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HISTORICAL SECTION

INTRODUCTION

The large number of important, naturally occurring, carbo¬

hydrate compounds which contain nitrogen include nucleic acids,

co-enzymes, polysaccharides, some virus components, and some

members of the vitamin B group. For this reason, if for no

other, a study of simpler but analogous synthetic compounds is

of value.

Reducing sugars react readily, under mild conditions, with

compounds containing the primary amino group, notably with

ammonia, hydroxylamine, and a wide variety of amines, hydrazines,

and amino acids. A number of secondary amines give similar

products, although with many of them reaction is slow. In the

main, this study has been limited to compounds resulting from the

condensation of one molecule of a reducing sugar with one molecule

of a primary aromatic amine.

Several different systems have been used in naming this

type of compound but the basis of that used here may be explained

by considering the compounds which result from the condensation of

D-glucose with equimolar amounts of aniline, or ammonia, or

piperidine. That obtained from D-glucose and aniline, and

assumed for the present to be I, is named by relation to II,

- 2 -



obtained from D-glucose and ammonia. This parent compound is

D-glucosylamine, being regarded as ammonia with one of its

hydrogen atoms replaced by the D-glucosyl radical. Hence I is

chnhc.h
I 6 5

hcoh
I

hoch
I

hcoh
I

hco —

ch9oh

chnh„

hcoh
I

hoch
I

hcoh

hco —

ch2oh
II

chn (ch )c_J 2 5
hcoh

I
hoch

I
hcoh

I
hco -

ch2oh
III

N-phenyl-D-glucosylamine or, more fully (to show the ring size),

N-phenyl-D-glucopyranosylamine. An alternative acceptable name

for I is D-glucopyranosylaniline but this is used only in cases

where it is more convenient.^Thus, the compound from piperi-

dine, III, is D-glucopyranosylpiperidine. The name glycosylamine

is used throughout as the general name of the compounds resulting

from the condensation of aldoses and ketoses with ammonia and

amines.

(1) Editorial Report on Nomenclature, J.Chem.Soc., 1952, 5103;
Chem.Eng.News, 1953, 31, 1776.
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PREPARATION

The first synthetic compounds of this type were prepared by
(2)

Schiff, who obtained glasslike products by heating aniline or

jc-toluidine with dry D-glucose. At lower reaction temperature,
(3)

Sorokin isolated crystalline N-phenyl-D-glucosylamine,

-D-galactosylamine, and -D-fructosylamine; he found also that

further improvement in quality results from using a temperature of

130-135° and from adding hot ethanol after the reaction. This

method has not been widely used, particularly because Amadori

found that, in certain cases, "abnormal" products are obtained.
(4)Amadori studied the reaction of D-glucose with o-phenetidine,

jo-anisidine, ^ ^ and jo-toluidine, and suggested^ that these

"abnormal" products have the open-chain, Schiff-base structure.
(8)

Subsequent work revealed their true nature.
( 3)The commonest method of preparation consists in heating

the amine and the reducing sugar in methanol or ethanol, contain¬

ing up to 10$ of water. Small amounts of acids have been used

(2) H. Schiff, Ann.Chem.Pharm., 1866, 140, 123; 1870, 154, 30.
(3) B. Sorokin, Ber., 1886, 19, 513, see J.Ohem.Soc., 188o, 50,

526; J.Russ.Phys.-Ohem.Soc., Chem.Pt., 18877 1> 377, see
J.Ohem.Soc., T3s7, 14, 807 and Ber., 1887, 20, (Referata),
783; J .orakt .Ghem., 1888, [2] .37, 291. (This author is
also referred to as W. or V. Sorokin in some publications).

(4) M. Amadori, Atti reale accad.nazl.Lincei, 1925, [6] 2, 237.
(5) M. Amadori, Atti reale accad .nazl .Lincei, 1929, [6] £, 226.
(6) M. Amadori, Atti reale accad.nazl.Lincei, 1931, £6] 13, 72.
(7) M. Amadori, Atti reale accad.nazl.Lincei, 1931, [6] £, 68.
(8) Reviewed by J. E. Hodge, Advances in Carbohydrate Ohem.,

1955, 10, 169.



successfully to catalyze the condensations. Sometimes, condensa¬

tion proceeds in these solvents at room temperature, with the

product crystallizing out as it is formed. This was used by
(9,10) (11)

Irvine and Gilmour and was extended by Irvine and Hynd

for preparing the crystalline N-o-carboxyphenylglycosylamines.
(12 13)

Berger and Lee ' also used it for preparing N-aryl-D-

ribosylamines and -L-arabinosylamines.

Kuhn and Strobele^were able to cause such weakly basic

amines as o-nitroaniline to react with sugars by adding a 0.05

molar proportion of ammonium chloride and, in a similar manner,

Frerejacque^"^ was employed by Kuhn and Birkofer^^ to induce

reaction between p-phenetidine and D-fructose, L-sorbose and

D-mannose.
(17)

Weygand's simple general method consists of dissolving

the sugar in the minimum amount of hot water and heating with the

arylamine for a few minutes longer than is required for achieve¬

ment of complete raiscibility; the product crystallizes on adding

alcohol and cooling. An indirect method which was introduced by

(9) J. C. Irvine and R. Gilmour, J.Chem.Soc., 190&, 21) 1429.
(10) J. G. Irvine and R. Gilmour, J .Ghent .Soc., 1909, 21) 1545.
(11) J. C. Irvine and A. Hynd, J.Ghem.Soc., 1911, 22) l6l.
(12) L. Berger and J. Lee, J .Org .Ghem., 194-6, H, 75.
(13) L. Berger and J. Lee, J.Org.Chem., 1946, 11, &4.
(14) R. Kuhn and R. Strobele, Ber., 1937, 70, 773.
(15) M. Fr^rejacque, Gompt.rend., 193&, 207, 63$.
(16) R. Kuhn and L. Birkofer, Ber., 193$, 71, 621.
(17) F. Weygand, Ber., 1939, 72, 1663.
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( 1$ )
Sabalitschka, consists of heating the amine with an

O-acetylglycosyl halide and subsequently deacetylating the

product.

A large number of N-substituted aldosylamines have been

synthesized by the above methods, but only a few N-substituted

ketosylamines have yet been made. These have been found diffi¬

cult to prepare, and the yields have been poor. The methods

used for preparing arylhydrazones of sugars (and the properties
(19)

of these compounds ) have many similarities with those for

glycosylamines.

Under certain conditions, aldosylamines undergo trans-

glycosylation, in which the amine residue is replaced by another;
(20)

for example, Kuhn and Dansi obtained N-_p-tolyl-D-glucosylamine

from N-(4, 5-d.imethyl-2-nitrophenyl)-D-glucosylamine and p-toluidine.
(2l) x

Further examples are described by Inoue and Onodera, and Bognar
( OO \

and Nanasi have recently investigated the reaction more fully.

They claim that the solubilities of the reactants and of possible

products play an important part in the change, and that it is a

true transglycosylation and not hydrolysis followed by another

condensation.

(l£) T. Sabalitschka, Ber.deut.pharm.Ges., 1921, 31, 439;
Chem.Abstracts, 1922, 16, 2009.

(19) Reviewed by B.G.V. Percival, Advances in Carbohydrate Chem.,
194S, 3, 23.

(20) R. Kuhn and A. Dansi, Ber., 1936, 62, 1745.
(21) Y. Inoue and K. Onodera, J.Agr.Chem.Soc.Japan, 194$> 22, 119.
(22) R. Bognar and P. Nana'si, Nature, 1953, 171, 475.



PHYSICAL PROPERTIES

The vast majority of glycosylamines are crystalline, but a

fe\i have been known only in the amorphous state. An unusually

large number of the compounds have been isolated with solvent of
(23)

crystallization; thus, Bayne and Holms describe N-m-, N-o-,

and N-jc-tolyl-D-glucosylamines as hemihydrates. By using differ-
(9)

ent solvents, Irvine and Gilmour prepared N-jc-tolyl-D-

glucosylamine as anhydrous, hemihydrate, and monohydrate crystals.

Nearly all glycosylamines are colourless, although the compounds
(14,24,25)

made from nitroarylamines are yellow or orange. Their

stabilities differ considerably. The N-arylaldosylamines of

aniline and of the toluidines turn brown on normal storage at

room temperature for a month or so, and eventually decompose com¬

pletely to black, tarry substances. Similar decomposition

products from N-D-glucosylpiperidine have been shown by Hodge and
(26)

Rist to contain, among other compounds, the Amadori rearrange¬

ment isomer and reductones produced therefrom. In contrast, the

N-phenyl- and N-jc-tolyl-D-fructosylamines and the N-nitrophenyl-

aldosylamines can be stored for years without decomposition.

Where decomposition is rapid, complete drying is difficult, and

(23) S. Bayne and W. H. Holms, J.Chem.Soc., 1952, 3247.
(24) P. Mamalis, V. Petrow, and B. Sturgeon, J.Pharm.Pharmacol.,

1950, 2, 491.
(25) F. Weygand, W. Perkow, and P. Kuhner, Chem.Ber., 1951, 594-
(26) J. E. Hodge and C. E. Rist, J.Amer.Chem.Soc., 1953, 75, 316.
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melting points are not of much value as criteria of purity;

melting is generally preceded or accompanied by browning.

Most of the compounds are soluble in water and in pyridine,

slightly soluble in methanol and in ethanol (which are the usual

recrystallizing solvents), and sparingly soluble in ether, acetone,

light petroleum, chloroform, benzene, and ethyl acetate. N-Phenyl-

and N-p>-tolyl-D-mannosylamine, like D-mannose phenylhydrazone, have

unusually low solubilities.

The specific rotations of the compounds are important.

Unlike other sugar derivatives in which the reducing centre is

substituted most glycosylamines mutarotate in water and. in

alcohols .

STRUCTURE

1. Introduction
(2)

When Schiff condensed D-glucose and aniline he regarded

the product as a Schiff base, with the acyclic structure but
(3)

Sorokin, applying Tollens's suggestion that D-glucose is

cyclic, envisaged a cyclic molecule (V). Von Miller and
(27)

Plochl, having established that hydrogen cyanide adds to

N-phenyl-D-glucosylamine, -D-galactosylamine, and -D-fructosylamine,

considered that a double bond must be present and that these

(27) W. von Miller and J. Plochl (with R. Strauss), Ber., 1^94 j

27, 12S1.
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(28)
compounds are like IV. Marchlewski's suggestion that

hydrogen cyanide could add to V, also giving VI, was later sub¬
stantiated by Votocek and Wichterle, who showed that hydrogen

cn

hgoh

chnhc/hc
i 6 5

hcoh

chnhc6h5
hcoh

hoch hoch hoch
hcn hcn

hcoh hcoh < hco -

hcoh hcoh hcoh

ch2oh
iv

ch2oh
vi v

cyanide adds not only to compounds like those examined by von

Miller and Plochl, but also to d-glucopyranosylpiperidine (III),
which cannot possibly have the Schiff-base type of structure.

It has been shown by infrared spectroscopy that the c=n linkage

is absent in N-phenyl-d-ribosylamine and 2-deoxy-N-phenyl-D-

glucosylamine.(30) However, such additions can take place

through the intermediate formation of an imonium ion obtainable

(28) L. Marchlewski, J .prakt .Chem., 1&94, C2 ] £0, 95.
(29) S. Votocek and 0. Wichterle, Collection Czechoslov.Chem.

Communs., 19 37, £, 109.
(30) K. Butler, S. Laland, W. G. Overend, and M. Stacey, J.Chem.

Soc., 1950, 1433; F. Smith, K. Butler, W. G. Overend,
and M. Stacey, Chemistry and Industry, 1949, 351.
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(31)
from primary, secondary, and tertiary glycosylamines.

Catalytic hydrogenation might be expected to give results

similar to those obtained by the addition of hydrogen cyanide to

the glycosylamine. By this reaction N-elkyl- and N-aryl-D-

glucosylamines have been converted into the corresponding

N-substituted 1-amino-l-deoxy-D-glucitol (or "glucamine") but this
(32)

has little value in structural studies, because Kuhn and Birkofer

have found that D-glucosylpiperidine can be hydrogenated.

2. Mutarotation and Hydrolysis

By analogy with the unsubstituted sugars, it has been
(9 32)

suggested by various workers, ' ' that mutarotation is

attributable to an equilibrium involving partial conversion of the

compound into its anomer through the acyclic Schiff base.

C.H NHCH
6 5 I

HCOH

C,H_N=CH HCNHC/-Hc6 5 I | 0 5
HCOH HCOH

Examination of the stability of glycosylamines was carried
(33)

out by Hanaoka, who studied polarimetrically the rates of

hydrolysis by dilute sulphuric acid of a number of N-aryl-D-

glucosylamines, and then extended the work to derivatives of other

(31) H. S. Isbell and Harriet L. Frush, J.Research Natl.Bur.
Standards. 1951, 4^5, 132.

(32) R. Kuhn and L. Birkofer, Ber., 193$, 71, 1535.
(33) K. Hanaoka, J.Biochem. (Japan), 1938, 28, 109.
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sugars. He found that whereas a hydroxyl, raethoxyl, ethoxyl,
or methyl group attached to the benzene ring reduces the

/-stability, the presence of a chlorine atom or a carboxyl group

increases the resistance of the compound to hydrolysis. Isbell
(31)

and Frush investigated the behaviour of L-arabinosylamine in

aqueous solution, and demonstrated that mutarotation (without

decomposition) and hydrolysis take place, the rates of both being

dependent on pH. Mutarotation without decomposition, which

becomes immeasurably rapid at pH less than 7.8, is catalyzed by

the hydronium ion but hardly at all by the hydroxyl ion. The

graph of the rate of hydrolysis of L-arabinosylamine against pH

is a catenary, with maximum at pH 5 and virtually no hydrolysis

below pH 1.5 or above 9. Isbell and Frush carried out a large

number of determinations of the rates of mutarotation and of

hydrolysis at different pH values, and propounded the mechanisms

which are illustrated. In doing so, they made use of the ideas

on the mutarotation of sugars put forward by Fredenhagen and
( 3/l )

Bonhoeffer ^ and adapted for glycosylamines by Howard, Kenner,

Lythgoe, and Todd^"^ .

(34) H. Fredenhagen and K. F. Bonhoeffer, Z.physik.Chem., 193B,
Al&l. 392.

(35) G. A. Howard, G. W. Kenner, B. Lythgoe, and A. R. Todd,
J.Chem.Soc., 1946, $55•
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In acid solution:

hcoh

hco-

+ ha

Sugar
ly cyclic Acid
form)

hcoh

hco—
i ha

hc=oh+ hoch

hcoha" hco—
i ha

All open-chain forms

hoEh"
I

hco—

+ ha

hcnh.

hco-
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+ ha

hco-
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i 2
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hco-
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I
hcoh

hco —
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hcohb*
I

hco-
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+ HB

hco"

b hoch

hco—
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r~
hoch

+ b"
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Although a similar mechanism is possible for glycosylamines,

HC=NH bases have little effect on their mutarotations because

the nitrogen atom has much less tendency than has the
I _

HCO oxygen atom to release a proton to give the necessary

ion shown on left.

There is no evidence to show that glycosylamines are hydrolyzed

in such non-aqueous solvents as alcohols and pyridine; in these,

change of rotation is usually caused by true mutarotation.

3. Methylation

Early evidence that the open-chain formula is, in itself,

inadequate emerged from the methylation experiments of Irvine and
9,10,36

his coworkers. N-Phenyl-D-glucosylamine was methylated to
=3

a crystalline tetramethyl ether which was hydrolyzed to 2:3:^:6-

tetra-O-methyl-D-glucose. Condensation of the latter compound

with aniline afforded the original ether, which consequently must

be 2:3:4:6-tetra-0-methyl-N-phenyl-D-glucosylamine. N-Phenyl-D-

glucosylamine has thus reacted in the cyclic pyranose structure.

The methylation method has proved to be of little use in this

field for the yields are low and, in several cases, no identified

product has resulted.

The preparation of crystalline methyl ethers of N-phenyl- or

N-£-tolylaldosylamine by condensation of aniline or _p-toluidine

(36) J. C. Irvine and D. McNicoll, J.Chem.Soc., 1910, £7, 1449.

- 13 -



with aldose methyl ethers usually proceeds readily and quantita¬

tively in methanolic or ethanolic solution, either at room or

reflux temperature. For this reason, such derivatives are used

to characterize aldose methyl ethers isolated during constitutional

studies on polysaccharides. No similar derivatives have been

obtained from ketose methyl ethers.

4. Acetylation

Direct acetylation of glycosylamines by methods involving hot

acetic anhydride is often unsuccessful, leading to discoloured

oils. The best method is to treat the glycosylamine with excess

of acetic anhydride in pyridine solution at 0° for periods varying

from several hours to two days. The solution is then poured into

iced water, and after several hours the solid acetate is collected

and recrystallized, often from ethanol or ethanol-light petroleum.

In this way, for example, the 2:3:4;6-tetra-acetate is obtained

from N-p-tolyl-P-D-glucosylamine. Under more drastic conditions

the hydrogen atom on the nitrogen atom can also be substituted, as
\ (37)

demonstrated by Frerejacque, who obtained the N-acetyl-tetra-

0-acetyl derivatives from N-^-bromophenyl-, N-phenyl-, and N-jo-

tolyl-D-glucosylamine by heating these at 120° with acetic
ss

anhydride containing sodium acetate. When the compound is a

primary amine, one of the hydrogen atoms attached to the nitrogen

(37) M. Frerejacque, Compt.rend., 1936, 202, 1190.
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( 33)
atom is also easily replaced by the acetyl group. Even when

mild conditions have been used in the successful acetylations, a

mixture of anomers is sometimes obtained. A general method of
(37)

separation of such acetates was developed. Butler, Smith,
(39)

and Stacey acetylated crystalline N-phenyl-D-galactosylamine
3

and obtained a mixture of N-phenyl-a- and N-phenyl-P-D-

galactopyranosylamine tetra-acetates although, when the theoretical

amount of acetic anhydride was used, one anomer predominated.

Indirect methods for preparing such acetates include the

condensation of O-acetyl-aldosyl bromides or aldohexose 2:3:4;6-

tetra-acetates with the appropriate amine, usually in chloroform
(37)

or ether solution. Another method, consists in heating an

aldohexose 1:2:3:4^6-penta-ac3tate in aqueous ethanolic acetic

acid and adding the amine to the cooled solution. These methods

lead to the isolation of the compound with the P-D-pyranose

structure.

Helferich and Portz^^ found that addition of benzylamine

to a- or P-D-glucopyranose penta-acetate removes the acetyl group

on , giving an addition compound of D-glucose 2:3:4-6-tetra-
acetate with benzylamine, which, on heating, yields N-benzyl-D-

glucosylamine tetra-acetate. Another method for preparing this

(33) Harriet L. Frush and H. S. Isbell, J.Research Natl.Bur.
Standards. 1951, 47, 239.

(39) K. Butler, F. Smith, and M. Stacey, J.Chem.Soc., 1949, 3371.
(40) B. Helferich and W. Portz, Chem.Ber., 1953,17). 604.
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(41)
was introduced by Helferich and Mitrowsky who prepared from

D-glucosylamine tetra-acetate and benzaldehyde N-benzylidene-D-

glucosylamine tetra-acetate which was readily hydrogenated in the

presence of Raney nickel to the required tetra-acetate. When a-

or P-D-glucopyranose penta-acetate is treated with piperidine,
-

(42)
the product is N-( 3:4:6-tri-0-acetyl-D-glucosyl)piperid.ine.

Most glycosylamine acetates are readily obtained as crystals

which can be stored indefinitely without decomposition. Since

their melting-points are sharp and reproducible, and their

chloroform solutions do not mutarotate, they are derivatives

suitable for identifying sugars and glycosylamines.

5. Tritylation

Attempts have been made to use the reaction of glycosylamines

with triphenylmethyl chloride in pyridine for elucidating struc¬

tures. Kuhn and Strobele^"^ claim to have obtained a trityl

derivative in high yield from N-(4:5-dimethyl-2-nitrophenyl)-D-

ribosylamine and from the corresponding L-arabinose derivative.

Unfortunately, no practical details or constants are given in

their paper. The conclusion drawn was that, because trityl

derivatives are produced, these pentosylamines are furanose

compounds having a free primary alcohol group. This conclusion

(41) B. Helferich and A. Mitrowsky, Chem.Ber., 1952, 1.
(42) J. E. Hodge and C. E. Rist, J.Amer.Chem.Soc., 1952, 7£, 149#.
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( / o \
cannot be sustained. Zeile and Kruckenberg, showed that,

under the usual conditions used for tritylation, the Amadori

rearrangement takes place. Thus, the product is not necessarily

derived from the glycosylamine at all.

6. Periodate Oxidation

The use of oxidation by periodic acid, sodium periodate, or

lead tetra-acetate in structural studies on carbohydrates is well

known. These reagents act on a-glycols with the production of

carbonyl groups and the consumption of one molecule of oxidant

for each such glycol group. Where there is a primary amino group

on a carbon atom which is attached to another carbon carrying a

hydroxyl group similar oxidation occurs. Although the reaction

has not been so widely investigated in compounds having a

secondary amine group adjacent to a hydroxyl group, Nicolet and

Shinn^^'^-^ and Van Slyke and colleagueshave shown that

such compounds undergo similar oxidative cleavage. By contrast,

acyl derivatives of serine are oxidized extremely slowly,

suggesting that -CH(OH)-CH.NH.CO.R is not affected by glycol-

fission reagents.

(43) K. Zeile and W. Kruckenberg, Ber., 1942, 7j5, 1127.
(44) B. H. Nicolet and L. A. Shinn, J .Amer.Chem.Soc .. 1939, 61, 1615.
(45) L. A. Shinn and B. H. Nicolet, J .Biol.Chem., 1941, 138, 91.
(46) D. D. Van Slyke, A. Hiller, D. A. MacFadyen, A. B. Hastings,

and F. W. Klemperer, J.Biol.Chem., 1940, 133, 287.
(47) B. H. Nicolet and L. A. Shinn, J.Biol.Ghem., 1942, 142, 139.
(4$) T. Posternak and H. Pollaczek, Helv.Ghim.Acta, 1941, 2^, 1190.
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These findings are substantially confirmed by quantitative

studies on the periodate oxidation of glycosylamines. Niemann

and Hays^^) investigated the oxidation of N-acetyl-D-glucosylamine

which is known to be cyclic because it gives a tetra-acetate. Two

equimolecular proportions of periodate were consumed and the

product, when further oxidized with bromine water, gave a dibasic

acid isolated as the barium and crystalline brucine salts, which,

on hydrolysis, gave positive response to a qualitative test for

D-glyceronic acid. Both the furanose and the pyranose isomers

require two molar proportions of oxidant, but only the pyranose

form will yield a dibasic acid which can give D-glyceronic acid.

Niemann and Hays^^ later showed that the oxidation of one mole

of N-acetyl-D-glucosylamine by lead tetra-acetate involves the

slow consumption of slightly more than two moles of oxidant, so

confirming the result of periodate oxidation. Hockett and
(51)

Chandler prepared an isomeric cyclic N-acetyl-D-glucosylamine

and found that although oxidation of this isomer produced

formaldehyde the consumption of lead tetra-acetate was greater

than expected. (From the graph published it appears that at

least 4.4 moles of oxidant were consumed.) They concluded that

their isomer is N-acetyl-D-glucofuranosylamine, although the

(49) C. Niemann and J. T. Hays, J.Amer.Chem.Soc., 1940) 62, 2960.
(50) C. Niemann and J. T. Hays, J .Amer .Chem. Soc., 1945, IlZ, 1302.
(51) R. C. Hockett and L. B. Chandler, J.Amer.Chem.Soc.. 1944,

66, 957.
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consumption of oxidant was clearly excessive for this. Niemann
(50)

and Hays who found that each mole of this new isomer consumed

3.3$ moles of lead tetra-acetate believed that this was due to

the actual oxidation using the expected two moles, followed by

an additional reaction involving another mole of lead tetra¬

acetate. However, in oxidation by periodate, they found that

five moles of oxidant were required, the reaction becoming slow

in the later stages. Niemann and Hays concluded that the two

N-acetyl-D-glucosylamines are not anomers and that the second is

possibly a furanose compound. The oxidation of N-acetyl-D-

glucosylamine, however, appears similar to that of N-

arylglycosylamines described by Howard, Kenner, Lythgoe, and
(52)

Todd. They found that complete oxidation by periodate occurs

usually requiring four or five moles of oxidant, and presumably

giving arylamine, carbon dioxide, formaldehyde, and formic acid.

The method is, therefore, of no value for determining the structure

of such compounds. By contrast, periodate oxidation of certain

purine and pyrimidine nucleosides proceeds in the manner normal

for a stable sugar ring, and so is helpful in determining the
(53)

structures of these types of compounds.

(52) G. A. Howard, G. W. Kenner, B. Lythgoe, and A. E. Todd,
J .Chem .Soc ., 194-6, 361.

(53) J. Davoll. B. Lythgoe,and A. R. Todd, J.Chem.Soc., 1946,
333.
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D-Glucose has been found to react with aniline in boiling

alcohol, in aqueous alcohol at room temperature, and in boiling

water, to give the same N-phenyl-D-glucosylamine, mutarotating"""

st

in methanol from an initial [a ] of about +10° to a constant value

of about -52° . Despite many attempts to prepare this compound in

pure stable form it has invariably been obtained as a white solid

which is not truly crystalline. It is precipitated from several

solvents as a jelly from which the last traces of solvent are

difficult to remove, owing, it is considered, to the physical

form of the product. When dry it is a hard white powder which

is unstable, soon becoming brown on storage at room temperature,

even in a vacuum desiccator. N-Phenyl-D-glucosylamine, like all

compounds of this type, is readily hydrolysed by dilute acids.

Because it is also attacked by aqueous alkali it reduces Fehling's

solution rapidly. No reproducible melting point was obtained.

Acetylation to a mixture of tetra-acetates was achieved with

acetic anhydride in pyridine; under somewhat different conditions

a similar mixture of tetra-acetates was obtained. The components

of the mixture were shown to have pyranose structure since removal

of the aniline residue, followed by acetylation with acetic

anhydride and zinc chloride, gave a-D-glucopyranose penta-acetate.

Furthermore, the same mixture of N-phenyl-D-glucosylamine tetra¬

acetates was obtained from a- or (3-D-glucopyranose penta-acetate
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by hydrolyzing the acetyl group from and treating the product

with aniline. This mixture of tetra-acetates, while differing

somewhat in melting range and specific rotation in different

preparations, was separable by fractional crystallization or

through the carbon tetrachloride complex of one of them into the

two pure isomers. One of these, also obtained when acetobromo-

glucose reacts with aniline, is N-phenyl-0-D-glucopyranosylamine

tetra-acetate, m.p. 97-98°, -57° (c, 0.4 in chloroform);
the other is N-phenyl-ci-D-glucopyranosylamine tetra-acetate,

m.p. 149-1500, [a]^ +179° (c, 0.4 in chloroform). When the
0-form is kept in methanol containing a trace of aqueous ammonia

at room temperature it is slowly converted into the less soluble

a-anomer. All the tetra-acetates mentioned here are deacetylated

by methanol containing aqueous ammonia to the same N-phenyl-D-

glucosylamine which is obtained by direct condensation. These

experiments show that this product is a mixture which reacts,

when acetylated in pyridine, in the pyranose form only. These

reactions are summarised on the next page.
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Glucose + Aniline

I
N-Phenyl-D-glucosylamine

=

I
g-D-Glucopyranose N-Phenyl-a- and N-phenyl-

penta-acetate >• P-D-glucopyranosylamine
tetra-acetates

Acetobromoglucose

ll
N-Phenyl-P-D-

glucopyranosylamine
tetra-acetate

I
N-Phenyl-a-D-

glucopyranosylamine
tetra-acetate

4
a-D-Glucopyranose

penta-acetate

When p>-toluidine is used instead of aniline rather different

results are obtained. Thus, although prepared by different

workers by a variety of methods, only one N-_p-tolyl-D-

glucosylamine has previously been isolated. This compound, which

has well-defined crystalline form and sharp melting point, has

now been converted by acetylation into a single tetra-acetate,

m.p. I45-I460, [ajJ6 -34-.2° in chloroform. This is identical
with the compound prepared from acetobromoglucose and £-toluidine,

and is, therefore, N-jD-tolyl-P-D-glucopyranosylamine tetra-acetate,

Although N-_g-tolyl-D-glucosylamine is more stable than the

corresponding aniline compound they both decompose on storage at

room temperature. After about a year in specimen tubes both
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substances had decomposed to black tars. However, the tetra¬

acetates of both are stable at room temperature.

The condensation of D-ribose with aniline was studied by
(12)

Berger and Lee, who obtained two isomers which they called

aniline-N-D-ribofuranoside, formed when the reaction was carried

out in boiling ethanol, and aniline-N-D-ribopyranoside, formed

by condensation in aqueous ethanol at room temperature. The

pyranoside was converted into the furanoside by heating it under

reflux in ethanol for an hour or by leaving it in ethanol at

room temperature. According to the nomenclature now being

adopted these compounds are N-phenyl-D-ribofuranosylamine and

-D-ribopyranosylamine, respectively. The evidence presented by

Berger and Lee for assigning the furanose and pyranose structures

to the isomers was critically reviewed by Honeyman and Tatchell,^
who pointed out that characterization of the isomers was incomplete.

Because of the uncertainty of the structures the isomer previously

considered to be the D-ribofuranosylamine will now be called A,

and that thought to be the pyranosylamine, B. Much of Berger and
(35)Lee's work was repeated by Howard, Kenner, Lythgoe, and Todd,

who confirmed most of the American workers' findings. They

showed, however, that the conversion of B into A in refTaxing

ethanol did not always take place. In some cases no conversion

(54) J. Honeyman and A. R. Tatchell, J.Chem.Soc., 1950, 967.
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at all took place, whereas in others, under apparently the same

experimental conditions, some or all of B was converted into A.

Experiments on the condensation of D-ribose with aniline at

various temperatures and in various solvents showed that, contrary

to the suggestions of previous workers, temperature was not an

important influence on the nature of the isomer produced. Thus,

B was produced in aqueous ethanol at room temperature or at the

boiling point. Further, the presence of moisture invariably

resulted in the production of B, whereas A was obtained only in

anhydrous ethanol. Similarly, even a small amount of added water

prevented conversion of B into A in boiling ethanol; this

probably explains why Howard et. al. did not obtain consistent

results. Conversely, a solution of A in aqueous ethanol, whether

refluxed or not, deposits crystals of B. The importance of water

in the formation of the N-phenylribosylamines was shown by two

experiments. The sugar and amine were boiled in anhydrous

ethanol with the exclusion of moisture and the hot reaction

mixture divided into three parts. In the first vessel, which

was immediately stoppered and cooled, crystals of A separated.

A small amount of water was added to the other two parts. One

was cooled immediately and the other boiled for 15 minutes more:

both deposited crystals of B. In another experiment, the

components were heated under reflux in aqueous ethanol and the
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reaction mixture was divided into two parts. One part was

seeded with B and the other with A, but B separated from both.

The specific rotations of the two isomers in methanol showed a

change in rotation in the same direction to approximately the
20

same end-point: A, +134.9° + +14.1° (.2, 0.4 in methanol) ;

B, [a +23.B° »• + B.3° (c, 0.4 in methanol). No mutarotation

was observed in pyridine, even on addition of a drop of water.

It was largely on the basis of the mutarotation that Berger and

Lee considered that the isomers had different rings. Certainly

it is clear that mutarotation involves the production of at least

a third compound, but no evidence has been obtained so far as to

its nature. Evaporation of the solutions after equilibration

resulted in the separation of B.

A similar cycle of reactions was carried out with jo-toluidine
(13)

and D-ribose. Berger and Leev ' describe the only known

N-£-tolylribosylamine, m.p. 102-103° (decomp.), +53.2°

(in pyridine), prepared at room temperature in ethanol containing

a trace of water, as a white powder containing two molecules of

ethanol. In the present work, N-p>-tolylribosylamine, m.p. 123°
IB

(decomp.), [pOp +5$.6° (in pyridine), separated from aqueous
ethanol at room temperature as a crystalline hemihydrate. This

corresponds with the N-phenylribosylamine B obtained by a similar
method and is called isomer B. When D-ribose was heated with
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jo-toluidine in anhydrous ethanol an isomer (A), m.p. 130° (decomp.),

[a+173.2° —> +76.0° (in pyridine), was obtained. The

conditions of formation and interconversion of these two isomers

followed those of the N-phenylribosylamines exactly. The change

of rotation of their methanol solutions is also analogous, viz.:

A, O]q0 +136.2° —» +12.5°; B, [a]J* +22.1° —> +11.7°. A
showed mutarotation in dry pyridine but B did not.

Berger and Lee prepared N-o-nitrophenyl-D-ribosylamine,
23 =

m.p. 133-135° (decomp.), [a] -109° (in pyridine), by reaction

at room temperature in aqueous ethanol. We obtained the same

compound B under these conditions and a new isomer A, m.p. 167-163°
20

(slight decomp.), [a] -122.5° (in pyridine), by reaction in

boiling anhydrous ethanol. The specific rotations of these

isomers are more similar than in the previous cases, but A,

[a-122°, was consistently obtained from refluxing anhydrous

ethanol and was converted into B, [a ] -109°, by recrystallization

from aqueous ethanol. The compounds were also more stable than

other substituted ribosylamines and have remained as yellow

needles with no signs of decomposition on normal storage for

several years. The evidence points strongly to the existence
(35)

of two isomers. Howard et al mention, without experimental

details, that only one N-o-nitrophenyl-D-ribosylamine was obtained

from condensation by the two methods described by Berger and Lee.
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In view of the important role of moisture in the preparation

of N-substituted D-ribosylamines, the investigation was extended

to other sugars. The reaction of D-glucose and D-galactose with

2-toluidine under anhydrous conditions was found to give new

isomers. Similarly, with D-glucose and aniline, a dextrorotatory

isomer was obtained, but the product of several reactions did not

have such a consistent specific rotation as did the N-jc-tolyl-D-
=s

glucosylamine. The amorphous nature of N-phenyl-D-glucosylamine,

no matter how it is prepared, is a complicating factor in this

instance. By the same method a different N-phenyl-D-

galactosylamine was obtained. Attempts to recrystallize the

new D-galactose and D-glucose derivatives under anhydrous conditions
— =3

were not very successful, as some isomerization usually occurred.

However, the same N-phenyl- or N-_p-tolyl-D-xylosylamine was

obtained by both methods of condensation. In the majority of

cases where two different isomers were prepared, the final value

of the specific rotation was the same for both isomers. However,

the facile conclusion that the two isomers are anomers is

unjustified if the case of N-phenylribosylamines is borne in mind.

The investigation of the formation of two N-jg-tolyl-D-

glucosylamines has recently been extended without, however,
()

studying the structures of the isomers.

(55) L. Rosen, J. W. Woods, and W. Pigman, J .Org.Chem., 1957,
22, 1727.
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The ultra-violet light absorption spectrum of N-phenyl-D-
ss

mannosylamine and of both isomers, A and B, of N-£-tolylribosylamine

was measured. Kuhn and Dansi^^ recorded the ultra-violet light

absorption of N-£-tolylglucosylamine in ethanol. In the present

work, the absorption was measured in methanol for a number of

days at the same time as the mutarotation was being observed

polarimetrically. There was no appreciable change in the

absorption corresponding to the change in specific rotation which

took place simultaneously. In this connexion, it is interesting

that the absorption curve for the N-substituted glycosylamines

closely resemble those of the simple aromatic amines, the main

difference being that the maxima are moved laterally to a slight
O

extent. For N-phenyl-D-mannosylamine the maxima are at 2400 A
O ~~

(log* 4.4&) and 2^50 A (log * 3.52): N-p-tolylribosylamine A has

X 2450 (log* 4.47) and 2900 A (log* 3.72); N-£-
max. 0

tolylribosylamine B showed 2500 (log* 5.62) and 2940 AulaX #

(log* 4.25). Aniline is reported* to have A 2300 (log* 3.90)
0 nisx #

and 2$00 A (log* 2.30) .

For references see Ann.Reports. 1945, 124.
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PhysicalConstantsofN-ArylglycosylamjnesObtainedbyPresentAuthor IsomerA

IsomerB

M.p.

M.p.

[a]* LD

N-Phenyl-D-ribosylamine
133-134°
+134.9° —>+14.1°

112-114°
+24.3° —++9.4°

N-jD-Tolyl-D-ribosylamine
130

+136.2—>»+12.5
123

+22.1>+11.7

N-o-Nitrophenyl-D-ribosylaraine
167-165

-122.5*

193-194

-109.1^

N-Phenyl-D-glucosylamine
134-135

+53—>-20.6
-

+10—>-52

N-jo-Tolyl-D-glucosylamine
135-136

+209»-45
117-115

-101>-46

N-Phenyl-D-galactosylamine =s

141-143

-22.1>-40.3
157-155

-92—>-43.5

N-o-Tolyl-D-galactosylamine
-

-33.0>-14.1
161-162

-50►+5.5

Inmethanol,unlessspecified.
"1" Inpyridine.



The ease of reaction of amines with sugars in aqueous ethanol

at room temperature, and the purity and frequent excellent

crystalline form of the product, suggested the possible develop¬

ment of a method for the characterization of sugars. The products

obtained in this way appear to be the same as those prepared by a
(17)

different method by Weygand, who unfortunately does not always

record specific rotations of his products. The method developed

is preferred to Weygand's because, generally, the yield and

purity were better and recrystallization was unnecessary. The

chief disadvantage of these derivatives for characterization

purposes is the impossibility of storing them for long without

decomposition, but acetylation leads readily to a more desirable

product having sharp melting-point, characteristic specific

rotation without mutarotation, and excellent stability. An

attempt was made to evolve a general procedure using one amine,

which would condense with a number of sugars under these conditions.

The most suitable of those tried was _g-toluidine, which reacted

readily (with standardized quantities) in aqueous ethanol at room

temperature, to give a crystalline N-jD-tolylglycosylamine with

the following sugars: D-ribose, D-mannose, D-galactose, D-glucose,

and, less successfully, D-xylose. The crystals which separated

were filtered off, washed with ethanol and with ether until free

from amine, and dried in a vacuum. With L-arabinose crystalline
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material was extremely difficult to obtain, even after removal of

some of the solvent, owing to the solubility of the product.

The ketoses tried, D-fructose and D-sorbose, did not react with
=3 =1

35-toluid.ine under these conditions. The method is therefore

of value for separating certain aldoses from ketoses. With

mannose and ribose, the separation of crystalline material in

high yield was particularly rapid.
(35)

Weygand, Perkow, and Kuhner's methods have been found

to be excellent for making the stable N-p>-nitrophenylaldosylamines;

that from D-ribose is described for the first time. The nature

and physical constants of these compounds confirm the German

workers' results, except for D-xylose, from which they obtained

two isomeric N-£~nitrophenyl-D-xylosylamines, considered to be a
3

pyranose and furanose pair. During the present work only one
(35)

form was obtained, that believed by Weygand et al. to be

furanoid. However, it was found to react in the pyranose form.

All the crystalline acetates obtained in this work from

aldosylamines are pyranoses since they can also be prepared from

aldopyranose acetates and from acetobromoaldopyranoses. The

acetates obtained by acetylation of the N-arylglycosylamines may

be the a- or the P-anomer or a mixture of both. In syntheses
(20,39,54)

using the acetobromo-sugar, the f}-anomer is invariably produced
( 39)

whereas Butler et al. obtained the a-anomer by the interaction
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of tetra-O-acetyl-D-galactose with the amine. In the present

work it has been found that 2:3:4:6-tetra-0-acetyl-D-glucose

reacts with aniline to give N-phenyl-a-D-glucopyranosylamine

tetra-acetate and with jc-toluidine to give N-jc-tolyl-P-D-

glucopyranosylamine tetra-acetate, each in good yield. Acetyla-

tion of N-p-tolyl-D-glucosylamine with excess of acetic anhydride

gives N-jD-tolyl-P-D-glucosylamine tetra-acetate. An attempt to

extend the method of Butler et alby which they obtained a

mixture of a- and P-anomers of N-phenyl-D-galactosylamine tetra-
=

(56)
acetate, gave the P-anomer only. Zemplen and Gerecs obtained

a high proportion of a-anomer from the interaction of hepta-O-

acetyl cellobiosyl bromide with alcohols in the presence of

mercuric acetate. An attempt was made in the present work to

adapt this reaction to the case of acetobromoglucose and

p>-toluidine but in all cases except one the P-isomer, [a -33°

in chloroform, was isolated. In one experiment, a very small

amount of an unidentified dextrorotatory product, CcOq +70.6° in
chloroform, was obtained but the low yield made the method

impracticable. By a simple, general method of acetylation,

N-phenyl-D-mannosylamine, N-jD-tolyl-D-galactosylamine and N-jc-

nitrophenyl-D-glucosylamine, -D-mannosylamine, and -D-xylosylamine
=3 — zs

have been converted into sharp-melting, crystalline acetates.

(56) G. Zemplen and A. Gerecs, Ber., 1930, 63, 2720.
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Crystalline benzoates of N-substituted glycosylamines had

not been reported. The method used consists of treating a

pyridine solution of the compound with a small excess of benzoyl

chloride at 0° for from 15 minutes to 3 hours. In this way,

crystalline benzoates of N-p-tolyl-D-xylosylamine, -glucosylamine,

and -mannosylamine have been obtained, but benzoylation of

N-phenyl-D-glucosylamine and -ribosylamine gave benzanilide as

the sole product isolated. N-jD-Tolylglucosylamines give crystal¬

line benzoates more readily than do the N-phenyl derivatives which

are, apparently, hydrolysed. The crystalline benzoates described

are stable, well-defined, high-melting solids, and as they are

obtained in good yield are suitable for characterization of

N-arylglycosylamines.

Crystalline benzoates have been prepared by subjecting

N—£-nitrophenyl—D—mannosylamine, -D-glucosylamine, -D-xylosylamine,

and -L-arabinosylamine, and N-£-tolyl-D-galactosylamine to brief,

mild treatment with benzoyl chloride in pyridine. Each gave one

ester only, except N-p-nitrophenyl-D-glucosylamine from which a

small amount of a second tetrabenzoate was also obtained. Because

the latter was rapidly partially converted into its isomer in

methanolic hydrogen chloride solution these isomers are considered

to be anomeric.

Removal of the amine group from the esters is a useful method

- 34 -



for locating the position of the ring. In the present work,

the hydrolysis of N-p-tolyl-D-glucosylamine tetra-acetate to

crystalline 2:3:4:6-tetra-acetyl-D~glucose, m.p. 124-126°, in

good yield is reported. Variations in the melting point of

this compound have been recorded: thus Hendricks, Wulf, and
(57)

Liddell give values ranging from 114-117° to 13S-1400.

This route to 2:3:4:6-tetra-O-acetyl-D-glucose is an attractive
(5$)

alternative to the standard method through acetobromoglucose.

All these acetates prepared from the aldosylamines are pyranose

because they were hydrolysed by dilute aqueous formic acid to

the known, crystalline aldohexose 2:3:4:6-tetra-acetates or

D-xylose 2:3:4-"t*'iacetates in yields of about 50%. The tetra¬

acetate obtained from N-p>-tolyl-D-mannosylamine had a wide melting

range and is a mixture; because on hydrolysis it gave D-mannose

2:3:4:6-tetra-acetate only, it is a mixture of pyranose anomers.

This was substantiated by the preparation of the same mixture by

condensing D-mannose 2: 3:4:6-tetra-acetate with p>-toluidine.

Since the completion of this work Bognar and Nanasi(59) have

separated the mixture into two isomeric tetra-acetates. N-jd-

Nitrophenyl-D-galactosylamine also gave a tetra-acetate with a

wide melting range. This, too, is considered to be a mixture of

(57) S. B. Hendricks, 0. R. Wulf, and U. Liddell, J.Amer.Chem.Soc.,
1936, £3, 1997.

(56) Org.Synth., 1945, 25, 53.
(59) R. BognZr and P. Nanasi, J.Chem.Soc., 1955, 1&5 .
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pyranose anomers.

Hydrolysis of N-n-tolyl-D-glucosylamine tetrabenzoate by

aqueous acid has been found to give 2:3:4:6-tetra-0-benzoyl~D-

glucose, identical with that obtained from 2:3:4:6-tetra-0-

benzoyl-D-glucosyl bromide by Fischer and Noth.^^ Hydrolysis

of N-jo-tolyl-D-mannosylamine tetrabenzoate in the same way gave

2: 3:4'6-tetra-0-benzoyl-D-mannose, and of N-£-tolyl-D-

xylosylamine tribenzoate gave tri-O-benzoyl-D-xylose, identical
33

(£>9)
with that prepared from tri-O-benzoyl-D-xylosyl bromide.

Although the structure of this bromide has not been elucidated

it is, by analogy with other sugars, presumed to be pyranose:

consequently the benzoate obtained is 2:3:4-tri-O-benzoyl-D-

xylose. In this way, we have shown that the above N-aryl-

glycosylamine benzoates examined are all pyranoses, so that in

benzoylation also,the N-arylglycosylamines react as pyranose

compounds. The method described for preparing D-glucose and

D-mannose tetrabenzoates and D-xylose tribenzoate constitutes

the simplest method for obtaining them in high yield. However,

benzoylation of N-phenyl-D-mannosylamine and -D-xylosylamine and

N-£-nitrophenyl-D-ribosylamine, gave from each a non-crystalline

product whose exact nature was uncertain. The isolation from

(60) E. Fischer and H. Noth, Ber., 1918, li, 332.
(61) R. K. Ness, H. G. Fletcher, and C. S. Hudson, J.Amer.Chem.

Soc., 1950, 72, 4547.
(62) R. T. Major and E. W. Cook, J .Amer .Chem. Soc., 1936, j>8, 2333.
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the hydrolysates of these of only the crystalline D-mannopyranose

tetrabenzoate, and D-xylopyranose and D-ribopyranose tribenzoates,

respectively, showed that the parent aldosylamines had reacted,

at least predominantly, in the pyranose form. The case of the

two crystalline N-p-tolyl-D-ribosylamines is of particular

interest. By benzoylating B with the temperature initially low

(-70°), and purifying the crude product chromatographically, a

good yield was obtained of N-£-tolyl-D-ribosylamine 2:3:4-

tribenzoate, whose structure was proved by its hydrolysis to

D-ribose 2:3:4-tribenzoate. Isomer A gave the same tribenzoate.

Solution of both A and B in pyridine containing hydrogen chloride

mutarotated rapidly to a common equilibrium value. These condi¬

tions exist during benzoylation and consequently the above

tribenzoate is derived from a constituent of the equilibrium

solution and not necessarily from either A or B. These findings

are strong support for the belief that the poorly characterized

compounds, one of -22.1° (_c, S in pyridine) and the other of

-20.3° (-1°) (c, 1.67 in pyridine), which Berger and Lee^12^
obtained by benzoylating the isomeric N-phenyl-D-ribosylamines

and then hydrogenating the crude benzoates, are identical and

not isomeric. Since the same conditions exist during reaction

with triphenylmethyl chloride serious doubt is cast on any

conclusions regarding structure drawn from the preparation of
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trityl derivatives of N-arylpentosylamines.and re;ferences
therein)

Nitration of N-p-tolyl-0-D-glucosylamine tetra-acetate with

fuming nitric acid in acetic anhydride gave N-(2-nitro-£-tolyl)-

D-glucosylamine tetra-acetate the structure of which was verified

by hydrolysis of the compound to 2-nitro-£-toluidine. Further

nitration of the mononitro-compound yielded a dinitro-derivative,

hydrolyzed to 2:6-dinitro-p>-toluidine. This suggests that the

structure is N-(2:6-dinitro-£-tolyl)-D-glucosylamine tetra-acetate

but because migration of a nitro-group from the amino-nitrogen

atom to the benzene ring can occur under the acid conditions used

for hydrolysis the compound is as likely to be D-glucosyl-2-nitro-

£-tolylnitramine tetra-acetate. The position of the second

nitro-group has, therefore, not been firmly established. Nitra¬

tion of N-£-tolyl-f3-D-glucosylamine tetra-acetate with fuming

nitric acid in chloroform yielded a trinitro-derivative, which

with diphenylbenzidine in concentrated sulphuric acid gave the

blue colour characteristic of nitric acid, suggesting the presence

of either an aromatic nitramine with the o- and ^-positions

substituted^ or an ester nitrate. The latter is unlikely from

the analysis and from the stability of acetates under the

nitrating conditions. The most probable structure,

(63) E. D. Hughes and C. K. Ingold, Quart.Hev., 1952, 6, 50.

- 35 -



N-D-glucopyranosyl-2:6-dinitro-p>-tolylnitramine tetra-acetate, was

confirmed by preparing it from 2:6-dinitro-£-tolylnitramine and

D-glucopyranosyl bromide tetra-acetate.

N-Phenyl-D-glucosylamine tetramethyl ether was prepared in
(9)

several ways. Irvine and Gilmour have prepared the a-pyranose

compound, [a ] + 233° >- +47° (in methanol containing a trace of

hydrochloric acid), by methylating N-phenyl-D-glucosylamine with

methyl iodide-silver oxide and by condensation of aniline and

2:3:4:6-tetra-0-methyl-D-glucose at room temperature. Irvine

and Moody, and Pringsheim and Steingrover^^ obtained the

same compound by boiling the reagents in ethanol. Both methods

of condensation were repeated in the present work, and, in

addition, N-phenylglucosylamine was methylated by a modification

of Haworth's method. All three gave, as the only product, the

a-anomer. The yield by the last method, however, was low, as

expected from the susceptibility of N-phenyl-D-glucosylamine to

alkali. The same ether was also prepared from tetra-O-methyl-

D-glucopyranosyl bromide and aniline, although, by analogy with

the acetate, the 3-anomer was expected. The mutarotation of

N-phenyl-D-glucosylamine 2:3:4:6-tetramethyl ether was observed

in pure methanol: this mutarotation cannot involve pyranose-

furanose change. No mutarotation was observed in acetone or in

(64) J. C. Irvine and A . M. Moody, J .Chem.Soc., 190$, £3, 95.
(65) H. Pringsheim and A. Steingrover, Ber., 1926, J5£, 1001.
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chloroform. On leaving a methanol solution of the ether which

had reached equilibrium, D1]^ +47°, to evaporate at room tempera¬
ture, only N-phenyl-a-D-glucosylamine 2:3:4:6-tetramethyl ether,

[a]^ +217° (initial value in methanol), was obtained. The
isomerization during mutarotation had thus been reversed during

the slow evaporation. The condensation of jo-toluidine and

tetra-O-methyl-D-glucose in cold ethanol gave the same product

obtained by condensation in boiling ethanol, or in low yield by
(20)

methylation of N-jD-tolyl-D-glucosylamine. The physical

constants of the specimen, m.p. 151-152°, (a]^7 +221.4° > +60.0°
1

(c, 0.5 in methanol), [a ] +207.0° (_c, 1.0 in chloroform),

obtained from the condensation at room temperature are noticeably

higher than any previously recorded. The low yield of tetramethyl

ether obtained by methylation of N-phenyl- and of N-jc-tolyl-D-

glucosylamine made this method of little value for investigating

structures and hence its application to other glycosides was not

pursued.

In the Amadori rearrangement N-substituted aldosylamines

are readily converted by dilute acids into the isomeric

N-substituted 1-amino-l-deoxy-D-ketoses. Few crystalline

derivatives of the N-substituted 1-amino-l-deoxy-D-fructoses are
i pa )

known. Hodge and Rist have prepared a mono-O-isopropylidene

derivative of 1-deoxy-l-piperidino-D-fructose, and Helferich and
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Porck^^ have obtained l-benzylaraino-4:6-0-benzylid.ene-l-

deoxy-D-fructose indirectly. Now, by shaking 1-deoxy-l-jD-

tolylamino-D-fructose with acetone containing concentrated

sulphuric acid, the sulphate of a mono-O-lsopropylidene deriva¬

tive has been obtained. Treatment of this with ammonia gave

the crystalline mono-Q-isopropylidene compound. (The author

is grateful to Dr. 3. Bayne for information about this process).

This derivative reduced Fehling's solution and 2:6-dichloro-

phenolindophenol, gave an oxime, and with phenylhydrazine gave

an O-isopropylidene-D-glucosazone, so C^j is unsubstituted.
Hoxirever, all attempts to methylate or esterify it by the methods

successfully used for the N-arylglycosylamines have given syrups.

An attempt was made to obtain further information about the

compound, by oxidizing it with sodium periodate in aqueous acetone

During the reduction of periodate the solution became dark;

similar treatment of £-toluidine was found to involve the con¬

sumption of nearly the same amount of periodate with the same

coloration. This surprising result shows that periodate oxida¬

tion is of doubtful value for structural studies on

N-arylglycosylamines and the rearranged products.

Unsuccessful attempts have been made to prepare crystalline

ethers and esters of l-deoxy-l-jo-tolylamino-D-fructose.
=3

(66) B. Helferich and A. Porck, Annalen, 1953, 5&2, 233.
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In contrast with the large number of N-arylaldosylamines

which have been reported, only a few N-arylketosylamines are

known. Sorokin condensed aniline and D-fructose in boiling
3

ethanol and obtained in very low yield crystalline N-phenyl-D-

fructosylamine. Kuhn and Birkofer^"^ found that for

p>-phenetidine to react with D-fructose or L-sorbose in alcohol

ammonium chloride is required as catalyst. The N-£-ethoxyphenyl-

ketosylamines, isolated in 15$ yield, were crystalline solids

melting with decomposition. No esters or ethers of N-substituted

ketosylamines have previously been recorded; indeed, Irvine and
I )

McNicoll report their failure to make aniline derivatives of

O-methyl-D-fructoses.

The less ready reaction of D-fructose with amines has been

used to obtain crystalline D-fructose from invert sugar by
(25

precipitating the D-glucose as N-jD-nitrophenyl-D-glucosylamine.

We have confirmed the failure of aniline and £-toluidine to react

with D-fructose under conditions usually successful for aldoses.

At room temperature in aqueous alcohol, as described for aldoses,
(17)

and in hot aqueous suspension no condensation occurred.

