INDOLE DERIVATIVES.
XCIX.* REACTION OF INDOLES WITH CHLOROACETIC ACIDS
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Indole and 2- and 5-substituted indoles react with both chloroacetic and di-
chlorolacetic acids to give 3-indolylacetic acids. Substitution of the pyr-
role ring in the 1 and 3 positions hinders the reaction. The pathways of
formation of heterocauxin from indole and chloroacetic acid are discussed.

The reaction of indole with chloroacetic and other w-haloalkanoic acids gives
hetercauxin and its homologs [2]. Substituted indoles (Ia-e) also react with chloro-
acetic acid to give the corresponding 3-indolyl acetic acids but in lower yields than
in the case of heteroauxin. The alkylation of 5~methoxyindole is accompanied by de-
methylation, so that a mixture of 5-hydroxy-3-indolyl- and 5-methoxy-3-indolylacetic
acids is obtained. When S-nitroindole is treated with chloroacetic acid, the reaction
mass resinifies and indole compounds of acidic character cannot be isolated. I1I~Methyl-
2,3~dimethyl~-, and 3-phenylindoles do not react with chloroacetic acid under our con-
ditions.

Unexpectedly, it was found that heteroauxin is formed in almost quantitative
yvields when indole is heated with dichloroacetic acid in alkaline solution (under
pressure). 2-Substituted indoles (Ib,c) behave similarly. Indole does not react
with trichloroacetic acid under these conditions.,

Thus substitution in the 1 and 3 positions of the pyrrole ring interferes with
alkylation of indole with halo acids, whereas in other respects the reaction apparent-
ly is general in character, although it is complicated in some cases by side processes.

Whereas alkylation of indole with haloalkanoic acids is a convenient method in
a preparative respect for the synthesis of 3-indolylalkanoic acids, the problem of
the possible pathways of their formation is rather complex. An analogous reaction —
alkylation of indole with hydroxy acids, in particular, glycolic acids [3] — is con-
sidered to be a process in which the decisive point is the reaction of indole in the
active indolenine form with the glyoxylic acid formed due to dehydrogenation of gly-
colic acid. Dehydrogenation of alcohols, which is one of the steps in the Guerbet
reaction [4], was observed during the benzylation of indole with benzyl alcohol [5]
and may be due to the catalytic action of the walls of the apparatus during opera-
tion under pressure. Subsequent reduction of the alkylidene derivative (III) with
hydrogen under the reaction conditions (~40 atm absolute) is somewhat doubtful.

In addition, in our case it was not possible to make allowance for the alterna-
tive possibility of electrophilic substitution in the 3 position or rearrangement of
‘the initially formed l-indolylacetic acid to hetercauxin [a similar reaction — iso-

*See [1] for communication XCVIII.

D. I. Mendeleev Moscow Chemical-Engineering Institute. Translated from Khimiya
Geterotsiklicheskikh Soedinenii, No. 10, pp. 1375~1378, October, 1974, Original
article submitted October 31, 1973.

© 1976 Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part of this publication may be reproduced,
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, recording
or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $135.00.

1203



merization of 3-(l-indolyl)propionic acid to 3-(3-indolyl)prepionic acid — was des-—
cribed in [61]. -

However, this assumption was not confirmed. 1-Substituted indoles, which are
incapable of conversion to anion II, do not react with chloroacetic acid, and quater-
nization of the structure here is apparently inadequate. This reagent, like benzyl
chloride under these conditions, does alkylate indole, but the product is benzoic
acid, i.e., the reaction proceeds via the known benzylation scheme. Finally, l-in-
dolyl acetic acid is not isomerized to heteroauxin.

At the same time the quantitative yield of heteroauxin in the reaction of indole
with dichloroacetic acid in alkaline solution provided a basis to assume that, strictly
speaking, the alkylating reagent is glyoxylic acid. This was confirmed by alternative
synthesis of heterocauxin from indole and glyoxylic acid ester. The yield of hetero-
auxin increased as the amount of glyoxylic acid was increased, and this indicated the
equilibrium character of the reaction.

All of this with allowance for data on base-catalyzed carbinol—carbonyl equilib-
rium reactions [7, 8], makes it possible to present the possible scheme of the alkyla-
tion of indole with chloroacetic acid.
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The role of glyoxylic acid is still not completely clear. It itself may reduce
intermediate ITI. In addition, under the reaction conditions, it may undergo dispro-
portionation [3] and conversion to glycolic acid (oxalic and formic acids were detected
in the reaction products). The latter seems more likely to us, inasmuch as both the
alkylation of indole with dichloroacetic acid and yet another variant of the reaction —
alkylation by lactones [6] — are explained in this case.

EXPERIMENTAL

The IR spectra of mineral-oil suspensions of the compounds were recorded with a
UR-20 spectrometer.

