid
2:3:4-Mez-D-Mannuronic Acid
2:3:4-Mez-D-Glucuronic Acid

Colour with
Aniline
Oxalate

Brown
Brown
Brown
Orange=-Red
Brown

Red-Brown

Red -Brown

Orange -Red

Orange=hed

Orange=Red

Orange=-Red

Colour with
p-Anisidine
HC1
Brown
Erown
Brown
Red=Purple
Brown
Red -Brown
Red~-Brown
Red=-Purple
Red=Purple
Red=Purple
Red=Purple

Ry in Rg in
A B
0.03 0-15
0.05 0.16
0.13  0.29
0.20 0.22
0.21 0.37
0.25  0.29
0.43  0.46
0-47 0.56
0.63 061
0.79 0.80
0.84 0.84
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S UMMARY

(1) Crystalline derivatives of 4-methyl-D-mannuronic acid have been
prepared by methylation of methyl 2:3-isopropylidene-a-D-mannosid-
uronamide.

(2) Crystalline derivatives of 2:3:4-trimethyl-D-mannuronic acid

have been prepared by methylation of methyl a-De-mannosiduronamide.
(3) Attempts to prepare the 4-toluene-p-sulphonate of methyl 2:3-
isopropylidene-a=-D-mannosiduronamide as an intermediate in the
synthesis of 2:S-dimsthyl-nwménnuronic acid have been unsuccessful.
(4) Crystalline derivatives of 2-methyl=-D-galacturonic acid have been
prepared by methylation of methyl 3:4-isopropylidene-a~D-galactosid-
uronic methyl estet. |

(5) Crystalline derivatives of 3:4-dimethyl-D-galacturonic acid have
been prepared by methylation of methyl 2-toluene-p-sulphonyl-g=-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-dimethyl-a-D-glucopyranoside.
(7) An attempt to prepare methyl 2:3-dibenzyl-a-D-glucosiduronic acid
by permanganate oxidation of methyl 2:3-dibenzyl-g-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
Ccourse: of this work have been oxidised with periodate under wvarious
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-Methyl- and 3 : 4-Di-O-methyl-p-galacturonic
Acid.*

By R. A. EDINGTON AND EL1ZABETH E. PERCIVAL.

Crystalline methyl (methyl 3 :4-O-isopropylidene-a-p-galactosid)uronate
(B) has been synthesised from p-galactose. Methylation of (B) gave methyl
(methyl 2-O-methyl-3 : 4-O-isopropylidene-a-n-galactosid)uronate (C) which
was characterised by isolation of a crystalline amide, by oxidation to dimethyl
2-O-methyl-p-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-p-sulphonyl derivative of (B) was prepared,
and removal of the isopropylidene residue followed by methylation and
reductive fission of the toluene-p-sulphonyl group gave methyl 3:4-di-O-
methyl-p-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, /., 1950, 1199). In
addition G. A. Adams ef al. (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-O-methyl- and 3 : 4-di-O-methyl-galacturonic acid. Methyl
(methyl 2-O-methyl-a-D-galactopyranosid)uronate (I; R = Me) has been ‘synthesised

] .
H-C-OMe QOzMe H-C-OMe
H-C-OR H-C-OMe H-C-OH
HO-C-H HO-C-H MeO-C-H
HO-C-H HO-C-H MeO-C-H
H% 6] H-C-OH H-
O,Me CO,Me O,Me
(I) (11) (I11)

