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ABSTRACT

Assembly of N-substituted 1,3-dihydrobenzimidazol-2-ones is achieved starting from methyl o-haloarylcarbamates via a CuI/amino acid catalyzed
coupling with amines and subsequent condensative cyclization. A number of functional groups are tolerated by these reaction conditions,
including vinyl, nitro, carboxylate, amide, ester, ketone, and silyl ether groups.

The 1,3-dihydrobenzimidazol-2-one moiety can be found in
many pharmaceutically important molecules that possess a
wide range of biological activities. Recent examples include
RWJ-333966 (1), a selective vasopressin 1a receptor an-
tagonist that is a promising candidate for the treatment of
anxiety disorders,1 HIV-1 RT non-nucleoside inhibitor2,2

orally bioavailable sirohydantoin CGRP receptor antagonist
3,3 p38 MAP kinase inhibitor4,4 respiratory syncytial virus
fusion inhibitor 5,5 as well as the progesterone receptor
antagonist66 (Figure 1).

Two typical methods have generally been applied for the
elaboration of N-substituted 1,3-dihydrobenzimidazol-2-ones.
One is the selective alkylation or arylation of either nitrogen
atoms of 1,3-dihydrobenzimidazol-2-ones, which often re-
quires a protection strategy.3,5,6 Another one involves nu-
cleophilic displacement of 2-fluoronitrobenzenes with amines
and subsequent reduction and cyclization with carbonyl-
diimidazole.4,7 This route is problematic for the synthesis of
diverse products because of the limited source of 2-fluoro-
nitrobenzenes. These drawbacks have prompted Kuethe and
co-workers to develop a Pd-catalyzed aryl amination strategy
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leading to substituted imidazo[4,5-b]pyridin-2-ones.8 As a
part of our continuing effort to assemble heterocycles by Cu-
catalyzed cross-coupling reactions,9,10 we became interested
in developing a new protocol for the assembly of N-
substituted 1,3-dihydrobenzimidazol-2-ones via CuI/ligand-
catalyzed aryl amination11 of methyl o-haloarylcarbamates.
The studies thus undertaken are disclosed herein.

The reaction of methyl 2-bromophenylcarbamate7a and
benzylamine was chosen to screen for suitable reaction
conditions (Table 1). Initially, our standard conditions for

the amination of aryl bromides were attempted.11i,l Accord-
ingly, the reaction was conducted under the action of 20 mol
% of CuI, 40 mol % ofL-proline, and K2CO3 in DMSO at
60 °C. It was found that after 24 h most of the bromide was

consumed, and only the cross-coupling product was identi-
fied, indicating that the condensative cyclization required
higher reaction temperatures. After some trials, we found
that the desired cyclization product8a could be obtained in
moderate yield by heating the reaction mixture at 130°C
for 6 h after the initial cross-coupling step (entry 1). It is
noteworthy that the cross-coupling reaction was not complete
after heating at 60°C for 24 h. The lower reactivity displayed
by bromide7a, compared to the 2-bromoacetanilides reported
earlier by our group,9a demonstrates that the carbamate does
not provideortho-assistance during the coupling reaction.
Increasing the temperature of the coupling reaction to 70
°C resulted in an improved yield (entry 2). Switching the
base to Cs2CO3 provided a similar result (entry 3), while a
better yield was observed when K3PO4 was employed (entry
4). Further improvement was achieved whentrans-4-
hydroxy-L-proline was used as the ligand12 (entry 5). The
change in solubility of either the ligand or metal complex
was tentatively accepted to account for this difference.

We then explored the scope and limits of our newly
developed cascade process by varying the bromides and
amines. We were pleased to find that functionalized amines
such as amino acid9b, amino amide9c, and allyl amine9d
delivered the corresponding 1,3-dihydrobenzimidazol-2-ones
under our reaction conditions (Table 2). Compound8b is
obviously a promising intermediate for the assembly of the
CGRP receptor antagonist3. The electronic nature of the
aryl bromides seems to have little influence on the reaction,
which is evident from the fact that both electron-rich and
electron-deficient aryl bromides gave satisfactory results. For
the coupling step, sterically hindered amines generally
required longer reaction times (entries 2 and 6), which is
consistent with the observations in our previous work.11l A
wide range of functional groups on the aryl bromides, such
as ester, ketone, amide, nitro, and silyl ether groups, survived
under these reaction conditions. Heteroaryl bromide7j
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Figure 1. Structures of some biologically important N-substituted
1,3-dihydrobenzimidazol-2-ones.