Unchanged D-fructose was recovered when the compounds were heated

in boiling absolute alcohol, but the addition of ammonium chloride

or, better, aniline hydrochloride catalysed the reaction and a

(67) W. Sorokin, Ber.. 1BB6, 1£, 513; J .or.Chem., 1S3B, _37, 295.
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small proportion of crystalline N-phenyl-D-fructosylamine was

isolated as well as unchanged D-fructose. Increasing the
=3

reaction time beyond an hour did not increase the yield of

product, but decreased the amount of recovered D-fructose. The
=3

amount of condensation was increased by removing water during

the reaction, but the method which gave the best yield involved

the use of anhydrous ethanol as solvent. With this, the optimum

time was seven minutes at boiling point: longer heating did not

lead to more product but increased the discoloration. These

results taken together suggest the possibility of this being an

equilibrium reaction and, therefore, differing from the aldose

condensations. The same method has been used successfully to

prepare crystalline N-jo-to lyl-D-f ructosylamine. No anomers have

been obtained, although the compounds mutarotated in alcohol and

in pyridine. The melting points of these compounds are really

decomposition temperatures, of little value as a criterion of

purity or for correlating the compounds with those obtained by
/ try \

Sorokin. Comparison of the specific rotations is possible

in the case of N-phenyl-D-fructosylamine only and indicates that

our compound is the same as Sorokin's. The compounds have

excellent storage properties, and some samples have now been kept

under ordinary laboratory conditions for several years without

deterioration, whereas arylaldosylaraines decompose completely in
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a few months. N-Phenyl- and N-£-tolyl-D-fructosylamine have

been acetylated and benzoylated to give crystalline tetra¬

acetates and tetra-benzoates. The ease of hydrolysis of the

amine residue in these esters is roughly the same as in the

corresponding aldose compounds; the greater stability of the

benzoates is again marked. The product obtained in this way

from the two tetra-acetates was D-fructose 1:3:4-5-tetra-acetate,

shown to be the same as that obtained by direct acetylation of

D-fructose. ^ ^ Similarly the two tetrabenzoates were converted

into D-fructose 1:3:4:5-tetrabenzoate, identical with a specimen

prepared by the direct benzoylation of D-fructose^ This

proves that the four N-aryl-D-fructosylamine esters which we have

prepared have pyranose ring structures and that their acetyl or

benzoyl groups are linked to oxygen. Confirmation of this was

obtained by isolating the same N-phenyl-D-fructopyranosylamine

tetra-acetate on condensing aniline with D-fructopyranosyl

chloride tetra-acetate. In contrast with the aldose series,

however, D-fructose 1:3:4:5-tetra-acetate was recovered after

30 minutes' boiling with aniline in anhydrous ethanol containing

aniline hydrochloride as catalyst. Longer reaction resulted in

much decomposition. Under similar conditions, no condensation

took place between aniline and D-fructose 1:3:4:5-tetrabenzoate,

(68) E. Pacsu and F. V. Rich, J .Amer .Chem .Soc ., 1933, j>j>, 301$.
(69) P. Brigl and R. Schinle, 3er., 1933, 66, 325.
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1:3:4*6-tetrabenzoate, or l:3:4:5:6-pentabenzoate. Attempts

obtain crystalline products by treating aniline with D-fructo

l:3:4:6-tetra-acetate and with D-fructofuranosyl bromide

tetrabenzoate were unsuccessful. Methylation of N-phenyl-D-

fructosylamine even under mild conditions led to extensive

decomposition.
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N-Phenyl-D-glucosylamjne

D-Glucose (1$ g., 1 mol.) was refluxed in absolute alcohol

(150 ml.) with freshly re-distilled aniline (9.3 g., 1 mol.) for

2 hours. The solid which separated on cooling was collected,

"recrystallized" from absolute alcohol, and washed with dry

ether before being dried in an evacuated desiccator at room
1 d

temperature. The almost white solid (15 g.), +5.1° —> -51.7°

(after 24 hours) (_c, 1.6 in methanol), melted with decomposition

at temperatures varying between 110° and 150°, depending on the
1$

rate of heating. A further crop of product (6 g.), C06]^ +11.25°
> -51.9° (after 24 hours) (_c, 0.4 in methanol), was obtained by

partial concentration of the reaction mother-liquor. Further
1$

concentration gave more product (3 g.), [a] +5° >. -52.3°

(total yield, 95%). Irvine and Gilmour^' ^ give [a] +10° >
D

-52° for the first fraction and [a ] -20.1° > -52° for later

fractions.

A solution of D-glucose (5 g., 1 mol.) in absolute alcohol

(15 ml.), water (5 ml.), and aniline (8 g., 3 mol.) was left at

room temperature for a week. The solution was then evaporated

to dryness over silica gel at room temperature. The residue

was purified by repeated washing with cold absolute alcohol and

then with ether and dried as above. The appearance of the
1 £

product (4 g., 53%), [a] +6° )■ -52.3° (c, 0.4 in methanol) ,
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was similar to the above.
(17)

N-Phenyl-D-glucosylamine, prepared by Weygand's method

was a cream-coloured powder, [a ] +10.3 —> -52.5° {o, 0.4 in

methanol). Weygand gives m.p. 140°, but no specific rotation.

This method was the normal one used hereafter for preparing

N-phenyl-D-glucosylamine.

The solid products were examined microscopically under

polarized light and were seen to be non-crystalline.

Mutarotation of N-Phenyl-D-glucosylamine

The mutarotation of N-phenyl-D-glucosylamine in methanol

and ethanol proceeds smoothly. In dry pyridine no change in

rotation takes place but rapid mutarotation in pyridine-acetic

acid was observed. The following values were obtained:

[a]*6 -12.5° (c, 2.0 in pyridine); [a -11.3° >-62.5°

(after 24 hours) (_c, 0.4 in pyridine containing a trace of

glacial acetic acid); [a >. -60.0° (equilibrium value

after 6 minutes) {c, 0.3 in pyridine, 66 ml.; acetic acid 34 rail.)

N-Phenyl-D-glucosylamine, [ot +10.5° —> -52.5° {c, 0.8 in

methanol), was recovered by allowing the equilibrated methanolic

solution to evaporate at room temperature.

Acetylation of N-Phenyl-D-glucosylamine

N-Phenyl-D-glucosylamine (20 g.) was dissolved in pyridine,
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and acetic anhydride ($0 ml.) was added gradually at 0°. After

24 hours at room temperature the pyridine solution was poured on

ice. After several hours the product was filtered off, washed

with water, and dried in a vacuum at room temperature. The

crude crystals (23 g., 64%), m.p. $0-$5°, were recrystallized

from absolute alcohol-light petroleum. During this recrystalliza-

tion an oil separated first, followed by a larger crop of crystals,

m.p. 92-105°, +40.2° (c, 2.5 in chloroform). These, after

several recrystallizations, were a mixture of N-phenyl-D-

glucosylamine tetra-acetates, m.p. $$.5-92.5°, Ca +45.$°

[c, 2.5 in chloroform) (Found: C, 56.4; H, 5.9; N, 3.3.

C0 H 0 N requires C, 56.7; H, 5.95; N, 3.3%). The oil which20 25 9

separated during the recrystallization subsequently solidified

and was purified by recrystallization from a small volume of

methanol and then from absolute alcohol-light petroleum. This,

subsequently proved to be N-phenyl-a-D-glucopyranosylamine tetra¬

acetate , was a single substance, m.p. 149-150°, [a +1$0°

(c, 2.5 in chloroform) (Found: C, 56.9; H, 6.0; N, 3.3%).
The product of another acetylation was separated by

Frerejacque's method. (37) N-Phenyl-D-glucosylamine tetra-acetate,

m.p. $$-92.5°, +45.7° (10 g.), was separated into N-phenyl-

a-D-glucopyranosylamine tetra-acetate (4 g., 40%), m.p. 149-150°,
=3

[cx +179° (.c, 0.4 in chloroform) and the P anomer (6 g., 60%) ,
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m.p. 97-9^°, [a ]^6 -57° (c, 0.4 in chloroform), [a ]J6 -63.3°
(c, 0.4 in 90$ aqueous alcohol).

In another experiment N-phenyl-D-glucosylamine (5 g.) was

heated on a water-bath in pyridine (20 ml.) and acetic anhydride

(20 ml.). After 20 minutes' heating the solution was allowed

to cool and left overnight at room temperature. The product

was isolated as in the previous preparation, and after recrystal-

lizations from alcohol-light petroleum it was shown similarly to

be the mixed N-phenyl-a- and N-phenyl-0-D-glucopyranosylamine
3

tetra-acetates (5 g., 62$), m.p. 92-110°, [a]l6 +55.30 2.4

in chloroform).

A similar product was obtained by treating N-phenyl-D-

glucosylamine for 30 minutes in pyridine with acetic anhydride in

the presence of a small amount of perchloric acid.

In another experiment the laevorotatory form of N-phenyl-D-
3

glucosylamine was acetylated. N-Phenyl-D-glucosylamine (5 g.)
3

in pyridine (20 ml.) containing acetic acid (0.5 ml.) was kept

at room temperature for 3 days before addition of acetic anhydride

(20 ml.) at 0°. After a further day at room temperature the

product was isolated as before. After recrystallizations from

alcohol-light petroleum there remained a mixture of N-phenyl-a-

and N-phenyl-P-D-glucopyranosylamine tetra-acetates (5 g.> 62$),

m.p. 33-95°, OJq6 +67.4° (c, 0.3 in chloroform).
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Conversion of N-Phenyl-ft-D-glucosylamine Tetra-acetate

into the a-Anomer

If a saturated solution of any of the above mixed N-phenyl-a-

and N-phenyl-p-D-glucopyranosylamine tetra-acetates, or of the

pure P-anomer, was kept at room temperature in methanol containing

a drop of aqueous ammonia (10$), a gradual separation of

crystalline material took place. This was found, after recrystal-

lization, to be N-phenyl-a-D-glucopyranosylamine tetra-acetate

(CO$ yield), m.p. 149-150°, [a]^6 + l£0° (c, 0.4 in chloroform).

Conversion of N-Phenyl-D-glucopyranosylamine Tetra-acetates

into a-D-Glucopyranose Penta-acetate

The hydrolysis of N-phenyl-D-glucosylamine tetra-acetates
(12)

was successfully achieved by the method of Berger and Lee. '

The crude D-glucose tetra-acetate was a viscous red syrup (3.5 g.,

£7$) which did not crystallize. This syrup (2 g.) was heated on

a boiling-water bath for 30 minutes with acetic anhydride (25 ml.)

and powdered anhydrous zinc chloride (0.5 g.). After being poured

into water and kept for several hours the product was extracted

with chloroform. The extract was washed free from acid and

dried before the chloroform was evaporated off, leaving a syrup

which crystallized from alcohol. The product was a-glucopyranose

penta-acetate, (1.7 g., 78$), Ca +100.9°, m.p. 110-111°,

undepressed when mixed with authentic a-glucopyranose penta-acetate,

- 51 -



m.p. 110-111°.

Preparation of N-Phenyl-D-glucopyranosylamine Tetra-acetates
S3

from ft-D-Glucopyranose Penta-acetate

Frerejacque's method gave a product which was,after recrystal-

lization from alcohol-light petroleum, found to be a mixture of

N-phenyl-a- and N-phenyl-p-D-glucopyranosylamine tetra-acetates,
S3

m.p. $$-92.5°, +46.1° (c, 0.9 in chloroform). This mixture

was separated by the procedure already described into the anomeric

N-phenyl-D-glucopyranosylamine tetra-acetates.
S3

Preparation of N-Phenyl-3-D-glucopyranosylamine

Tetra-acetate from Acetobromoglucose

Baker's methodgave a product which was recrystallized

from ether-light petroleum to yield N-phenyl-p-D-glucopyranosylamine

tetra-acetate, m.p. 96-97°, [a -70.3° (c, 0.4 in 90% alcohol),

[a]^ -55° ic, 0.4 in chloroform). Baker gives m.p.93°,
[a]J6 -73.3° (in 90f0 alcohol).

Deacetylation of N-Phenyl-D-glucopyranosylamine

Tetra-acetates

The standard procedure was to leave the tetra-acetate (4 g.)

in methanol (40 ml.) containing aqueous ammonia (5 ml., d 0.330)

at room temperature for 3 days. After evaporation of the solvent
(70) J. W. Baker, J.Chem.Soc., 1923, 1533.
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at room temperature the product was recrystallized from alcohol.

In different experiments N-phenyl-a-D-glucopyranosylamine tetra¬

acetate, the 13-anomer, and mixtures of a- and 0-anomers were

used. In each case N-phenyl-D-glucosylamine was obtained:

[a]^ ca. +10° —>-52° (in methanol), i.e. identical with the
substance prepared directly from glucose and aniline.

N-p-Tolyl-D-glucosylamine

Glucose (5.4 g«, 1 mol.) was heated with £-toluidine (3.2 g.

1 mol.) and water (1 ml.) on a boiling-water bath until a

homogeneous solution was obtained (15 min.). Ether (100 ml.)

was added and the precipitated solid (6 g., 86%) was collected

and recrystallized from ether-alcohol to yield needle-shaped

crystals of N-p-tolyl-D-glucosylamine, m.p. 117-11&°, [a]p^ -101.
>• -45.&° (c, 0.5 in methanol). This same compound has been

obtained by different procedures by Irvine and Gilmour^lO) and

Kuhn and Dansi.^

p-Tolyl-0-D-glucopyranosylamine Tetra-acetate

]D-Tolyl-0-D-glucopyranosylamine tetra-acetate prepared from

acetobromoglucose by Baker's method,had, after recrystalliza

tion from absolute alcohol, m.p. 144-145°, -33.4 (£, 0.4 in

chloroform).

In another preparation, N-jD-tolyl-D-glucosylamine (5 g.) was
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dissolved in pyridine (20 ml.) and acetic anhydride (20 ml.) at

0°. After 24 hours at room temperature the solution was poured

on ice. After several hours the solid product was collected and

recrystallized from alcohol. This was jo-tolyl-0-D-

glucopyranosylamine tetra-acetate (5 g., 70%), m.p. I45-I460,

Calp -34.2° (c, 0.5 in chloroform), mixed m.p. with the compound
prepared above, 144-145°. Kuhn and Dansi^^ record m.p. 144-145°,

1A
Cot ] -57.5° (in methyl acetate).

N-Phenyl-D-ribosylamine A

D-Ribose (0.4 g., 1 mol.) was dried for 2 hours at 75° and

placed in a dry flask containing magnesium-dried ethanol (4 ml.).

Freshly redistilled aniline (0.3 g., 1.2 mo Is*.) was added and the

mixture boiled for 2 hours under a dried condenser carrying a

calcium chloride tube. The flask was then stoppered and cooled.

The solution deposited crystals (0.4 g., 67%) of N-phenyl-D-
20 ~

ribosylamine A, m.p. 133-134°, CaJD +176.4° (c, 0.3 in pyridine),
+ 134.9° » +14.1° (after 12 days) (_c, 0.4 in methanol),

[a]J6 +172.1° +37.2° (c, 0.2 in ethanol).
N-Phenylribosylamine B

(12 )
Prepared by Berger and Lee's method, ' N-phenylribosylamine

B was obtained as white needle-shaped crystals (93%), m.p. 112-114°,

[a]^° +60.2° (c, 1.0 in pyridine), [a +23.3° > +3.3° (c, 0.4
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in methanol) .

Recovery of N-Phenylribosy1amine B from

Methanolic Solutions

(i) The methanolic solution used for determination of the

specific rotation of A was allowed to evaporate at room tempera¬

ture in the laboratory atmosphere. It gave crystals of B,

m.p. 112-115°, [a]^5 +62.2° (_c, 1.0 in pyridine), +24.0°—>+9.9°
(.c, 0.7 in methanol).

(ii) A methanolic solution of B was left in a stoppered

flask until its specific rotation had reached a constant value.

It was then allowed to evaporate slowly at room temperature and

gave crystals of B, m.p. 114-116°, [a +60.4° (jc, 0.7 in

pyridine), +24.3° —> +9.4° 0.6 in methanol).

Conversion of N-Phenylribosylamine A into B

A sample of A (1 g.) was added to absolute ethanol (5 ml.)
and water (10 ml.). After being refluxed for 10 minutes it was

left at room temperature overnight. The solution deposited

crystals of B, [a]^ +62.2° (_c, 1.0 in pyridine).

Conversion of N-Phenylribosylamjne B into A

(i) A solution of B (1 g.) in magnesium-dried ethanol (6 ml.)

was refluxed in dried apparatus in the absence of moisture for
1 hour. The flask was then stoppered and cooled. The solution
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15
deposited crystals of A, [a] +136.2° (c, 0.3 in pyridine),

[a +153.3° —> +14.2° (c, 0.4 in methanol).

(ii) A solution of N-phenylribosylamine B (3 g.) in anhydrous

ethanol (24 ml.) was refluxed under anhydrous conditions for 1 hour

and then divided into three portions. The first was immediately

stoppered and left to cool, whereupon it deposited crystals of A,

m.p. 132-134°, +176.4° (.c, 1.0 in pyridine). The second

was left to cool after one drop of water had been added to it.

This gave crystals of B, [a+59.3° (c, 0.3 in pyridine). The

third was refluxed for 15 minutes with two drops of water. On
17

cooling, it deposited crystals of B, fcx+60.1° (c, 0.9 in

pyridine).

Physical Constants of N-Phenylribosylamines

The physical constants of the N-phenyl-ribosylamines,

together with those given by other workers, are tabulated below:
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A

B

Reference

m.p.

[a]

InMethanol
D InPyridine

m.p.

[a]

InMethanol
D InPyridine

Presentauthor
(12)

BergerandLee
(30)

Butleretal. Howardetal
(35)

133-134° 133-140 123-124 126-127

+134.9° +14.1° +135 +12

+176.4°
+176.5* +156.6

+132> +52.3 +130(dry solvent) +130> +161 (moist solvent)

112-114° 125-127 114-116 119

+23.3° +3.3°
+23 +13

-60.2' +63.4- +43.6
+62

+50
+60(dry solvent +60> +43.4(moist solvent)



N-p-Tolyl-D-ribosylamjne A

(i) D-Ribose {0.5 g., 1 mol.) was dried at 75° for 2 hours

and dissolved in freshly dried ethanol (4 nil.}. After addition

of jg-toluidine (0.35 g., 1 mol.) the solution was refluxed for

2 hours with exclusion of moisture. The flask was then stoppered;

on cooling crystals were deposited of N-p-tolyl-D-ribosylamine A,
20

ra.p. 130°, [a] +136.2° >+12.5° (c, 0.3 in methanol),

Ca]J7 +173.2° > +76.0° (c, 0.3 in dry pyridine) (Found: C, 60.3;
H, 6.9; N, 6.0. C^H^O^N requires C, 60.3; H, 7.1; N, 5,9%).

N-p-Tolylribosylamine B

(i) To D-ribose (2 g., 1 mol.) in 0.001 N-sulphuric acid

(5.5 ml.), £-toluidine (2 g., 1.5 mols.) in ethanol (10 ml.) was

added. The white needles (3.0 g., 94%) which separated after

20 hours at room temperature and 5 hours at 0° were found to be
l A

N-p-tolyl-D-ribosylamine B, m.p. 123°, [a ] +53.6° (_c, 1.0 in
1 d

pyridine), [a] +22.1° —> +11.7° (c:, 0.4 in methanol) (Found:

C, 53.1; H, 7.3; N, 5.3%. c12Hi7°4N'2H20 requires C, 53.1;
H, 7.3; N, 5.6%). Berger and Lee describe N-jc-tolyl-D-

ribosylamine, m.p. 102-103°, +53.2° (c, 2.0 in pyridine)

as a white powder, analysis indicating the presence of two

molecules of ethanol.

(ii) The product present in a solution obtained by heating

D-ribose (0.5 g., 1 mol.) with jo-toluidine (0.33 g., 1.2 mols.) in
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anhydrous ethanol for 2 hours was refluxed for 5 minutes more

after addition of two drops of water. On purification it gave

crystals of B, Ca]^ +65° (c, 0.3 in pyridine), [a +22.6° >•
+ 12.7° (c, 0.4 in methanol).

(iii) A mixture of D-ribose (0.5 g., 1 mol.), £-toluidine

(0.4 g., 1.3 mols.), and water (0.3 ml.) was heated together on

a steam-bath for 5 minutes after the solution became homogeneous.

On cooling, ethanol (2 ml.) was added to precipitate N-jd-

tolylribosylamine B (0.6 g., 15%), m.p. 123-124°, [a]j^ +60.2°
(c, 0.7 in pyridine).

Conversion of N-p-Tolylribosylamine B into A

A solution of N-p>-toly lribo sylamine B (0.3 g.) in anhydrous

ethanol (3 ml.) was refluxed in dry apparatus with exclusion of

moisture for an hour. The flask was stoppered and cooled,

whereupon the solution gave A, m.p. 129-130°, +127.6° >

+ 11.7° (after 24 hours) (_c, 0.2 in methanol) .

N-o-Nitrophenyl-D-ribosylamine B

D-Ribose (0.5 g., 1 mol.) in 0.001 N-sulphuric acid (1 ml.)
was added to o-nitroaniline (0.7 g., 1.5 mols.) in ethanol (2 ml.).

The amine dissolved as the reaction proceeded at room temperature.

After 30 days, the solution deposited yellow anhydrous crystals

(0.& g., $9%) of N-o-nitrophenylribosylamine, m.p. 193-194°>
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[a -109.1° (.c, 0.3 in pyridine). This is provisionally
(12)

called B, and was prepared by Berger and Lee, who give
2$

m.p. 153-155°, La]p -109° (_c, 1.0 in pyridine).
N-o-Nitrophenyl-D-ribosylamine A

(i) A suspension of D-ribose (1 g., 1 mol.), ammonium

chloride {0.05 g.)> and o-nitroaniline (0.96 g., 1.1 mols.) was

heated under reflux in anhydrous ethanol (5 ml.) for 2 hours

with exclusion of moisture. The flask was then stoppered and

placed in the refrigerator. This produced orange-yellow

crystals (1.7 g., 94$) of N-o-nitrophenyl-P-ribosvlamine A,
20

m.p. 167-165°, La]q -122.5° (c, 0.2 in pyridine) (Found:
C, 49.3; H, 5.0. c1;lh1406N2 requires C, 4^.9; H, 5.2%).

(ii) A solution of B (0.5 g.) was refluxed for 2 hours in

anhydrous ethanol (12 ml.) with careful exclusion of moisture.
17

The crystals which separated were A, m.p. 192-193°, -123.9°

(.c, 0.2 in pyridine).

Conversion of N-o-Njtrophenylribosylamine A into B

Isomer A (0.5 g.) was heated for 2 hours in 90$ aqueous

ethanol (12 ml.). On cooling, the solution deposited yellow

crystals of B, m.p. 192-193°, [a -105.2° (c, 0.3 in pyridine).

The solubility of both N-o-nitrophenylribosylamines in

methanol and in ethanol was too low for optical observations to
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be made.

N-Phenyl-D-xylosylamine

Dry D-xylose (2 g., 1 mol.) and redistilled aniline (2 ml.,

1.6 mols.) were refluxed in anhydrous ethanol (12 ml.) for

90 minutes. The pale yellow solution was divided into two

portions. One, which was stoppered and allowed to cool,

yielded white needles of N-phenyl-D-xylosylamine, m.p. 144-145°,

[a]j^ -$2.1° ^-21.6° (c, 0.6 in methanol). Two drops of
water were added to the other portion and the solution was

refluxed for 5 minutes more. On cooling, it deposited crystals

of the same D-xylosylamine, m.p. 143-144°, [a]j)° -84.1° > -21.9°
(17)

(c, 0.8 in methanol). Weygand gives m.p. 140-1410 and

Butler _et al. give m.p. 142-144°, -90°—> -48° (c, 1.0

in methanol).

N-p-Tolyl-D-xylosylamine

(i) Dry D-xylose (2 g., 1 mol.) and jD-toluidine (2 g. ,

1.6 mols.) were heated under reflux in anhydrous ethanol (12 ml.)

for 2 hours with the exclusion of moisture. The light brown

solution on cooling deposited N-jp-tolylxylosylamine (2.4 g., 74%),

m.p. 124-125°, [a]j~° -76.6° >-21.2° (c, 0.4 in methanol).
(ii) D-Xylose (2 g., 1 mol.) and jD-toluidine (1.6 g., 1.3 mols.)

(17)
were heated in water (0.6 ml.) according to Weygand's method.
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The product, for which Weygand records m.p. 124-125°, [a-41.5°

(c, 0.$ in pyridine), had m.p. 124-125°, [a]H -59.0° (c, 0.5 in

pyridine), [a]^ -75.6° —> -20.0° (c, 0.$ in methanol).
N-p-Tolyl-D-glucosylamine

Owing to its low solubility in anhydrous ethanol D-glucose

(10 g., 1 mol.) was suspended in anhydrous methanol (150 ml.).
To this was added £-toluidine (6 g., 1 mol.) and the mixture was

refluxed for 3 hours with the exclusion of moisture. The flask

was stoppered and cooled, but as no crystals appeared the

methanol was evaporated under reduced pressure at 35° (moisture

excluded). This left a pale yellow syrup which during 5 days
1A

deposited N-p-tolyl-D-glucosylamine, m.p. 135-136°, [a+20$.9°—>

-44.6° (after 67 hours) (c, 0.7 in methanol) (Found: C, 56.$;

H, 6.$; N, 4.9. c13h19°5N requires C, 5$.0; H, 7.1; N, 5.2#).
Recrystallization was attempted, care being taken to exclude

moisture, but normal N-p>-tolyl-D-glucosylamine, m.p. 113°,
=3

1 A
[a] -97.5° > -42.7° (c, 1.0 in methanol), was obtained.

r

N-Phenyl-D-glucosylamine

On repetition of the above reaction with aniline (1.$ ml.,

I.6 mols.) and D-glucose (3 g., 1 mol.), the product obtained had

m.p. 134-135°, O +53° —> -20.6° (_c, 0.7 in methanol).

N-Phenyl-D-glucosylamine, as usually isolated, has m.p. 146°
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(variable), [cx+10° > -52° (in methanol).

N-Phenyl-D-galacto sylamjne

(i) Butler, Smith, and Stacey's method of preparing

this compound was slightly modified as follows. A solution of

D-galactose (2 g., 1 mol.) in 0.001 N-sulphuric acid (6 ml.) was

added to aniline (2 ml., 2 moIs.) in ethanol (2.5 ml.), and the

mixture left for one day at room temperature. Crystals (1.6 g.,

57%) were obtained of N-phenylgalactosylamine, m.p. 157-156°,

[a-92° > -43.50 0.5 in methanol). Butler et al,(39)
give m.p. 157-159°, [a]D -92° —> -37° (c, 1.2 in methanol).

(ii) The reaction of galactose and aniline under anhydrous

conditions in methanol was attempted as in the case of glucose.

The product, which isomerized on recrystaliization, was

N-phenyl-D-galactosylamine, m.p. 141-143°, [a -22.1° —;► -40.3°

(jc, 0.4 in methanol).

N-p-Tolyl-D-galactosylamine

The compound, [ex ] -33.0° >-14.1° (c, 0.2 in methanol) ,

prepared under anhydrous conditions, also differs from the

compound prepared in aqueous solution (see below).

N-Phenyl-D-mannosylamine

A solution of D-mannose (3 g., 1 mol.) in 0.001 N-sulphuric

acid (10 ml.) was added to a solution of aniline (3 ml., 2 mols.)
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in ethanol (4 ml.). After a few hours at room temperature

crystals appeared. After 3 hours in the refrigerator N-phenyl-

D-mannosylamine (4.0 g., 95%), m.p. 131°, Cal^ -179.3° (.c, 0.3 in
pyridine), -101.4° > -45.0° (in 70 hours) (_c, 0.2 in

(17)
methanol), was collected. Weygand prepared this compound,

m.p. 1S0-1S1°, by heating an aqueous suspension of the components.

Ultra-violet Absorption Spectra

The spectra of N-phenyl-D-mannosylamine and of N-p>-tolyl-D-

ribosylamines A and B were measured in methanol over the range
O

2200-3100 A. Measurements were made at intervals of about

24 hours during mutarotation, but no appreciable change in the

spectrum was observed. The changes in rotation taking place

simultaneously (in methanol) with the absorption measurements

were: N-phenyl-D-mannosylamine, [a. -101.4° —> -45.0° (in

70 hours) (c, 0.2 in methanol); N-j)-tolyl-D-ribosylamine A,
21 ~

[a]jj +135.1° > +12.0°(in 60 hours) (_c, 0.3 in methanol);
N-p-tolyl-D-ribosylamine B, [a. +21.8° —> +11.7° (in 62 hours)

(c, 0.3 in methanol). Spectral data are tabulated.
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Compound

Intervalafter dissolution (days)

^■max. O (A)

log£
max.

•Xnin. O (A)

log£.
mm.

N-p-Tolyl-D-ribosylamineA
0

2450

4.47

2630

3.44

2900

3.72

1

2450

4.47

2630

3.40

2900

3.65

2

2450

4.46

2630

3.37

2900

3.73

N-p-Tolyl-D-ribosylamineB
0

2500

5.62

2740

3.97

2950

4.25

N-Pheny1-D-mannosylamine
0

2400

4.43

2620

2.63

2350

3.52

1

2400

4.49

2620

2.76

2350

3.53

2

2400

4.50

2620

2.74

2350

3.50



General Preparation of N-p-Tolylglycosylamines

To a solution of the sugar (1 g., 1 mol.) in 0.001 N-sulphuric

acid (2 ml.) was added a solution of £-toluidine (1 g., 1.3 moIs.)
in absolute ethanol (2.4 ml.). The mixture was left at room

temperature until crystallization appeared to be complete and

then placed in the refrigerator for 2 hours. The crystals which

were collected and washed did not need to be recrystallized.

D-Fructose and L-sorbose did not react under these conditions,

and L-arabinose gave a dark solution from which no crystalline

product separated even after evaporation of some of the solvent.

The physical constants of the products obtained are tabulated

below, together with those recorded for the compounds prepared by

other workers using different methods.
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N-_p-Tolyl- glycosylamine
Approx. timeof

Yield

Previousdata

prepared from:

reaction (hours)

(36)

M.p.

Rotation

M.p.

Rotation

Workers

D-Ribose

6

90

123°

[a]1+̂22.1°— D+11.7°
(c,0.4inMeOH)

-

-

-

D-Galactose

43

67

161-162

tajD9 +1°8-̂ (c,0.2inMeOH)
154-155°
[al-49.5°—>D+10.5°

(in33%MeOH)
Weygand

D-Glucose

72

50

107-109

[ajl6_95>5—„D -42.5
(c,0.4inMeOH)

117-113

[a]?4-101.2—* -453

(c,0.2inMeOH)
Honeyma and Tatchel

D-Mannose

4

93

133

[ajJ-7-101.4—>D -45.0
(c,0.2inMeOH)

133-134

-

Weygand

D-Xylose

96

33

124-125

ta]J-9-59.0 (c?0.3in pyridine)
[a]24-72.2>u -20.4

(c,0.6inMeOH)
124-125

[a]20 -41.5 (inupyridine)
Weygand



N-p-Nitrophenylaldosylamines

Weygand, Perkow, and Kuhner's methodswere used. The

constants of the derivatives obtained from D-glucose, D-mannose,

D-galactose, and. L-arabinose were in good agreement with those

previously recorded.

Preparation of N-p-Nitrophenyl-D-xylosylamine
=3

(1) A mixture of D-xylose (5 g.), p- nitroaniline (5 g.),
water (1 ml.), methanol (10 ml.), and glacial acetic acid (0.1 ml.)
was heated under reflux for 10 min. The solids gradually

dissolved; the product which separated on cooling was N-p-

nitrophenyl-D-xylosylamine, m.p. 191°, [a+2$9° (p, 0.5 in
(2 S)

pyridine). By this method, Weygand, Perkow, and Kuhner

obtained N-p-nitrophenyl-D-xyiosylamine, m.p. 109°, [a. -95.6°

(c, 0.5 in pyridine).

(2) A mixture of D-xylose (5 g.), p-nitroaniline (5 g.),
water (1 ml.), ethanol (5 ml.), and acetic acid (0.1 ml.) was

warmed on a steam-bath for 15 min. The ethanol was evaporated

and the solid residue, recrystallized from ethanol, washed with

ethanol and with ether, and dried in a vacuum-desiccator, was
20

N-p-nitrophenyl-D-xylosylamine, m.p. 193°, Ca]Q +294° (_2> 0.5 in
pyridine), for which Weygand et al.^5) rec0r(} m.p. 192°,

[a]20 +292.5° (c, 0.72 in pyridine).
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Preparation of N-p-Nitroohenyl-D-ribosylamine

By treating D-ribose with £-nitroaniline according to

method (1) described for D-xylose there resulted N-p-nitrophenyl-

D-ribosylamine (70$), m.p. 173°, [a]q° +349° (e, 0.4 in pyridine)
(Found: 0, 4&.°; H, 5.2; N, 10.2. ciiH14°6N2 reluires 4^-9;
H, 5.2; N, 10.4$).

General Method for the Preparation of

N-Arylaldosvlamine Acetates

A solution or suspension of the aldosylamine (5 g.) in

acetic anhydride (25 ml.) and pyridine (25 ml.) was left overnight

at 0° and then poured into ice and water. The precipitate was

stirred until solid, collected, washed with water, and recrystal-

lized from ethanol.

N-Phenyl-D-mannosylamine 2:3:4:6-tetra~acetate

N-Phenyl-D-mannosylamine 2:3:4:6-tetra-acetate had m.p. 127°,

[a]J6 -103.1° (c, 0.5 in CHC13) (Found: C, 57.3; H, 5.9; N, 3.4.
C20H2^0^N requires C, 56.8; H, 5.9; N, 3.3$).

N-jo-Tolyl-D-mannosylamine tetra-acetate formed stout prisms,

[a ]^° -12.4° (c, 1 in CHGl^), m.p. IIB-I4O0, not altered by
several recrystallizations from ethanol. An alternative method

of preparation gave a similar product.

A solution of D-mannopyranose tetra-acetate (1 g.), m.p. 90-94°>
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[a]p +25 .8° (jc, 1 in GHCl^) [prepared by hydrolysis of N-jc-tolyl-
D-mannosylamine tetra-acetate ], and jo-toluidine (0.3 g.) in

ethanol (10 ml.) was boiled under reflux for 2 hours and then

evaporated at room temperature in the laboratory atmosphere.

Large crystals were obtained of N-jo-tolyl-D-mannosylamine 2:3:4;6-
20 =

tetra-acetate (79%), [a] -16.0° (c, 1 in CHC1J , m.p. 120-150°,

unaltered when mixed with the above sample (Found: 0, 57.7;

H, 6.1; N, 3.2. Calc. for C^H^O^: C, 57.7; H, 6.2; N, 3.2%)
Condensation of p-Toluidine with D-Galactose

2: 3:4:6-Tetra-acetate

Ethanol (10 ml.) containing p>-toluidine (0.3 g.) and

D-galactopyranose tetra-acetate (1 g.) was boiled under reflux

for 2 hours and then evaporated at room temperature in the

laboratory atmosphere. The residue, crystallized and recrystal-

lized from ethanol-light petroleum, gave N-jc-tolyl-D-

galactosylamine 2:3:4:6-tetra-acetate, m.p. 120-121° (undepressed
on admixture with that prepared by the general method), [ct

-23.7° (c, 1 in CHC13) (Found: C, 57.9; H, 6.2; N, 3.4. Calc.
for C21H27°9N: C' 57*7; H' 6,2; N'

Preparation of N-p-Nitrophenyl-D-glucosylamine

2:3:4:6-Tetra-acetate

Acetylation of N-p-nitrophenyl-D-glucosylamine gave the
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2:3:4;6-tetra-acetate (33$), in.p. 155°, [a -95° (.c, 1 in

pyridine). Frere jacque^^ records m.p. 155°, [a -101°

(in CHCl^). However, after one recrystallization from ethyl
acetate and two from ethanol, the compound had m.p. 179°,

20
Ca ]q -97.8° (c, 1 in CHCl^), -120° (_c, 1 in pyridine), in good
agreement with the values recorded by Weygand, Perkow, and

Kuhner.(25^

N-p-Nitrophenyl-D-manno sylamine 2:3:4:6-Tetra-acetate

Prepared by the standard method in 96% yield this compound

had m.p. 136°, [a ]j*° -153° (c, 1 in CHC13) , -229° (c, 1 in
pyridine). Frerejacque^^^ records m.p. 1&4°> -150°

(in CHC13).
N-p-Njtrophenyl-D-galactosylamine Tetra-acetate

This compound, from different preparations, had different

melting ranges, starting between 90° and 130°, and continuing to

an indefinite upper limit; £awere -63.3°, -57.8°, and -70.5°

for three different preparations (c, 1 in chloroform).

Frerejacque reports [a-73° (in CHCl^), but does not record m.p.

N-p-Nitraphenyl-D-xylosylamine 2:3:4-Triacetate

Acetylation of N-jo-nitrophenyl-D-xylosylamine gave

N-p-nitrophenyl-D-xylosylamine 2:3:4-triacetate {86%), m.p. 209-211°

[a]17 -11.5° (c, 1 in CHC13) (Found: C, 51.6; H, 5.2; N, 7.0.
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C17H20°9N2 requires c> 51.5; H, 5.1; N, 7.1%).
Condensations with Tetra-0-acetyl-D-glucopyranose

(a) A solution of 2:3:4:6-tetra-0-acetyl-D-glucose (3 g.,

1 raol.) and aniline (0.$ g., 1 mol.) in absolute ethanol (30 ml.)
was refluxed for 2 hours. The solvent was removed and there

separated crude crystals (1.6 g., 44%) which on recrystallization

from ethanol gave N-phenyi-a-D-glucosylamine 2:3:4:6-tetra-

acetate, m.p. 146-14$°, [a+173.9° (0, 0.4 in chloroform).

(b) A solution of 2:3:4:6-tetra-0-acetyl-D-glucose (1 g.,

1 mol.) in ethanol (20 ml.) was refluxed with £-toluidine (0.3 g.,

1 mol.) for 2 hours. After isolation as in (a), the crude

crystals (1.0 g., 33%), recrystallized from methanol, were

N-pi-tolyl-fi-D-glucosylamine 2:3:4;6-tetra-acetate, m.p. I4I-I420,

[a -35.0° (_c, 0.6 in chloroform).

Condensations with 2:3:4:6-Tetra-Q-acetyl-a-

D-glucosvl Bromide
=3

(i) A mixture of tetra-O-acetyl-a-D-glucosyl bromide (5 g.,

1 mol.), £-toluidine (1.3 g., 2 mol.), and mercuric acetate (1 g.,

0.5 mol.) was warmed to 60° for 15 minutes. The solution became

dark brown and resinous and no solid product was obtained .

(ii) A solution of the bromide (2.5 g., 1 mol.), jo-toluidine

(0.6 g., 2 mol.), and mercuric acetate (0.5 g., 0.5 mol.) in
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sodium-dried ether (25 ml.) was left at room temperature for 9

hours. The filtrate was washed, dried., and evaporated, leaving

a syrup xvhich gave a small amount of an unidentified solid,

[a]jj +70.6° (_c, 0.2 in chloroform).
(iii) The directions of (ii) were followed but the reaction

time was 2 hours at room temperature followed by 4 hours at 0°.

Crystals of N-p>-tolyl-£-D-glucosylamine 2:3:4»6-tetra-acetate,
20

m.p. 140°j Ca ]p -33.1° (.c, 0.5 in chloroform), were obtained.
(iv) The preceding experiment was repeated with a higher

proportion of mercuric acetate (2 g., 1.6 mol.). The product

was the same tetra-acetate.

Hydrolysis of N-p-Tolyl-ft-D-glucosylamine Tetra-acetate

The procedure followed was that described by Butler et al.^9)
From N-p>-tolyl-D-glucosylamine tetra-acetate (2 g.) crystals were

obtained, m.p. 122-124° (1.5 g., 94%) > which were recrystailized

from acetone-ether-light petroleum to give 2:3:4:6-tetra-0-acetyl-

D-glucose, m.p. 124-126°, [a+31.6° (c, 0.5 in chloroform),
17 ^

[a +31.6° —> +36.7° (.c, 0.5 in chloroform containing a trace
(*57)

of ethanol). For this compound Hendricks, Wulf, and Liddellw '

give m.p. 120-120.5°, [a +30° (in ethanol).
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General Method for the Hydrolysis of

N-Arylaldosylamine Acetates

Aqueous formic acid (£0 ml.; 0.5$) was added to a solution

of the acetate (2 g.) in acetone (20 ml.), and the mixture was

boiled under reflux until homogeneous. N-j>-Tolylaldosylamine

acetates were hydrolysed in an atmosphere of nitrogen to reduce

coloration, but this was unnecessary with the N-£-nitrophenyl

analogues. After evaporation of acetone, the sugar acetates

were isolated by extraction with chloroform, etc. The products

were recrystallized from ether or alcohol. The results are

shown in the Table .
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Compoundhydrolysed:
Reaction time

Product: 2:3:4;6-

Yield

M.p.

Previousdata

2:3:4;6-tetra-acetateof
(hours)

tetra-acetate of

it)

M.p.

l>]D+

Ref.

N-Phenyl-D-mannosylamine
5

D-Mannose

43

90-94°

+23.5°

930

+26.3°

71

N-p-Tolyl-D-mannosylamine
5

tt

51

90-94

+25.3

N-p-Nitrophenyl-D- mannosylamine=

4

tt

56

90-92

+24.7

N-p-Tolyl-D-galactosylamine
5

D-Galactose
50

124-125

+27.5

125-126

+26

39

N-p-Nitrophenyl-Q- galactosylamine

2

it

47

124-125

+26.9

N-p-Nitrophenyl-D- glucosylamine

2

D-Glucose
=3

55

123-126*
+30.3

124-126 136-133 120-122 114-117

+31.6
+13.3 —>+73 +40 +46

72 57 57 57

N-p-Nitrophenyl-D-xylosyl¬ amine2:3:4-lri-acetate
3

D-Xylose 273:4-L*'i- acetate

40

132-135*
->+33

136-137

+22.4
—>+40.7

73

xUndepressedonadmixturewithanauthenticspecimen,
tInCHCl^ References:(71)P.A.LeveneandR.S.Tipson,J.Biol.Chem.,1931,%0,39.(72)G.P.EllisandJ.Honeyman,J.Ghem.Soc.,1952,2053?(73)C.E.Ballou,3.Roseman,andK.P.Link,J.Amer.Chem.Soc., 1951,73,1140.



N-p-Tolyl-D-glucosylamine Tetrabenzoate

Benzoyl chloride (12 ml., B mol.) in pyridine (B ml.) was

added slowly to a solution of N-jc-tolyl-p-D-glucosylamine (3.5 g.,

1 mol.) in pyridine (5 ml.) at 0°. After 3h hours at 0° the

reaction mixture was poured into water. The oil which separated

was washed thoroughly with cold water and then triturated with

ethanol. Crystallization from acetone-ethanol yielded N-p-tolyl-

D-glucosylamine 2:3:4:6-tetrabenzoate, m.p. 209°, +14.1°

(jc, 0.4 in chloroform), Ca3^ +50.0° (_c, 0.4 in benzene) (Found:
C, 71.3; H, 5.1; N, 2.3. C41H35°9N requires C, 71.B; H, 5.1;
N, 2.1%).

N-p-Tolyl-D-mannosylamine Tetrabenzoate

A solution of N-jo-tolyl-D-mannosylamine (1.5 g.s 1 mol.) was

made by heating it to ca. 70° in pyridine (12 ml.). When solution

was complete, it was rapidly cooled to 0° and benzoyl chloride

(1.1 ml., 5 mol.) in pyridine (2 ml.) was dropped into it. The

reaction mixture was left at 0° for 2 hours before being poured

into ice-water. The white paste, after repeated washing with

water, was dissolved in chloroform and the solution washed several

times with 5N-hydrochloric acid, with 1% sodium carbonate solution,

and with water. The syrup obtained after drying, filtration, and

evaporation crystallized under methanol. This crude product
(2.B g., 74%), recrystallized from methanol-light petroleum, was
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N-p-tolyl-D-mannosylamine 2: 3:4:6-tetrabenzoate, ra.p. 133-134°,

[a ]^4 -125.6° (c, 0.& in chloroform) (Found: C, 71.9; H, 5.1;
N, 2.2. C H 0 N requires Cs 71.S; H, 5.1; N, 2.1%).

41 35 9

N-p-Tolyl-D-xylosylarnjne Tribenzoate

Benzoyl chloride (O.S ml,, 3.5 mol.) was dropped into a

solution of N-p-tolyl-D-xylosylamine (0.5 g., 1 mol.) in pyridine

(S ml.) kept at 0°. The mixture was left at 0° for 15 minutes

and then poured into well-stirred ice-water. The white paste,

treated as described in the previous experiment, yielded crude

crystals (2.0 g., £6%) which were recrystallized from ethanol to

give N-p-tolyl-D-xylosylamine 2:3:4-tribenzoate, m.p. lB0-l6l°,

[a ]jj^ +4B.30 {c, 0.6 in chloroform) (Found: 0, 72.1; H, 5.5;
N, 2.3. C35H290?N requires C, 71.9; H, 5.3; N, 2.5%).

Benzoylation of N-Phenylglucosylamine

Attempts to benzoylate N-phenyl-D-glucosylamine (1 mol.) with
=3

benzoyl chloride (5 mol.) in pyridine at 0° for reaction times

varying from 15 minutes to 3 hours, gave, each time, benzanilide,

identified by m.p. and mixed m.p. 159-160°, [aj^ - 0° (in chloro¬
form) , as the only solid product.

Benzoylation of N-Phenyl-D-ribosylamine

Benzanilide was also obtained on treatment of N-phenyl-D-

ribosylamine B (1 mol.) in pyridine with benzoyl chloride (4 mol.)
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at 0° for 10-90 minutes or at -1$° for 20 minutes.

General Method for the Preparation of Benzoates

of N-Arylaldosylamines

Benzoyl chloride (10 ml.) and pyridine (10 ml.) were added

slowly to a solution or suspension of the aldosylamine (5 g.)

in pyridine (25 ml.), usually at 0°. After periods ranging from

20 minutes to 1 hour, usually at 0°, excess of benzoyl chloride

was decomposed by adding drops of ice-water, and the solution was

stirred into crushed ice. The precipitate was stirred and, if

solid, was collected , washed and recrystallized. In most

instances, however, the syrup was extracted with chloroform, and

the product isolated by washing and evaporating the chloroform

solution. The resulting syrups usually crystallized when

triturated with cold alcohol, but for N-jD-nitrophenyl-D-

mannosylamine tetrabenzoate and -n-arabinosylamine tribenzoate,

and N-p>-tolyl-D-ribosylamine tribenzoate, crystalline products

were obtained only after chromatography on alumina with benzene-

chloroform (3:1 by volume) as solvent and eluant. Recrystalliza-

tions were from ethanol-acetone.

Preparation of N-p-Nitrophenyl-D-glucosyfamine

2: 3:4:6-Tetrabenzoate

(1) Benzoylation of N-£-nitrophenyl-D-glucosylamine gave,
=s
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after purification of the chloroform solution, a gum which

crystallized when triturated with methanol. Recrystallization

gave pure N-p-nttrophenyl-3-D-glucosylamine 2: 3:4:6-tetrabenzoate

(76%), m.p. 205-207°, [a ]2° -33.3° (c, 1 in CHC1 ), -4.3° (c, 0.7

in pyridine) (Found: C, 67.0; H, 4.4; N, 3.9. G40H32°11N2
requires 0, 67.0; H, 4.5; N, 3.9%).

(2) The crude, syrupy tetrabenzoate, obtained by the usual

benzoylation procedure, followed by purification of the chloroform

solution, was dissolved in acetone-benzene, and the solution was

evaporated on a steam-bath until crystallisation just began. On

cooling, the first crop of crystals (0.2 g.) was collected and

recrystallized from ethanol-acetone, yielding N-p-njtrophenyl-a-
1$

D-glucosylamj ne 2:3:4:6-tetrabenzoate, m.p. 246-246°, [a] +166.4°

(_c, 0.7 in pyridine) (Found: C, 66.9; H, 4.5; N, 3.6%). The

solubility of this compound in chloroform was unusually low. The

main product of the re-action was the p-anomer.

Partial Oonversion of N-p-Kitrophenyl-ft-D-glucosylamine

Tetrabenzoate into its Anomer

The P-compound (1 g.) was dissolved at room temperature in a

mixture of methanolic hydrogen chloride (25 ml.; 0.1 N) and

acetone (25 ml.), and left for 20 minutes. The tetrabenzoate was

gradually precipitated by water and the separate fractions were

recrystallized. The first crop was the a-anomer (0.1 g.),
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m.p. 246° (undepressed on admixture with a sample prepared as
20

above), [a ]D +I65.O0 {c, 0.7 in pyridine).

Preparation of N-p-Njtrophenyl-D-mannosylamine

2:3:4:6-Tetrabenzoate

An amorphous solid was obtained by benzoylation of N-p-

nitrophenyl-D-mannosylamine (1 g.) and subsequent extraction with

chloroform. This, purified chromatographically on alumina and

crystallized from ethanol-acetone, gave N-p-njtrophenyl-D-

mannosylamine 2:3:4:6-tetrabenzoate (92%), m.p. 120°, [a-124°

(c, 0.9 in CHCI3) (Found: G, 66.7; H, 4.6; N, 3.9%).

Preparation of N-p-Tolyl-D-ribosylamine

2:3:4-Tribenzoate

(1) Benzoyl chloride (10 ml.) in pyridine (10 ml.) was

added to a solution of N-p-tolyl-D-ribosylamine B (5 g.) in

pyridine (25 mi.) at -70°. The mixture was allowed to attain

room temperature during 1 hour, and the product, a red gum, was

then isolated. After purification by chromatography the

resultant yellow gum was crystallized from ethanol-acetone-light

petroleum, followed by recrystallization from aqueous acetone, to

give small white needles of N-p-tolyl-D-ribosylamine 2:3:4-

trlbenzoate (7.75 g., 64%), m.p. 1G3-1G40, [a ]^7 +23.5° (_c, 1 in

CHC13) (Found: C, 72.1; H, 5.1; N, 2.6. C-^H^Cyi requires
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C, 71.9; H, 5.3; N, 2.5%).

(2) N-2-Tolyl-D-ribosylamine A (2 g.), benzoylated by the

procedure used for B, gave, after purification in chloroform, a

product which crystallized on addition of methanol. After

recrystallization from aqueous acetone, the crystals (69$) had

m.p. 1B3-1&4-0 (undepressed on admixture with the above tribenzoate),

[a]^9 +29.0° (c, 1 in CHCI3) .

Preparation of N-p-iIjtrophenyl-L-arabinosylamine

2:3:4-Tribenzoate

Benzoylation of N-p>-nitrophenyl-L-arabinosylamine, followed

by extraction with chloroform and chromatography, gave from

ethanol-acetone, crystals of N-p-nitrophenyl-L-arabinosylamine 2:3:4-

tribenzoate (43/6), m.p. 113-116°, [a +117° (.c, 0.9 in CHCl^)
(Found: C, 66.0; H, 4.6; N, 4.7. C^H^O^N^ requires C, 66.0;
H, 4.5; N, 4,8#).

Preparation of N-p-Nitrophenyl-D-xylosylamine

2:3:4-Tribenzoate

Benzoylation of N-p-nitrophenyl-D-xylosylamine (2 g.) gave

N-p-nit ro phe ny1-D-xylo s ylam1ne 2:3:4-trlbenzoate (3.45 g., &0%),

m.p. 152-156°, [a]^9 +100° (c, 1 in CHC13) (Found: C, 65.8;
H, 4.6; N, 5.0%).
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N-p-Tolyl-D-galactosylamine Tetrabenzoate

Prepared by the standard method N-p-tolyl-D-galactosylamine

tetrabenzoate had m.p. 190°, [a +101.2° (c, 1 in CHCl^) (Found:
C, 71.6; H, 5.4; N, 2.3. C^H^O^ requires C, 71.3; H, 5.2;
N, 2.1%).

Benzoylation of N-Phenyl-D-xvlosvlamine, N-Phenyl-D-

mannosylamjne, and N-p-nitrophenyl-D-ribosylamine

When benzoylated these compounds gave syrups.

Hydrolysis of N-p-Tolyl-D-glucosylamine Tetrabenzoate

(a) The method used for removing the amine group of

acetates (see above) was tried, but, after 5 hours' refluxing,

unchanged material was recovered.

(b) A solution of N-jD-tolyl-D-glucosylaraine tetrabenzoate

(1 g.) in acetone (25 ml.) was boiled under reflux with dilute

hydrochloric acid (2 ml. of concentrated acid in 25 ml. of water)

for 5 hours. The acetone was distilled off and the aqueous

solution was extracted with chloroform. The extract was washed

with water, dried, filtered, and evaporated, leaving crystals

(0.7 g., 80%). Recrystallization from ethanol-light petroleum
1$

gave 2:3:4:6-tetra-0-benzoyl-D-glucose, m.p. 114-116°, [a]

+90.1° (c, 0.2 in chloroform), [a+73.40 (c, 0.4 in ethanol).

Fischer and Noth^^ record m.p. 119-120°, [cx +70.6° (_c, 5.0 in
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ethanol), for this compound.

Hydrolysis of N-p-Tolvl-D-mannosylamine Tetrabenzoate

This compound (1 g.) was boiled with acetone (50 ml.),
water (25 ml.), and concentrated hydrochloric acid (2 ml.) for

an hour. The product, isolated as in the above preparation,

was recrystallized from ethanol to give mannose 2:3:4:6-

tetrabenzoate (0.5 g., 60%), [a -33° (c, 0.5 in chloroform)
D

and m.p. 173-179°, undepressed on admixture with an authentic

sample, m.p. 132-134°, supplied by Dr. H. G. Fletcher [Ness,

Fletcher, and Hudson^-^ record m.p. 132-134°, Ca -32.6°

(j3, 1.04 in chloroform)].

Hydrolysis of N-p-Tolyl-D-xylosylamine Tribenzoate

This compound (1 g.), hydrolysed. as above, gave crystals

(0.6 g., 76%) which were recrystallized from ethanol and then

from benzene. The product was xylose 2: 3:4-tribenzoate,

m.p. 133-134°, undepressed on admixture with a sample, [a+25.5°

(jSj 2.0 in chloroform), m.p. 131-133°, prepared by Major and

Cook's method, (62) ancj supplied by Dr. H. G. Fletcher (Found:

C, 67.4; H, 4.4. Calc. for C26H220g: C, 67.5; H, 4.3%).
Major and Cook record for xylose tribenzoate, m.p. 133-139°,

[a +39.5° {c, 2 in chloroform).
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General Method for Hydrolysis of

N-Arylaldosylamine Benzoates

A solution of the N-arylaldosylamine benzoate (2 g.) in

acetone (100 ml.), water (50 ml.), and concentrated hydrochloric

acid (4 ml.) was boiled under reflux during 5 hours. After

evaporation of acetone, the sugar benzoate was isolated through

extraction with chloroform. D-Glucose tetrabenzoate was

recrystallized once from ether and three times from light

petroleum (b.p. 100-120°); D-mannose tetrabenzoate and L-arabinose

tribenzoate were crystallized from methanol, D-galactose

tetrabenzoate from ethanol-light petroleum (attempted recrystalliza-

tion), and D-ribose tribenzoate from ethanol-water (2:1 by vol.).

