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Combinatorial synthesis of benzimidazole and its deriva-
tives has been described several tirh&ynthetic routes
leading to 2-arylaminobenzimidazoles in solution phase are
known? However, a solid-phase synthesis of 2-arylamino-
benzimidazoles has not been reported yet. In this contribution
we wish to describe a straightforward solid-phase synthesis
of diverse 2-arylaminobenzimidazoles (Scheme 1) using
commercially available building blocks, as well as a novel
“low-tech” coding concept for tracking chemical history
during split and mix synthesis on SynPhase crowns.

The synthesis was developed on polystyrehi® divinyl-
benzene MBHA resin (Chem-Impex, Chicago, IL), and the
optimized protocol was later applied to Rink derivatized
SynPhase crowns (Chiron Technologies, Clayton Victoria,
Australia). A SynPhase crowrs ia 2 cmlong, injection
molded, polypropylene piece. Its surface is grafted with
polystyrene and then functionalized for solid-phase synthesis
(www.chirontechnologies.com). Botirmethylbenzhydryl-
amine (MBHA) and Rink linkers were developed for the
synthesis of peptide amides, and both also allow cleaving
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Scheme 1.Polymer-Supported Synthesis of
2-Arylaminobenzimidazolés
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a Reagents and conditions:) @ M amine in DMF, rt, overnight; (ii) 2
M SnCh in NMP, rt, overnight; (ii) 1 M isothiocyanatel M DIC in DMF,
rt, overnight; (iv) HF (MBHA linker) or HCI (Rink linker), rt, 2 h.
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We have synthesized a sizable library (more than 10 000
compounds) of 2-arylaminobenzimidazoles with three com-
binatorial steps using the “split only” technigéfe The
additional diversity point was introduced by acylation of the
resin with an amino acid, followed by coupling of the
4-fluoro-3-nitrobenzoic acid. The synthesis was performed
in polypropylene syringes on Domino Block§he Domino
Block is a reaction block for manual and semiautomatic
parallel solid-phase organic synthesis that simplifies liquid
exchange and integrates common synthetic steps. The last

of compounds using gaseous reagents such as HF and HClcombinatorial step was done in 96-well plateEhe library
The beads and crowns can be handled after cleavage, andvas synthesized using 48 primary amines. We used both

the compounds are released into solution only when the

acyclic and cyclic aliphatic amines, benzyl and phenethyl

extracting solvent is applied. We have used gaseous cleavagamines, and aminomethyl and aminoethyl heterocyclic

successfully on different occasions in the past.

The synthesis of 2-arylaminobenzimidazoles begins with
acylation of the resin by 4-fluoro-3-nitrobenzoic acid and
continues with displacement of the fluorine by primary
amines and reduction of the nitro group by tin chloride. The
same reaction sequence leading to polymer-supparted
phenylenediamines has already been used several'ifiés.
We occasionally observed incomplete reduction of the nitro
group, an issue already reported in the literatlteat we
are currently trying to address. The resin-boorghenylene-

compounds. The carboxyl groups of the amino acids were
protected by a tBu group. Amino alcohols were used
unprotected, and we have not observed formation of a
thiocarbamate. Twenty-four phenylisothiocyanates were used
in the last combinatorial step, and they contained both
electron-donating and electron-withdrawing substituents in
ortho, meta, or para position to the isothiocyanate. The
overall yield of target compounds exceeded 80%.
Solid-phase synthesis on SynPhase crowns provides
distinct advantages, particularly with respect to handling large

diamine was exposed to isothiocyanates in the presence ohumbers of compounds. While crowns were designed for

carbodiimide. Initially formed thiourea cyclized to the desired
2-arylaminobenzimidazoles. We tested several different
reaction conditions for the cyclization step. Reacting over-
night in DMF at ambient temperature provided the best

attachment to a holder and individual use in a 96-well plate
format, they can be handled in batches for reactions in large
vessels. To know the structure of a final compound after
the “split and mix” combinatorial synthesis, the solid-phase

results. Resin-bound products were exposed to gaseous Hparticle has to carry the information about the chemical

at ambient temperature for 2 h, and cleaved 2-arylaminobenz-

history (type of building block reacted with specific particle),

imidazoles were extracted into methanol. The purity and or the solid phase support needs to be tracked. This has been
identity of final products were assessed by analytical HPLC, achieved by chemical coding in the case of beads, labeling
NMR,® and MS. the T-bags, inserting a radio frequency chip into a porous
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Figure 1. A necklace of eight SynPhase crowns.
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Figure 2. Eight amines and 12 isothiocyanates used to synthesize
96 2-arylaminobenzimidazoles.
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container, or color codinThe crowns offer a simple low-

tech solution: the information can be conserved by organiz-
ing crowns into a sequence, practically achieved by arranging
them on a string (Figure 1). Each string of crowns, referred
to as a “necklace”, is reacted with a different synthon. The
position on the string determines the building block reacted
with this particular crown. There are as many necklaces as
there are building blocks in the second combinatorial step,

and there are as many crowns on each necklace as there were

building blocks in the first combinatorial step.

