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A highly efficient one-step and versatile method for the synthesis of 2-(indolizin-2-yl)benzimidazoles has
been developed on the basis of the novel ring contraction of 3-arylchloromethyl- and alkylchlorometh-
ylquinoxalin-2-ones with a-picoline.

� 2008 Published by Elsevier Ltd.
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Entry Ar Substrates Product (yield) M.p., oC 
1 4-NO2C6H4 1a 2 3a (72%) >300 
2 Ph 1b 2 3b (78%) 246-248 
3 2,4-Cl2C6H3 1c 2 3c (76%) 160-162 
4 3,5-Cl2C6H3 1d 2 3d (65%) 170-172 
5 CH2Ph 1e 2 3e (70%) 155-157 

Scheme 1.
Benzimidazole-containing compounds exhibit a wide range of
biological properties. This class of heterocyclic systems has found
commercial applications in several therapeutic areas such as anti-
ulcer, antihypertensive, antiviral,1a,1b antifungal,1c antitumor,1d–h

and antihistamine agents1i as well as anthelmintic agents in veter-
inary medicine.1j–n Medicinal chemists consider these heterocycles
to be promising compounds.

Almost all the existing methods for the synthesis of benzimi-
dazoles1n,2a–j have some synthetic shortcomings, such as rigid con-
ditions and poor yields of target products, which limit their scope.
The one-step method of Fokas and co-workers3 is the most efficient
method for the synthesis of benzimidazoles, involving the Na2S2O4

reduction of o-nitroanilines in the presence of aldehydes in EtOH
or other appropriate solvents. However, the method is restricted
by its ability to synthesize a limited number of benzimidazole
derivatives.

In this Letter, a direct, efficient, and convenient approach to the
synthesis of 2-(indolizinyl)benzimidazoles is presented. The meth-
od is based on a new quinoxaline-benzimidazole rearrangement of
3-arylchloromethyl- 1a–d and alkylchloromethyl- 1e quinoxalin-
2-ones4 under the action of a-picoline 2. Thus, the reaction of qui-
noxalin-2-one 1 with a-picoline 2 at reflux results in high yields of
the corresponding (indolizinyl)benzimidazoles 35 (Scheme 1). As is
evident from the structure of compounds 3, the C(2)–C(3)–C(Cl)Ar
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and N@C–Me fragments of quinoxaline 1 and a-picoline 2 are
involved in constructing the two new heterocyclic rings.

The structures of compounds 3a–e were deduced from their
elemental analyses and 1H NMR data.5 The mass spectra of these
compounds displayed molecular ion peaks at appropriate m/z val-
ues. Initial fragmentation involved scission of the benzimidazole
and indolizine ring systems.5

The molecular structure of compound 3a was confirmed by a
single-crystal X-ray analysis (Fig. 1).6

Initially, complete dissolution of compounds 1 is observed in
refluxing a-picoline solution, then an abundant precipitation of
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Figure 1. ORTEP drawing of one of the two independent molecules in the
asymmetric part of the unit cell of 3a. Displacement ellipsoids are drawn at the
30% probability level. H atoms are represented by circles of arbitrary size.
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4 Ar Yield M.p., oC 
a 4-NO2C6H4 10% 272-274
b Ph 271-273
c 2,4-Cl2C6H3 41% 263-265
d 3,5-Cl2C6H3 16% 274-276

37%

Scheme 2. Isolated and characterized spiro compounds, formed after reflux of the
reaction mixture for 1 h.

Figure 2. ORTEP drawing of one of the independent molecules of compound 4c (the
compound crystallized in salt form with two independent molecules, two chlorine
anions, and acetic acid in the asymmetric part of the unit cell).
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crystals occurs rapidly which gradually dissolve during the course
of the reaction. The yield of crystalline products with a precise
melting point, obtained, for example, after refluxing quinoxalin-
2(1H)-one 1c in a-picoline 2 for 1 h, is 41%7 (Scheme 2). The 1H
NMR spectrum of the product 4c showed signals for pyridinium,
phenyl, and phenylene rings at 7.98–8.67, 7.32–7.48 and 6.26–
6.69 ppm, respectively, three singlet signals at 6.73, 7.53, and
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10.97 ppm and two doublets at 3.91 and 4.67 ppm with 2J 18.5
Hz. The signals of the phenylene protons are shifted to stronger
fields as compared with the shifts of the protons of the phenylene
ring (7.33–7.82 ppm) of the quinoxalin-2(1H)-one 1.4 This demon-
strates the imine carbon atom involvement in the reaction, the
nitrogen becoming an electron-donating amine atom. These data
along with those already available to our group8 proved to be suf-
ficient to assign the structure of the spiro compound 4 to the prod-
uct formed at the first stage of the reaction (Scheme 2). IR
spectroscopy and mass spectrometric data also confirm this struc-
ture. The formation of spiro compound 4 was unambiguously con-
firmed by a single-crystal X-ray analysis of 4c (Fig. 2).9

It should be noted that spiro compound 4 is quantitatively
transformed into 2-(3-arylindolizin-2-yl)benzimidazole 3 not only
in boiling a-picoline, but also in acetic acid (Scheme 3).

On the basis of the known chemistry of a-picoline,10a–i a-haloi-
mines,11a–j and quinoxalinones,12a,b it is reasonable to assume that
the first stage involves nucleophilic substitution of the halogen
atom of the a-haloimine fragment by the nitrogen atom of the pyr-
idine ring with the formation of intermediate A. This is followed by
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a cascade reaction involving (a) elimination of a proton from the
methyl group of a-picoline, (b) nucleophilic attack of the methy-
lene group on the C(3) atom of the quinoxalinone to form the
spiro-quinoxaline derivative 4, (c) intramolecular nucleophilic
attack by the N(4) nitrogen atom on the carbamoyl carbonyl group
with the formation of intermediate pentacyclic system B, (d) ring
contraction with cleavage of the C(3)–N(4) bond, and (e) elimina-
tion of water leading to the formation of the final product 3
(Scheme 4). It was shown that the reaction does not proceed in
neutral or aprotic solvents.

To summarize, we have found 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 by a novel quinoxalinone-benzimidazole rearrangement of
3-chloroarylmethyl- and 3-chloroalkylmethyl-quinoxalin-2-ones
on exposure to a-picoline. The reaction is readily applicable to
large scale synthesis. Application of this methodology to the syn-
thesis of other heterocyclic ring systems is currently under inves-
tigation and the results will be published in due course.
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