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Introduction. Drug discovery in modern bioorganic and
medicinal chemistry has been accelerated with the application
of combinatorial and parallel synthesis techniques for
developing compound libraries. The successful applications
of these approaches facilitate speedy availability of closely
related analogues for biological-activity evaluation. Recent
reviews on the survey of combinatorial library synthesis1-8

and several reports of combinatorial synthesis of wide range
of bioactive compounds9-14 revealed the burgeoning interest
of researchers in this technique. The concept of solid-phase
synthesis came to the forefront in 1963 with Merrifield’s
publication of the synthesis ofL-leucy-L-alanylglycyl-L-valine
via attachment of the intermediate to the polymer backbone.15

The major advantages of solid-phase synthesis that make it
superior to standard solution-phase technique are (i) isolation
of products is by simple filtration, (ii) an excess of reagents
can be used to drive reactions to completion, (iii) the process
is economic with respect to time and cost, and (iv) the
method can be automated. The traceless solid-phase synthe-
sis, in which the group used for the attachment to solid
supports is not left with the final target molecule, holds great
importance because it is established fact that the functional
group has a dramatic effect on the biological efficacy of the
molecule.16-18 In some cases, the functional group left on
the target molecule may not be desired for bioactivity and
may limit final the structural optimization.

Benzimidazolones and other related cyclic urea derivatives
are useful heterocyclic building blocks and have been shown
to possess significant biological properties, including inhibi-
tion of aldose reductase, antagonism of neurotransmitter re-
ceptors, antiulcer activity, antimicrobial activity,19 and mod-
ulation of ion channels.20,21 Such a spectrum of biological
activity has attracted considerable attention to these com-
pounds, and recently, researchers have reported several solid-
and solution-phase synthesis approaches toward benzimida-
zolones and related derivatives.18,22-28 A common feature of
these approaches is the attachment of the heterocycle to the
support through an ester linkage, thus resulting in a carbox-
ylic acid residue on the final product upon cleavage. Herein,
we report a versatile route to substituted benzimidazolones
involving a cyclative cleavage of a carbamate linkage and
also having the extra advantage of leaving no trace of the
resin linker.

Results and Discussion.A new approach to substituted
benzimidazolones is shown in the Scheme 1. The key step
of the sequence involved the introduction of one of the
nitrogens by nucleophilic addition of a carbamate to an

o-fluoronitrobenzene. Spontaneous cyclization and detach-
ment of the benzimidazolones from the resin occurred in high
yields under reductive conditions on solid supports. To
further expand the scale and incorporate a third element of
diversity into the library of target molecules, the benzimi-
dazolones were treated with NaH and various alkyl halides
in DMF to afford fully functionalized benzimidazolones.
Representative products were prepared on solid supports in
excellent yields and purities by the protocol described above,
and these results are summarized in Table 1. Each compound
was fully characterized by1H, 13C NMR, and mass spec-
trometric techniques.

In the first step, the Wang resin was activated in the
presence of diisopropylethylamine usingp-nitrophenyl chlo-
roformate.10,29,30The activated resin2 was then reacted with
various amines in DMF yielding the desired carbamate3.
There are various reports of substitution of aryl fluoride with
phenoxide or primary alkoxide,31-35 amine,22,26,36or thio33,37

