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droxyphenylazo) benzenearsonic acid hydrochloride. The
last traces of methanol were removed 47 wvacuo at 100°.
The compound showed the typical properties of an o-
aminophenol. When this was reduced with sulfur dioxide
a red insoluble product was obtained, the structure of
which could not be determined.

Table IT lists the arsonic acids and arsenoso compounds
which were prepared. Melting points were taken by the
procedure described in paper VI. All analytical results
are the average of two or more determinations. The
crystalline arsonic acids were recrystallized from either
water or alcohol. The yields given are for the purified
compounds.
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Summary

Arsonic acids containing the azo linkage have
been prepared by coupling diazo compounds
with hydroxyarylarsonic acids and by the Schel-
ler-Bart reaction applied to aminoazo compounds.
A number of these arsonic acids have been re-
duced to the corresponding arsenoso derivatives.
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Carbon-Alkylation with Quaternary Ammonium Salts.

A New Approach to the

Synthesis of Compounds Containing the g-Indolemethylene Group

By H. R. SnypeR, CURTIS W. SMITH AND JOHN M. STEWART

Although simple quaternary ammonium salts
have been used as alkylating agents in the prepa-
ration of numerous sulfur-,* oxygen-»%% and
nitrogen-%7 alkylated substances, they have not
appeared promising as reagents for the prepara-
tion of carbon-alkyl derivatives. For example,
benzyldimethylphenylammonium chloride has
been found not to yield phenacetonitrile by re-
action with sodium cyanide in water,! and certain
salts containing allyl groups attached to the
nitrogen atom have been found not to produce
allylphenols by reaction with phenolic sub-
stances.?

Successful reactions of quaternary salts derived
from Mannich bases with active methylene com-
pounds have been reported,?® but these reactions
have been interpreted as consisting not in simple
alkylation but in Michael condensations of the
active methylene compounds with vinyl ketones
formed by decomposition of the quaternary salts
of the Mannich bases.® The Mannich bases
themselves react similarly in the presence of
catalytic amounts of sodium, presumably also by
decomposition to the vinyl ketones and the
amines. The reactions are summarized in the
following scheme.

In a study of the action of quaternary am-
monium salts containing a benzyl group on sodium
derivatives of acetoacetic ester and malonic ester
it now has been found that carbon-alkylation
occurs. Sodio acetoacetic ester reacts with

(1) Snyder and Speck, Tais JournaL, 81, 668, 2895 (1939).

(2) Hla Baw, Quart. J. Indian Chem. Soc., 8, 101 (1926).

(38) Tarbell and Vaughan, Tz1s JourNaL, 65, 231 (1943).

(4) Willstatter, Ber., 86, 584 (1902).

(5) Griess, ibid., 6, 585 (1873); 13, 246 (1880).

(8) Rodionov, Bull. soc. chim., 39, 305 (1926): 45, 109 (1929).

(7) Frdi, 10, 1215 (1910-1912); German Patent 247,180.

(8) Du Feu, McQuillin and Robinson, J. Chem. Soc., 53 (1937).

(9) Harradence and Lions, J. Proc. Roy. Soc. N. S. Wales, 72, 239,
288 (1938); 78, 233 (1039).

{10} Blicke, **The Mannich Reaction,” in ‘'Organic Reactions,”
John Wiley and Soas, Inc., New York, 1942, Vol. 1, pp. 320-322.
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benzyldimethylphenylammonium chloride in boil-
ing ethanol to produce about 60%, yields of crude
ethyl a-benzylacetoacetate. Under the same
conditions the sodium derivative of malonic
ester reacts with the salt to give a yield of about

409, of diethyl benzylmalonate. The reactions
probably proceed by an ionic path.

CeHsCH2N+ ( CH3)2C5H5 L

CH:N(CHy). + [CeH;CH, ™|
CsH,CH,;CH(CO:C.H;):

There is no possibility of decomposition of this
quaternary salt to an olefinic substance, accord-
ing to the mechanism indicated above for re-
actions of the salts obtained from Mannich bases.
As might have been expected, the amine, ben-
zylmethylaniline, was found ineffective in these
alkylations.