The results of these hydrolyses are shown in the Table.
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(*)

^. P.

1aj

D

M.p.

[a]D

Ref.

N-Phenyl-D-mannosylamine tetrabenzoate

Q-Mannose 2:3:4;6- tetrabenzoate
-

l8l°*

-83.6°|
182-184°

-82.6°

61

N-jD-Nitrophenyl-D-raannosylamine 2:3:4:6-tetrabenzoate

tt

75

180-182*
-S5J

N-£-Tolyl-D-galactosylamine tetrabenzoate

Syrup

-

-

-

-

-

-

N-£-Nitrophenyl-P-Q-glucosylamine 2:3:4:6-tetrabenzoate

Q-Glucose 2:3:4:6- tetrabenzoate
SO

117-120*
+72.4

119-120 114-116

+70.6T +90.1

60 72

N-Phenyl-D-xylosylaminebenzoate N-£-Nitrophenyl-D-xylosylamine 2:3:4-bribenzoate

D-Xylose -2:3:4-
tribenzoate tt

67

ISO-IS1* 180-132

+22.5' +22.2j

188-189 180-182

+39.5 ->+23.4{
62 74

N-n-Nitropheny1-k-arabinosylamine 2:3:4-tribenzoate

L-Arabinose ~2:3:4- tribenzoate
63

161-163

+241

162-163

+236

75

N-£-Tolyl-g-ribosylamine2:3:4- tribenzoate

D-Ribose "2:3:4- tribenzoate
86

130-132*
-41.1|

135-137

-42.2

76

N-jo-Nitrophenyl-D-ribosylamine 2:3:4-benzoate""

tt

-

130-132

-40.0J

V

Denotesundepressedonadmixturewithanauthenticspecimen.[aJpareinCHCI3unless otherwisestated.-finStOH.tindioxan-water(18:7)containing'adropofaqueousammonia.
(74)H.G.Fletcher,JAmer.Chem.80c.,1953.75,2624,(76)H.G.FletcherandR.K.Nes(75)M.L.WoIftomancTC.G.un-dsfman,ibid,TT936.58.39.ibid.195/,.7A760



N-Phenyl-D-ylucosylamine Tetramethyl Bther

(i) (cf. Irvine and Moody,^4^; Pringsheim and
(f\c\

Steingrover, ). A solution of 2:3:4:6-tetra-G-methyl-D-

glucose (7 g., 1 mol.) in ethanol (15 ml.) was refluxed with

aniline (7 g., 2.3 mol.) for 4 hours. The cooled solution, which

contained crystals, was steam-distilled for 15 minutes. The crude

crystals (8.1 g., 88$) which remained were identified after

recrystallization from aqueous ethanol as N-phenyl-a-D-

glucosylamine 2:3:4:6-tetramethyl ether, m.p. 133-135°, [a

+ 227.8° —> +57.5° (.c, 1.6 in methanol).

(ii) A solution of 2:3:4:6-tetra-O-methyl-D-glucose (3 g.,

1 mol.) in ethanol (8 ml.) containing aniline (3 g., 2.3 mol.)

was kept at room temperature for 2 days. The crystals (2.8 g.)s

71$) obtained had m.p. 134-135°, J>]^° +224.3° »• +65.5° (c, 1.8
in methanol), [a +240.0° (_c, 1.1 in acetone), [a +238.8°

(_c, 0.6 in chloroform), and were identical with those from (i) .

(iii) Tetra-O-methyl-D-glucose (2.4 g., 1 mol.) was converted

into tetra-O-methyl-D-glucopyranosyl bromide (which was not

isolated) by Wolfrom and Husted's method!'^ The bromide was

dissolved in chloroform containing aniline (3 ml., 3 mol.) and

kept in the refrigerator for 10 days. Steam-distillation left

crude crystals (0.7 g., 23$) of N-phenyl-a-D-glucosylamine

(77) M. L. Wolfrom and D. R. Husted, J.Amer.Chem.5oc., 1937, 12,
2559.
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2:3:4"6-tetramethyl ether, m.p. 112-127°, Ca+190° (c, 0.9 in

acetone) .

(iv) A solution of N-phenyl-D-glucosylamine (5 g., 1 mol.)
in warm water (30 ml.) was methylated under mild conditions with

methyl sulphate (92 ml., 40 mol.) and sodium hydroxide solution

(26%). The reaction was started at room temperature by slowly

dropping in equal quantities of methyl sulphate and sodium

hydroxide solution. After 45 minutes the temperature was raised

to 30° and then to 40° during the following 2 hours. The

addition of reagents was completed in 5 hours and the temperature

was slowly raised to 50-55° for an hour. On cooling, the reaction

mixture was diluted with water and extracted with chloroform. The

extract, after being washed with water, dried, and filtered, was

evaporated and gave crude crystals (1.3 g., 25%) which were

recrystallized from ethanol, to yield N-phenyl-a-D-glucosylamine

2:3:4:6-tetramethyl ether, m.p. 133-135°, [a +206.3° (c, 1.0

in chloroform).

Mutarotatlon

A solution of this compound, m.p. 133-135°, Ca +227.8°

(initial value) in methanol (25 ml.) was kept until its specific

rotation was constant. The solution, allowed to evaporate

slowly at room temperature, deposited colourless needles,

m.p. 130-135°, [a +217.0° (c, 0.5 in methanol, initial value).
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N-p-Tolyi-D-^lucosylamine 2:3:4:6-Tetramethyl Ether

(i) A solution of 2:3:4*6-tetra-0-methyl-D-glucose (3 g.,

1 mol.) and £-toluidine (3 g., 1.2 mol.) in ethanol (12 ml.) was

left at room temperature for 7 days. The precipitated crystals

(3.7 g., $9$) were recrystallized from ethanol to give N-jo-tolyl-

D-glucosylamine 2:3:4-6-tetramethyl ether, m.p. 151-152°, [a

+221.4° —y +60.0° (_c, 0.5 in methanol), [a. +207.0° [c, 1.0

in chloroform). Irvine and Hynd^"^ record for this compound

m.p. 144° 3 La ]p° +156.5° > +53.5° (c, 1.1 in methanol).
(ii) N-jg-Tolyl-D-glucosylamine (5 g., 1 mol.) was methylated

in the way described for N-phenylglucosylamine above. The

product (2 g., 33$) was the 2:3:4:6-tetramethyl ether, m.p. 143-144°>

Ca +200.0° y +5$.&° (c, 0.2 in methanol) . Kuhn and Dansi^^
give m.p. 147-150°, [a +163° (initial value in methanol).

Nitration of N-p-Tolyl-P-D-glucosylamine

2: 3:4:6-Tetra-acetate

(1) Acetic anhydride (4 ml.) containing fuming nitric acid

(1 ml.; 95$) was added to a suspension of N-jo-tolyl-P-D-

glucosylamine tetra-acetate (10 g.) in acetic anhydride (15 ml.)

at 0°. After an hour at 0° and another hour at room temperature

the solution was poured into ice-water. Evaporation of the

chloroform extract of this gave a gum which after crystallization

and recrystallization from methanol was N-(2-nitro-p>-tolyl)-rD-
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1$
glucosylamine 2:3:4:6-tetra-acetate (2.5 g.), [a]D -65.6° (c, 1
in chloroform), m.p. 180-182°, undepressed by a specimen prepared

by Mamalis, Petrow, and Sturgeon.^4)
The yield was doubled by starting the reaction at -70°.

A suspension of this product (5 g.) in glacial acetic acid

(5 ml.) was mixed with acetic anhydride (5 ml.) containing fuming

nitric acid (1 ml.) at 0°. The yellow precipitate which formed

after initial dissolution was dissolved by warming the mixture

on a steam-bath for 5 minutes. After dilution with chloroform

(50 ml.) the mixture was poured on ice. Evaporation of the

chloroform followed by crystallization and repeated recrystalliza-

tion of the residue from methanol gave nitro-N-(2-nitro-p-tolyl)-

D-glucosylamine 2:3:4:6-tetra-acetate (5.1 g.), m.p. 157-159°,

[a]^ -51.6° (_c, 1 in chloroform) (Found: C, 47.2; H, 4.7;
N, 8.1. C21H25°13N3 recluires c> 47.3; H, 4.7; N, 8.0J&).

(2) Chloroform-soluble nitric acid (50 ml.) was added to a

cooled solution of N-£-tolyl-P-D-glucosylamine 2:3:4:6-tetra-
acetate (5 g.) in chloroform (50 ml.) and the solution was stirred

at room temperature for 3 hours. The solution gradually changed

from deep red to pale yellow. The solution was shaken with

water and then with aqueous sodium hydrogen carbonate. Evapora¬

tion of the chloroform gave a red syrup, which crystallized from

methanol, giving pale yellow crystals of D-glucosyl-2:6-dinitro-
=3
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N-p-tolvlnitramine 2:3:4:6-tetra-acetate (90%), m.p. 170-171°,

[a-5^.4° (c, 1 in chloroform) (Found: C, 44.1> H, 4.3;

N, 9.d. c2iH24°i5N4 re9uires c> 44.1; H, 4.2; N, 9.6%).
Hydrolysis of N-(2-Njtro-p-tolyl)- and of Njtro-N-

(2-nitro-p-tolyl)-D-glucosylamine Tetra-acetate

Separate solutions of each of these two compounds (1 g.) in

acetone (10 ml.) containing aqueous formic acid (40 ml., 0.5%)

were boiled under reflux for 3 hours. Evaporation of the

acetone yielded 2-nitro-p>-toluidine (0.26 g.) and 2:6-dinitro-_p-
toluidine (0.3 g.), respectively.

Condensation of Acetobromoglucose with

2:6-Pinitro-p-tolylnitramine

A solution of sodium hydroxide (0.1 g.) in water (1 ml.) was

added to a solution of acetobromoglucose (1 g.) and 2:6-dinitro-

jo-tolylnitramine (0.6 g.) in acetone (50 ml.). After 7 days at

room temperature, the solution was evaporated at room temperature,

to yield crystals of D-glucosyl-2:6-dinitro-jD-tolylnitramine 2:3:4

tetra-acetate, m.p. 169° (undepressed on admixture with an
p 0

authentic specimen prepared as described above), [o-Iq -56.0°
(c, 1 in chloroform).
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Preparation of 1-Deoxy-O-isopropylidene-

1-p-tolylamino-D-fructose

Concentrated sulphuric acid (4 ml.) was added to a suspension

of 1-deoxy-l-p-tolylamino-D-fructose (10 g.) [prepared from

D-glucose and p-toluidine by Weygand's method^] in acetone (200 ml.),
and the mixture was shaken vigorously. First the solid dissolved,

and then after 1 minute, the hydrogen sulphate of l-deoxy-mono-0-

isopropylidene-l-p-tolylamino-D-fructose separated. This was

collected, and, while suspended in acetone (200 ml.), was

neutralized by concentrated aqueous ammonia. After the precipi¬

tated ammonium sulphate had been collected, the filtrate, evaporated

under reduced pressure, yielded crystals (7.4 g.s 30$), recrystalli-

zation of which from ethanol-light petroleum gave l-deoxy-0-

isopropylidene-l-p-tolylamino-D-fructose, m.p., 120-124°, Ca 3"^
=> D

-$9.3° (c, 1 in EtOH) (Found: C, 62.3; H, 7.6. C^H^O^
requires C, 62.1; H, 7.4$). This compound was soluble in

pyridine, ethanol, and acetone, but sparingly soluble in water,

chloroform, and light petroleum.

Hydroxylamine hydrochloride (3 g.) was warmed with a solution

of sodium (2.3 g.) in ethanol (100 ml.) until the solution was no

longer alkaline. Sodium chloride was filtered off and the

resulting solution of hydroxylamine was boiled under reflux with

1-deoxy-O-isopropylidene-l-p-tolylamino-D-fructose (12.4 £•) ^or
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1 hour. On cooling, crystals (10.7 g.), m.p. 122-123°,

separated. Three recrystallizations from ethanol-light petroleum

gave 1-deoxyisopropylidene-l-p-tolylamino-D-fructose oxime,

m.p. 132-134°, [ajQ1 -26.6° (c, 1 in EtOH) (Found: C, 59.4;
H, 7.6; N, 3.6. cl6ii2/i.°5^2 rec*uires G> 59.3; H, 7.4; N, 3.6%).

Preparation of O-isoPropylidene-D-glucosazone

Phenylhydrazine (2 ml.) and 1-deoxy-O-isopropylidene-l-p-

tolylamino-D-fructose (1 g.) were boiled in methanol (40 ml.) and

aqueous acetic acid (3 ml.; 50%) for 4 hours. Evaporation of

the solvent left a gum which was crystallized, and recrystallized

from benzene as yellow crystals of O-isopropylidene-D-glucosazone,

m.p. 136.5-133.5°, [a ]j^ +6° (_c, 0.4 in EtOH) (Found: C, 63.7;
H, 6.7; N, 13.9. C H 0 N requires C, 63.3; H, 6.5;

21 26 4 4
N, 14.0%).

Periodate Oxidation of 1-Deoxy-O-isopropylidene-l-p-

tolylamino-D-fructose and of p-Toluidine

Aqueous sodium periodate (60 ml.; _ca 0.15M) was added to

the fructose derivative (1.0100 g.) dissolved in acetone (20 ml.).

The consumption of periodate (mole/mole of derivative) was:

after 2.5 hours, 1.92; 5 hours, 2.15; 24 hours, 2.63; 4^ hours,

2.30.

With £-toluidine (0.3466 g.) in a similar solution the
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consumption of periodate after 24 hours was 2.55 mole/mole.
Periodate was estimated by adding excess of standard aqueous

sodium arsenite, potassium iodide, and sodium hydrogen carbonate

and determining the excess of arsenite after 15 minutes with

standard iodine solution. Figures given above are corrected for

control experiments.
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Attempted Reaction of Aniline with Fructose

Fructose was recovered from the attempted condensation of

D-fructose and aniline in boiling water (30 minutes) and in

boiling ethanol (2 hours). Longer reaction times led to

excessive decomposition.

Preparation of N-Phenyl-D-fructosylamine

(a) A solution of aniline (1.4 nil.), D-fructose (2 g.), and
55

ammonium chloride (0.04 g.) in ethanol (3 ml.) was boiled under

reflux for 1 hour. Ether (20 ml.) was then added, precipitating

a dark syrup, from which fructose (60%) crystallized on tritura¬

tion with alcohol. Addition of more ether (20 ml.) to the

reaction solution precipitated a solid which, after recrystalliza-

tion from ethanol, formed colourless plates (0.3 g., 10%) of

N-phenyl-D-fructosylamine, m.p. 150° (decomp.).

(b) A solution of aniline (2.3 ml.), fructose (4 g.) and

ammonium chloride (0.1 g.) in ethanol (16 ml.) and benzene (3 ml.)
was boiled under reflux for lg hours, the condensate being

returned to the reaction vessel through a column of quicklime.

The dark solution, left at 0° for several days, deposited a solid

which, after being washed with ether and recrystallized from

ethanol, was N-phenyl-D-fructosylamine (1.7 g., 30%) m.p. 150°,

[a]!9 -203.6° >• -161.0° (c, 0.2 in ethanol).
D-Fructose (1.6 g., 40%) was obtained by adding ether to the
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reaction mother-liquor.

(c) The same result was obtained when (b) was modified by-

using aniline hydrochloride (0.2 g.) instead of ammonium chloride

and a time of 15 minutes.

(d) Aniline (1.5 ml.) was boiled for 15 minutes with

D-fructose (2 g.) and aniline hydrochloride (0.1 g.) in ethanol

(10 ml.) and benzene (5 ml.). A mixture of ethanol and benzene

(1:1) was run in at the same rate as liquid distilled. The same

product (35%) was purified as in (b).

(e) A solution of aniline (1.4 ml.), D-fructose (2 g.), and

aniline hydrochloride (0.1 g.) in anhydrous ethanol (7 ml.) was

boiled under reflux for 7 minutes. After being kept at 0°

overnight, the crystalline precipitate (2 g.) was purified as

before, and found to be N-phenyl-D-fructosylamine (1.35 g., 70%,
S3

calc. on fructose not recovered), m.p. 149° (decomp.),

-209.3° > -203.3° (c, 0.2 in ethanol), [a]^9 -209.4° >
-164.1° (c, 1.0 in pyridine), [a]D -220.6° ^ -202.5° (c, 0.6
in 90% ethanol), [a]^9 -206.&° > -175.6° (.c, 0.2 in methanol)
(Found: C, 56.7; H, 6.9; 5.7. Calc. for C, 56.5;

H, 6.7; N, 5.5%). Sorokin recorded for this compound m.p. about

147° (decomp.), [a]20"23 -135.5° (c, 1.7 in 90% ethanol), -215.7°

(c, 0.6 in 90% ethanol), -131.1° (c, 1.1 in dry methanol).

Mutarotation was not mentioned.

- 95 -



Unchanged fructose (0.4 g.) was isolated from the reaction

solution as previously described.

Reaction of p-Toluidine with D-Fructose

(a) When jD-toluidine (1.2 g.) was boiled under reflux for

2 hours with fructose (2 g.) and ammonium chloride (0.05 g.) in

ethanol (13 ml.) fructose was recovered.

(b) Fructose (2 g.) in anhydrous ethanol (10 ml.) was

treated with £-toluidine (1.5 g.) and £-toluidine hydrochloride

(0.1 g.) under the conditions in (e) above. Recrystallization

of the crude solid from ethanol gave colourless needles (1.4 g.>

47%) of N-p-tolyl-D-fructosylamjne. m.p. 133° (decomp.), [a

-207.7° -176.9° (c, 0.3 in ethanol), -200.4° ►

-167.3° (c, 1.3 in pyridine) (Found: C, 57.9; H, 7.0; N, 5.5.

C, _H 0 N requires C, 58.0; H, 7.1; N, 5.2%). Inoue and
±J 19 5

Onodera^l) record for their compound m.p. 154°» -168° >

-88° (_c and solvent not specified) .

Acetylation of N-Phenyl-D-fructosylamine

A solution of N-phenyl-D-fructosylamine (1 g.) in pyridine

(5 ml.) and acetic anhydride (5 ml.) was kept at 0° for an hour

and overnight at room temperature, and then poured into ice and

water and left for an hour. The product, recrystallized from

ethanol as colourless crystals (60%), was N-phenyl-D-fructosylamine
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1: 3: 4: 5-tetra-acetate, m.p. 151° [a3D -149.6° [c, 1.1 in chloroform)
(Found: C, 57.4; H, 5.9; N, 3.1. C20H25°9N requires C, 56.7;
H, 5.9; N, 3.3$).

Hydrolysis of N-Phenyl-D-fructosylamine Tetra-acetate

Aqueous formic acid (0.5$; 40 ml.) was added to the tetra¬

acetate (1 g.) in acetone (30 ml.) and the solution boiled under

reflux for 6 hours in nitrogen. The solution was extracted with

chloroform, and the extract dried and evaporated. Addition of

ether precipitated a solid which, after recrystallization from

ethanol, was identified as P-D-fructose 1:3:4:5-tetra-acetate
3

(60$), m.p. 132°, [a] -91.0° (c, 0.5 in chloroform), undepressed

on admixture with authentic substance prepared directly from
(7$) 20

fructose. Brauns gives m.p. 131-132°, [a ] -91.6° (c, 3 in

chloroform) .

Attempted Condensation of Aniline with

D-Fructose Tetra-acetates

Aniline (1.1 ml.) and aniline hydrochloride (0.1 g.) were

boiled under reflux for 30 minutes with D-fructose 1:3:4:5-tetra-

acetate (2 g.) in anhydrous ethanol (10 ml.). Unchanged tetra¬

acetate (1.4 g., 70$) was the only compound isolated.

No crystalline product was obtained when aniline (1.1 ml.),

(7&) D. H. Brauns, Proc.Roy.Acad.Amsterdam, 1907-1906, 10, 563.
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aniline hydrochloride (0.1 g.), and D-fructose 1:3:4:6-tetra-
s

acetate (2 g.) were boiled under reflux for from 30 minutes to

5 hours in anhydrous ethanol (10 ml.).

Reaction of D-Fructosyl Chloride 1:3:4:5-Tetra¬

acetate with Aniline

A solution of aniline (1.1 ml.) and D-fructosyl chloride

1:3:4:5-tetra-acetate (2 g.) in dry benzene (20 ml.) was kept at

0° overnight. Aniline hydrochloride was filtered off and the

solution evaporated to a syrup. On addition of ethanol, this

deposited crystals of N-phenyl-D-fructosylamine tetra-acetate
S3

(0.22 g., 10$), m.p. 147-14#°. After recrystallization from

ethanol the substance had m.p. 151° undepressed on admixture

with the sample prepared as above.

Acetylation of N-p-Tolyl-D-fructosylamine
S3

This was achieved by the method used for the N-phenyl deriva¬

tive. The product, recrystallized from ethanol or light petroleum

(b.p. 60-S0°) as colourless crystals (50$), was N-p-tolyl-D-

fructosylamine 1:3:4:5-tetra-acetate, m.p. 129°, [a -141.0° (_c,
1.5 in chloroform) (Found: C, 57.7; H, 6.1; N, 3.5. C H ° N

C X 7 y

requires C, 57.7; H, 6.2; N, 3.2$.
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Hydrolysis of N-p-Tolyl-D-fructosylamine Tetra-acetate
=s

This, carried out as for the N-phenyl derivative, gave

D-fructose 1:3:4:5-tetra-acetate (ca. 50 mg., from 0.2 g.),

m.p. 123-130°, mixed m.p. with that prepared from the corresponding

N-phenyl compound, 131-132°, mixed m.p. with starting substance,

110° .

Benzoylation of N-Phenyl-D-fructosylamine

Benzoyl chloride (3 ml.) in pyridine (10 ml.) was added at *

0° to N-phenyl-D-fructosylamine (2.5 g.) in pyridine (10 ml.).
=3

After 24 hours at 0°, chloroform (50 ml.) was added and the

mixture extracted several times with dilute hydrochloric acid,

then dilute sodium carbonate solution, and water. After being

dried, the solvent was evaporated, leaving a syrup which

crystallized on trituration with ethanol. The product,

recrystallized from ethanol as colourless needles (6.2 g., 90%),
was N-phenyl-D-fructosylamine 1:3:4:5-tetrabenzoate, m.p. 100-102°,

[a]^° -132.0° (c, 0.5 in chloroform) (Found: C, 70.9; H, 5.0;
N, 2.4. C H 0 N requires C, 71.6; H, 4.9; N, 2.1%).

4w 9

Hydrolysis of N-Phenyl-D-fructosylamine Tetrabenzoate

(a) The tetrabenzoate (1 g.) was recovered after being heated

in acetone (25 ml.) for 6 hours in nitrogen with aqueous formic

acid (0.5%; 25 ml.).
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(b) The tetrabenzoate (1 g.) in acetone (25 ml.) was boiled

under reflux for 6 hours with concentrated hydrochloric acid

(2 ml.) and water (25 ml.). After cooling, water was added and

the solution left overnight at room temperature. A solid was

deposited, which recrystallized from ethanol as colourless prisms

(0.3 g., 90%) of D-fructose l:3:4:5-tetrabenzoate, m.p. 175-177°,
=3

undepressed on admixture with authentic substance, ta]^ -169.6°—>•
-165.2° (_c, 0.67 in chloroform). For this compound Brigl and

(69) ?o
Schinle record [a] -164.9° ic, 0.4 in chloroform).

Attempted Condensation of Aniline with

D-Fructose Benzoates
=3 ————-

(a) A solution of aniline (40 mg.), aniline hydrochloride

(4 mg.), and D-fructose 1:3:4:5-tetrabenzoate (100 mg.) in

anhydrous ethanol (0.5 ml.) was boiled under reflux for 6 hours.

After addition of light petroleum (b.p. 40-60°) (2 ml.) the

solution slowly deposited D-fructose 1:3:4:5-tetrabenzoate (30 mg.),
=3

m.p. 169-170°, mixed m.p. 173-174°, [a ]^9 -157.2° (c, 0.3 in
chloroform).

(b) Under similar conditions, D-fructose 1:3:4:6-tetrabenzoate
=5

was recovered from an attempt to condense it with aniline.

(c) Similarly, keto-D-fructose l:3:4:5:6-pentabenzoate (75 mg.,

75$) was recovered from an attempt to condense it with aniline.
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Attempted Condensation of Aniline and D-Fructofuranosyl

Bromide Tetrabenzoate

Crude, liquid D-fructofuranosyl bromide tetrabenzoate,
(79)

prepared as described by Klages and Niemann from

D-fructofuranose 1:3:4:6-tetrabenzoate (5 g.), was dissolved in

ether (100 ml.), and aniline (1.7 ml.; 2 eq.) was added. The

solution was left overnight, and the deposit of aniline hydro-

bromide removed. Evaporation of the solvent yielded a dark

syrup which could not be purified.

Benzoylation of N-p-Tolyl-D-fructosylamine
3

Benzoyl chloride (3.2 ml.) in pyridine (4 ml.) was added at

-10° to N-£-tolyl-D-fructosylamine (1 g.) in pyridine (8 ml.).

The solution was kept at -10° for | hour, then at 0° for 4 hours.

The product, isolated in the same way as for the N-phenyl deriva¬

tive, and recrystallized from light petroleum (b.p. 60-80°) and

ethylene dichloride as colourless needles (0.8 g., 30%), was

N-p-tolyl-D-fructosylamine 1:3:4:5-tetrabenzoate, m.p. 167.5°,
3

[o]|0 -131 .4° (.c, 1.1 in chloroform) (Found: C, 71.7; H, 5.2;
N, 1.9. C..H,_0_N requires C, 71.8; H, 5.1; N, 2.0%).41 55 9

Hydrolysis of N-p-Tolyl-D-fructosylamine Tetrabenzoate

When this tetrabenzoate was hydrolyzed by the method used for

(79) F. Klages and E. Niemann, Ann., 1937, 529. 185.
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the N-phenyl derivative, the product was D-fructose 1:3:4:5-

tetrabenzoate (0.16 g., from 0.2 g.), m.p. 173°, (mixed m.p. with

that prepared from N-phenyl-D-fructosylamine, 175°), Ca3^ -163.3°
(c, 0.5 in chloroform).
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SUGAR NITRAT E S
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HISTORICAL SECTION

PREPARATION

Many of the reagents used for nitrating aromatic compounds

are also used successfully for preparing the nitrates of alcohols,

including sugars. The esterification reactions are usually rapid,

requiring from five minutes to an hour, and are carried out at or

below room temperature. Care is required to avoid rise in

temperature during the preparations, otherwise the exothermic

reactions may proceed with extensive decomposition or even

explosively. When the desired reaction is complete, the resulting

solution is poured into ice and water, sometimes containing

sufficient sodium carbonate to prevent excessive acidity, and the

nitrate separates and often crystallizes. The majority of the

compounds are readily obtained pure by recrystallization, but some

require to be first freed from acid by processing a chloroform

solution of the product.

Nitric acid alone has not been used extensively for making

nitrates, although Colley^^ prepared crystalline 2:3:4:6-tetra-

O-acetyl-a-D-glucosyl nitrate by dissolving the corresponding

chloride in fuming nitric acid.

The commercial preparation of cellulose nitrates of various

(30) A. Colley, Compt. rend., 1373, 76, 436.
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degrees of substitution involves treating cellulose with a cold

mixture of concentrated nitric and sulphuric acids. In an

investigation^1) of the byproducts of this nitration, the mixed

acids were used for preparing the nitrates of several sugars.

Later, crystalline sucrose octanitrate was obtained by using a

mixture of 100% nitric and 100% sulphuric acids. Like most

esterificat ions of this kind, treatment of D-mannitol with the

mixed acids gives the fully substituted hexanitrate;(^3,$4)
nevertheless, by employing carefully controlled conditions, there

has been isolated (in low yield) a pentanitrate,(^5,$6)
subject of later discussion.

Although esterification with mixed acids is often suitable

a less vigorous preparative method is sometimes required. For

this purpose, a solution of anhydrous nitric acid in chloroform

was found suitable by Koenigs and Knorr ) for preparing 2:3:4:6-

tetra-O-acetyl-a-D-glucosyl nitrate from the corresponding bromide

and from p-D-glucopyranose penta-acetate (but not from the anomeric

penta-acetate). The stability of the acetoxyl group attached to

($1) W. Will and F. Lenze, Ber., 139$, 31, 6$.
($2) E. J. Hoffman and V. P. Hawse, J.Amer.Chem.Soc., 1919, AA

235 .

($3) N. Sokoloff, J.Russ.Phys.-Chem.Soc., 1$79, 11> 136.
($4) T. S. Patterson and A. R. Todd, J.Chem.Soc., 1929, 2376.
($5) J. H. Wigner, Ber., 1903, 36, 794-
($6) G. G. McKeown and L. D. Hayward, Can .J .Chem., 1955, JI2,

1392.
(37) W. Koenigs and E. Knorr, Ber., 1901, 3A> 957, 4343.
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(88)
C(d of a-D-glucose has been confirmed by Behrend and Roth
who suggested use of this property for separating the a anomer

from the mixed D-glucopyranose penta-acetates. This difference

in reactivity of the acetoxyl groups toward nitric acid is,

doubtless, similar to that obtaining in other replacement reac-

tions.'8"
Many esterifications have been accomplished with a solution

of nitric acid in chloroform containing phosphoric anhydride.^
In addition to reacting with free alcoholic groups, this reagent

also opens the anhydro ring in the trimethyl ether and the

triacetate of 1:6-anhydro-P-D-glucopyranose giving the 1:6-

dinitrates. The stability of the glycosidic methyl group to

this reagent is apparent from the successful conversion of methyl
(91)

2:3-di-O-methyl-P-D-glucopyranoside into its 4:6-dinitrate.
In this and many other nitrations, better yields were obtained by

conducting the rapid reactions on a small scale, presumably

because of the resulting closer control of time and temperature.

The glycosidic methyl group is also stable to nitric acid in

chloroform, but a disadvantage of this method of esterification is

that the more acid-labile groups are removed and replaced by

(SB) R. Behrend and P. Roth, Ann., 1904, 331. 359.
(89) R. U. Lemieux, Advances in Carbohydrate Chem., 1954, 5, !•
(90) J. W. H. Oldham. J.Chem.Soc., 1925. 127. 2840.
(91) J' W. H. Oldham and Jean K. Rutherford, J.Amer.Chem.Soc.,

1932, 366.
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nitrate ester groups. For example, methyl 4*6-O-ethylidene-0-

D-glucoside is converted into methyl 3-D-glucoside 2:3:4:6-

tetranitrate,and methyl 2:6-di-0-methyl-3:4-0-

isopropylidene-a-D-galactoside into the corresponding 3:4-

dinitrate.Methyl ethers are unaffected but the aromatic

ring of benzyl ethers is nitrated. Thus, l:2:4:6-tetra-0-acetyl-

3-0-benzyl-P-D-glucose yields 2:4:6-tri-0-acetyl-3-0-(nitrobenzyl)-
(95)

p-D-glucosyl nitrate. The trityloxy group is replaced with

nitrate by this reagent, making convenient the preparation of

methyl 2:3:4-tri-0-acetyl-P-D-galactoside 6-nitrate. ^ A

synthesis of methyl 6-0-acetyl-fS-D-glucoside 2:3:4~trinitrate

involves replacement of an 0-(1-acetoxyethyl) group by nitrate.
(97)

Gibson found dinitrogen pentoxide useful for esterifying

carbohydrates and similar compounds. By keeping a mixture of

tartaric acid and the pentoxide in a vacuum desiccator over sodium

hydroxide, tartaric acid dinitrate was obtained. Similarly,

galactaric (mucic) acid was converted into its tetranitrate,

whereas, during treatment with mixed nitric and sulphuric acids,

(92) D. J. Bell and R. L. M. Synge, J.Chem.Soc., 1937, 1711-
(93) J. Dewar, G. Fort, and N. McArthur, J.Chem.Soc., 1944, 499.
(94) D. J. Bell and S. Williamson, J.Chem.Soc., 193&, 1196.
(95) K. Freudenberg and E. Plankenhorn, Ann.. 193$, 526, 257.
(96) J. W. H. Oldham and D. J. Bell, J.Amer.Chem.Soc., 193E, 60,

323.
(97) G- E. Gibson, Proc.Roy.Soc. Edinburgh, 190B, A2S, 705-
(9E) A. C. Brown and G. E. Gibson, Proc.Roy.Soc. Edinburgh, 1909,

A29, 96.
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unreacted mucic acid separated from the reaction solution.

T. B. Clark's use of dinitrogen pentoxide in dry chloroform
(99)

to prepare sugar nitrates was reported 7 in 1934. but the

method was introduced by J. W. H. Oldham and was in common use

at St. Andrews before then. With this reagent, 1:2:4:5-di-0-
(99)

isopropylidene-D-fructose gives its 3-nitrate, and methyl

4:6-0-ethylidene-p-D-glucoside mainly its 2:3-dinitrate.

Again better yields result by conducting the reactions on a small

(2 g.) scale. Dinitrogen pentoxide in chloroform nitrates as

readily as a solution of nitric acid, but has the advantage that

it does not so easily remove acid-labile groups. Nevertheless,

some methyl P-D-galactoside 2:3*.4:6-tetranitrate was isolated as

a byproduct during the esterification of methyl 3:4-0-

isopropylidene-B-D-galactoside by dinitrogen pentoxide in

chloroform.^100^ The cleavage, which may be caused by nitric

acid present originally as an impurity or produced as esterifica-

tion proceeds, is avoided by adding sodium fluoride to the solu¬

tion. The nitric acid is then sequestered (as a hydrogen-bonded

complex) as fast as it is formed while the dinitrogen pentoxide

is left unaffected. This ingenious method, introduced in order

to effect complete nitration of starch while avoiding excessive

(99) T. N. Montgomery, J. Amer .Chem.Soc ♦. 1934, 419.
(100) J. S. D. Bacon and D. J. Bell, J.Chem.Soc.. 1939, 1S69.
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degradation, was also successfully used in the preparation of

the pentanitrates of D-gluconic and D-galactonic acids.

A solution of anhydrous nitric acid in acetic anhydride and

acetic acid has been used on quite a large scale for preparing

methyl 3-cellobioside heptanitrate and the crystalline tetra-

nitrates of the methyl D-glucopyranosides.^^) Nitration of

a- and ^-D-glucose led to the formation of the crystalline,

anomeric pentanitrates. ^ Fuming nitric acid in trifluoro-

acetic anhydride has been used for preparing D-mannitol hexa-

nitrate and D-glucitol hexanitrate.^®->)
The action of silver nitrate on an ethereal solution of

2:3:4:5-tetra-O-acetyl-a-D-glucosyl chloride gives 2:3:4:6-tetra~

O-acetyl-0-D-glucosyl nitrate.Other preparative methods

involving use of polar solvents invariably yield the a-D anomer.

Silver nitrate, usually in acetonitrile solution, has been widely

used for introducing a nitrate group at the primary carbon atom

of a sugar derivative, by interaction with the corresponding deoxy-

iodo derivative.

(101) G. V. Caesar and M. Goldfrank, J.Amer.Chem.Soc., 1946, 63.
372.

(102) M. L. Wolfrom and A. Rosenthal, J.Amer.Chem.Soc.. 1953, 75.
3662. ^

(103) L. Brissaud, Mem.services chim.etat (Paris). 1943, J£0, 120;
Chem. Abstracts, 1947, 715•

(104) G. Fleury and L. Brissaud, Compt.rend♦. 1946, 222, 1051.
(105) E. J. Bourne, M. Stacey, J. C. Tatlow, and J. M. Tedder,

J.Chem.Soc.. 1952, 1695•
(106) H. H. Schlubach, P. Stadler, and Irene Wolf, Ber.. 1923, 61,

237.
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PHYSICAL PROPERTIES

Sugar nitrates and their derivatives are colourless compounds

which do not deteriorate on storage at room temperature. Nearly

all crystallize readily. Their solubility depends partly on

other substituents present in the molecule, but, in general, the

introduction of nitrate groups increases the solubility in less

polar solvents. Purification by distillation is not recommended

because of the danger of explosion.

Mono- and di-nitrates of monosaccharides and their deriva¬

tives are sufficiently stable to heat and shock to be handled

carefully without risk, but the compounds become more sensitive

as more nitrate groups are introduced. An interesting comparison

of the stability of carbohydrate nitrates, made by measuring

the loss in weight of different compounds of 100°, shows that

esters of the hemi-acetal form, such as D-xylopyranose tetra-

nitrate and the D-glucopyranose pentanitrates, are extremely

unstable, whereas the nitrates of the corresponding methyl

glycosides are more stable. In compounds of the same chemical

type, the stability increases with increase in molecular weight.

Increased stability is considered to arise from steric hindrance.

(107) J. C. Irvine and Jean K. Rutherford, J.Amer.Chem.Soc.. 1932,
H91.

(108) G. Fleury, L. Brissaud, and P. Lhoste, Compt.rend., 1947,
22A. 1016.
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REACTIONS

That the nitrate group is unaffected by most of the reagents

used for achieving substitution in carbohydrates is illustrated by

the following examples. Methyl 0-D-glucopyranoside 2:3-dinitrate
3

is converted by methyl iodide and silver oxide into its 4:6-dimethyl
(92 109)

ether, 7 ' 7/ and, by successive treatments with trityl chloride

and with acetic anhydride in pyridine, into methyl 4-0-acetyl-6-

0-trityl-f3-D-glucoside 2: 3-dinitrate. Esterif ications in
3

pyridine proceed without complication, as shown by the ready

preparation of the crystalline 2-benzoate and 2-p-toluenesulphonate

from methyl 4:6-O-ethylidene-0-D-glucoside 3-nitrate. The
3

nitrate group is also stable during the condensation of methyl

P-D-galactopyranoside 6-nitrate with acetone.(96) A nitrate

group on of an aldose is, however, extremely labile. Thus,

both anomers of tetra-O-acetyl-D-glucopyranosyl nitrate are con¬

verted into 3-D-glucopyranose penta-acetate by heating them with
3

(37 112)
acetic anhydride containing sodium acetate. '

Fully nitrated sugars are reported to react with hot, con-
(31)

centrated hydrochloric acid with the evolution of chlorine.

With dilute acids, sugar nitrates are generally stable, although

a thorough investigation has not yet been made. Methyl (3-D-
3

(109) D. O'Meara and D. M. Shepherd, J.Chem.Soc.. 1955, 42^2.
(110) D. J. Bell and R. L. M. Synge, J.Chem.Soc.. 1938, 336.
(111) J. Dewar and G. Fort, J.Chem.Soc., 1944, 496.
(112) Z. H. Skraup and R. Kremann, Montash., 1901, 22, 1037.
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galactopyranoside 2:6-dinitrate is obtained by the acid hydrolysis

of its 3:4--0-isopropylidene derivative. Although the nitrate

groups in methyl 4*6-0-ethylidene-[3-D-glucoside 2:3-dinitrate
3

increase the resistance of the ethylidene group to acid
(92 111)

hydrolysis, ' this can still be removed without affecting
(109)

the nitrate groups.

Several methods have been used for the reductive removal of

nitrate groups from sugars and their derivatives; in every

instance, the product is the corresponding alcohol. One early

example is the reduction of D-mannitol hexanitrate to D-mannitol

by hydriodic acid.^"^ A method of wider application, using

iron dust in boiling acetic acid, successfully removes the

nitrate group from methyl 2:3:4-^1*1-O-methyl-p-D-glucoside

6-nitrate. Even better results are obtained by using a mixture

of iron and zinc dusts which removes the nitrate group from methyl

6-deoxy-6-iodo-2:3-di-O-methyl-fJ-D-glucoside 4-nitrate, but leaves

the iodine atom unaffected. ^1)
Sodium sulphide in aqueous ethanol de-esterifies methyl 4^6-

(Q2)
O-methyl-3-D-glucoside 2:3-dinitrate. Methyl 3:4-0-
"at

issopropylidene-2-O-methyl-P-D-galactoside is obtained in almost

quantitative yield after its 6-nitrate has been boiled for 20

minutes with na solution of sodium hydroxide half-saturated with

(113) E. J. Mills, J.Chem.Soc., 1364, 21, 153.
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hydrogen sulphide" . A mechanistic study of the de-

esterification of butyl nitrate by this means has established,

among other things, that alkaline hydrolysis is not involved.(^4^
Reduction with sodium amalgam in aqueous ethanol is also successful

(QQ)
in the absence of alkali-labile groups.

Quantitative, reductive removal of nitrate groups by high-

pressure, catalytic hydrogenation at room temperature is success¬

fully accomplished in the presence of palladium on calcium

carbonate (at 1500 pounds per sq.in.) or on charcoal (at 300 pounds

per sq.in.) .

Reduction of simple aliphatic nitrates with hydrazine in

aqueous ethanol occurs smoothly at room temperature in the

presence of a platinum or palladium catalyst but without catalyst,

reaction is slow unless concentrated solutions are used.^"*"^
Primary aliphatic nitrates have been shown to undergo substitution

(as the principal reaction, leading to alkylated hydrazines), as

well as reduction to the alcohol.

The nitrate is replaced by acetate by reduction with zinc

dust and anhydrous hydrogen chloride in acetic anhydride.

(114) R. T. Merrow, S. J. Cristol, and R. W. Van Dolah, J.Amer.
Chem.Soc., 1953, 25, 4259.

(115) L. P. Kuhn, J.Amer.Chem.Soc., 1946, 68, 1761.
(116) L. P. Kuhn, J.Amer.Chem.Soc., 1951, 25, 1510.
(117) R. T. Merrow and R. W. Van Dolah, J.Amer.Chem.Soc., 1954,

26, 4522.
(118) D. 0. Hoffman, R. S. Bower, and M. L. Wolfrom, J.Amer.Chem.

Soc., 1947, 62, 249.
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Sodium iodide in acetone solution, Finkelstein's reagent,^)
is commonly used to replace by iodine a nitrate or a sulphonate

ester' group on a primary carbon atom. 91)

cv -0-N02 + Nal —-> CH2I + NaN03

°Y -0-S02-CH3 + Nal > CH2I + Na0-S02CH3
There is a marked difference in reaction between nitrate and

sulphonate groups on secondary carbon atoms. Only a few cases

are known where, under prolonged, vigorous reaction conditions,

replacement of such a sulphonate group occurs. By reaction at

135° for three days with Finkelstein1 s reagent 1:2:3:6-tetra-0-

acetyl-4-0-mesyl-D-glucose gives 1:2:3:4-te't*'a-0-acetyl-4-deoxy-

4-iodo-,,D-glucose" in 1^6% yield. Such a replacement has
=3

not been reported for a nitrate group which instead undergoes

reaction with sodium iodide (more or less readily according to its

position), so that the nitrate group is replaced by hydroxyl.

With sodium iodide in acetone at 100° for about 20 hours, methyl

2:3-di-O-methyl-P-D-glucoside 4:6-dinitrate gives methyl 6-deoxy-6-

iodo-2:3-di-O-methyl-P-D-glucoside together with a small proportion
(91)

of the 4-ni"trate. The different reactivities of nitrate groups

on secondary carbon atoms is shown by the reaction of methyl

(119) H. Finkelstein, Ber., 1910, £3, 152$.
(120) B. Helferich and A. Gnuchtel, Ber., 193$, 71, 712.
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(93)
{3-D-glucopyranoside tetranitrate with sodium iodide. The

mixed reaction products, after treatment with silver nitrate in

acetonitrile to replace by a nitrate group the iodine atom

introduced at C(£)> were methyl (3-D-glucopyranoside 2:6-dinitrate
and a smaller amount of the 3: 6-dinitrate. The nitrate group on

C(4) appears to react the most readily, and then that on C(-j).
The over-all yield from the reaction was low, and so caution is

necessary in interpreting these results.

Sugar derivatives containing one or two nitrate groups are

stable to cold pyridine, which has, in fact, been used in esterifi-

cations of such compounds. Tetranitrates of methyl a- and

J3-D-glucopyranosides are recovered to the extent of 60%, after

16 hours in anhydrous pyridine, although unidentified, highly
(121)" (35,122)

coloured substances are produced. D-Mannitol hexanitrate

and galactitol hexanitrateare, however, converted readily and

exothermically by pyridine, or by ammonium carbonate in aqueous

acetone, (-^3) j_n-to 1:2:3: 5:6-pentanitrates . In the denitration

by pyridine, nitric and nitrous oxides and nitrogen are evolved.

Because moisture is required in the pyridine in order to provide

the proton which replaces the nitronium ion (NC^*) the use of
rigorously dried pyridine greatly reduces the yield, whereas if

(121) L. D. Hayward and C. B. Purves, Can. J .Chem., 1954, 32» 19.
(122) L. D. Hayward, J.Amer.Chem.Soc.. 1951, 23, 1974*
(123) D. E. Elrick, N. S. Marans, and R. F. Preckel, J.Amer.Chem.

Soc., 1954, 16, 1373.
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the water content is increased, the yield risesto a maximum

of 75%.

Pyridine or hydroxylamine, separately, has little effect on

methyl (3-D-glucopyranoside tetranitrate, but together they

initiate a vigorous reaction at room temperature. From the

resulting mixture, methyl f3-D-glucopyranoside 2: 3:6-trinitrate

(28%) and 3:6-dinitrate (17%) were isolated. ^ Here again,

the nitrate on C is most readily removed.
(4)

Mildly alkaline solutions do not remove nitrate groups.

Catalytic quantities of sodium in methanol remove only the acetyl

groups from sugar acetate nitrates. Similarly, a 5% solution of

dimethylamine in ethanol selectively deacetylates methyl 2:3:4-^1-

O-acetyl-0-D-glucoside 6-nitrate . *90) Treatment of 6-0-acetyl-
=3

l:2-0-_isopropylidene-D-glucose 3:5-dinitrate with a more concen-
33

trated solution of dimethylamine removes the nitrate group from

C(2), as we^- as causing deacetylation, whereas, under similar
conditions, only the acetyl groups of methyl 2:4-di-O-acetyl-0-D-

33

xyloside 3-nitrate are removed.

The three main reactions of simple alkyl nitrates with

ethanolic potassium hydroxide are:

(124) J. R. Brown and L. D. Hayward, Can.J.Chem., 1955, 33, 1735.
(125) D. J. Bell, J.Chem.Soc ., 1936, 1553.
(126) G. J. Robertson and T. H. Speedie, J.Chem.Soc.. 1934» &24.
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(1) Ether formation:

R_CH2-0-N02 + KOH + C2H5OH R-CH2-0-C2H5 + H20 + KNO3
(2) Alcohol formation:

R-CH2-0-N02 + KOH > R-CH2OH + KNO3

(3) Carbonyl formation:

R-CH2-0-N02 + KOH >- R-CHO + H20 + KN02

With most of the compounds studied, the three reactions were

considered to proceed simultaneously, although methyl nitrate

gave the ether exclusively, and benzyl nitrate was converted
(127)

almost quantitatively into benzaldehyde. There is some

similarity between nitrates, halides, and sulphonates, although,

with nitrates, formation of olefins has minor importance,

whereas the reaction leading to a carbonyl compound and inorganic

nitrite is significant. A kinetic study of the hydrolysis of
(12$)

alkyl nitrates has led to postulation of the following

mechanisms.

(127) J. U. Nef, Ann., 1$99, 30£, 126.
(12$) J. W. Baker and Dorothy M. Easty, J.Chem.Soc., 1952, 1193,

120$.
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Nucleophilic substitution (alcohol formation)

ch2r
oh" +

ch2ono2

ch2r

ch2oh

+ no.

P-Hydrogen elimination (olefin formation):

ch2r
oh" + - h2° +

ch2ono2

chr

ch2

+ no.

a-Hydrogen elimination (carbonyl formation)

ch2r
OH" + -> h2o +

ch2ono2

ch2r

cho

+ no.

In this work the organic products were not isolated, and the

possibility of ether formation was not considered. With methyl,

ethyl, isopropyl, and tert-butyl nitrates, the principal reaction

was nucleophilic substitution, but the proportion of the elimina¬

tion reactions increased with increasing temperature and

decreased with increasing polarity of the solvent. Considerable

amounts of nitrite are present after the alkaline hydrolysis of

the nitrates of ethylene glycol, glycerol, erythritol, D-mannitol,
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and galactitol (dulcitol) . (-^9) ac^j_on Qf alcoholic alkali

on some alkyl P-D-glucopyranoside tetranitrates has been found to

lead to the formation of three molecular proportions of nitrite

ion per molecule of the tetranitrate. The alkali consumed in

excess of the theoretical four molecules was assumed to be

involved in the further degradation of the initial ketonic

products. No organic compound was identified after the reactions,

but methyl (3-D-glucopyranoside was not present after the hydrolysis

of methyl p-D-glucopyranoside tetranitrate.^^0)
The reactions of compounds containing one nitrate group at

C (i) , C(2)' or ^(6) ^ave been compared with those of the corres¬
ponding halides and sulphonates.^^1) Barium carbonate in

boiling methanol converts 2:3:4:6-tetra-O-acetyl-a-D-glucosyl

nitrate and 2: 3*. 4-tri-O-methyl-n-D-glucose 1:6-dinitrate into the

corresponding methyl p-D-glucopyranosides. With sodium methoxide

in methanol, 2:3:4:6-tetra-0-acetyl-c-D-glucosyl nitrate gives

methyl 0-D-glucopyranoside (28% yield of product, after re-

acetylation), whereas, with sodium hydroxide in aqueous dioxan,

1:6-anhydro-P-D-glucopyranose is obtained (33% of product, after

methylation). Methyl 2:3:4-tri-O-acetyl-a-D-glucoside 6-nitrate

reacts in aqueous or alcoholic alkali to give a high yield of methyl
(129) L. Vignon and I. Bay, Compt.rend.. 1902, 135, 507.
(130) D. M. Shepherd, J.Chem.Soc.. 1953, 3635.
(131) E. K. Gladding and C. B. Purves, J.Amer.Chem.Soc., 1944,

66, 76.
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3:6-anhydro-a-D-glucopyranoside. These reactions of the nitrate

on C or on C, are accompanied by the formation of only small
(1) (6)

proportions of nitrite, and lead to the same products which are

similarly obtained from the corresponding halides and sulphonates.

In the case of a 6-nitrate where does not bear a free hydroxyl

group after hydrolysis (for example, methyl 2:3:4-tri-0-methyl-a-

D-glucoside 6-nitrate), the alcohol (methyl 2:3:4-tri-0-methyl-a-
3

D-glucoside) is slowly produced (final yield, about 75%), the

amount of nitrite being higher at about 20% yield of the original

nitrate.

Although hydrolysis of methyl 3:4:6-tri-0-acetyl-a-D-

glucoside 2-nitrate leads to the formation of only 2%0 of nitrite

ion, the reaction appears to be complex. No pure product was

isolated, but the resulting syrup (from its analysis and its

resistance to oxidation by periodate) was considered to be

essentially a mixture of methyl anhydro-a-D-hexosides . ^ ^1)
Cautious interpretation of these results gave reason for believing
that the nitrate group on j had been removed like a similarly
situated sulphonate group.
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Nitration

Oldham's method using dinitrogen pentoxide in chloroform was

found to be suitable for preparing some of the compounds used in

this work. The esterifications were rapid, usually occupying

five minutes at 0°, and the products, isolated in high yield,

were easily purified. However, the most generally applicable

method involved the slow addition of freshly mixed fuming nitric

acid and acetic anhydride to a solution or suspension of the

sugar derivative in acetic anhydride at 0°. Not only were

ethylidene and benzylidene groups not removed during esterifica-

tion, but the aromatic ring in the benzylidene compounds was not

nitrated, making methyl 4:6-0-benzylidene-a-D-glucoside 2:3-
3

dinitrate readily available.

Denitration

Several new methods have been developed for removing nitrate

groups. In the main these are reductive in character and give

the corresponding alcohol without complication.

Removal of nitrate groups by lithium aluminium hydride in

boiling ether was found to proceed normally but slowly, so that

even after two days unchanged nitrate was recovered. By this

method methyl 4:6-0-propylidene-a-D-glucoside 2:3-dinitrate was

converted into methyl 4"6-0-propylidene-a-D-glucoside together""""
=s

with some of its 3-nitrate; a similar result was obtained with
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methyl 4:6-0-ethylidene-£-D-glucoside 2: 3-dinitrate . Reduction

of l:2-3:4-di-0-isopropylidene-D-galactose 6-nitrate also gave
=3

the parent alcohol. Thus, reductive fission with lithium

aluminium hydride resembles that of other reagents in that reaction

proceeds at (a) and not at (b) .

(a) (b)

R-0-:-N02 I
Nitryl-oxy-fission 'Alkyl'-oxy-fission

-O-NO2

(132)
It is of interest that Schmid and Karrer have found that

toluene-jo-sulphonyloxy groups attached to a primary carbon atom

may be removed by reduction with lithium aluminium hydride either

by sulphonyl-oxy fission, as when l-tosyl-"P,,-di-0-_isopropylidene-

D-fructose is reduced to "j^'-di-O-isopropylidene-D-fructose, but
=3 53

usually by 'alkyl'-oxy fission, as in the conversion of di-O-

isopropylidene-6-0-tosyl-D-galactose into di-O-isopropylidene-D-
=3 3

fucose. A secondary toluene-£-sulphonyloxy group gives mainly
the free hydroxyl group under such conditions, but sometimes a

deoxy-sugar is obtained . (-^3,134)
Hydrazine hydrate is an excellent reagent for reducing sugar

nitrates. In contrast to the complex reaction of the nitrates of

(132) H. Schmid and P. Karrer, Helv.Chim.Acta. 1949, 32, 1371.
(133) R. Allerton and W. G. Overend, J.Chem.Soc.. 1954, 3629.
(134) E- Vis and P. Karrer, Helv.Chim.Acta, 1954, 37, 373.
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primary aliphatic alcohols, sugar nitrates are reduced by

hydrazine, even in aqueous ethanol, with formation of the alcohol

only. The procedure is similar to that for the reduction of

aromatic nitro-compounds with hydrazine hydrate in the presence of

Raney nickel, palladium-charcoal,^"^ or copper or iron
(137)

powder, but for sugar nitrates a catalyst is generally

unnecessary. The method enables a nitrate group to be removed

selectively from a compound also containing toluene-jc-sulphonate,

methanesulphonate, methyl, or benzyl groups. The 2:3-dinitrates

of methyl 4'6-O-ethylidene-a-D-glucoside and its anomer, and of

methyl 4:6-0-benzylidene-a-D-glucoside are partially reduced when

boiled in ethanol for 3.5 hours with 1.2 moles of hydrazine hydrate

per mole of dinitrate. From each dinitrate, equal amounts of the

two mononitrates and a little starting compound were obtained.

