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4-(1-Imidazolium) butane sulfonate is an excellent catalyst for the synthesis of 2,4,5-trisubstituted and
1,2,4,5-tetrasubstituted imidazoles through the condensation of 1,2-dicarbonyl compounds, aldehydes, and
ammonium acetate or amine via multicomponent condensation strategy under solvent-free conditions. The
key advantages of this process are high yields, reusability of catalyst, environmental friendliness, easy
work-up and purification of products by nonchromatographic methods.
J. Heterocyclic Chem., 49, 1224 (2012).
Scheme 1.
INTRODUCTION

Multi-component reactions get extra attention in modern
organic synthesis and medicinal chemistry because they
are high atom economy and high selectivity processes
[1]. One-pot catalytic conversion of organic reactions with
readily available, nontoxic, and inexpensive reagents has
attracted significant research interest in recent years [2].
The multisubstituted imidazoles exhibit wide ranges of bio-
logical activities such as anti-inflammatory [3], anti-allergic
[4], analgesic activity [5], glucagon receptor antagonism [6],
plant growth regulators [7], therapeutic agents [8], antibacte-
rial [9], antitumour [10], and also pesticides [11], etc. There
are many important drugs such as Omeprazole, Eprosartan,
and Trifenagrel having functionalized imidazole motif [12].
In addition, recent development of green chemistry and
organometallic chemistry expands the utility of imidazoles
as ionic liquids [13]. A broad utility range has made imida-
zoles prime synthetic targets thereby accentuating the need
to develop newer synthetic routes for imidazole derivatives.
In the last decade numerous methods have been devel-

oped for the synthesis of substituted imidazoles by using
various catalytic systems. Recently L-proline and ionic
liquids catalyzed transformations have been also reported
[14]. Although these methods are quite useful, many of
these methods suffer from one or more disadvantages such
as the use of expensive moisture sensitive metallic
reagents, longer reaction times, tedious separation proce-
dures and use of large amount of toxic solvents. To avoid
these limitations, the discovery of a new and efficient
© 2012 HeteroC
catalyst with high catalytic activity, reusability, short
reaction time, and simple work-up for the preparation of
compounds under mild and practical conditions is of great
interest. In continuation of our efforts towards the develop-
ment of novel methodologies under green chemical
approaches using zwitterionic-type molten salt [15] herein,
we report a mild, efficient and facile one-pot synthesis of
substituted imidazoles derivatives by the multicomponent
reaction of 1,2-diketone, amine source, and aldehyde under
solvent-free conditions (Scheme 1).
RESULTS AND DISCUSSIONS

To optimize the reaction conditions, the reaction of
benzaldehyde and benzil was selected as a model to examine
the effects of the catalyst (0–15%) and temperature. The best
result was achieved by carrying out the reaction with 1:1:2
mole ratios of benzaldehyde, benzil and ammonium acetate
orporation



September 2012 1225Zwitterionic-Type Molten Salt-Catalyzed Multi-Component Reactions: One-Pot Synthesis
of Substituted Imidazoles Under Solvent-Free Conditions
in the presence of 10 mol % zwitterionic salt at 80°C for 4 h
(Table 1). Higher amount of the catalyst did not improve the
results to a great extent.
In a typical experimental procedure, a mixture of aldehyde

(1 mmol), ammonium acetate (2 mmol) and 1,2- diketone
(1 mmol) in presence of 10 mol % molten salt was heated
at 80°C for a certain period of time as required to complete
the reaction. A wide range of structurally diverse aldehydes
underwent condensation by this reaction to provide substi-
tuted imidazoles derivatives in good yields. The results are
summarized in Table 2.
As evident from the results, this procedure is uniformly

effective for both aliphatic and aromatic aldehydes. The
aliphatic aldehydes such as iso-butyraldehyde, and
cyclohexanecarboxaldehyde were subjected under the re-
action conditions and corresponding desired products were
isolated in excellent yields. Aromatic aldehydes with both
activating and deactivating groups such as Me, OMe, Cl,
Br, F, and NO2 reacted to afford the corresponding
products almost equally in high yields.
To explore the applicability of this method under the

present reaction conditions, we found that addition of an
amine in the same reaction produced 1,2,4,5-tetrasubstituted
imidazoles in moderate yields (Table 3). A wide range of
structurally diverse aromatic aldehydes underwent condensa-
tion by this reaction to provide substituted imidazoles deriva-
tives in excellent yields. As evident from the results, this
procedure is uniformly effective for both electron donating
and electron withdrawing substituents of aromatic aldehydes.
The aromatic primary amines have been successfully sub-
jected in this method.
One of the major advantages of this method is the

isolation and purification of the products, which have been
achieved by simple washing and crystallization of the crude
products. We also found that α-hydroxyketone such
as benzoin worked very well to get the tri- and tetra-
substituted imidazoles under the present reaction conditions
(Scheme 2).
Table 1

Optimization of catalyst loading and temperature.

Entry
Catalyst
(mol %)

Temperature
(°C)

Time
(h)

Yield
(%)

1 – Room
temperature

12 h <10

2 – 80 4 h 25
3 5 80 4 h 72
4 10 60 4 h 45
5 10 80 4 h 85
6 10 80 8 h 83
7 15 80 4 h 86
8 10 100 4 h 82
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The role of the catalyst in this transformation could be
an activator of the aldehydic carbonyl oxygen through hy-
drogen bond formation with the N H of the imidazolium
moiety [16], [17].