groups; however, the reports on the substitution of fluoride
with carbamate moiety on the solid support were not found
in our literature survey. To effect this unique transformation,
we tried different bases using various reaction conditions.
The basesn-BuLi, t-BuLi, and NaNH2 failed to afford the
desired product, and NaH andt-BuOK gave products with
low yields; however, after a considerable number of experi-
ments, we found LHMDS (lithium hexamethyldisiliylamide)
to be an effective base giving excellent yield when used at
-78 °C (reaction time 5 h). The best effective ratio of
reactants, that is, amide/aryl fluoride/LHMDS, was also
optimized to 1:1:1 when benzylamines and straight-chain
alkylamines were used. However, in the cases of aniline and
p-methoxy aniline (entry 12), it gave only<15 and 48%
yields, respectively. Presumably, this may be due to the low
nucleophilicity of acyl derivatives of anilines. Further, we
attempted to reduce the nitro group by selectively using a
Cu(acac)2,36 thus avoiding a simultaneous cyclization; how-
ever, this attempt was not successful. Hence, we used a
widely adopted method9,11,23,26of applying SnCl2 (route 1).
For this reaction, the solvent DMF was found to give∼10%
higher yields, as compared to yields with the solvent EtOH.
In the workup, the use of NaHCO3 and Na2CO3 to quench
the SnCl2 resulted in the formation of an inseparable
emulsion of organic and aqueous phases. The use of aqueous
NaOH with pH adjustment to 10, however, gave clear
separation and extraction. In route 2, reducing the methyl
ester selectively while avoiding the reduction of associated
carbamate posed a challenge. Reduction with NaBH4 gave
products with low yields, and the use of LiBH4 and even
NaBH4/LiCl 38 resulted in the reduction of carbamate. While

* To whom correspondence should be addressed. Fax:+886-3-427-
7972. E-mail: ch01@ncu.edu.tw.

899J. Comb. Chem.2004,6, 899-902

10.1021/cc049926j CCC: $27.50 © 2004 American Chemical Society
Published on Web 09/11/2004



optimizing a reducing agent for this transformation, the
combination of NaBH4 and LiBH4 (1:1) was found to be the
most suited in the solvent EtOH, giving resin5. Attempts to
react pivolyl chloride with the resulting alcohol5 using base
K2CO3 or pyridine was unsuccessful. Alcohol5 was reacted
with pivaloyl chloride using DMAP as a catalyst with solvent
pyridine, affording resin6. Then reduction of the nitro group
of ester6 was affected in an manner similar to that in route
1, obtaining the compound7. Further, to add the third ele-
ment of diversity, some of the compounds7 were subjected
to alkylation using NaH in solvent DMF26, giving the cor-

responding compounds1. The yields of the final compounds
were∼80%, with the exception of compounds1g, 1i, and
1l. Low yields of these compounds (1gand1i) might be due
to poor leaving potency of the chloride group of the alkyl
halides used. In these cases, NaI was also used in alkylation
reaction that boosted the yields to some extent, however,
not to the level that was found in the cases in which alkyl
bromides or alkyl iodides were used.

In summary, a new methodology for the parallel synthesis
of benzimidazolones with a 3-fold functional diversity has
been developed using a combination of solid- and solution-

Table 1. Benzoimidazolones Generated on Solid Support

a Confirmed by HPLC-UV detection.b Reported yields are isolated yields after flash chromatography on silica gel. The overall yields
are based on the initial loading of the Wang resin.
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phase strategies. The 3-fold diversity aids in the development
of the broad range of analogues. That, in turn, facilitates
generation of effective structure-activity relationship data
for different kinds of substitutions through evaluation of such
closely related compounds. The uniqueness of this methodol-
ogy is the substitution of aromatic fluoride with the carbam-
ate moiety on the solid support. To the best of our knowl-
edge, this has not been found reported in the literature. In
general, solid-phase combinatorial approaches to benzimi-
dazolone or benzopiperazinone11 derivatives mostly leave a
polar support attachment, namely, COOH, COOMe, or
CONH2 functionality,22-25 onto the benzene nucleus after the
final cleavage of the product from the resin. The present ap-
proach eliminates this limitation of necessarily leaving certain
functionality that may not be desired in the target molecule
to have a high bioactivity profile. Although the commercial
availability and reactivity of nitrofluorobenzenes possessing
additional groups is limited, the present traceless synthetic
approach still enables one to prepare benzimidazolones with
3-fold diversity. With the high yields and purities, this
method is the versatile approach to develop combinatorial
library of benzimidazolone analogues with 3-fold diversity.
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