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Abstract—A one-pot, three-component condensation of a carbonyl compound, an amine and a nitroalkene leading to an efficient
synthesis of alkyl-substituted pyrroles has been carried out in molten tetrabutylammonium bromide. Neither a catalyst nor an
organic solvent is required for this reaction and the molten ammonium salt is recyclable. © 2003 Elsevier Science Ltd. All rights
reserved.

Because of the toxic and volatile nature of many
organic solvents, particularly chlorinated hydrocarbons,
ionic liquids are emerging as effective solvents for
‘green’ processes.1 However, the high cost of most
conventional room temperature ionic liquids and appre-
hension about their toxicity has led us to explore
the use of more benign salts in the molten state
as practical alternatives.2 As a part of this program
we initiated an investigation2e to explore the efficacy
of molten tetrabutylammonium bromide for useful
reactions.

The pyrrole ring constitutes a basic heteroaromatic
structure. It is a vital building block for the construc-
tion of porphyrins and a key unit in a number of

biologically active compounds.3 Several alkylated
pyrrole derivatives have been shown to possess remark-
able biological activity.4 Thus, the synthesis of pyrroles
remains an extremely attractive topic.

Pyrroles are prepared primarily by using classical
Knorr5 and Hantzsch6 procedures. However, the syn-
thesis of alkylated pyrroles by these procedures is prob-
lematic, since mixtures of regioisomers are generally
formed from non-stabilized enamine intermediates.
Although several methods have been developed for the
synthesis of this heterocyclic system recently7 these are
not always satisfactory with respect to ease of opera-
tion, yield, general applicability and toxicity of reagents
and solvents. We wish to report here a simple and green
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method for the synthesis of pyrroles by a three-compo-
nent condensation of an aldehyde or ketone with an
amine and an �,�-unsaturated nitroalkene8 in molten
tetrabutylammonium bromide which does not require
any other reagent or organic solvent (Scheme 1).

The experimental procedure is very simple. A mixture
of the aldehyde or a ketone (1 mmol), an amine (1
mmol) and a conjugated nitroalkene (1 mmol) was
added to molten tetrabutylammonium bromide (1 g) at
105°C and the mixture was heated with stirring at that
temperature for the period of time required to complete
the reaction (TLC). The reaction mixture was cooled
and extracted three times with ethyl acetate. The com-
bined organic extracts were washed with water, brine
and dried. Evaporation of the solvent left the crude
product, which was purified by column chromatogra-
phy over silica gel to afford the pure pyrrole. The
tetrabutylammonium bromide remaining in the reaction
flask was washed with hexane, dried under vacuum and
was recycled for subsequent use without any loss of
efficiency. New compounds were properly characterized
by their IR, 1H and 13C NMR spectra and elemental

analysis, whereas the known compounds (entries 7–10
in Table 1 and entries 3–6, 8, and 10 in Table 2) were
identified by comparison of their spectroscopic data
with those reported values.7j

A wide range of aldehydes was coupled with a variety
of primary amines and �,�-unsaturated nitroalkenes by
this procedure to provide the corresponding substituted
pyrroles. The results are presented in Table 1. Surpris-
ingly, open-chain ketones do not lead to pyrroles by
this procedure, instead the reaction stops at the inter-
mediate imine stage. When the reaction was carried out
at a higher temperature, a mixture of unidentified prod-
ucts with considerable amounts of tar was formed.
However, cyclic ketones, under the conditions of the
present procedure, provided the corresponding fused
pyrroles. The results are reported in Tables 1 and 2. As
is evident from the results, this procedure can place
alkyl or aryl substituents at any specific position in the
pyrrole ring by proper choice of coupling components.

In general, the reactions are fast and clean. The yields
are also high for a three-component coupling process.

Table 1. Synthesis of pyrroles by the coupling of aldehydes, amines and nitroalkenes
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Table 2. Synthesis of fused pyrroles by the coupling of cycloalkanones, amines and nitroalkenes

This procedure neither involves any strong acid or
base nor any toxic reagent or solvent. Presumably,
the carbonyl compound combines with the amine to
form the imine which then couples with the nitroalkene
to produce the pyrrole. However, the reason for the
lack of coupling of open-chain ketones is not clear to
us.

In conclusion, the present procedure for the synthesis of
pyrroles through a one-pot condensation of carbonyl
compounds, amines and conjugated nitroalkenes
demonstrates the potential of molten tetra-
butylammonium bromide as a good medium and cata-
lyst for coupling reactions and provides promise for
further useful applications. Moreover, this methodol-
ogy offers significant advantages with regard to simplic-
ity of operation, yield of products, reaction times,
choice of substituents on the pyrrole ring and, above
all, recyclability and non-toxicity of the reaction
medium used. Thus, it provides a better and greener
alternative for the synthesis of pyrroles.
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