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a b s t r a c t

An efficient four-component protocol is described for the synthesis of diversely functionalized pyrroles
under catalyst-free condition by using ionic liquid as a reaction media. The developed method is mild,
high yielding, and amenable for a variety of amines as well as aldehydes. Moreover the procedure is of
environmentally benign nature in which ionic liquid 1-n-butylimidazolium tetrafluoroborate [Hbim]BF4

is used as a reusable and efficient reaction medium without using any additional catalyst or promoter.
� 2013 Published by Elsevier Ltd.

Pyrrole is an important core unit found in many natural prod-
ucts,1 pharmaceutically active compounds, (Fig. 1) and electrical
conducting materials.2 In addition to this, pyrrole derivatives are
known to possess a wide range of biological activities such as anti-
tumor, anti-inflammatory, antibacterial, antioxidant, and anti-
fungal.3 Due to such prominence of pyrroles, numerous
methods4–10 have been reported for the synthesis of these
molecules where the most commonly used approaches include
Hantzsch4, Knorr5 and Paal–Knorr6 syntheses. In an alternate
method, the synthesis of pyrrole has been accomplished by the
reaction of bromonitrostyrenes with enamines.11 Recently a four-

component reaction of amines, aldehyde, diketone, and nitroalkane
is reported to give functionalized pyrroles12a,b by using FeCl3,12a

and NiCl2�6H2O.12b However this method possesses certain draw-
backs such as the use of toxic metal catalysts and harsh reaction
conditions. Moreover these methods use non-ecofriendly organic
solvents and give a moderate yield of product even after a longer
reaction time. In this regard, the development of an efficient meth-
od for the synthesis of pyrrole derivatives under mild reaction con-
dition is highly desirable.

Nowadays, sustainable processes are highly in demand in the
chemical industry.13 The ‘process efficiency’ concept is not only
related to a high chemical yield, but also to minimize the use of
large amounts of harmful organic reagents, solvents, catalyst, and
undesired chemical waste.14 In this context, ionic liquids have been
emerging as a mild and environmentally benign reaction medium
in modern chemical synthesis.15 Also ionic liquid promotes the dif-
ferent organic transformations without the use of any additional
catalyst or solvent.16

In a recent article, Jana et al. found that, b-enaminone and b-
nitrostyrene are key intermediates in the pyrrole synthesis12b

and our literature survey revealed that the synthesis of these key
intermediates can be achieved in ionic liquid.17a,b Keeping this in
mind, we envisioned the catalyst-free four-component reaction
of amines, aldehyde, diketone, and nitroalkane to give functional-
ized pyrroles by using ionic liquid as a reaction medium (Scheme
1). To the best of our knowledge there is no report concerning
the catalyst-free four-component synthesis of pyrroles. Hence, as
a part of our16 ongoing interest in the application of ionic liquids
for the synthesis of biologically active molecules, herein we wish
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Figure 1. Representative examples of biologically active pyrrole derivatives.
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to report the catalyst-free, mild, and high yielding four component
protocol for the synthesis of diversely functionalized pyrroles by
using ionic liquid 1-n-butylimidazolium tetrafluoroborate
[Hbim]BF4 (Fig. 2) as a reusable reaction medium.

As a model reaction we first attempted the reaction of cyclopro-
pylamine 1a (1.2 mmol), benzaldehyde 2a (1 mmol), acetylacetone
4 (1 mmol), and nitromethane 3 (1 mmol) in 5 mL ionic liquid 1-n-
butylimidazolium tetrafluoroborate [Hbim]BF4 (Scheme 2) and
progress of the reaction was monitored continuously by TLC. The
reaction proceeded smoothly within 52 min at room temperature
to give substituted pyrrole 5aa which was confirmed by analyzing
spectral data (Table 2, entry 1). The formation of the desired prod-
uct was also confirmed by comparison with the spectral data ob-
tained for a sample prepared by one of the available literature
procedures.12a The above observations reveal that the substituted
pyrrole can be obtained by four-component reaction of amines,
aldehyde, diketone, and nitroalkane in ionic liquid under cata-
lyst-free condition.