When benzylmethylpiperidinium chloride was
allowed to react with the sodium derivative of
malonic ester in ethanol solution the yield of
diethyl benzylmalonate was only 5%, When
the reaction was carried out in boiling 1-
butanol the yield of crude ester (ca. 509,) was
much improved, but the product apparently con-
sisted of a mixture of ethyl and n-butyl esters.
In order to effect the reaction at temperatures

CH( CO2C2H5)2_
————
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above the boiling point of ethanol, but without
the risk of transesterification of the product, the
reaction mixture in ethanol was heated in an
autoclave at temperatures between 110 and 130°.
The best yield obtained by this procedure was
about 359,. The residue from the distillation of
diethyl benzylmalonate was shown to contain
diethyl dibenzylmalonate.

The occurrence of the ester of dibenzylmalonic
acid is not surprising. Other side-reactions
which might be expected in alkylations with
benzylmethylpiperidinium chloride are the de-
composition of the salt to an olefin, and the re-
action with the alcohol used as solvent to form
benzyl ethyl ether.!®® That olefin formation is
impossible with benzyldimethylphenylammonium
chloride may account for the higher yields of
diethyl benzylmalonate obtained with this salt.

Experimental conditions chosen with the view
to the suppression of dialkylation and ether
formation have resulted in further improvement of
the yield of diethyl benzylmalonate. For ex-
ample, when an ethanol solution of equivalent
amounts of benzyldimethylphenylammonium eth-
oxide and malonic ester was added dropwise to
an equivalent quantity of hot maloanic ester with
provision for removal of ethanol by distillation as
rapidly as it entered the reaction mixture, the
yield of diethyl benzylmalonate was slightly above
509,. When thechloride
was added to a mixture of
the sodium derivative of UCH?N(CHO?
malonic ester and excess N
malonic ester, prepared H
by adding sodium ethox- I
ide to an excess of ma-

most of the ethanol by

distillation under dimin- N/ \N/
ished pressure, the yield HIII
was a little over 709%. l

When the reaction was
carried out by adding the
salt to the sodium deriva-
tive prepared from nie-
tallic sodium and excess VI

malonic ester the yield

was about 809,. These are the best conditions
so far discovered. Substitution of benzylmethyl-
piperidinium iodide and benzyltriethylammonium
1odide for the benzyldimethylphenylammonium
chloride resulted in yields of 43 and 629, respec-
tively.

Alkylations of the type studied will be most
useful in synthesis when the quaternary am-
tonium salts are more accessible than the alkyl
halides.  Gramine [3-dimethylaminomethylin-
dole, (I)] can be prepared readily from indole!!
and it is converted easily to quaternary am-

(10a) Ingold and Patel [J. Chem., Soc., 68 (1933)] obtained 65%
yield of the ether from benzyltrimethylammonium iodide and
sodium ethoxide in ethanol,

(11) Kuhn and Stein, Ber., 70, 567 (1937).
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lonic ester and removing # ‘ “CH2CH(C02C,H5),

— CH:CH(CO:H). — CH;CH,CO.H
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monium salts, such as the methiodide (II),
which contain a radical of the benzyl type.

In a preliminary study of the use of gramine
methiodide as an alkylating agent it has been
found that this salt is more reactive than those
containing a simple benzyl group. Reaction of
II with the sodium derivative of malonic ester
produced the substituted malonic ester (III) in
859, yields. Condensations with acetoacetic
ester and cyanoacetic ester also were successful,
although the products (IV and V) were oils
which were not purified. The malonic ester
condensation product was saponified and the
malonic acid (VI) was decarboxylated to 8-
indolepropionic acid (VII). Hydrolysis of the
crude cyanoacetic ester condensation product
(V) gave the same malonic acid (VI). g-Indole-
acetic acid (VIII) was prepared from the salt
(IT) and potassium cyanide in water solution, but
in better yields from the salt (II) and potassium
silver cyanide; the intermediate nitrile was not
isolated in the pure state.

The greater reactivity of gramine methiodide,
as compared to benzyltrimethylammonium salts,
suggested that the possibility of alkylation with
the free tertiary amine be reéxamined. Reaction
occurred when gramine was heated with malonic
ester containing a trace of the sodium derivative.
The reaction, which could be followed by noting

—CH,N(CHy)s I —CH,CHCO,C:H;
J —~UJ
N ) COCH,
H H
l 11 v
—‘cmlcnco,czm —lCH2CN
\NJ CN \NJ
H H
v |
)
H

the evolution of dimethylamine, was very slow,
however; the yield of ethyl a-carbethoxy-8-
(3-indole)-propionate (III) obtained from a re-
action carried out for fifty-three hours at tem-
peratures between 120 and 150° was only about
40%,.

