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A rapid synthesis of N-substituted pyrroles has been described by the reaction of 4-hydroxyproline with
isatins in ionic liquid under microwave irradiation. The recovered ionic liquid was reused for six cycles.
The reaction proceeds without addition of any acid promoter
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Pyrroles are important heterocyclic compounds displaying
remarkable pharmacological properties such as antibacterial, anti-
viral, anti-inflammatory, antitumoural, and antioxidant activities.1

The pyrrole moiety is found in many naturally occurring com-
pounds such as heme, chlorophyll, and vitamin B12.2 Pyrroles are
also present in various bioactive drug molecules such as atrovast-
atin, anti-inflammatory and antitumor agents, and immunosup-
pressants.3 Quinoxaline4 derivatives are important classes of
nitrogen-containing heterocycles which are useful intermediates
in organic synthesis. In view of their high significance, many meth-
odologies have been developed for the construction of the pyrrole
skeleton.5 Among them, the Paal–Knorr6 synthesis remains the
most useful preparative method for generating pyrroles. In recent
years, a variety of reagents such as K10 clay,7 bismuth nitrate,8

Dy(OTf)3,9 PMA/SiO2,10 b-CD,11 under reflux conditions have been
utilized for the synthesis of N-substituted pyrroles. Many of these
procedures involve the use of expensive reagents, metal triflates,
extended reaction times and produce a huge amount of toxic
waste. So it is desirable to discover ecofriendly procedures for
the synthesis of pyrrole derivatives. Recently, ionic liquids have
emerged as a set of green solvents with unique properties such
as tunable polarity, high thermal stability and immiscibility with
a number of organic solvents, negligible vapor pressure and recy-
clability.12 Among various ionic liquids, 1-butyl-3-methylimidazo-
liumtetrafluoroborate ([Bmim]BF4) has been used in the synthesis
of vicinal diamines,13 one-pot syntheses of 2H-indazolo[2,1-b]-
phthalazine-triones,14 and hydrative cyclization of 1,6-diynes.15 It
ll rights reserved.
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has been proven recently that microwave heating improves the
preparative efficiency and reduces the reaction time for several or-
ganic transformations.16 Our interest in the development of new
methodologies17 in the area of green chemistry18 prompted us to
synthesize N-substituted pyrroles in ionic liquid in conjugation
with microwave irradiation (Scheme 1).

Our initial effort was focused on the conventional thermal heat-
ing reaction of 5-bromoisatin (entry 3) with 4-hydroxyproline in
2 ml of [Bmim]BF4. The reaction remained incomplete even after
heating the reaction mixture at 110 �C for 24 h. Considering the re-
cent advances of microwave irradiation for rapid reactions, we car-
ried out the same reaction in the microwave. Surprisingly, the
reaction was completed in 10 min with complete conversion of
5-bromoisatin. This success encouraged us to extend this method
to a wide range of isatins (entries 1–10). The microwave reactions
were performed in a CEM19 discover model microwave apparatus.
Having optimized conditions20 for the rapid synthesis of these pyr-
role derivatives, various 5-substituted isatins and 1-substituted
isatins were condensed with 4-hydroxyproline to afford the corre-
sponding 3-(1H-pyrrol-1-yl)indolin-2-ones (entries 1–10) in good
to excellent yields (Table 1). It was also observed that (ethylide-
neamino)-2,3-dihydroindene-1-ones underwent condensation
with 4-hydroxyproline under similar conditions to produce the
corresponding 11-(1H-pyrrol-1-yl)-11H-indeno[1,2-b]quinoxalin-
11-ones in good yield (Table 1, entries 11 and 12). It is worthy to
mention that there is no byproduct formation in the reaction.
The formation of the desired products may be explained by the for-
mation of an azomethine ylide via decarboxylation and subsequent
1,5-proton shift to give the more stable zwitterion, which can eas-
ily transform to the more stable product to gain aromatic character
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Scheme 1.

Table 1
Synthesis of N-substituted pyrroles using ionic liquid [Bmim]BF4

Entry Isatin 4-Hydroxy proline Producta Time (min) Yieldb (%)

1 N
H

O

O
N
H

CO2H

HO

N
H

N

O
10 93
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H
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O
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N

O
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O
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O

H3C

N
H

CO2H

HO

N
H

N

O
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7 N

O

O
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CH2Ph

10 94
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Table 1 (continued)

Entry Isatin 4-Hydroxy proline Producta Time (min) Yieldb (%)

8 N
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HO
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N

O
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a All products were identified by IR, NMR, mass spectroscopy and elemental analysis.
b Yields of products isolated after column chromatography.
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(Scheme 2). After completion of the reaction (entry 3), the reaction
mixture was extracted with ether (two or three times) and the
residual ionic liquid was dried at 80 �C under vacuum and reused
for six cycles. We have observed consistent yield (95%) for four cy-
cles and there was gradual decrease in yields (87% and 79%) for 5th
and 6th cycles, respectively. Thus the present method provides an
useful alternative over conventional methods for the same trans-
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Scheme
formation, since our method can avoid the use organic solvents
and metallic reagents, moreover it reduces the reaction time
significantly.

In conclusion, we have demonstrated a rapid, efficient and
ecofriendly method for the synthesis of 3-(1H-pyrrol-1-yl)indo-
lin-2-ones and 11-(1H-pyrrol-1-yl)-11H-indeno[1,2-b]quinoxalin-
11-ones by the condensation of 4-hydroxyproline with substituted
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isatins and (ethyldeneamino)-2,3-dihydroindene-1-ones by using
an ionic liquid. Rapid reactions, operational simplicity, high yields,
and reusability of ionic liquids are notable features of the present
protocol.
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