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Selective synthesis of 2-aryl-1-arylmethyl-1H-1,3-benzimidazoles
in water at ambient temperature
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Abstract—A highly selective synthesis of 2-aryl-1-arylmethyl-1H-1,3-benzimidazoles from the reaction of o-phenylenediamines and
aromatic aldehydes in the presence of silica sulfuric acid is reported. The reactions were performed in ethanol or water and the cat-
alyst could be reused for several runs.
� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

The benzimidazole nucleus is of significant importance
to medicinal chemistry. Several publications report
benzimidazole-containing compounds showing biologi-
cal activities such as selective neuropeptide YY1 recep-
tor antagonism,1 and as 5-lipoxygenase inhibitors for
use as novel antiallergic agents,2 factor Xa (FXa) inhib-
itors,3 poly (ADP-ribose) polymerase (PARP) inhibi-
tors4 and as human cytomegalovirus (HCMV)
inhibitors.5 Substituted benzimidazole derivatives have
found commercial applications in veterinarian medicine
as anthelmintic agents and in diverse human therapeutic
areas such as treatment of ulcers and as antihistaminics.6

In light of the affinity they display towards a variety of
enzymes and protein receptors, medicinal chemists
would certainly classify them as ‘privileged sub-struc-
tures’ for drug design.7

The traditional synthesis of benzimidazoles involves
the reaction between an o-phenylendiamine and a
carboxylic acid or its derivatives (nitriles, amidates,
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orthoesters) under harsh dehydrating conditions.8 Benz-
imidazoles have also been prepared on solid-phase to
provide a combinatorial approach.9 The most popular
strategies for their synthesis utilise o-nitroanilines as
intermediates or resort to direct N-alkylation of an
unsubstituted benzimidazole.10 A number of synthetic
protocols that involve intermediate o-nitroanilines have
evolved to include the synthesis of benzimidazoles on
solid support.11–17 Another method for the synthesis of
these compounds is the reaction of o-phenylenediamine
with aldehydes in the presence of acidic catalysts under
various reaction conditions.18–22

In continuation of our interest in catalysed solid support
reactions,23 we report a selective synthesis of 2-aryl-1-
arylmethyl-1H-1,3-benzimidazoles in ethanol and water.
When o-phenylenediamine derivatives 1 and aromatic
aldehydes 2 in the presence of silica sulfuric acid24 and
different organic solvents, were allowed to react at room
temperature, both expected products were obtained
whose ratios depended on the nature of the solvent
(Scheme 1, 3 and 4). As can be seen in Table 1, the best
overall yields and selectivities were obtained in ethanol,
in which only N-substituted benzimidazoles 3 were pro-
duced. Consequently several aromatic aldehydes with
different substituents on the aromatic ring were sub-
jected to the condensation reaction. In all cases the
yields were high and 3 was formed selectively rather
than 4 (Table 2).
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Scheme 1.

Table 1. Effect of solvent on the time and yield of the reaction of
o-phenylenediamine and p-chlorobenzaldehyde in the presence of
a catalytic amount of silica sulfuric acid

Solvent Time (h) Yielda (%)

3 4

EtOH 1 90 0
CH3CN 2 78 2
CH3OH 2.5 40 15
C6H5CH3 4.5 30 10
H2O 2 50 0
H2O+LiClb 1.5 85 0

a Isolated yield based on the aromatic aldehyde.
b Reaction was performed in 1 M aqueous LiCl.
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There is an urgent need to develop alternative solvents
and technologies due to pressure from governmental
organisations and other regulatory bodies to protect
the environment. Use of green solvents like water show
both economical and synthetic advantages. To the best
of our knowledge there is no pervious report on the syn-
thesis of 1,2-disubstituted benzimidazoles in aqueous
media at room temperature. Thus, we decided to inves-
tigate the reaction in water. Unfortunately, the yield was
not satisfactory even at reflux, but the selectivity for the
production of 3 was high. To increase the reaction yield
in water, LiCl was added in order to increase the dielec-
tric constant of the medium.25 As expected the reaction
time became shorter and yields were increased whilst
maintaining the selectively.