Further studies of the application of these and
similar reactions in the synthesis of indole deriva-
tives are in progress.

Experimental

1. Benzyldimethylphenylammonium Chloride and the
Sodium Derivative of Acetoacetic Ester in Ethanol.—To a
solution of 1.15 g. (0.05 mole) of sodium in 100 cc. of abso-
lute ethanol were added 7.15 g. (0.055 mole) of acetoacetic
ester and 10.6 g. (0.05 mole) of benzyldimethylphenyl-
ammonium chloride. The mixture was heated under

CH.CO.H

viI VIII
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reflux for a total of three and one-half hours (heating was
interrupted after the first half hour to permit the removal
of sodium chloride by filtration). About half of the
ethanol was removed by evaporation and the residual
solution was poured into a cold solution of 15 cc. of concen-
trated hydrochloric acid aud 250 cc. of water. The aque-
ous phase was separated and extracted with three 50-cc.
portions of ether. The ether extracts were combined with
the organic layer and dried over sodium sulfate. Dis-
tillation yielded 6.6 g. (609%,) of ethyl a-benzylacetoacetate
boiling at 140-150 (2-3 mm.). The dinitrophenyl-
hydrazone melted at 71.5°,

Anal. Caled. for CyHyN,Os:
Found: C, 57.19; H, 5.04.

2. Benzyldimethylphenylammoniuum Chloride and the
Sodium Derivative of Malonic Ester in Ethanol.—To a
solution of 2.3 g. (0.10 mole) of sodium in 80 cc. of absolute
ethanol were added 17 g. (0.11 mole) of malonic ester and
28 g. (0.12 mole) of the quaternary chloride. The mixture
was refluxed for ten hours. The ethanol was removed by
evaporation and the residue was worked up in a manner
similar to that described in 1. The diethyl benzylmalo-
nate, b. p. 128-133° (6 mm.), wcighed 9.4 g. (37.6%).
The diamide!? melted at 225°.

3. Benzylmethylpiperidinium Chloride and the Sodium
Derivative of Malonic Ester in Ethanol and in Butanol.—
The reaction in ethanol, run as in (2) gavea 5% yield of di-
ethyl benzylmalonate. Froni the reaction in boiling 7-
butanol 529, yield of an oil boiling at 163-173 (4 mm.) was
obtained. This product reacted very slowly with concen-
trated aqueous ammonia to give benzylmalonamide, m. p.
225°. The oil was probably a mixture of the ethyl butyl
and dibutyl esters. )

4. Various Quaternary Ammonium Salts and the
Sodium Derivative of Malonic Ester.—The procedure used
in the following experiments differed from that of (2) only
in that reactions were carried out in an autoclave. A

C, 57.00; H, 5.04.

Organic residues

other than
CsHsCHz in Sol- Temp., Time, Yield,
CeHiCH:NR;*X~  Anion vent °C. hr. %
CsHs-, CHa-, CH.- ClI- (C,H:OH 115 12 32
C¢H;-, CH;-, CH;- ClI- C,H,OH 130 4 36
CHs-, -(CHy)s- I- GHOH 120 6 22
CH;-, -(CHy)s- I- CH.OH 135 9 36
CH,-, -(CH,);- Cl- CH;OH 135 10 20
CH;, -(CH,)s- C1- C,HOH 130 12 26

considerable residue remained after the distillation of the
product in each of these experiments. The residue from
the first run contained an oil, b. p. 170-183 (3 mm.), which
was shown to contain diethyl dibenzylmalonate by saponi-
fication and decarboxylation to yield dibenzylacetic acid,!?
ni. p. 88-89°.

When benzylmethylaniline was substituted for the
quaternary salt in the second experiment, no diethyl ben-
zylmalonate was obtained.

