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Cyclic guanidines. Part 6.1 Synthesis of benzimidazoles by
intramolecular vicarious nucleophilic substitution of hydrogen
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m-Nitrophenylguanidines, which carry a vicarious leaving
group, cyclize under basic conditions yielding nitro-
benzimidazoles. Preliminary observations of the regio-
selectivity of the ring closure reaction are reported.

The principle of vicarious nucleophilic substitution of hydro-
gen (VNS) was first described by Golinski and Makosza.2 This
type of reaction has been used for the amination of nitro-
arenes 3 and also examples with O-alkyl as a vicarious leaving
group are known.4 Occasionally intramolecular VNS has been
applied in the preparation of heterocycles.5 Among the less
frequently employed procedures for preparing benzimidazoles
are those which start from N-substituted N9-arylamidines or
-guanidines.6 The intramolecular attack of the nitrogen
atom on the aromatic moiety is accompanied by loss of the
N-substituent. Although related to the VNS reaction, these
processes are not clearly defined nucleophilic reactions since the
arenes are not activated by suitable functional groups.

Previously we described the preparation of benzimidazoles
by ring closure of (3-nitrophenyl)guanidines.7 This base
induced redox process suffers from the concomitant formation
of azoxy compounds which limits the yield to ≤60%. In order to
transform this reaction to a VNS reaction, we tried to intro-
duce a potential vicarious leaving group into the starting
guanidine. By this means we should be able to circumvent the
formation of azoxy side products and raise the theoretical
yields to 100%. As a matter of fact, in none of the described
cyclization reactions have azoxy compounds been detected as
by-products.

The preparation of the adducts for the VNS is depicted in
Scheme 1. The addition of an amine to 1 proceeds almost quanti-
tatively. For the synthesis of 5–11 from 2–4 the procedure of
Moynihan 8 was followed which is performed under nitrogen.

When the guanidines 5–11 are treated with 1 to 3.8 equiv-
alents of KOtBu in DMSO 9 or DMF,10 cyclization occurs
resulting in the formation of 12–17 as yellow to orange
coloured substances (Scheme 2). In some instances side prod-
ucts of type 18–20 could be identified, the structures of which
correspond to 15–17 with the NO2-group being replaced by
OR. Analogous ethers corresponding to 12–14 were not
observed. However, 18–20 are not formed by direct interconver-
sion from 15–17 since treatment of 15 with methoxide under
cyclization conditions did not yield any 18. Therefore, 18–20
must result from the reaction of some intermediate species with
in situ generated alkoxide.

Various observations about the regioselectivity of the ring
closure reaction can be made. The nucleophile attacking the
nitroaromatic moiety is always represented by the guanidino-N
bearing the alkoxy-group and never by the guanidino-N carry-
ing the alkyl (or arylalkyl) group. The ratio of the ortho cycliz-
ation products 12–14 to para products 15–17 seems to depend
on several parameters, for example, the nature (size) of R,
reaction temperature and solvent. Clearly OMe as a vicarious
leaving group seems to favour the ortho cyclization irrespective
of the nature of R1, solvent and temperature. Also when R1 is
Pri (8–10) then the ortho cyclization is predominantly triggered.

The two experiments in DMF reveal a tendency towards a

decrease of side products. All these observations taken together
do not allow clearcut regioselectivity rules to be deduced, but
they only show rough trends. Generally the ortho cyclization
seems to be preferred, which is in accord with mechanistic
ideas,11 as well as with observations from related cyclizations.7

As far as the mechanism of the reaction is concerned, we
believe, that cyclization is initiated by deprotonation of the
–NH–OR group. In general the –NOR2 nucleophile attacks
predominantly ortho to the nitro group leading to an anionic
σ-complex 21. Elimination of ROH followed by reprotonation
would give 12–14. At present we regard the para cyclization as
the exception.

The significance of this reaction is as a route to specifically
substituted benzimidazoles. The regioselectivity seems to be
influenced by the nature of the vicarious leaving group OR as
well as by the reaction conditions. Future experiments with this
type of ring closure will allow rules for the expected regio-
selectivity to be established. There are many possibilities for
chemically modifying the nitro group which offer the potential
of preparing benzimidazoles as starting materials for multiple
purposes.
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