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Furan ring opening—indole ring closure: a new modification of
the Reissert reaction for indole synthesis†

Alexander V. Butin,* Tat‘yana A. Stroganova, Irina V. Lodina and Gennady D. Krapivin

Kuban State Technological University, Moskovskaya st. 2, Krasnodar 350072, Russia

Received 28 November 2000; revised 18 December 2000; accepted 10 January 2001

Abstract—A new modification of the Reissert reaction is reported. On treatment of 2-tosylaminobenzylfurans with ethanolic HCl,
some indole derivatives have been obtained. The furan ring served as the origin of a carbonyl group in this reaction. © 2001
Elsevier Science Ltd. All rights reserved.

The indole ring system is a major part of a large
number of pharmacologically active compounds; thus,
the development of new conditions for synthesis of
highly functionalized indole derivatives is always of
interest. Among a large variety of methods for indole
synthesis,2 the Reissert method has not lost its topical-
ity. In support of this view are recent investigations
using this method for the synthesis of alkaloids and
other natural compound syntheses.3

The key intermediate for indole synthesis under Reis-
sert conditions is o-aminobenzylcarbonyl compound A.
Because of the rapid spontaneous reaction of an amino
group with a carbonyl group, with subsequent aroma-
tization, compound A is not usually isolated from the
reaction mixture but generated in situ.

Two general ways for obtaining compound A are
described: the first is to reduce a nitro group of o-
nitrobenzylcarbonyl compounds or their derivatives;4

the other is to generate a carbonyl group either by
oxidation of appropriate alcohols5 or alkenes,6 or by

partial reduction of cyano group in o-aminophenyl-
acetonitriles.7

Various alkylfurans can serve as the source of the
carbonyl group, as it is well known that under the
conditions of the Marckwald reaction furans undergo
ring cleavage to form 1,4-dicarbonyl compounds.8 This
implies that benzylfurans, which have a nitrogen func-
tion in the o-position of the aromatic ring, can be
useful synthons for indole synthesis.

Earlier, the synthesis of indole derivatives from o-nitro-
phenyldifurylalkanes 1 was described.9,10 Jones and
McKinley reported that as a result of deoxygenation of
compounds 1a–c with triethylphosphite the dibenzopyr-
roles 2a–c9 were obtained. The authors suspected that
indoles 3a–c were intermediate compounds of the
transformation.

Later we isolated compound 3a after reduction of
compound 1a with SnCl2 in the presence of
(CH3)3SiCl.10 We proved that the transformation pro-
ceeded by an oxidative fission of the furan ring and
involved a 2,5-cycloaddition of the nitroso-group to
one of furan rings. However, such a method of indole
synthesis has an essential limitation. The introduction
of donor substituents (for example, a methoxy group)
in the p-position to the nitro group prevents the reac-
tion due to the decrease of the nitroso-group reactivity
as a dienophile.
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In this line of study, we attempted to study the
reaction of furan ring opening–indole ring clo-
sure under conditions of hydrolytic cleavage of the
furan ring for the purpose of developing more gen-

eral methods for indole synthesis. We showed a simi-
lar type of transformation in the case of the synthe-
sis of benzofuran derivatives from 2-hydroxybenzyl-
furans.11

Scheme 1.

Scheme 2.
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The o-tosylaminobenzylfurans 4 were obtained via the
well-known alkylation reaction of furans with the
appropriate alcohols 512 in high yields (Scheme 1).

Compounds 4, when heated in ethanolic HCl, were
converted into indoles 6 in good yields13 (Scheme 2).
We believe that the mechanism of the reaction is similar
to one described earlier for benzofuran derivatives.11,14

In conclusion, we would like to point out that this
method of indole synthesis is general and allows varia-
tion of the substituents R, R% and R¦. Additionally the
presence of the alkanone side chain in the indoles 6
substantially extends the possibilities for their synthetic
application. Thus, for example, compounds 6 can be
utilized as convenient intermediates for the synthesis of
mytomicin and mitosene derivatives and new synthetic
analogs of the antitumor drug EO-9.15
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