5. Benzyldimethylphenylammonium Ethoxide and the
Sodium Derivative of Malonic Ester, with Removal of
ethanal by Distillation.—The quaternary ethoxide was pre-
pared by adding 25 g. (0.10 mole) of the quaternary chlo-
ride to 2.3 g. (0.10 mole) of sodium in 165 cc. of absolute
ethanol and filtering from precipitated sodium chloride.
The resulting solution was mixed with 16 g. (0.10 mole) of
malonic ester and added over a period of about one hour to
16 g. (0.10 mole) of malonic ester in a distilling apparatus.
During this period, and for two hours after the addition
was complete, the oil-bath surrounding the flask containing
the malonic ester was maintained at 150°. The bath
temperature was then reduced to 110° for ten hours. The
diethyl benzylmalonate, isolated essentially as described
in (2), weighed 12.8 g. (51.3%).

6. Benzyldimethylphenylammonium Chloride and the
Sodium Derivative of Malonic Ester without Solvent.-—

(12) Bischoff and Siebert, Ann. 289, 96 (1888).
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(a) A mixture of the sodium derivative of malonic ester
and free malonic ester was prepared from 2.3 g. (0.10 mole)
of sodium dissolved in 40 cc. of ethanol and 40 g. (0.25
mole) of malonic ester and removal of the ethanol by heat-
ing the mixture under 30 mm. pressure in an oil-bath at
50°. To the residue was added 27 g. (0.12 mole) of the
quaternary chloride and the stirred mixture was suspended
in an oil-bath which was heated to 110° over a period of
two hours and then maintained at this temperature for
six hours. The diethyl benzylmalonate, isolated essen-
tially as in (2), weighed 18.2 g. (73%,).

(b) The sodium derivative of malonic ester was prepared
from 2.3 g. (0.10 mole) of powdered sodium and 40 g.
(0.25 mole) of malonic ester in the presence of 100 cc. of
anhydrous ether by stirring the mixture for six hours.
To this mixture was added 27 g. (0.12 mole) of the finely
ground quaternary chloride. The ether was removed by
raising the temperature of the oil-bath to 110° over a
period of about two hours. The stirred mixture was then
heated at 140° for three hours. The yield of diethyl
benzylmalonate was 19.7 g. (79%,).

7. Other Quaternary Ammonium Salts Under the Ap-
proximate Conditions of Experiment 6-b.—In these experi-
ments dibutyl ether (ca. 50 cc.) was added to facilitate stir-
ring. N-Benzylmethylpiperidinium iodide gave a 43%
yield of diethyl benzylmalonate, although the period of
heatmg was extended by two hours. Benzyltriethyl-
ammonium iodide gave a 62.59, yield of the ester. With
benzyltrimethylammonium bromlde, evolution of tri-
methylamine began at 90°, continued for two hours with
the oil-bath at 110-120°, and was completed after an addi-
tional half-hour at 140°. The yield of the ester was 779,

8. 3-Dimethylaminomethylindole (Gramine).—The
procedure was a modification of that of Kuhn and Stein.!!
To 135 g. of 359, dimethylamine (equivalent to 1.05 mole)
at 5° was added 140 g. (2.33 moles) of glacial acetic acid.
The mixture was cooled to 5° and 76 g. of 409, formalin
(equivalent to 1.0 mole of formaldehyde) at 5° was added.
The mixture was agitated mildly and poured into a flask
containing 117.2 g. (1 mole) of indole. The flask was
shaken occasionally until the indole had dissolved. The
temperature of the mixture rose to 56 ° during this period.
The mixture was allowed to stand for ten hours and was
added slowly to a stirred solution of 140 g. of sodium
hydroxide in 1 liter of water. The resulting suspension
was cooled in an ice-bath for two hours. The gramine was
collected by filtration, pressed dry, washed with three 100-
cc. portions of water and dried in an oven at 50° overnight;
m. p. 127-128°.

9. Methiodide of 3-Dimethylaminomethylindole.—To
a solution of the base from the previous experiment in 750
cc. of absolute ethanol was added 156 g. of methyl iodide
over a period of about one hour. The mixture was allowed
to stand at room temperature for twelve hours and was
then stored at 0° for six hours. The product was collected
by filtration and was washed with three 100-cc. portions of
absolute ethanol and three 100-cc. portions of dry ether.
The dried product weighed 248.4 g. (809, based on indole).

