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The Action of Diazomethane upon Acyclic Sugar Derivatives. I

By M. L. WoLrroM, D. I. WEIsBLAT, W. H. ZoPHY AND S. W. WAISBROT

A characteristic reaction of an aldehyde, dis-
covered by Meyer! and more closely investigated
by Schlotterbeck,? is its conversion to the corre-
sponding methyl ketone by the action of diazo-
methane. Brigl and co-workers? applied this re-
action to aldehydo-d-glucose 3,4,5,6-tetrabenzo-
ate in their proof of structure of this substance.
They obtained a crystalline product which exhib-
ited the analysis expected for a methyl ketone but
for which no complete proof of structure was
offered.

In the work herein reported we have studied the
action of diazomethane upon aldehydo-I-arabinose
tetraacetate* (IIT) and have found that a crystal-
line product is obtained which has been charac-
terized as the methyl ketone and may be desig-
nated 1-desoxy-kefo-l-fructose tetraacetate (IV).
This reaction is of considerable interest to the
carbohydrate chemist since it provides a means of
converting an aldose into a ketose. As a d-fruc-
tose derivative is of more immediate interest than
is a derivative of the [-variety, the enantiomor-
phic methyl ketone was prepared from aldehydo-d-
arabinose tetraacetate (III), which latter sub-
stance was prepared from d-arabinose by the pro-
cedure used for the synthesis of its enantimorph.
The diazomethane reaction product (IV) (m. p.
77-78°, spec. rot. +55.5° in abs. CHCl;) was
proved to be the expected 1-desoxy-keto-d-fructose
tetraacetate (IV) by analysis; by formation of a
crystalline oxime; and by the fact that it gave
positive iodoform, Seliwanoff (ketose) and Feh-
ling reduction reactions.

The reaction of diazomethane with an aldehyde
is not always simple and products other than the
methyl ketone may be formed. A general mech-
anism for this process has been proposed by
Arndt.®! In accordance with this viewpoint, a
second product has been found in our reaction mix-
ture which is still under further investigation but
which undoubtedly will be interpretable on the
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basis of the Arndt mechanism. For purposes of
contemplated further work, however, the methyl
ketone was the desired product.

The action of diazomethane upon an acid chlo-
ride was studied by Clibbens and Nierenstein,®
who obtained a-chloroacetophenone from benzoyl
chloride. Arndt and co-workers” showed that
such a reaction may follow a different course and
obtained diazomethyl ketones from a number of
acid chlorides.

In the sugar field, Gitzi and Reichstein® ob-
tained a sirupy diazomethyl ketone by the action
of diazomethane upon diethylidene-J-xylonyl chlo-
ride and Iwadare® obtained a sirupy diazomethyl
ketone from isopropylidene-d-glyceryl chloride
and diazomethane, In the work herein reported,
we have studied the action of diazomethane upon
d-gluconyl chloride pentaacetate®® (VI) and have
obtained a crystalline product which showed
Fehling reduction and which by analysis was char-
acterized as the diazomethyl ketone and may be
designated  1-diazo-1-desoxy-kefo-d-glucoheptu-
lose pentaacetate (VII). Evidence for the for-
mation of a chlorine-containing compound, prob-
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ably the chloromethyl ketone, was also obtained
but further investigation will be required to char-
acterize this substance in pure form. It is prob-
able that this by-product is produced by the ac-
tion on the diazomethyl ketone of hydrogen
chloride formed in the reaction mixture by traces
of moisture.

Further work is in progress in this Laboratory.

Experimental

d-Arabinose Diethyl Mercaptal (I).—This substance was
prepared from d-arabinose!! (80 g.) according to the pro-
cedure described by Fischer?? for the /-modification; yield
100 g., m. p. 125-126°, spec. rot. 0° (23°, ¢ 3.0, pyridine) 13
The substance was soluble in warm water and was practi-
cally insoluble in cold water, alcohol and ether. For the
enantiomorph, Fischer recorded similar solubilities and a
melting point of 124-126°.

