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A highly efficient and versatile method for the synthesis of benzimidazoles has been developed
on the basis of the novel ring contraction of 3-aroyl- and 3-alkanoylquinoxalin-2-ones with 1,2-

© 2008 Published by Elsevier Ltd.

Benzimidazole-containing compounds exhibit a wide range of
biological properties. This class of heterocyclic systems has found
commercial applications in several therapeutic areas as antiulcer,
antihypertensive, antiviral,'®” antifungal,'® antitumor,'%" and anti-
histamine agents!' as well as anthelmintic agents in veterinary
medicine."™" Medical chemists consider these heterocycles to be
promising compounds.

Almost all the existing methods for the synthesis of benzimi-
dazoles'™?37 have some synthetic shortcomings, such as rigid con-
ditions and poor yields. Indeed, the development of new synthetic
methods would be of considerable importance to chemists. The
one-step method of Fokas and co-workers® is the most efficient
method for the synthesis of benzimidazole derivatives, which
involves the Na,S,0,4 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-benzimidazolylquinoxalines is presented. The meth-
od is based on a new quinoxaline-benzimidazole rearrangement of
3-aroyl- 1a,f* and 3-alkanoylquinoxalin-2-ones 1b-e® under the
action of 1,2-diaminobenzenes 2a-d in acetic acid. Thus, the reac-
tion of quinoxalin-2-one 1a with 1,2-diaminobenzene 2a in boiling
acetic acid led to the corresponding 2-benzimidazolylquinoxaline
3a% in 91% yield (Scheme 1).

* Corresponding author. Fax: +7 843 2 73 2253.
E-mail address: mamedov@iopc.ken.ru (V. A. Mamedov).

0040-4039/$ - see front matter © 2008 Published by Elsevier Ltd.
doi:10.1016/j.tetlet.2008.05.060

N i NH, Ph
0L, - OO = s
N o NHz  2H,0 H N=
1a 2a 3a (91%)
Scheme 1.

Table 1 shows that a variety of quinoxalinones 1b-f and
1,2-arylenediamines 2a-d are compatible with these reaction
conditions, producing diverse 2-benzimidazolyl-substituted quino-
xalines in good yields. The reactions of 3-phenylacetylquino-
xaline-2(1H)one 1b with 3,4-diaminotoluene 2c¢, or 4-nitro-
1,2-phenylenediamine 2d, produced a mixture of two isomers in
almost equal amounts, as was evident from the 'H NMR spectra
of the crude products. Therefore, the quinoxalinone-benzimid-
azole rearrangement considered in this study is of rather general
character.

On the basis of conventional chemistry of 1,2-phenylenediam-
ines” and quinoxalinones®®? it is reasonable to assume that the for-
mation of 2-benzimidazolylquinoxaline 3 involves addition of the
amino group of 2 at the C(3) atom of protonated quinoxalinone 1
as the first step. The next step involves nucleophilic attack of the
second amino group of 2 at the benzoyl carbonyl group to form
the spiro-quinoxaline derivative A. Then, ring contraction occurs
with cleavage of the C(3)-N(4) bond in the intermediate tricyclic
system B leading to formation of the final product 3 (Scheme 2).
It should be noted that the formation of benzimidazolylquinoxa-
lines can also be explained through initial attack of the amino
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The prepared 2-benzimidazolylquinoxalines
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Figure 1. ORTEP drawing of compound 3h.

group at the carbon atom of the ketone group. The rearrangement
is then assumed to occur according to Scheme 2. This is confirmed
indirectly by the formation of spiro-compounds with a structure
similar to that of A, in the reactions of quinoxalinones with other
binucleophilic compounds.® It has been shown that the investi-
gated reaction does not proceed in neutral or aprotic solvents.

The structures of compounds 3 were deduced from the elemen-
tal analyses and 'H and '3C NMR data. The 'H NMR spectral char-
acteristics of 2-benzimidazolylquinoxalines are broad singlets due
to protons H(5) and H(6) and multiplets for the protons H(4) and
H(7) at 6 7.30-7.40 and & 7.67-7.90 ppm, respectively.'®!! The
mass spectra of these compounds displayed molecular ion peaks
at appropriate my/z values. Initial fragmentation involved scission
of the benzimidazole ring system.

The molecular structure of compound 3h was confirmed by
single-crystal X-ray analysis (Fig. 1).!2

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
accomplished by the quinoxalinone-benzimidazole rearrangement
of 3-aroyl- and 3-alkanoyl-quinoxalin-2-ones in the presence of
arylenediamines in acetic acid. This method makes it possible to
synthesize N-H benzimidazoles as well as N- and C-substituted
benzimidazoles. 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 time.
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