10. Ethyl o-Carbethoxy-3-(3-indole)-propionate.—The
sodium derivative of malonic ester was prepared by stirring
for twelve hours a mixture of 1.15 g. (0.05 mole) of pow-
dered sodium, 75 cc. of butyl ether and 20 g. (0.125 mole)
of malonic ester. To the resulting paste was added 17.5
g. of gramine methiodide. This mixture was heated,
with stirring, for two hours with the oil-bath at 110° and
for four hours with the oil-bath at 145°. The cooled mix-
ture was stirred with three 100-cc. portions of water. The
combined aqueous washings were extracted with three 100-
cc. portions of ether and the ether extracts were added to
the organic layer from the first extractions. The solution
was dried and the solvents and excess malonic ester were
removed by distillation, first from a steam-bath and finally
at 5 mm. pressure with an oil-bath at 90°. The residual
red liquid was poured slowly into 75 cc. of high-boiling
petroleum ether, with cooling and stirring. The solid
which soon formed was triturated with the cold solvent
and collected by filtration; it weighed 16 g. (caled. 14.5 g.)
and melted at 80°.
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The crude material was recrystallized by dissolving 13 g.
in 30 cc. of hot ethanol and 15 cc. of hot water. After de-
colorization of the hot solution the filtrate was cooled to
50° and an additional 5 cc. of water was added. Crystal-
lization was induced by careful cooling and stirring.
After drying in & vacuum desiccator the product weighed
10 g. (859, based on sodium) and melted at 61° The
analytical sample, prepared by a second recrystallization,
melted at 62°, Ethyl a-carbethoxy-g-(3-indole)-propio-
nate is soluble in benzene, toluene, chloroform and ethanol,
and substantially insoluble in water, petroleum ether and
carbon tetrachloride.

Anal. Caled. for C15H19N041
Found: C, 65.93; H, 6.53.

11. «-Carboxy-p-(3-indole)-propionic Acid.—The ester
was saponified by heating under reflux with 309, aqueous
sodium hydroxide for six hours. The acid, after recrystal-
lization from water, was obtained in 879 yield; m. p.
178° (dec.). The acid is very soluble in ethanol, and
quite insoluble in chloroform and benzene.

Anal. Caled. for CpH;yNOg: C, 61.77;
Found: C,61.51; H,4.88.

The diamide, prepared by allowing a mixture of the ester
with ten times its weight of concentrated aqueous ammonia
to stand for two weeks, crystallized from aqueous ethanol
or acetone; m. p. 206°.

Anal. Caled. for CioHyysN3Os:
Found: C,62.53; H, 5.59.

12. B-(3-Indole)-propionic acid was prepared by heat-
ing the dibasic acid in an oil-bath at 180-190° for about
fifteen minutes (until frothing stopped). The crude ma-
terial, obtained by decolorizing a solution in 5%, aqueous
sodium hydroxide and reprecipitation by treatment with
acid, melted at 120-123° (yield 75%). One recrystalliza-
tion from water raised the melting point to 132-133°.

Anal. Caled. for CyHyNO,: C, 69.82; H, 5.806.
Found: C, 68.96; H, 6.06.

The nitroso derivative melted at 135° (lit.,13 135°).

13. Ethyl c-cyano-B-(3-indole)-propionate was pre-
pared by a procedure similar to that of (10). The crude
material, obtained in 879, yield, was an oil which could not
be crystallized. However, saponification with alcoholic
potassium hydroxide gave a-carboxy-g-(3-indoke)-propi-
onic acid, m. p. 176°, which was shown by mixed melting
point to be identical with the acid obtained in (11).

14. Ethyl a-Aceto-3-(3-indole)-propionate was obtained
as an oil when acetoacetic ester was used in the procedure
of (10). The dinitrophenylhydrazone prepared from the
oil melted at 133.5°.

Anal. Caled. for CyHyN;O,:
Found: ¢, 57.51; H, 5.02.