Thus the reaction proceeds equally readily for each nitrate group

and is independent of the nature of the 4:6-acetal grouping and of

the configuration of the methyl group. This method makes such

2-nitrates available for the first time, although a low yield of

methyl 4:6-0-benzylidene-a-D-glucoside 2-nitrate was also obtained

during reactions with sodium methoxide through migration of the

nitrate group from C, v to C . . Proof that migration of nitrate-

(3) (2)
(135) D. Balcom and A. Furst, J.Amer.Chem.Soc., 195 3, 7£, 4334;

A. Furst and R. E. Moore, ibid., 1957, 22, 5492.
(136) M. J. 3. Dewar and T. Mole, J.Chem.Soc., 1956, 2556.
(137) S. Kubota, K. Nara,and S. Onishi, J.Pharm.Soc. Japan, 1956,

26, SOI.
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does not occur in the reactions with hydrazine was obtained by

boiling methyl 4:6-0-ethylidene-a-D-glucoside 3-nitrate with an

equimolecular proportion of hydrazine hydrate in ethanol for

3 hours: unchanged starting compound (31%) and methyl 4:6-0-

ethylidene-a-D-glucoside (43%) (but no 2-nitrate) were isolated.

The reaction of methyl 4:6-0-ethylidene-a-D-glucoside 2-nitrate

was similar.

Kuhn^"1"'') achieved quantitative reduction of sugar nitrates

at room temperature by catalytic hydrogenation under pressure with

palladium-charcoal. These reactions have now been found to

proceed smoothly at atmospheric pressure.

Sodium iodide in acetone has also proved of value for removal

of nitrate groups, and is of particular interest because of its

selectivity. The nitrate group attached to C... of aldohexosides
(6)

is readily replaced by an iodine atom. Nitrate groups on secondary

carbon atoms are, in some cases, replaced by hydroxyl groups. The

method has now been found to be useful for converting methyl 4:6-

O-propylidene-a-D-glucoside 2:3-dinitrate in high yield into the

3-nitrate, whose structure has been proved by its methylation and

dinitration to methyl 2-0-methyl-a-D-glucoside.

The action of sodium iodide in acetic anhydride on methyl

4:6-0-ethylidene-P-D-glucoside 2:3-dinitrate gave, after three
Z3

hours at 100°, the 2-acetate 3-nitrate or, after three hours'
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boiling, the 2:3-diacetate. Methyl 456-O-benzylidene-a-D-

glucoside 2:3-dinitrate was conveniently converted into the

3-nitrate by sodium iodide in boiling acetone or methanol. The

corresponding ditoluene-jc-sulphonate, dimethanesulphonate, and

diacetate were all recovered unchanged when heated with sodium

iodide in acetone for 20 hours at 100°. A possible mechanism

for removal of a secondary nitrate group by sodium iodide is:

^CH.0.N02 + Nal OCHI + NaNO^
Z^CHI + H20 >>CH.0H + HI

The water required in the second stage was presumed to react when

the product was being washed with water. This mechanism, which

does not account for the invariable production of free iodine and

nitric oxide during these reactions, requires that the aqueous

extracts of the reaction mixture should be acidic, whereas they

were always neutral. Moreover, similar iodo-compounds are stable
11 3$)

to alcohol and to water. In view of these descrepancies, and

the presence of inorganic nitrite in the products, the following

alternative mechanism is suggested:

^CH.0.N02 + Nal >^CH.0Na + N02I

N02I + Nal > NaN02 + I2

(133) F. H. Newth, G. N. Richards, and L. F. Wiggins, J.Chem.Soc.,
1950, 2356.
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When acetone was the solvent the products included pungent,

lachrymatory iodine-containing acetone derivatives, probably

produced in this way:

jT^CH.ONa + 31 + COMe^ jf^CH.OH + CI3.COMe + 3NaI

These side reactions make acetone unsuitable for quantitative

investigation of the reaction and, indeed, the perfect solvent

was not found. Finally methanol was used; although it does

not undergo the iodoform reaction, it is partly oxidised to

formaldehyde. The proposed reaction sequence is:

jT^CH.0.N02 + 2NaI
jf^CH.ONa + 2MeOH

2N02I + 2NaI
I2 + 2NaOMe

■> 2^CH.0Na + 2N02I
-> 2j:CH.0H + 2NaOMe

-> 2NaN02 + 21
> CH20 + 2NaI + MeOH

i.e., combining these:

jT^CH.0.N02 + 2NaI + MeOH > jf^CH.OH + 2NaN02 + I2 + CH20

In this scheme each nitrate group yields one sodium nitrite

molecule and one iodine atom. The liberated iodine was first

estimated by titration against sodium thiosulphate solution. The

mixture was then shaken with chloroform and water, the organic

products passing into the chloroform. The nitrite present in the
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aqueous layer was estimated under nitrogen. The results in the

Table 1 were obtained with methyl 4:6-0-benzylidene-a-D-glucoside

2:3-dinitrate (2 g.); the balance of organic compounds is

incomplete.

Table 1

Reaction
Organic products Inorganic products

time Unchanged 3-Nitrate Iodine Nitrite

(hours) ($)
% mole

(g.-atom) (mo le)

3 51 27 0.00144 0.00166 0.00130

3 - - - 0.0020 0.0020

6 29 43 0.00232 0.00237 0.00167

6 - - - 0.0037 0.0034

13 0 60 0.00324 0.00143 0.00123

Other results are in accord with these ideas. When methyl

4:6-0-benzylidene-3-deoxy-3-iodo-a-D-glucoside was heated with

sodium iodide in acetone for 4 days at 100° starting compound

was recovered (75$)> but when heating was for only 20 hours the

corresponding 3-nitrate was converted in 21% yield into methyl

4:6-0-benzylidene-a-D-glucoside. It follows that the latter

reaction is unlikely to proceed through the 3-deoxy-3-iodo-

derivative. Newth^^) has reported that methyl 4-6-O-benzylidene-

(139) F. H. Newth, J.Chem.Soc., 1956, 471.
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3-deoxy-3-iodo-a-D-glucoside 2-toluene-jD-sulphonate gives the

corresponding 2:3-didehydro-2:3-dideoxy-derivative when heated

with sodium iodide for only 10 minutes. This reaction does not

occur when the 2-hydroxyl group is unsubstituted, even if the time

of heating is increased 500-fold, thus exhibiting a similar effect

to that observed by Foster and Overend^"^0^ for l:2-diols. This

reagent attacked l:2-5:6-di-0-cyclohexylidene-D-glucose 3-nitrate

slowly, 59% of nitrate being removed in 4$ hours at 100°. The

corresponding 3-toluene-jD-sulphonate and methyl p-L-arabinoside

2:3:4-'t:fitoluene-£-sulphonate were recovered unchanged when treated

similarly, confirming the stability towards this reagent of

sulphonyl groups attached to secondary carbon atoms in the sugar-

ring. Boiling 1:2-3:4-di-O-isopropylidene-D-galactose 6-nitrate

with sodium iodide in isobutyl methyl ketone for 2 days gave the

6-deoxy-6-iodo-derivative: the prolonged boiling required is

another example of the stability of 6-esters of 1:2-3:4-di-0-

isopropylidene-D-galactose.^
As far as the inorganic compounds were concerned, the results

were not reproducible and reliable quantitative information was

not obtained. The course of the reactions leading to the by¬

products is more complex than represented, and other factors, not

yet understood, are involved. Prolonged heating leads to loss of

(140) A. B. Foster and W. G. Overend, J .Chem.Soc., 1951, 3452.
(141) R. S. Tipson, Adv. Carbohydrate Chem., 1953, £, 1«5.
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free iodine although the reactions were carried out in sealed

tubes; a slow reaction is proceeding in which iodine is consumed

with simultaneous loss of nitrite. This, together with the

evolution of nitric oxide, may be

3NaN02 + MeOH + I2 > NaNO^ + 2NaI + 2NO + CH20

Evidence that on C(2j and ^(3) one nitrate group activates
the other was obtained when the esters of methyl 4:6-0-benzylidene-

a-D-glucoside shown in Table 2 were subjected to the action of

sodium iodide in acetone at 100° for 20 hours. Additional results

Table 2

React ant Product

3-Nitrate Unchanged (66%)

Glucoside (21%)

3-Nitrate 2-toluene-£-sulphonate 2 -To lu e ne -p>- su lpho nat e (66%)

2-Methanesulphonate 3-nitrate 2-Methane sulpho nat e (73%)

2-Acetate 3-nitrate Unchanged (34%)

Mixture of the 2- and
the 3-acetate (46%)

are summarized, in Table 3, where, unless stated, the compounds

are esters of methyl 4:6-0-benzylidene-a-D-glucoside. These

results indicate that attachment to 0. of a sulphonate group
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Table 3

Compound Reaction conditions Product

2:3-Diacetate Nal, acetone, 20 hr., ST Unchanged, 95%

2:3-Ditoluene-£-sulphonate Nal, acetone, 21 hr., ST Unchanged, U%

2:3-Dimethanesulphonate Nal, acetone, 20 hr., ST Unchanged, 1&COto

2: 3-Dinitrate Nal, acetone, 20 hr., R Unchanged,

3-Nitrate,

1356

tf%
Acetone alone, 17 hr., R Unchanged, 93%

NaNO^, aq. ethanol, 3-Nitrate, 70%
21 hr., R Glucoside, 5%

iethyl 4:6-0-ethylidene- Nal, acetone, 24 hr., ST 3-Nitrate

a-D-glucoside 2:3- Nal, pyridine, 30 min., R 3-Nitrate 54%

dinitrate Pyridine, 30 min., 100° Unchanged, 11%

iethyl 4:6-0-ethylidene-
a-D-glucoside 2:3-
ditoluene-;p-sulphonate

Nal, pyridine, 17 hr., R Unchanged, 65%

R = reflux; ST = sealed tube at 100°; glucoside = methyl 4:6-0-
benzylidene a-D-glucoside.

assists removal of the nitrate on ^anh that even an acetate

group on ^j has a slight activating effect. The stability of
the ditoluene-jD-sulphonate and the dimethanesulphonate is

explained by the strong deactivation produced on one group by the
electron-attracting effect of the other. (See 142 and references

(142) P. Bladon and L. N. Owen, J.Chem.Soc., 1950, 59$.
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therein).

To try to establish a fully substantiated reaction scheme

it was necessary to study a simple compound having a nitrate group

on a secondary carbon atom which, when treated with sodium iodide

in methanol, would give the corresponding alcohol. cycloHexvl

nitrate is a simple compound having a nitrate group on a secondary

carbon atom which forms part of a six-membered ring. This

nitrate with sodium iodide in methanol at 100° during 66 hours

gave cyclohexene, sodium nitrate (in nearly quantitative yield),

and a little iodine, but no inorganic nitrite. This reaction is

therefore not analogous to those of secondary sugar nitrates, which

yield the alcohol, free iodine, and inorganic nitrite. The

structure of 1:3-0-benzylideneglycerol 2-nitrate is more like those

of pyranose sugar nitrates. This compound reacted very slowly

with sodium iodide in methanol at 100° and after 44 hours was

unchanged apart from formation of a little 1:3-0-benzylideneglycerol,

sodium nitrite, and iodine. trans-cvcloHexane-1;2-diol dinitrate

has been found to be very resistant to reaction with sodium iodide:

after its solution in n-propyl alcohol had been boiled for 5 days,

unchanged starting compound was recovered, together with only a

small quantity of the diol. Thus these reactions, although

analogous to those of secondary sugar nitrates, are too slow to

permit detailed kinetic studies.
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Bladon and Owen^^"^ found that 1:3-2:4-di-0-ethylidene-

sorbitol 5:6-ditoluene-p>-sulphonate reacted readily with sodium

iodide in acetone at 100°, to yield 5:6-didehydro-5:6-did.eoxy-l: 3-

2:4-di-0-ethylidene-sorbitol. The corresponding 5:6-dinitrate,
heated with sodium iodide in acetone at 100° for 2 hours, yielded

5:6-didehydro-5:6-dideoxy-l:3-2:4-di-0-ethylidene-sorbitol (14%)9

1:3-2:4-di-0-ethylidene-sorbitol 6-nitrate (12%), and unchanged

starting compound: after 21 hours' reaction, the products were

the dehydro-compound (51$) and the 6-nitrate (3%). This is the

first instance of the formation of an ethylenic compound from a

polyol nitrate. The first stage in the formation of the unsaturated

compound is probably the replacement, by iodine, of the nitrate

group on the primary carbon atom. Although chromatography was

used for separating the products, no 6-deoxy-6-iodo-l:3-2:4-di-0-

ethylidene-sorbitol 5-nitrate was isolated, suggesting that if

formed it was rapidly converted into the unsaturated compound.

The intermediate formation of an unstable vicinal di-iodide was

(142)
postulated in the reaction of ditoluene-jD-sulphonates of

l:2-glycols with sodium iodide, leading to unsaturated products.

However, a similar mechanism is unlikely to hold for the reaction

of the nitrates because in all known examples nitrate groups on

secondary carbon atoms are replaced by hydroxyl and not by iodine.

Probably, 6-deoxy-6-iodo-l:3-2:4-di-0-ethylidene-sorbitol 5-nitrate
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yields the unsaturated compound directly by a mechanism analogous

to that proposed for terminal vicinal ditoluene-jo-sulphonates.

When methyl 4:6-0-benzylidene-a-D-glucoside 3-nitrate was

boiled with sodium nitrite in aqueous ethanol for 7 days, the

products were unchanged compound (52%) and the glucoside (15%).
Treatment of the 2:3-dinitrate for only 21 hours gave the 3-nitrate

in 70% yield, so it was possible that the 3-nitrate group was

activating that on C{2)* Any ester group with a positively
charged central atom, like the nitrate group, should have a similar

activating effect on an adjacent nitrate group. That this was

true for the methanesulphonate group was shown when methyl 4:^-0-

benzylidene-a-D-glucoside 2-methanesulphonate 3-nitrate was boiled

with the reagent for 21 hours: the 3-nitrate group was removed

(42%), giving methyl 4:6-0-benzylidene-a-D-glucoside

2-methanesulphonate, together with starting compound (4^%). The

stability of a 2-nitrate group when not adjacent to another nitrate

group was demonstrated by boiling methyl 4:6-0-benzylidene-a-D-
=s

glucoside 2-nitrate with the reagent for 21 hours, for it was then

recovered substantially unchanged (51%). When 1:2-5:6-di-0-

cvclohexylidene-D-glucose 3-nitrate was boiled with sodium nitrite

in aqueous ethanol for 3 days, the nitrate group was removed slowly,

to give 1:2-5:6-di-Q-cyclohexylidene-P-glucose (31%) and starting

compound (4$%). The slow removal of the nitrate group by this •
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reagent and by sodium iodide is probably due to the absence of a

suitable activating group. Sodium nitrite in aqueous ethanol

reacts slowly with a 6-nitrate group, to give the parent alcohol

and in this respect the reaction is different from that with

sodium iodide which gives the 6-deoxy-6-iodo-sugar. Methyl 2:3:4-

tri-C-acetyl-a-D-glucoside 6-nitrate was recovered (62%) after
=s

being boiled with the reagent for IS hours, and 3:5-0-benzylidene-

l:2-0-isopropylidene-D-glucose 6-nitrate gave the parent alcohol

(34%) and starting compound (52%). Similar treatment of 1:2-3:4-

di-O-isopropylidene-D-galactose 6-nitrate for 7 days gave the

alcohol (4%) and starting compound (7S%), a further example of the

stability of such galactose derivatives. The usefulness of this

reagent in the preparation of partially methylated sugars was

demonstrated in the case of methyl 4-0-methyl-P-D-glucoside.

Methyl P-D-glucoside 2:3:4:6-tetranitrate was boiled with sodium

nitrite in aqueous ethanol for 5.5 hours, and the resultant methyl

P-D-glucoside 2:3:6-trinitrate was methylated; reduction of the

nitrated methyl ether with zinc and iron dust in glacial acetic

acid gave methyl 4-0-methyl-P-D-glucoside in four stages and in

overall yield from methyl P-D-glucoside of 24%. These denitrations
=5

are not caused by the weak alkaline solution which results when

sodium nitrite is dissolved in water, for high yields of products

are obtained, and no inversion or anhydro-ring formation can be
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detected even after prolonged boiling. Nitrate groups are

removed more slowly by sodium nitrite in anhydrous ethanol owing

to the lower solubility of sodium nitrite. Solvent action is

negligible, for methyl 4-6-0-benzylidene-a-D-glucoside 2:3-

dinitrate was recovered (75%) after being boiled in aqueous

alcohol for 4 days. Sulphonates are stable to sodium nitrite,

additional evidence that alkaline hydrolysis is not the cause of

removal of the nitrate group. The 2:3-ditoluene-£-sulphonate

and dimethanesulphonate of methyl 4J6-0-benzylidene-a-D-glucoside,

methyl 3:4-0-isopropylidene-B-L-arabinoside 2-toluene-£-

sulphonate, methyl {3-L-arabinoside 2: 3:4-tritoluene-£-sulphonate,

and 1:2-3:4-di-O-isopropylidene-D-galactose 6-toluene-p-sulphonate,

were all recovered in high yield after being boiled with aqueous

ethanolic sodium nitrite for 2-5 days. Methyl 4:6-0-benzylidene-

a-D-glucoside 2:3-diacetate was deacetylated (79%) after

similar treatment for 7 days: the diacetate was recovered after

being boiled alone in the solvent for a similar period.

Deacetylation by sodium nitrite is probably due to the alkaline

solution.

Sodium nitrite in aqueous ethanol reacted slowly with the

dinitrate of trans-cvclohexane-1:2-diol; after 6 days' boiling

the dinitrate was mainly unchanged, apart from a little which had

been converted into the trans-diol. The 5-nitrate group of
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1:3-2:4-di-0-ethylidene-sorbitol 5:6-dinitrate was removed slowly

but selectively by this reagent. As with 1:2-3:4~di-0-

isopropylidene-D-galactose 6-nitrate, the nitrate group on the

primary carbon atom resists attack, confirming the view that the

reaction of sodium nitrite is fundamentally different from that of

sodium iodide.

A good illustration of the resistance of nitrates to alkali

is the ready conversion of 0-methyl-D-glucoside 2:4-diacetate

3:6-dinitrate into P-methyl-D-glucoside 3:6-dinitrate.^43)
Only one example had previously been investigated of the alkaline

hydrolysis of a sugar nitrate in which the nitrate group is trans

to an adjacent free hydroxyl group. Gladding and Purves^-^1)
treated P-methyl-D-glucoside 3:4:6-triacetate 2-nitrate in this

way and obtained in good yield a syrup with the elementary analysis,

free hydroxyl group content, and behaviour towards periodate of a

methyl anhydrohexoside. This syrup deposited crude crystals of

the same analysis, but neither the syrup nor the solid was com¬

pletely characterised. However, it was concluded that the analogy

between nitrates and sulphonates applied in such cases. In the

examples studied during this work, this has not been found. Sodium

methoxide in methanol-chloroform at 0°, or at room temperature, or

in boiling dry methanol, was used for the de-esterifications now

(143) J. Dewar and G. Fort, J.Chem.Soc., 1944> 492.
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to be described. Mild alkaline hydrolysis of methyl 4:6-0-

benzylidene-a-D-glucoside 2:3-dinitrate for 3 days at 0°, or for

5 days at room temperature, gave a small amount of starting

compound, the corresponding 3-nitrate (about 25$), and, under the

latter conditions, the 2-nitrate (6$). Extensive decomposition

occurred when the hydrolysis mixture was boiled for one hour and

only minute amounts of methyl 4:6-0-benzylidene-a-D-glucoside,
3

its 3-nitrate, and methyl 2:3-anhydro-4:6-0-benzylidene-a-D-
3

alloside were obtained. Pure, recrystallized methyl 4^6-0-

benzylidene-a-D-glucoside 3-nitrate, similarly treated for 7 days

at room temperature, yielded starting compound (44$) and methyl

4:6-0-benzylidene-a-D-glucoside 2-nitrate (5$). This is the
=3

first recorded instance of the migration of a nitrate group. When

the hydrolysis mixture containing the 3-nitrate was boiled for an

hour, methyl 4:6-0-benzylidene-a-D-glucoside (35$) and methyl

2:3-anhydro-4:6-0-benzylidene-a-D-alloside (21$) resulted. Methyl
=3

4:6-0-benzylidene-a-D-glucoside 3-nitrate was less stable than its
3

2-methyl ether to alkali; under the same conditions 11$ and 66$

respectively of each was recovered. Hydrolysis of methyl 4*6-0-

benzylidene-a-D-glucoside 3-nitrate 2-toluene-jD-sulphonate at 0°
3

gave methyl 4:6-0-benzylidene-a-D-glucoside 3-nitrate (36$),
3

unchanged starting compound (11$), and 2-nitrate (1$): again

some migration of the nitrate group from occurred.
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When the hydrolysis mixture was boiled for an hour, methyl 416-O-

benzylidene-a-D-glucoside (10%) and methyl 2:3-anhydro-4:6-0-
SB

benzylidene-a-D-alloside (&%) were obtained. Methyl 4'-6-0-

propylidene-a-D-glucoside 3-nitrate 2-toluene-jD-sulphonate gave,

after an hour's boiling with sodium methoxide in methanol, starting

compound (10%), 3-nitrate (12%), and a trace of impure anhydro-a-

D-alloside. Methyl 4:6-0-benzylidene-a-D-glucoside 2-nitrate

3-toluene-_p-sulphonate hydrolysed at 0° gave methyl 2:3-anhydro-

4:6-0-benzylidene-a-D-alloside (32%), methyl 4:6-0-benzylidene-a-

D-glucoside 3-toluene-£-sulphonate (9%) , and starting compound

(13%), but when reaction was conducted by boiling under reflux the

anhydro-a-D-alloside and a trace of an unidentified crystalline

solid were the only products isolated. Thus, nitrate esters can

be cleaved by alkali both by nitryl-oxygen and 'alkyl'-oxygen

fission, but yields are often low.

The percentage yields of the products obtained in the de-

esterifications are summarized in Table 4. Although reaction

conditions for all the hydrolyses were not identical, certain

general conclusions can be drawn.
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Table4

Alkalinehydrolysisofestersofmethyl4:6-0-benzylidene-a-D-glucoside(yields,%) *~""""""*~-■ 55
GrouponC,2)GrouponCj

0.N0 O.NO|

OH O.NO,

O.SOo
0.

.C7H7N°2

O.NO2 O.SO2.C7H7

Products

A

B

A

B

A

B

A

B

Unchanged

16

0

0

0

11

0

13

0

3-Nitrate

21

2

44

11

36

3

0

0

2-Nitrate

6

0

5

0

1

0

0

0

Glucoside*

0

2

0

35

0

10

0

0

Anhydro-D-alloside

0

3.5

0

21

0

£

32

21

3-Toluene-£-sulphonate
0

0

0

0

0

0

9

0

Total

43

7.5

49

67

4S

21

54

21

A=hydrolysisatroomtemperatureor0° . B=hydrolysisinboilingsolvent.*Glucoside=methyl4:6-0-benzylidene-a-D-glucoside



The first three compounds in Table 4> viz., the dinitrate,

3-nitrate, and 3-nitrate 2-toluene-jo-sulphonate, each reacted with

sodium methoxide at or below room temperature, to give mainly the

3-nitrate, but in contrast with the same reactions carried out in

boiling solvent no methyl l±: 6-0-benzylidene-a-D-glucoside nor

methyl 2:3-anhydro-4:6-0-benzylidene-a-D-alloside was isolated.

The low overall yields generally obtained in these de-

esterifications also suggested that another reaction was proceeding.

The presence of much nitrite indicated that this is the reaction in

which ketone and nitrite are simultaneously produced. This was

confirmed by the isolation of the quinoxaline derivative of the

a-diketone, methyl 4-6-0-benzylidene-2:3-dideoxy-2:3-dioxo-a-D-

glucoside (I), when the de-esterification of the dinitrate was

effected in the presence of o-phenylene diamine. The products

i

obtained on hydrolysis in boiling solvent show that with the

3-nitrate 63% of reacted compound was accounted for by reactions

leading to methyl 4-6-0-benzylidene-a-D-glucoside and methyl 2:3—

anhydro-4:6-0-benzylidene-a-D-alloside. When the substituents were a
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nitrate and a toluene-p-sulphonate group, the amount of these

products was less, whereas with the dinitrate mere traces of

them were isolated. All these reactions in boiling methanol

were accompanied by rapid darkening and the production of nitrite,

indicating that here also and particularly with the dinitrate,

the other reaction was taking place, the ketonic products being

decomposed in boiling alkali. Contrasting with these results was

the conversion of methyl a-D-glucoside 2:3:4-triacetate 6-nitrate

into methyl 3:6-anhydro-c-D-glucoside in high yield, with neglig¬

ible ketone formation. This confirms Gladding and Purves's

results and shows that in the removal of this nitrate group from

a primary carbon atom, aIky1-oxygen fission is the major, if not

the only, course of hydrolysis . ^1)
Methyl /+: 6-0-benzylidene-a-D-glucoside 2: 3-dinitrate reacts

when heated for several hours with pyridine at 100° to give an

unidentified syrup unless hydroxylamine hydrochloride was

included in the reaction mixture, in which case a small amount of

the dioxime of the diketone (I) was isolated.

The almost quantitative conversion of methyl 4:6-0-benzylidene-

a-D-glucoside 2: 3-ditoluene-jD-sulphonate into the 2:3-anhydro-D-

alloside by sodium methoxide in methanol and chloroform illustrates

a general property of sulphonates. ^4-4-) p^g COurse of this

(144) N* K. Richtmyer and C. S. Hudson, J.Amer.Chem.Soc., 1941»
63, 1727.
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hydrolysis, and that of the corresponding dimethanesulphonate,

has now been clarified. The first step, removal of the group

on by sulphonyl-oxygen fission without inversion, occurs

readily. Mild treatment of methyl 4*6-0-benzylidene-a-D-

glucoside 2:3-dimethanesulphonate with sodium methoxide gave the

corresponding 3-methanesulphonate (40%) and unchanged compound

(25%): longer reaction gave the 2:3-anhydro-a-D-alloside (66%)
and 3-methanesulphonate (10%). With the ditoluene-p-sulphonate

extended reaction time leads to the 2:3-anhydro-a-D-alloside only,

but shorter treatment yielded the 2:3-anhydro-a-D-alloside (36%)

and the 3-toluene-p-sulphonate (18%).

Treatment of methyl 4:6-0-ethylidene-a-D-mannoside 2:3-

dinitrate with sodium methoxide in cold methanol-chloroform

preferentially removes the group on C^j to give the corresponding
3-nitrate as the chief product; no anhydro-alioside was isolated.

In the D-mannoside derivative the nitrate groups and their attached

carbon atoms cannot become coplanar in any conformation but as

Newth^^^ has pointed out coplanarity, favourable for an intra¬

molecular S^2 process resulting in epoxide formation, is possible
for esters of methyl 4:6-0-benzylidene-a-D-glucoside. The mono¬

nitrate isolated in better yield is the 3-nitrate whether the start¬

ing compound was a glucose derivative in which substituents on both

(145) F. H. Newth, J.Chem.Soc. , 1956, 44-1*
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C^2) and are equatorial or mannose where the one on C^j is
axial and the other equatorial. The enhanced reactivity of the

group on C^2) does not, therefore, appear to arise from purely
steric considerations such as greater accessibility. Electronic

effects transmitted from the neighbouring methoxyl group or ring
( o)

oxygen may be of importance. J

Reaction of 1:2-5:6-di-Q-cyclohexylidene-D-glucose 3-toluene-

£-sulphonate with sodium methoxide in boiling methanol gave 1:2-

5:6-di-0-_cyclqhexylidene-p-glucose (94%)* Similar reaction of

the 3-nitrate proceeded with much decomposition to give the same

product (69%) together with nitrite ion (34%) and nitrate ion

(42%). Sodium (1.49 equivalents) was used in the reaction, and

no unsaturated compounds could be detected in the organic products.

Removal of the nitrate group from 1:2-5:6-di-Q-cyclohexylidene-D-

glucose 3-nitrate may occur by (1) nucleophilic attack by methoxide

ion on the nitrogen atom, yielding parent alcohol and methyl

nitrate, (2) nucleophilic attack by methoxide ion on the carbon

atom, giving a methyl ether and nitrate ion, (3) elimination of a

P-hydrogen atom with formation of an unsaturated derivative and

nitrate ion, or (4) elimination of an a-hydrogen atom, yielding

a carbonyl group and nitrite ion. The use of anhydrous methanol

in this de-esterification prevents reactions involving hydroxyl

ion: formation of an anhydro-ring is not possible in this blocked
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ester. Only mechanism (1) yields the parent alcohol; our

results showed that 69% of the reaction occurred in this way and

31% by other routes. No methyl ethers have been encountered in

this or similar work, eliminating mechanism (2), and the absence

of unsaturated compounds shows that mechanism (3) does not occur.

Only mechanism (4) gives rise to nitrite; the quantity of

nitrite present in our reaction mixture was in agreement with

the value of 31% suggested for this possibility although no

ketonic product was isolated. Nitrate ion could be formed by

the alkaline hydrolysis of methyl nitrate. Although the presence

of this nitrate was not proved, only 76% of the nitrogen present

could be accounted for, and Shepherd^4-6) observed that in the

hydrolysis products of methyl 0-D-glucoside 2:3:4-6-tetranitrate

at least 0.45 mol. of nitrate was present in non-ionic form.

Under similar conditions, the 6-nitrate and 6-toluene-jD-

sulphonate of 1:2-3:4-di-O-isopropylidene-D-galactose gave the

parent alcohol in good yield: no methyl ethers were isolated.

Alkaline hydrolysis of 1:2-3:5-di-O-isopropylidene-D-glucose

6-toluene-£-sulphonate is reported^give some 5:6-

didehydro-6-deoxy-l:2-3:5-di-O-isopropylidene-D-glucose, but no

unsaturated derivatives could be detected during the present work

with the 6-nitrate and 6-toluene-p-sulphonate. Thus the ester

(146) D. M. Shepherd, J.Chem.Soc.. 1953, 3635-
(147) H. Ohle and L. von Vargha, Ber., 1929, 62, 2425-
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groups were being removed mainly by a mechanism analogous to (1),
but the presence of a small quantity of nitrite in the case of

the 6-nitrate indicated that some reaction was occurring by a

mechanism analogous to (4)•

It may be concluded from these and earlier results that a

6-nitrate group is removed from an aldohexose by sodium methoxide

with nitrogen-oxygen cleavage only, giving mainly the parent

alcohol together with some aldehyde. If formation of an anhydro-

ring is possible, however, the reaction proceeds by carbon-oxygen

fission only, giving the anhydro-ring. A nitrate group on a

secondary carbon atom is removed with nitrogen-oxygen fission

unless an anhydro-ring can be formed, in which case the nitrate

group may be removed partly by nitrogen-oxygen fission to give

the parent alcohol and ketonic products, and partly by carbon-

oxygen fission with inversion to give an anhydro-compound. These

two types of fission may occur simultaneously in the case of

nitrate group attached to a secondary carbon atom when anhydro-ring

formation is possible, but only one type occurs in the case of a

similar primary nitrate group. In the first case a ditoluene-jD-

sulphonate gives the anhydro-ring only whereas a diacetate gives

the diol, and in this respect the nitrate group is intermediate

between an acetate and a sulphonate group. As the nitrate group

attracts electrons less strongly than a toluene-jc-sulphonate group,
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it is to be expected that it will form anhydro-rings less readily.

However, these fundamental reactions of the nitrate group are

complicated by conformational effects, and by side reactions and

degradations which increase with the number of nitrate groups in

the molecule and often predominate.

Qualitative tests show that when a compound containing a

nitrate group is stirred with cold concentrated sulphuric acid

nitric acid is liberated. This is detectable with diphenylamine

or NN' -diphenylbenzidine. ^4-3) Qf which gives an intense blue

colour. The possible use of concentrated sulphuric acid for

removing nitrate groups was investigated in the cases of cis- and

trans-cyclohexane-1:2-diol dinitrates. After treatment of these

esters with cold concentrated sulphuric acid during 10 minutes

the di(hydrogen sulphates) of the diols were isolated as their

barium and bisphenylhydrazine salts. The assigned configurations

were confirmed by hydrolysing the di(hydrogen sulphates) to the

respective diols. The same esters were obtained directly by

treating the diols with concentrated sulphuric acid.
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Unless otherwise stated, the light petroleum used had b.p.

60-30°; solutions in ether, chloroform, or benzene were dried

over sodium sulphate, and solvents were evaporated at reduced

pressure.

Chromatographic separations were carried out with columns

of activated alumina, Type H, 100/200 S mesh, supplied by

Messrs. Peter Spence and Sons, Ltd.

At the end of the reaction time specified for the prepara¬

tion of esters in pyridine a little water was added to decompose

excess of acid chloride. After a further 15 min. the mixture

was poured into ice-water, and the resulting syrup was repeatedly

washed with water until it solidified. Nitrates were isolated

by pouring the reaction mixture into aqueous potassium carbonate

and washing the precipitate repeatedly with water until it

crystallized. Exceptional cases are fully described below.

Identifications were by mixed m.p. and infrared spectroscopy

where appropriate.

Unless otherwise stated [c]q are in chloroform.

Analytical Procedures

The presence of nitrite ion was established by the appearance

of a red colour after the addition of a solution of sulphanilic

acid in acetic acid, followed by a solution of a-naphthylamine.

Sodium nitrate in the absence of nitrite was detected by
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fusion of the solid to give nitrite which liberated iodine from

acidified aqueous potassium iodide. Nitrate was determined

quantitatively by reduction to ammonia with Devarda's alloy.
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Dinitrogen Pentoxide

The method used was a simplified version of that of Gold,

Hughes, Ingold, and Williams.(1^3) The product is less pure

than that of these workers, but the presence of dinitrogen

tetroxide does not interfere with the preparation of sugar

nitrates. The dinitrogen pentoxide was dissolved in dried,

redistilled chloroform, and sodium fluoride (2% w/w) was added.

Methyl 4:6-0-Ethylidene-2:3-0-oxydiethylidene-

a-D-glucoside

Appel and Haworth's method gave a product of m.p. 182-183°,

+82.0° (c, 0.22). Appel and Haworth^^; record m.p. 183-

133.5°, [a]20 +83.5°.

Dewar and Fort's method^^3) por preparing methyl 4-6-0-

ethylidene-(3-D-glucoside yielded methyl 4:6-0-ethylidene-2:3-0-

oxydiethylidene-a-D-glucoside (3-5 g-, 49%), m.p. and mixed m.p.

133°, H20 +83° (c, 0.2) .

Acetaldehyde (50 ml.), methyl a-D-glucoside (5 g.), and

anhydrous zinc chloride (5 g-) were shaken for 24 hours at room

temperature and then poured into ice-water. The white crystalline

precipitate of methyl !\\6-0-ethylidene-2: 3-0-oxydiethylidene-a-D-

glucoside (3-5 g-, 50%) had m.p. 183° (from alcohol).

(143) V. Gold, E. D. Hughes, C. K. Ingold, and G. H. Williams,
J.Chem.Soc., 1950, 2452.

(149) H. Appel and W. N. Haworth, J.Chem.Soc., 1933, 793-
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Attempted Nitration of Methyl 4:6-0-Bthylidene-

2:3-0-oxydiethylidene-a-D-glucoside

The compound (2 g.) was dissolved in dry chloroform (2$ ml.)

and dinitrogen pentoxide (2.9 g.) in dry chloroform (18 ml.) was

added. After 5 minutes at 0° the solution was poured into ice-

water containing a small amount of sodium hydrogen carbonate.

The chloroform layer was separated, washed, dried, and evaporated,

giving, after recrystallisation, unchanged compound.

Attempted Preparation of Methyl 4:6-Q-Ethylidene-a-D-

glucoside from Methyl 4:6-0-Ethylidene-2:3-0-

oxydiethylidene-a-D-glucoside

After a solution of methyl l\.: 6-0-ethylidene-2: 3-0-

oxydiethylidene-a-D-glucoside (1.5 g.) in acetone (100 ml.)

containing water (1 ml.) and concentrated hydrochloric acid (0.4

ml.) had been kept for 15 minutes the rotation was constant and

the solution was neutralised with silver carbonate. After con¬

centration the first crystals which separated were starting

material (0.5 g.)> m.p. and mixed m.p. 182-183°• Further concen¬

tration led to the deposition of large needles (0.5 g*), m.p. 160-

161°, which after recrystallisation from alcohol had m.p. 163-164°>

undepressed after admixture with methyl a-D-glucoside.
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Indirect Preparation of Methyl 4:6-0-

Ethylidene-ct D-glucoside

A solution of methyl 4:6-0-benzylidene-a-D-glucoside (5 g.)
in acetic anhydride (15 ml.) containing sodium acetate (1.5 g.)

was heated at 100° for 1 hour and then poured into ice-water.

The product, recrystallised from alcohol, gave methyl 4:6-0-

benzylidene-a-D-glucoside 2:3-diacetate (5 g., 75%) as needles,

m.p. 10S°, +75.5° (c, 1.9).

A solution of the 2:3-diacetate (10 g.) in acetone (95 ml.)
and water (5 ml.) was hydrolysed with 0.025N-hydrochloric acid.

After 6 days at room temperature the optical rotation became

constant. The solution was neutralised with solid potassium

carbonate and concentrated, and the residue washed with sodium

hydrogen sulphite solution. The aqueous filtrate was extracted

with chloroform, and the chloroform solution dried and concentrated.

The residual syrup was shaken with paraldehyde (50 ml.) and con¬

centrated sulphuric acid (0.06 ml.) for 46 hours. Evaporation

of excess of paraldehyde left a syrup which has not crystallised

after prolonged storage in a vacuum-desiccator.

A cold solution of freshly distilled benzoyl chloride (15 ml.)
in pyridine (30 ml.) was added to a cooled solution of methyl 4:6-

O-benzylidene-a-D-glucoside (16 g.) in pyridine (30 ml.). After

24 hours at room temperature the reaction mixture was diluted with
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chloroform and extracted successively with water, dilute sulphuric

acid, sodium hydrogen carbonate solution, and water. The

chloroform solution was dried and concentrated to a syrup which

crystallised on addition of ethanol. Recrystallisation from

alcohol gave methyl 4:6-0-benzylidene-a-D-glucoside 2:3-dibenzoate

(16 g., $7%), needles, m.p. 149-150°, 0]p° +98° (c, 1.1).
A solution of the 2:3-dibenzoate (16 g.) in acetone (300 ml.)

containing concentrated hydrochloric acid (0.6 ml.) was boiled

under reflux for 6^ hours. Barium carbonate (1 g.) was added

and the solution left overnight. After steam-distillation the

solution was extracted with chloroform, and the extracts were dried

and concentrated, to give crude methyl a-D-glucoside 2:3-dibenzoate

(12 g., 92%) as a glass. A solution of this (10 g.) in

paraldehyde (B0 ml.) containing concentrated sulphuric acid (0.1 ml.)
was shaken for 4B hours. After neutralisation with sodium hydrogen

carbonate the filtered solution was evaporated and methyl 4:6-0-

ethylidene-a-D-glucoside 2:3-dibenzoate (6 g., 56%) was obtained

as a syrup. This, dissolved in methanol (50 ml.), containing

sodium (0.01 g.), was kept for 24 hours at room temperature.

Evaporation left a syrup which crystallised on addition of ether.

Recrystallisation from ether-light petroleum gave methyl 4". 6-0-

ethylidene-a-D-glucoside (2 g., 65%), m.p. 76-77°, [a]p^ +109.1°
(.c, 0.4B in water).
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Direct Preparation of Methyl 4-6-0-

Ethylidene-a-D-glucoside

Methyl a-D-glucoside (8 g.) was stirred at room temperature

with paraldehyde (18 ml.) and concentrated hydrochloric acid

(1.6 ml.) for 2 hours. Water (100 ml.) was then added and the

solid which separated was filtered off. The filtrate was

neutralised with sodium hydrogen carbonate and evaporated. After

extraction of the residue with hot carbon tetrachloride, methyl

a-D-glucoside (5 g., 63$) was isolated from the residue. The

carbon tetrachloride extracts were dried (K^CO^) and evaporated.
Recrystallization of the solid residue from ether-light petroleum

gave methyl 4:6-0-ethylidene-a-D-glucoside (1.5 g., 17$), m.p.

75.5-76.5°.

Methyl a-D-glucoside (20 g.), paraldehyde (200 ml.), and

concentrated sulphuric acid (20 drops) were shaken at room tempera¬

ture for 1 hr. Solid potassium carbonate was then added to the

solution, which had been diluted with chloroform; the whole was

filtered, and the filtrate was evaporated, leaving a syrup, which

solidified when shaken with water. The solid (4*7 g.), recrystal-

lized from ethanol-acetone, was methyl 4:6-0-ethylidene-2:3-0-

oxydiethylidene-a-D-glucoside, m.p. 181-182°. The aqueous solu¬

tion was evaporated to a syrup which was extracted several times

with hot ether. The combined ethereal extracts yielded, on
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concentration, methyl 4=6-0-ethylidene-a-D-glucoside (11.5 g.),

m.p. 75-76°. These yields varied somewhat in different experi¬

ments .

Methyl 4:6-0-ethylidene-2:3-0-oxydiethylidene-a-D-glucoside
(2 g.) was shaken with acetone (100 ml.), until almost all the

solid had dissolved, and then N-hydrochloric acid (1 ml.) was

added. The solution was left at room temperature for several

hours, and then neutralized with potassium carbonate. The

filtrate was evaporated to a residue which was triturated with

water. Undissolved starting compound (0.53 g.) was collected

and the aqueous filtrate was evaporated to a solid which was

boiled with ether. On concentration and cooling of the ether

extract, methyl 4:6-0-ethylidene-a-D-glucoside (0.76 g.) was

obtained.

Methyl 2:3-0-0xydipropylidene-4:6-0-

propylidene-a-D-glucoside

Methyl a-D-glucoside (11 g.), propaldehyde (40 ml.), and

concentrated sulphuric acid (0.1 ml.) were shaken for 3 days at

room temperature and the solid which separated (7 g., 37%) was

filtered off and recrystallized twice from ethanol, giving methyl

2:3-0-oxydipropylidene-4:6-0-propylidene-a-D-glucoside, m.p. 140.5-

141°, I>]d° +75.8° (c, 0.58) (Found: C, 57-7; H, 8.6. Calc.
for Cl6H2g07: C, 57-3; H, 8.4%).
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Methyl 4:6-0-Propylidene-a-D-glucoside

Propaldehyde (20 ml.), methyl a-D-glucoside (16 g.), and

concentrated hydrochloric acid (2 ml.) were stirred at room

temperature until all the solid had dissolved (40 min.) and

stirring continued for another 30 min. Water was added and

the precipitate of crude methyl 2:3-0-oxydipropylidene-4:6-0-

propylidene-a-D-glucoside (3 g., 11$) was collected. The solu¬

tion was neutralized with aqueous sodium hydrogen carbonate and

evaporated. Extraction of the residue with benzene left methyl

a-D-glucoside (approx. 8 g.). The benzene solution was dried

and concentrated to a syrup, which crystallized on addition of

ether. Recrystallization from light petroleum-benzene gave

methyl 4:6-0-propylidene-a-D-glucoside (7 g., 33$), m.p. 102°,

[a]£S +122° (c, 0.6).

Methyl 4:6-0-Ethy.lidene-a-D-glucoside

2:3-Dltoluene-p-sulphonate

(a) A solution of methyl 4*6-0-benzylidene-a-D-glucoside

(12 g.) in pyridine (20 ml.) was mixed with a solution of toluene-

p-sulphonyl chloride (30 g.) in pyridine (60 ml.), while the

temperature was kept below 10°. After 6 days at room temperature

the reaction mixture was poured into water, the product crystalliz¬

ing. Recrystallization from alcohol gave the ditoluene-p-

sulphonate (25 g., 99$), needles, m.p. 152-154°, [Q]p° +15.2°
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(c, 1.4).

A solution of this (4 g.) in acetone (45 ml.) and water

(5 ml.) containing hydrochloric acid (0.05 N) was left for 8

days at room temperature (optical rotation then constant).

After the solution had been neutralised with solid potassium

carbonate, acetone was evaporated and the residue extracted with

chloroform. After being shaken with sodium hydrogen sulphite

solution the extract was dried and evaporated. The residual

glass was shaken for 4$ hours with paraldehyde (20 ml.), containing

concentrated sulphuric acid (0.04 ml.). After neutralization of

the clear solution and evaporation, a syrup was obtained which

later crystallized. Recrystallization from ethanol yielded plates

of methyl 4:6-0-ethylidene-Q--D-glucoside 2: 3-ditoluene-p-sulphonate

(2.4 g., 77%) , m.p. 154-155°, +57.2° (c, 0.6) (Found:

G, 52.3; H, 5.4; S, 12.2. ^23^28^10^2 re<3uires C» 52.2;
H, 5.3; S, 12.1#).

(b) Methyl !\\6-0-ethylidene-a-D-glucoside (2 g.) in pyridine

(10 ml.) was cautiously mixed with toluene-js-sulphonyl chloride

(10 g.) in pyridine (50 ml.). After 4 days at room temperature

the solution was poured into ice-water and the precipitate was

recrystallized from ethanol and identified as the foregoing

2:3-ditoluene-jD-sulphonate by its m.p. 153-154°, undepressed on

admixture.
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Preparation of Nitrates with Nitric Acid

in Acetic Anhydride

Methyl 4:6-0-ethylidene-a-D-glucoside 2:3-dinitrate

Fuming nitric acid (2 ml.) in acetic anhydride (5 ml.) was

added slowly to a solution of methyl 1+: 6-0-ethylidene-a-D-

glucoside (2 g.) in acetic anhydride (5 ml.) at 0°. The mixture

was allowed to warm to room temperature during 15 min., and then

solid potassium carbonate was added. The solid (2.75 g.)
obtained by pouring the mixture into ice-water was recrystallized

from light petroleum, giving methyl 4:6-0-ethylidene-a-D-glucoside

2:3-dinitrate, m.p. 101°, +140.5° (c, 1.0).

Methyl 4:6-0-ethylidene-g-P-glucoside 2:3-dinitrate

Fuming nitric acid (6.4 ml.) in acetic anhydride (20 ml.)

was added to a suspension of methyl 4:6-0-ethylidene-f3-D-glucoside

(7.4 g«) in acetic anhydride (20 ml.) at 0°, and the mixture was

kept at 0° for 1 hr. with occasional shaking. The crude solid

(9.27 g., 89%) recrystallized from light petroleum or methanol as

stout needles of methyl 4:6-0-ethylidene~3-D-glucoside 2:3-

dinitrate (7.69 g.), m.p. 88-89°, [-21.3° (c, 1.0).

Methyl 4:6-0-ethylidene-P-D-glucoside (2.2 g.) was added to

a solution of chloroform (10 ml.), acetic anhydride (1.5 ml.),

and fuming nitric acid (1.9 ml.) at 0°. The solution was allowed

to warm to room temperature in 5 min., and then shaken with aqueous
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potassium carbonate. The chloroform layer was evaporated to a

syrup, which gave a solid (1.1 g., 35%) when stirred under water.

Recrystallization from light petroleum yielded the dinitrate,

m.p. 88-89°- With reaction times of 15 min. and 1 hr., the

yields were 32% and 29% respectively.

Methyl 4:6-0-benzylidene-a-D-glucoside 2:3-dinitrate

Ice-cold fuming nitric acid (8 ml.) in acetic anhydride

(20 ml.) was added slowly to methyl 4'6-0-benzylidene-a-D-glucoside

(10 g.) suspended in acetic anhydride (20 ml.) at 0°. The

product obtained after 15 min. at 0° gave, after recrystallizing

from methanol or light petroleum, prisms of methyl 4^6-0-

benzylidene-a-D-glucoside 2:3-dinitrate (8.3 g')> m.p. 124-125°,

[a]*9 +87.5° (c, 1.1) (Found: C, 45.0; H, 4.2. ci/fHi6°10N2
requires C, 45-2; H, 4.3%).

Conversion of Methyl 4:6-0-Benzylidene-a-D-glucoside

2:3-Dinitrate into the 4:6-0-Ethylidene Analogue

Methyl 4:6-0-benzylidene-a-D-glucoside 2:3-dinitrate (1 g.)
in paraldehyde (10 ml.) containing concentrated sulphuric acid

(2 drops) was shaken for 30 min. at room temperature. The

solution was neutralized with solid potassium carbonate and

filtered, and the filtrate was evaporated to a syrup, which

solidified when stirred with water. Two recrystallizations of
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the solid (0.75 g.) from light petroleum gave needles of methyl

4:6-0-ethylidene-a-D-glucoside 2:3-dinitrate, m.p. 100-101°.

1;2-5:6-Di-0-isopropylidene-D-glucose 3-Nitrate

Acetic anhydride (5 ml.) containing fuming nitric acid (2 ml.)

was added to 1:2-5:6-di-0-isopropylidene-D-glucose (4 g.) suspended

in acetic anhydride (10 ml.) at 0°, and after 25 min. at room

temperature the solution was poured into ice-water containing

potassium carbonate. The syrup, washed repeatedly with ice-

water, was extracted with chloroform, and the extract was

chromatographed. Evaporation of the chloroform eluant gave 1:2-

5:6-di-0-isopropylidene-D-glucose 3-nitrate, a syrup (3-26 g.),

[a]^1 -40.4° (c, 5-5) (Found: G, 47.1; H, 6.3; N, 4.7-
^12^19^8^ requires C, 47.2; H, 6.3; N, 4«6%) .

1:2-5:6-Di-0-cyclohexylidene-D-glucose 3-Nitrate

Similar treatment of 1:2-5:6-di-0-CYclohexylidene-D-glucose

(8 g.) yielded, when the reaction solution was poured into ice-

water, a white solid which, recrystallized from methanol, was

1: 2-5:6-di-0-cvclohexylidene-D-glucose 3-nitrate (6.52 g., 73?°) ,

m.p. 83-34°, I>]d° -22.2° (c, 0.9) (Found: C, 56.4; H, 7.1;
N, 3.5- ClgH270gN requires C, 56.2; H, 7.1; N, 3.6%).

1:2-3:4-Di-0-isopropylidene-D-galactos e 6-Nitrate

Fuming nitric acid (3 ml.) in acetic anhydride (7 ml.) was
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added at 0° to a solution of 1:2-3:4-di-O-isopropylidene-D-

galactose (14 g.) in acetic anhydride (35 ml.). After 20 min.

at room temperature, the mixture, when treated by the procedure

described for 1:2-5:6-di-0-cyclohexylidene-D-glucose 3-nitrate,

yielded a product which, recrystallized from aqueous ethanol, was

1:2-3:4-di-0-isopropylidene-D-galactose 6-nitrate (11.4 g-, 69$),

m.p. 61°, [a]J9-S -59.8° (c, 2.0) (Found: C, 47.5; H, 6.1;
N, 4.3. C12H190gN requires C, 47.2; H, 6.3; N, 4.6$).

3:5-0-Benzylidene-l:2-0-isopropylidene-D-

glucose 6-Nitrate

Fuming nitric acid (0.27 ml.) in acetic anhydride (2 ml.)

was added to 3:5-0-benzvlidene-l:2-0-isopropylidene-D-glucose

(1.27 g.) suspended in acetic anhydride (5 ml.) at 0°, and the

mixture was left at room temperature for 10 min. The product,

precipitated when the mixture was poured into ice-water, recrystal¬

lized from methanol as 3:5-0-benzylidene-l:2-0-isopropylidene-D-

glucose 6-nitrate (0.95 g., 66$), m.p. £6°, +12.1° (c, 0.6)
(Found: C, 54-7; H, 5.5. ci6H19°SN requires C, 54•4; H, 5.4$)-

A solution of 3:5-0-benzylidene-6-deoxy-6-iodo-l:2-0-

isopropylidene-D-glucose (0.1 g.) and silver nitrate (0.06 g.) in

methyl cyanide (5 ml.) was boiled under reflux for 3 hr. The

cooled mixture was filtered and evaporated to a syrup which,

recrystallized twice from methanol, gave the 6-nitrate (0.075 g.,
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85%), m.p. 85-36°.

2: 3-5:6-Di-O-isopropylidene-D-mannose 1-Nitrate

The solution obtained by adding fuming nitric acid (1.4 ml.)
and acetic anhydride (3»5 ml.) to a suspension of 2:3-5:6-di-0-

isopropylidene-D-mannose (2.61 g.) in acetic anhydride (7 ml.) at

0°, after 40 min. at room temperature, was poured into ice-water.

The resulting solid recrystallized from ether (25 ml.), to yield

2:3-5:6-di-0-isopropylidene-D-mannose 1-nitrate (2.32 g., 90%),

m.p. 83.5-34° (Found: C, 46.9; H, 6.3; N, 4.7. ci2Hi9°SN
requires C, 47.2; H, 6.3; N, 4*6%). The product decomposed

with the evolution of brown fumes after 15 days in an airtight

bottle.

Methyl 2:3:4-Tri-O-acetyl-a-D-glucoside 6-Nitrate

Methyl cyanide (100 ml.) containing methyl 2:3:4-tri-0-acetyl-

6-deoxy-6-iodo-a-D-glucoside (3*3 g.) and silver nitrate (1.9 g.)
was boiled under reflux for 4 hr. The mixture was then cooled

to 0°, filtered, and evaporated to dryness. The residue was

extracted thrice with boiling chloroform, and the combined extracts

were evaporated to a solid which, recrystallized from aqueous

methanol, was methyl 2:3:4-tri-O-acetyl-a-D-glucoside 6-nitrate

(2.0 g., 70%), m.p. 112.5-H3.5°, [«]q9 +125.S° (c, 1.2).
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Methyl 4:6-0-Benzylidene-a-D-glucoside 3-Nitrate

Fuming nitric acid (0.97 ml., 0.022 mole) was added gradually

to a solution of methyl l\.: 6-0-benzylidene-ct-D-glucoside (5-65 g.,

0.02 mole) in chloroform (30 ml.) and acetic anhydride (15 ml.)

at 0°. After 1 hr. the mixture was neutralized with dilute

aqueous potassium carbonate. The chloroform layer was washed

twice with water before being evaporated. The resulting syrup

was chromatographed in benzene solution. Elution with benzene,

followed by evaporation of the solvent, gave an unidentified

syrup (0.4 g.). The solid, obtained by elution with chloroform

followed by evaporation, recrystallized from chloroform-light

petroleum as methyl 4:6-0-benzylidene-ct-D-glucoside 3-nitrate

(1.8 g., 28%), [<x]q° +112.9° (c, 1.1), m.p. 171-172°.