Anal. Caled, for CoH;3004S::
25.16.

d-Arabinose Diethyl Mercaptal Tetraacetate (II).—This
substance was prepared according to the procedure de-
scribed by Wolfrom and Newlin? for l-arabinose diethyl
mercaptal tetraacetate; vyield practically quantitative;
m. p. 80°, spec. rot. +30°(23°¢4.2,U.S. P.CHCly). For
the enantiomorph, Wolfrom and Newlin recorded the con-
stants: m. p. 80°, spec. rot. —30° (CHCl;).

Anal. Calcd. for C5H304(CH3CO)4(SC2H5)22 CHaC«O,
9.43 cc. 0.1 N NaOH per 100 mg. Found: CH;CO, 9.50
cC.

aldehydo-d-Arabingse Tetraacetate (III).—The improved
demercaptalation procedure of Wolfrom and Konigsberg!4
was used in removing the thioacetal groups from d-arabi-
nose diethyl mercaptal tetraacetate. To 100 g. of d-
arabinose diethyl mercaptal tetraacetate dissolved in 360
cc. of acetone was added 200 g. of finely powdered cadmium
carbonate and 40 c¢. of water. To this was added with
vigorous stirring 236 g. of mercuric chloride dissolved in
360 cc. of acetone, The vigorous mechanical stirring was
maintained for twenty hours at room temperature. The
mixture was filtered into a flask containing 20 g. of cad-
mium carbonate, The residue on the filter was washed
thoroughly with acetone and the combined solvent removed
under reduced pressure (45-50°) in the presence of the
cadmium carbonate.

The residue was extracted with several portions of warm
chloroform (U. S. P.) and the extract washed with an
aqueous solution of potassium iodide and then with water
until free of halides. The dried, decolorized, chloroform
solution was concentrated to a thick sirup under reduced
pressure (45-50°). The product crystallized from an
acetone~ether—petroleum ether mixture (2:1:3); yield 38
g, m. p, 112-114°, Pure material was obtained on two
more crystallizations from the same solvent mixture; m. p.

S, 24.97. Found: S,
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113-115°, spec. rot, +65° (23°, ¢ 4.1, abs. CHCl;). The
solubility behavior, crystalline form, and reducing charac-
ter were the same as have been reported for aldehydo-i-
arabinose tetraacetate for which Wolfrom and Newlin® re-
corded the constants: m. p. 113~115°, spec. rot. —66°
(abs, CHCly).

Anal. Caled. for CsHsO;(CH;CO).: C, 40.04; H, 5.69;
CH,CO, 12.6 cc. 0.1 N NaOH per 100 mg. Found: C,
49.33; H, 5.67; CH;CO, 12.6 cc.

aldehydo-d-Arabinose Semicarbazone Tetraacetate.—
The semicarbazone was prepared in a manner analogous
to that used by Wolfrom and Newlin for its enantiomorph;
yield practically quantitative, m. p. 183-185°, spec. rot.
—72.0° (30°, ¢ 1.2, abs. CHCl;). Wolfrom and Newlin
recorded for the enantiomorph: m. p. 184-187°.

Anal. Caled. for CeHyO:N3(CH,CO),: CH3CO, 10.7
cc. 0.1 NNaOH per 100 mg.; N, 11,20, Found: CH,CO,
10.7 cc.; N, 11.29.

1-Desoxy-keto-d-fructose Tetraacetate (IV).—The diazo-
methane used in this work was generated by the action of
methyl alcoholic potassium hydroxide on ethyl N-methyl-
N-nitroso-carbamate according to the procedure of von
Pechmann, 1