These encouraging observations promoted us to screen the dif-
ferent imidazole based ionic liquids to study the model reaction in
detail. We have studied model reaction in different ionic liquids
such as, 1-n-butylimidazolium tetrafluoroborate [Hbim]BF4, 1-bu-
tyl-3-methylimidazolium tetrafluoroborate [bmim]BF4, 1-butyl-3-
methylimidazolium hexafluoro phosphate [bmim]PF6, and 1-
ethyl-3-methylimidazolium tetrafluoroborate [emim]BF4. After
this extensive screening, we found ionic liquid [Hbim]BF4 as a most
suitable reaction medium for model reaction in terms of reaction
time and isolated yield (Table 1, entry 1). We found that the reac-
tion worked very well in ionic liquid [Hbim]BF4 without using
additional catalyst and gave very high yields of product within a
shorter reaction time at rt as compared to the previous meth-
ods.12a,b The exact reason for this is not well understood, but we as-
sume that, due to the distinctive acidity and polarity associated
with [Hbim]BF4, it plays a dual role as catalyst as well as solvent
and hence resulted in a higher yield of product. As a part of study,
we have also performed control reaction under a neat reaction con-
dition; however the desired product was formed in very trace
amount even after strengthening the reaction time up to 24 h (Ta-
ble 1, entry 6). On the basis of above study we have chosen the use

of 5 mL [Hbim]BF4 as an optimized reaction condition for the syn-
thesis of substituted pyrrole 5aa by catalyst-free four-component
reaction of cyclopropylamine 1a, benzaldehyde 2a, acetylacetone
4, and nitromethane 3 at rt under reusable reaction media (Table
1, entry 1).

Further, for the general validity of the reaction, the optimized
condition18,19 was tested on several structurally varied amines as
well as aldehydes and the results are summarized in Table 2. The
reaction of benzylamine (entries 12–14) and 2-phenylethylamine
(entries 17–23) underwent smoothly in the standard reaction con-
dition to furnish the desired product in a high yield. It is worthy to
mention that the procedure is also applicable for cyclicamines like
cyclopropylamine and cyclohexylamine (entries 1–7 and 8–11,
respectively) and alkynylamines like propargylamine (entries 24–
29) which were totally unexplored in the pyrrole synthesis. The
efficiency of the reaction was further strengthened by the partici-
pation of heterocyclic aldehyde in this four-component reaction
(entries 5, 10, 21, 28). For example the reaction of cyclopropyl-
amine 1a with furfural 2e also proceeded same way and afforded
corresponding product 5ae in good yield (entry 5). Other diversely
functionalized aldehydes also participated effectively in the reac-
tion under optimized condition (Table 2). In our protocol, other dif-
ferent functional groups such as halides, hydroxyl, methoxy, acetyl,
nitro, and alkynyl remained unaffected and the exclusive forma-
tion of pyrrole derivative was observed. It is worthy to mention
that, in the present study the scope of the developed method
was tested on new substrates and hence all obtained substituted
pyrrole derivatives are new compounds.

Our next approach was to study the scope of reusability of
[Hbim]BF4 for this four-component reaction. Hence, after comple-
tion of the reaction, the reaction mixture was isolated from
[Hbim]BF4 by simply extracting with ether (3 � 15 mL). Then the
[Hbim]BF4 was dried under vacuum and used for subsequent reac-
tions. We reused [Hbim]BF4 up to three cycles for this four compo-
nent reaction and did not find any substantial loss in the catalytic
activity of [Hbim]BF4 (first cycle: Table 2, entry 7, second cycle: Ta-
ble 2, entry 19, third cycle: Table 2, entry 24).

The tentative mechanistic pathway based on one of the litera-
ture reports12a is proposed for the catalyst-free synthesis of func-
tionalized pyrroles by using ionic liquid as a reaction medium as
shown in Scheme 3. We reasoned that the reaction proceeded to
form b-enaminone by the condensation of acetylacetone with ami-
ne.17a This reactive b-enaminone attacked on in situ generated b-
nitro styrene17b and forms five membered cyclic intermediate A.
Finally the cyclic intermediate undergoes aromatization by the
elimination of water molecule with the aid of ionic liquid and gives
substituted pyrrole derivative.
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Scheme 2. Synthesis of substituted pyrroles under catalyst-free condition by using
[Hbim]BF4 as a reaction medium.

Table 1
Screening of reaction mediaa

[bmim]BF4

[bmim]PF6

[emim]BF4

[Hbim]BF4

Time (min) Yieldb(%)

52 85

90 78

90

90

71

58

Reaction mediaEntry

1

3

4

5

6 - 24 h tracec

[Hbim]BF4 90 862

aReaction condition: cyclopropylamine 1a (1.2 mmol), benzaldehyde 2a (1 mmol),
acetylacetone 4 (1 mmol), and nitromethane 3 (1 mmol) in 5 mL ionic liquid.
bIsolated yield.
cUnder neat reaction condition.
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Figure 2. Chemical structure of 1-n-butylimidazolium tetrafluoroborate [Hbim]BF4
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Scheme 1. Envisioned reactions of amines, aldehyde, diketone, and nitroalkane for
the synthesis of substituted pyrroles under catalyst-free condition by using ionic
liquid.
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