As described before, compound 3 may be produced
through a tandem sequence of reactions starting with
the formation of dibenzylidene-o-phenylenediamine fol-
Table 2. Reaction of aromatic aldehydes with o-phenylenediamines in the p

Product R1 R2 Time (h

Ethanol

3a H C6H5 1.5
3b H 4-MeOC6H4 2
3c H 4-MeC6H4 1
3d H 4-ClC6H4 1
3e H 2-MeOC6H4 2
3f H 2-ClC6H4 1.5
3g H 2-Furyl 2
3h H 4-Me2NC6H4 1.5
3i H 4-iPrC6H4 1
3j H 2-Pyridyl 1.5
3k CH3 4-ClC6H4 1
3l CH3 4-MeC6H4 1.5

a Reactions were performed in 1 M aqueous LiCl.
b Isolated yield based on the aromatic aldehyde.
c The products were characterised by comparison of their spectroscopic and p
lowed by ring closure.22 Finally, aromatisation took
place via deprotonation and 1,3-hydride transfer.

The production of monosubstituted benzimidazole 4 in
some cases could be visualised to occur by condensation
of o-phenylenediamine with the aldehyde followed by air
oxidation of the dihydrobenzimidazole derivative, as
previously reported.26

The recyclability of the catalyst was investigated using a
model reaction between o-phenylenediamine and 4-chlo-
robenzaldehyde in the presence of 30 mol % of the cata-
lyst in ethanol. After completion of the reaction, the
mixture was filtered to separate the catalyst. The recy-
cled catalyst was used for further runs and its activity
did not show any significant decrease even after five
runs.

In summary, we have reported a new and effective meth-
odology for the eco-compatible preparation of 2-aryl-1-
arylmethyl-1H-1,3-benzimidazoles. The easy purifica-
tion of the products by simple filtration and crystallisa-
tion, the use of water as the solvent and silica sulfuric
acid as a heterogeneous and reusable catalyst suggest
good prospects for the applicability of this process.
Also, the problem of obtaining two possible products
was overcome using this new method.
2. General procedure for the synthesis of 2-aryl-1-
arylmethyl-1H-1,3-benzimidazoles in organic solvents

Aromatic aldehyde (2 mmol), o-phenylenediamine deri-
vative (1 mmol) and silica sulfuric acid (0.11 g equal to
resence of silica sulfuric acid in water and ethanol

) Yieldb (%) Mpc (�C)

Watera Ethanol Watera

2 75 71 13210

2.5 78 78 129–13022

1.5 95 90 128–13010a

2 90 82 13610b

3 75 70 15322

2 67 60 16310a

2.5 88 75 9422

3 70 72 25510a

2 94 85 17610a

3.5 75 71 13022

2 84 78 19027

3 78 75 17727

hysical data with authentic samples synthesised by reported procedures.
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0.3 mmol H+) were placed in a round bottomed flask.
Then 5 mL of solvent was added and the mixture was
stirred magnetically. After completion of the reaction
(TLC, eluent, n-hexane/ethyl acetate, 3/1), the mixture
was filtered, the solvent evaporated and the crude prod-
uct was recrystallised from ethanol.
3. General procedure for the synthesis of 2-aryl-1-
arylmethyl-1H-1,3-benzimidazoles in water

Silica sulfuric acid (0.11 g equal to 0.3 mmol H+),
o-phenylenediamine (1 mmol), aromatic aldehyde (2
mmol) and 0.02 g of LiCl were added to 5 mL of water
and the reaction stirred in a round bottomed flask for
the appropriate time (see Table 2). The solvent was dec-
anted, hot ethanol (5 mL) was added and the mixture
was then filtered. The resulting solution was condensed
under reduced pressure. Finally the crude product was
recrystallised from ethanol.
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