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Furan as a 1,3-diketone equivalent: the second type furan
recyclization applied to indole synthesis

Alexander V. Butin*

Research Institute of Heterocyclic Compounds Chemistry, Kuban State University of Technology, Moskovskaya st. 2,

Krasnodar 350072, Russia

Received 23 January 2006; revised 8 April 2006; accepted 19 April 2006
Abstract—A new approach for the synthesis of indole derivatives based on protolytic recyclization of 2-alkyl-5-(2-tosylaminoaryl)-
furans is described. The furan ring in this unusual transformation formally serves as a 1,3-diketone equivalent.
� 2006 Elsevier Ltd. All rights reserved.
During recent years we have been involved in the elabo-
ration of a general method for the synthesis of benzann-
elated heterocycles based on recyclization of ortho-
substituted benzylfurans under protolytic conditions.1

By varying the substituent at the ortho-position of the
benzylfuran, different types of heterocyclic systems as
benzofurans,2 indoles,3 isocoumarins,4 isoquinolones5

and isochromenes6 (Scheme 1) can be obtained. The
method is based on the ability of the furan ring, in acidic
media, to serve as a 1,4-diketone equivalent. Such reac-
tions are well known and are widely used in synthetic
organic chemistry.7

In continuation of our ongoing interest in furan recycli-
zation reactions we studied the behavior of 2-alkyl-5-
(2-tosylaminoaryl)furans under the acidic conditions,
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which are commonly used for the recyclization of 2-tos-
ylaminobenzylfurans into indole derivatives. In this case
indole derivatives were obtained as well. As a starting
material we employed carbonyl derivatives of 2-nitro-
arylfurans 1, readily available by arylation of furfural
and acetylfuran.8 Reduction of compounds 1 with
NaBH4 in the presence of an equimolar quantity of
AlCl3 in dry tetrahydrofuran gave 2-alkyl-5-(2-nitro-
aryl)-furans 2.9 Subsequent reduction of the nitro group
with Raney-Ni10 and tosylation of the resulting anilines
3 gave compounds 411 with good overall yields (Scheme
2).

Refluxing compounds 4 in ethanol saturated with
hydrogen chloride afforded indole derivatives 5 in
moderate yields (Scheme 3). However, unlike the
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2-tosylaminobenzylfurans which recyclize within 10–
40 min under these conditions,3 2-tosylaminoarylfurans
4 required much longer reaction times (4–12 h) with
incomplete conversion of the starting compounds 4. Evi-
dently, both transformations proceed via furan ring pro-
tonation with intermediate formation of furyl cations
(Schemes 1 and 3). Consideration of the structures of
these cations in both cases allowed us to assume a rea-
son for such a striking difference in the duration of the
reaction. Thus the substituents in positions 2 and 5 of
the furan ring in the case of the corresponding benzyl-
furans have approximately the same electronic proper-
ties and protonation at either alpha position of the
furan ring is equally probable. This leads to a sufficiently
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high concentration of the furyl cation A, amenable to
the formation of the final product (Scheme 1). In the
case of 2-tosylaminoarylfurans 4, protonation can result
in two furyl cations sufficiently different in their stability.
Evidently furyl cation B must be more thermodynami-
cally stable than cation C due to additional delocaliza-
tion of the positive charge on the aryl substituent.
Consequently, a low equilibrium concentration of the
cation C, which is an intermediate in indole 5 formation
leads to a considerable increase in reaction time. Bearing
this in mind we attempted a reaction under much more
severe conditions hoping that an increase in the acidity
would raise the concentration of the requisite cation C
under kinetic control conditions. In fact, carrying out
the reaction in boiling acetic acid in the presence of suf-
ficient amounts of 72% HClO4 allowed us to shorten the
reaction time to 10–15 min and improve the yields of the
indoles 5 (Scheme 3).12

In conclusion, we have reported a new approach to
substituted indoles based on the recyclization of 2-tos-
ylaminoarylfurans. The method developed is of prepara-
tive value in indole chemistry since all the steps are high
yielding and reproducible. Indole derivatives available
by this reaction possess an active carbonyl group in
the side chain and a free position at C-3, which makes
them attractive for further transformations. In addition,
this transformation is of interest for improved under-
standing of furan chemistry as the furan ring here for-
mally acts as a 1,3-dicarbonyl compound equivalent.
As was noted previously,2–6 the furan ring in the benz-
ylfuran acid-catalyzed rearrangement plays the role of
a latent 1,4-dicarbonyl compound and we named this
process recyclization of the first type. Thus we have
named the rearrangement discussed in this work as the
recyclization of the second type (Scheme 4). To the best
of our knowledge recyclizations of this type in acidic
media are unknown.

The study of the scope of this reaction is in progress as it
can be successfully applied to the synthesis of other het-
erocycles by introduction of a suitable nucleophilic
group to the ortho-position of the aryl ring as was the
case for recyclization of benzylfurans.
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