Our attention was then turned to the possibility of recy-
cling the catalyst from the reaction media since the recovery
and reuse of the catalyst are highly preferable for a greener
process. At the completion of the reaction, the reaction mixture
was poured into ice cool water and stirred for few minutes. The
solid product was filtered under suction. The catalyst was
recovered from the aqueous layer after evaporation under
reduced pressure, and reused for subsequent reactions. The
recovered catalyst showed almost consistent activity for four con-
secutive cycles.

In summary, we have demonstrated herein that imidazole-
based zwitterionic-type molten salt is an excellent catalyst
for the synthesis of substituted imidazoles derivatives through
a multicomponent condensation reaction under solvent-free
conditions. To the best of knowledge, this is the first report
on the synthesis of substituted imidazoles derivatives by
zwitterionic-type molten salt. The present procedure is
equally effective to aliphatic and aryl aldehydes. The
nonhazardous experimental conditions, reusability of the
catalyst, ease of reaction, and use of metal-free catalyst
are the notable advantages of this procedure. Thus, it pro-
vides a better and more practical alternative to the existing
methodologies.
EXPERIMENTAL

Melting points were determined on a glass disk with an elec-
trical bath and are uncorrected. 1HNMR and 13CNMR spectra
were run in DMSO-d6 solution. IR spectra were taken as KBr
plates. Elemental analyses were done by Perkin-Elmer autoana-
lyzer. All liquid reagents were distilled before use. The synthe-
sis of zwitterionic-type molten salt, 4-(1-imidazolium) butane
sulfonate (IBS) was carried out using a method similar to that
reported [15].

General procedure for the synthesis of 2,4,5-trisubstituted
imidazoles. In a 50-mL round bottom flask 1,2-diketone (1 mmol),
aldehyde (1 mmol) and ammonium acetate (2 mmol) were taken in
presence of zwitterionic-salt (41 mg, 10 mol %) and the whole
mixture was stirred at 80°C (oil bath) for certain period of time as
required to complete the reaction. The reaction mixture, being
cooled to room temperature was poured into ice cool water (10 mL)
and stirred for 5–10 min. The solid product was filtered under
suction, washed with ethyl acetate and then recrystallized from
ethanol to obtain the pure product. The identity and purity of the
product was confirmed by 1H and 13CNMR spectroscopic analysis.
The spectral and elemental analyses of the compound which is not
readily found are provided here.

The catalyst was recovered from the aqueous layer after
evaporation under reduced pressure, washed with ethyl acetate
to remove the organic impurities and then reused for subsequent
reactions.

2-Cyclohexyl-4,5-diphenyl-1H-imidazole (entry 16,Table 2).
White solid,mp240–241°C; IR (KBr): 3031, 2925, 1602, 1537, 1500,
stry DOI 10.1002/jhet



Table 2

Synthesis of 2,4,5-trisubstituted imidazoles.

Entry Product
Time
(h)

Yieldaa
(%) Reference

1 7 65 [14]g

2 4 85 [14]a

3 4 82 [14]a

4 4.5 78 [14]a

5 4 82 [14]a

6 4.5 80 [14]b

7 4 82 [14]b

8 4.5 78 [14]a

9 5 76 [14]a

10 4.5 84 [14]a

11 4.5 72 [14]a

(Continues)

Table 2

(Continued)

Entry Product
Time
(h)

Yieldaa
(%) Reference

12 5 80 [14]c

13 4 78 [14]a

14 4 82 [14]d

15 5 80 [14]d

16 6 80

17 5 60 [14]a

aIsolated yields.
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1450, 1128, 912, 696 cm−1 ; 1HNMR (400 MHz, DMSO-d6):
δ = 11.93 (s, 1H), 7.43-7.28 (m, 10H), 2.73-2.67 (m, 1H), 1.99-1.95
(m, 2H), 1.81-1.78 (m, 2H), 1.70-1.68 (m, 3H), 1.64-1.58 (m, 3H);
13CNMR (100 MHz, DMSO-d6): δ = 152.4, 135.6, 134.0, 132.2,
131.4, 129.7, 128.7, 127.8, 127.0, 126.4, 125.6, 37.2, 31.5, 25.7,
25.6; Anal. Cald for C21H22N2: C, 83.40; H, 7.33; N, 9.26

. Found:
C, 83.32; H, 7.18; N, 9.21.

General procedure for the synthesis of 1,2,4,5-tetrasubstituted
imidazoles. In a 50 mL round bottom flask 1,2-diketone (1 mmol),
aldehyde(1 mmol), primary amine (1 mmol) and ammonium acetate
(1 mmol) were taken in presence of zwitterionic-salt (41 mg, 10
mol %) and the whole mixture was stirred at 80°C (oil bath) for 5–6
h as indicated by TLC for the completion of reaction. The reaction
mixture was diluted with water and extracted with ethyl acetate.
Organic layer was dried over anhydrous Na2SO4. Solvent was
removed under reduced pressure and solid product was obtained.
The solid was then recrystallized from ethanol to obtain the pure
product. The identity and purity of the product were confirmed by
spectroscopic analysis.
stry DOI 10.1002/jhet



Table 3

Synthesis of 1,2,4,5-tetrasubstituted tetrazoles.

Entry Product
Time
(h)

Yielda

(%) Reference

1 8 63 [14]g

2 5 82 [14]a

3 6 75 [14]c

4 5 78 [14]a

5 5.5 75 [14]h

6 5.5 72 [14]e

7 5 80 [14]a

8 5 78 [14]a

(Continues)

Table 3

(Continued)

Entry Product
Time
(h)

Yielda

(%) Reference

9 5.5 80 [14]h

10 5.5 75 [14]h

11 6 75 [14]f

12 6 78 [14]a

13 6 72 [14]e

14 5.5 76 [14]a

15 6 75 [14]e

16 6 78 [14]i

aIsolated yields.
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