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STERIC EFFECTS IN THE SYNTHESIS OF INDOLES 

FROM PYRIDINIUM SALTS 

S. P. Gromov, M. M. Bkhaumik, 
and Yu. G. Bundel' 

UDC 547.753t821.3:542.953.2 

In the synthesis of indoles from pyridinium salts the degree of transamination 
depends on the character of the alkyl group attached to the nitrogen atom of the 
amine and its nucleophilicity. The yields of indoles decrease as the steric 
hindrance becomes greater. 

We have previously proposed a fundamentally new approach to the synthesis of the indole 
two-ring system based on the transformation of the pyridine ring under the influence of sub- 
stituted ketones in the presence of bases [I]. 

It is known that pyridinium salts tend to undergo transamination in the step involving 
an acyclic intermediate, which leads to other pyridinium salts or products of their recycliza- 
tion to give anilines [2, 3]. 1,2,4,6-Tetramethyl-3-nitropyridinium iodide (I) is a conveni- 
ent model for a detailed study of transamination in the synthesis of indoles. In this case, 
under the influence of methylamine and acetone, we observed the maximum yield (60%) of 1,2,5,7- 
tetramethylindole (II); this evidently indicates the small amount of steric hindrance created 
by the methylamino group in the formation of the indole two-ring system. 

N-Alkylindoles are formed in 23-26% yields by the action of solutions of n-butylamine, 
n-nonylamine, and n-cetylamine in acetone on nitropyridinium iodide I; this indicates the low 
degree of sensitivity of the reaction to a change in the length of the hydrocarbon chain in 
the starting aliphatic amine. However, the presence of indole II (4-7%) in the last two cases 
is evidently explained only by an incomplete exchange reaction because of the greater prefer- 
ability of the smaller methylamine residue in the type A intermediate. 

The yields of the corresponding indoles llld and llle increase to 35-41% when the reac- 
tion is carried out in an acetone solution of isopropylamine or sec-butylamine (branching at 
the s-carbon atom). In this case, despite the greater degree of branching of the hydrocarbon 
chains attached to the nitrogen atom of the amine, the greater nucleophilicity of these amines 
in the reaction is probably the decisive factor. 

Finally, indole derivatives lllf and lllg are formed in 3 and 10% yields, respectively, 
by the action of tert-butylamine and a-phenylethylamine in acetone on nitropyridinium iodide 
!; one should have expected this, considering the steric volumes of the substituents in these 
amines. 

Thus, in the synthesis of indoles from pyridinium salts, the degree of transamination de- 
pends on the character of the alkyl group attached to the nitrogen atom of the amine and its 
nucleophilicity. The yields of indoles decrease as the steric hindrance becomes greater. 

M. V. Lomonosov Moscow State University, Moscow 117234. Translated from Khimiza Geterat- 
siklicheskikh Soedinenii, No. 4, pp. 522-524, April, 1985. Original article submitted March 3Q~ 
1984. 
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/ ~ / ~ N 0  2 CH~ ~ CHs~ / / ~  

* E CH 5 
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CI13 R 
II III a-g 

The compositions and structures of the compounds ohtained were proved hyUV, PMR, and 
mass spectrometry and the results of elementary analysis. The positions of the two meth~l 
groups in the benzene ring of indoles !lla-g correspond to their positions in tetramethylind- 
ole II, for which the character of substitution was established hy means of the A3C NMR spec- 
tra, including those with partial decoupling of the protons* by the method described for 4- 
ethyl- and 4-propyl-l,2,6~7-tetramethylindole [4]. 

The data obtained constitute an argument in favor of the proposed scheme of the forma~ �9 
tion of indoles from pyridlnium salts [i]. 

EXPERIMENTAL 

The PMR spectra of solutions of the compounds in CDCIs were recorded with a Varlan T-60 
spectrometer with hexamethyldisiloxane (HMDS) as the standard. The molecular masses were de- 
termined mass spectrally with a Finnigan-402 spectrometer. The course of the reactions was 
monitored by means of thin-layer chromatography (Silufol UV-254). 

General Method for the Synthesis of the Alkylindoles. A mixture of i0 mmole of nitro- 
pyridinium iodide I and 20 ml of a 10% solution of the alkylamine in the ketone was allowed 
to stand at room temperature for 5-7 days, after which the mixture was evaporated, and the 
residue was extracted with hexane. The indoles were separated with a column packed with 
silica gel L (100/160 ~) in a benzene-~exane system (1:4) (see Table i). 
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