The diazomethane generated by the decomposition of 20
cc. of the urethan was distilled in an ether stream directly
into an absolute chloroform solution of 24 g. of aldehydo-d-
arabinose tetraacetate cooled to 0-5°. There was a
steady, vigorous evolution of nitrogen as the reaction pro-
ceeded. The yellow color of the diazomethane was dis-
charged very quickly until about three-fourths of the total
quantity had been added. The solution then acquired a
permanent yellow tinge indicative of an excess of diazo-
methane. Upon standing overnight at room temperature
the reaction mixture was again colorless. The amorphous
precipitate of polymethylenes was removed by filtration
and the solvent removed by concentration. The sirup was
taken up in 50 cc. of absolute ethanol and the solution
made opalescent by the addition of petroleum ether. The
product crystallized slowly, in beautiful cubic crystals, on
standing in an ice-box; yield 15.4 g. (two crops, 62% of
theory), m. p. 75-77°. Pure material was obtained after
four recrystallizations from 95% ethanol; m. p. 77-78°,
spec. rot. +55.5° (30°, ¢ 3.3, abs. CHCly), 4-58.3° (22°, ¢
3.0, methanol, no mutarotation).

The substance reduced Fehling solution very readily.
It was insoluble in cold and warm water, and in petroleum
ether, but was readily soluble in methanol, warm ethanol,
acetone, chloroform and warm ether. The product gave
a deep yellow color with cold alcoholic potassium hydrox-
ide. Under the conditions of the Seliwanoff!® reaction the
sutbstance first gave a yellow color which changed to the
cherry red characteristic of ketoses, after standing for about
one hour. keto-d-Fructose pentaacetate produced the color
in fifteen minutes. Under these same conditions acetone
gave a permanent yellow color and aldehydo-d-arabinose
tetraacetate produced no color whatsoever. The Kiliani!?
color test for 2-desoxy sugars was negative.

Anal. Caled. for CeHyOs(CH;CO): C, 50.59; H, 6.08;

(15) H. von Pechmaun, Ber., 8, 855 (1895).
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CH,;CO, 12,0 ce. 0.1 N NaOH per 100 mg. Found: C,
50.41; H, 6.12; CH;CO, 12.1 cc. (Freudenberg method?8).

On working up the mother liquor material from the above
compound from ethanol-water followed by chloroform-
alcohol there was obtained a crystalline substance {m. p.
162-164° with dec., spec. rot. +41° in abs. CHCl;) which
is under further investigation.

1-Desoxy-keto-I-fructose Tetraacetate (IV).—aldehydo-
[-Arabinose tetraacetate was treated with diazomethane
and the product isolated as described above for its enantio-
morph; m. p. 77-78°, spec. rot. +55° (25°, ¢ 3.9, abs.
CHCly).

The substance reduced Fehling solution and displayed
the same solubility and reactivity as its enantiomorph.

Anal. Caled. for C14HyOy; C, 50.59; H, 6.08. Found:
C, 50.72; H, 6.04.

On working up the mother liquor material from the above
compound as described for its enantiomorph, there was ob-
tained a crystalline substance (m. p. 162-164° with dec.,
spec. rot, —41° in abs, CHCl;).

1-Desoxy-keto-d,I-fructose  Tetraacetate  (IV).—An
amount of 100 mg. of 1l-desoxy-keto-d-fructose tetraace-
tate, m. p. 77—78°, and 100 mg. of 1-desoxy-kefo-l-fructose
tetraacetate, m. p. 77-78°, was dissolved in 1 cc. of 959,
ethanol. The racemate crystallized in clusters of small
irregular plates; yield 0.18 g., m. p. 95-97°, spec. rot. 0°
(32°, ¢ 3.9, abs. CHCly)

1-Desoxy-keto-d-fructose Oxime Tetraacetate (V).—An
amount of 0.45 g. (1 mole) of 1l-desoxy-kefo-d-fructose
tetraacetate was dissolved in 10 cc. of absolute ethanol. A
solution of 0.20 g. (2 moles) of hydroxylamine hydrochlo-
ride and 0.40 g. (3 moles) of potassium acetate in 5 cc. of
aqueous alcohol (1:1) was added and the mixture shaken
vigorously. After standing for three hours at room tem-
perature the solvent was removed by a stream of dry air
and the oxime extracted from the inorganic material with
several portions of warm methanol. The methanol solu-
tion was concentrated to approximately 1 cc. and 3 cc. of
water added. Upon standing in the ice-box, the oxime
crystallized in beautiful, transparent, four-sided plates;
yield 0.25 g., m. p. 102-107°. Pure material was obtained
on three recrystallizations from the same solvent; m. p.
112-113°, spec. rot. +8.7° (33°, ¢ 2.8, abs. CHCl;). The
substance was moderately soluble in methanol, ethanol and
chloroform and was practically insoluble in water and
petroleum ether.