15. 3-Indoleacetic Acid.—To a solution of potassium
silver cyanide, prepared from 4.25 g. (0.025 niole) of silver
nitrate and 3.2 g. (0.05 mole) of potassium cyanide in 28 cc.
of water, was added 8 g. (0.025 mole) of gramine methio-
dide. The solution was heated under reflux for one and
one-half hours, during which period trimethylamine was
steadily evolved. The cooled solution was extracted with
three 30-cc. portions of ether. Removal of the ether from
the dried extracts gave a light red oil (4.8 g.). This oil
was added to 75 cc. of 209, aqueous potassium hydroxide
and the mixture was heated under reflux for ten hours.
The acid, recovered by acidification of the cold mixture,
was dissolved in 75 cc. of hot water and, after decoloriza-
tion, was allowed to crystallize. The pure acid weighed 2
g. (46%), m. p. 164.5-165.5°.

Amnal. Caled. for C;oHyNOs:
Found: C,68.57; H, 5.20.

In an experiment in which gramine methiodide was
treated with twice the theoretical amount of potassium
cyanide in boiling water for four hours, 3-indoleacetic acid
was obtained in only 11.49% yield.

C, 66.42; H, 6.62.

H, 4.75.

C, 62.32; H, 5.66.

C, 5§7.39; H, 4.82.

C, 68.56; H, 5.18.

(13) Beilstein, *“Handbuch der organische
Springer, Berlin, 1935, ed. 4, Vol. XX1I, p. 69.
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16. 3-Dimethylaminomethylindole and Malonic Ester.
—A mixture of 17.4 g. (0.1 mole) of 3-dimethylamino-
methylindole and 49 g. (0.3 mole) of malonic ester was
warmed until complete solution resulted and then approxi-
mately 0.05 g. (0.002 mole) of sodium was added. This
mixture was heated in an oil-bath at 120° for five hours,
during which time a slow evolution of dimethylamine
occurred. At the end of five hours another 0.05 g. of
sodium was added and the mixture was heated at 130° for
nineteen hours. Another 0.05 g. of sodium was added
and the mixture was heated at 150° for seventeen hours.
The evolution of amine had become almost imperceptible.
After the addition of another 0.05 g. of sodium and heating
at 150 ° for twelve hours, heating of the now slightly amber
solution was discontinued.

The reaction mixture was poured into 100 cc. of water
containing 10 cc. of concentrated hydrochloric acid and ex-
tracted with three 150-cc. portions of ether. The com-
bined ether extracts were washed with two 150-cc. portions
of 109% sodium bicarbonate solution and dried over an-
hydrous sodium sulfate. After removal of the ether on a
steam-cone the residue was heated under reduced pressure
(140° (3 mm.)) to remove the excess malonic ester. The
residue, 22 g. (76 %) of a red viscous oil, did not crystallize
on standing in the icebox overnight. About 0.5 cc. of this
oil was extracted with low-boiling petroleum ether and
allowed to stand for two days. This partly crystalline
mixture was transferred to a clay plate which absorbed the
oil; the solid melted at 59-61.5°. After two recrystalliza-
tions from ethanol and water the ethyl a-carbethoxy-g-
(3-indole)-propionate melted at 62°; a mixture with a
known sample also melted at 62°.

The remaining oil (about 21.5 g.) was extracted with
50 cc. of low-boiling petroleum ether and added to a solu-
tion of 22 g. of potassium hydroxide in 220 cc. of 909
ethanol. The solution was refluxed for three hours. Most
of the ethanol was removed by distillation from the steam-
bath and steam was passed into the residue until about 500
cc. of distillate had collected. The residual solution
(volume, 250 cc.) was separated from a small amount of
insoluble material, cooled, and acidified with 60 cc. of
concentrated hydrochloric acid. The red solid which
separated when the acidified mixture was stored in an ice-
box for twenty-four hours was collected and dissolved in
100 cc. of water containing 3 g. of sodium hydroxide and
about 0.01 g. of sodium hydrosulfite. The solution was
decolorized with charcoal and acidified. The crude a-
carboxy-3-(3-indole)-propionic acid, m. p. 172-175° (dec.),
weighed 9.6 g. (419%). A sample recrystallized from water
melted at 178° (dec.) and a mixed melting point with a
known sample showed no depression.

Summary

Benzyldimethylphenylammonium chloride and
other quaternary ammonium salts containing a
benzyl group are shown to react with the sodium
derivatives of malonic ester and acetoacetic ester
to yield C-benzyl derivatives. Diethyl benzyl-
malonate is obtained in approximately 809
yields by this method.

