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1. Introduction

In recent years, considerable interest has been devoted
to finding new methodologies for the synthesis of
numerous organic compounds under solvent-free condi-
tions. The toxicity and volatile nature of many organic
solvents, particularly chlorinated hydrocarbons that are
widely used in large amounts for organic reactions have
posed a serious threat to the environment [1]. Thus, the
design of solvent-free catalytic reactions has received
tremendous attention in recent times in the area of green
synthesis [2]. Imidazoles are common scaffolds in highly
significant biomolecules, including biotin, the essential
amino acid histidine, histamine, the pilocarpine alkaloids [3],
and other alkaloids, which have been shown to exhibit
interesting biological activities, such as antimicrobial, antic-
ryptococcal, cytotoxic activities and inhibition of nitric oxide
synthase [4], Many of the substituted imidazoles are known
as inhibitors of P38 MAP kinase [5], fungicides and herbicides

[6], plant growth regulators [7] and therapeutic agents [8].
Owing to the wide range of pharmacological and biological
activities, the development of synthetic methods enabling
facile access to this heterocycle is still desirable. Several
methods have been reported for the synthesis of imidazoles.
2,4,5-Triaryl-1H-imidazoles are generally synthesized by
three-component cyclocondensation of a 1,2-diketone,
a-hydroxyketone or a-ketomonoxime with an aldehyde
and ammonium acetate, which comprises the use of
microwaves [9], ionic liquids [10] europium triflate [11],
oxalic acid [12], TBAB [13], CAN [14], refluxing in AcOH [15]
and silica sulfuric acid [16]. On the other hand, the synthesis
of 1,2,4,5-tetraaryl-1H-imidazoles are carried out by four-
component condensation of a 1,2-diketone, a-hydroxyke-
tone or a-ketomonoxime with an aldehyde, a primary amine
and ammonium acetate using microwaves [17], hetero-
polyacid [18], silica gel/NaHSO4 [19] InCl3�3H2O [20] or
HClO4–SiO2 [21]. In addition, they can also be accessed by
hetero-Cope rearrangements [22] and condensation of a
1,2-diketone with an aryl nitrile and primary amine under
microwave irradiation [23]. Despite their potential utility,
these methods have a number of drawbacks, including poor
yields, utilization of excessive glacial AcOH, prolonged

C. R. Chimie 17 (2014) 980–984

A R T I C L E I N F O

Article history:

Received 11 August 2013

Accepted after revision 5 December 2013

Available online 22 July 2014

Keywords:

Imidazole

Silica chloride

Solvent-free method

Reusability

A B S T R A C T

An efficient solvent-free synthesis of various 2,4,5-triaryl imidazoles and 1,2,4,5-tetraaryl

imidazoles has been developed using silica chloride as a heterogeneous catalyst. The

present methodology offers several advantages, such as excellent yields, shorter reaction

times, economic availability, and reusability of catalyst.
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reaction times, high cost of most conventional room
temperature ionic liquids, use of hazardous and expensive
catalysts and use of toxic organic solvent that limit their
utility.

Hence, the development of clean, safe, effective,
economical, high-yielding and environmentally benign
protocols is still desirable and much in demand.

Silica chloride (SiO2–Cl) is gaining importance as a
heterogeneous catalyst and is used in various organic
transformations. It is a good solid acid in terms of
convenience, cheapness, easy production, and insolubility
in all organic solvents. Due to its insolubility in organic
solvents, excellent in situ proton generation, and accepting
different nucleophiles, it can be used for different purposes
in organic chemistry. It has been used as a dehydrating
agent [24], and some cyclocondensations yielding dihy-
dropyrimidinone [25], 2-aminothiazoles [26], 6-methyl-3-
propynylthio-1,2,4-triazin-5(2H)-one [27], pyranoquino-
lines, or furanoquinolines [28] are catalyzed by silica
chloride. The use of silica chloride to expedite oxidation of
alcohol [29], esterification and transesterification [30]
transdithioacetalization of acetals [31], deprotection of
oximes/hydrazones/semicarbazones [32] synthesis of
nitriles and amides [33], synthesis of sulfoxide [34],
synthesis of bisindolylmethanes [35], etc. has been well
explored.

Considering the significance of the silica chloride and
in continuation of our interest in developing new and
rapid synthetic methods for the construction of biologi-
cally important structural scaffolds [36], we report herein
a rapid, efficient, economic, environmentally benign and
easy to scale-up method for the synthesis of 2,4,5-triaryl-
1H-imidazoles using silica chloride as a heterogeneous
and recyclable catalyst under solvent-free conditions
(Scheme 1).

2. Results and discussion

Initially, to optimize the amount of catalyst and the
reaction temperature, the reaction of benzil (1, 1 mmol),
benzaldehyde (2a, 1 mmol), and NH4OAc (10 mmol) was
studied under solvent-free conditions in the presence of
SiO2–Cl at different temperatures; the results are sum-
marized in Table 1. They revealed that, when 250 mg/
mmol SiO2–Cl at 80 8C were used, the reaction proceeded
smoothly and gave product 3a in highest yield (80%).
Further increase in the amount of silica chloride above
250 mg/mmol did not lead to substantial change in the
yield and the reaction time (Table 1). Then, we examined

the effect of solvents, like CH3CN, toluene, EtOH, MeOH and
THF for the above reaction. The results in Table 2 indicate
that solvents affected the efficiency of the reaction and
very poor yields were obtained after 1 h. The best results
were obtained under solvent-free conditions (Table 2).

Under optimized reaction conditions, a mixture of
benzil (1 mmol), an aromatic aldehyde (1 mmol), NH4OAc
(10 mmol) and SiO2–Cl (250 mg) was stirred at 80 8C for the
appropriate time (Table 3). After completion of the
reaction (TLC), CH2Cl2 (20 mL) was added, and the solid
catalyst was recovered by filtration. The solvent was
distilled off and the crude product was purified by column
chromatography using (SiO2, hexane:AcOEt) as an eluent
to afford pure 2,4,5-trisubstituted imidazoles in good to
excellent yields. Moreover, the catalyst recovered from the
reaction mixture was reused for successive reactions
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Scheme 1. Silica chloride catalyzed synthesis of 2,4,5-triaryl-1H-imidazoles.

Table 2

Effect of solvent for SiO2–Cl catalyzed synthesis of 2,4,5-triaryl imidazole

(3a).

Entry Solventa Temperature

(8C)

Time

(min)

Yield

(%)b

1 CH3CN Reflux 60 20

2 Toluene Reflux 60 40

3 EtOH Reflux 60 30

4 MeOH Reflux 60 35

5 THF Reflux 60 25

6 none 80 30 80

a Reaction conditions: benzil (1 mmol); benzaldehyde (1 mmol);

ammonium acetate (10 mmol), solvent (5 mL).
b Yields of isolated products.

Table 1

Synthesis of 2,4,5-triaryl-1H-imidazole(3a) under various conditions.

Entry SiO2–Cl

(mg/mmol)a

Temperature

(8C)

Time

(min)

Yield

(%)b

1 – 80 180 00

2 50 80 120 45

3 100 80 120 58

4 150 80 90 65

5 200 80 60 72

6 200 100 60 75

7 250 60 60 55

8 250 80 30 80

9 250 100 30 80

10 300 80 30 79

11 300 100 30 80

12 300 120 30 78

a Reaction conditions: benzil (1 mmol); benzaldehyde (1 mmol);

ammonium acetate (10 mmol); neat.
b Yields of isolated products.
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