Methyl 2-0-Methyl-tz-D-glucoside 3-Nitrate

A suspension of Amberlite IR-120(H) (2.2 g.) was stirred in

boiling 80% methanol (50 ml.) containing methyl 4:6-0-benzylidene-

2-0-methyl-a-D-glucoside 3-nitrate (1.5 g.) for 4*5 hr. The resin

was filtered off and washed with methanol; evaporation of the

combined washings and filtrate gave a colourless syrup which was

chromatographed in benzene. Elution with benzene and with

chloroform, followed by evaporation, yielded traces of unidentified

syrup. The column was then washed with ethanol; removal of the

solvent gave colourless syrup (0.7 g.) which crystallized to give
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methyl 2-0-methyl-a-D-glucoside 3-nitrate, m.p. 69-90° (Found:

C, 36.2; H, 6.0. CgH-^OgN requires C, 36.0; H, 6.0%).
The product (0.3 g.), powdered anhydrous zinc chloride (0.3 g.),

and benzaldehyde (2 ml.) were shaken at room temperature for 24 hr.

When the mixture was poured into ice-water, two layers formed.

The upper layer was decanted and the other extracted twice with

chloroform. The combined extracts were dried, and excess of

benzaldehyde and solvent were removed by distillation under reduced

pressure. The resultant syrup, recrystallized twice from light

petroleum, was methyl 4:6-0-benzylidene-2-0-methyl-a-D-glucoside

3-nitrate (0.31 g., 75%), m.p. 116°.

1:2-0-cycloHexylidene-D-glucose 3-Nitrate

Amberlite IR-120(H) (14 g.) and 1:2-5:6-di-0-cyclohexylidene-

D-glucose 3-nitrate (10 g.) were boiled for 4*5 hr. under reflux

in stirred methanol (120 ml.) containing water (30 ml.). After

being filtered, the solution was evaporated to a syrup, which was

extracted with hot chloroform. Evaporation of the extract yielded

a syrup which was shaken with petroleum, then crystallized from

carbon tetrachloride and water successively, to give needles of

1:2-0-cyclohexylidene-D-glucose 3-nitrate (5*0 g., 63%), m.p. 95°,

[a]Jd -1.0° (c, 1.0) (Found: C, 47.3; H, 6.3; N, 4-5.
c12Hi9°gN requires C, 47.2; H, 6.3; N, 4-6%).

Oxidation of the 3-nitrate with aqueous periodic acid, followed
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by steam-distillation of the solution, gave formaldehyde,

identified as the dimedone derivative, m.p. 188°.

cycloHexanone (3 ml.) containing concentrated sulphuric acid

(0.145 ml.) and 1:2-0-cyclohexylidene-D-glucose 3-nitrate (1.0 g.)
was shaken for 5 hr. at room temperature. n-Heptane was added

to the mixture, which was warmed until two layers were formed.

The heptane layer was decanted, shaken with potassium carbonate

solution, washed with water, dried (Na2S0^), and evaporated. The
syrup, crystallized from warm methanol, gave 1:2-5:6-di-0-

cyclohexvlidene-D-glucose 3-nitrate (0.86 g., 68%), m.p. 81-82°.

Methyl 4:6-0-Benzylidene-ot-D-mannoside 2: 3-Dinitrate

Fuming nitric acid (d, 1.50; 4*8 ml.) in acetic anhydride

(12 ml.) was added slowly to methyl 4-6-0-benzylidene-a-D-mannoside

(6.0 g.) suspended in acetic anhydride (12 ml.) at 0°. After 10

min. at room temperature, the resulting solution was poured into

iced aqueous potassium carbonate. After being washed with dilute

aqueous potassium carbonate and then with water and dried, the

crystalline product (7.0 g., 88%) was recrystallized from methanol,

to yield methyl 4:6-0-benzylidene-ct-D-mannoside 2:3-dinitrate

(5-46 g., 69%), m.p. 1420, [a]iQ0 -3-1° (c, 2.4) (Found: C, 45-4;
H, 4-5; N, 7.4- C14H16°10N2 re9uires c> 45.2; H, 4-3; N, 7-5%)•

Unless otherwise stated, this procedure was employed in the

succeeding experiments. The product obtained from 1:3-2:4-di-0-

ethylidenesorbitol was recrystallized from ethanol-light petroleum
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or aqueous ethanol, to yield cubes of 1:3-2:4-di-0-ethylidenesorbitol

5:6-dinitrate (70%), m.p. 80-50.5°, 0]q6 +8.7° (c, 3-4) (Found:
C, 37.4; H, 4.9; N, 8.3. gIOhI6°10N2 re9uires C, 37.0; H, 4.9;
N, 8.6%).

The crude precipitate obtained from 1:3-0-benzylideneglycerol

was recrystallized from methanol to give needles of 1:3-0-

benzylideneglvcerol 2-nitrate (27%), m.p. 93-93.5° (Found: C, 53-5;

H, 5-1; N, 6.1. GioHll°5N re9uires G> 53-3; H, 4*9; N, 6.2%).
A solution of the viscous product obtained from trans-

cyclohexane-1:2-diol was dissolved in ether and washed with aqueous

sodium hydrogen carbonate and then with water near 0°. Evapora¬

tion of the dried ether solution yielded a liquid which was

chromatographed. Elution by light petroleum afforded trans-
on

cvclohexane-l:2-diol dinitrate (67%), n^ 1.4754, m.p. 17-5-16°.
The same procedure was followed with the cis-isomer except

that elution with benzene yielded cis-cyclohexane-1:2-diol dinitrate

(64%), m.p. 22-23°, which, after one recrystallization from light
on

petroleum, had m.p. 24°, n^ 1.4772.
In the case of cyclohexanol, the reaction solution was left

at 0° overnight. The oily product, dissolved in light petroleum,

was repeatedly washed with aqueous sodium hydrogen carbonate and

then with water until the aqueous extract was neutral. The dried

petroleum solution was evaporated and the residue was distilled to
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yield cyclohexyl nitrate (74%)> b.p. 56-58°/? mm., middle fraction,

b.p. 56°/7 mm., n^0 1.4546, d^ 1.104 (Found: M, 9.6. Calc. for
C6H11°3N: N} 9.65%)•
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ALKALINE HYDROLYSIS

Methyl 4:6-O-Ethylidene-a-D-glucoside

2:3-DitoIuene-p-sulphonate

(a) A chloroform solution (10 ml.) of this ester (0.9 g.)
was mixed with sodium (0.15 g.) in methanol (4«2 ml.) and kept

for 3 days at room temperature. The solution was filtered and

concentrated, and the solid residue (0.4 g.), crystallized from

ether, was unchanged starting substance, m.p. 155°• No other

product was isolated.

(b) A solution of the ester (8 g.) in methanol (200 ml.)

containing sodium (1 g.) was boiled under reflux until the solid

had dissolved (18 hr.). The solution was filtered and diluted

with water (250 ml.). It was then extracted with chloroform and

the chloroform solution evaporated, leaving a white crystalline

solid. This was purified by chromatography in ether on alumina,

elution with ether, and recrystallization of the main fraction

from ether-light petroleum, to give methyl 2:3-anhydro-4:6-0-
OD

ethylidene-cx-D-alloside as long needles (3 g., 90%) , [q]q +114°
(c, 1.3)> m.p. 125-126°, mixed m.p. with an authentic specimen

126-127°.
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Methyl 4:6-0-Propylidene-a-D-glucoside

2:3-Ditoluene-p-sulphonate

A solution of methyl 4:6-0-propylidene-a-D-glucoside (2 g.)
in dry pyridine (15 ml.) was treated with a cold solution of

toluene-jd-sulphonyl chloride (5 g.) in pyridine (10 ml.), and

the mixture left for 4 days at room temperature. When the

reaction mixture was poured into ice-water (100 ml.) the product

crystallized. Recrystallization from ethanol yielded methyl

4:6-0-propylidene-g-D-glucoside 2:3-ditoluene-p-sulphonate (4 g.,

86%), needles, m.p. 127.5-128°, +46.1° (c, 4*1) (Found:

G, 53.3; H, 5.6. C24H30°10S2 re1uires c, 52.9; H, 5.5%)-
A solution of the foregoing ester (5 g.) and sodium (0.6 g.)

in methanol (50 ml.) was boiled under reflux for 24 hr., cooled,

neutralized with acetic acid (0.2 ml.), and then concentrated.

The residue was extracted with carbon tetrachloride, and the

solution concentrated to a solid. Recrystallization from ether-

light petroleum gave long needles (2 g., 92%>), m.p. 125-128°,

and a further recrystallization from light petroleum (b.p. 80-100°)-
ethanol gave pure methyl 2:3-anhydro-4:6-0-propylidene-g-D-alloside,

m.p. 131-132°, [a]j~° +120.9° (c, 0.8) (Found: C, 55.9; H, 7.7.
^10^16^5 re9uires G, 55.6; H, 7.4%).

Methyl 4:6-0-Ethylidene-a-D-glucoside 2:3-Dinitrate

Five minutes after a solution of methyl l\\ 6-0-ethylidene-a-D-
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glucoside (2.7 g., 1 mol.) in chloroform ($0 ml.) was mixed with

a solution of dinitrogen pentoxide (4.S g., 3*5 mols.) in

chloroform ($0 ml.) at 0°, it was poured into ice-water. The

product was extracted with chloroform and the extracts were washed

with ice-water and then with cold saturated sodium hydrogen

carbonate solution. After drying, the solvent was evaporated.

Recrystallization of the residue from light petroleum gave methyl

4:6-0-ethylidene-a-D-glucoside 2:3-dinitrate (2.2 g., , stout

needles, m.p. 96-97°, 1>]q0 +139.5° (c, 2.96) (Found: C, 35-4;
H, 4.9; N, 8.7. C9Hi4°ioN2 re9uires c> 34-9; H, 4-5; N, 9.0%).

A solution of methyl 4*6-0-ethylidene-a-D-glucoside

2:3-dinitrate (1.4 g-) in methanol (40 ml.) was boiled under reflux

with sodium (0.2 g.) for 25 hours. The cooled solution was

neutralized with glacial acetic acid (0.1 ml.), light petroleum

(60 ml.) was added, and the solvents were evaporated. The

residue was extracted, first with ether, then with chloroform,

and the two extracts separately chromatographed on alumina.

Fractions (50 ml.) were collected, with ether-chloroform (4 vol.:

1 vol.) as eluant in each case. After examination the appropriate

fractions were combined. The first fractions gave a solid which

crystallized from light petroleum (b.p. 40-60°)-ether as long

needles of methyl 4:6-0-ethylidene-a-D-glucoside 3-nitrate,

m.p. 172-173°, 0]q° +150.3° (c, 0.45) (Found: C, 41.1; H, 5.7.

- 171 -



^9^15^3^ requires C, 40.3; H, 5.7%)- Later fractions gave a
solid which crystallized from ether-light petroleum as needles,

being methyl 4:6-0-ethylidene-q-D-glucoside, m.p. 76°, unchanged

when mixed with authentic substance.

Characterization of Methyl 4:6-0-Ethylidene-

q-D-glucoside 3-Nitrate

Methylation of the 3-nitrate (0.35 g.) with methyl iodide

(4 ml.) and silver oxide (0.3 g.) gave a crystalline product

which, recrystallized from light petroleum, yielded methyl 4:6-0-

ethylidene-2-0-methyl-a-D-glucoside 3-nitrate, stout needles,

m.p. 32.5-33.5°, [>]q0 +111.4° (c, 0.3) (Found: C, 43.3; H, 6.4.
C10H17O3N requires C, 43.0; H, 6.1%).

A solution containing methyl 4:6-0-ethylidene-2-0-methyl-q-D-

glucoside 3-nitrate (0.22 g.) and sodium sulphide (0.4 g.) in

alcohol (25 ml.) was left for 1 day at room temperature. The

solution was filtered, diluted with water, and concentrated. The

residue was extracted with chloroform, and the dried chloroform

solution evaporated to a solid which crystallized from dry ether

as long needles of methyl 4:6-0-ethylidene-2-0-methyl-a-D-glucoside,

m.p. 125-126°, [a]j5° +95-1° (c, 1.03).
A solution of methyl 4:6-0-ethylidene-2-0-methyl-q-D-glucoside

(0.03 g.) in acetone (10 ml.), containing hydrochloric acid (0.05 ml.),
was boiled under reflux for 13 hours. The cooled solution was
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neutralized with barium carbonate, and filtered. Evaporation

of the filtrate left a syrup which crystallized from ethyl acetate

as short needles, being methyl 2-0-methyl-a-D-glucoside, m.p.

145-146°.

Methyl 4:6-0-Propylidene-g-D-glucoside

2:3-Dinitrate and 3-Nitrate

(a) Dinitrogen pentoxide (7 g., 4 mols.) in chloroform

(100 ml.) was mixed with a solution of methyl 4:6-0-propylidene-

a-D-glucoside (4 g-, 1 mol.) in chloroform (100 ml.), and left

at 0° for 5 minutes. The solution was poured into ice-water,

and the chloroform layer washed successively with ice-water, cold

saturated sodium hydrogen carbonate solution, and water. The

dried solution was concentrated to a syrup which partly crystal¬

lized. The crystalline portion was dissolved in the minimum

quantity of methanol-light petroleum from which there separated

slowly methyl 4:6-0-propylidene-a-D-glucoside 3-nitrate (0.3 g.,

7%), needles, m.p. 156-1=57°, +154-2° (c, 0.72) (Found:

C, 43.4; H, 5.9; N, 5.0. cioHi7°8N re9uires c> 43-1; H, 6.1;
N, 5.0$).

(b) The reaction was repeated with methyl 4=6-0-propylidene-

a-D-glucoside (8 g., 1 mol.) and dinitrogen pentoxide (17 g.,

5 mols.) in chloroform (280 ml.), and a reaction time of

15 minutes at 0°. The product, separated as in (a), was a syrup
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which did not crystallize.

The combined non-crystalline products from the two reactions

were chromatographed in anhydrous ether on alumina. Elution was

by anhydrous ether, ether-chloroform, and chloroform, successively.

Fractions of 120 ml. were collected, the first of which contained

a syrup (9.6 g.) which crystallized as large prisms. Recrystal-

lization from light petroleum gave methyl 4:6-0-propylidene-u-D-

glucoside 2:3-dinitrate (9-3 g-, 56%), m.p. 55-5-56°, +142.4°

(c, 1.4) (Found: C, 37-3; H, 5.1; N, 8.5. cioHl6°10N2 re9uires
C, 37-1; H, 4*9; N, 8.6%). Later fractions, which crystallized

at once, were combined and recrystallized from alcohol-light

petroleum (b.p. #0-100°), to give methyl 4:6-0-propylidene-a-D-

glucoside 3-nitrate (1.7 g., 12%) as long needles, m.p. 157-15$°.

Conversion of Methyl 4:6-0-Propylidene-a-D-glucoside

2:3-Dinitrate into the 3-Nitrate

A solution of 2:3-dinitrate (2.2 g.) and sodium iodide (4-5 g.)
in acetone (20 ml.) was heated for 16 hours at 100°. Evaporation

led to 3-nitrate (1.61 g., $7%) as long needles, m.p. 157°-

Characterization of Methyl 4:6-0-Propylidene-

c-D-glucoside 3-Nitrate

The 3-nitrate (0.5 g-) with methyl iodide (10 ml.) and silver

oxide (0.8 g.) at 45° gave a product (0.45 g-, 88%) which was
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recrystallized from light petroleum (b.p. 40-60°), giving methyl

2-0-methyl-4:6-0-propylidene-a-D-glucoside 3-nitrate as needles,

m.p. 53.5-54°, [aJo° +133.2° (c, 0.7) (Found: C, 45.5; H, 6.4.
C11H19°SN re9uires C, 45.1; H, 6.5%)•

A solution of this (0.4 g.) in alcohol (30 ml.) was treated

with sodium sulphide (0.6 g.) at room temperature for 24 hours.

The solution was then filtered, and water (5 ml.) added to the

filtrate which was then distilled. The residue was extracted

with chloroform, the extracts were dried and evaporated, and the

crystals (0.26 g., 73%) which separated were found, after recrystal-

lization from ether-light petroleum, to be methyl 2-0-methyl-4:6-0-

propvlidene-a-D-glucoside. m.p. 114-115°, +113.3° (c, 0.8)

(Found: C, 53-4; H, 7.9. ^nH20°6 re9uires 6, 53.2; H, 8.1%).
After a solution of this (0.16 g.) in acetone (30 ml.) con¬

taining concentrated hydrochloric acid (0.1 ml.), had been kept

at room temperature for 28 days, excess of solid potassium

carbonate was added. Filtration, and evaporation of the filtrate,

afforded crystals (0.05 g., 35%), which after recrystallization

from ethyl acetate were found to be methyl 2-0-methyl-a-D-glucoside,

m.p. 144-146°, mixed m.p. with an authentic specimen 143-145°.

Alkaline Hydrolysis of Methyl 4:6-0-Propylidene-

a-D-glucoside 2:3-Dinitrate and 3-Nitrate

The dinitrate (3.3 g.) in methanol (100 ml.), containing

sodium (0.5 g.), was heated under reflux for 24 hours. The cooled
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solution was filtered and the filtrate was concentrated. The

solvent-free residue was chromatographed in ether on alumina.

Successive elution with ether, ether-chloroform, and chloroform-

ethanol gave, from early fractions, methyl 2:3-anhydro~4:6-0-

propylidene-a-D-alloside, m.p. and mixed m.p. 132-133°- The

later fractions gave methyl 4:6-0-propylidene-a-D-glucoside,

m.p. alone or mixed with an authentic specimen, 101-102°,

[a]J5 +124.6° (c, 0.8).
A solution of the 3-nitrate (1 g.) in methanol (40 ml.)

containing sodium (0.25 g.) was boiled under reflux for 40 hours.

The solution was cooled, neutralized with acetic acid (0.1 ml.),

and concentrated. Water (30 ml.) was added and the solution

extracted with chloroform. Evaporation of the dried extract

gave a residue which was chromatographed in anhydrous ether on

alumina, elution being by anhydrous ether. The first fractions

(80 ml.) gave methyl 2:3-&nhydro~4:6-0-propylidene-a-D-alloside.

The remaining fractions (300 ml.) gave methyl 4:6-0-propylidene-

o-D-glucoside, m.p. and mixed m.p. 102°.

Alkaline Hydrolysis of Methyl 4:6-0-Ethylidene-

g-D-glucoside 2:3-Dinitrate

(a) A solution of this dinitrate in, methanol containing

sodium, kept for 28 days at room temperature, gave unchanged

starting compound.
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(b) A solution of the dinitrate (2 g.) and sodium (0.01 g.)
in methanol (50 ml.) was boiled under reflux for 6 hours. The

reaction mixture was concentrated and the residue dissolved in

light petroleum. Chromatography on silica gel and elution with

light petroleum gave unchanged starting material (1.4 g>> 70%),

m.p. 38-89°' Further elution with acetone-alcohol gave a solid

(0.4 g-), which on recrystallization from light petroleum (b.p.

80-100°) yielded methyl 4:6-0-ethylidene-{3-D-glucoside 3-nitrate

(0.1 g., 6%), m.p. and mixed m.p. 146°. More unchanged dinitrate

(0.25 g., 13%) was recovered from the mother-liquor.

(c) When the dinitrate (1.5 g.) was boiled with sodium

(0.15 g.) in methanol (100 ml.) for 1 day the products obtained

were starting compound and the 3-nitrate.

Alkaline Hydrolysis of Methyl 4:6-0-Ethylidene-

fl-D-glucoside 3-Nitrate

Sodium (0.1 g.) in methanol (10 ml.) was added to methyl

4:6-0-ethylidene-P-D-glucoside 3-nitrate (1 g.) in chloroform

(50 ml.). After 4 days at room temperature the filtered solution

was concentrated and the residue purified by chromatography of its

acetone solution on alumina, with acetone and then acetone-methanol

as eluants. Only unchanged nitrate, m.p. 143-144°> -31°

(c, 0.33), was obtained.

A solution of the 3-nitrate (0.4 g.) and potassium hydroxide
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(0.2 g.) in aqueous alcohol (30 ml.) was boiled under reflux for

24 hours. The solution was concentrated, leaving a residue which

was chromatographed on alumina, with ether as eluant. The first

fractions (60 ml.) gave methyl 2:3-anhydro-4:6-0-ethylidene-p-D-

alloside (0.02 g., 1%) . Further elution with ether-acetone

(200 ml.) gave unchanged nitrate, m.p. 147°.

Alkaline Hydrolysis of Methyl 4:6-0-Propylidene-a-D-

glucoside 3-Nitrate 2-Toluene-p-sulphonate

A solution of the 3-nitrate 2-toluene-_p-sulphonate (1 g.)
in methanol (20 ml.) containing sodium methoxide in methanol

(2.7 ml.; 2.6N), was boiled under reflux for 1.5 hours. The

dark solution was neutralized with acetic acid and evaporated.

The residue, after extraction with boiling benzene, contained

nitrite. The cooled benzene solution, chromatographed on alumina,

gave from the first fractions starting compound (0.10 g.), m.p.

and mixed m.p. 99-100°. Further elution with benzene-chloroform

(1:1) yielded a sticky solid (0.24 g*)» which was recrystallized

from light petroleum to give methyl 4'6-0-propylidene-a-D-glucoside

3-nitrate (0.0& g.). No product was obtained by elution with

ethanol. The light petroleum recrystallization mother-liquor was

evaporated and the residue in benzene was re-chromatographed.

This gave crude methyl 2:3-anhydro-4:6-0-propylidene-c-D-alloside

(0.025 g.), m.p. 124-126°, mixed m.p. with pure compound (m.p. 136°),
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126-129° (Found: C, 54-7; H, 7.4- Calc. for C10Hl605:
C, 55.6; H, 7.4$).

Alkaline Hydrolysis of Methyl 4:6-0-Ethylidene-

g-D-glucoside 2: 3-Dinitrate

The 2:3-dinitrate (1.4 g.) was boiled under reflux for 24

hours in methanol (40 ml.), containing sodium (0.2 g.). The

dark mixture, which smelled strongly of paraldehyde and contained

nitrite, was neutralized with acetic acid and evaporated to a

syrup. The filtered chloroform extract of this was evaporated

to a brown syrup, which apart from a little tar was dissolved in

benzene and chromatographed on alumina. Nothing was eluted with

benzene but elution with chloroform gave methyl t\.: 6-0-ethylidene-

ct-D-glucoside 3-nitrate (0.10 g.). No products were eluted with

ethanol.

Alkaline Hydrolysis of Methyl 4:6-0-Benzylidene-

a-D-glucoside 2:3-Dimethanesulphonate

This 2:3-dimethanesulphonate (14.5 g.) was dissolved in

chloroform (250 ml.), and sodium methoxide in methanol (63 ml.;

2.6N) was added. The solution was kept for 20 hours at 0° and

then shaken with water until the washings were no longer alkaline.

The dried chloroform solution was evaporated to a syrup, which was

shaken with cold methanol (50 ml.). The residue (6.5 g.) was
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filtered off and washed with a little cold methanol. Evaporation

of the filtrate and methanolic washings left a solid which,

recrystallized from chloroform-light petroleum, was methyl 4:6-0-

benzylidene-o-D-glucoside 3-methanesu1phonate (4-3 g.), m.p.

142-143°, [g]J7 +90° (c, 1.0) (Found: C, 50.0; H, 5.5; S, 9.2.

^15^20^8^ requires C, 50.0; H, 5.6; S, 8.9%)- Concentration
of the recrystallization liquors gave a further 0.4 g. Recrystal-

lization of the above residue from chloroform gave unchanged

starting compound (3.7 g«), m.p. and mixed m.p. 188-189°. Con¬

centration of the chloroform gave a mixture of starting compound

and methyl 2: 3-anhydro-4:6-0-benzylidene-ct-D-alloside.

In another experiment, the same reaction mixture, in half the

above quantities, was left for 6 days at 0° and one day at room

temperature, then treated as before. It gave, from the chloroform

solution, a white solid which, after recrystallization from

chloroform-light petroleum, was methyl 2:3-anhydro-4:6-0-

benzylidene-cr-D-alloside (2.35 g.)« The mother-liquor from this

recrystallization was evaporated, and the residue was extracted

with methanol (20 ml.), leaving a solid which, after recrystalliza¬

tion, was shown to be anhydro-alloside (0.5 g.)« Evaporation of the

methanol solution gave a syrup which, crystallized from chloroform-

light petroleum, was methyl 4"-6-0-benzylidene-a-D-glucoside

3-methanesulphonate (0.53 g.)«

- 180 -



Characterization of Methyl 4:6-0-BenzyIidene-

c-D-glucoside 3-Methanesulphonate

(a) Methanesulphonyl chloride (4 drops) was added to a

solution of the 3-methanesulphonate (0.15 g.) in pyridine (1 ml.),
and the mixture was kept at 0° for 20 hours. The solid,

recrystallized from methanol, was methyl 4:6-0-benzylidene-a-D-

glucoside 2:3-dimethanesulphonate (0.13 g-), m.p. 133°.

(b) A suspension of the 3-methanesulphonate (1.5 g.) in

acetic anhydride (2 ml.) was mixed at 0° with fuming nitric acid

(0.5 ml.) dissolved in acetic anhydride (2 ml.). The solid

rapidly dissolved, and after 5 minutes the product began to

separate. Precipitation was completed 10 minutes later by

addition of ice-water. Recrystallization of the washed and dried

product from methanol-acetone gave needles of methyl 4:6-0-

benzylidene-a-D-glucoside 3-methanesulphonate 2-nitrate (1.34 g-)>

m.p. 135°, [o]p8 +75° (c, 1.0) (Found: C, 45.0; H, 4.6; N, 3.3-
G15H19°10NS re<lu:i-res c> 44*5; H, 4• 7; N, 3.5$).

Alkaline Hydrolysis of Methyl 4:6-0-Benzylidene-

ct-D-glucoside 2: 3-Ditoluene-p-sulphonate

(a) The 2:3-ditoluene-p-sulphonate (10 g.) in chloroform

(125 ml.) was mixed with sodium methoxide in methanol (31.5 ml.;

2.6N) at 0°. After 17 hours at this temperature, the solution

was shaken with water (3 x 100 ml.), the last aqueous extract being
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neutral to litmus. The chloroform solution was evaporated and

the resulting solid was washed with cold methanol (10 ml.). The

solid was then extracted with cold benzene (20 ml.). Evaporation

of the benzene, followed by recrystallization of the resulting

solid from benzene, gave methyl 4:6-0-benzylidene-ct-D-glucoside

3-toluene-p-sulphonate (1.27 g*)5 m.p. 164®, +32.5° (c, 0.9)

(Found: C, 53.6; H, 5.7; S, 7.7. C2iH24°3S requires c> 57.3;
H, 5.5; S, 7.4$)•

(b) A similar mixture containing 2: 3-ditoluene-p~sulphonate

(50 g.) was kept at 0° for 2 days. The crude product obtained

in the same way was extracted with benzene (5 x 100 ml.) at room

temperature. The residue, recrystallized from benzene, was

methyl 2: 3-anhydro-4:6-0-benzylidene-ct-D-alloside (6.55 g»),

m.p. 193-199°• The solid obtained by evaporation of the benzene

extracts was dissolved in hot methanol (100 ml.). The cooled

filtered solution deposited crystals which, twice recrystallized

from benzene, were methyl 4= 6-0-benzylidene-ct-D-glucoside

3-toluene-p-sulphonate (3-75 g-)* The benzene mother-liquors

from the recrystallizations of the 3-toluene-p-sulphonate were

combined and evaporated, and fuming nitric acid (5 ml.) in acetic

anhydride (20 ml.) was added to the resulting solid suspended in

acetic anhydride (20 ml.) at 0°. After 15 minutes at 0°,

undissolved solid was filtered off, washed with water, dried, and
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shown to be the anhydro-alloside (1.2 g.), m.p. 196-19$°. The

reaction solution was poured into ice-water, and the precipitated

solid was recrystallized twice from ethanol-acetone, giving methyl

4:6-0-benzylidene-o-D-glucoside 2-nitrate 3-toluene-jD-sulphonate

(2.&4 g.), m.p. and mixed m.p. with authentic compound described

below, 155-156°. Evaporation of the mother-liquors gave a solid

which, purified by chromatography of its benzene solution on

alumina, gave more (0.54 g-) of the 2-nitrate 3-toluene-jo-sulphonate.

Characterization of Methyl 4:6-0-Benzylidene-

cx-D-glucoside 3-Toluene-p-sulphonate

Toluene-jc-sulphonyl chloride (0.3 g.) was added to the 3-

toluene-p-sulphonate (0.5 g.) in pyridine (2 ml.), and the

mixture was kept at room temperature for 4 days. The product,

recrystallized twice from ethanol, gave the 2:3-ditoluene-.p-

sulphonate (0.37 g.)> m.p. 146-147°•

A suspension of methyl 4:6-0-benzylidene-a-D-glucoside

3-toluene-jD-sulphonate (0.94 g«) in acetic anhydride (2 ml.)
dissolved after the addition of fuming nitric acid (0.5 ml.) in

acetic anhydride (2 ml.) at 0°. The product obtained after 15

minutes recrystallized from methanol as plates (0.73 g-)>

m.p. 153-155°. Another recrystallization gave methyl 4*6-0-
benzylidene-Qf-D-glucoside 2-nitrate 3-toluene-p-sulphonate,

m.p. 155-156°, +45-4° (c, 1.0) (Found: C, 52.$; H, 4-7;
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N, 2.9. ^21H23°10SN requires C, 52.4; H, 4.3; N, 2.9%).
This m.p. was depressed to I3O-I4O0 when the compound was mixed

with methyl 4:6-0-benzylidene-a-D-glucoside 3-nitrate 2-toluene-p-

sulphonate, m.p. 161-162°, the preparation of which is described

below.

Alkaline Hydrolysis of Methyl 4:6-0-Benzylidene-

a-D-glucoside 2: 3-Dinitrate

(a) A 2.6N solution of sodium methoxide in methanol (31-5 ml.)

was added to methyl 4*6-0-benzylidene-a-D-glucoside 2:3-dinitrate

(6.3 g.), dissolved in chloroform (125 ml.), and the mixture was

left at 0° for 3 days. The chloroform solution was then washed

free from alkali with water (3 x 100 ml.) and evaporated. The

solid left after extraction of the residue with boiling light

petroleum (100 ml.) was recrystallized from methanol, to give

needles of methyl 4:6-0-benzylidene-a-D-glucoside 3-nitrate

(1.55 g.), m.p. 174°, l>]22 +113.5° (c, 1.0) (Found: C, 51-4;

H, 4»9; N, 3-9. C14H17°£N requires G, 51-4; H, 5.2; N, 4*3%)•
The cooled light petroleum extract deposited crystals (1.6 g.)

which, recrystallized twice from methanol, were starting compound

(0.70 g.).

(b) The same reaction mixture was left at room temperature

for 5 days. The inorganic precipitate was then filtered off and

found to contain much nitrite. The chloroform solution was washed
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with water (3 x 100 ml.). The first aqueous washing, which

extracted the yellow colour from the chloroform and smelled

strongly of benzaldehyde, had +1.8° (2 dm. tube). The

second and third aqueous washings were colourless and optically

inactive. The chloroform solution was evaporated to yield a

sticky solid, which was extracted with boiling light petroleum

(2$ ml.). The solid which remained recrystallized from methanol,

to give methyl 4:6-0-benzylidene-a-D-glucoside 3-nitrate (0.7 g-).
The brown unstable solid, obtained by evaporation of the methanolic

mother-liquor at room temperature was extracted with hot carbon

tetrachloride. The cooled, concentrated carbon tetrachloride

solution deposited needles (0.3 g«), which, recrystallized from

methanol, gave more 3-nitrate (0.16 g.). The light petroleum

extract was evaporated to a syrup which was dissolved in ether,

and chromatographed on alumina. Elution with ether gave, in the

early fractions, unchanged starting compound (1.0 g.). Later

fractions gave, after evaporation and recrystallization of the

residue from chloroform-light petroleum, methyl 4:6-0-benzylidene-

g-D-glucoside 2-nitrate (0.35 g«), m.p. 136°, +109.6°

(c, 0.57) (Found: C, 51.9; H, 5.7; N, 3.S. ci4Hi7°8N requires
C, 51.4; H, 5.2; N, 4-3%)* Elution with ether-chloroform (1:1)
and finally with chloroform gave the 3-nitrate (0.32 g.). No

further products were obtained when the column was washed with
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ethanol.

(c) A 2.6N-solution of sodium methoxide in methanol (3.6 ml.)

was boiled with the 2:3-dinitrate (1.2 g.) in methanol (10 ml.)
for 1 hour under reflux. The dark solution was neutralized with

acetic acid, and evaporated. Extraction of the residue with

chloroform, followed by evaporation of the extract, gave a syrup

which was chromatographed in benzene on alumina. Successive

elution with benzene, chloroform, and ethanol gave methyl 2:3-

anhydro-4:6-0-benz,ylidene-a-D-alloside (0.03 g.)} methyl 4:6-0-

benzylidene-a-D-glucoside 3-nitrate (0.02 g.), and methyl 4:6-0-

benzylidene-a-D-glucoside (0.02 g.).

(d) The dinitrate (6.3 g.) and o-phenylene diamine {2.8 g.)
were dissolved in chloroform (125 ml.), and sodium methoxide in

methanol (31.5 ml.; 2.6N) was added. After 4 days at room

temperature, the chloroform solution was washed free from alkali

with water (3 x 100 ml.), and then evaporated to a syrup, most of

which dissolved in methanol. The undissolved solid was purified

by precipitation from chloroform with light petroleum, giving the

ouinoxaline derivative of methyl 4:6-0-benzylidene-2:3-dideoxy-

2:3-dioxo-a-D-glucoside (0.11 g.), -90° (c, 0.3) (Found:

C, 68.8; H, 5.0; N, 7.8. C20Hl8°4N2 re9uires G> 6S*6"> H> 5-1;
N, 8.0%). This compound decomposed between 230° and 240° without

melting.
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Characterization of Methyl 4:6-0-Benzylidene-

a-D-glucoside 3-Nitrate

Fuming nitric acid (0.5 ml.) in acetic anhydride (1.5 ml.)

was added slowly to a suspension of the 3-nitrate (0.5 g.) in

acetic anhydride (1.5 ml.), at 0°. The resulting solid,

recrystallized from methanol, gave methyl 4*6-0-benzylidene-q-D-

glucoside 2:3-dinitrate (0.36 g.), m.p. 122-123°.

A suspension of the 3-nitrate (0.1 g.) in paraldehyde (1 ml.)
and concentrated sulphuric acid (0.2 drop) was shaken until the

solid had dissolved (5 minutes). The mixture was left for 30

minutes more at room temperature, then chloroform and potassium

carbonate were added. Evaporation of the filtered solution gave

a solid (0.06 g.) , which was recrystallized from ether-light

petroleum as fine needles of methyl 4'*6-0-ethylidene-a-D-glucoside

3-nitrate, m.p. 176°.

Characterization of Methyl 4:6-0-Benzvlidene-

a-D-glucoside 2-Nitrate

A mixture of methanesulphonyl chloride (0.1 g.), the

2-nitrate (0.1 g.), and pyridine (1 ml.) was kept for 20 hours at

0°. The product yielded a solid (0.09 g.), which after two

recrystallizations from methanol was shown to be methyl 4;6-0-

benzylidene-a-D-glucoside 3-methanesulphonate 2-nitrate, m.p. 185°•
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Derivatives of Methyl 4:6-0-Benzylidene-

a-D-glucoside 3-Nitrate

(a) Fused sodium acetate (1 g.), 3-nitrate (2 g.) and

acetic anhydride (10 ml.) were heated together for 1 hour at 100°

and then poured into ice-water. The resulting solid was recrystal¬

lized from light petroleum, to give thin plates of methyl 4-6-0-

benzylidene-a-D-glucoside 2-acetate 3-nitrate (1.83 g.), m.p. 110°,

+83.7° (c, 1.0) (Found: C, 51-8; H, $.3- ci6H19°9N
requires C, 52.0; H, 5.2%).

(b) A solution of the 3-nitrate (1 g.) and toluene-p-

sulphonyl chloride (1 g.) in pyridine (5 ml.) was left at room

temperature for 5 days. The product, recrystallized from

methanol, was thin plates of methyl 4:6-0-benzylidene-a-D-glucoside

3-nitrate 2-toluene-p-sulphonate (1.15 g-)5 m.p. 161-162°,

[a]J6 +59° (c, 0.9) (Found: C, 52.2; H, 5-0; S, 6.7-
C21H23^10NS requires C, 52.4; H, 4-3; S, 6.7%)-

(c) Methanesulphonyl chloride (3 ml.) was added dropwise to

a solution of the 3-nitrate (5 g-) in pyridine (25 ml.) at 0°.

The mixture was kept at 0° for 20 hours. Recrystallized from

methanol, the product yielded needles of methyl 4:6-0-benzylidene-

ft-D-glucoside 2-methanesulphonate 3-nitrate (5-82 g.), m.p. 129-130°,

[ct]J5 +68.8° (c, 1.0) (Found: C, 44-3; H, 4-9- Gi5Hi9°ioNS
requires C, 44-5; H, 4-7%)-
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(d) Silver oxide (6 g.) was added in portions during

3 hours to a suspension of the 3-nitrate (3 g.) in boiling methyl

iodide (1$ ml.). The mixture was boiled for a further 19 hours

before the silver residue was filtered off. The residue was

washed with methanol, and the washings and filtrate were combined

and evaporated. The resulting solid (3 g.), m.p. 114-115°,

recrystallized from light petroleum, was methyl 4:6-0-benzvlidene-

2-0-methyl-a-D-glucoside 3-nitrate, m.p. 116-117°, [a]p^ +83-7°
(c, 1.0) (Found: C, 53-4; H, 5.6. ci5Hi9°gN requires C, 52.6;
H, 5.6#).

Alkaline Hydrolysis of Methyl 4: 6-0-33enzylidene-

a-D-glucoside 3-Nitrate

(a) A 2,6N-solution of sodium methoxide in methanol (9 ml.)

was added to a solution of carefully purified methyl 4*«6-0-

benzylidene-a-D-glucoside 3-nitrate (1.5 g«, 1 mol.) in chloroform

(37-5 ml.), and the mixture was kept for 7 days at room temperature.

The colourless mixture was then shaken with water to remove alkali.

Sodium nitrite was present in the aqueous layer. Evaporation of

the chloroform layer gave a solid, which was chromatographed on

alumina in benzene. The first fractions eluted with benzene gave

an unidentified syrup (0.13 g«), then, after a distinct break,

more syrup was obtained, which crystallized from light petroleum

as granular crystals of methyl 4:6-0-benzylidene-a-D-glucoside
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2-nitrate (0.07 g.), m.p. and mixed m.p. 134-135°. Subsequent

fractions, including those obtained by washing the column with

chloroform, were combined and recrystallized from carbon

tetrachloride to give unchanged 3-nitrate (0.66 g.), m.p. and

mixed m.p. 171-172°. A mixture of the 3-nitrate (0.02 g.),

m.p. 174°, and the 2-nitrate (0.001 g.), m.p. 136°, softened at

130°, and melted at 145-165°.

(b) Sodium methoxide in methanol (2.4 ml.; 2.6N) was boiled

under reflux for 1 hour with the 3-nitrate (1 g.) in methanol

(10 ml.). The brown solution, cooled to 0°, deposited methyl

2:3-anhydro-4:6-0-benzylidene-a-D-alloside (0.17 g.). The

filtered solution, after neutralization with acetic acid, was

evaporated to a residue, whose chloroform extract was chromato-

graphed on alumina. The early fractions eluted by chloroform

gave solid (0.19 g.), which, twice recrystallized from carbon

tetrachloride, was unchanged 3-nitrate (0.11 g.). Subsequent

fractions, including that obtained by washing of the column with

ethanol, were combined and identified as methyl 4:6-0-benzylidene-

a-D-glucoside (0.30 g.).

(c) 3-Nitrate (2 g.) in methanol (40 ml.) was boiled for

24 hours with sodium methoxide in methanol (4*7 ml.; 2.6N). The

dark, neutralized solution was evaporated to a tar which was

extracted with chloroform (50 ml.). Evaporation of the chloroform
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solution left a brown, partly solid mass, which was chromatographed

on alumina (70 g.) in chloroform solution. First fractions gave,

after recrystallization from methanol, methyl 2:3-anhydro~4:6-0-

benzylidene-a-D-alloside (0.15 g.). Subsequent fractions yielded

an unidentified syrup (O.36 g.). When the column was washed with

alcohol methyl 4*6-0-benzylidene-ft-D-glucoside (0.60 g.) was

obtained.

Alkaline Hydrolysis of Methyl 4:6-0-Benzylidene-

2-0-methyl-a-D-glucoside 3-Nitrate

Sodium methoxide in methanol (2.4 ml.; 2.6N) was boiled

under reflux for 1 hour with methyl 4*«6-0-benzylidene-2-0-methyl-

a-D-glucoside 3-nitrate (1 g.) in methanol (10 ml.). The dark,

cold solution deposited crystals of starting compound (0.54 g«)-

The mother-liquor, neutralized with acetic acid, was evaporated

to a solid, to which chloroform was added. The insoluble inorganic

residue, containing nitrite, was filtered off. Evaporation of

the filtrate left a residue, which was chromatographed in benzene

solution on alumina. First fractions eluted with benzene gave a

solid which, recrystallized from light petroleum, was starting

compound (0.12 g.). When the eluant was changed to chloroform, a

solid (0.0$ g.) was. obtained, which was recrystallized from

chloroform-light petroleum and identified as methyl 4*6-0-

benzylidene-2-0-methyl-a-D-glucoside, m.p. 166-16$°, undepressed on
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admixture with an authentic sample.

Alkaline Hydrolysis of Methyl 4:6-0-Benzylidene-a-D-

glucoside 3-Nitrate 2-Toluene-p-sulphonate

(a) The 3-nitrate 2-toluene-]D-sulphonate (1.0 g.) in

chloroform (10 ml.) was mixed with sodium methoxide in methanol

(2.0 ml.; 2.6N) and kept for 24 hours at 0°. The solution,

diluted with chloroform, was washed free from alkali with water

and evaporated. The aqueous washings, which contained nitrite,

were optically inactive. Evaporation of the chloroform solution

left a residue which was chromatographed in ether on alumina.

The first fractions eluted with ether gave a solid (0.45 g*)>

which, after recrystallization from methanol, yielded starting

compound (0.25 g«)> Further elution with ether-chloroform gave

methyl 4:6-0-benzylidene-a-D-glucoside 3-nitrate (0.22 g.).

(b) Sodium methoxide in methanol (3*6 ml.; 2.6N) was

added to the ester (1,5 g.) in chloroform (10 ml.), and the

mixture was kept at 0° for 4^ hours. The crude products were

isolated as in (a) and chromatographed in benzene on alumina.

Benzene, followed by chloroform, eluted starting compound (0.17 g.),

methyl 4s6-0-benzylidene-a-D-glucoside 2-nitrate (0.10 g.), and

the 3-nitrate (0.37 g.)•

(c) The quantities of reactants used in (b) but dissolved
in methanol (10 ml.) only were boiled under reflux for 1.75 hours.
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Methyl 2:3-anhydro-4:6-0-benzylidene-a-D-alloside (0.5 g.) was

deposited from the cooled solution, neutralized with acetic acid.

The residue from the evaporated solution was extracted with

chloroform, and the chloroform solution was evaporated to a dark

syrup, which was chromatographed from benzene on alumina. After

an unidentified syrup (0.07 g.), the benzene eluate yielded

crystals (0.015 g.) which, recrystallized, proved to be the

anhydro-alloside. Elution with chloroform gave slightly impure

3-nitrate (0.03 g-)> m.p. and mixed m.p. 169-170°, and finally

elution with ethanol gave crystals (0.12 g.) which, recrystallized

from chloroform-light petroleum, were methyl 4:6-0-benzylidene-a-

D-glucoside (0.09 g.).

(d) The ester (2 g.) in methanol (50 ml.), and sodium

methoxide in methanol (4«$ ml.; 2.6N), were boiled under reflux

for 24 hours. The dark brown solution was then neutralized with

acetic acid and evaporated. The residue, containing nitrite, was

extracted with chloroform (50 ml.), and the chloroform solution

was chromatographed on alumina. First fractions yielded, after

recrystallization from chloroform-light petroleum, methyl 2:3-

anhydro-4:6-0-benzylidene-a-D-alloside (0.06 g.). Subsequent

elution with ethanol followed by recrystallization from water gave

methyl 4:6-0-benzylidene-a-D-glucoside (0.13 g.).
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Alkaline Hydrolysis of Methyl 4:6-0-Benzylidene-a-D-

glucoside 2-Nitrate 3-Toluene-p-sulphonate

(a) The 2-nitrate 3-toluene-p>-sulphonate (1.5 g.) in

chloroform (10 ml.) was kept with sodium methoxide in methanol

(3-6 ml.; 2.6N), at 0° for 4$ hours. The colourless solution

was diluted with chloroform, washed with water, and evaporated

to a solid. The aqueous washings contained nitrite, and had a

small positive optical rotation. A benzene solution of the

solid was chromatographed on alumina. Benzene eluted first

unchanged starting compound (0.19 g.), then a solid (0.40 g.),

which, recrystallized from benzene, gave methyl 2:3-anhydro-4:6-0-

benzylidene-a-D-alloside (0.26 g.). Final elution with chloroform

gave methyl 4:6-0-benzylidene-a-D-glucoside 3-toluene-jg-sulphonate

(0.13 g.).

(b) The ester (1.5 g.) in methanol (10 ml.) was boiled

under reflux with sodium methoxide in methanol (3*6 ml.; 2.6N)

for 1.5 hours. The dark solution, on cooling, deposited methyl

2:3-anhydro-4:6-0-benzylidene-a-D-alloside (0.16 g.). The filtrate

was neutralized with acetic acid and evaporated to a syrup, whose

benzene solution was chromatographed on alumina. No products were

eluted with benzene, but with chloroform more anhydro-alloside

(0.015 g.) was obtained, followed by a syrup (0.45 g.)« No

products were eluted with ethanol. The syrup was dissolved in
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chloroform-benzene (1:1) and rechromatographed, this solvent

mixture being used as eluant. The resulting syrup crystallized

(0.38 g«)j and was recrystallized several times from ether-light

petroleum, to give an unidentified product, m.p. 112° (Found:

C, 59.5; H, 6.65#).

Alkaline Hydrolysis of Methyl a-D-Glucoside

2:3:4-Triacetate 6-Nitrate

Sodium methoxide in methanol (12.5 ml.; 2.6N) was added to

methyl a-D-glucoside 2:3:4-triacetate 6-nitrate (2.47 g.) in

methanol (62.5 ml.), and the solution was boiled under reflux

for 24 hours. The solution was neutralized with glacial acetic

acid and then evaporated. The filtered chloroform solution of

the residue, chromatographed on alumina, yielded a product (0.6$ g.),

m.p. 103-106°, which after recrystallization from chloroform-light

petroleum was methyl 3:6-anhydro-a-D-glucopyranoside, m.p. 106-106°,

[g]JS +53° (c, 0.1 in H20).

Alkaline Hydrolysis of Methyl 4:6-0-Ethylidene-

a-D-mannoside 2:3-Dinitrate

After being kept for 6 weeks at 0° a solution of methyl

4:6-0-ethylidene-q-D-mannoside 2:3-dinitrate (2 g.) in chloroform

(24 ml.) and methanol (13 ml.) containing sodium (0.74 g«) was

neutralized with glacial acetic acid. The residue obtained by
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evaporating the solution was dissolved in benzene, filtered, and

chromatographed. Elution with benzene yielded methyl 4:6-0-

ethylidene-a-D-mannoside 2-nitrate (6%) , m.p. 125° after several

recrystallizations from ether-light petroleum (Found: C, 41-0;

H, 5.8. C^H-^OgN requires C, 40*8; H, 5.7%)- Further elution
with chloroform removed methyl 4:6-0-ethylidene-ct-D-mannoside

3-nitrate (29%), m.p. 165° (unaltered after admixture with
i

Aspinall and Zweifel's preparation,^50) m p^ 166°)? [a]J^ +51.3°
(c, 0.7), after recrystallization from ether-light petroleum

(Found: C, 40-6; H, 5.7%). A final extraction of the column

with methanol gave methyl 4:o-O-ethylidene-a-D-mannoside (20%),

m.p. 115°> undepressed after admixture with authentic compound.

A solution similar to the above was badly coloured after 10

minutes' boiling. The products isolated were methyl 4:6-0-

ethylidene-a-D-mannoside (15%) and its 3-nitrate (4%)•

Alkaline Hydrolysis of Methyl 4:6-Q-Ethylidene-

a-D-mannoside 2:3-Ditoluene-p-sulphonate

A solution of this 2:3-ditoluene-£-sulphonate (1.5 g.) in

chloroform (18 ml.) and methanol (5.6 ml.) containing sodium

(0.33 g.) was kept at 0° for 6 weeks. Neutralization with

glacial acetic acid followed by evaporation gave a solid residue

which was chromatographed in benzene. Elution with benzene gave

(150) G. 0. Aspinall and G. Zweifel, J.Chem.Soc., 1957, 2271-
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unchanged starting compound (41%) ; further elution with

chloroform yielded a solid which, after recrystallization from

ether-light petroleum, was methyl 4:6-0-ethylidene-a-D-mannoside

3-toluene-p-sulphonate (24%), m.p. 122-123° raised to 125° by

admixture with Aspinail and Zweifel's compound of m.p. 129°

(Found: G, 51.3; H, 5.8. Calc. for Cq^H^OgS: C, 51.3;
H, 5.9%).

Some Further Reactions of Nitrates and Sulphonates

with Sodium Methoxide in Methanol

(a) 1:2-5:6-Di-O-cyclohexylidene-P-glucose 3-nitrate

(i) The 3-nitrate (3-85 g., 0.01 mole) in methanolic sodium

methoxide (50 ml.; sodium, 0.26 g., 0.011 mole) was boiled under

reflux for S hours. The coloured mixture was evaporated and the

residue extracted with water. The precipitate was ground,

extracted again with water, collected, and dried in a desiccator.

This solid (3«42 g.), m.p. 107-109°, recrystallized twice from

n-heptane, was 1:2-5:6-di-0-cyclohexylidene-D-glucose (2.0 g., 59%),

+1.35° (c, 1.7), m.p. 131.5-132.5°. Starting compound

(0.74 g*, 19%) was isolated from the mother-liquor.

(ii) A solution of the nitrate (7.697 g«, 1 mole) in

anhydrous methanol (100 ml.) containing sodium (0.7074 g>, 1*5 mole)
was boiled under reflux for 13 hours. The evaporated mixture,

after extraction with chloroform, was dissolved in water. An

- 197 -



aqueous extract of the chloroform solutions was combined with

this solution and the volume was made up to 250 ml. Titration

of aliquot parts against hydrochloric acid showed that 1.49

equivalents of sodium had been consumed during the reaction. 10%

Aqueous potassium iodide (5 ml.) was added to each neutralized

aliquot part, and carbon dioxide was bubbled through the whole.

2N-Hydrochloric acid (10 ml.) was introduced below the liquid

surface; the liberated iodine, titrated with sodium thiosulphate,

was equivalent to 34% of nitrite ion. When a portion of the

original solution was first boiled with ammonium chloride (0.5 g.)
for 10 minutes to decompose nitrite, no iodine was liberated on

addition of potassium iodide and hydrochloric acid, showing the

absence of oxidizing agents other than sodium nitrite.

The chloroform extracts of the original reaction mixture

were evaporated to a syrup which, crystallized from light petroleum

(b.p. 30-100°), was 1:2-5:6-di-0-cyclohexylidene-D-glucose (4-463 g.>

69% of nitrate consumed), m.p. 132°. The concentrated mother-

liquor crystallized from methanol, to give starting compound

(O.365 g.)•

(iii) A solution of the nitrate (3-863 g.) was treated with

sodium (0.355 g.) in methanol (50 ml.) as in the preceding experi¬

ment. The dark brown mixture was filtered through sintered glass,

and its volume was made up to 100 ml. with anhydrous methanol.
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This solution did not decolorize bromine in carbon tetrachloride

or permanganate in aqueous acetone. A portion (50 ml.) of the

solution was evaporated and the residue was extracted several

times with water. The volume of the extract was made up to

100 ml. After it had been neutralized with 2N-sulphuric acid,

mixed with ammonium sulphamate (0.4 g.) and 2N-sulphuric acid

(6 ml.), and kept overnight, the solution was halved and raised

nearly to the b.p. Then to each half was added nitron (0.5 g.)
in 5% acetic acid (5 ml.). The solutions were cooled in ice-

water for 2 hours, and the precipitates of nitron nitrate were

collected, washed, and dried to constant weight (0.3902 g.,

0.3893 g-, equiv. to l±2% of nitrate ion).

(b) 1:2-5:6-Di-0-cyclohexvlidene-D-glucose 3-toluene-p-sulphonate

(i) Methanol (50 ml.) containing sodium (0.6 g.) and the

3-toluene-jg-sulphonate (5.6 g.) was boiled under reflux for

23 hours. Acetic acid (0.3 ml.) was added, and methanol was

evaporated. The solid residue was shaken with warm benzene;

evaporation of the benzene extract yielded a white solid, which,

recrystallized from n-heptane, was 1:2-5:6-di-O-cyclohexylidene-P-

glucose (3-7 g., 94%)*

(ii) When the quantity of sodium used was 0.02 g., unchanged

starting compound (96%) was recovered.

(iii) When the toluene-_g-sulphonate was treated as in (i) but
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at room temperature for 21 days, starting compound (91%) was

recovered.

1:2-3:4-Di-Q-isopropylidene-D-galactose 6-toluene-p-sulphonate

A solution of sodium (0.33 g.) and the 6-toluene-]D-sulphonate
(2.0 g.) in methanol (25 ml.) was boiled under reflux for 25 hours.

Acetic acid (0.1 ml.) was added, and the evaporated mixture was

extracted twice with chloroform. Evaporation of the combined

extracts gave a colourless oil which did not decolorize bromine

in carbon tetrachloride or potassium permanganate in aqueous

acetone. The oil, chromatographed in benzene solution, yielded,

on elution with benzene, starting compound (0.1 g., 5%) and, on

elution with chloroform, 1:2-3:4-di-O-isopropylidene-D-galactose

(1.12 g., 90%), identified by conversion into the corresponding

6-nitrate.

When a similar reaction was stopped after 2 hours starting

compound (84%) was recovered.

1:2-3:4-Di-0-isopropylidene-D-galactose 6-nitrate

A solution of this nitrate (3.06 g., 1 mol.) in methanol

(50 ml.) containing sodium (0.69 g.) was boiled under reflux for

5 hours. Excess of sodium methoxide was neutralized with acetic

acid, the solvent was evaporated, and the residue was extracted

with chloroform. Evaporation of the extract gave a syrup which
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did not decolorise bromine or permanganate. Chromatography, as

described in the preceding experiment, gave unchanged compound

(1.15 g., 37%) and 1:2-3:4-di-O-isopropylidene-D-galactose (0.97 g.,

37%), identified as its toluene-_p-sulphonate.

