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A highly efficient method for the synthesis of 2-(pyrazol-3-yl)benzimidazoles has been developed on the
basis of the novel ring contraction of 3-arylacylidene-3,4-dihydroquinoxalin-2(1H)-ones with hydrazine
hydrate.

� 2009 Published by Elsevier Ltd.
Benzimidazoles exhibit a wide range of biological properties.
This class of heterocyclic system has found commercial applications
in several therapeutic areas such as antiulcer, antihypertensive,
antiviral,1a,b antifungal,1c antitumor,1d–h and antihistamines1i as
well as anthelmintic agents in veterinary medicine.1j–n Compounds
possessing the benzimidazole moiety exhibit significant activity
against viruses such as HIV,1o,1p herpes (HSV-1),1q human cytomeg-
alovirus (HCMV),1o,1p and influenza.1r

Almost all existing methods for the synthesis of benzimidaz-
oles1n,2a–j have some synthetic shortcomings, such as rigid condi-
tions and poor yields of target products, which limit their scope.
All these methods are essentially modifications of the classical
Phillips–Ladenburg3a,b and Weidenhagen4 reactions, which involve
the condensation of ortho-phenylenediamine with carbonic acids
or their derivatives or aldehydes. The method of Fokas and co-
workers,5 which is a modification of the Weidenhagen reaction is
the most efficient for the synthesis of benzimidazoles, and involves
the Na2S2O4 reduction of o-nitroanilines in the presence of alde-
hydes in EtOH or other appropriate solvents. However, the method
is restricted to the synthesis of a limited number of benzimidazole
derivatives.

In this Letter, an efficient and convenient approach to the syn-
thesis of 2-pyrazolylbenzimidazoles 3 is presented. The method
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is based on a new acid-catalyzed quinoxaline–benzimidazole rear-
rangement of 30-aryl-1,2,3,4,40,50-hexahydrospiro[quinoxalin-2,50-
pyrazol]-3-ones 2a–f, which are easily obtained from the reaction
of the corresponding readily available 3-arylacylidene-3,4-dihy-
droquinoxalin-2(1H)-ones 1a–f6 with hydrazine hydrate in reflux-
ing n-BuOH (Scheme 1). Thus, both the formation of
spiroquinoxalinones 2a–f and their rearrangement into the corre-
sponding pyrazolylbenzimidazoles 3a–f proceed in high yields
(Schemes 1 and 2). As is evident from the structure of compounds
3a–f, the C(2)–C(3)@CH–C(O)–Ar fragment of quinoxalines 1a–f
and hydrazine hydrate is involved in the formation of the hetero-
cyclic systems.

The structures of compounds 2a–f and 3a–f were deduced from
their elemental analyses and 1H NMR data.7,8 The mass spectra of
these compounds displayed molecular ion peaks at appropriate
m/z values. Initial fragmentation of compounds 2a–f and 3a–f in-
volved scission of the benzimidazole and pyrazole ring systems.7,8

The 1H NMR spectrum of the spiro compounds 2a–f showed sig-
nals due to the phenyl and phenylene rings at 7.32–7.68 ppm and
6.68–6.89 ppm, respectively, three singlets at 7.04–7.97 ppm,
7.83–8.21 ppm, and 10.47–11.30 ppm, and two doublets at 3.01–
3.11 ppm and 3.90–3.96 ppm (2J � 17.5 Hz). The signals of the phe-
nylene protons are shifted to stronger fields compared with the
shifts of the protons of the phenylene ring (7.15–7.52 ppm) of qui-
noxalin-2(1H)-ones 1a–f.6 This demonstrates the involvement of
the imine carbon atom in the reaction, with the nitrogen becoming
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1 H H Ph 2a 3a (99%) 316-317 
2 Me Me Ph 2b 3b (99%) 264-265 
3 H Cl Ph 2c 3c (98%) 305-307 
4 NO2 H Ph 2d 3d (96%) 295-296 
5 H H p-MeC6H4 2e 3e (99%) 309-310
6 H H p-ClC6H4 2f 3f (85%) 343-345
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an electron-donating amine nitrogen. IR spectroscopy also con-
firmed the structure of spiro-compounds 2a–f. The 1H NMR spec-
tral characteristics of pyrazolylbenzimidazoles 3a–f are
multiplets for protons H(4) and H(7) and broad singlets due to pro-
tons H(5) and H(6) at 7.21–7.23 ppm and 7.50–7.60 ppm,
respectively.9a,b
Figure 1. ORTEP drawing of 2e. Displacement ellipsoids are drawn at the 30%
probability level. H atoms are represented by circles of arbitrary size.
The molecular structures of spiro-compound 2e and pyrazolyl-
benzimidazole 3a were unambiguously confirmed by single-crys-
tal X-ray analyses (Fig. 1)10 and (Fig. 2).11

On the basis of the known chemistry of hydrazines,12a,b ketones,
13a,b and quinoxalinones14a,b it is reasonable to assume that the first
stage of the reaction mechanism involves the addition of hydrazine
to the carbonyl group of the 3-arylacylidene fragment of quinoxalin-
2(1H)-one 1 with the formation of intermediate A which can under-
go tautomerization with intermediate B. The next step involves
nucleophilic attack of the amino group on C-3 of the quinoxalin-
Figure 2. ORTEP drawing of 3a. Displacement ellipsoids are drawn at the 30%
probability level. H atoms are represented by circles of arbitrary size.
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2(1H)-one to form the spiroquinoxaline derivative 2. Rearrange-
ment of the spiroquinoxaline is then assumed to occur according
to Scheme 3, which proceeds by cascade reactions involving: (a)
acid-catalyzed ring-opening of spiro-compound C with the forma-
tion of pyrazolo derivative D, (b) intramolecular nucleophilic attack
by the amino moiety on the carbonyl group leading to the formation
of hydroxy derivative E, and (c) elimination of water to give the final
product 3. It was shown that the reaction does not proceed in neutral
or aprotic solvents.

It should be pointed out that the formation of spiroquinoxaline
derivative 2 can also be explained via Michael addition of
hydrazine to the partially positive C(3) atom of the quinoxalin-
2(1H)-one 1 in the first stage of the reaction with the formation
of intermediate A0 which can tautomerize with intermediate
A'
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B0. Cyclization then occurs through nucleophilic attack of the ami-
no moiety on the carbonyl group of the 3-arylacylidene fragment
of B0 (Scheme 4).

It is worth noting that the reaction of phenylhydrazine with 3-
arylacylidene-3,4-dihydroquinoxalin-2(1H)-one 1a proceeds simi-
larly to the reaction with hydrazine hydrate. This involves the
formation of spiro-compound 4, which rearranges into pyrazolyl-
benzimidazole 5, and not the other possible regioisomer 5a, in boil-
ing acetic acid (Scheme 5).

To summarize, we have reported an efficient and versatile one-
step method for the preparation of a series of benzimidazoles as
well as other imidazole-containing ring systems. This was accom-
plished via a novel quinoxalinone–benzimidazole rearrangement
of 3-arylacylidene-3,4-dihydroquinoxalin-2(1H)-ones on exposure
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to hydrazine hydrate. The reaction is readily applicable to large-
scale synthesis. Application of this methodology to the synthesis
of other heterocyclic ring systems is currently under investigation
and the results will be published in due course.
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