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a b s t r a c t

An InCl3-catalyzed one-pot synthesis of 2-pyrrolo-30-yloxindoles was achieved via three-component
reaction of 3-phenacylideneoxindole, b-keto ester, and ammonium acetate at reflux by a sequential
Michael addition followed by Paal–Knorr condensation.

� 2009 Elsevier Ltd. All rights reserved.

Multicomponent reactions (MCRs) are special types of synthet-
ically useful organic reactions in which three or more different
starting materials react to give a final product in a one-pot proce-
dure. MCRs are powerful tools in the modern drug discovery pro-
cess and allow the fast, automated, and high-throughput
generation of organic compounds.1 In the past decades, there have
been tremendous developments in three- and four-component
reactions and great efforts have been and still are being made to
find and develop new MCRs.2

Pyrroles are one of the most prevalent heterocyclic compounds,
which are present as the basic cores in many natural products,3 po-
tent pharmaceutical compounds,4 and various kinds of functional
materials.5 Despite numerous diverse approaches toward the syn-
thesis of pyrroles developed so far,6 it is still challenging to prepare
polysubstituted pyrroles with various substituents from readily
available building blocks. In addition, oxindoles are attractive tar-
gets in organic synthesis because of their significant biological
activities as well as wide-ranging utility as synthetic intermediates
for alkaloids, drug candidates, and clinical pharmaceuticals.7 To the
best of our knowledge, there have been only two reports on the
synthesis of pyrrolo oxindoles. Previously, Bergmann et al.8 re-
ported the synthesis of pyrrolo oxindoles from 3-acetonylideneox-
indole and 3-amino crotonates in toluene under reflux for several
hours. Muthusamy et al.9 synthesized less substituted 2-pyrrol-
30-yloxindoles from 3-diazooxindoles and pyrroles in the presence
of rhodium(II) acetate catalyst. In view of their importance, the
development of a new and simple method for the synthesis of
highly substituted pyrrole moiety is of importance.

Lately, the utility of indium(III) Lewis acids10 in organic synthe-
sis has received a great deal of interest due to their relatively low
toxicity, stability in air and water and recyclability. As part of our
current studies on the design of new routes for the preparation
of biologically active heterocyclic compounds and in the applica-
tion of InCl3

11 in organic synthesis, we herein disclose a simple
and improved method for the synthesis of 2-pyrrolo-30-yloxindoles
using a catalytic amount of InCl3 (20 mol %) in ethanol at reflux in a
shorter reaction time (10–15 min). To the best of our knowledge,
this is the first report for the synthesis of 2-pyrrolo-30-yloxindoles
from 3-phenacylideneoxindole, b-keto ester, and ammonium ace-
tate (Scheme 1).
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In order to study the scope and limitations of the three-compo-
nent reaction, various Lewis acid catalysts, including SnCl2�H2O,
NH2SO3H, CAN, Bi(OTf)3, BiCl3, In(OTf)3, and InCl3 were investigated
(Table 1). The best overall yield (92%) was obtained with InCl3 in eth-
anol. Optimum results were obtained using 20 mol % of InCl3.

The reaction was carried out with 3-phenacylideneoxindole12 1
(1 equiv), b-keto ester 2 (1 equiv), and ammonium acetate 3
(2.5 equiv) catalyzed by InCl3 (20 mol %) in ethanol and was re-
fluxed for 10–15 min. The product precipitated from the reaction
mixture.13 This protocol is remarkably simple and requires no puri-
fication technique like column chromatography.

Table 2 summarizes our results on the one-pot reaction of
various 3-phenacylideneoxindole and b-keto ester with ammo-
nium acetate. All the reactions went smoothly and afforded the

Table 2
Synthesis of 2-pyrrolo-30-yloxindoles 4a–i

S.no Product (4) (keto:enol)a Time (min) Yieldb (%)

1

N
H

N
H CH3

O

CO2CH3

4a 
(10:1) 

10 92

2

N
H

N
H CH3

O

CO2CH2CH3

4b 
(10:1) 

10 93

3

N
H

N
H

O

CO2CH2CH3

4c 
(8:1) 

15 90

4

N
H

N
H

O

CO2CH2Ph

CH3

4d 
(9:1) 

10 94

Table 1
Catalytic activity of various Lewis acids on the three-component reactiona

Entry Catalyst Time (h) Yield (%)

1 None 2.5 20
2 SnCl2.H2O 1.5 48
3 NH2SO3H 1.5 45
4 CAN 1.0 40
5 Bi(OTf)3 1.0 56
6 BiCl3 1.0 60
7 In(OTf)3 0.50 85
8 InCl3 0.25 92

a Reaction of phenacylideneoxindole, methyl acetoacetate, and ammonium ace-
tate in ethanol at reflux.

Table 2 (continued)

S.no Product (4) (keto:enol)a Time (min) Yieldb (%)

5

N
H

N
H

O

CO2CH2CH2OCH3

CH3

4e 
(7:1) 

15 91

6

N
H

N
H CH3

O

CO2CH3

Cl

4f 
(9:1) 

10 93

7

N
H

N
H CH3

O

CO2CH2CH3

Cl

4g 

(8:1) 

15 92

8

N
H

N
H CH3

O

CO2CH2Ph
Cl

4h 
(10:1) 

15 88

9

N
H

N
H CH3

O

CO2CH2CH2OCH3

Cl

4i 
(8:1) 

15 90

a Ratio obtained from 1H NMR analysis of the NH protons.
b Isolated yield.
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