3-(1-Methyl=-5-phenyl-2-pyrrolidyl)propyl N-Methylphenylcarbamate Hydrochloride (XVII).
A mixture of 1.7 g (8 mmole) of alcohol X was stirred thoroughly with 2 g (12 mmole) of N-
methylphenylcarbamoyl chloride, after which the mixture was heated at 110-120° for 4 h. It
was then cooled, and the resulting viscous oil was triturated with ether to isolate crystals
of salt XVII with mp 110° in 507 yield. Found, %Z: Cl 9.2; N 6.7, C2H,gN,0,¢HC1. Calcu-
lated, Z: Cl 9.4; N 7.2.

3-(1-Methyl-2-pyrrolidyl) propyl N-Methylphenylcarbamate Hydrochloride (XVIII).' This
compound, with mp 113-115°, was similarly obtained in 807 yield from alcohol XI. Found, %:
Cl 10.4. N 8.9, C;¢Hz4N;02°HC1., Calculated, %: Cl 10.1; N 8.9.

3-(1-Methyl-5-isobutyl-2-pyrrolidyl)propyl N-Methylphenylcarbamate Hydrochloride (XIX).
This compound, with mp 97-98°, was similarly obtained in 70% yield from alcohol XII. Found,
%: €l 9.2; N 7.4, CpoHs;N;0,eHCl. Calculated, %Z: Cl 9.6; N 7.6.

LITERATURE CITED

1. A. P. Kriven'ko and T. F. Kotenko, Khim. Geterotsikl. Scedin., 1639 (1974).

2. A. A. Ponomarev, A. P. Kriven'ko, and M. V., Noritsina, Khim. Geterotsikl. Soedin., 787
(1970).

3. W. Rost, B. Sutton, B. Brank, F. Pfeiffer, W. Holmes, N. Ditullio, and E. Ingram, J.

Pharm. Sci., 56, No. 2, 1958 (1967).

A. A. Ponomarev, M. V. Noritsina, and A. P. Kriven'ko, Khim. Geterotsikl. Soedin., 923

(1966) .

I. F. Bel'skii, Izv. Akad. Nauk SSSR, Otd. Khim. Nauk, 6, 1077 (1962).

F. Sorm and J. Brandeys, Coll. Czech. Chem. Commun., 12, 444 (1947),

. R. Augustine, Catalytic Hydrogenation, New York (1965).

. G. Zaitseva, S. V. Bogatkov, and E. M. Cherkasov, Zh. Obshch. Khim., 35, 2066 (1965).

N. Mori, E. Nakamura, and V. Tsuzuki, Bull, Chem. Soc. Japan, 40, 2191 (1967).

. V. P. Gaidaenko, I. M. Ginzburg, and D. V. Ioffe, Opt. Spektrosk., 27, 621 (1969).

. L. Bellamy, New Data on the Infrared Spectra of Complex Molecules [Russian translation],

Mir, Moscow (1971).
12. A. A. Ponomarev, A, P. Kriven'ko, and M. V. Noritsina, Zh. Obshch. Khim., 33, 1778 (1961).
13. ‘A. Dunlop, The Furans, Vol. 36 [sic], New York (1953), p. 462.

o~

O o~ oYW
=

1
1

SYNTHESIS OF N-SUBSTITUTED INDOLES BY EXTRACTIVE ALKYLATION

N. N. Suvorov, Yu. I. Smushkevich, UDC 547.753.07:542.953
V. S. Velezheva, V. S. Rozhkov, and S. V. Simakov*

A method was developed for the N-alkylation of indole and its derivatives by
alkyl halides in the presence of sodium hydroxide and catalytic amounts of tri-
methylbenzylammonium chloride.

N-Alkylindoles are used for the preparation of indomethacin analogs that have anti-
phlogistic activity [1, 2], and also in diverse syntheses in the indole series.

The alkylation of indole itself is realized through its metallated derivatives. The
natures of the metal and the solvent have the greatest effect on the direction of alkylation
(at N or in the 3 position). An increase in the ionic character of the nitrogemmetal bond
by utilization of alkali metals (Na and K) [3] and strongly dissociating solvents [dimethyl

*The authors thank Prof. A. N. Kost for his critical remarks and advice during a discussion
of the results of our research on the alkylation of N-carbomethoxy-3-indolylcyancacetic ester
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sulfoxide (DMSO) and hexamethylphosphoric triamide (HMPT)] [4, 5] favors N-alkylation.

An analysis of the literature data makes it possible to assume that the method of ex-
tractive alkylation [6] should lead to primary N-alkylation because of the purely ionic
character of the indole nitrogen atom—ammonium bond. In fact, we obtained N-alkylindoles
Ia,b in high yields by reaction of indole with halo derivatives (ethyl bromide and benzyl
chloride) under these conditions.