The reaction mixture, boiled under reflux for 1 hour only,

yielded the same products (54 and 25% respectively).

Reaction of Methyl 4:6-0-Ethylidene-fl-D-glucoside 2:3-

Dinitrate with Sodium Iodide in Acetic Anhydride

Acetic anhydride (25 ml.), 2:3-dinitrate (2 g.), and sodium

iodide (4 g-) were heated for 3 hours at 100°. The solution was

poured into ice-water and left for 1 day. A chloroform extract

therefrom was washed with sodium thiosulphate and sodium

hydrogen carbonate solutions. Distillation of the dried solution

left a syrup (1.5 g-, 76%) which, crystallized from light petroleum

(b.p. 60-100°), gave the 2-acetate 3-nitrate, m.p. 124-125°,

[a]^ -36.0° (c, 0.24) (Found: C, 42.5; H, 5-3; N, 4-6. Calc.
for C11H1709N: C, 43.0; H, 5-3; N, 4.6%). An authentic
specimen, m.p. 126-127°, had mixed m.p. with that prepared above,

125-126°.

Acetic anhydride (25 mi.), sodium iodide (6 g.), and

2:3-dinitrate (4 g-) were boiled under reflux for 3 hours. The

product isolated was the 2:3-diacetate (2.5 g., 64%), m.p. 170-

172°, mixed m.p. with an authentic specimen, 172-173°-
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Reactions of Methyl 4;6-0-Benzylidene-Q-D-

glucoside 2:3-Dinitrate

(a) With sodium iodide in acetone

Sodium iodide (21 g.) and the 2:3-dinitrate (10.5 g.) were

boiled in acetone (S7 ml.) for 20 hours. Nitric oxide was

evolved, and iodine was liberated. Evaporation of the acetone

gave a nitrite-containing lachrymatory solid, which was extracted

several times with chloroform. The combined extracts were

washed with water and with aqueous sodium thiosulphate, decolorized

with charcoal, and evaporated. The residue was extracted with

boiling light petroleum (100 ml.), and the insoluble portion was

recrystallized from carbon tetrachloride to yield 3-nitrate

(4«4 g-)• When the light petroleum extract was cooled, a syrup

separated, which partly crystallized. Recrystallization from

methanol gave prisms of starting compound (1.35 g-)-

(b) With sodium iodide in methanol

A sealed tube containing the 2:3-dinitrate (2 g.) and sodium

iodide (2 g.) dissolved in methanol (15 ml.) was heated at 100°

for 20 hours. Chloroform and water were added and the mixture

was titrated with 0.2036N-sodium thiosulphate. The chloroform

layer was then separated, and the aqueous layer was extracted once

more with chloroform. Water was added to the aqueous layer to

make 250 ml. Potassium iodide solution (10 ml.; 10%) was added
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to portions (50 ml.) of this solution, and nitrogen was bubbled

through it. Hydrochloric acid (20 ml.; 2N) was introduced below

the liquid surface, and the liberated iodine was titrated with

0.0504N-sodium thiosulphate. When a portion of the solution was

boiled with ammonium chloride (1 g.) for 5 minutes before addition

of the potassium iodide and acid, no iodine was liberated.

The combined chloroform extracts were evaporated to a

residue, whose benzene solution was chromatographed on alumina.

The benzene eluant gave starting compound: the 3-nitrate was

obtained when the column was subsequently eluted with chloroform.

No further products were obtained on elution with ethanol. The

compounds were identified by m.p. and mixed m.p. with an authentic

specimen. The results are recorded in Table 1, page 128.

With sodium nitrite in aqueous ethanol

The 2:3-dinitrate (8 g.) and sodium nitrite (4 g.) were

boiled in ethanol (40 ml.) and water (10 ml.) for 21 hours. The

solvent was evaporated, and the white solid residue was extracted

with chloroform. The chloroform extracts were washed with water,

and evaporated to a white solid, which was boiled with potassium

carbonate solution (50 ml.; 2%). The solid which remained

undissolved was filtered off and recrystallized from methanol, to

give needles of 3-nitrate (4-96 g.). The solid obtained by

concentration and cooling of the potassium carbonate solution was,
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after recrystallization from chloroform-light petroleum, methyl

4:6-0-benzylidene-a-D-glucoside (0.3 g*)-
When the 2:3-dinitrate (2 g.) alone was boiled with aqueous

ethanol for 20 hours, starting compound (1.7 g-) was the only

product isolated.

Reactions of Methyl 4:6-0-Ethylidene-a-D-

glucoside 2:3-Dinitrate

With sodium iodide in acetone

The 2:3-dinitrate (3 g.) in acetone (25 ml.) containing

sodium iodide (6 g.) was heated in a sealed tube at 100° for

24 hours. The evaporated mixture was extracted with chloroform,

and the extract was washed successively with water, sodium

thiosulphate solution, and sodium hydrogen carbonate solution,

and evaporated. The white solid (1.45 g.) obtained was recrystal-

lized from ether-light petroleum as fine needles of 3-nitrate.

With sodium iodide in pyridine

Sodium iodide (4 g.) and the 2:3-dinitrate (2 g.) were boiled

for 30 minutes in pyridine (20 ml.). Oxides of nitrogen were

evolved, and iodine was liberated. When the mixture was poured

into water, no solid separated but, when the solution was concen¬

trated and cooled, fine needles (0.92 g.) appeared. These,

recrystallized from ether-light petroleum, were 3-nitrate.
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Concentration of the aqueous-pyridine solution gave more

3-nitrate (0.1 g.).
When the 2:3-dinitrate (2 g.) was heated to 100° for 30

minutes in pyridine (20 ml.) alone, the solution darkened. The

mixture was poured into ice-water; a solid (1.7 g.) separated,

which recrystallized from light petroleum as stout needles (1-54 g*)
of starting compound.

With sodium nitrite in aqueous ethanol

A solution of the 2:3-dinitrate (4*3 g.) and sodium nitrite

(2.$ g.) in ethanol (20 ml.) and water (5 ml.) was boiled for

17 hours. The concentrated solution was shaken with chloroform

and water, and the chloroform layer was evaporated. The solid

residue, recrystallized from ether, gave 3-nitrate (2.5 g.)-

Attempted Reaction of Sulphonates and

Acetate with Sodium Iodide

(a) Methyl i\.: 6-0-ethylidene-a-D-glucoside 2: 3-ditoluene-p>-

sulphonate (2 g.) and sodium iodide (4 g.) were boiled for 17 hours

in dry pyridine (20 ml.). Pouring the mixture into ice-water gave

a white solid which was filtered off and recrystallized from

methanol as thin plates of starting compound (1.3 g.K
(b) When methyl 4:6-0-benzylidene-a-D-glucoside 2:3-diacetate

(2.0 g.) was heated with sodium iodide in acetone in a sealed tube
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at 100° for 20 hours, starting compound (1.9 g.) was recovered.

(c) After similar treatment of methyl 4:6-0-benzylidene-a-D-

glucoside 2:3-dimethanesulphonate (3.0 g.) with sodium iodide in

acetone starting compound (2.5 g.) was obtained.

(d) After methyl 1+: 6-0-benzylidene-a-D-glucoside 2:3-

ditoluene-p-sulphonate was heated with sodium iodide and acetone

in a sealed tube at 100° for 21 hours the starting compound {88%)
was recovered.

Unchanged 2:3-ditoluene-jc-sulphonate was also recovered (90%)
after being boiled with sodium nitrite in ethanol for 4^ hours.

Reactions of Sodium Iodide in Acetone with Methyl 4:6-0-Benzylidene-

g-D-glucoside 3-Nitrate, 3-Nitrate 2-Toluene-p-sulphonate,

2-Methanesulphonate 3-Nitrate, and 2-Acetate 3-Nitrate

A solution of the 3-nitrate (2 g.) and sodium iodide (4 g*)
in acetone (15 ml.) was heated in a sealed tube at 100° for 20

hours. The solid obtained on evaporation was extracted with

chloroform, and the chloroform solution was washed with water and

aqueous sodium thiosulphate and decolorized with charcoal. Evap¬

oration left a white solid, which was extracted with hot aqueous

potassium carbonate (25 ml.; 2%). The insoluble part (1.22 g.),
after recrystallization from methanol, was starting compound. The

needles (0.37 g.), m.p. 160-161°, which separated from the cold

potassium carbonate extract were, after recrystallization from
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chloroform-light petroleum, methyl 4:6-0-benzylidene-a-D-glucoside.
The 3-nitrate 2-toluene-p-sulphonate was treated as in the

previous experiment. Chloroform and water were added to the

evaporated reaction products, which did not include nitrite, and

the mixture was then shaken with aqueous sodium thiosulphate.

The chloroform layer was evaporated to a syrup which, crystallized

and recrystallized from methanol, gave methyl 4:6-0-benzylidene-

a-D-glucoside 2-toluene-p-sulphonate (1.19 g-)-
The 2-methanesulphonate 3-nitrate (2 g.) was treated as in

the previous experiments. Again the products did not contain

nitrite. The washed chloroform extract afforded crystals which

were washed with boiling light petroleum, and then recrystallized

twice from methanol to give needles (1.31 g-) of methyl 4:6-0-

benzylidene-a-D-glucoside 2-methanesulphonate, m.p. 132-133°

(depressed to 105-115° when mixed with starting compound, m.p.

129-130°), [a]Jp +72° (c, 1.2) (Found: C, 49.3; H, 5-4.
^15^20^#^ requires C, 50.0; H, 5-6%). The 2-acetate 3-nitrate
(1.5 g-) was similarly treated. The residue obtained by evapora¬

tion of the reaction mixture was extracted with chloroform. The

chloroform solution was washed with aqueous sodium thiosulphate

and evaporated to a syrup, which, dissolved in benzene, was

chromatographed on alumina. First fractions gave starting

compound (0.51 g.). Further elution with chloroform gave a solid
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(0.61 g.), which was recrystallized from chloroform-light

petroleum to give needles (0.28 g.), found after two more

recrystallizations to be methyl 4:6-0-benzylidene-a-D-glucoside

2-acetate, m.p. 182°, [a]j^ +115° (c, 0.9), mixed m.p. 174-160°
with an authentic compound of m.p. 173°• Concentration of the

first recrystallization mother-liquor gave methyl 4:6-0-

benzylidene-a-D-glucoside 3-acetate (0.09 g-), m.p. 131°,

[g]^ +110° (c, 0.65), mixed m.p. 128-130° with an authentic
sample of m.p. 128°.

Characterization of Methyl 4:6-0-Benzylidene-a-D-

glucoside 2-Methanesulphonate

Fuming nitric acid (0.2 ml.) in acetic anhydride (1.0 ml.)
was added to a suspension of the 2-methanesulphonate (0.2 g.) in

acetic anhydride (0.5 ml.) at 0°. After 15 minutes at 0°, the

mixture was poured into ice-water, a syrup separating. The

aqueous solution was decanted and sufficient hot methanol was

added to dissolve the syrup. Cooling afforded needles of methyl

4:6-0-benzylidene-a-D-glucoside 2-methanesulphonate 3-nitrate

(0.07 g.), m.p. 126-127°, which after a recrystallization had m.p.

and mixed m.p. 129°.
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Reaction of Methyl 4:6-0-Benzylidene-ct-D-glucoside

2:3-Dinitrate with Pyridine containing

Hydroxylamine Hydrochloride

When the 2:3-dinitrate (2 g.) in pyridine (20 ml.) was

heated to 100° for 4*5 hours crystals appeared in the condenser

and brown fumes were evolved. No product separated when the

dark brown mixture was poured into water.

When the 2:3-dinitrate (2 g.) in pyridine (20 ml.) containing

hydroxylamine hydrochloride (2 g.) was heated at 100° for 4 hours

the solution was not coloured, no brown fumes were evolved, and

pouring the mixture into water gave a syrup which solidified after

several changes of water. This solid, recrystallized from

ethanol-light petroleum, gave a compound (0.05 g.) which after

recrystallization from chloroform was methyl 4:6-0-benzylidene-

2:3-dideoxy-2:3-dioxo-a-D-glucoside 2:3-dioxime (Found: C, 54-4;

H, 5.1; N, 8.6. ci4Hi6°6N2 re9uires c> 54*5; H, 5-2; N, 9.1%)-
The compound sublimed in the m.p. tube at 170-180° and decomposed

at 180°. Some starting compound was recovered from the

recrystallization mother-liquors.

Extraction of the aqueous pyridine mother-liquor with chloro¬

form gave, in both experiments, a dark syrup.

The dinitrate was recovered {11%) after 24 hours at room

temperature in pyridine containing hydroxylamine hydrochloride.
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Reactions with Sodium Iodide

In these experiments each reaction mixture was evaporated

to dryness; the residue was extracted twice with chloroform, and

the chloroform solution was washed successively with sodium

thiosulphate solution and water. The chloroform was evaporated

and the resulting product was crystallized.

1: 2-5:6-Di-O-cyclohexylidene-D-glucose 3-nitrate

Acetone (20 ml.) containing sodium iodide (4-2 g.) and 1:2-5:6

di-O-cyclohexvlidene-D-glucose 3-nitrate (3-5 g.) was heated in a

sealed tube at 100° for 4^ hours. The product, recrystallized

from n-heptane, was 1:2-5:6-di-O-cyclohexylidene-P-glucose (1.83 g.

59%), m.p. 129-130°. Unchanged 3-nitrate (0.21 g., 6%) was

isolated from the mother-liquor.

1:2-3:4-Di-0-isopropylidene-D-galactose 6-nitrate

isoButyl methyl ketone (50 ml.) containing sodium iodide

(1.8 g.) and 1:2-3:4-di-O-isopropylidene-D-galactose 6-nitrate

(3.06 g.) was boiled under reflux for 47 hours. The syrup,

crystallized from aqueous ethanol, was 6-deoxy-6-iodo-l:2-3:4~di-0-

isopropylidene-D-galactose (2.04 g»» 55%), m.p. 71°, -52.5°

(c, 1.0).
A sealed tube containing the 6-nitrate (1.50 g.), sodium

iodide (0.9 g«), and acetone (20 ml.) was heated at 100° for
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47 hours. The product was 6-deoxy-6-iodo-l:2-3:4-di-0-

isopropylidene-galactose (1.01 g., 55%), m.p. 71°.

(c) Treatment of methyl {3-L-arabinoside 2: 3:4-tri'toluene-jg-

sulphonate and 1:2-5:6-di-0-cyclohexylidene-D-glucose 3-toluene-p-

sulphonate with sodium iodide in acetone at 100° for 45 hours gave

unchanged compounds in yields of 73% and 73% respectively.

(d) When methyl 4:6-0-benzylidene-3-deoxy-3-iodo-a-D-

glucoside (0.2 g.) was heated with sodium iodide (0.4 g.) in

anhydrous acetone (5 ml.) at 100° for 4 days in a sealed tube, very

little discolouring occurred. Evaporation of the solvent followed

by recrystallization from methanol yielded unchanged starting

compound (75%), m.p. 193°, [G]p° -9.3° (c 0.5).

Further Reactions of Nitrates, Sulphonates,

and Acetates with Sodium Nitrite

(a) Methyl 4:6-0-benzylidene-a-D-glucoside 3-nitrate

A solution of the 3-nitrate (4-62 g.) and sodium nitrite

(2.92 g.) in 30% ethanol (50 ml.) was boiled under reflux for

7 days. On cooling, the solution deposited crystals which were

collected, dried, and recrystallized from alcohol, to give starting

compound (52%), m.p. 163-169°. Evaporation of the reaction mother-

liquor gave a syrup which crystallized from benzene, to yield

methyl 4:6-0-benzylidene-a-D-glucoside (0.53 g., 15%), m.p. 160°.
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(b) Methyl 4:6-0-benzylidene-a-D-glucoside 2:3-dinitrate

The dinitrate (3 g.) and sodium nitrite (1.36 g.) were

boiled under reflux {moisture excluded) in ethanol ($0 ml.) for

21 hours. The evaporated mixture was dissolved in benzene,

filtered, and chromatographed. Elution with benzene, followed

by chloroform, yielded fractions which were recrystallized to

give starting compound (0.95 g., 32%), m.p. 122.5-123°, and methyl

4:6-0-benzylidene-a-D-glucoside 3-nitrate (0.89 g., 34%) >

m.p. 169-170°.

When methyl 4:6-0-benzylidene-a-D-glucoside 2:3-dinitrate

(2 g.) was boiled under reflux in 80% ethanol alone for 4 days,

starting compound (75%) only was recovered.

(c) Methyl 4:6-0-benzylidene-a-D-glucoside 2-methanesulphonate 3-nitrate

A solution of this ester (3-2 g.) and sodium nitrite (1.66 g.)
in 80% ethanol (40 ml.) was boiled under reflux for 21 hours.

The products, isolated by chromatography as in the preceding

experiment, were starting compound (1.3 g., 41%)> m.p. 129-130°,

and methyl 4*6-0-benzylidene-a-D-glucoside 2-methanesulphonate

(1.2 g., 42%), m.p. 132°.

(d) Methyl 4:6-0-benzylidene-2-0-methyl-a-D-glucoside 3-nitrate

This compound (2.5 g.) was boiled with sodium nitrite (1.54 g«)
as described in the previous experiment. Starting compound (2.2 g.,
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88$) was recovered.
»

(e) 1: 2-5:6-Di-O-cyclohexylidene-D-glucose 3-nitrate

A solution of this nitrate {3.85 g.) and sodium nitrite

(2.07 g-) in 80% ethanol (50 ml.) was boiled under reflux for

3 days. The evaporated mixture was extracted twice with chloro¬

form. Evaporation of the combined extracts yielded a syrup which,

dissolved in the minimum amount of hot methanol and refrigerated,

gave starting compound (1.84 g>, 4^$) , m.p. 82°. The concentrated

mother-liquor was dissolved in warm n-heptane, and the white solid

(1.04 g.) which was precipitated on cooling was 1:2-5:6-di-0-

cyclohexylidene-D-glucose (31$), m.p. 129-130°.

(f) Methyl 2:3:4-tri-0-acetyl-a-D-glucoside 6-nitrate

A solution of this nitrate (1 g.) and sodium nitrite (0.29 g.)
in 80$ ethanol (38 ml.) was boiled under reflux for 2 hours. When

cooled, the solution yielded unchanged starting compound (0.83 g-,

83$), m.p. 113.5-ll4»5°. This was redissolved in the mother-

liquor, which was then boiled for 16 hours. When the solution was

cooled starting compound (0.4 g-) separated. The mother-liquor

was then evaporated to dryness and extracted twice with chloroform.

Evaporation of the extracts yielded a white solid (0.35 g.) which,

after recrystallization from methanol, was starting compound (0.22 g..

total yield 62$), m.p. 113-114°•
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3:5-0-Benz,ylidene-l:2-0-isopropylidene-D-glucose 6-nitrate

Sodium nitrite (0.29 g.) and 3:5-0-benzylidene-l:2-0-

isopropylidene-D-glucose 6-nitrate (0.5 g.) were boiled under

reflux in 80% ethanol for 14 hours. The crystals which separated

on cooling were collected, dried, and shown to be starting compound

(0.26 g., 52%) , m.p. $5°. The mother-liquor was evaporated to a

syrup which was dissolved in warm benzene (2 ml.). Petroleum

(2 ml.) was added, and after cooling, the white solid which was

precipitated was collected, dried, and shown to be 3:5-0-

benzylidene-1:2-0-isopropylidene-D-glucose (0.15 g., 34%)> m.p. 142°

1:2-3:4-Di-O-isopropylidene-D-galactose 6-nitrate

Sodium nitrite (3-39 g.) and 1:2-3:4-di-0-isopropylidene-D-

galactose 6-nitrate (5-0 g.) were boiled under reflux in 80%
ethanol (50 ml.) for 7 days. The mixture was evaporated, and

the residue extracted with chloroform. Evaporation of the

chloroform extract yielded a syrup, which was chromatographed in

benzene (20 ml.). Elution with benzene yielded a solid which,

recrystallized from aqueous ethanol, was starting compound (3-9 g.,

78%), m.p. 61°. Elution with chloroform (500 ml.) yielded a clear

syrup (0.17 g., 4%), shown to be 1:2-3:4-di-O-isopropylidene-D-

galactose by conversion into its 6-nitrate in high yield.



Methyl 4:6-0-benzylidene-a-D-glucoside 2: 3-diacetate

(a) This compound (1.43 g.) and sodium nitrite (0.8 g.)
were boiled under reflux in 80% ethanol (2$ ml.) for 21 hours.

On cooling of the alkaline mixture, starting compound (0.86 g.,

60%), m.p. 106°, crystallized. Concentration of the mother-

liquor left a residue which was extracted with chloroform.

Evaporation of the chloroform yielded a white solid which,

recrystallized from water, was methyl 4:6-0-benzylidene-a-D-

glucoside (0.14 g-, 5%), m.p. 159°.

0) The above experiment was repeated, but boiling was

continued for 7 days. The alkaline reaction mixture, which

smelled of benzaldehyde, was evaporated, and the residue was

extracted with chloroform. Concentration of the solution yielded

a solid which, recrystallized from hot water, gave methyl 4-6-0-

benzylidene-a-D-glucoside (4-35 g., 79%), m.p. 162-162.5°-

<r> When the diacetate (2.33 g.) was boiled in solvent
(50 ml.) alone for 6 days, starting compound (1-45 g-, 62%) only

was obtained.

Toluene-p-sulphonates and methanesulohonates

Methyl 4:6-0-benzylidene-ct-D-glucoside 2: 3-dimethanesulphonate

(4.62 g.) was boiled under reflux in ethanol (80 ml.) containing

chloroform (35 ml.), water (10 ml.), and sodium nitrite (2 g.) for

21 hours. Starting compound (4-4 g-, 95%), m.p. 185°, was
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recovered.

The corresponding 2: 3-ditoluene-jc-sulphonate (5.9 g.) was

boiled for 5 days with the mixture described in the previous

experiment. Unchanged starting compound (5*2 g., 88%), m.p. 146°,

+12.2° (c, 1.6), was recovered.

A solution of 1:2-3:4-di-O-isopropylidene-D-galactose

6-toluene-£-sulphonate (1.0 g.) and sodium nitrite (0.86 g.) in

80c% ethanol (10 ml.) was boiled under reflux for 4$ hours.

Starting compound (91%) was recovered.

Action of Sodium Acetate and of Sodium Nitrate in

80% Ethanol on Methyl 4:6-0-Benzylidene-

a-D-glucoside 2:3-Dinitrate

The dinitrate (6.0 g.) in 80% ethanol (120 ml.) containing

sodium acetate (6.6 g.) was boiled under reflux for 7 days.

Evaporation of the solvent yielded a white solid which was shaken

with chloroform (100 ml.) and water (100 ml.). The aqueous

layer was extracted with chloroform, the combined chloroform

extracts were evaporated, and the residue was chromatographed in

benzene. Elution with benzene (400 ml.) and chloroform (400 ml.)
in turn yielded starting compound (2.$ g., 42%), m.p. 122°, and

methyl 4=6-0-benzylidene-a-D-glucoside 3-nitrate (1.4 g.> 37%),

m.p. 171-172°.

In a similar experiment, the dinitrate (3-72 g.) and sodium
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nitrate (2.55 g.) in 80% ethanol (60 ml.) were boiled under

reflux for 20 hours. Water (20 ml.) was added, and, on cooling,

starting compound (3.60 g., 97%), m.p. 122-123°, was obtained.

Action of Sodium Acetate in 80% Ethanol on 1:2-5:6-

Di-O-cyclohexylidene-D-glucose 3-Nitrate

Sodium acetate (4-0S g.) and 1:2-5:6-di-O-cyclohexylidene-P-

glucose 3-nitrate (3-85 g.) were boiled in $0% ethanol (4& ml.)

for 5 days. The residue obtained by evaporating the solution was

shaken with chloroform (50 ml.) and water (50 ml.), and the

aqueous layer was shaken with further chloroform (50 ml.). The

combined chloroform extracts were evaporated, and the residue was

dissolved in hot methanol. On cooling, starting compound (3*33 g-,

87%), m.p. £2.5-83°, separated. The mother-liquor was evaporated,

and the residue was dissolved in a small quantity of warm n-heptane.

This solution on cooling, yielded 1:2-5:6-di-0-cyclohexylidene-D-

glucose (0.1 g., 3%), m.p. 131°.

Preparation of Methyl 4-0-Methyl-g-D-glucoside

A solution of methyl p-D-glucoside 2:3:4:6-tetranitrate

(3.74 g-> 0.01 mole) and sodium nitrite (3-45 g*> 0.05 mole) in

80% ethanol (20 ml.) was boiled under reflux for 5-5 hours. The

evaporated mixture was dried in a vacuum-desiccator, then extracted

twice with boiling chloroform. Evaporation of the combined
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extracts gave a syrup which was chromatographed in benzene.

Elution with benzene yielded a trace of syrup, which was discarded.

Further elution with chloroform gave a colourless syrup (1.6 g.,

49%) which was substantially methyl |3-D-glucoside 2: 3:6-trinitrate,
r il5
[ctjp -10.6° (c, 1.1). Finally, washing the column with ethanol
gave unidentified syrup (0.3& g.K

Silver oxide (6 g.) was added in portions (0.5 g.) during

5 hours to a boiling solution of the trinitrate (1.24 g.) in

methyl iodide (25 ml.). After a further 19 hours' boiling the

solution was filtered and evaporated to a syrup which was chromato¬

graphed in benzene. Evaporation of the benzene eluant left a

syrup, a portion (0.3 g.) of which was dissolved in glacial acetic

acid (2 ml.). Zinc dust and iron filings were added gradually

to the solution, and the mixture was warmed gently until no more

gas was evolved. Water (20 ml.) was added and the acid was

neutralized with sodium carbonate. The solution was filtered

and evaporated and the residue was dried in a desiccator. This

solid was extracted thrice with boiling ethyl acetate (20 ml.),
and the combined extracts were evaporated to 2 ml. On cooling,

crystals of methyl 4-0-methyl-P-D-glucoside (0.12 g.,,60%) were

formed, which after recrystallization twice from ethyl acetate,

had m.p. 101-102°. Hayward and Purves^"^ record m.p. 101°.
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Methyl g-D-Glucoside 4-Acetate 2:3:6-Trinitrate

Ice-cold acetic anhydride (2 ml.) was added to a solution of

methyl {3-D-glucoside 2:3' 6-tr initrate (0.4 g.) in pyridine (2 ml.),
and the solution was left at room temperature for 6 days. The

solid product, which separated when the solution was poured into

ice-water, after recrystallization from ethanol-light petroleum,

was methyl g-D-glucoside 4-acetate 2:3:6-trinitrate, m.p. 91°

(Found: C, 29.3; H, 3-6. ^9^13^13^3 requires 0, 29-4; H, 3 • 5%>) •

Reaction of cycloHexyl Nitrate with Sodium Iodide

A sealed tube containing sodium iodide (15 g., 0.1 mole) and

cyclohexyl nitrate (5.SO g., 0.04 mole) dissolved in anhydrous

methanol (40 ml.) was heated at 100° for 44 hours. The mixture

was then distilled and the residue was found to contain sodium

nitrate (88%) and free iodine (3>3%) > but no nitrite. The

distillate, b.p. 4^-77°, containing cyclohexene (69%), was made up

to 100 ml. with carbon tetrachloride. A solution of bromine

(1.8 g.) in carbon tetrachloride (20 ml.) was added during 20

minutes to half of the solution at 0° with stirring. Solvents

and excess of cyclohexene were evaporated and the residue, after

being distilled under reduced pressure, was 1:2-dibromocyclohexane

(1.90 g.), b.p. 100-102°/l2 mm.

Reaction for 66 hours yielded cyclohexene (13%) , free iodine

(2.2$), and sodium nitrate (95%).
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Reaction of 1:3-0-Benzylideneglycerol

2-Nitrate with Sodium Iodide

A sealed tube containing the 2-nitrate (4-50 g.) and sodium

iodide (9-0 g.) dissolved in anhydrous methanol (40 ml.) was

kept at 100° for 44 hours. The mixture was evaporated and

chloroform and water were added to the residue which contained

free iodine (3.3$) and sodium nitrite (2.6$). The chloroform

solution was evaporated and the residue was chromatographed in

benzene. Elution with this solvent yielded unchanged starting

compound (3-73 g-, 83$), m'P* 93-93-5° (from methanol). Further

elution with chloroform afforded a solid which, recrystallized

from isopropyl alcohol-light petroleum (1:1), was 1:3-0-

benzylideneglycerol (0.06 g., 2$), m.p. 82-33°.

When the experiment was repeated but with a reaction time

of 90 hours unchanged compound (71$) and the corresponding alcohol

(5$) were obtained.

Reaction of trans-cycloHexane-1:2-diol

Dinitrate with Sodium Iodide

A solution of the dinitrate (4-12 g.) and sodium iodide

(18 g.) in n-propyl alcohol (150 ml.) was boiled under reflux for

5 days. The residue obtained on evaporation was extracted with

chloroform, and the combined extracts were washed with aqueous

sodium thiosulphate. The chloroform solution was evaporated and
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the residue was chromatographed in benzene. Elution with benzene -

light petroleum (1:4) yielded unchanged starting compound (2.40 g.,

58$) - On washing the column with chloroform, a dark liquid was

obtained which, on distillation under reduced pressure, yielded

an unidentified colourless liquid (0.05 g.), b.p. 126-130°/14 nun.

Ethanol removed trans-diol (0.08 g., 4$) .

Reaction of 1:3-2:4-Di-0-ethylidenesorbitol

5:6-Dinitrate with Sodium Iodide

A sealed tube containing the dinitrate (3.24 g-> 0.01 mole)
and sodium iodide (4*5 g., 0.03 mole) dissolved in acetone (50 ml.)
was kept at 100° for 2 hours. The mixture was treated as in the

previous experiment. Elution of the column with benzene-light

petroleum (1:1) yielded, in the early fractions, a syrup which,

crystallized from light petroleum, was unchanged starting compound

(1.14 g., 35$), m.p. 80-80.5°. Next, benzene-light petroleum

followed by benzene removed a solid which, recrystallized from

ethyl acetate in needles of 5:6-didehydro-5:6-dideoxy-l:3-2:4-di-

0-ethylidenesorbitol (0.28 g., 14$), m.p. 122-123°, [aln^ -24*3°
(142) .0-,

(jc, 1.8). Bladon and Owen record m.p. 122-123°, [aJD -23-8°.
Washing the column with chloroform gave a syrup which crystallized
from ethanol-light petroleum in prisms of 1:3-2:4-di-0-
ethvlidenesorbitol 6-nitrate (0.34 g*, 12$), m.p. 129.5-130°,

[ajjp +12.9° (c, 7.0) (Found: C, 43-3; H, 5-9; N, 4.6.
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G10H17°8N re9uires C' 43.0; H, 6.1; N, 5.0%).
After reaction for 21 hours the products were 5:6-didehydro-

5:6-dideoxy-l:3-2:4-di-0-ethylidenesorbitol (51%) and the 6-nitrate

(6%) .

Characterization of 1:3-2:4-Di-O-

ethylidenesorbitol 6-Nitrate

Toluene-£-sulphonyl chloride (0.63 g.) in pyridine (2 ml.)
was added to a solution of the 6-nitrate (1.12 g.) in pyridine

(2 ml.) at 0°. After 3 days at room temperature the mixture

was poured into ice-water. The resulting solid, recrystallized

from methanol, yielded prisms of 1:3-2:A-di-O-ethylidenesorbitol-

6-nitrate 5-toluene-p-sulphonate (1.26 g., 74$), m.p. 111-112°,

OJj-1 +6.3° (c, 3.9) (Found: C, 47-5; H, 5-2; S, 7.1.

C17H23°10NS reQuires G> 47-1; H, 5.3; S, 7-4$)•
A solution of this ester (0.67 g.) and hydrazine hydrate

(0.30 g.) in ethanol (9 ml.) was boiled under reflux with a little

Raney nickel for 1.5 hours. Excess of hydrazine was decomposed

by boiling the solution with more nickel and the solution, after

being filtered, was evaporated. The resulting solid (0.75 g->

96%), m.p. 127-126°, recrystallized from methanol in needles of

1;3-2:A-di-O-ethylidenesorbitol 5-toluene-p-sulphonate, m.p. 126°,

[a]^5 -29.1° (c, 2.6) (Found: C, 52.7; H, 5-9; S, 7-9-

G17^24G6G re9uires G> 52.6; H, 6.2; S, 6.3%).
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A solution of this ester (0.26 g.) and benzoyl chloride

(0.12 g.) in pyridine (1.5 ml.) was left at room temperature for

22 hours, then poured into ice-water and the precipitate was

chromatographed. Elution with ether yielded a solid which,

recrystallized from light petroleum, gave soft needles of 1:3-2:4-

di-O-ethylidenesorbitol 6-benzoate 5-toluene-p-sulphonate (0.18 g.,

55%), m.p. 122-123°, O]^ +9.3° (c, 2.4) (Found: C, 58.5; H, 6.0.
Calc. for C2/+H2g09S: C, 58.5; H, 5.7$).

Reactions of Nitrates with Sodium Nitrite

in Aqueous Ethanol

trans-cycloHexane-1:2-diol dinitrate (6.18 g., 0.03 mole) and

sodium nitrite (12.4 g., 0.18 mole) were boiled under reflux in

70% ethanol (60 ml.) for 6 days. Water (30 ml.) was then added

and the solution was continuously extracted with chloroform.

Evaporation of the chloroform solution yielded a dark liquid which

was chromatographed in benzene. Elution with light petroleum

yielded unchanged compound (4-58 g., 74%)- Chloroform removed a

crude unidentified liquid (0.06 g.), and ethanol eluted the trans-

diol (0.09 g«, 3%), characterized as its dibenzoate.

A solution of 1:3-2:4-di-0-ethylidenesorbitol 5:6-dinitrate

(5.84 g-) and sodium nitrite (3.7 g.) in 80% ethanol (50 ml.) was

boiled under reflux for 101 hours. The brown solution was

evaporated and the residue was extracted twice with chloroform.
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Evaporation of the combined chloroform solutions yielded a syrup

which was chromatographed in benzene. Elution with this solvent

yielded a syrup which, crystallized from ethanol-light petroleum,

was unchanged starting compound (0.71 g., 12%). Elution with

chloroform yielded a partly crystalline substance which,

recrystallized from ethanol-light petroleum, was 1:3-2:4-di-0-

ethylidenesorbitol 6-nitrate (1.25 g., 25%). Final elution with

ethanol yielded a solid which, recrystallized from ethanol, was

1:3-2:4-di-0-ethylidenesorbitol (O.48 g., 11%).

After reaction for 23 hours, there was negligible discolora¬

tion and the products were unchanged starting compound (50%) and

the 6-nitrate (15%).

Reduction of Methyl 4:6-0-Propylidene-a-D-glucoside

2:3-Dinitrate with Lithium Aluminium Hydride

After boiling under reflux for 36 hours, a solution of the

2:3-dinitrate (2.5 g.) and lithium aluminium hydride (0.5 g.) in

anhydrous ether (50 ml.) was treated with water (50 ml.), then

neutralized with dilute sulphuric acid. After filtration, the

ethereal layer was dried (Na2S0^) and evaporated. Recrystalliza-
tion of the residue from light petroleum gave the 3-nitrate (0.4 g«>

19%), m.p. 157°. The syrup obtained by evaporation of the mother-

liquor crystallized from light petroleum (b.p. 40-60°), giving

2:3-dinitrate (0.S g., 31%) as needles, m.p. 56°. Extraction of
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the aqueous layer with ether gave methyl 6-0-propylidene-a-D-

glucoside (0.8 g., 45%), m.p. and mixed m.p. 101°.

Reduction of Methyl 4:6-0-Ethylidene-B-D-glucoside

2:3-Dinitrate with Lithium Aluminium Hydride

A solution of the 2:3-dinitrate (2 g.) in ether (50 ml.) was

boiled under reflux for 54 hours with lithium aluminium hydride

(0.8 g.) in ether (50 ml.). Excess of water was added, followed

by dilute sulphuric acid. The aqueous layer was extracted with

ether and then dried, and the combined ethereal solutions were

evaporated. The solid obtained (0.7 g.) was dissolved in ether-

light petroleum and from this solution separated the 3-nitrate

(0.02 g.), m.p. 143-145°, [aJn -34° (c, 0.2). The mother-liquor

was chromatographed on alumina. Elution with anhydrous ether

(200 ml.) gave unchanged dinitrate (0.52 g., 26%), m.p. 88-89°.
Elution with ether-chloroform (150 ml.) yielded more 3-nitrate

(0.03 g-), m.p. 145°. Further elution with chloroform-ethanol

(150 ml.) gave needles (0.06 g.), m.p. 180-182°. The aqueous

mother-liquor from the neutralized mixture was concentrated
*

somewhat and extracted exhaustively with chloroform and then

with ether, to give needles (O.58 g*), m.p. 182-183°. The last

two crops were combined and identified as methyl 6-0-ethylidene-

0-D-glucoside (O.64 g., 45%)-
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Reduction of 1:2-3:4-Di-O-isopropylidene-D-galactose

6-Nitrate with Lithium Aluminium Hydride

A solution of the 6-nitrate (3-06 g.) in anhydrous ether

(30 ml.) was added dropwise during 1 hour to a stirred suspension

of lithium aluminium hydride (0.6 g.) in boiling anhydrous ether

(40 ml.). After another 4$ hours' boiling, water (40 ml.) was

added cautiously to the mixture. The aqueous layer was separated

and extracted with more ether (50 ml.). The combined ethereal

solutions, washed with dilute sulphuric acid and with water, were

dried (KgCO^-NagSO^). Evaporation of the solvent yielded a syrup
which was chromatographed in benzene. Elution with benzene,

followed by crystallization of the solid from aqueous ethanol,

gave unchanged starting compound (0.24 g*> &%), m.p. 61°.

Elution with chloroform yielded a colourless syrup (1.54 g«) which,

distilled at 0.1 mm., was 1:2-3:4-di-0-isopropylidene-D-galactose

(57%) • This was identified as the 6-nitrate (1.43 g-3 83%)

m.p. 61°.

A similar reaction, stopped after 17 hours, gave unchanged

compound (39%) and 1:2-3:4-di-0-isopropylidene-D-galactose (33%)•

Reduction of Sugar Nitrates with Hydrazine Hydrate

A solution of methyl 4"«6-0-benzylidene-o,-D-glucoside

2:3-dinitrate (1.49 g., 1 mole) and hydrazine hydrate (1.20 g.,

6 mole) in ethanol (15 ml.) was boiled under reflux for 90 minutes.
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Excess of hydrazine was then decomposed by boiling the solution

with Raney nickel for 1$ minutes. The solution, after being

filtered, was evaporated to a solid which, recrystallized from

chloroform-light petroleum, was methyl 4*6-0-benzylidene-a-D-

glucoside (0.90 g., 80%), m.p. 164-165°.
In succeeding experiments, unless otherwise stated, this

procedure was used, except that chloroform was added when the

compound was insufficiently soluble in boiling ethanol.

Repetition of the above experiment but without addition of

nickel led to the same product (74$)•

The results are summarized in the annexed Table.

Compound reduced
Yield ($) of

alcohol
M.p. Mf

1:2-5:6-Di-0-cvclohexvlidene-D-
glucose 3-nitrate 90 133-134° + 1.1°

1:2-3:4-Di-O-isooroovlidene-D-
galactose 6-nitrate 100 Liquid* -57.3

Methyl 4:6-0-benzylidene-a-D-
mannoside 2:3-dinitrate 84 142-143 +63.5

Methyl 4:6-0-benzylidene-c-D-
altroside 2:3-dinitrate 74 170 + 116

Methyl 4:6-0-benzylidene-a-D-
altroside 3-nitrate 98 169-170 + 115

1:3-2:4-Di-0-ethylidenesorbitol
5:6-dinitrate 75 212-213 -11.5 (H20)

* Identified as the 6-toluene-p-sulphonate, m.p. 90-91°.
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Partial Reduction of 2:3-Dinitrates with Hydrazine

A solution of methyl 4:6-0-ethylidene-a-D-glucoside

2:3-dinitrate (6.20 g., 1 mole) and hydrazine hydrate (1.2 g.,

1.2 mole) in ethanol (30 ml.) was boiled under reflux for 3-5 hours,

then evaporated, and the residue was chromatographed in benzene.

Elution with this solvent and recrystallization from light

petroleum yielded unchanged starting compound (0.23 g., 4*5%),

m.p. 100-101°. Elution with ether removed, in the early fractions,

a solid which recrystallized from ethanol-light petroleum in long

needles of methyl 4:6-0-ethylidene-a-D-glucoside 2-nitrate (1.31 g.,

34%), m.p. 133°, I>Jd7,5 +147° (c, 1.1) (Found: C, 40.3; H, 5-6;
N, 4-9%)- Further elution with ether and finally with chloroform

yielded a solid which, recrystallized from ethanol-light petroleum,

was the 3-nitrate (1.32 g., 34%), m.p. 173-174°• No product was

eluted by ethanol.

By similar reactions, methyl 4:6-0-ethylidene-P-D-glucoside
p r\

2:3-dinitrate gave the 2-nitrate (22%), m.p. 144°, -43.3°

(c, 1.0) (Found: C, 40.9; H, 5-7; N, 5-0. C^-^OgN requires
C, 40.3; H, 5.7; N, 5-3%), the 3-nitrate (24%), and unchanged

starting compound (3%), whereas methyl 4:6-0-benzylidene-a-D-

glucoside 2:3-dinitrate yielded starting compound (3%), the

2-nitrate (30%), and the 3-nitrate (23%).
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Characterization of the 2-Nitrates

Silver oxide (2 g.) was added in portions to a suspension

of methyl 4:6-0-ethylidene-a-D-glucoside 2-nitrate (0.70 g.) in

boiling methyl iodide (6 ml.). The mixture was boiled for 8 hours

before the silver residue was filtered"off and washed with chloro¬

form, and the combined filtrate and washings were evaporated. The

crystalline residue (0.71 g., 96%), m.p. 86-87°, recrystallized

from methanol, gave prisms of methyl 4:6-0-ethylidene-3-0-methyl-

a-D-glucoside 2-nitrate, m.p. 87-37.5°, +147° (c, 0.8)

(Found: C, 42.8; H, 6.1. C-^QH-^yOgN requires C, 43-0; H, 6.1%).
A solution of this compound (0.70 g.) and hydrazine hydrate (0.37 g.)
in ethanol (7 ml.) was boiled under reflux for 1.5 hours. The

product, recrystallized from chloroform-light petroleum, was methyl

4:6-0-ethylidene-3-0-methyl-a-D-glucoside (0.45 g-, 76%), m.p. 106°,

[ajj-1 +146° (c, 1.3) (Found: C, 51.2; H, 7.7. Calc. for
^10^18^6: 51-3; H, 7.7%). A solution of this compound (0.14 g.)
in aqueous N-sulphuric acid (10 ml.) was heated at 100° for 6 hours.

The solution was neutralized with barium carbonate and filtered,

and the filtrate was evaporated to a syrup which solidified after

repeated evaporation of its solutions in ethanol. Recrystallization

from ethanol yielded 3-0-methyl-a-D-glucose (0.06 g., 51%),

m.p. 158-160°.

Methylation of methyl 4«6-0-ethylidene-P-D-glucoside 2-nitrate
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yielded a solid (95%), m.p. Si.5-32.5°, which recrystallized from

light petroleum in prisms of methyl 4:6-0-ethylidene-3-Q-methyl-B-

D-glucoside 2-nitrate, m.p. S3-S4°, [g]q° -22° (c, 0.5) (Found:
C, 42.7; H, 6.0%). Reaction of this compound with hydrazine

hydrate yielded a solid which, recrystallized from chloroform-light

petroleum, was methyl 4:6-O-ethylidene-3-O-methyl-0-D-glucoside

(75%) m.p. 133-134°.

Methylation of methyl 4:6-0-benzylidene-a-D-glucoside

2-nitrate yielded a solid (9S%), m.p. 149-150°, which recrystallized

from methanol in needles of methyl 4:6-0-benzylidene-3-0-methyl-a-

D-glucoside 2-nitrate, m.p. 149-150°, [g]q° +102° (c, 1.1) (Found:
C, 53.1; H, 5.6. C-^H-^OgN requires C, 52.8; H, 5.6%).
Reduction of this with hydrazine hydrate yielded a solid which,

recrystallized from ethanol, was methyl 4-6-0-benzylidene-3-0-methyl-

a-D-glucoside (70%), [a]^0 +HS° (c, 1.1 in CHC12 .CHC12) , m.p. 146°,
undepressed on admixture with a sample prepared in the following

experiment.

Methanol (2 ml.) containing sodium (50 mg.) and methyl 4^6-0-

benzylidene-3-0-methyl-ct-D-glucoside 2-toluene-£-sulphonate (70 mg.)
was boiled under reflux for S hours. The cooled solution was

neutralized with acetic acid and then evaporated. The residual

solid was shaken with warm benzene, and this extract was chromato-

graphed. Elution with benzene removed impurities but washing the
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column with chloroform afforded a solid which, recrystallized

from ethanol-light petroleum, was methyl 4:6-0-benzylidene-3-0-

methyl-a-D-glucoside (29 mg., 63%), m.p. 146-147°, [aJp^ +117°
(c, 1.0 in CHC12.CHC12).

Reduction of Methyl 4:6-0-Ethylidene-a-D-

glucoside 3-Nitrate and 2-Nitrate

A solution of the 3-nitrate (0.795 g., 1 mole) and hydrazine

hydrate (0.15 g-, 1 mole) in ethanol (7 ml.) was boiled under

reflux for 3 hours. Evaporation yielded a solid which was

chromatographed in chloroform solution. Elution with chloroform

yielded starting compound (0.25 g., 31%) which after being

recrystallized from ethanol-light petroleum had m.p. 175-176°.

Ethanol eluted a solid which, recrystallized from ether, was methyl

4:6-0-ethylidene-ct-D-glucoside (0.28 g., 43%) > m.p. 75-76°.

Similar reaction with the 2-nitrate yielded unchanged starting

compound (25%) and methyl 4:6-0-ethylidene-o-D-glucoside (47%) •

Preparation of Methyl 4:6-0-Sthyiidene-a-D-glucoside

Mononitrate Monotoluene-p-sulphonates

Toluene-p-sulphonyl chloride (O.46 g.) in pyridine (0.5 ml.)
was added to a solution of the 3-nitrate (0.53 g.) in pyridine

(0.7 ml.) at 0°. After 23 hours at room temperature, the mixture

was poured into ice-water, and the resulting solid was
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recrystallized from ethanol giving needles of methyl 4:6-0-

ethylidene-a-D-glucoside 3-nitrate 2-toluene-p-sulphonate (0.66 g.,

79%), m.p. 134-134-5°, OJq2 +104° (c, 1.0) (Found: C, 46.1;
H, 4.8. ci6H21°10NS re9uires G> 45-8; H, 5-0%).

Similarly the 2-nitrate was converted into cubes of methyl

4:6-0-ethylidene-g-D-glucoside 2-nitrate 3-toluene-p-sulphonate

(55%), m.p. 152-153°, [c]^° +96.3° (c, 1.2) (Found: C, 45-9;
H, 5-0%).

Selective Removal of Nitrate Groups

with Hydrazine Hydrate

The compounds which were recovered unchanged after being

boiled with hydrazine hydrate in ethanol during 1.5 hours in the

presence or absence of Raney nickel included methyl 4:6-0-

benzylidene-c-D-glucoside ditoluene-p-sulphonate (88%),

dimethanesulphonate (86%), dimethyl ether (88%), and dibenzyl

ether (94%), 1:2-3:4-di-0-isopropylidene-D-galactose 6-toluene-p-

sulphonate (81%), and methyl 2:3-anhydro-4:6-0-benzylidene-a-D-

alloside (89%)-

Selective removal of the nitrate group from the mononitrate

of each of the following compounds was achieved under the standard

conditions described above: methyl 4:6-0-benzylidene-a-D-glucoside

3-toluene-p-sulphpnate (71%), m.p. 159-160°, 2-toluene-p-sulphonate

(74%), m.p. 153.5-154°, Mp1 +62.9° (c, 1.3), 2-methanesulphonate
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(70%), m.p. 131.5-132°, [a]^ +72° (c, 1.1), 3-methanesulphonate
{87%), m.p. 142-1430, [aJp^ +88° (c, 1.0), clustered needles
(from chloroform-light petroleum) of methyl 4:6-0-ethylidene-a-D-

q o

glucoside 2-toluene-p-sulphonate (58%), m.p. 150°, [&Jq +82.1°
(c, 1.2) (Found: C, 51-6; H, 5-9; S, 8.3. ci6H22°8S reQuires
C, 51.3; H, 5.9; S, 8.6%), and the 3-toluene-p-sulphonate (69%),

m.p. 145-145.50, |>]22 +68.4° (c, 0.7) (Found: C, 51.0; H, 6.1;

S, 8.4%).

Reactions of Hydrazine Hydrate with

Esters of Carboxylic Acids

Unless stated, the reactions were carried out with hydrazine

hydrate in ethanol solution, as described above.

Methyl 4:6-0-benzylidene-a-D-glucoside was obtained from the

2:3-diacetate (in 78% yield), from the 2:3-dibenzenesulphinate

(53%), and from the 2:3-dibenzoate (71%, after 14 hours' reaction).
The solution resulting from treatment of 1:2-3:5-di-0-methylene-D-

glucose 6-acetate was evaporated to a syrup which was chromato-

graphed in benzene-chloroform. Benzene eluted no product, but

chloroform removed a colourless syrup. Long needles of acetamide

(44$), m.p. 80-81°, were removed from the syrup by sublimation at

100°/13 mm. The residual syrup crystallized with difficulty from

ethanol-light petroleum to 1:2-3:5-di-0-methylene-D-glucose (59%),

m.p. 62-63°, [«]q2 +42.5° (c, 0.8 in EtOH).
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After reaction of 1:2-5:6-di-O-cyclohexyiidene-D-glucose

3-benzoate the solution was evaporated to a syrup which was

chromatographed in benzene. Elution with this solvent yielded

a solid which, recrystallized from methanol, was unchanged

starting compound (52$), m.p. 110-111°. Washing the column

with chloroform afforded a solid which, recrystallized from

n-heptane, was 1:2-5:6-di-O-cyclohexylidene-D-glucose (31$),

m.p. 132-133°• Final elution with ethanol yielded benzamide

(14$), m.p. 125-126°.

On repetition of the experiment with Raney nickel present

throughout the heating with hydrazine hydrate, unchanged starting

compound (S4$), 1:2-5:6-di-O-cyclohexylidene-D-glucose (7$),
and benzamide (3$) were obtained.

14 Hours' boiling without catalyst gave unchanged starting

compound (1$) and 1:2-5:6-di-0-eyelohexylidene-D-glucose (90$).
On elution of the chromatographic column with chloroform-ethanol

(10:1) the early fractions, recrystallized from chloroform-light

petroleum, yielded benzamide (7$)• Final elution with ethanol

gave, after recrystallization from ethanol-light petroleum,

benzhydrazide (33$), m.p. 111-112°.

Reaction of 1:2-5:6-di-O-isopropy.lidene-D-glucose 3-benzoate

for 5-5 hours afforded unchanged starting compound (4$), 1:2-5:6-
di-O-isopropylidene-D-glucose (74$)> benzamide (4$), and
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benzhydrazide (36%).

Catalytic Hydrogenation of Sugar Nitrates

A solution of the nitrate (0.5 g.) in methanol (20 ml.) was

shaken with palladium-charcoal (0.25 g.) in hydrogen at room

temperature and atmospheric pressure, filtered, and evaporated.

The results are summarized in the annexed Table.

Compound reduced
Yield (%) of

alcohol
M.p.

Reaction

time (hr.)

1:2-5:6-Di-0-cyclohexvlidene-D-
glucose 3-nitrate 99 133-134° 1.5

Methyl 4:6-0-benzylidene-a-D-
glucoside 2:3-dinitrate 93 163-164 2.5

1:3-2:4-Di-0-ethylidenesorbitol
5:6-dinitrate 100 210-212 3*5

Methyl a-D-glucoside 2:3:4*6-
tetranitrate 96 165-166 4*5
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Reaction of trans-cycloHexane-1:2-diol Dinitrate

with Concentrated Sulphuric Acid

The dinitrate (4-• 1 S-, 0.02 mole) was added with shaking

during 10 minutes to cold concentrated sulphuric acid (12 ml.).

The resulting solution was poured into water and the clear

aqueous solution was neutralized with barium carbonate. The

filtrate was evaporated and the resulting solid residue (7.2 g.)

was extracted with boiling 80$ ethanol (400 ml.). The insoluble

portion and the first crop of crystals which separated from the

aqueous ethanol were barium nitrate (1.6 g.). The second crop

of clustered needles, barium trans-cyclohexane-1:2-diol

di(hydrogen sulphate) (3-75 g., 46$), was recrystallized twice

from 80% ethanol (Found: Ba, 33 -39, 33.41- ^6^10^8^2®a reclulres
Ba, 33-37$).

When the reaction solution was left at room temperature for

1 hour, 13 hours, or 30 hours the same yield of the same product

was obtained.

Just enough N-sulphuric acid was added to saturated aqueous

barium trans-cyclohexane-1:2-diol di(hydrogen sulphate) (8.22 g.)

to precipitate all the barium as sulphate. This was removed by

centrifugation, and phenylhydrazine (4-16 g«) dissolved in ethanol

(10 drops) was added to the solution. Concentration of the

solution yielded white crystals of trans-cyclohexane-1:2-diol
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di(hydrogen sulphate) bisphenylhydrazine salt (7-18 g., 73%),

m.p. 181-181.5° (decomp.), which after one recrystallization from

n-propyl alcohol had m.p. 182.5-183° (decomp.) [Found: equiv.,

246.6; C, 43.8; H, 5.8; S, 12.6%. C6H12°8S2, (C^ .NH. NH2)2
requires equiv., 246.3; C, 43*9; H, $.7; S, 13.0%], The

salt decomposed after two or more recrystallizations from boiling

n-propyl alcohol and had m.p. <~177° (decomp.), varying consider¬

ably with the rate of heating. After prolonged storage at room

temperature in a securely stoppered tube the salt also decomposed.