Anal. Caled. for CeHiOsN(CH;3;CO)y: C, 48.41; H,
6.10; N, 4.03. Found: C, 48.61; H, 6.28; N, 3.98.

Conversion of 1-Desoxy-keto-d-fructose Tetraacetate
into Iodoform.—The procedure employed was that of
Fuson and Tullock!® for water-insoluble substances. 1-
Desoxy-keto-d-fructose tetraacetate (1 g.) was dissolved
in 3 cc. of dioxane; 1 cc. of 10%, sodium hydroxide solution
was added and the mixture shaken. An iodine solution
(10 g. of iodine and 20 g. of potassium iodide in 80 cc. of
water) was then added in small portions until a definite ex-

(18) K. Freudenberg and M. Harder, Ann., 438, 230 (1923).
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cess was present. The mixture was warmed for several
minutes in a water-bath at 60°; the excess iodine was re-
moved by the addition of the necessary amount of the 109,
base and then diluted with water. A yellow precipitate of
iodoform crystallized upon standing; yield 50 mg.; m. p.
120-121° (mixed m. p. with an authentic sample of iodo-
form showed no depression). Blanks on the reagents and
on aldehydo-d-arabinose tetraacetate yielded no iodoform.

1-Diazo-1-desoxy-keto-d-glucoheptulose Pentaacetate?®
(VID).—To a solution of 2.1 g. (2.3 moles) of diazomethane
dissolved in anhydrous ether at 0°, was added slowly with
stirring 5 g. (1 mole) of d-glucony! chloride pentaacetate®
dissolved in 50 cc. of anhydrous ether. The solution stood
at room temperature for three hours. The ether was then
removed by a stream of dry air. The residue was dissolved
in warm ether and upon cooling the product crystallized.
Pure material was obtained on several recrystallizations

from ether; vyield 2.5 g., m. p. 106-106.5°; spec. rot.
+65.8° (30°, ¢ 4, abs. CHCI;).
The product crystallized in rosets of needles. The sub-

stance was soluble in acetone, chloroform, alcohol and
warm ether. It was insoluble in water, ligroin and cold
ether. Fehling solution was reduced upon heating at the
boiling point for a few minutes.

Anal. Caled. for CnHnguNz: C, 4744, H, 515, N,
6.51. Found: C, 47.58; H, 5.13; N, 6.62.

On ethanol recrystallization of the mother liquor material
from the above compound there was obtained a chlorine-
containing crystalline substance (m. p. 86°) which is under
further investigation.

We acknowledge the general assistance of Mr.
Irving Auerbach (N. Y. A, Project O. S. U. 170).

Summary

1. d-Arabinose diethyl mercaptal (I) (and its
tetraacetate) has been synthesized.

2. aldehydo-d-Arabinose tetraacetate (III)
(and its semicarbazone) has been synthesized from
d-arabinose diethyl mercaptal tetraacetate.

3. The action of diazomethane upon aldehydo-
d-arabinose tetraacetate (and aldehydo-Il-arabinose
tetraacetate) produced a crystalline substance
which is designated 1-desoxy-kefo-d-fructose tetra-
acetate (IV) (and 1-desoxy-keto-l-fructose tetra-
acetate) and its stucture is made probable by its
ability to yield an oxime; to undergo the iodoform
reaction; and to give a positive Seliwanoff reac-
tion.

4. The action of diazomethane upon d-glu-
conyl chloride pentaacetate produced a crystal-
line substance designated 1-diazo-1-desoxy-keto-d-
glucoheptulose pentaacetate (VII).
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