3-Indolylacetic Acids (IV). A 100-ml steel rotating autoclave was charged with
1.3 g (11 mmole) of indole I, 1.4 g (15 mmole) of monochloroacetic acid, 5.6 g (0.1
mole) of potassium hydroxide, and 30 ml of water. The autoclave was filled with nitro-
gen (~5 atm absolute) and heated at 240-250° for 10-1Z2 h. The reaction mixture was
then cooled to 5-10°, and a small amount of unchanged indole was removed by filtra-
tion. The filtrate was extracted with ether and acidified to pH 2-3 with dilute hy-
drochloric acid. The resulting precipitate was separated, washed to neutrality with
water, and dried. The filtrate was extracted twice with ether, and the residue ob-
tained after the usual workup from the ether extract was combined with the material
isolated previously. The data are presented in Table 1.

Practically quantitative amounts of starting indoles were isolated from the reac-
tion mixtures after treatment of l-methyl- 2,3-dimethyl-, and 3-phenylindoles with
monochloroacetic acid under these conditions.
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TABLE 1. 3-Indolylacetic Acids

Com-~ | Indole (I) imp, °c* | IR spectra em™ | Empirical | N % lyjelq

pound | - g l R’ ’ Yco | vwu | formula [found,|calc.| %
— ‘
IVa® {H H 165 1700 3400 -— ] — - 95
IVbe |CH; |H 197 1720 3420 C Hy NO, | 7,3 7,4 57
IVCU C5H5 H 173—174 1720 34{20 C|5H13N02 5,8 ! 5,6 30
vd? |H Cl 156—157 1700 | 34920 C;,HCINO, 7,6 6,7 24
ver i CH;0 142 1700 3380| C;}H;1NO; 7,2 6,8 3
Tvin |H OH 141—144 | 1700—1720 3420] CoHoNO; 7.3 7.5 70

vou 3520 [

*Compounds IVa,b,d were crystallized from aqueous alcohol,
IVc,e were crystallized from benzene, and IVE was crystal-
lized from chloroform—petroleum ether.

Reaction of Indoles with Dichloroacetic Acid. The reaction was carried out via
the method described above but with equimolar amounts (with respect to indole) of di-
chloroacetic acid in place of monochloroacetic acid. The yield of heteroauxin with
mp 165° was 91.5% (based on the converted indole). 2-Methyl-3-indolylacetic (72%)
and 2-phenyl-3-indolylacetic (66%) acids were similarly obtained.

Treatment of Indole and 2-Methyl- and 2-Phenylindoles with Trichloroacetic Acid.
An autoclave was charged with 11 mmole of indole (2-methyl- or 3-phenyl), 1.15 mmole
of trichloroacetic acid, 0.1 mole of potassium hydroxide and 30 ml of water. The
reaction was carried out as in the preceding case, and the starting indole was iso-
lated from the reaction mixtures in all cases.

3-Benzylindole. A mixture of 1.2 g (10.3 mmole) of indole, 2.0 g (15.8 mmole) of
benzyl chloride, 6.15 g (0.11 mmole) of potassium hydroxide, and 30 ml of water was
heated in an autoclave at 240-250° for 11 h. The mixture was then cooled and extracted
with ether, and the extracts were washed with water and dried with magnesium sulfate.
The ether was removed by distillation, and the residual oil was chromatographed with
a column filled with activity II Al,0; with elution by petroleum ether to give 0.37 g
(21%) of 3-benzylindole with mp 100-101° (103-105° [5]). The IR spectra were iden~
tical. The second fraction yielded 0.12 g of unchanged indole.

The aqueous solution remaining after extraction was evaporated to one third of
its original volume and acidified with dilute hydrochloric acid to give 0.9 g of
benzoic acid with mp 122°.

Reaction of Indole with Ethyl Glyoxylate. A total of 0.7 g (46.3%) of hetero-
auxin with mp 164° was obtained from 1 g (8.5 mmole) of indole and 2.6 g (25.5 nmole)
of ethyl glyoxylate in a solution of 5 g (0.09 mole) of potassium hydroxide in 25 ml
of water under the conditions presented in the general method for the synthesis of 3-
indolylacetic acids. When 1.3 g (12.8 mmole) of ester was used, 0.3 g (23.7%) of
heteroauxin was obtained.

Oxalic and formic acids with Rp 0.07 and 0.78 were detected by TLC of the mother
liquor on Silufol in an ethanol—ammonia—water system (20:2:8).

1-Indolylacetic Acid. A mixture of 0.8 g (4.3 nmole) of l-indolylacetic acid
[15] (mp 172°) and 4.2 g (0.08 mole) of potassium hydroxide in 20 ml of water was
heated in an autoclave at 250° for 10 h. The mixture was then cooled and acidified
with'dilute hydrochloric acid to give 0.6 g of a substance that was identical to the
starting acid with respect to its IR spectrum and melting point.
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