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ABSTRACT

(E)-�-Bromonitrostyrenes react with enaminones in water to afford pyrroles in excellent yields. The domino reaction constitutes a new, mild,
and environmentally benign process for the fast and efficient synthesis of diverse pyrroles.

Among the many heteroaromatic compounds, the pyrrole ring
has found a wide number of applications and is present in
many natural products.1 It is used as an important skeleton
in organic synthesis2 and is also utilized in other important
fields, such as materials science,3 medicinal chemistry, and
pharmacology.4 Therefore, a large effort has been made to

develop more efficient synthetic routes to obtain this valuable
heterocycle.5 The most frequently used methods are the
classic Hantzsch,6 Knorr,7 and Paal-Knorr8 procedures.
Although these methods have been used during the last
century, there are significant drawbacks which have triggered
the search for new methodologies, such as multicomponent
couplings9 and transition-metal-catalyzed cyclizations.10 The
success of these newer methods is often limited as in many
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cases the reaction conditions remain harsh. Thus it remains
highly desirable to develop methods requiring milder conditions
as well as avoiding the need for toxic metal catalysts. Further-
more, to placate environmental and economic demands the use
of water as a solvent would be highly advantageous. Therefore,
we decided to address this important issue.

A possible retrosynthetic disconnection for the synthesis
of pyrroles is given in Scheme 1 and consists of the use of

a binucleophilic synthon, the enamine derivative, and the
trifunctional synthon, �-bromonitrostyrene11 (Scheme 1). To
validate our hypothesis, we decided to carry out the reaction
of �-bromonitrostyrenes and different enaminones to achieve
a one-pot synthesis of pyrroles.

In preliminary experiments, we studied the reaction of
benzylenaminone 2 with �-bromonitrostyrene 1a, which can
easily be prepared in good yields according to the reported
procedure.12 To our delight, pyrrole 3a was obtained with full
conversion when the reaction was carried out in CH2Cl2 at room
temperature (Table 1, entry 1). However, increasing the tem-
perature resulted in shorter reaction times (Table 1, entry 2).
To find the best reaction conditions, we decided to evaluate
different parameters including reaction time, solvent type, and
various additives. Selected results are listed in Table 1. Notably,
when water was used as a solvent at 50 °C the domino reaction
took place extremely rapidly with full conversion occurring in
just 10 min (Table 1, entry 4). The use of additives, such as
potassium acetate or other bases, resulted only in the formation
of complex reaction mixtures (Table 1, entry 5).

With the optimal results in hand, we explored the scope
of the reaction by employing various �-bromonitrostyrenes
1a-g. The results are shown in Table 2.

In general, �-bromonitrostyrenes with different substitution
patterns including electron-withdrawing as well as electron-
donating groups could be successfully applied in this reaction
providing the pyrroles 3a-3g in good yields. Given the
importance of the fluorine atom in pharmacology,13 we also
carried out the synthesis of the pyrroles with fluorine
substitution using 2-fluoro- and 4-fluoro-�-bromonitrosty-
renes 1e-f. Again we obtained the products in high yields
(Table 2, entries 5 and 6). To evaluate the generality and
efficiency of the reaction, we became interested in exploring
other enaminones. As shown in Table 3, when the enaminone
4a derived from cyclohexanone was used, pyrrole 5a was
obtained in good yield (Table 3, entry 1). Enaminone 4a
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Scheme 1

Table 1. Reaction of �-Bromonitrostyrene 1a and Enaminone 2
under Different Conditions

entrya time temp solvent additive conversionb %

1 30 h rt CH2Cl2 - 100
2 12 h 50 CH2Cl2 - 100
3 12 h rt H2O - 100
4 10 min 50 H2O - 100
5 10 min 50 H2O KOAc -c

a Reactions were performed with �-bromonitrostyrene 1a (0.44 mmol)
and enaminone 2 (0.44 mmol) in the indicated solvent (1.0 mL).
b Determined by 1H NMR. c A complex product mixture was obtained.

Table 2. Reaction of Different �-Bromonitrostyrenes 1a-h and
Enaminone 2

entrya Ar product time (min) yield %b

1 C6H5- 3a 10 90
2 3-Br-C6H4- 3b 10 80
3 2-MeO-C6H4- 3c 10 81
4 4-MeO-C6H4- 3d 30 87
5 2-F-C6H4- 3e 10 75
6 4-F-C6H4- 3f 10 85
7 4-Me-C6H4- 3g 10 79
a Reactions were performed with �-bromonitrostyrenes 1a-g (0.44

mmol) and enaminone 2 (0.44 mmol) in H2O (1.0 mL) at 50 °C for the
indicated reaction time. b Yield after column chromatography.
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also reacted with �-bromonitrostyrenes bearing both an
electron-withdrawing (Table 3, entry 2) and an electron-
donating group (Table 3, entry 3), and the products were
isolated in 75% and 72% yields, respectively.

Furthermore, other cyclic enaminones 4b and 4c, as well as
acyclic enaminones 4d and 4e, could be efficiently applied in
the reaction to provide the desired products 5d-5k. Again short
reaction times were observed, and the products were obtained
in good yields after simple filtration through a silica column
avoiding the need for extraction using large amounts of organic
solvents.

A plausible mechanistic proposal considering all data
obtained is shown in Scheme 2. The first step of the domino

reaction involves a conjugate addition of the enaminone to a
nitrostyrene derivative to give intermediate A. The subsequent
protonation gives B, which tautomerizes to the more stable
enaminone C. The subsequent intramolecular nucleophilic
substitution results in the formation of D which upon elimination
of the nitro group gives the desired pyrroles E.

In summary, we have developed a facile and mild synthesis
of trisubstituted pyrroles by reaction of enaminones with
�-bromonitrostyrenes. This method constitutes a new ap-
proach for the synthesis of diverse pyrroles, in which
�-bromonitrostyrenes have been used as a trifunctional
synthon. Additionally, the reaction can be carried out in water
as a cheap and environmentally benign solvent, and a simple
purification step provides the products in good yields after
very short reaction times. This method is extremely efficient
and can be conducted on a larger scale at low cost making
it an ideal alternative to existing methods.
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Table 3. Reactions with Different Enaminones

a Reactions were performed with �-bromonitrostyrenes 1a,d,f (0.44
mmol) and enaminones 4a-e (0.44 mmol) in H2O (1.0 mL) at 50 °C for
1.5 h. b Yield after column chromatography.

Scheme 2
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