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Abstract

The synthesis of 2,4,5-triaryl-imidazoles from benzyl, aldehydes and NH,OAc, as ammonia source, in the presence of catalytic amount of
NiCl,-6H,0 supported onto acidic alumina in very good yields under heterogeneous system is reported.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The benzimidazole scaffold is a useful structural motif
for displaying chemical functionality in biologically active
molecules [1]. Optimization of benzimidazole-based structures
has resulted in marketed medicines such as Omeprazole [2] and
Pimobendan [3] and lead compounds in a wide range of ther-
apeutic areas (e.g. casein kinase [4], hepatitis C virus [5]). In
addition, many of the substituted diaryl imidazoles are known
as inhibitors of P38 MAP kinase [6]. Therefore, preparation
of benzimidazoles has been attracted considerable attention in
recent years.

Recently, efficient synthesis of imidazoles from aldehydes,
1,2-diketones, and NH4OAc in acetic acid have been reported
[7]. The synthesis of 2,4,5-triaryl-imidazoles from aryl aldehy-
des and 1,2-diketones or a-hydroxy ketone in the presence of
ionic liquid [8(a)] and silica sulfuric acid [8(b)] have also been
described. A variety of solid supports such as alumina, KSF,
silica gel, bentonite, montmorilonite K10 and KSF were tested
for the synthesis of 2,4,5-triaryl-imidazoles under microwave
irradiation [9].

Recently, NiCl,-6H, O was shown to be an effective promoter
for the Biginelli three-component condensation reaction [10]. It
has also been reported as a mild useful and inexpensive Lewis
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acid catalyst for the synthesis of a-aminonitriles [11(a)] and
formal hydrochromination of alkynes [11(b)].

One important aspect of clean technology is the use of envi-
ronmentally friendly catalysts—typically a solid catalyst that
can be easily recovered when the reaction is complete. Employ-
ing such an approach results in minimal pollution and waste
material production. The application of such catalysts to fine
chemical manufacturing is likely to be increasingly important
in the future.

Very recently, we have reported the microwave assisted syn-
thesis of 2,4,5-triaryl-imidazoles in solvent-free system in the
presence of NH4OAc/NaHSO4 supported onto silica gel [12].

As a part of our program aiming at developing new method-
ologies for the preparation of heterocyclic compounds contain-
ing nitrogen [13], and in continuation of our interest in hetero-
geneous catalyzed organic reaction [14], here we would like to
report our investigation concerning the direct synthesis of 2,4,5-
triaryl-imidazoles.

2. Results and discussion

In this paper, we describe an efficient and practical route
for the synthesis of benzimidazoles under heterogeneous
system using NiCl,-6H>O supported onto acidic alumina,
NiCl,-6H,0/Al,03, (Scheme 1) as catalyst.

In a model reaction, in the presence of the catalyst, the mix-
ture of benzaldehyde (1 mmol), benzil (1 mmol) and NH4O0Ac
(1.2 mmol), as ammonia source, stirred and refluxed in ethanol.
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Scheme 1.

The corresponding product obtained in 94% yield. Different
kinds of substituted benzaldehydes were also subjected to het-
erogeneous reaction in the presence of NiCly-6H,0O/Al,03
in EtOH. This method provides 2,4,5-triaryl benzimidazoles
directly, in relatively short reaction times and good yields.

We found that, the heterocyclization reaction is facilitated by
increasing the temperature, so the reaction proceeded in ethanol
under reflux condition to give a high yield at a relative short
reaction time.

In all cases, complete conversion was observed after appro-
priate time and the products were readily isolated in very high
yields (Table 1).

To illustrate the need of catalyst, NiCl,-6H,O/Al,0O3, for
this reaction, experiments were conducted in which the reac-
tion of benzaldehyde and NH4OAc with benzil was studied in
the absence of catalyst. The reaction was not completed even
after 24 h. Obviously, the catalyst is an essential component of
the reaction.

Although the reaction occurs without alumina, the reaction
times are very long, taking several hours to go to completion.
Therefore, we think that alumina acts as an effective heteroge-
neous surface for this reaction. It also makes work-up easy.

We found that for aldehydes bearing either electron-releasing
or electron withdrawing substituents in the ortho, meta or para
positions the reaction proceeded very efficiently in all cases but

for electron withdrawing substituents longer reaction times need
to drive the reaction to completion.

In conclusion, the present work describes an efficient new
methodology for the synthesis of a class of benzimidazoles by
one-pot reaction of aldehydes, benzil and ammonium acetate.
The cheapness and the availability of the reagents, easy and
clean work-up and good yields make the method attractive for
the synthesis of various 2,4,5-triaryl benzimidazoles.

3. Experimental

Melting points were measured by using the capillary tube
method with an electro thermal 9200 apparatus. All the prod-
ucts are known compounds; they were characterized by IR, 'H
NMR and mass spectral data. All melting points compared sat-
isfactorily with those reported in the literature [15].

3.1. Preparation of 2,4,5-triaryl-imidazoles: typical
procedure

A mixture of benzaldehyde (1 mmol), benzil (1 mmol) and
NH4OAc (1.2mmol), as ammonia source, and NiCl,-6H,O
(0.1 mmol)/Al,03 (0.05 g) stirred and refluxed in ethanol. The
progress of the reaction was monitored by TLC. After com-
pletion of the reaction, the mixture was filtered and the filtrate
was cooled to room temperature and the corresponding pure
product obtained in 94% yield. Different kinds of substituted
benzaldehydes were also subjected to heterogeneous reaction
in the presence of NiCl,-6H,0O/Al,O3 in EtOH and the corre-
sponding imidazole was obtained. The results are summarized
in Table 1.

Table 1
Synthesis of 2,4,5-triaryl benzimidazoles catalyzed by NiCl,-6H,O/Al,03
Entry Aldehyde Time (min) Yield® (%) mp (°C)
Found Reported
1 @-CHO 25 94 272-273 275[15(a)]
2 Cl OCHO 40 90 258 261-263[15(c)]
3 Me@ CHO 35 92 229-231 233[15(b)]
4 O,N —@—CHO 90 89 235-238 240[15(b)]
s
5 120 91 313-315 -
O,N
6 McO —QCHO 60 90 226-228 230-232[15(c)]
7 BF—Q—CHO 45 86 259 261.5-263.5 [15(d)]

 Yields refer to isolated products.
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