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Abstract - A simple synthesis of a variety of 2,3-unsubstituted

indoles containing alkoxy and acetoxy groups has been

developed. This method involves the reductive cyclisation of

2,B-dinitrostyrenes with ammonium formate in the presence of a

catalytic amount of Pd/C in refluxing methanol, and affords

indoles in good to excellent yields.
There is ongoing interest in the development of new and improved methods for the
synthesis of the indole nucleus due to the biochemical and pharmacological

importance of many of its derivatives.!

One convenient method is the reductive
cyclisation of 2,B-dinitrostyrenes using iron/acetic acid or catalytic hydrogenation.2
(The 2,8-dinitrostyrenes are easily obtained in high yields from readily available
o-nitrobenzaldehydes.) These reductive cyclisations, however, are neither clean nor
high yielding. Conventional catalytic hydrogenation has resulted in poor yields and
has only sparsely been used. 34 The earliest method developed and the one most
widely used is iron/acetic acid reduction, but the procedures have given poor yields
(15 - 55%)2 and involved cumbersome workups. Recently, an improved iron/acetic
acid reduction protocol using silica gel 3 has been reported, but this does not
improve the yields greatly, and only moderately simplifies the workup. For this
reason, we have proceeded to develop a better cyclisation technique, as exemplified
for the conversion of 2,B-dinitrostyrenes (1 - 8) to indoles (9 - 16). The

B-dinitrostyrenes were obtained by the facile condensation of substtuted
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o-nitrobenzaldehydes with nitromethane in refluxing ammonium acetate/methanol.®

We found that a variety of indoles (9 - 16) were produced in high yields
(58-82%) when 2,B-dinitrostyrenes were reacted with ammonium formate and formic
acid in refluxing methanol in the presence of Pd/C (5% by weight), Ammonium
formate - Pd/C is reported as being a very versatile, selective and rapid method for
catalyic h;w:lrogenol:,(si:»:.‘7 In our reaction the products were easily purified and
isolated by simple chromatography through silica gel. The results are summarized
in Table I. In the case of the benzyloxy substituted nitrostyrene (7), the expected

debenzylat.ion8 occurs and thus the product was acetylated before isolation.

Table 1

Ammonjum Formate Reductive Cyclisation of 2,3-Dinitrostyrenes
to Indoles

R, Ry
R NO, Rz
Ammonium Formate
N
Rs NO, MeOH, Pd/C Rj H
Ry reflux 1.5-2 h R4
1-8 9 .16

Entry Rl Rz R}_ Bﬂ —%yield* %uyield(lit) Ref

1. H H H H 60 ce-- 6
2, OCH; OCH; H H 58 50° 9
3, OCHy H H OCH; 86 26° 8
4, H OCH; OCH; H 60 50° 4

s H H  OCHy OCHy 73 2, 23¢ 10,3
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Table 1 (Cont.)

Eney Ry, R, Ry By _%vield® Zyield(it) Ref.

6. H H OH OCHy 73 44° 11
7. H H ocHSocH, 4 150 8
8. H  -OCH,0- H 82 33b 12

4 Ammonium formate - Pd/C procedure.
Iron/acetic acid procedure.
€ Catalytic hydrogenation procedure.
Isolated as the acetate due to debenzylation during the reductive cyclization,

GENERAL PROCEDURE

To 2,3-dinitrostyrene (lmmol) and ammonium formate (10 mmol) in MeOH (10 ml}
was added Pd/C (10%, 5% by wt.). The mixture was refluxed under N9, After 1 h,
formic acid (0.44 ml) was added and the mixture was refluxed until done as indicated
by tlc (1/2 to 1 h). The mixture was filtered through celite, concentrated, and flashed
through a short column of silica gel (CHpCly) to yield indoles 9 - 16.
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