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Dy(OTf)3 as a versatile catalyst for the synthesis of
3-pyrrolyl-indolinones and pyrrolyl-indeno[1,2-b]quinoxalines
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Abstract—Dysprosium(III) triflate is found to catalyze efficiently the coupling of 4-hydroxyproline with indeno[1,2-b]quinoxalin-11-
one and isatin derivatives under mild conditions to produce 11-(1H-pyrrol-1-yl)-11H-indeno[1,2-b]quinoxalin-11-one and 3-(1H-
pyrrol-1-yl)indolin-2-one derivatives, respectively, in excellent yields in short reaction times. A comparative study with both InCl3
and Dy(OTf)3 is described.
� 2007 Published by Elsevier Ltd.
Pyrrole derivatives are important intermediates for the
synthesis of drugs, pigments and pharmaceuticals and
for the development of organic functional materials.1

They are found in many naturally occurring compounds
such as heme, chlorophyll, and vitamin B12.2 They are
also present in various bioactive drug molecules such
as atrovastatin, anti-inflammatory and antitumor
agents, and immunosuppressants.3 Consequently, a
variety of synthetic methods for the preparation of pyr-
role derivatives have been reported in the literature.3,4

Among them, the Paal–Knorr reaction remains one of
the most attractive methods for the synthesis of pyr-
roles.5 However, many of the classical methods often in-
volve the use of stoichiometric amounts of reagents,
extended reaction times and also generate mixtures of
products.3 Consequently, new catalytic systems are
being explored in the search for improved efficiencies.6

Since indolinone and quinoxaline systems are useful
and important in the field of drugs and pharmaceuticals,
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the development of simple, convenient and high yielding
protocols is desirable.

Lanthanide triflates are Lewis acids that are currently of
great research interest. They are highly oxophilic and
form strong, but labile bonds with oxygen donor
ligands. This feature has often allowed sub-stoichio-
metric amounts of these Lewis acids to be used to pro-
mote a variety of reactions.7 Indeed, such Lewis acids
are found to be effective in promoting many organic
transformations. However, the use of dysprosium tri-
flate as a catalyst in organic synthesis is scarce.8

In continuation of our interest on the catalytic applica-
tions of lanthanide triflates as water-tolerant and recy-
clable Lewis acids in carbon–carbon bond forming
reactions,9 we report herein an efficient synthesis of N-
substituted pyrroles attached to an indole skeleton by
the coupling of 4-hydroxyproline with isatins under
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neutral conditions. Accordingly, treatment of isatin (1)
with 4-hydroxyproline (2) in the presence of Dy(OTf)3

in acetonitrile at 80 �C for 20 min gave the correspond-
ing 3-(1H-pyrrol-1-yl)indolin-2-one (3a) in 94% yield
(Scheme 1).

Similarly, a variety of isatin derivatives such as
1-methylisatin, 5-bromo-1-methylisatin, 5-cyanoisatin,
1-benzyl-5-cyanoisatin, 1-benzyl-5-nitroisatin, and 5,7-
dibromoisatin underwent smooth coupling with
4-hydroxyproline to give the corresponding 3-(1H-pyr-
Table 1. Preparation of 3-(1H-pyrrol-1-yl)indolin-2-ones and 11-(1H-pyrrol-
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rol-1-yl)indolin-2-ones in good to excellent yields (Table
1, entries b–g). Thus, this method is very useful for the
preparation of N-substituted pyrroles from isatin deriv-
atives. Interestingly, 7-aza-isatin derivatives such as 1-
benzyl-7-aza-isatin and 1-ethyl-7-aza-isatins also gave
the corresponding 3-pyrrolyl-7-aza-indolinones in high
yields (Table 1, entries h and i). Encouraged by the re-
sults obtained with isatin derivatives, we turned our
attention to 11H-indeno[1,2-b]quinoxalin-11-one deriva-
tives. Interestingly, 11H-indeno[1,2-b]quinoxalin-11-
ones underwent smooth coupling with 4-hydroxyproline
1-yl)11-H-indeno[1,2-b]quinoxalines

InCl3 Dy(OTf)3

Time (min) Yieldb (%) Time (min) Yieldb (%)

30 90 20 94

25 92 15 98

40 78 25 90

50 79 38 89

60 80 32 90

h

75 82 40 84

90 60 65 70

70 85 56 89



Table 1 (continued)

Entry Substrate 4-Hydroxyproline Producta InCl3 Dy(OTf)3

Time (min) Yieldb (%) Time (min) Yieldb (%)
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a All products were characterized by 1H NMR, IR, and mass spectroscopy.
b Isolated and unoptimized yield.
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under similar conditions to produce the correspond-
ing 11-(1H-pyrrol-1-yl)-11H-indeno[1,2-b]quinoxalin-
11-ones 5 in good yields (Scheme 2 and Table 1, entries
j and k).

However, no reaction was observed in the absence of cat-
alyst even after a long reaction time (12 h). Although the
reactions worked well in water, they took a longer time
to give comparable yields. As solvent, acetonitrile ap-
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peared to give the best results. In all cases, the reactions
proceeded rapidly under mild conditions. The reactions
were clean and the products were obtained in excellent
yields. The structures of the products were established
by 1H NMR and also by comparison with authentic sam-
ples.5 The formation of the products may be explained by
the formation of an azomethine ylide via decarboxyl-
ation and a subsequent 1,5-proton shift to generate the
more stable zwitterion as shown in Scheme 3.
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However, simple 1,2-diketones such as benzil and ace-
naphthenequinone failed to produce the desired product
under the same reaction conditions. This method works
only with substrates possessing a-ketoamido and a-
ketoimino functionalities due to the stabilization of the
zwitterionic intermediate during the reaction. Among
various rare earth metal triflates such as Y(OTf)3,
Ce(OTf)3, Sm(OTf)3, and Gd(OTf)3 tested, Dy(OTf)3

was found to be most efficient in terms of conversion.
Although, InCl3 was shown to be equally effective for
this transformation, it is more expensive than Dy(OTf)3.
The nature of the substituents on the aromatic ring
shows some effect on this conversion. It should be noted
that simple aromatic and moderately activated isatins
gave higher yields of products compared to strongly
deactivated substrates (Table 1). The scope and general-
ity of this process is illustrated with respect to various
isatin derivatives and the results are presented in Table
1.10

In summary, we have described a novel and efficient
protocol for the preparation of 3-(1H-pyrrol-1-yl)indo-
lin-2-ones from 4-hydroxyproline and isatins using
Dy(OTf)3 or InCl3. In addition to its simplicity and mild
reaction conditions, this method offers high yields of
products in short reaction times. This method provides
an easy access to the synthesis of 3-(1H-pyrrol-1-
yl)indolin-2-one and 11-(1H-pyrrol-1-yl)-11H-indeno-
[1,2-b]quinoxalin-11-one derivatives in a single-step
reaction.
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