(//\.——'—1 RX / \—-——v

K)\NJ C H,CHy(CHy) N "CI™ I\\ /'\ /
H 50% NaOH
R
fa,b

1a R=CH: b R=cHCH, X=halogen

The simplicity of the reaction makes it possible to recommend it for the preparation of
N-alkylindoles. Our method differs favorably from the known methods in that it is realized
without the use of reagents such as sodium amide and sodium hydride and large amounts of
aprotic dipolar solvents. This method may be used for the N-alkylation of 3-substituted
indoles, and exclusively N-alkylation may also be achieved when an activated methylene group
is present in the molecule, Thus, for example, 3-indolylacetic acid and its nitrile are
easily N-benzylated. 1In the latter case the reaction temperature is of importance — only N-
alkylation is observed at 40-50°, whereas at higher temperatures (80~90°) the product of N-
and C-alkylation — N,a,a-tribenzyl-3-indolylacetonitrile (II) — is formed.

RN _~CH,CN . CH.CN
i - 40-50" I 90 100°
\)\N/l] \ / )

v H

. -CHCH L H ), CN

cuc65
u

The presence of a substituent in the 2 position does not interfere with N-alkylation.
Thus, N-benzyl-2-methyl-5-methoxy-3-indolylacetic acid (IV) was obtained in the benzylation
of methyl 5-methoxy-2-methyl-3-indolylacetate (III).

CHJO\mCllﬁcooCHJ cH o\///\ .CH,CO0H
'QQ/A\N cH, —)\CH

H
CH,C H.
- g

" w

EXPERIMENTAL

N-Benzylindole. An 11.7-g (0.10 mole) sample of indole and 40 ml of 50% NaOH were
added to a mixture of 15.2 g (0.12 mole) of benzyl chloride and 0.2 g of trimethylbenzylam—
monium chloride, after which the mixture was stirred at 60-70° for 5 h. It was then diluted
with three 100-ml portions of ether. The ether extracts were washed withwater and dried over an-
hydrous MgSO,, and the ether was removed by distillation to give 19.2 g of an o0il which
crystallized on standing to give a product with mp 43-44° (mp 43-45° [5]) in 96% yield.

N-Ethylindole. This compound was similarly obtained from 3 g of indole and 5 g of
ethyl bromide in 20 ml of 50% NaOH solution in the presence of catalytic amounts of trimethyl-
benzylammonium chloride. The yield of product with ng° 1.5885 and bp 108-109° (3 mm) [bp
83-86° (0.6 mm) [4]] was 2.8 g.

N-Benzyl-3-indolylacetonitrile. A mixture of 2 g (0.0125 mole) of 3-indolylacetonitrile,
0.2 g of trimethylbenzylammonium chloride, 3 g (0.025 mole) of benzyl chloride, and 20 ml of
50% NaOH was stirred at 40-50° for 4 h, after which the precipitate was removed by filtra-
tion and washed with water, alcohol, and ether to give 3 g (97.5%) of a product with mp 95~
96° (from alcohol). Found, %: C 82.6; H 5.8; N 11.4. C,;H;.N2. Calculated, Z: C 82.9; H
5.7; N 11.4., The IR spectrum of the product did not contain the absorption band of an indole
NH group.
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N,o,a-Tribenzyl-3-indolylacetonitrile. A mixture of 2 g (0.0125 mole) of 3-indolyl-
acetonitrile, 0.2 g of trimethylbenzylammonium chloride, 5 g (0.042 mole) of benzyl chlo-
ride, and 20 ml of 50% NaOH solution was stirred at 90-100% for 2 h, after which it was
cooled, and the resulting precipitate was removed by filtration and washed with water, al-
cohol, and ether to give 1.2 g (23%) of a product with mp 164-165°. TFound, %: C 87.2; H
6.1; N 6.4, Cs;Hz¢N;. Calculated, 7Z: C 87.3; H 6.1; N 6.6.

N-Benzyl-3-indolylacetic Acid. A mixture of 0.87 g (0.005 mole) of 3-indolylacetic
acid, 1.5 g (0.012 mole) of benzyl chloride, and 0.02 g of trimethylbenzylammonium chloride
was dissolved at 60°, after which 2 ml of 50% NaOH solution was added, and the mixture was
stirred at 65-70° for 6 h. It was then cooled and extracted with ether, and the agueous
layer was acidified with 10% HCl and extracted several times with ether and ethyl acetate.
The combined extracts were washed with water and dried over anhydrous MgSO,, and the solvent
was removed by distillation to give 1 g (80%) of an oil which crystallized on standing to
give a product with mp 149-150° (mp 148° [7]).

N-Benzyl-~2-methyl~-5-methoxy-3-indolylacetic Acid. A 1.08-g (0.0046 mole) sample of
methyl 2-methyl-5-methoxy-3-indolylacetate was dissolved in 1.5 g (0.012 mole) of benzyl
chloride at 60-70°, after which 2 ml of 507% NaOH and 0.2 g of trimethylbenzylammonium chlo-
ride were added, and the mixture was stirred at 70° for 5 h. It was then cooled and ex-
tracted with ether, and the aqueous layer was acidified with 10% HCl and extracted with ethyl
acetate. The ethyl acetate extracts were dried over anhydrous MgSO,, and the solvent was re-
moved by distillation to give 0.8 g (57%) of an oil which crystallized on standing to give
a product with mp 174-175° (from alcohol). Found, %: C 73.6; H 6.0; N 4.5. C;sHoNOs. Cal-
culated, %: C 73.8; H 6.2; N 4.5,
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