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Solid-Phase Synthesis of Benzimidazoles
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Abstract. A readily automated solid-phase approach to the synthesis of diverse benzimidazoles i
The procedure utilizes n‘r)l]mer Snp?nﬂnﬂ 4-fluoro-3-nitrobenzoic acid and a wide range Qf (_‘Qmmgr(_:jally
available amines and aldehydes. The key heterocyclization step is achieved under mild conditions and wa
found to be general for a large number of diverse inputs. © 1998 Elscvier Science Ltd. All rights reserved.
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Despite 1mpresswe advances to date
ragtjtu oner con tinues to face a number of hurdles in reducing this concept to

1t1es of adapting estabhshed solution- Dhase prccedents to

aa

o
=43
W

miniaturized, robotic format. While automation capability continues to improve, it is
frequently desirable to avoid or minimize demanding synthetic conditions when planning a
combinatorial library.
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............. 1D and mild reaction COIldlthl‘lS wh1ch could be readily adapted to
polymer support and automated operation. The procedure outlined in Schemes 1 and 2 was
utilized for the synthesis of a representatlve 11brary The starting material, 4-fluoro-3-
nitrobenzoic acid 2 was tethered to Wang'® or Rink'' derivatized polystyrene resin in multi-

, , maximal use of
_Qmmermallv available inpu
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gram quantities. Initial attempts to carry out the loading step using the 1-hydroxybenzotriazole
(HOBt) ester of 2 were unsuccessful due to the unanticipated ipso-fluoride displacement by the
nucleophilic hydroxyl group of HOBt."> The coupling in both cases was subsequently carried
out using the corresponding diisopropylcarbodiimide (DIC) generated symmetrical anhydride,
with 0.1 equivalents of N,N-dimethylaminopyridine (DMAP) added to catalyze the
esterification of Wang resin. Following the loading step the resins 3 and 4 were treated with
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Scheme 2. Legend : i) 5.0 eq. amine, 5% DIEA in NMP or DMF, O/N, ii) 3.0 M SnC}, in DMF, 5 hours, iii) 4.0 eq. aldehyde,
2.0 eq. DDQ in DMF, 5 hours, iv) 50% trifluoroacetic acid in DCM, 2 hours.
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tuents nroceeded to comnletlon within the overmght time frame.
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in DMF for 5 hours.” The quality of the resultant intermediate could be assessed by cleavage
and analysis of a portion of the resin bound o-phenylenediamine 6, prior to splitting the resin to
perform the discrete cyclization reactions. The published procedure of Phillips and Wei® was
handicapped by the limited availability of the requisite aryl imidates and by the prolonged
heating required for the transformation. We therefore sough‘t an alternative strategy which

could not only utilize a large number of commercial mputs but offer milder reaction conditions.
The one-pot method of Vanden Eynde et al,'* featuring a 2,3-dichloro-5,6-dicyano-1,4-

benzoquinone (DDQ) mediated cyclocondensation of an o-phenylenediamine and an aldehyde,
presented an attractive alternative. Solid phase application of this procedure involved the
addition of 4.0 equivalents of an aldehyde and 2.0 equivalents of DDQ to 6 in DMF for 5
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Table 1. Representative products and results from a validation library. The first number refers to the crude yield, the number in
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parentheses to purity as assessed by integration of HPLC peak areas.

hours at room temperature and was successfull demonstrated for 160 aldehydes. Following
DMF and DCM washes, the resins were subjected to cleavage with 50% trifluoroacetic acid in
DCM for 2 hours. The structures, yield"™ and purity'™ data obtained for a representative set of
compounds (7-15) are summarized in Table 1. Additionally, products from validation libraries
were characterized by 'H NMR and electrospray mass spectrometry.'®



In summary, the benzimidazoles represent an excellent combinatorial scaffold and our
method allows for the introduction of chemical diversity through the use of commercially
available inputs with additional expansion possible by use of resins preloaded with natural and
unnatural amino acids. The methodoiogy is ideally suited for automated application since the
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entire SmeCIIC sequence can be carried out in DMF at room temperature
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