The concept of necklace tracking was proven on a
synthesis of 96 2-arylaminobenzimidazoles from 8 amines
and 12 isothiocyanatéd8.The structures of amines and
isothiocyanates used on the first plate are shown in Figure
2. The purity of the products was analyzed by HPLC and
ranged from 56 to 99%, average being 83%he correct
molecular weight was confirmed by mass spectrometry (PE-
Sciex API llI+ with an articulated ion spray sample inlet
system). The average yield (gravimetric estimation) was 77%.

The purity of products synthesized on MBHA resin and

SynPhase crowns was comparable. However, handling the
crowns was much easier than handling the resin, a distinct

advantage, appreciable particularly during synthesis of large
libraries. The price per compound favors resin synthesis.
In summary, we have described a straightforward solid-
phase synthesis of 2-arylaminobenzimidazoles from resin-
boundo-phenylenediamines and isothiocyanates. The reac-
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tion conditions are amenable to synthesis of large combina-
torial libraries, and the purity of final product is good to
excellent. A novel tracking protocol, referred to as necklace
coding, was used to trace chemical history during com-
binatorial synthesis on SynPhase crowns.

References and Notes

(1) (a) Phillips, G. B.; Wei, G. PTetrahedron Lett1996 37, 4887—
4890. (b) Thomas, J. B.; Fall, M. J.; Cooper, J. B.; Burgess, J. P;
Carroll, F. | Tetrahedron Lett1997 38, 5099-5102. (c) Wei, G.

P.; Phillips, G. B.Tetrahedron Lett1998 39, 179-182. (d) Mayer,
J. P, Lewis, G. S.; McGee, C.; Bankaitis-Davis, Teétrahedron Lett.
1998 39, 6655-6658.

(2) (a) Omar, A.-M. M. E.; Habib, N. S.; Aboulwafa, O. Mbynthesis
1977, 864. (b) Hamley, P.; Tinker, A. Bioorg. Chem. Med. Lett
1995 5, 1573-1576. (c) Garin, J.; Melendez, E.; Merchan, F. L,;
Merino, P.; Orduna, J.; Tejero, . Heterocycl. Cheml991, 28,
359-363. (d) Janssens, F.; Torremans, J.; Janssen, M.; Stokbroekx,
R. A.; Luyckx, M.; Janssen, P. A. J. Med. Chem1985 28, 1925~
1933. (e) Iddon, B.; Kutschy, P.; Robinson, A. G.; Suschitzky, H.;
Kramer, W.; Neugebauer, F. A. Chem. Soc., Perkin Trans1992
3129-3134.

(3) (a) Krchrék, V.; Weichsel, A. STetrahedron Lett1997 38, 7299—
7302. (b) Lebl, M.; Krchiak, V. Innovation & Perspecties in Solid-
Phase Synthesis & Combinatorial LibrarieEpton, R. Ed.; May-
flower Scientific Limited: Birmingham, in press. (c) Krcén V.
Biotechnol. Bioeng. (Comb. Cheni99§ 61, 135-141.

(4) (a) Goff, D. A.; Zuckermann, R. NJ. Org. Chem1995 60, 5744~

5745. (b) Mayer, J. P.; Zhang, J. W.; Bjergarde, K.; Lenz, D. M,;

Gaudino, J. JTetrahedron Lett1996 37, 8081-8084. (c) Lee, J.;

Murray, W. V.; Rivero, R. A J. Org. Chem1997, 62, 3874-3879.

(d) Morales, G. A.; Corbett, J. W.; DeGrado, W. F Org. Chem.

1998 63, 1172-1177. (e) Tumelty, D.; Schwarz, M. K.; Needels,

M. C. Tetrahedron Lett1998 39, 7467-7470.

Analytical gradient HPLC profile was run on a ProC18 4650
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Eight 20 mL syringes were charged with 12 Rink linker derivatized
SynPhase crowns (Chiron Technologies, Clayton Victoria, Australia,
loading 33umol/crown) each and attached to the Domino Block
(Torvig, Tucson, AZY. The Fmoc group was removed with piperi-
dine/DMF, and the amino group was acylated with 4-fluoro-3-
nitrobenzoic acid in DMF upon DIC/HOB activation. Each syringe
was then charged wita 1 M solution of amine in DMF to replace
the fluorine and produce eight different resin-bownanitroanilines.
The crowns were then placed on a stainless steel string to form a
necklace. A knot was tied at one end, the second end was left open.
Twelve identical necklaces were made, each containing eight crowns

(10)
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with different o-nitroanilines. Each necklace was placed into a 20 the same column of a 96-well plate. The plate with 96 crowns was
mL syringe, the nitro group was reduced amghenylenediamines exposed to gaseous HCI for 2 h, and products were extracted by
were reacted wit 1 M isothiocyanate ahl M DIC solution in DMF methanol. (The necklaces can also be disassembled after the gaseous
at ambient temperature overnight. The crowns were washed, the cleavage.)

necklaces were disassembled, and the crowns were transferred into
a 96-well plate so that crowns from one necklace were placed into CC9900201



