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Abstract: A practical synthetic route for benzimidazole-2-carboxylate derivatives has been developed, in
which an iodine-induced 5-endo-trig cyclization path is involved as a key step. © 1997 Elsevier Science Ltd.

The benzimidazole ring constitutes an important skeletal fragment in medicinal chemistry and hence, a
variety of reports have been presented for their synthesis and biological evaluation.l  In the course of our
synthetic studies of potent inhibitors for cyclic nucleotide phosphodiesterase, a practical synthetic route to
some benzimidazole-2-carboxylates such as compound (5) has been sought to allow multi kilo-scale
production of this key intermediate. Because of the instability of the free acid, indirect methods have
frequently been devised for the preparation of these carboxylate derivatives.2  Although no direct and
general protocols were available, it emerged that two simple reaction pathways could be eligible for our
synthetic objective as shown in Scheme-1. The first choice was a 5-exo-trig cyclization process (eq-1)
from the amide intermediate (2), while 5-endo-trig cyclization (eq 2) was another choice from the imine
intermediate (3). Guided by the Baldwin rule, we initiated our survey according to eq-1 as a first choice.
In contrast to our expectation, however, all attempts to cyclize the amide intermediate (2) resulted in the
formation of an undesired 6-membered product (4) in high yield, with not even a trace of the desired
5-membered product (5) being detected in the reaction mixture.

Therefore, we next focused our attention on the alternative route: eq-2. Encouraged by recent
literature, we attempted to perform an eclectrophile-induced 5-endo-trig cyclization,3 which sometimes
offers efficient synthetic routes to 5-membered heterocycles . We thus carefully investigated the reaction
of the diamine (1) and ethyl glyoxylate polymer (6). Reaction of the diamine (1) with the aldehyde
polymer (6) in EtOH at r.t. cleanly furnished the precursor imine (3), whose structure was confirmed by
both spectroscopic means (]H-NMR, IR, MS) and chemical transformation to (7).4 The results of the
crucial benzimidazole cyclization are briefly summarized in Scheme-1. The desired compound (5) was
obtained from the imine (3) in EtOH in low yield via cyclization, followed by air oxidation without any
catalyst. When TsOH was used as a catalyst, the product yield was increased for small scale operation, but
with low reproducibility of the reaction. It was supposed that TsOH accelerated only cyclization and did

not effect the oxidation process. Among the catalysts examined, I2 in EtOH was proved to be the most

effective in terms of handling, ease of work-up and reproducibility of the reaction.
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Scheme-1
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Conditions for cyclizations:
a) 2to4:EtOH, HCI, ri. (~quant) / EtOH, NaOEt, r.t. (~quant)
b) 3to5: EtOH, r.t. (20%) / TsOH, EtOH r.t.(30~60%) / Nitrobenzene, TsOH (30%)/ I, EtOH, (80%)

:

In summary, we have disclosed here a direct and efficient synthetic procedure for the synthesis of
benzimidazole-2-carboxylate derivatives, in which an iodine-induced overall 5-endo-trig cyclization path is

involved as a key step, indicating that a N-iodo intermediate (8) might be the most plausible intermediate.

Typical experimental procedure:

To a solution of 2-benzylamino-4-chloroaniline (1) (10g, 43mmol) in EtOH (50ml) was added a 50% solution of
ethyl glyoxylate polymer in toluene (6) (12.5ml, 1.5eq), and the mixture was stirred for 30 min at r.t. before a mixture

of iodine (7g, 0.5 eq) in EtOH (33ml) was added at the same temperature (a slightly exothermic reaction). The

resulting mixture was then stirred for 3h at r.t. before quenching with an aqueous solution of Na2S203 (7g in 40ml
Hp0). Stirring was continued for 1h to precipitate the product. The precipitate was collected by filtration to afford

nearly pure material (5) (10.7g, 79%) as a faint yellow solid mass after washing with EtOH. Recrystallization from
EtOAc gave pure material (5) as colorless needles (mp 160-161°C) with 99.5% purity judged by HPLC.
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