previously by Jones and Stacey (J., 1947, 1340) from 1:2:3:4-tetra-O-acetyl-6-O-
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 19,
methanolic hydrogen chloride then gave methyl (methyl «-D-galactosid)uronate (I;
R = H). The hydroxyl groups at Cg, and C¢, were blocked by an ¢sopropylidene residue
and methylation followed by hydrolysis gave methyl (methyl 2-O-methyl-p-galactosid)-
uronate in approximately 7-5%, overall yield. The present synthesis differs in the earlier
stages and gives a 209, overall yield. 1:2-3:4-Di-O-isopropylidene-p-galactose was
oxidised with permanganate, giving crystalline potassium 1 : 2-3 : 4-di-O-isopropylidene-
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 «-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 isopropylidene 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-O-methyl-3 : 4-O-isopropylidene-a-D-galacto-
pyranosid)uronate was characterised by the isolation of a crystalline amide and by
oxidation to dimethyl 2-O-methylgalactarate (II). This, on appropriate treatment, gave
the known crystalline diamide. Hydrolysis of the isopropylidene and glycosidic and
ester methoxyl groups from methyl (methyl 2-O-methyl-3:4-O-isopropylidene-«-D-
galactopyranosid)uronate and oxidation of the resulting 2-O-methyl-p-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-O-methyl-a-D-galactopyranosid)uronate (III) has
been synthesised by blocking position 2 in crystalline methyl (methyl 3 : 4-O-isopropyl-
idenegalactosid)uronate with a toluene-p-sulphonyl group. Hydrolysis of the isopropyl-
idene residue followed by methylation gave crystalline methyl (methyl 3 : 4-di-O-methyl-
2-O-toluene-p-sulphonylgalactosid)uronate. Reductive fission of the toluene-p-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-O-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-O-methyl-a-D-galactopyranosid)uronate. Hydrolysis
of (ITI) followed by oxidation gave crystalline diethyl 3 : 4-di-O-methylgalactarate. The
corresponding crystalline dimethyl ester and diamide were isolated.

EXPERIMENTAL

Methyl (Methyl o-p-Galactopyranosid)uronate—n-Galactose (80-0 g.) was converted into
1: 2-3: 4-di-O-isopropylidene-p-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., n¥ 1-4657 (yield, 55:3 g., 76%), [«]§ —51° (¢, 1-2 in H,0) [Found : COMe,, 44-9. Calc.
for C1pH,yOf : COMe,, 44:69%,).

Oxidation of this syrup (550 g.) by potassium permanganate as described by Ohle and
Berend (loc. cit.) gave potassium 1 :2-3 : 4-di-O-isopropylidene-p-galacturonate monohydrate
(48 g., 70%,), m. p. 200° (decomp.), [w]d —70° (¢, 2:0 in H,0) (Found : C, 43-3; H, 5-5; COMe,,
86-0. Calc. for C;,H;,0,K,H,0: C, 43-6; H, 5:8; COMe,, 35-2%). 1:2-3:4-Di-O-iso-
propylidene-p-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 (127 g., 91%), m. p.
158°, [o]¥ —79° (¢, 0-9 in CHCl,) (Niemann and Link, J. Biol. Chem., 1934, 104, 197, record
m. p. 157°, [«], —84°) (Found: C, 50-1; H, 6:9; COMe, 40-0; CO,, 16-1. Calc. for
C.H,40,,H,0: C, 49:3; H, 6:9; COMe,, 39-8; CO,, 15:1%).

1: 2-3 : 4-Di-O-isopropylidene-p-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 (36 g., 32%). Repeated treatment of the mother-liquor with methanol
and resins brought the total yield of crystalline methyl (methyl «-p-galactosid)uronate to
748 g. (66%), m. p. 145°, [a]¥¥ +121° (¢, 1-0 in H,0) (Jones and Stacey, loc. cit., record m. p.
147°, and Niemann and Link, loc. cit., [«]p +121°) (Found : C, 39-9; H, 6:6; OMe, 26-5. Calc.
for CgH,,0,,H,0 : C, 40-0; H, 6:7; OMe, 25-8%).

Methyl (Methyl 3 : 4-O-isoPropylidene-a-D-galactosid)uronate.—Methyl (methyl «-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.,
949), m. p. 113—114°, [«]y, +117° (¢, 1-2 in H,0) (Jones and Stacey, loc. cit., record m. p. 107°,
[«]2 +118°) (Found: C, 50-8; H, 6:7; OMe, 23-2. Calc. for C;;H;s0,: C, 50-4; H, 6:9;
OMe, 23:7%).