Reaction of trans-cycloHexane-1:2-diol with

Concentrated Sulphuric Acid

Powdered trans-cyclohexane-1:2-diol (5.S g., 0.05 mole) was

stirred into cold concentrated sulphuric acid (20 ml.) during

10 minutes. The resulting solution was immediately poured into

water, and the clear aqueous solution was neutralized with barium

carbonate. Evaporation of the filtered solution yielded a white

solid (16.7 g., 75%) which recrystallized from 75% ethanol in fine

needles of the dihydrate of barium trans-cyclohexane-1:2-diol

di(hydrogen sulphate) (Found: Ba, 30.5, 30.7; loss in wt. at

75°/0.02 mm., 8.50. C^H-^qO^S^Bsl,2H20 requires Ba, 30.7;
H20, 8.0%. Found for the anhyd. salt: Ba, 33.3, 33.4%)•

The bisphenylhydrazine salt had m.p. 182.5-183° (decomp.),

undepressed on admixture with a sample prepared from the dinitrate
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(Found: equiv., 245-1).
A saturated aqueous solution of the di(hydrogen sulphate)

was kept at 93° for 17 hours. Continuous extraction of the

resulting solution with chloroform yielded trans-cyclohexane-

l:2-diol (52%) which, recrystallized from acetone, had m.p.

103-5-104°.

Reaction of cis-cycloHexane-1:2-diol Dinitrate

with Concentrated Sulphuric Acid

The cis-dinitrate (5-15 g.) was treated in a similar manner

to the trans-isomer except that the mixture of barium salts was

extracted with cold dimethylformamide (30 ml.), leaving undissolved

barium nitrate (2.3 g-)- The solvent was evaporated and the

residue was crystallized from 70% ethanol (300 ml.), giving large

needles of barium cis-cylohexane-1:2-diol di(hydrogen sulphate)

dihydrate (4-5 g-, 40%) which was recrystallized twice from 70%

ethanol (Found: Ba, 30.4) 30.5%)- The anhydrous salt was

obtained on heating the dihydrate at 65°/0.03 mm. (Found: Ba,

33-2, 33.2%).

The procedure used for the trans-isomer was employed to make

cis-cyclohexane-1:2-diol di(hydrogen sulphate) bispheny1hydrazine

salt (74%)> m.p. 160-161° (decomp.) (Found: equiv., 246.6;

C, 44*0; H, 5-6%). This compound decomposed on being kept in a

securely stoppered tube at room temperature for several weeks.
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Reaction of cis-cycloHexane-1:2-diol with

Concentrated Sulphuric Acid

The procedure used for the trans-isomer gave barium cis-

cyclohexane-l:2-diol di(hydrogen sulphate) dihydrate (70%) which

was recrystallized from 62%> ethanol (Found: Ba, 30.45, 30.4%)-
The bisphenylhydrazine salt had m.p. 160-161° (decomp.),

undepressed on admixture with a sample prepared from cis-

cyclohexane-1:2-diol dinitrate (Found: equiv., 246.6).

The cis-diol (72%) was obtained after a saturated aqueous

solution of the di(hydrogen sulphate) had been heated at 92° for

24 hours.
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SOME ESTERS OF METHYL A:6-Q-BENZYLIDENE-

g-D-ALTROSIDE
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Nitration of methyl 4:6-0-benzylidene-a-D-altroside (I)

with excess of fuming nitric acid in acetic anhydride gives the

2:3-dinitrate (III), but use of one molecular proportion of acid

leads to the 3-mononitrate (II). This is similar to the

unimolar nitrations of methyl 4* 6-0-benzylidene-a-D-glucoside
and methyl 4:6-0-ethylidene-a-D-mannoside which also give the

corresponding 3-nitrates. Methyl 4:6-0-benzylidene-a-D-altroside

3-nitrate has been prepared by the action of sodium nitrite in

boiling aqueous ethanol on the corresponding 2:3-dinitrate.

Again this is similar to the 2:3-dinitrates of methyl 4:6-0-

benzylidene-a-D-glucoside and methyl 4:6-0-ethylidene-a-D-

mannoside which preferentially lose the nitrate group from 6(2)"
The 3-nitrate (II) has been characterized by nitration to the

2:3-dinitrate and conversion, through methylation, denitration,

and toluene-p-sulphonylation, into known methyl 4:6-0-benzylidene-

2-0-methyl-a-D-altroside 3-toluene-p>-sulphonate (IV).
Two methods have been employed for reducing nitrates of

methyl 4:6-0-benzylidene-a-D-altroside. Hydrazine hydrate

converts both the 2:3-dinitrate (III) and the 3-nitrate (II) into

the parent alcohol (I) in good yield, but the 3-nitrate 2-toluene-

£-sulphonate (V) gives a mixture of methyl 2:3-anhydro-4:6-0-

benzylidene-a-D-alloside (VII) (24%) and methyl 4:6-0-benzylidene-

a-D-altroside 2-toluene-£-sulphonate (VI) (66%). The latter is
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very sensitive to alkaline media and is wholly or partly converted

into the anhydro-compound (VII) merely on being chromatographed

on ordinary or acid-washed alumina. Although hydrazine is only

a weak base, the reaction medium is sufficiently alkaline to

bring about elimination of the toluene-;p-sulphonate group with

inversion of the configuration at 6(2)* biaxial system of
2-toluene-p>-sulphonyloxy- and 3-hydroxyl groups gives a planar

system which is most favourable for a base-catalyzed intramolecular

Spj2 reaction leading to the 2: 3-a-D-allo-epoxide. ' In marked
contrast to the 2-toluene-jp-sulphonate, the 2:3-ditoluene-p>-

sulphonate of methyl 4:6-0-benzylidene-a-D-altroside is unaffected

by hydrazine hydrate and is much more stable to alkali: it can,

for example, be chromatographed on ordinary alumina without change.

In the second method catalytic hydrogenation of methyl 4:6-0-

benzylidene-a-D-altroside 3-nitrate 2-toluene-p-sulphonate at

room temperature under pressure, with palladium-charcoal, gives an

almost quantitative yield of methyl 4-6-0-benzylidene-a-D-altroside

2-toluene-_p-sulphonate. Under these neutral conditions, conversion

of the 2-toluene-js-sulphonate into the 2:3-allo-epoxide is

prevented. The amorphous product was characterized by conversion

into the known compounds, the 3-nitrate 2-toluene-£-sulphonate and
the 3-0-methyl 2-toluene-£-sulphonate (VIII).

Attempts to prepare methyl 4-6-0-benzylidene-a-D-altroside
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2-toluene-jD-sulphonate by selective esterification of methyl 4:6-

O-benzylidene-a-D-altroside failed. When one mole of toluene-£-

sulphonyl chloride is used at 0° for 16 hours, only the 2:3-

ditoluene-jg-sulphonate (IX) and unchanged compound (I) were

isolated. Similar experiments at -15° with a shorter reaction

time gave methyl 2:3-anhydro-4:6-0-benzylidene-a-D-alloside (VII)
in addition to (IX) and (I). It appears probable that any

2-toluene-£-sulphonate ester formed during these sulphonylation

experiments is converted into methyl 2: 3-anhydro-4: 6-0-benzylidene-

a-D-alloside on the alumina column.



Reactions of Esters of Methyl 4-6-0-

Benzylidene-a-D-altroside

- 245 -



EXPERIMENTAL

- 246 -



Methyl 4:6-0-Benzylidene-a-D-altroside 2:3-Dinitrate

An ice-cold solution of fuming nitric acid (d, 1.5; 4 ml.,

0.09 mole) in acetic anhydride (10 ml.) was added slowly to a

suspension of methyl 4:6-0-benzylidene-a-D-altroside (5 g»,

0.01& mole) in acetic anhydride (10 ml.) at 0°. After 20 minutes

at room temperature, the mixture was poured into ice-water

containing potassium carbonate. The crude syrup was chromato-

graphed in benzene solution on alumina, and the syrup obtained by

elution with benzene was dissolved in warm methanol and reprecipi-

tated in ice-water. After several weeks the syrup solidified to

give methyl 4:6-O-benzylidene-g-D-altroside 2:3-dinitrate (70^),

m.p. 48-49° (Found: C, 45.6; H, 4.5; N, 7.3. ci4Hi6°10N2
requires C, 45-2; H, 4.3; N, 7-5%)-

Similar preparations were carried out with different reaction

times, but the syrups solidified with difficulty only after long

storage under water.

Methyl 4:6-0-Benzylidene-a-D-altroside 3-Nitrate

(a) A solution of the 2:3-dinitrate (4-5 g.) in 80%

aqueous ethanol (50 ml.) containing sodium nitrite (2.5 g«) was

boiled under reflux for 16 hours. Evaporation left a white solid

which was extracted twice with chloroform. On evaporation, the

chloroform extracts yielded a solid which, recrystallized from

light petroleum-ethanol, was methyl 4:6-Q-benzylidene-a-D-altroside
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3-nitrate (2.18 g., 55%), m.p. 156-157°, [ctjj9 +118° (Found:
C, 51.6; H, 5.4; N, 4.3. Gi4Hi7°gN requires C, 51.4; H, 5-2;
N, 4-3%).

(b) Fuming nitric acid (d, 1.5; O.85 ml., 0.019 mole) in

acetic anhydride (5 ml.) was dropped into an ice-cold solution of

methyl 4:6-0-benzylidene-a.-D-altroside (4-2 g., 0.015 mole) in

chloroform (20 ml.) and acetic anhydride (10 ml.). After 1 hour,

the mixture was shaken with dilute potassium carbonate solution.

The chloroform layer was washed twice with water before being

evaporated. The resulting syrup was dissolved in benzene and

chromatographed on alumina. Elution with benzene yielded a

syrup (0.5 g.) which has not crystallized. The chloroform eluant

gave a white solid which, recrystallized from ethanol-light

petroleum, was the 3-nitrate (25%) , m.p. 156-157°.

(c) Fuming nitric acid (d, 1.5; 8 ml.) in acetic anhydride

(20 ml.) was added slowly to methyl l\.: 6-0-benzylidene-cc-D-altroside

(10 g.) suspended in acetic anhydride (20 ml.) at 0°. After

10 minutes at room temperature, the resulting solution was poured

into ice-water containing potassium carbonate. The precipitated

syrup was separated and the aqueous solution was extracted twice

with chloroform. The combined product and the chloroform solutions

were washed with aqueous potassium carbonate, then with water.

Evaporation of the chloroform yielded a syrup (11.7 g.) which was
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boiled under reflux for 16 hours with sodium nitrite (6.4 g.) in

&0%> ethanol (130 ml.). The solution was evaporated and the

residue was extracted with chloroform. Evaporation left a solid

which, recrystallized from ethanol-light petroleum, was the

3-nitrate (30$), m.p. 155-156°.

Characterization of Methyl 4:6-0-Benzylidene-

g-D-altroside 3-Nitrate

(a) Silver oxide (1.5 g.) was added during 5 hours to methyl

4:6-0-benzylidene-a-D-altroside 3-nitrate (0.47 g.) suspended in

boiling methyl iodide (10 ml.). Boiling was continued for a

further 19 hours, then the mixture was cooled, filtered, and

evaporated to a syrup which was extracted several times with

chloroform. The evaporated extracts although purified by

chromatography on alumina in benzene did not yield a crystalline

product. A solution of the product and sodium sulphide (0.8 g.)
in ethanol (50 ml.) was left at room temperature for 24 hours.

The solution was filtered, and water was added to the filtrate,

which was then concentrated. The residue was extracted with

chloroform. Evaporation of the chloroform yielded a syrup, which

was dissolved in pyridine (5 ml.), and to this was added a solution

of toluene-jD-sulphonyl chloride (0.5 g.) in pyridine (5 ml.) at 0°.

After 4 days at 0°, the solution was poured into ice-water, and the

solidified product, recrystallized from methanol, was methyl 4:6-0-
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benzylidene-2-0-methyl-a-D-altroside 3-toluene-jc-sulphonate

(0.31 g-)> m.p. 165-166°.

(b) Fuming nitric acid (d, 1.5; 0.3 ml.) in acetic

anhydride (1 ml.) was added slowly at 0° to a suspension of the

3-nitrate (0.3 g.) in acetic anhydride (2 ml.). After 15

minutes at 0°, the mixture was poured into ice-water. The

resulting syrup solidified, to afford methyl 4:6-0-benzylidene-

ec-D-altroside 2:3-dinitrate (0.3 g., 88%), m.p. 48-49°.

Reduction of Methyl 4:6-0-Benzylidene-a.-D-altroside

2:3-Dinitrate and 3-Nitrate with Hydrazine

A solution of methyl 4:6-0-benzylidene-c-D-altroside

2:3-dinitrate (1.49 g., 0.004 mole) and hydrazine hydrate (1.20 g.,

0.024 mole) in ethanol (15 ml.) was boiled under reflux for

90 minutes. After excess of hydrazine had been decomposed by

boiling the solution with Raney nickel, the solution was filtered

and evaporated. The solid residue, recrystallized from methanol,

was methyl 4:6-0-benzylidene-a-D-altroside (74%)> m.p. 170°,

[a]*8 +116° (c, 0.6).

The above method when applied to the 3-nitrate gave a solu¬

tion, which after evaporation yielded methyl 4:6-0-benzylidene-
a-D-altroside (98%), m.p. 169-170°.
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Preparation of the Methanesulphonate and Toluene-p-

sulphonate of Methyl 4:6-0-Benzylidene-

c-D-altroside 3-Nitrate

A solution of the 3-nitrate (0.85 g.) and methanesulphonyl

chloride (0.37 g.) in pyridine (2.$ ml.) was left at room

temperature for 3 days, then poured into ice-water, and the

resulting solid (1.0 g.) was washed with water, dried, and

recrystallized from methanol to give needles of methyl /±:6-0-

benzylidene-g-D-altroside 2-methanesulphonate 3-nitrate (0.87 g.,

83%), m.p. 157-153°, [ajj-1 +52.6° (c, 2.5) (Found: C, 44-6;
H, 4.7; S, 8.1. cI5hI9°IONS requires C, 44-4; H, 4-7; S, 7.9%).

Similar treatment of the 3-nitrate (0.95 g.) and toluene-]D-

sulphonyl chloride (0.95 g.) in pyridine (4 ml.) at room tempera¬

ture for 4 days gave methyl 4:6-0-benzylidene-a-D-altroside

3-nitrate 2-toluene-p-sulphonate (1.1 g., 79%), m.p. 147°,

[a]*9 +39.6° (c, 1.3) (Found: C, 52.2; H, 5.0. c2lH23°10NS
requires C, 52.4; H, 4*3%).

Preparation and Characterization of Methyl 4:6-0-
Benzylidene-a-D-altroside 2-Toluene-

p-sulphonate

Reduction of the 3-nitrate 2-toluene-jo-sulphonate (1.20 g.,

0.0025 mole) with hydrazine hydrate (0.37 g., 0.0075 mole) in

ethanol (12 ml.) was carried out as described for the 2:3-dinitrate.
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The cooled, filtered reaction solution deposited needles which,

recrystallized from ethanol, were methyl 2:3-anhydro-4:6-0-

benzylidene-a-D-alloside (0.10 g. , 15%), m.p. 196-197°,
- 1$

LaJp +141° (c, 0.8). The remaining reaction solution was

evaporated to a syrup which was chromatographed in benzene on

acid-washed alumina. After benzene had failed as eluant, elution

with benzene-chloroform yielded, in the early fractions, the

anhydro-a-D-alloside (0.06 g., 9%), m.p. 196-197°. Further

elution with benzene-chloroform gave methyl 4:6-0-benzvlidene-a-D-

altroside 2-toluene-p-sulphonate (0.72 g., 66%), an amorphous
20

solid even after repeated separation from ethanol, +44•5°

(c, 3-0) (Found: C, 57-4; H, 5.6; S, 7.1. <-'21H24°8S re9.uires
C, 57.6; H, 5.5; S, 7.3%).

A solution of the 3-nitrate 2-toluene-p-sulphonate (2.50 g.)
in methanol (150 ml.) was shaken with palladium-charcoal (2.5 g.)

under hydrogen (20 atm.) at room temperature during 30 minutes.

The catalyst was filtered off and washed with warm methanol, and

the combined filtrate and washings were evaporated to give the

amorphous 2-toluene-p-sulphonate (2.20 g., 97%).

Fuming nitric acid (d, 1.5; 0.06 ml.) in acetic anhydride

(0.2 ml.) was added slowly to a solution of the 2-toluene-p-

sulphonate (0.40 g.) in acetic anhydride (0.3 ml.) at 0°. After
10 minutes at room temperature, the solution was poured into
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ice-water containing potassium carbonate. The resulting solid,

recrystallized from methanol, was methyl 4:6-0-benzylidene-a-D-

altroside 3-nitrate 2-toluene-£-sulphonate (0.29 g-, 66%),

m.p. 144-145°, [«J^5 +39.7° (c, 1.2).
Silver oxide (1 g.) was added in portions to a suspension

of the 2-toluene-jc-sulphonate (0.50 g.) in boiling methyl iodide

(3 ml.) during 2 hours. The mixture was boiled for 4 hours more

before the silver residue was filtered off and washed with

acetone, and the combined filtrate and washings were evaporated

to a solid. This was chromatographed in benzene on acid-washed

alumina. Elution with benzene yielded a solid which, recrystallized

from methanol, was methyl 4:6-0-benzylidene-3-0-methyl-a-D-

altroside 2-toluene-jc-sulphonate (0.3S g., 74%) > m.p. 140-1410,

[a]jp +53.0° (c, 1.4) (Found: G, 5S.7; H, 5-9. Calc. for
C22H26°SS: C' 5S*7; H' 5.3%).

Effect of Alumina on Methyl 4:6-0-Benzylidene-a-D-

altroside 2-Toluene-p-sulphonate

The 2-toluene-£-sulphonate (0.20 g.) was chromatographed on

alumina in benzene. Washing the column with benzene yielded

methyl 2:3-anhydro-4:6-0-benzylidene-a-D-alloside (0.12 g., 99%),

m.p. 200-201°, +139° (c, 0.6).

The 2-toluene-£-sulphonate (0.052 g.) was chromatographed

in benzene (10 ml.) on acid-washed alumina. Elution with
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benzene-chloroform removed methyl 2: 3-anhydro-4*.6-0-benzylidene-

a-D-alloside (90%), m.p. 195-196° (from methanol-chloroform).

Reaction of Methyl 4:6-0-Benzylidene-a-D-altroside

2:3-Ditoluene-p-sulphonate with Sodium

Iodide in Acetone and with Hydrazine

(a) A sealed tube containing the 2: 3-ditoluene-pj-sulphonate

(1.1$ g., 0.002 mole) and sodium iodide (0.90 g., 0.006 mole)
dissolved in acetone (20 ml.) was heated at 100° for 46 hours.

The colourless solution was evaporated and the residue was

extracted with chloroform which, on evaporation, yielded unchanged

starting compound (1.15 g., 97%), m.p. 17$°, [aJp° +46.0° (c, 2.1).
(b) A solution of the 2:3-ditoluene-£-sulphonate (1.1$ g.,

0.002 mole) and hydrazine hydrate (0.6 g., 0.012 mole) in ethanol

(5 ml.) and chloroform (5 ml.) was boiled under reflux for 1.5

hours. The solution was boiled with Raney nickel for 15 minutes,

filtered, and evaporated. The residual solid, recrystallized

from ethanol-acetone, was unchanged starting compound (1.06 g.,

90%), m.p. 17$°, [°0q° +46.6° (c, 1.3).

Attempted Selective Sulphonylation of Methyl

4:6-0-3enzylidene-c-D-altroside

(a) This altroside (5-0 g., 0.01$ mole) was dissolved in

pyridine (14 ml.) and cooled to 0°. A cold solution of toluene-£-
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sulphonyl chloride (3«$ g., 0.020 mole) in pyridine (14 ml.) was

added slowly, and the mixture kept at room temperature for

16 hours. Water (1 ml.) was added, and after 2 hours the

mixture was diluted with water and extracted with chloroform.

The chloroform extract was washed successively with 2N-hydrochloric

acid, saturated aqueous sodium hydrogen carbonate, and water, then

evaporated to a yellow syrup. On the addition of ether and light

petroleum, a white solid was formed which, recrystallized from

methanol-chloroform, was methyl t\\6-0-benzylidene-a-D-altroside

2:3-ditoluene-p-sulphonate (1.9 g., 18%>), m.p. 176-17$°,

[ajp +45.0° (c, 1.0). The remaining syrup (4-1 g.) was
chromatographed in benzene on alumina. Elution with benzene

and benzene-ether gave a white solid (1.6 g.), which recrystallized

from methanol-chloroform was also 2:3-ditoluene-jD-sulphonate (15%).

Elution with chloroform and methanol gave white crystals which,

recrystallized from methanol-chloroform, were unchanged methyl

4:6-0-benzylidene-a-D-altroside (1.3 g«> 26%), m.p. 169-170°,

j>]2° +121° (c, 1.0).

(b) The above esterification was repeated at -15° for

6 hours. The resulting syrup, which did not yield crystals on

addition of ether, was chromatographed in benzene on alumina.

Elution with benzene gave methyl 4:6-0-benzylidene-a-D-altroside

2:3-ditoluene-p-sulphonate (0.15 g., 2%). Elution with benzene-
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ether (9:1) gave a white solid (0.85 g., 17%) which, recrystallized

from methanol-chloroform, was methyl 2:3-anhydro-4:6-0-

benzylidene-a-D-alloside, m.p. 195-196°, + 13&° (c, 1.9).
Successive elutions with benzene-ether, ether, and ether-chloroform

gave small amounts of unidentified syrups (0.35 g.)« Elution

with chloroform, chloroform-methanol (2:1), and methanol gave a

white solid (1.53 g., 36%) , which, recrystallized from methanol-

ether, was unchanged methyl 4:6-0-benzylidene-a-D-altroside,

m.p. 169-171°.

(c) A third experiment was carried out at -16° for 4 hours.

The mixture was examined as above except that the chromatography

was done on acid-washed alumina. No product was eluted with

benzene or benzene-ether (9:1). Benzene-ether (1:1), ether, and

ether-chloroform (9:1) removed methyl 4:6-0-benzylidene-a-D-

altroside 2:3-ditoluene-jD-sulphonate (1.1 g., 13%). Elution with

ether-chloroform (1:1, and 1:4) gave methyl 2:3-anhydro-4:6-0-

benzylidene-a-D-alloside (0.6 g., 16%). Chloroform-methanol

(2:1) and methanol gave unchanged starting compound (0.9 g., 14%)*
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Structure and Reactions of Periodate-oxidized

Methyl 4:6-0-Benzylidene-a-D-glucoside

D I S C USSION
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Structure and Some Reactions of Periodate-oxidized

Methyl 4:6-0-Benzylidene-c-D-glucoside

The "dialdehydes" from periodate oxidation fall into two

classes: those with no alcoholic group in the molecule, e.g.

(I) from methyl a-D-rhamnoside, and those having a free hydroxyl

group which may allow the formation of cyclic hemiacetals,

e.g. (II) from methyl cx-D-glucoside. present discussion

concerns the dialdehyde (III) which is best prepared from methyl

4:6-0-benzylidene-a-D-glucoside although other sources include

the corresponding D-mannoside and the 3-amino-3-deoxy-ct-D-altroside•

This crystalline periodate-oxidation product has been shown
(152 153)

to have the composition of a "dialdehyde dihydrate". '

Rowen, Reeves, and Forziati, ^52) wj10 founcj that the infrared

spectrum had no carbonyl, but strong hydroxyl, absorption bands,

suggested that the compound was the dihydrated dialdehyde (IV).
We have now confirmed the elementary analysis and infrared spectrum

but conclude that a more likely structure is that of a hemialdal

hydrate (V) with only one of the molecules of water covalently

bound in the molecule. This was based in part on the many cases

in the literature of the isolation of "dialdehyde monohydrates"

(151) J. E. Cadotte, G. G. S. Dutton, I. J. Goldstein, B. A. Lewis,
F. Smith, and J. W. Van Cleve, J.Amer.Chem.Soc., 1957, 22?
691.

(152) J. W. Rowen, R. E. Reeves, and F. H. Forziati, J.Amer.Chem.
Soc., 1951, 21, 44^4.

(153) J- Baddiley, J. G. Buchanan,. and L. Szabo, J.Chem.Soc.,
1954, 3326.
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CH CH

(VII > OR OR

from compounds of this class.^54,155>156) jt apso significant

that the product (VI) from methyl 4:6-0-ethylidene-a-D-glucoside,

obtained as a crystalline "dialdehyde monohydrate", also had

hydroxyl, but no carbonyl, infrared absorption. Both these

compounds reduced Fehling's solution, but did not restore the

colour to Schiff's reagent, behaviour consistent with the

presence of the -O.CH(OH)- group; in this respect the compounds

(154) E. L. Jackson and C. S. Hudson, J. Artier .Chem.Soc. , 1937, 59,
994; W. D. Maclay, R. M. Hann, and C. S. Hudson, ibid.,
1939, 61, 1660.

(155) H. E. Carter, R. K. Clark, S. R. Dickman, I. H. Loo, P. S.
Skell, and W. A. Strong, Science, 1946, 103, 540.

(156) F. Garcia Gonzalez, J. L. Aparicio, and A. V. Roncero, Anales
real Soc. espan.Ffs.Qufm., 194$, 14,1, 243; F. Garcia
Gonzalez, J. L. Aparicio, and M. 0. Rizo, ibid., 1956, 12, B,
717; E. Schreier, G. Stohr, and E. Hardegger, He1v.Chim.
Acta, 1954, 12, 574-
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resemble reducing sugars. The product from methyl 4:6-0-

benzylidene-u-D-glucoside showed the complex mutarotation in

pyridine expected for a compound of the type illustrated. The

hemialdal hydrate is insoluble in most common organic solvents,

but is readily soluble in pyridine, dimethyl sulphoxide, and

NN-dimethylformamide.

Structures (V) and (VI) are similar to those suggested by

other workers ^^1>156,157)^ analogous periodate oxidation products.

Recrystallization of the hemialdal hydrate (V) from

nitromethane gave a product whose analysis corresponded to the

hemialdal and whose infrared spectrum had hydroxyl but no

carbonyl absorption. The spectrum of the hydrate has a small

absorption in the region 1640-1610 cm.~\ usually assigned to

water of crystallization, whereas the anhydrous hemialdal has not.

The hemialdal showed complex mutarotation in pyridine. Smith and
llcg j

his co-workers 3 have also prepared the anhydrous hemialdal

but by different methods.

Acetylation or benzoylation of the hemialdal or its hydrate

gave a crystalline diester (VII; R = Ac or Bz), which had no

aldehydic carbonyl absorption in the infrared spectrum. Methyla-

tion or propylation by Purdie's method gave the corresponding

(157) I. J. Goldstein, B. A. Lewis, and F. Smith, J.Amer.Chem.Soc.,
1958, 80, 939.

(158) Idem. Chem. and Ind., 1958, 595.
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crystalline hemialdal diglycosides (VII; R = Me or n-Pr).
Formation of these derivatives is good evidence that structure (V)

is correct for the "dialdehyde dihydrate". The same conclusion

was reached independently by Smith and his co-workers who prepared

a di-p-nitrobenzoate of the heraialdal as well as the fully

methylated derivative (VII; R = Me),^-^) with physical

constants ^^0) agreement with those of the sample we obtained.

An attempt was made to prepare sulphonates of the hemialdal,

but only unchanged compound was isolated on pouring the product

into water. The action of sulphonyl chlorides on sugar deriva¬

tives with a free reducing centre can lead to the formation of the

corresponding chloride which can be hydrolyzed by pouring the

reaction solution into water.

Neither the conformation of the seven-membered ring nor the

position of the two hydroxyl groups with respect to the ring is

known; if it is assumed that the dialdehyde is formed first and

that hemialdal formation then occurs, the bulkier hydroxyl groups

will take up positions in the plane of the ring, with the hydrogen

atoms "axial". Smith has suggested that periodate oxidation of

methyl a-L-rhamnoside gives a product which has a six-mernbered

ring and will have the hydroxyl groups of the hemialdal group

(159) I. J- Goldstein, B. A. Lewis, and F. Smith, American Chemical
Society, Abstracts of Meeting, September, 1957.

(160) F. Smith, personal communication.
(161) R. S. Tipson, Adv. Carbohydrate Chem. , 1953, S, 125-
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equatorial.^57)
When the hemialdal or its hydrate was boiled with methanol,

and the resulting solution concentrated and cooled, a new white

crystalline compound was obtained. The infrared spectrum had a

single absorption in the hydroxyl region, and none in the

carbonyl region. This compound is one of the eight possible

hemialdal monomethyl glycosides (VIII), with a methoxyl group on

C(2)> as shown, or on

Reaction of the hemialdal hydrate with ethyl, propyl, or

benzyl alcohol yielded the corresponding crystalline hemialdal

monoglycoside, all of which gave the hemialdal hydrate on

recrystallization from water. The hemialdal monobenzyl

glycoside could be recrystallized unchanged from ethanol. The

mother liquor from preparation of the monobenzyl glycoside gave a

very small amount of a second monobenzyl glycoside.

Hemialdal formation from similar dialdehydes has been

postulated by several groups of workers,^^1,156,157,162 ^ut nQ

mechanism of formation has been suggested except by Aparicio and

(162) V. C. Barry and P. W. D. Mitchell, J.Chem.Sqc., 1953> 3631*

(A / MeOH

H,OH H ,0H "2 H, OH H,OMe (vm)
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Molini,(-^3) published during our studies, for the products from

the oxidation of various 2-(l:4~anhydrotetrahydroxybutyl)furan

derivatives.

The most probable mechanism for formation of the hemialdal

group is by hydration of one aldehyde group followed by a normal

lactol ring closure between one of the hydroxyl groups so formed

and the other aldehyde group, as shown. Such a system allows for

equilibrium between the true dialdehyde and the hemialdal form in

solution. This has been extended to include the formation of

the hemialdal monoglycosides by the reaction of the hemialdal with

alcohols. Hemiacetal formation could occur on one aldehyde group,

followed by ring closure, as above, to give the eight isomeric

monoglycosides. These equilibria explain the fact that crystalliza¬

tion of the hemialdal monoglycosides from water yielded the

hemialdal hydrate, whereas the hemialdal dimethyl glycoside (VII;

E = Me), with which no such equilibrium is possible, is unaffected

by boiling water. The compounds can be recrystallized from a

different alcohol from that from which they were prepared without

removal of the alkoxy-group or its replacement by the alkoxy-group

of the new alcohol. For example, the hemialdal monobenzyl

glycoside can be recrystallized from ethanol. Smith assumed that

this meant that the alcohol bound into the hemialdal monoglycoside

(163) J. L. Aparicio and J. 0. Molini, Anales real Soc.espan.Fis.
Quim., 1956, 12, B, 723.
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HO OH HO OH

M rgj
was "an integral part of the molecule". It has been shown,

however, that boiling the hemialdal monobenzyl glycoside under

reflux with methanol for 30 minutes gave the monomethyl glycoside,

and boiling this under reflux for 30 minutes with benzyl alcohol

gave the hemialdal monobenzyl glycoside. The reaction sequence

shown below was therefore established, which is good evidence for

the existence of equilibria.

It is expected that the reactions of the hemialdal in

solution will bear out these equilibria, derivatives of the

hemialdal and the free dialdehyde being formed in different

reactions, by analogy with reducing sugars.

As already mentioned the product of periodate oxidation of

methyl l\: 6-0-ethylidene-n-D-glucoside has the composition of a

"dialdehyde monohydrate", showing hydroxyl but not carbonyl

absorption in the infrared spectrum. Formation of a tri-O-methyl

derivative with Purdie's reagents confirmed that this compound

has structure (VI).

The products of periodate oxidation of methyl 4:6-0-

benzylidene-P-D-glucoside, and of methyl 4:6-0-benzylidene-P-D-
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galactoside were isolated as "dialdehyde dihydrates" , showing

hydroxyl but not carbonyl absorption in the infrared spectra.

By analogy with the compound prepared above, structures (IX)
and (X) are suggested.

The reaction of a hot aqueous solution of the hemialdal

hydrate with phenylhydrazine or of the hemialdal monomethyl

glycoside with phenylhydrazine in methanol gave a yellow crystalline

product, ^20^22^5^2' corresponding to reaction of one molecule of
the free dialdehyde and one molecule of phenylhydrazine with the

elimination of one molecule of water. The infrared spectrum had

hydroxyl absorption and only weak absorption in the C=N region

at about 6. 2/<. The product, which did not form a formazan,
reduced Fehling's solution less rapidly than did D-mannose

phenylhydrazone. Benzoylation or methylation of the product

showed that it had one hydroxyl-group. The infrared spectra of

both derivatives showed no NH or OH absorption and again there was

- 266 -



weak absorption in the C=N region.

Hydrolysis of the phenylhydrazine derivative with aqueous

ethanolic acetic acid in the presence of phenylhydrazine gave a

good yield of glyoxal bisphenylhydrazone, which was also obtained

directly from the hemialdal hydrate under the same conditions.

Structures (XI) and (XII) are consistent with the observed

facts; both are derivatives of l-oxa-4:5-diazacvclooctane. The

yellow colour is probably due to the C=N-N-Ph group in a ring.

No eight-membered ring analogues were noted in the literature but
2

the five-membered pyrazolines are well-known. 1-Phenyl-A-

pyrazolines are yellow,and the product (XIII) from the

acetylation of D-mannose phenylhydrazone which is believed to be

a 1-phenyl-Ap-pyrazoline is also orange-yellow. .phe pat^er

(164) G. F. Duffin and J. D. Kendall, J.Chem.Soc., 1954) 40$*
(165) M. L. Wolfrom and M. G. Blair. J.Arner .Chem. Soc. , 1946, 6$,

2110; 1947, 62, 3153.
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compound did not form a formazan.

The ultraviolet maxima of 1-phenyl-A -pyrazolines and of

(XIII) are greater than those of the phenylhydrazine derivative

and at slightly higher wavelengths; the increased ring size may

cause the C=N-N-Ph chromophore to be less planar than in a five-
2

membered ring, such as the 1-phenyl-A -pyrazolines. A decrease
> (167)

in Jl and in €. due to steric effects have been observed,
max. max.

The condensation of one molecule of a phenylhydrazine with each

"dialdehyde" unit of an oxycarbohydrate has been reported on

several occasions,(163-171) ^ut nQ detailed study has been made of

the structures of these products. Mester and Moczar have

(XIII)

n i0Ac

[ch-oac]2
chrOAc

N'^
Ph

/
,0-CHj

Ph-CH
„

OX .N. /OMe

(XIV) HO PhOH

stated with no detail, "... periodate-oxidized methyl 4-6-0-

(166) L. Mester and A. Major, J. Amer. Chem. Soc. , 1955, TL-> 4297-
(167) E. A. Braude, E. R. H. Jones, H. P. Koch, R. W. Richardson,

F. Sondheimer, and J. B. Toogood, J.Ghem.Soc., 1949, 1390;
R. Huisgen et al., Annalen, 1954, 536, 1. 30; 1957, 610, 57.

(163) S. Akiya, S. Okui, and 3. Suzuki, J.Pharm.Soc. Japan, 1952,
22, 735, 391-

(169) V. G. Barry and P. W. D. Mitchell, J.Ghem.Soc., 1954, 4020.
(170) L. Mester, J.Amer.Chem.Soc., 1955, 22> 5452; L. Mester and

E. Moczar, Chem. and Ind.. 1957, 7ol.
(171) E- Mester and E. Moczar, ibid., p.764-
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benzylidene-o.-D-glucoside ... in which there is no possibility of

cyclic hemiacetal formation will not yield formazan (after reaction

with phenylhydrazine) .... This observation permits a 'hemialdal'

structure for this compound". The structure suggested is

presumably (XIV), which is ruled out by the present work for it

contains two hydroxy1 groups and has the composition C20H24°6N2*
Structures similar to (XIV) were suggested by Barry for the

products of condensation of phenylhydrazine with some oxypoly-

saccharides.

The hemialdal monohydrate has been found to react readily,

under mild conditions, with several amines; with aniline,

o-toluidine, p>-xylidine, or benzylamine condensation occurs giving

cyclic derivatives (XV), analogous to the N-substituted

aldosylamines obtained similarly from aldoses. Compound (XV;

R"'" = Ph) is also obtained by treating 7(or 9)-hydroxy-6a: 9 (or 7)-

dimethoxy-2-phenyl-trans-m-dioxano[5,4-©J[l* 4]-dioxepan with

aniline; therefore (XV; R"'" = Ph) is probably formed via the

dialdehyde present in the equilibrium mixture. The melting

points of these cyclic derivatives varied with the rate of heating

and the melting was generally preceded or accompanied by browning

and decomposition; in this respect, too, they resemble

N-glycosylamines.

Reaction of the hemialdal monohydrate with hydroxylamine and
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2
with cvclohexvlamine yielded the dialdehyde dioxime (XVI; R

and the dialdehyde bis-N-cyclohexylaldimine (XVII), respectively

. • o—CH2 o ch2 O-CH,
/ Uo ,c(AOv /OMe "A /OMe -0\ /OMe

HC CH HC CH HC CH
R'HN NHR' RjO-N N-OR2 C6Hm-N N-C6H„

Ph-CH
-O'

(XV) (XVI) (XVII)

The latter compound was also obtained by reaction of the

dioxanodioxepan with cyclohexylamine. The dioxime, which

showed a weak complexing power' towards copper and nickel, was
2

further characterized as the bis-O-acetyloxime (XVI; R = Ac)

and the bis-O-methyloxime (XVI; R = Me). The isolation of

these open-chain derivatives provides further support for the

equilibrium suggested for the parent compound.
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Light petroleum is the fraction, b.p. 60-80°. All solu¬

tions were concentrated in vacuo; those in chloroform or ether

were previously dried with inorganic desiccants. Alumina was

type H, 100/200 mesh, supplied by Peter Spence, Ltd. The

identity of compounds was proved where necessary by mixed m.p.

determination and infrared spectrometry; all compounds had

infrared spectra consistent with the assigned structures.

7". 9-Dihvdroxv-6a-methoxy-2-phenyl-trans-m-

dioxano\5,4-eJ fl:4l-dioxepan

Methyl 4:6-0-benzylidene-ct-D-glucoside was oxidised with

sodium periodate in aqueous solution. ^53) rp^e cryS-talline

7: 9-dihydroxy-6c,--methoxy-2-phenyl-trans-m-dioxanor 5,4-e] £ 1:4] —

dioxepan hydrate (V) was washed with water and light petroleum,

and recrystallized from water, aqueous acetone, or aqueous

NN-dimethylformamide to yield the hemialdal hydrate, m.p. 143-144°

(yield 65-80%) (Found: C, 53-0; H, 6.5. Calc. for H2^:
C, 53-2; H, 6.3%)■ The product reduced Fehling's solution, did

not restore the colour to Schiff's reagent, and formed a grey

precipitate with Tollens's reagent.

The product showed no absorption in the carbonyl region of

the infrared spectrum, but had strong absorptions in the hydroxyl

region at 3430 (shoulder), 3360, and 3260 cm.-"'', and a weak

absorption at 1640-1610 cm.-"'", assigned to water of crystallization.
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The mutarotation in pyridine was complex: [<*■+60.8° (8 minutes)

>-+64.0° (17 minutes) >- +61.3° (100 minutes) >- +62.4°

(17 hours, constant) (c, 4«0). The water of crystallization was

not lost at 87°/0.2 mm. for 24 hours, and higher temperatures

caused excessive charring. In a water determination (Karl

Fischer), made in NN-dimethylformamide, the product behaved as a

dialdehyde dihydrate (Found: H20' 12Calc. for C-wH^O^,21^0:
H2O, 11.456).

Recrystallization of the hemialdal hydrate (V) from nitro-

methane gave anhydrous 7:9-dihydroxy-6a-methoxy-2-phenyl-trans-m-

dioxanof5,4-e1f1:4l-dioxepan, m.p. 144-145°, +62.5°

(13 minutes) > +64.0° (3 hours) > +63.0° (24 hours, constant)

(c, 4*0 in pyridine) (Found: C, 56.7; H, 5-9. ^14^18^7 re9ulres
C, 56.4; H, 6.1%). The infrared spectrum showed no absorption

in the carbonyl region, but strong absorption in the hydroxyl

region at 3410 and 3270 cm.""'". Crystallization of the hemialdal

from water yielded its hydrate.

Bsterification

A solution of the hemialdal hydrate (V) (2 g.) in pyridine

(20 ml.) and acetic anhydride (5 ml.) was kept at 0° for 17 hours.

Pouring the product into ice-water gave a white precipitate (1.95 g.,

81%). Two recrystallizations of the dried material from ethyl

acetate-light petroleum and two from ethanol gave needles of
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7: 9-diacetoxy-6a-methoxy-2-phenyl-trans-m-dioxanc>r 5,4-e 1 [ 1:4 J —

dioxepan (VII; R = Ac), m.p. 177-179°, [«J^° +34-7° (c, 1.81 in
chloroform) (Found: C, 56.5; H, 5.8; OMe, 9-3- G18H22°9
requires C, 56.5; H, 5-8; OMe, 8.1%).

A solution of benzoyl chloride (3 ml-) in pyridine (5 ml.)

was added dropwise to one of the hemialdal hydrate (V) (2 g.) in

pyridine (15 ml.) at 0°. Excess of benzoyl chloride was

decomposed with water after 30 minutes, and after a further 15

minutes the reaction solution was poured into ice-water. The

precipitate was washed with water and dried. Four crystalliza¬

tions from ethanol gave needles of 7:9-dibenzoyloxy-6a-methoxy-2-

phenyl-trans-m-dioxanof 5,4-e]f1:41-dioxepan (VII; R = Bz),

m.p. 177-178°, +5-9° (c., 1.77 in chloroform) (Found: C, 66.0;

H, 5-4- C28H26°9 reclu^res 6, 66.4; H, 5-2%).
The same products were obtained by esterification of the

anhydrous hemialdal.

Etherification

After dry silver oxide (2 g.) had been added gradually

(1.5 hours) to a suspension of the hemialdal hydrate (V) (0.6 g.)
in boiling methyl iodide (10 ml.), the mixture was boiled under

reflux for a further 13 hours. Silver compounds were removed,

the solvent was evaporated, and the residue was crystallized from

ethanol (0.5 g., 76%) and then thrice from methanol, giving
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6a:7:9-trimethoxy-2-phenyl-trans-m-dioxano f5,4-e1[l:4l-dioxepan

(VII; R = Me), m.p. 194° (sublimed), [a]^ +117° (c, 0.71 in
chloroform), [a]j^ +60.7° ic, 0.56 in pyridine), [g]q^ +104°
(.c, 0.2 in methanol) [Found: C, 59-1; H, 7.0; OMe, 26.4%;

M, 338 (ebullioscopic in benzene). ^16^22^7 re9u:i-res 6, 58.9;
H, 6.8; OMe, 28.5%; M, 326]. The product did not reduce

Tollens's reagent or Fehling's solution, and was unchanged {95%)
after 15 minutes in boiling water. Smithreported m.p. 191°,

[g]q +60.0° (in pyridine).
The same product was obtained on methylation of the hemialdal.

Silver oxide (3 g.) was added in portions during 1.5 hours

to a suspension of the hemialdal hydrate (V) (1 g.) in boiling

n-propyl iodide (5 ml.) and chloroform (8 ml.); boiling under

reflux was continued for a further 24 hours. Filtration, concentra¬

tion, and crystallization from light petroleum (0.6 g., l\8%) and

then from n-heptane gave 6a-methoxy-2-phenyl-7:9-di-n-propoxy-

trans-m-dioxano[5.4-e1fl:41-dioxepan (VII; R = n-Pr), m.p. 139.5-

141°, [a]Q^" +35-3° (c, 1.02 in pyridine) (Found: C, 62.7;
H, 7 '8. ^20^30^7 re9u:i-res 6 , 62.S; H, 7.9%) •

Reaction of the Hemialdal with Alcohols

The hemialdal hydrate (V) (2 g.) was boiled under reflux with

methanol (50 ml.) until solution was complete. The solution was

concentrated to about 4 ml. and stored at 0°; 7-(or 9)-hydroxy-
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6a: 9 (or 7) -dimethoxy-2-phenyl-trans-m-dioxano-1" 5,4-e 1 [l: 4J-
dioxepan (VIII) was then deposited (1.36 g.), m.p. 145-146°,

C+79-3° (6 minutes) >-+64.6° (23 hours, constant) (.c, 3.27

in pyridine) (Found: C, 57.8; H, 6.4; OMe, 19.9. C15H20°7
requires C, 57.7; H, 6.5; OMe, 19.3%). The product reduced

Fehling's solution and could be recrystallized unchanged from

ethanol-light petroleum, but was converted by boiling water into

the hemialdal hydrate.

The same product was obtained from the hemialdal and methanol.

Methylation gave 6a:7:9-trimethoxy-2-phenyl-trans-m-dioxano-

[5,4~e][l:4]-dioxepan (as VII), m.p. 193°.

Acetylation of the di-O-methyl compound (VIII) gave, after

two recrystallizations from ethanol, the 7(or 9)-acetoxv-6a:9(or 7)

dimethoxy-2-phenyl-trans-m-dioxano[5,4-e]f1:4 I-dioxepan, as needles

m.p. 204° (sublimed), +74*0° (c, 0.3 in chloroform) (Found:

C, 57.5; H, 6.4; OMe, 19.1. C17H220g requires C, 57.6; H, 6.2;
OMe, 17-5%).

Reaction of the hemialdal hydrate (V) with ethanol, as for

methanol, yielded 7(or 9)-ethoxy-9(or 7)-hydroxy-6a-methoxy-2-

phenyl-trans-m-dioxano["5 .4-e] fl:4"1-dioxepan, m.p. 144-145° (Found:

C, 59.1; H, 6.1. Cl6H220? requires C, 53.9; H, 6.3%). The
product was also obtained by repeated recrystallization of the

hemialdal hydrate from mixtures of ethanol with light petroleum,
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NN-dimethylformamide, or dimethyl sulphoxide. Recrystallization

of the product from water gave the hemialdal hydrate.

Reaction of the hemialdal hydrate (V) with n-propanol in the

same way yielded 7(or 9)-hydroxy-6a.-methoxy-2-phenyl-9(or 7)-

propoxy-trans-m-dioxanof 5 ,4-e 1 fl: Al-dioxepan, m.p. 139-142°

(Found: C, 59.5; H, 7.1. C] requires C, 60.0; H, 7.1%).
The product, which reduced Fehling's solution, gave the hemialdal

hydrate on recrystallization from water.

The hemialdal hydrate (7) (2 g.) was boiled under reflux in

benzyl alcohol (40 ml.) and n-heptane (10 ml.) for 30 minutes.

The solution was cooled, diluted with ether (200 ml.), and stored

at -20° overnight to give 7(or 9)-benzyloxy-9(or 7)-hydroxy-6a-

methoxy-2-phenyl-trans-m-dioxanof5,4-e1fl:41-dioxepan as needles

(from ethanol) , m.p. 163-165°, [gJq^ -2.3° (10 minutes) >• -9.0°
(24 hours) (c, 1.8 in pyridine) (Found: C, 64-7; H, 6.5.

^21^24^7 re9uires 64.9; H, 6.2%). The product could be
recrystallized unchanged from methanol or ethanol, but boiling

under reflux with methanol for 30 minutes, followed by concentration

gave the hemialdal monomethyl glycoside. Similarly the monobenzyl

glycoside could be prepared by boiling the monomethyl glycoside
*

under reflux with benzyl alcohol'. Recrystallization from water

gave the hemialdal hydrate.

Acetylation of the product gave, after two recrystallizations
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from ethanol-n-heptane, 9(or 7)-acetoxv-7(or 9)-benzyloxy-6ft-

methoxy-2-phenyl-trans-m-dioxanof5,4-e]fl:41-dioxepan, m.p. 174-

175°, +3B.6° (c, 1.6 in chloroform) (Found: C, 64.3;

H, 6.3- C23H26°8 requires C, 64.2; H, 6.1$).
Concentration of the mother liquor from the preparation of

the monobenzyl glycoside, and storage at 0° for several days gave

a very small amount of 9(or 7)-benz,yloxy-7(or 9)-hydroxy-6a-

methoxy-2-phenvf-trans-m-dioxanof5,4-e]f1:41-dioxepan, m.p. 161-

163°, [oJq + 28.3° (c, 1.29 in pyridine), also shown to be
different from the above isomer by infrared spectrometry (Found:

C, 64.6; H, 6.1$).

Reaction with Phenylhydrazine

The hemialdal hydrate (V) (2 g.) was boiled under reflux

with aqueous acetic acid (10$; 20 ml.) and ethanol (35 ml.)

containing phenylhydrazine (4«5 ml.) for 1.5 hours. The yellow

solid which separated when the solution was cooled in ice was

recrystallized from aqueous ethanol, yielding pale yellow plates

of glyoxal bisphenylhydrazone (1.05 g., 70$), m.p. 165-166°

(decomp.).

Phenylhydrazine (1 ml.) was added to a solution of the

hemialdal hydrate (V) (2 g.) in water (500 ml.) at about 80°.

Rapid cooling and shaking precipitated a yellow solid (1.8 g., 75$),

m.p. 142-1560, which was washed with water and dried .in vacuo
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(P^O^). Chromatography of this material on alumina, elution
with benzene, and recrystallization twice from n-heptane yielded

the l-oxa-4: 5-diazacyclooctane derivative (XI or XII), m.p. 182-

183°, [g]q^ +8.6° (£, 1.81 in chloroform) (Found: C, 64.8;
H, 6.0; N, 7.1. C20H2205N2 requires C, 64.9; H, 6.0; N, 7.6$).
The product reduced Fehling's solution and did not form a formazan

when a solution in ethanol-pyridine was added to an aqueous

benzenediazonium chloride solution. The product had the absorp¬

tion expected for OH or NH groups and a weak absorption at 1610 cm.-^;
the ultraviolet spectrum had 266 mxc, 9640, inmo.x • / max •

ethanol.

The same product was obtained by adding phenylhydrazine

hydrochloride and excess of sodium acetate to a hot solution of

the hemialdal hydrate (V) in water. It also resulted from heating

the hemialdal monomethyl glycoside (VIII) with phenylhydrazine in

refluxing methanol, concentrating the solution, and chromatographing

the residue. Hydrolysis of the solid in the presence of

phenylhydrazine, using the method above, yielded, after two

recrystallizations from aqueous ethanol, glyoxal bisphenylhydrazone

(74%)j m.p. 162-164° (decomp.).

Benzoyl chloride (1 ml.) in pyridine (2 ml.) was added to a

solution of the phenylhydrazine derivative (XI or XII) (1.5 g.) in

pyridine (30 ml.) at 0°, and the mixture kept at 0° for 20 minutes.
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Water was then added, and after a further 10 minutes the solution

was poured into water. Chloroform extraction, concentration,

and crystallization from aqueous ethanol gave pale yellow needles

(0.55 g.» 45%) of the benzoate of the l-oxa-4:5-diazacyclooctane

derivative, m.p. 123-124°, Mp1 + 15&° (.c, 1.2 in chloroform)
(Found: C, 68.8; H, 5.7; N, 5.6; Bz, 23-3, 22.1. C27H26°6N2
requires C, 68.3; H, 5.5; N, 5-9; Bz, 22.2%). The product

did not form a formazan, and the infrared spectrum had absorption

expected for an ester but no absorption typical of OH and NH

groups, and also weak absorptions at 1602 and 1500 crn.-^". The

ultraviolet spectrum had X 230 and 270 m/x (t 18,820 and

17,250 respectively) in ethanol.

Methylation of the phenylhydrazine derivative (XI or XII)
with Purdie's reagents for 15 hours gave, on removal of the silver

compounds, concentration of the filtrate, and two crystallizations

from aqueous ethanol, a small amount of the methylated derivative,

m.p. 118-121° (Found: OMe, 15-0. C21H24°5N2 re9uires 0Me> 16.1%).
The infrared spectrum showed no absorption due to OH or NH groups

and had a weak absorption at 1610 cm. .

7:9-Dihvdroxy-6a-methoxy-2-methyl-trans-m-

dioxanoF 5 , 4-e] fl: 4.1-dioxepan (VI)

This compound, prepared by the oxidation of methyl 4^6-0-

ethylidene-G-D-glucoside, had m.p. 130-131°, [°0p^ +8.8° (in water),
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[aj^ +97.6° (20 minutes) *-+91.0°(24 hours) (c:, 2.72 in
pyridine).

It (0.5 g.) was methylated with Purdie's reagents during

17 hours. Removal of the silver compounds, concentration of

the filtrate, and two crystallizations from light petroleum

containing one drop of ethanol gave the 6c:7:9-trimethoxy-2-methyl
p p

trans-m-dioxanol*5 , 4-e ] f 1: 4.1-dioxepan, m.p. 17$°, [cJq +85.6°
(jc, 0.17 in pyridine) (Found: C, 50.4; H, 7-9; OMe, 34*4-

^11^20^7 re9uires 50.0; H, 7.6; OMe, 35-3%)• The infrared
spectrum had no hydroxy1 or carbonyl absorption.

Reaction of 7:9-Dihydroxy-6c-methoxy-2-ohenvl-trans-m-

dioxanof5.4-e] 1*1:4l-dioxepan Hydrate with Amines

With hydroxylamine

The hemialdal hydrate (2 g.), sodium acetate (2 g.), and

hydroxylamine hydrochloride (1 g.) in water (150 ml.) were kept

at about 70° for 12 minutes. On cooling, a gel separated which

was extracted with chloroform. Concentration of the extracts

and two crystallizations from light petroleum gave (1.2 g., 59%

after first crystallization) 2:4-0-benzvlidene-3-0-(D-l-methoxy-2-
oxoethyl)-D-erythrose dioxime (XVI: R = H) as needles, m.p. 99-101

[a]J® -11.9° (c, 1.65 in chloroform) (Found: C, 54-0; 6.4;
N, 9-2. ci4Hi3°6N2 re9uTres ^> 54-2; H, 5-9; N, 9.0%).

Acetylation of the dioxime with acetic anhydride in pyridine
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at 0° gave, after recrystallizations from aqueous ethanol,

2:4-0-benzylidene-3-0-(l-methoxy-2-oxoethyI)-D-erythrose bis-0-

acetyloxime (XVI: R2 = Ac), m.p. 122.5-124°, [a]^1 -22.8° (c, 1.58
in chloroform) (Found: C, 55.0; H, 5.7; N, 7-0. Ci8H22°8N2
requires C, 54•&; H, 5-6; N, 7.1%).

Methylation of the dioxime with Purdie's reagents for

1 hour gave, after recrystallizations from aqueous ethanol, needles

of 2:4-0-benzylidene-3-0-(l-methoxy-2-oxoethyl)-D-erythrose bis-0-

methyloxime (XVI; R2 = Me) (5W , m.p. 112-113°, [<*]£* -15-9°
(c, 0.9 in chloroform) (Found: N, 7-9- ^16^22^6^2 re9uires
N, 8.3%).

The addition of dilute aqueous cupric sulphate to a warm

aqueous solution of the dioxime gave a clear solution, but the

addition of one drop of ammonia solution produced a flocculent

pale green precipitate, which on addition of more ammonia dissolved

to give a dark-blue solution. Similar formation of a complex

was observed with nickel nitrate.