Table 1. Synthesis ofN-Benzyl 1,3-Dihydrobenzimidazol-
2-one8a via Coupling of Bromide7a and Benzyl Amine9aa

entry ligand base temp (°C) yield (%)b

1 L-proline K2CO3 60-130 52
2 L-proline K2CO3 70-130 58
3 L-proline Cs2CO3 70-130 55
4 L-proline K3PO4 70-130 65
5 trans-4-hydroxy-L-proline K3PO4 70-130 77

a Reaction conditions:7a (0.5 mmol),9a (0.5 mmol), CuI (0.1 mmol),
ligand (0.2 mmol), base (1.0 mmol), DMSO (1 mL), 60°C, 24 h (for entry
1), or 70°C, 4 h (for entries 2-5), then 130°C, 6 h.b Isolated yield.
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reacted with 2-phenylethylamine9i to afford imidazo[4,5-
b]pyridin-2-one8k in 62% yield (entry 10). It is noteworthy
that some of its analogues have exhibited potent inhibition
activity against respiratory syncytial virus fusion.5 Our results
demonstrate that the present protocol allows diverse synthesis
of functionalized 1,3-dihydrobenzimidazol-2-ones.

We next focused our attention on employing methyl
o-iodoarylcarbamates as the substrates. After screening a
number of parameters in the reaction of methyl 2-iodo-
phenylcarbamate10a and benzylamine, the use of K2CO3

as a base andL-proline as a ligand was found to promote
the highest yields (81%, entry 1, Table 3). In these cases,
the coupling reaction proceeded at 50°C even when using
10 mol % of copper catalyst. Under these reaction conditions,
a number of aryl iodides and amines were applied, and they
all gave the corresponding 1,3-dihydrobenzimidazol-2-ones

in good yields, thereby providing an alternative route for
the synthesis of these heterocyclic compounds. Some of the
products are potential building blocks for the synthesis of
known bioactive compounds. For example,8n could be used
to assemble vasopressin 1a receptor antagonist RWJ-3339661

and 11b-hydroxysteroid dehydrogenase type I inhibitors.13

When methyl 2-iodo-4-bromophenylcarbamate10d was
used,8q was isolated exclusively, indicating that selectivity
between aryl iodides and aryl bromides can be achieved
under the present coupling conditions.

In conclusion, we have developed a novel protocol for
the elaboration of N-substituted 1,3-dihydrobenzimidazol-
2-ones via a CuI/amino acid catalyzed cascade coupling/
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Table 2. Synthesis of Substituted 1,3-Dihydrobenzimidazol-2-ones via a Cascade Coupling/Cyclization Process from Aryl Bromidesa

a Reaction conditions: bromide7 (0.5 mmol), amine9 (0.5 mmol), CuI (0.1 mmol),trans-4-hydroxy-L-proline (0.2 mmol), K3PO4 (1.0 mmol), DMSO
(1 mL), 70 °C, then 130°C. b Isolated yield.c 2.0 mmol of base was added.
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condensative cyclization strategy. This method allows the
use of various primary amines and methylo-haloarylcar-
bamates to assemble versatile heterocycles in a one-pot
manner. Thus, it should find extensive applications in the
synthesis of biologically active molecules.
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Table 3. Synthesis of Substituted 1,3-Dihydrobenzimidazol-2-ones via a Cascade Coupling/Cyclization Process from Aryl Iodidesa

a Reaction conditions: iodide10 (0.5 mmol), amine9 (0.5 mmol), CuI (0.05 mol),L-proline (0.1 mmol), K2CO3 (1.0 mmol), DMSO (1 mL), 50°C, then
130 °C. b Isolated yield.

4294 Org. Lett., Vol. 9, No. 21, 2007