Methyl (Methyl 2-O-Methyl-a-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°/0-1 mm.) as a colourless syrup (4) (2:70 g., 72%), ny 1:4622, (o)}
+103° (¢, 0-7 in H,0), +114° (¢, 08 in MeOH) (Found : C, 52:8; H, 7-4; OMe, 33-3. Calc.
for C,,Hy,O, @ 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°, [2]® 470° (¢, 1-1 in H,0)
(Found : C, 49-9; H, 7-1; N, 5:0; OMe, 23-7. C,,;H,,04N 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 (4) (248 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-O-methyl-a-D-galactopyranosid)uronate as a colourless
syrup (218 g., 989), #i7 1-4680, [y, +105° (¢, 0-7 in MeOH), +113° (¢, 0-8 in H,0O) (Jones
and Stacey, loc. cit., record ny, 1-4732, (o]} +80°) (Found : C, 45-3; H, 6-9; OMe, 39-7. Calc.
for CyH,40,: C, 45-8; H, 6:8; OMe, 39-4%). (2) Similar treatment of (4) for 48 hr. at 50°
gave a syrup (98%), [ap +97° (¢, 0-7 in MeOH). (3) Treatment of (4) with 0-5% methanolic
hydrogen chloride at 70° for 70 min. gave a syrup (98%), n 1-4679, [«]¥ +4-0° (¢, 1-7 in H,O)
(Brown, Hirst, and Jones, J., 1949, 1761, record [, +21° in H,0). The derived amide, after
recrystallisation from ethanol-ether, had m. p. 174—175°, [«]}} +60° (¢, 1-3 in H,O) (Jones and
Stacey, loc. cit., record m. p. 174°, [¢]¥ +55° in EtOH) (Found: C, 43-8; H, 6:6; N, 68;
OMe, 28:4. Calc. for CgH ;04N : C, 43-4; H, 6:8; N, 6:3; OMe, 28:1%).

Charactevisation of Methyl (Methyl 2-O-Methyl-3 : 4-O-isopropylidene- and 2-O-Methyl-a-D-
galactosid)uronate.—A portion of the syrup (4) (0-12 g.) was oxidised with nitric acid (@ 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 (49). The resulting ester, dimethyl 2-O-methyl-p-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 setigeva).

The syrup (4) (0-3 g.) was hydrolysed with 0-2N-sulphuric acid at 100° until the rotation
was constant ([«], +36°; 48 hr.). Neutralisation was effected with barium carbonate and
2-O-methyl-p-galacturonic acid was obtained as a colourless syrup ([oa]ly +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-p-galactarate which
had #l¥ 1-4640, [«]}® +34° (¢, 3:0 in H,0). 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 C,H,,O4N,: C, 37-8;
H, 6-4; N, 12:6; OMe, 14:0%,).

Methyl (Methyl 3 : 4-O-isoPropylidene-2-O-toluene-p-sulphonyl-a-D-galactosid)uvonate.—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-p-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-O-isopropylidene-2-O-toluene-p-sulphonyl-a-D-
galactosid)uronate (B) was deposited as colourless needles (1:02 g.), m. p. 157—158°, [ +122°
(¢, 1-1 in MeOH), +117° (¢, 22 in CHCl,) (Found: C, 52:0; H, 5:5; S, 8:1; OMe, 146.
C,H,,0,S requires C, 51-9; H, 58; S, 7-8; OMe, 14:99,). 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-O-methyl-2-O-toluene -p - sulphonyl-u-D - galactosid)uronate.—The
crystals (B) (1-345 g.), dissolved in 19, 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-D-galactosid)uronate (C) (1-18 g., 97%) was obtained. After recrystallisation from aqueous
methanol it had m. p. 71°, [«]}¥ +61° (¢, 1-1 in CHCl,) (Found : C, 45-8; H, 5:7; S, 8:4; OMe,
152, C,;H,0,S,H,O requires C, 45-7; H, 56; S, 81; 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°, [«]j +67°



(¢, 0-5 in CHCly) (Found: C, 45-1; H, 5-6; N, 3-5; S, 8:1; OMe, 82. C,,H,,0,NS,H,0
requires C, 44-3; H, 5:6; N, 3-7; S, 8:4; OMe, 8-29%).