The method of C-alkylation is applied to the
synthesis of a number of substances containing
the B-indolemethylene group; the methiodide of
gramine (B-dimethylaminomethylindole), easily
prepared from indole, formaldehyde, dimethyl-
amine and methyl iodide, is used as the alkylating
agent. Malonic, acetoacetic and cyanoacetic
esters are alkylated in this way. The products
from malonic and cyanoacetic esters, by hydroly-
sis and decarboxylation, are converted to 8-
indolepropionic acid. B-Indoleacetic acid is
prepared by hydrolysis of the nitrile obtained
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from gramine methiodide and potassium silver
cyanide.

The tertiary amine (gramine) reacts with
malonic ester in the presence of a small amount of
the sodium derivative of the ester to yield ethyl

M. L. WoLFroM, S. M. OLmy AND Evan F. EvVaNs
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a-carbethoxy-B-(3-indole)-propionate. However,
the yield of alkylation product obtained from
the amine is inferior to that obtained from
the amine methiodide.
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The Action of Diazomethane upon Acyclic Sugar Derivatives.

VI1.! D-Sorbose’

By M. L. WoLFrOM, S. M. OLIN AND EvaN F. Evans?

In continuation of our work upon the action
of diazomethane upon acyclic sugar derivatives,
we have synthesized 1-desoxy-1-diazo-keto-p-sor-
bose tetraacetate (IV) from D-xylonyl chloride
tetraacetate (III). p-Xylonic acid tetraacetate
(II) was prepared by the oxidation of aldehydo-
D-xylose tetraacetate (I) according to the pro-
cedure reported by Major and Cook.* We
describe an improved preparation of aldehydo-
D-xylose tetraacetate® from bD-xylose diethyl
mercaptal tetraacetate, utilizing the general
techniques of Wolfrom and Konigsberg.® The
constants of Major and Cook* for I (m. p. 90—
91°, spec. rot. +22.5° in absolute chloroform,
for the L-form) have been verified. The rotation
value differs appreciably from that previously
reported® (m. p. 87-89°, spec. rot. —16° in chloro-
form, for the p-form). p-Xylonyl chloride tetra-
acetate has apparently not been recorded, al-
though Major and Cook” described the b,L form.

tion of L-sorbose. The acyclic nature of keto-
L-sorbose pentaacetate was demonstrated by
Cramer and Pacsu' and shortly later by Arra-
gon.!'! We report herein a crystalline oxime of
keto-L-sorbose pentaacetate. To our knowledge,
this is the first nitrogen condensation product
obtained for an acyclic or keto form of a ketohexose
pentaacetate, previous attemptsi®1? having been
unsuccessful. We record also the p,L form of
keto-sorbose pentaacetate.

Careful saponification of kefo-D-sorbose penta-
acetate led to the synthesis of D-sorbose. Pre-
vious saponifications of the enantiomorphic de-
rivative have been recorded by Schlubach and
Vorwerk® and by Arragon.!! This synthesis of
D-sorbose from D-xylose compares with the syn-
thesis of L-sorbose reported by Gitzi and Reich-
stein.!* These workers oxidized diethylidene-
(levo)-sorbitol to diethylidene-L-xylonic acid.
From the crystalline acid chloride of the latter

HCIZ—-:O ?OOH cocl1 CHN; CH;0Ac CH,0H ?H. ?H,
HCOAc [0] HCOAc pCl; HCOAc CH;N; CO HOAc CO Ba(OH);y CO Cco co
I —> —> —_— | —> | —— I I
AcOCH AcOCIIH AcOCIIH HCIZOAc HCIZOAc HCIZOH HCOAc HOCIZH
HCIIOAc HC!ZOAc HCOAc AcOCIZH AcOCH HOCH AcOCIZH HCOH

i
CH:0Ac CH:0Ac CH:0Ac HCOAc HCOAc HCOH AcOCH ?0
CH;0Ac CH;0Ac CH,0H HCOAc CH,
I 1I 111 v v VI ?O
CH,
VII VIII

Treatment of the diazomethyl ketone IV with
acetic acid yielded kefo-D-sorbose pentaacetate,
enantiomorphic with the substance prepared by
Arragon® and, nearly simultaneously, by Schlu-
bach and Vorwerk® through the direct acetyla-
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