With cyclohexylamine

The hemialdal hydrate (5 g.) was added to a boiling solution

of cyclohexylamine (50 ml.) in water (450 ml.), boiling was

continued for 2 minutes, and the mixture then cooled. The

product was collected, washed with water, dried, and reerystallized
from n-heptane, yielding needles (5 g., 72%), m.p. 119-122°.
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Further recrystallizations gave 2:4-0-benzylidene-3-0- (1-methoxy-

2-oxoethyl) -D-erythrose bis-N-cyclohexylaldimine (XVII), m.p. 115-

117°, [aJQ^ +11.0° (c, 1.2 in chloroform), [a]^ -28.6° (c, 0.5 in
pyridine) (Found: C, 70.8; H, 8.6; N, 6.0. C26H38°4N2
requires C, 70.6; H, 8.7; N, 6.3%). The same product was

obtained by use of cyclohexylammonium chloride and sodium acetate,

or when a solution of the hemialdal hydrate (1 g.) in

cyclohexylamine (5 ml.) was heated at 95° for 15 minutes, cooled,

and poured into ice-water (150 ml.).

The hemialdal hydrate (1 g.) was dissolved in boiling

methanol (25 ml.), and cyclohexylamine (2 ml.) was then added.

After the solution had been boiled under reflux for a further

15 minutes it was concentrated and cooled. The resulting solid,

on recrystallization from n-heptane, gave the bis-N-

cyclohexylaldimine (XVII), (1.1 g., 80%), m.p. 114-116°.

(c) With o-toluidine

o-Toluidine (8.5 ml.) and the hemialdal hydrate (3 g.) were

warmed at 98° for 15 minutes. Water (150 ml.) was added to the

cooled solution followed by acetic acid (50 ml.). The solid

was washed by decantation with saturated sodium hydrogen carbonate

solution and with water; two crystallizations from acetone gave

needles of 6c-methoxy-2-phenyl-7:9-di-o-toluidino-trans-m-dioxano

f 5,4—e ] f 1:4l-dioxepan (XV; R"*" = o-Me.C^H^), m.p. 138-140°
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A-l

(decomp.), [cjp +6.3° (c, 0.5 in pyridine) (Found: C, 70.1;
H, 6.4; N, 6.0. C2SH32°5N2 re9uires C> 70.6; H, 6.8; N, 5-9%).

(d) With p-xylidine

Reaction of p-xylidine (20 ml.) and the hemialdal hydrate

(4-6 g.) by method (c) gave needles of 6a-methoxy-2-phenyl-7:9-

di-p-xylidino-trans-m-dioxano 1"5 ,4~e] f 1: 4l-dioxepan (XV;
R"*" = 2:5-Me2C^H^) (5.9 g., 80%), m.p. 155-156° (decomp.),
[a]^1 +103° (c, 0.5 in pyridine) (Found: C, 71-4; H, 7.1; N, 5-3-

G30H3605N2 requires C, 71-4; H, 7.2; N, 5.6%).
(e) With aniline

Reaction of aniline (20 ml.) and the hemialdal hydrate (5 g.)

by the same method gave needles of 7:9-dianilino-6c-methoxy-2-

phenyl-trans-m-dioxano f 5 .4-e If1:4] -dioxepan (XV; R^ = Ph)
(5-2 g., 72%), m.p. 165-167° (decomp.), +29-2° (c, 0.5 in

pyridine) (Found: C, 69-5; H, 6.3; N, 6.2. ^26^28^5^2 reQuires
C, 69.6; H, 6.3; N, 6.3%). The product could also be

recrystallized from aqueous NN-dimethylformamide■

The hemialdal hydrate (1 g.) was added to a boiling solution

of anilinium chloride (2.5 g-) and sodium acetate (5 g.) in

water (100 ml.). Boiling was continued for 4 minutes and the

flocculent solid was collected and crystallized to yield the

dianilino-derivative (56%), m.p. 162-165° (decomp.), also obtained
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by warming aniline with 7(or 9)-hydroxy-6a:9(or 7)-dimethoxy-2-

phenyl-trans-m-dioxanor5,4-elfl:4l-dioxepan (VIII) at 80°. It was

also obtained by refluxing the hemialdal hydrate in methanol, and

then adding aniline to the resulting dioxanodioxepan (VIII), followed

by concentration and chromatography of the product on alumina,

elution with benzene, and crystallization of the product from

aqueous acetone.

I'-Jith benzylamine

Reaction of the hemialdal hydrate and benzylamine by method

(c) gave a pale yellow product which was washed with water and

dried in vacuo (PgO^). The first crop of crystals obtained by
triturating this product with light petroleum could not be

recrystallized, but further crops were combined and recrystallized

from light petroleum, giving needles of 7:9-bisbenzylamino-6a-

methoxy-2-phenyl-trans-m-dioxano[5 ,4-e] fl: 4~l-dioxepan (XV;
R1 = PhCH2), m.p. 95-96°, OJq1 +35.4° (c, 0.5 in pyridine)
(Found: G, 70.5; H, 6.3; N, 5.9. C2SH32°5N2 re9uires c> 70.6;
H, 6.8; N, 5.9$). This product was also obtained by treating

the hemialdal hydrate with aqueous benzylamine under the conditions

described in (b).
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Mechanism of Oxidation
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The Mechanism of Oxidation of Cyclic Glycols

In a study of the periodate oxidation of ethylene glycol,

Duke found the equation k' = A[G]/(1 + B[G]) to be obeyed,

where k' is the first-order rate constant with respect to

periodate, [G] is the concentration of glycol, and A and B are

constants. This was explained in terms of a rapid reversible

formation from glycol and periodate of an intermediate complex

which slowly decomposed:

K k

(CH^.OH)^ + periodate _ intermediate >■ products
slow

This requires 1/k' = (l/kK[Gj) + l/k, where k is the first-order

rate constant for the decomposition of the intermediate, and K is

the equilibrium constant for its formation. From a plot of l/k'

against l/[G], k and K were calculated. We have extended this

type of analysis to methyl 4*6-0-ethylidene-a-D-glucoside and the

-a-D-mannoside. The results suggest that the reactions of these

compounds with periodate follow a different course from the
(172-179)

oxidation of acyclic glycols. With a large excess of

(172) F. R. Duke, J.Amer.Chem.Soc., 1947, 62, 3054*
(173) F. R. Duke and V. C. Bulgrin, ibid., 1954, 26, 3503.
(174) J- E. Taylor, ibid., 1953, 22, 3912.
(175) G. J. Buist and C. A. Bunton, J.Chem.Soc., 1954, 1406.
(176) G. J. Buist, C. A. Bunton, and J. H. Miles, J.Chem.Soc.,

1957, 4567.
(177) Idem. J.Chem.Soc.. 1957, 4575-
(175) G. J. Buist and C. A. Bunton, J.Chem.Soc., 1957, 4550.
(179) P. Zuman, J. Sicher, J. Krupi£ka, and M. Svoboda, Coll.

Czech.Chem.Comm., 1955, 22, 1237-
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methyl 4 - 6-0-ethylidene-o:-D-glucoside at pH 4*06 and 25°, the

reaction was of first-order with respect to periodate, and the

reciprocal plot of l/k' against l/[G]oo was a straight line

passing through the origin ([gJ^© is the concentration of

glucoside at the end of the reaction). For the same compound at

pH 4-06 and 0°, the first-order graphs showed a small non-linear

reduction in periodate concentration at the beginning of the

reaction, followed by a straight-line relation. From the first-

order rate constants calculated from the slopes of the linear

sections of the graphs, the plot of l/kT against l/[Gjo© was

again a straight line through the origin (Fig.l). The oxidations

of methyl 4:6-0-ethylidene-a-D-mannoside at pH 4*06 and 25° and

0° were similar, with the initial non-linear parts of the graphs

more pronounced at 0°. At both temperatures the reciprocal plots

were straight lines passing through the origin. For the same

compound at pH 6.93 or 10.10 and 0°, initially-curved first-order

rate curves were found, and the reciprocal plots were straight

lines making very small intercepts on the l/k' axis (Fig.2) .

Using Duke's method of analysis, we calculated values for k of

7 x 10-7 an(^ g x po~7 sec."\ and for K of 8 and 5 1. mole"^, for

pH 6.93 and 10.10, respectively. These values can only be

approximate, because of the small intercept involved. If a

mechanism:
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periodate + glycol -> intermediate -> products

is to account for the oxidation of the two methyl 4:6-0-ethylidene-

a-D-glycosides discussed here, then the rate-determining step

cannot be the decomposition of the intermediate, as for ethylene

glycol. The best explanation of the observed kinetics would

Fig. 1. Plots of 1/k' against 1/[G],„ for
methyl 4 : §-0-ethylidene-a.-T>-glucoside
at pH 4-06. Temp.: O, 0°. □, 25°.

/50

ZOO

*

o

O /OO 200

Fig. 2. Plots of 1/k' against 1/tG]^, for
methyl 4 : 6-O-ethylidene-a-D-mannoside.

r i U\J

'/[<?]„»(//»o/e")
200

O, pH 10-10; 0°.
□ , pH 6-93; 0°.

V. pH 4-06; 0°.
A, pH 4-06; 25°.

seem to be that the formation of the intermediate has become rate-

determining or, less likely, the rates of formation and decomposi¬

tion are of the same order. Confirmation of these theories is

difficult. Ultraviolet spectrophotometric measurements were made

of the optical densities of solutions of periodate in the presence

of glycols, but, because many of the reactions studied were complete

only after several hours or days, considerable reduction of the

optical density occurred owing to decomposition of periodate in
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ultraviolet light. Whilst this method is suitable for the
(177)

quantitative study of fast periodate oxidations, it is

unreliable for the determination of the rate constants of these

slower reactions. It was also difficult to interpret the change

of pH occurring when the reactions were carried out in unbuffered

solutions, since methyl 4:6-0-ethylidene-a-D-glucoside and

-a-D-mannoside are not neutral but produce considerable pH change

when added to aqueous solutions in the absence of periodate. If

reactions of this type do occur via the formation of an intermediate,

it is extremely likely that the intermediate would have an optical

rotation different from that of either the reactant or the products.

Jonesfollowed the oxidation of methyl 4:6-0-isoprooylidene-

a-D-glucoside polarimetrically and found a reduction in specific

rotation for 65 minutes, followed by a slow increase to a

constant value in 20 hours, corresponding to a reduction of one

mole of periodate per mole of glucosiae. This can be explained

in terms of the formation of an intermediate, followed by its

decay to the products, but an equally effective explanation

would be that the product mutarotated. Similar results have now

been found by following the oxidation of methyl 4:6-0-benzylidene-

a-D-guloside polarimetrically.

For a study of the effect of conformation of cyclic glycols

(ISO) J. K. N. Jones, Canad. J.Chem. , 1956, S40.
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on the rate of periodate oxidation, second-order rate constants

in aqueous buffer solutions at pH 1+.06 and 25° were determined

for a number of compounds. In order to standardize conditions

the same concentration of reactants was used in as many experiments

as possible. Unfortunately, in three cases aqueous alcoholic

solutions had to be used since the compounds were not sufficiently

soluble in water. In order that there should be only one site

of oxidation, all the compounds had one a-glycol group, which was

usually in a pyranoside ring of known conformation.

Second-order rate constants were determined for ten of the

possible isomeric methyl 4:6-0-benzylidene-D-aldohexosides. The

relative rates are demonstrated in Figs. 3 and 4- Because the

benzylidene group in the anomeric altroside derivatives was

unusually sensitive to acid hydrolysis, the second-order rate

constants for these compounds were determined at pH 6.93 and 10.10.

The most stable conformation of the anomeric methyl 4-6-0-

benzylidene-a-D-glycosides of allose, altrose, glucose, and

mannose is the CI chair form. Because there is a trans-.junction

between the two rings in each of these compounds this is the only

possible chair conformation. Now, for periodate oxidation of the

hydroxyl groups attached to 0(2) and C of the above compounds
to occur, an intermediate cyclic complex must probably be formed

in which the C-0 bonds of the two hydroxyl groups are rotated to
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a greater degree of coplanarity. The ease with which this

complex is formed, and hence the relative rate of periodate

oxidation (assuming that formation of the complex is rate-

determining) , will thus depend on the arrangement in space of

the two hydroxyl groups. The chair pyranoside ring will respond

in different ways to the two different types of distortion imposed

upon it by bringing the e,a- or the e,e-hydroxyl groups at C(2)
and raannoside or glucoside derivatives into more

nearly coplanar positions. The distortion induced by forcing

adjacent equatorial and axial substituents more nearly into the

same plane will lead to a flattening of the ring and an increase

in the valency angles; all the axial atoms or groups will move

further away from one another. This movement will require little

energy. On the other hand, forcing two equatorial bonds more

nearly into the same plane will entail a reduction in the

separation of the axial atoms or groups, and therefore will

require much more energy. Thus, cyclization to form a complex

involving the equatorial-axial substituents should take place

more easily than that involving two equatorial groups. Forcing

two axial bonds more nearly into the same plane would involve an

even greater amount of energy, the energy barrier might even be

too great to allow a complex to be formed at all, as in the case

of the altroside derivative. The mannose derivative, which has
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one hydroxyl group equatorial and the other axial, should form

a periodate complex more easily than the diequatorial glucose

system, whereas with the diaxial altrose, having an angle of 1S0°

between the hydroxyl groups, formation of complex should be much

more difficult, if not impossible. The experimentally determined

second-order rate constants (Table 1) bear out this hypothesis,

the relative rates for the derivatives of u-D-mannose and

a-D-glucose being of the order 6:1, whilst the a-D-altrose

derivative is not oxidized at all. The optical density of

solutions of periodate showed no significant change on the

addition of the altroside compounds; this is evidence in favour

of the absence of any complex. Similarly the compounds do not
(1S2)

form complexes in cuprammonium solution. Cuprammonium

complexes probably have a copper atom bridging the two oxygen

atoms of the hydroxyl groups forming a five-membered ring, hence

the geometrical requirement is similar to that for complex

formation with periodate. However, we have found that altrose

derivatives, such as methyl 4:6-di-O-methyl-u-D-altropyranoside,

which can exist in the 1C conformation with equatorial hydroxyl

groups at 6^2) and are oxi6ized by periodate.
With the anomeric methyl 4»6-0-benzylidene-D-glycosides of

gulose, idose, galactose, and talose, the _cis-junction of the two

(182) R. E. Reeves, J.Amer.Chem.Soc., 1949, 2Xi 212.
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3 -1
TABLE 1. Second-order rate constants (k9 in lCr 1. mole

sec. for oxidations by periodate in aqueous buffer

solutions of pH 4-.06 at 25° (unless otherwise stated).

(Numbers in parentheses refer to the number of

individual values determined from which the

mean was calculated.)

Methyl 4:6-0-benzylidene-
ct-D-glucoside 2.8S(4)a
|3-D-glucoside 1.13(3)
u-D-altroside 0.0013
(3-D-altroside 0.00c
ft-D-mannoside 15.9(3)
a-D-guloside 319(2)
P-D-guloside 35.5(2)
a-D-idoside 6.41(4)
a-D-galactoside 3*69(4)
/3-D-galactoside 2.09(3)

Methyl 4*6-0-ethylidene-
a-D-glucoside 2.06(3)^
3-D-glucoside 0.757(3)
u-D-mannoside 14-4(4)e

Methyl 1^:6-
3.

O-benzylidene-ct-D-glucoside 2 .38(4)
O-ethylidene-a-D-glucoside 2.06(3)
O-propylidene-a-D-glucoside 2.02(2)
O-butylidene-a-D-glucoside 2.01^(3)
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TABLE 1 (Continued)

Methyl a-D-glucoside
4:6-(hydrogen phosphate)
4:6-(phenyl phosphate)

Methyl 4-0-methyl-
a-D-glucopyranoside
p-D-glucopyranoside
a-D-mannopyranoside

Methyl 4-
O-methyl-a-D-glucopyranoside
chloro-4-deoxy-a-D-glucopyranoside
O-tosyl-a-D-glucopyranoside
0-tosyl-6-0-triphenylmethyl-a-D-glucoside

Methyl 2-
deoxy-ct-D-glucopyranoside
O-methyl-a-D-glucopyranoside
O-tosyl-ct-D-glucopyranoside
O-methyl-p-D-glucopyranoside
chloro-2-deoxy-p-D-glucopyranoside
O-benzoyl-p-D-glucopyranoside

Methyl 2-0-methyl-p-D-glucopyranoside

£-Nitrophenyl 2-O-methyl-0-D-glucopyranoside

Methyl 2-0-methyl-a-D-
glucopyranoside
altropyranoside

cis-cycloHexane-1:2-diol

—2

0.647(2)
0.331(2)

23-3(2)
IB.7(2)
90.B(2)

23.3(2)
1.56(3)
0.377(3)

~0.2f

^-500
76.7(2)
0.646(2)

Bl.B(2)
5-55(1)
2.12(2)

B1.B(2)

51.3(2)

76.7(2)
^ 5,000

11,700(2)
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TABLE 1 (Continued)

trans-cycloHexane-1:2-dioI 43100(2)

cis-cycloHexane-1:3-diol 0.00

trans-cycloHexane-1:3-diol 0.00

Methyl 4:6-0-isopropylidene-a-D-guloside 644(2)

Methyl 4:6-di-0-methyl a-D-altropyranoside 4^.5(3)

7-(4:6-0-Benzylidene-P-D-glucopyranosyl )-
theophylline ~ 0.00®

Methyl 3-amino-4:6-0-benzylidene-3-deoxy-a-D- ,

altroside ~ 2.11(2)

Pentaerythritol 0.00

a 1.35(2) at pH 6.93 and 25°.
At 0°; hydrolysis occurred at 25°.

c In ethanol-buffer solution (5-95) at pH 6.93-
^ 0.211(2) at pH 4-06 and 0°; in ethanol-buffer solution (50:50).
e 1.55(2) at pH 4.O6 and 0°; 5-22(2) at pH 4.06 and 12.9°.
^ In ethanol-buffer solution (50:50).
® In ethanol-ethyl acetate-buffer solution (70:25:5)-
^

At pH 6.93•
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Figs. 3 and 4. Oxidation of methyl 4:6-0-benzylidene-

D-glycosides at pH 4.06 and 25°

Fig.3 Fig.4

/ o

OP

\ 0-8

O 7

0 6

H 10

0 8

O6

O 8 16 24
Time (hr.)

O a-Glucoside. 9 fl-Glucoside.
□ oi-Mannoside. A a-Altroside.
A ji-Altroside.

-X" = '°gio [(« - x)l(b ~ *)]

/OO ^OO JOO
Time (min)

O a-Guloside. □ fi-Guloside.
A a.-Idoside. # <x-Galactoside.
A fi-Galactoside.

rings means that the pyranoside ring may be in the CI or 1C

conformation. The observed relative rates of periodate oxida¬

tion of the a-anomers of the gulose, idose, and galactose

derivatives are approximately 100:2:1. The fact that methyl

4:6-0-benzylidene-a-D-idoside is oxidized suggests that it can

exist in a conformation other than CI, which like the corresponding

altroside has the diaxial system of hydroxyl groups on 0^) an^
C(3). The 1C conformation, where these hydroxyl groups are
equatorial would be expected to be oxidized. This result

accords with Reeves's observation'

(1S3) R• S. Reeves, J.Amer.Chem.Soc . , 1950, 22.-> 1499.

(■^3) that the idoside forms a
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cuprammonium complex. Methyl 4:6-0-benzylidene-a-D-galactoside

will exist in the CI conformation with the diequatorial system

of free hydroxyl groups. These results do not distinguish

between the two possible chair conformations for the corresponding

guloside compound, both of which have one equatorial and one

axial hydroxyl group at C anci- C(3)- Evidence in favour of
the CI conformation will be produced later.

For the methyl 4:6-0-benzylidene-D-glucosides, -gulosides,

and -galactosides the second-order rate constant for the

a-anomer is greater than that for the P-anomer (Figs. 3 and 4)•
A similar relation holds for the ethylidene analogues of glucose

(Fig. 5), and for the anomeric methyl 4-0-methyl-D-glucopyranosides

(Fig. 6). In the CI conformations of all these compounds the

C-hydroxyl group is equatorial. In the p series, the

equatorial C ^ -methoxyl group is so situated with respect to
the equatorial C^)-hydroxyl group as to interfere sterically
with the formation of a periodate complex. With the a-anomer,

the C^-methoxyl group is axial, and interferes less. When
there is an axial,axial relation between the groups attached to

C^j and to C(2) t*ie pyranoside ring, then the situation is
very different, and the rate constants for the a- and P-anomers

might be expected to be similar, or even for that for the

P-anomer to be the greater. However, no such pair of anomers is
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Fig.5. Oxidation of Methyl 4:6- Fig.6. Oxidation of Methyl 4-0-
O-Ethylidene-D-glycosides

at pH 4.06 and 25°

Methyl-D-glycopyranosides at

pH 4.06 and 25°

\ /o

08

0-6
/OOO 2000

Time (mini)
□ a-Glucoside. A fl-Glucoside.

O <n-Mannoside.

OS

0-6
20 40 60

Time(min.)
O a-Glucoside. □ f}-Glucoside.

A a-Mannoside.

available. The fact that the rate constant for methyl 4:6-0-

benzylidene-a-D-guloside is greater than that for the P-anomer,

suggests that these compounds exist in the same conformation,

CI, as the other glycosides showing the same relation between

the rate constants for the a- and P-anomers. Another example

of the equatorial glycosidic group of a p-anortier sterically

interfering with the oxidation between 6(2) anc^ ^(3) a
pyranose ring has recently been reported.

The size of the glycosidic substituent at 6(p) has a
pronounced effect on the rate of periodate oxidation at 6(2) an6
C(^. Thus, although methyl 4:6-0-benzylidene-P-D-glucoside is
(184) F. Garner, I. J. Goldstein, R. Montgomery, and F. Smith,

J.Amer.Chem.Soc., 1958, 80, 1206.
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oxidized fairly slowly, 7- (4:6-0-benzylidene-f3-D-glucopyranosyl)-

theophylline is unaffected by periodate, and phenyl 4:6-0-

benzylidene-P-D-glucoside consumes periodate only extremely

slowly. Unfortunately, owing to their insolubility in aqueous

solutions, the last two compounds had to be studied in aqueous

alcohol which we have found to give lower rate constants for

periodate oxidation than do aqueous solutions. But by carrying

out comparative reactions in aqueous alcohol, the influence of

the glycosidic substituent has been clearly demonstrated. We

have not established, however, whether this is a steric or

electronic effect. 9-(4:6-0-Benzylidene-P-D-glucopyranosyl)-

adenine and 9-3-D-glucopyranosyladenine 4':6'-(phenyl phosphate)
have been reported^-^5) resistant to attack by periodate,

but these compounds are insoluble in water, and the reactions

were presumably carried out in non-aqueous media. Similarly,

Harvey, Michalski, and Toddfound that 7-(4:6-0-benzylidene-

3-D-glucopyranosyl)theophylline was unaffected by periodate

either in aqueous suspension or dissolved in alcohol or dioxan.

These results, determined in non-aqueous media, are of doubtful

bearing on the effect on the reaction rate of the addition of

alcohol to an aqueous oxidation solution, whilst the attempted

(135) G. R. Barker and G. E. Foil, J.Chem.Soc.. 1957, 3794-
(1$6) W. E. Harvey, J. J. Michalski, and A. R. Todd, J.Ghem.Soc.,

1951, 2271.

- 300 -



heterogeneous reaction in an aqueous suspension of the glucoside

is entirely irrelevant.

Increasing the chain-length of the alkyl group in the methyl

4:6-0-alkylidene-u-D-glucosides has little effect on the rate of

oxidation (Fig.7), but the benzylidene derivative is oxidized

much faster. This is presumably due to an electronic effect.

Similarly, methyl 4*6-0-benzylidene-n-D-mannoside is oxidized

faster than the ethylidene derivative. The presence of a

4:6-phosphate ring greatly reduces the rate of oxidation. The

rate constant for methyl o.-D-glucoside t\\6- (hydrogen phosphate)

is about twice that for the corresponding phenyl phosphate, so

Fig.7. Oxidation of 4:6-Substituted Fig.S. Oxidation of O Methyl

Methyl a-D-Glucosides

at pH 4.06 and 25°

and □ p-Nitrophenvl 2-0-Methyl-
B-D-glucopyranosides at

pH 4.06 and 25°

\ to -

0-8 -

O6
O /OOO POOO 3000

Time(min.)
4 : 6-Substituent:

O O-Benzylidene. □ O-Ethylidene.
C> O-Propylidene. A O-Butylidene.
0 Hydrogen phosphate. A Phenyl phosphate.
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* 0-8
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-

/

1 1

to
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that the phenyl group exerts a steric or electronic effect which
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reduces the rate of oxidation. Nevertheless, contrary to a

previous report, methyl a-D-glucoside 4:6-(phenyl phosphate) is

oxidized.

The marked differences in the observed rates of periodate

oxidation of various cyclic glucosides have been discussed by

Baddiley, Buchanan, and Szabo.^'^ They considered that these

differences arose through the steric factors which have been

discussed above: the presence of (i) a C^-substituent, (ii) a
4:6-ring, and (iii) a substituent on this ring. These authors'

argument, with regard to the first of these factors, that since

methyl a-D-glucoside 4:6-(hydrogen phosphate) was oxidized more

slowly than glucose 4:6-(hydrogen phosphate) and since methyl

4:6-0-benzylidene-a-D-glucoside had a smaller rate of reaction

than 4:6-0-benzylidene-D-glucose, there was evidence in favour

of steric hindrance produced by the C ^-substituent, is invalid.
With the two free sugars there are now three adjacent hydroxyl

groups, and it is incorrect to compare the rates of oxidation of

compounds containing different numbers of a-glycol groupings.

The anomeric methyl and phenyl D-glucopyranosides have been

oxidized by periodate. The times taken for the reduction of one

mole of periodate were about 45 minutes for the two methyl

D-glucopyranosides, 65 minutes for phenyl a-D-glucopyranoside,

and 69 minutes for phenyl 0-D-glucopyranoside. Thus even though
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two a-glycol sites are being oxidized, and one is somewhat remote

from the glycosidic group, the steric effect on the reaction

rate is clearly shown. The effect of the glycosidic substituent

on the oxidation of a remote o-glycol grouping is demonstrated in

Fig.S, where the oxidations of methyl and p-nitrophenyl 2-0-methyl-

P-D-glucopyranoside are shown. The rate of oxidation at C^)
and C (/jj is reduced by the p-nitrophenyl group at C(p); this
may be a steric or electronic effect.

The rates of oxidation of the 4-0-raethyl, 4-chloro-4~deoxy,

and 4-0-tosyl derivatives of methyl c-D-glucopyranoside are

shown in Fig.9. A considerable steric effect is apparent,

although the large difference between the rate constants for the

methyl and chloro-deoxy-derivatives suggests that steric factors

are not the only ones operating. However, the chlorine atom

also has a much greater effect than the methoxyl group in

restricting the free rotation between the rings of ortho-

substituted diphenyls . 1^)
The relative rates of oxidation of the 2-deoxy, 2-0-methyl,

and 2-0-tosyl derivatives of methyl a-D-glucopyranoside are shown

graphically in Fig.10. The steric effect of the C ,^)-substituent
on the oxidation at Cand ^(4) very marked; the rate
constant is reduced by a factor of 1000 on replacing a hydrogen

(1$7) R. W. Stoughton and R. Adams, J.Amer .Chem.Soc ■ , 1932, 4426.
(1$S) H. G. Yuan and R. Adams, ibid., p.4434-
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Fig.9. Oxidation of 4-Substituted Fig.10. Oxidation of 2-Substitutec

Methyl a-D-Glucopyranosides at

pH 4.06 and 25°

Methyl a-D-Glucopyranosides at

pH 4.06 and 25°
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0-7
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3000/OOO 2000

Time(min.)
4-Substituent:

A O-Methyl. □ Chloro-deoxy. Q O-Tosyl.
Curve A : Methyl A-O-tosyl-ti-O-triphenyl-

methyl-a-D-glucopyranoside.

OS

0-6
100 200 300

Time (min.)
2-Substituent:

A Deoxy. O O-Methyl. □ O-Tosyl.

atom by a tosyloxy-group. In the relative rates of oxidation

of the 2-0-methyl, 2-chloro-2-deoxy, and 2-0-benzoyl derivatives

of methyl JB-D-glucopyranoside (Fig.11), a considerable steric

effect is apparent. There is again a large difference between

the rate constants for the methyl and chlorodeoxy-compounds.

The second-order rate constant for the periodate oxidation of

methyl 2-0-methyl-a-D-altropyranoside is much greater than that

for the corresponding glucoside derivative. This agrees with

the tenet that the equatorial,axial pair of hydroxyl groups at

(3) and °f "the altroside compound in the chair conformations

will be oxidized more easily than the diequatorial system present

in the glucoside.
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At pH 6.93 and 25°, each mole of methyl 3-amino-4'.6-0-

benzylidene-3-deoxy-a-D-altroside consumed one mole of periodate

in about 20 hours. The "dialdehyde dihydrate" which crystallized

was shown to be the compound obtained from methyl 4-6-0-benzylidene-

a-D-glucoside. As methyl 4:6-0-benzylidene-a-D-altroside is

unaffected by periodate, this result is surprising, and shows

that the diaxial a-glycol and diaxial ct-amino-hydroxyl systems

are very different in their reaction with periodate. At pH

4.06 and 25°, less than one mole of periodate was reduced by the

amino-altroside during 32 days; no compound crystallized from

the oxidation solution. This very slow periodate reduction was

probably due to the acid hydrolysis of the benzylidene group

followed by oxidation (cf. methyl 4:6-0-benzylidene-a-D-altroside

at this pH and temperature).

The relative rates of oxidation of the cis- and trans-

cyclohexane-1:2- and -l:3-diols are shown in Fig.12. As would

be expected of the l:2-diols the cis(e,a)-compound reacts more

rapidly than the trans(e,e)-compound. The rate constants for

both compounds are much greater than those for substituted

glycopyranoside derivatives because of the absence of any steric

hindrance due to neighbouring substituents, and because the

cyclohexane ring is not held in one particular conformation by a

second ring. Neither cis- nor trans-cyclohexane-1:3-diol was
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Fig.11. Oxidation of 2-Substituted

Methyl g-D-Glucopyranosides at

pH 4.06 and 25°

Fig.12. Oxidation of cyclo-
Hexanediols at pH 4.06 and 25'

o too POO JOO
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2-Substituent:

O O-Methyl. □ Chloro-deoxy.
A O-Benzoyl.

O 'O PO

Time(sec)
O cis-1 : 2-Diol. □ trans-1 : 2-Diol.
A cis-1 : 3-Diol. 0 trans-1 : 3-Diol.

Figs.13 and 14. Polarimetric Analyses of 4:6-Substituted
Methyl a-D-Glycosides at pH 4.06 and Room

Temperature (ca.20°)

Fig.13.

oxidized, and evidence from ultraviolet spectrophotometric

studies suggested that no periodate-diol complex was formed.

0 POO 400 600

Time (min^j
4 : 6-Substituent: O-Benzylidene

O Galacloside. □ Guloside. A Idoside.

01 1 L_
O 10 PO

Time (hr.)
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Similarly pentaerythritol, which possesses two very close but

non-adjacent hydroxy1 groups, might be expected to form a complex

with periodate, but ultraviolet spectrophotometry data disproved

this.

A number of the "dialdehydes" resulting from the periodate

oxidation of cyclic a-glycols have been isolated, some by direct

crystallization during reaction. Compounds differing only in

the configuration of the oxidizable grouping give the same

product. A polarimetric study of the oxidation by periodate

of methyl 4:6-0-benzylidene-a-D-guloside, idoside, and

-galactoside has shown that the specific rotation at the end of

the oxidation is the same in each case (Fig.13), suggesting that

the same product is formed. Methyl 4:6-0-benzylidene-P-D-

galactoside and -|3-D-guloside gave the same hemialdal monohydrate.

Methyl 4:6-0-ethylidene-a-D-glucoside and -a-D-mannoside gave the

same hemialdal, which crystallized from concentrated aqueous

oxidation solutions. The formation of this product was also

followed polarimetrically (Fig.14). [in each case the infrared

spectrum showed the presence of hydroxyl but not carbonyl groups].
By comparing the second-order rates of periodate oxidation

/1 fjp
with the extent of reaction with cuprammonium solution, ~ '

measured by the decrease in conductivity on addition of the

glycol, the close parallel between the two reactions has been
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further qualitatively demonstrated for the methyl 4:6-0-benzylidene-

a-D-glycosides (Table 2). Cuprammonium solution has been shown

to have a substantial conductivity decrement with both

cyclohexane-1:2-diols. the effect of the cis-compound being

greater than that of the trans.This agrees with the

reaction of these compounds with periodate.

TABLE 2. Reaction of a-glycols with periodate and

with cuprammonium solutions

a-Glycol group at ^(2)"^(3)
of methyl 4:6-0-benzylidene-

a-D-glycoside (CI)

Rate of reaction

with periodate

Extent of reaction

with cuprammonium
solution

e,a e.g. mannoside

e,e e.g. glucoside

a,a e.g. altroside

rapid

slow

zero

medium

small

none

The similarity between the reactions of periodic acid and

lead tetra-acetate has been discussed at length.^90) Although

the rate of glycol cleavage with lead tetra-acetate has been
(191 192)

considered in relation to the constitution of the glycol, '
(189) H. Kwart and G. C. Gatos, J.Amer.Ghem.Soc., 1958, 80, 881.
(190) See, for example, P. F. Fleury and J. E. Courtois, Inst.int.

Chim.Solvay, 8me Conseil, Brussels, 1950.
(191) R. Criegee, E. Buchner, and W. Walther, Ber., 1940, 22>

571.
(192) R. Criegee, E. Hoger, G. Huber, P. Kruck, F. Marktscheffel,

and H. Schellenberger, Annalen, 1956, 599, 81.
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little attention has been paid to the effect of the conformation

of the glycol.
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Materials

Sodium metaperiodate, NalO^, used in solutions of pH ^7,
was the B.D.H. "Analytical Reagent", recrystallized from hot

water. The salt, used for reactions above pH 7,

was prepared by recrystallizing potassium metaperiodate from

hot concentrated aqueous potassium hydroxide, and then from

water.

Methyl 4:6-0-ethylidene-a-D-glucoside, prepared from methyl

<x-D-glucopyranoside and 1:1-dimethoxyethane, had m.p. 76-77°,

[a]^ +111.3° (c, 1.176 in water). Methyl 4'6-0-ethylidene-a-D-
mannoside was prepared from methyl a-D-mannopyranoside and

paraldehyde. After four recrystallizations from carbon tetra¬

chloride, the compound had m.p. 116.5-117.5°, [GJp^ +76.5°
(c, 1.41S in chloroform).

Methyl 4:6-0-benzylidene-a-D-glucoside and the 0-anomer, ^93
prepared from methyl a- and 0-D-glucopyranoside, respectively,

had m.p. 164-165°, +110.2° (c, 1.2), and m.p. 198-200°,

[o-]^ -65.2° (c, 0.96), [a]Jp -77.8° (c, 0.87 in water) . The
method of Irvine and Scott^94) was aqso used to prepare the

ct-anomer but the second isomer which they obtained was not

isolated.

(193) T. H. Evans, I. Levi, W. L. Hawkins, and H. Hibbert, Canad.
J.Res., 1942, 20, B, 175-

(194) J- 0. Irvine and J. P. Scott, J.Chem.Soc., 1913, 103, 575-
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Methyl 4» 6-0-benzylidene-c-D-altroside ^95) ancj p_an0mer

were prepared from the corresponding glucosides, and had m.p.

170-171°, +115° (c, 1.4), and m.p. 183.5-189°, [a]20 -64°

(c, 1.0 in acetone), respectively. Methyl 4:6-0-benzylidene-a-

D-mannoside had m.p. 143-144°, [aip9 +63.2° (c, 1.1). Methyl
4:6-0-benzylidene-<2-D-guloside had m.p. 144-145°, [aJp9 +80.3°
(_c, 0.83), [gJq^ +88.9° (c, 1.8 in water), and the p-anomer had
m.p. 174-175°, [gJq^ -88° (c, 1.0). Methyl 4:6-0-benzylidene-
a-D-idoside, prepared from the corresponding galactoside, had

m.p. 148-149°, [aJp^ +48.8° (c, 0.76). Methyl 4"6-0-benzylidene-
a-D-galactoside and the P-anomer, prepared from methyl a- and

~ 21
P-D-galactopyranoside, respectively, had m.p. 166-167°, [aJ]j
+143.6° (c, 1.6), and m.p. 199-200°, [a]22 -33.2° (c, 1-3)-

Methyl 4J6-0-ethylidene-a-D-glucoside and the P-anomer, prepared

from methyl o- and P-D-glucopyranoside and 1:1-dimethoxyethane,

had m.p. 76-77°, [gJq9 +111.3° (c, 1.2 in water), and m.p. 188-189°,
[a]2® -74° (c, 1.9 in water). Methyl 4:6-0-ethylidene-a-D-

mannoside, prepared from methyl a-D-mannopyranoside and paraldehyde,

had m.p. 116.5-117-5°, [G]J9+76.5° (c, 1.4). Methyl 4:6-0-
propylidene-ct-D-glucoside had m.p. 102°, [gJq +122° (c, 0.60) .

Methyl !\\6-0-butylidene-c-D-glucoside had m.p. 108°, +112.9°

(195) D. A. Rosenfeld, N. K. Richtmyer, and C. S. Hudson, J.Amer.
Chem.Soc., 1948, 22, 2201.
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(c, 2.4). Methyl 4:6-0-isopropylidene-a-D-guloside^^6) ^ad

m.p. 133°, [aJp^ +88.9° (c, 1.8) . Methyl ct-D-glucoside 4*-6-
(hydrogen phosphate) ^^5) wag prepared from the cyclohexylamine

salt by passage through Amberlite Ion-Exchange Resin IR-120 (H),
in an aqueous solution which was used directly for oxidation by

periodate. Methyl a-D-glucoside 4:6-(phenyl phosphate)
had m.p. 196-197°, [a]p^ +100.8° (_c, 1.2 in ethanol). Methyl
4:o-di-0-methyl-a-D-altropyranosidewas obtained as a syrup,

2 0
[a]p +147° (c, 0.50 in water), which has not been crystallized.

Phenyl JB-D-glucopyranoside (5 g-), powdered anhydrous zinc

chloride (3 g-), and benzaldehyde (redistilled, 20 ml.) were

shaken at room temperature for 24 hours in a stoppered flask

filled with nitrogen. After being left at 0° overnight, the

resulting jelly was shaken with ice-water (250 ml.), a solid then

separating. This was filtered off and washed successively with

sodium hydrogen sulphite (10% aqueous solution, 200 ml.), saturated

aqueous sodium hydrogen carbonate (100 ml.), water (100 ml.), and

light petroleum (b.p. 60-80°; 11.) before being dried.

Recrystallization from aqueous ethanol gave feathery needles of

phenyl 4:6-0-benzylidene-3-D-glucoside (1.8 g., 27%), m.p. 196-197°,

-66.5° (.c, 1.1 in pyridine).
Other compounds used were: methyl 4-0-methyl-a-D-

(196) J. G. Buchanan, J.Chem.Soc., 1958, 995-
(197) G. J. Robertson and H. Dunlop, J.Chem.Soc., 193$, 472.
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glucopyranoside, m.p. 94-95°, [aJp^ +167° (c, 1.2 in water);
methyl 4-0-roethyl-p-D-glucopyranoside, m.p. 102-103°, [aJp^ -13°
(c, 1.0 in water); methyl 4-0-inethyl-a,-D-mannopyranoside,

20
m.p. 101-102°, +83.9° (c, 0.80 in water); methyl 4-chloro-

4-deoxy-G-D-glucopyranoside, m.p. 114-114.5°, +130.9°

(c, 1.0 in water); methyl 4-0-tosyl-a-D-glucopyranoside,

m.p. 148-149°, +107.6° (c, 1.1 in ethanol); methyl 4-0-
O

tosyl-6-0-triphenylmethyl-a-D-glucoside, m.p. 146-147°, [°0q
+ 74»9° (c, 1.3); methyl 2-deoxy-a-D-glucopyranoside, m.p. 90-91°,

[aJp^ +135° (c, 0.67 in water); methyl 2-0-methyl-a-D-
glucopyranoside, m.p. 147-148°; methyl 2-0-methyl-P-D-

glucopyranoside, m.p. 97-98°; methyl 2-0-tosyl-a-D-glucopyranoside,

m.p. 138-139°; methyl 2-chloro-2-deoxy-p-D-glueopyranoside,

m.p. 163-164°; methyl 2-0-benzoyl-f3-D-glucopyranoside, m.p. 174-

177°, -1.8° (c, 1.8 in acetone); methyl 2-0-methyl-u-D-

altropyranoside, m.p. 81-83°, +111.6° (c., 1.0);

£-nitrophenyl 2-0-methyl-P-D-glucopyranoside, m.p. 178-179°,
2 ^

[a]^ -90.2° (_c , 4.0 in aqueous ethanol); 7- (4: 6-0-benzylidene-
P-D-glucopyranosyl)theophylline, m.p. 272-273°; methyl 3-amino-

4:6-0-benzylidene-3-deoxy-<a-p-altroside, m.p. 188-190°, cis-

cyclohexane-1:3-diol, m.p. 85-85.5°; trans-cyclohexane-1:3-diol,

m.p. 118-118.5°; cis-cyclohexane-1:2-diol, m.p. 98-99°; trans-

cyclohexane-1: 2-diol, m.p. 103.5-104°; pentaerythritol,
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m.p. 259-261°.

All experiments were carried out in aqueous buffer solutions

of low ionic strength. The solutions used were sodium acetate

and acetic acid with ionic strength O.O36 for pH 4-06, potassium

dihydrogen phosphate and sodium hydroxide with ionic strength

0.05 for pH 6.93, and ammonium acetate and ammonia with ionic

strength 0.02 for pH 10.10. Solutions more acid than pH 4 were

not used, because they usually caused hydrolysis of groups

attached to the sugars. The pH of each buffer solution was

measured with a Cambridge pH meter, which was standardized against

potassium hydrogen phthalate (0.05 M), pH 4*01 at 0°, and sodium

tetraborate (0.01 M), pH 9.46 at 0°.

Kinetic Measurements

All reactions were carried out in the dark.^^^ For the

measurements recorded in Fig. 1 and 2 various known amounts of

each glycol, sufficient to give solutions ranging from approximate¬

ly 0.5 M to 0.005 M, were used with the appropriate buffer and

enough periodate to give an approximately 0.001 M-solution. A

solution prepared in exactly the same manner, containing all the

reagents but omitting the compound to be oxidized, served as

blank. At suitable times, samples of the reaction solution and

the blank were withdrawn and analyzed for periodate by Muller and

(19S) F. S. H. Head, Nature, 1950, 165. 236.
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(199)
Friedberger's method. The samples were pipetted into

saturated aqueous sodium hydrogen carbonate (ca. 10 ml.)

containing potassium iodide (ca. 1 g.). The mixture was left

for about 15 minutes in the dark before the free iodine was

titrated with standard sodium arsenite solution (0.00125-0.01N),

sodium starch glycollate indicator (2 ml. of 1% solution) being

used.

A typical example shows the first-order rate constants, k',

for methyl 4:6-0-ethylidene-c^-D-glucoside at pH 4*06, ionic

strength 0.036, temperature 0°, and initial concentration of

periodate, [PeriodatejQ, 0.0009065M.

[Gk (mole l."1) 0.1951 0.09716 0.01666 0.006146 O.OO5663

1/CgJoo (1. mole-1) 5.125 10.29 53-53 122.6 176.6
106k' (sec.-1) 22.05 9.667 1.955 0.6527 0.5971

1/lO^k' (sec.) 4.535 10.13 51.15 117-3 167-5

In this case the plot of l/k' against 1/[GJo0 is a straight line
through the origin.

All other oxidations were performed at 25°. Aqueous buffer

solutions were used for the majority of the oxidations, but in a

few cases, where the reactant was insufficiently soluble in water,

aqueous ethanolic solutions were used. For the titrimetric

determination of second-order rate constants an approximately

(199) E. Muller and 0. Friedberger, Ber. , 1902, jjjj, 2652.
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threefold excess of periodate was used. The solutions were
- 3 - 3

3-5 x 10 -^M with respect to the reactant and 14 x 10"with

respect to periodate. This usually involved about 0.1 g. of

the reactant in 100 ml. of solution. With compounds not

oxidized by periodate (e.g., cis- and trans-cyclohexane-1:3-diol,

pentaerythritol, and the anomeric methyl 4*6-0-benzylidene-D-

altrosides) a wider range of excess of periodate (three- to

twenty-fold) was used, in order to try to achieve reaction.^00)
Control experiments were always carried out. Analysis for

(199)
periodate was carried out by Muller and Friedbergerrs,

Fleury and Lange' s , Malaprade' s , (202) or jjeurnuiier and
(203)

Vasseur's ^ method. The four methods gave consistent results,

but Malaprade's method was much less accurate than the others.

Because Muller and Friedberger's method was quickest and easiest

to carry out, it was employed in most of the oxidations. With

a small excess of periodate (roughly threefold) all the reactions

studied were of second-order with respect to glycol and periodate.

If a and b are the initial concentrations of periodate and

glycol (in mole l.~^"), respectively, and x is the decrease in

concentration of periodate (also in mole 1.""*") at time t, then,

(200) See J. R.Dyer. Methods Biochem. Anal., 1956, HI. _

(201) F. F. Fleury and J. Lange, J.Pharm.Chim., 1933, [3J 12, 107,
196.

(202) L. Malaprade, Bull.Soc.chim.France, 1923, A2, 633-
(203) G. Neumuller and E. Vasseur, Arkiv Kami, 1953, 235-
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if kg is the second-order rate constant, measured in 1. mole ^
sec. ,

log-^Q [(a - x)/(b - x) 3 = t [kg (a - b)/2.303] + constant

From the slope of a graph of log^0[(a - x)/(b - x)] (for which
the symbol X is used in all the Figures) against t, kg was
calculated. All the experiments were carried out in at least

duplicate, the second-order rate constant being reproducible to

within 3 or l\.%.

Ultraviolet Spectrophotometric

Measurements.(204,205,206)
The optical densities of approximately 10~^"M-solutions of

O

periodate were measured at 2260 and 2340 A, in the presence of

various glycols, a Unicam model SP.500 spectrophotometer being

used with 1-cm. silica cells. The buffer solutions and the

glycols (approximately 10~"^M-solutions) absorbed only very

slightly in this region but owing to the effect of ultraviolet

light on periodate solutions, this procedure can be unreliable,

and was used only when periodate oxidation was known not to occur.

In such compounds (methyl 4*6-0-benz,ylidene-a-D-altroside, cis-

and trans-cyclohexane-1:3-diols, and pentaerythritol), no change

(204) C. E. Crouthamel, H. V. Meek, D. S. Martin, and C. V". Banks,
J.Amer.Chem.Soc., 1949, 21, 3031'

(20$) C. E. Crouthamel, A. M. Hayes, and D. S. Martin, ibid., 1951,
11, 82.

(206) G. J. Buist, C. A. Bunton, and J. H. Miles, J.Chem.Soc.,
1957, 4575-
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in absorption occurred on adding the glycol, suggesting that no

glycol-periodate complex was formed.

Polarometric Measurements

Enough glycol to give an initial rotation of at least

-1.0° was dissolved in buffer solution, excess of sodium periodate

solution was added, and the solution was made up to a known

volume with buffer. After mixing, the solution was rapidly

transferred to a polarimeter tube (2 dm.), and the values of the

optical rotation were noted against time until a constant value

was obtained. A graph of the rotation, or the specific rotation,

against time, was plotted.

Isolation of Products of Oxidations

Analytical results were confirmed by isolation of products

whenever possible. A slight excess of oxidant was allowed to

react with the glycol in concentrated solution. When the

reaction was judged, on evidence from rate studies or optical

rotation, to be complete, the ions were removed either by

precipitation by barium hydroxide solution, or by passage through

ion-exchange resins. In a few cases the product crystallized

directly from the reaction solution and was collected.

Summary of Results

All the rate constants (collected in Table 1, p.294) are of
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second order unless otherwise mentioned. Second-order rate

3 -1 -1
constants, kg, are recorded in lCr 1. mole sec. , and first-
order rate constants in sec.""^. Typical results are: Methyl

4:6-0-benzylidene-a-D-glucoside was oxidized at pH 4 >06 and 25°;

k2 2.82, 2.82, 2.92, 2.93 (mean 2.88). At pH 6.93 and 25°;
kg 1.34, 1.36 (mean 1.35). The product, 7:9-dihydroxy-6n-
methoxy-2-phenyl-trans-m-dioxano[5,4~e][l:4]~dioxepan hydrate,

which crystallized directly from the oxidation solution, was

filtered off, washed with water, and dried. It had m.p. 143-144°,

[aJp^ +61.8° (c, 4*0 in pyridine). Methyl 4«6-0-benzylidene-P-D-
glucoside, pH 4*06; 25°; kg 1.13, 1.04, 1.13 (mean 1.10).
The product, 7:9-dihydroxy-6g-methoxy-2-phenyl-trans-m-dioxano[5.4-
eif'l:4i-dioxepan hydrate. was obtained by passing the solution

through ion-exchange resins, evaporation of eluates, extraction

of residues with chloroform, and recrystallization from acetone-

light petroleum (4O-6O0). The product crystallized as clusters

of white needles, m.p. 118-119°, [c]q^ -25.0° (c, 0.80 in water)
(Found: C, 53-8; H, 6.5. ^14^16^6'^2^ re9uires C, 53-2; c
H, 6.3%). The infrared spectrum showed the absence of carbonyl

groups and the presence of hydroxyl groups.

With methyl l\\6-0-benzylidene-cr-D-altroside at pH l\..G6

and 25° periodate was consumed, but the benzylidene group was

hydrolyzed, liberating benzaldehyde. Similar results were
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obtained at 25° in aqueous unbuffered solutions. At pH 1^.06
and 0°, at pH 6.93 and 25°, and at pH 10.10 and 25°, periodate

was not consumed during 2 days. From these experiments, the

altroside was recovered nearly quantitatively.

At pH 4.O6 and 25° the benzylidene group of methyl 4:6-0-

benzylidene-p-D-altroside was hydrolyzed. At pH 6.93 and 25°,

and at pH 10.10 and 25°, periodate was not consumed during 1 day.

These oxidations were carried out in a mixture of buffer and

alcohol (95:5) since the altroside was insufficiently soluble in

buffer solution.

The product of oxidation of methyl 4:6-0-benzylidene-a-D-

mannoside crystallized from the solution and had m.p. 143-146°,

undepressed on admixture with the product from the glucoside;

the infrared spectra of the two products were identical.

The product from methyl 4:6-0-benzylidene-J3-D-galactoside,

7: 9-dihydroxy-6f3-methoxy-2-phenyl-cis-m-dioxanoF 5,4_e ] [l: 4 J -

dioxeoan hydrate. crystallized from the concentrated aqueous

oxidation solution; it had m.p. 118-119° (from water) (Found:

C, 53-2; H, 6.4. Gi4Hi6°6,2H2° re9uires G> 53-2; H, 6.3%).
The m.p. and analysis agree with unpublished values obtained by

Hewitt G. Fletcher, jun.

The product of oxidation of methyl 4:6-0-benzylidene-P-D-

guloside crystallized from a concentrated aqueous oxidation
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solution, and had m.p. and mixed m.p. with the corresponding

galactoside product, 117-119°.

Methyl 4-6-0-ethylidene-ct-D-glucoside on oxidation gave

7: 9-dihvdroxv-6a-methoxy-2-methy.l-trans-m-dioxanoT 5,4-e 1 [l: 4j-
dioxepan, which crystallized from a concentrated oxidation

solution, and, after recrystallization from water containing a
jo

few drops of dimethyl sulphoxide, had m.p. 143-144°) +13-6°

(c, 0.90 in water) (Found: C, 45-3; H, 6.7. ^9%4°6'H2^
requires C, 45-7; H, 6.8%). The infrared spectrum showed the

absence of carbonyl groups, but the presence of hydroxyl groups.

Methyl 4:6-0-ethylidene-ct-D-mannoside on oxidation gave the
Q O

same product, m.p. 140-141°, [cJq +13-5° (.c, 1.0 in water), as
was given by methyl 4:6-0-ethylidene-a-D-glucoside (compared by

m.p. and infrared spectrum).

With methyl 4-0-tosyl-6-0-triphenylmethyl-a-D-glucoside in

alcohol-buffer (50:50) there was considerable reduction in

concentration of periodate in the blank during the long period

required for completion of reaction, and this continually changing

concentration made reproducible results hard to obtain.

At 25° 7-(4:6-0-benzylidene-P-D-glucopyranosyl)theophylline
showed no uptake of periodate in 8 days in alcohol-ethyl acetate-

buffer solution (pH 4-06) (70:25:5)-

At pH 4-06 and 25° there was a very slow reduction of
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periodate by methyl 3-amino-4:6-0-benzylidene-3-deoxy-a-D-

altroside: 0.2 mole after 147 hours with a threefold excess of

periodate, and 0.3 mole after 314 hours with a seventeenfold

excess of periodate. The product had m.p. 134-13$°, undepressed

when mixed with the oxidation product from methyl 4*6-0-

benzylidene-ct-D-glucoside; the infrared spectra of the two

products were identical.

At 25° and pH values of 4*06, 6.93? and 10.10, with a two-

to ten-fold excess of periodate, cis-cvclohexane-1:3-diol was

not oxidized during 7 days, and was quantitatively recovered

after the removal of inorganic ions. At pH 4*06 and 25°, with

a two- to ten-fold excess of periodate, the trans-1:3-diol was

not oxidized during 6 days, and was quantitatively recovered.

At pH 4*06 and 25°, periodate was not reduced by

pentaerythritol during 72 hours with either a three- or a ten-fold

excess of periodate. The pentaerythritol was isolated unchanged

(95%) from the reaction solutions.

Phenyl 4*6-0-benzylidene-g-D-glucoside (A) was very slowly

oxidized by periodate at 25° in alcohol-ethyl acetate-buffer

solution (pH 4*66) (70:20:10). For comparison, methyl 4*6-0-

benzylidene-o;-D-glucoside (B) was also oxidized in this medium.

Rate constants were not calculated, since in this medium there

was a considerable fall off in the blank due to the reduction of
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periodate by solvents.

Time (hours)

B in water

B in alcoholic medium

A in alcoholic medium

Mol. of periodate reduced

0 7 30 66 92

0.0 0.61 1.00 1.03 1.09

0.0 0.05 0.11 0.23 0.30

0.0 0.0 0.02 0.06 0.12
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