The product (C) (1-18 g.) was methylated four times with methyl iodide and silver oxide.
The resultant dimethyl ether (1-21 g., 969,) was dissolved in warm ethanol and crystallisation
induced by the addition of water. After recrystallisation from aqueous methanol it had m. p.
83°, n3) 1-4900, [o]f +82° (¢, 1-1 in CHCIy), +88° (¢, 2:4 in EtOH) (Found: C, 50-2; H, 5-8;
OMe, 29-5; S, 8:1. C,,H,,04S requires C, 50-5; H, 6:0; OMe, 30-7; S, 7-99%).

Methyl 3 : 4-Di-O-methyl-o-p-galactosiduronic ~ Acid.—Anion-exchange resin (Amberlite
IL.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-O-methyl-2-O-toluene-p-sulphonyl-a-p-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 (49, ; 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 tecycled 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 29 formic acid in methanol (500 c.c.). Removal of solvent from the
eluate, under reduced pressure, gave methyl 3 :4-di-O-methyl-a-p-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°, [«]}¥ +158° (¢, 1-3 in CHCl,), +156°
(¢, 1-3 in MeOH), 4163° (¢, 1-3 in H,0O) (Found: C, 46-4; H, 7-0; OMe, 384. C,H,,O,
requires C, 45-8; H, 6-8; OMe, 39-49,).

Methyl (Methyl 3 : 4-Di-O-methyl-o-D-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-O-methyl-a-p-galactosid)-
uronate (0-378 g., 95%,), m. p. 113—114°, [«]¥} +165° (¢, 0-4 in CHCl,) (Found : C, 48:0; H,
7-1; OMe, 49-8. C,yH,30; 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°, [o]] +108° (¢, 1-1 in EtOH). The methylamide, obtained as
prisms on recrystallisation from acetone, had m. p. 205°, [«]¥¥ +116° (¢, 0-6 in H,0) (Found :
C, 48-5; H, 7-5; N, 5:8; OMe, 38-8. C1oH1,0¢N requires C, 48-2; H, 7-7; N, 5-6; OMe,
37-49,).

The ester (0-018 g.) was methylated twice with methyliodide and silver oxide, and crystalline
methyl (methyl 2:3:4-tri-O-methyl-a-p-galactopyranosid)uronate (0-019 g.) was obtained.
Ithad m. p. 71—72° (after sublimation i vacuo) alone and admixed with an authentic specimen.

Diethyl 3 : 4-Di-O-methylgalactarate.—The foregoing dimethyl ether ester (0-294 g.) was
hydrolysed at 100° with sulphuric acid (20 c.c., 0-2x), the rotations observed being [«], + 160°
(0 hr.), 4118 (3:5 hr.), +112° (6-5 hr.), +100° (24 hr.), +90° (31 hr.), 4-84° (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, ny 1-4615, [«]} +87° (¢, 1-2 in EtOH), +93° (¢, 1-3 in H,0).
The syrup (0-22 g.) in water (15 c.c.) was oxidised with bromine (2 c.c.) at 40°, the rotations
observed being [«], +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], +-0°. Removal of the water and hydrobromic
acid as above gave crystalline diethyl 3 :4-di-O-methylgalactarvate. Recrystallisation from



aqueous acetone gave flat plates, m. p. 148—149°, [a], 40° [Found: C, 49-4; H, 7-4; OR
(as OMe), 42-2. C,,H,,0, requires C, 49-0; H, 7-5; OR'(as OMe), 42-29,]. 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 : 4-di-O-methyl-
galactavate as needles, m. p. 172—173°, [a]p, +0° (Found : 44-8; H, 6:7. C,,H,;O4 requires
C, 45-1; H, 6-89%). The derived diamide, after recrystallisation from methanol, had m. p.
230° (decomp.), [a]p +0° (Found: N, 11-9. CgH, O¢N, requires N, 11-99%,).
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