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Synthesis of substituted benzimidazoles via tosylation
of N-aryl amidoxime
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Abstract

Tosylation of N-aryl amidoxime in the presence of TEA produces the corresponding benzimidazoles in high yields.
� 2007 Elsevier Ltd. All rights reserved.
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Substituted benzimidazole is a structural motif that is
seen in many pharmaceutically and biologically interesting
molecules.1 Although the widespread interest in benzimid-
azole-containing structures has prompted extensive studies
for their synthesis, practical synthetic methods to access
this class of molecules are rather limited.2 The most com-
monly used starting materials to synthesize these com-
pounds are ortho-aminoanilines, and these amines are
either condensed with carboxylic acids (or their synthetic
equivalents),3 or reacted with aldehydes in the presence
of an oxidant.4 Recent publications have synthesized these
moieties via transition metal catalyzed amination of ortho-
haloaniline derivatives as the key reaction.5 The main
drawback of these procedures is the requirement of ortho-
substituted anilines, and thereby limits the diversity of
the available starting materials. Despite the importance
of useful synthetic methods for benzimidazoles starting
from non-ortho-substituted anilines, only a few methods
have appeared in the literature to date. Herein, we wish
to report a new general way to prepare benzimidazoles
from amidoximes that are easily obtained from anilines
and imidoyl chlorides (Eq. 1).
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It was first reported by Turner and Partridge that 2-
substituted benzimidazoles can be prepared by the treat-
ment of N-aryl amidoximes with benzenesulfonyl chloride
and tertiary amine (Eq. 2).6 Subsequent work by Grenda
and co-workers showed that such products can also be
obtained from the parent amidines by oxidation with
sodium hypochlorite under basic conditions.7 The mecha-
nism is believed to involve a nitrene precursor intermediate
1 (Eq. 3).8 Two modes of reaction can be envisioned for
intermediate 1. Firstly, cyclo-a-elimination which gives
the desired benzimidazole (path a), and secondly, rear-
rangement leading to the carbodiimide (path b). Interest-
ingly, the mode of the reaction (path a vs path b) is
influenced by the leaving group on the amidine nitrogen.
Based on these observations, we became interested in
developing a practical and effective pathway to benzimi-
dazoles which does not rely on substituted anilines. To
get further insights into this relationship, we envisioned
that N-aryl amidoximes are excellent substrates since the
hydroxy group of the amidoxime could be easily modified.
N-Aryl amidoximes can readily be prepared by the reaction
of aniline with either imidoyl chlorides or with nitrile
oxides.9
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Table 2
Synthesis of various benzimidazolesa

Entry R1 R2 Temperature (�C) Time (h) Yieldb (%)

1 H 2-Pyridyl 35 2 96
2 p-MeO 2-Pyridyl rt 2 94
3 o-MeO 2-Pyridyl 35 2 91
4 H Ph rt 7 88
5 p-Me Ph rt 3 72
6 p-MeO Ph rt 3 72
7 p-MeS Ph rt 4 83
8 o-MeO Ph rt 4 73
9 o-I Ph rt 4 59

10 p-Me Cyclohexyl rt 1 94
11 p-MeS Cyclohexyl rt 1 98
12 o-I Cyclohexyl rt 1 87

a Reaction was conducted with 1.05 equiv of RX and 2.5 equiv of base
in CHCl3 under N2 atmosphere at �20 �C followed by warming to room
temperature or to 35 �C.

b Isolated yield after silica gel chromatography.
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We started our investigation using N-hydroxy-N0-phe-
nyl-2-pyridinecarboximidamide 2 as the starting material,
which was obtained in 92% yield by the reaction of aniline
and N-hydroxy-2-pyridinecarboximidoyl chloride10 in the
presence of TEA. The hydroxy group of the amidoxime
was converted to several leaving groups in situ, and subse-
quent reaction to yield the benzimidazole proceeded with-
out further treatment. The results are summarized in
Table 1. Among the conditions we investigated, tosylation
with Ts2O in the presence of triethylamine was the best,
and gave the product in 96% yield (entry 4). Presumably,
the reaction proceeded through intermediate 3c, which
was generated immediately after the addition of the
reagents at �20 �C.11 The cyclization of intermediate 3c
that followed, proceeded slowly at room temperature. In
the case of MsCl (entry 2) and TsCl (entry 3), the
generation of intermediates 3b and 3c required a higher
temperature and resulted in lower yields. Although phos-
phorylation with (PhO)2POCl gave intermediate 3a,11 this
did not cyclize to the desired compound, but instead
decomposed (entry 1). No intermediate 3d was observed
when Tf2O was used, and the reaction was messy (entry 5).

Having these optimized conditions in hand, the reaction
of a number of amidoximes with various functional groups
on the phenyl group was examined. The amidoximes
(Table 2) in CHCl3 were treated with 2.5 equiv of TEA
and 1.05 equiv of Ts2O at �20 �C. This reaction mixture
was then warmed to either room temperature or 35 �C.12

This method was applied to the synthesis of 2-pyridylbenz-
imidazoles (entries 1–3), 2-phenylbenzimidazoles (entries
4–9), and 2-cyclohexylbenzimidazoles (entries 10–12). Both
ortho substituted (entries 3, 8, 9, and 12) and para substi-
Table 1
Effects of leaving groupa

Entry RX Base Yield (%)

1 (PhO)2POCl TEA <5
2 MsCl TEA 76
3 TsCl TEA 81
4 Ts2O TEA 96
5 Tf2O TEA <5

a Reaction was conducted with 1.05 equiv of RX and 2.5 equiv of base
in CHCl3 under N2 atmosphere at �20 �C followed by warming to room
temperature.
tuted (entries 2, 5–7, 10, and 11) amidoximes gave the benz-
imidazole products in moderate to good yield. The reaction
conditions we use are mild, and do not require strong acids
or oxidants, which are often required in condensation reac-
tions starting from diamines. Thus, susceptible functional
groups toward acid and oxidants like MeO (entries 2, 3,
6, and 8), MeS (entries 7 and 11), and iodo group (entries
9 and 12) are well tolerated under these reaction
conditions.

In summary, a new practical method for the synthesis of
2-substituted benzimidazoles via tosylation of N-aryl ami-
doximes, which are readily available from anilines and imi-
doyl chlorides was demonstrated. Further utilization of the
amidoxime chemistry is currently under investigation in
our laboratories.
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