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Abstract

Resin-bound 4-¯uoro-3-nitrobenzoic acid is converted by reaction with a range of amines and reduction,
to substituted 1,2-diaminobenzenes, whose reaction with activated amino acids followed by acid-catalyzed
cyclisation gave resin-bound benzimidazoles; Fmoc-deprotection, acylation and TFA-mediated cleavage
gave substituted 2-aminomethylbenzimidazoles via a new solid support strategy. # 2000 Elsevier Science
Ltd. All rights reserved.
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Combinatorial chemistry has over the past decade made impressive advances in the generation
of small molecule libraries;1 these advances, taken together with high throughput screening, have
given the medicinal chemist an invaluable tool in drug discovery.2 Solid-phase organic chemistry,
whilst sometimes limited, enables the chemist to rapidly survey many reactions that would be
otherwise di�cult, laborious and expensive via traditional solution methods. An example of such
a reaction is the formation of substituted benzimidazoles from 1,2-diaminobenzenes and carboxylic
acids. There are to date a number of solid-phase strategies reported for the synthesis of benz-
imidazoles,3 the most attractive with regard to high purity and yield involves the reaction of
aldehydes with resin bound 1,2-diaminobenzenes.4 The availability of aldehydes, which contain
other functional groups, is limited, and thus restricts the molecular diversity of the sca�old.
Reports of the solid-phase synthesis of benzimidazole libraries from 1,2-diaminobenzenes and
carboxylic acids have the key cyclisation step as the last cleavage step.5 This limits the chemistry
which could otherwise be undertaken if the benzimidazole moiety had been formed on the resin.
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Prompted by an ongoing interest in aminoalkylimidazole systems,6 we have developed and report
herein a new strategy for the closure of the benzimidazole ring whilst attached to the resin.
Optimisation of each of the following steps was monitored by cleavage of small portions of the

resins, which were analysed using HPLC and MS methods. Commercial Wang resin7 was ®rst
loaded with 4-¯uoro-3-nitrobenzoic acid using a standard diisopropyl carbodiimide (DIC)/
DMAP coupling procedure.8 A range of amines could then be incorporated via nucleophilic
aromatic substitution with the resin-bound 4-¯uoro-3-nitrobenzoate in DMF. The nitro-group
was reduced using tin(II) chloride dihydrate in N-methylpyrrolidone (NMP) to a�ord the sub-
stituted 1,2-diaminobenzenes 2 (Scheme 1).

Acylation of the resin bound primary aniline 2 was accomplished using bromo-tris(pyrrolidino)-
phosphonium hexa¯uorophosphate (PyBroP)/DIPEA coupling no diacylation was observed. The
symmetric anhydride method with DIC gave products of diminished yield and purity.9

The next step was the acid-catalysed cyclisation of resin bound amide 3. This was achieved by
treatment of the resin with glacial acetic acid at 90�C. The Wang resin was stable under these
conditions although temperatures higher than this caused degradation of the resin. The ensuing
Fmoc-protected resin 4 was deprotected with piperidine in NMP to a�ord the resin-bound 2-
aminomethylbenzimidazole moiety. This could then be acylated with a range of acids using the
DIC/HOBt/DIPEA coupling procedure10 in 1,2-dichloropropane (DCP)/NMP to give the resin-
bound 2-acylaminomethylbenzimidazoles 5 (Table 1). Cleavage of the ®nal products was
obtained by treatment of the resin with TFA/DCM for 1 h.
Deprotection of acylated aniline 3 with piperidine/NMP, followed by treatment with benzoic

acid (PyBroP/DIPEA, NMP, 16 h, 20�C) yielded 56% of a double acylated product, in which the
secondary aniline had also been acylated. This illustrates the importance of closing the benzimidazole
ring before other similar reactions can be performed.
In summary, we have demonstrated a new solid-phase strategy for the synthesis of substituted

2-aminomethylbenzimidazoles 5, with the benzimidazole moiety being formed whilst resin-bound.
The 2-aminomethylbenzimidazoles were prepared in eight steps and 36±86% overall yields.

Scheme 1. Reagents: (i) R1NH2, DMSO, 20�C, 16 h; (ii) SnCl2.2H2O, NMP, 20�C, 16 h; (iii) FmocNHCHR2CO2H,

PyBroP/DIPEA, NMP, 20�C, 16 h; (iv) AcOH, 90�C, 16 h; (v) piperidine:NMP (1:4 v/v), 20�C, 20 min; then R3COOH,
DIC/HOBt/DIPEA, DCP:NMP (1:1 v/v), 20�C, 16 h; (vi) TFA:CH2Cl2 (1:1 v/v), 20�C, 1 h
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11. NMR data for compound 5b; dH [400MHz; (CD3)2SO] 12.79 (1H, s, OH), 9.42 (1H, d, J=8.6 Hz, NH), 8.26 (1H,

s, Ar-H), 7.90 (1H, d, J=8.6 Hz, Ar-H), 7.72 (1H, d, J=8.6 Hz, Ar-H), 7.61 (1H, d, J=2.0 Hz, Ar-H), 7.45 (1H, d,
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Table 1
Listing of benzimidazoles 5 synthesised, with purity as assessed by integration of ELS peak areas; the ®gure in par-

enthesis refers to crude yield calculated from the original loading of the Wang resin
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