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Copper-catalyzed arylation of phenylurea using KF/Al2O3
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Abstract

A mild and efficient method for the copper-catalyzed arylation of phenylurea is described. The coupling reaction of phenylurea with
different functionalized aryl iodides in the presence of air stable CuI, N,N0-dibenzylethylenediamine as a ligand, and KF/Al2O3 as a base
gives symmetrical and unsymmetrical diarylureas in relatively high yields.
� 2007 Elsevier Ltd. All rights reserved.
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N,N0-Diarylureas are valuable subunits for organic syn-
thesis and have found numerous applications as drugs, pesti-
cides,1 and anion binding receptors.2 Traditional methods
for the synthesis of diarylureas include the reaction of aro-
matic amines with isocyanates, phosgene or carbon monox-
ide, which are highly toxic reagents.1,3 The development of
palladium-catalyzed C–N bond-forming processes4 has
supplanted classical amination reactions such as the Ull-
mann5 and related Goldberg reactions,6 which require very
high temperatures, highly polar solvents, and a large excess
of the alkoxides.7 However, despite great advances in this
area, there are still some limitations for the preparation of
compounds possessing C–N bonds, for example, the high
cost of palladium complexes and the removal of trace
palladium from late stage synthetic intermediates can be
challenging.8 Moreover, the coupling of electron-rich or
ortho-substituted aryl halides is difficult.9 Beletskaya has
reported a palladium-catalyst system for the conversion of
aryl halides to diarylureas using Xantphos as an effective
ligand for this coupling reaction.10 The drawbacks to this
methodology include the cost of the reagents, the use of
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toxic ligands, and the formation of considerable amounts
of N-phenylation byproducts in the arylation of ureas
with unactivated aryl halides arising from the exchange
of the aryl group bound to palladium and the phenyl
group of the ligand. Recently, Nandakumar reported a
copper catalyst system for the amidation of aryl halides
with urea.11 This method requires a diamine ligand and
K3PO4 as a base to afford symmetrical N,N0-diarylureas in
moderate yields.

We have recently used KF/Al2O3, 1,10-phenanthroline,
and CuI, for C–N and C–O bond formation in the amida-
tion and etherification of aryl iodides.12 Here we report the
CuI-catalyzed N-arylation of aryl iodides with N-phenyl-
urea using KF/Al2O3 as a suitable base and N,N0-dibenzyl-
ethylenediamine as an effective ligand (Scheme 1).

To find the optimum conditions for the coupling of phenyl-
urea with the aryl iodide, the N-arylation of phenylurea with
4-iodoanisole was investigated with different solvents, and
various ligands in the presence of different amounts of KF/
Al2O3 and CuI at various temperatures. Of the ligands
tested, N,N0-dibenzylethylenediamine, N,N0-bis(2-pyridyl-
methyl)ethylenediamine, and 1,10-phenanthroline, the
former proved to be the best ligand. This ligand was easily
prepared according to the procedure reported.13 Among
the solvents examined, (dioxane, toluene, DMF, and
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THF), THF was the most effective for the coupling reaction;
in other solvents we observed the formation of substantial
amounts of N,N0-diphenylurea as a side product. Ureas are
very stable compounds and are sometimes prepared as deriv-
atives of amines for characterization purpose. They can dis-
Table 1
The copper-catalyzed N-arylation of phenylurea with aryl iodides in the prese
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sociate into the corresponding isocyanates and aniline
derivatives at high temperature,14 therefore, the formation
of N,N0-diphenylurea may be explained by the dissociation
of N-phenylurea to phenyl isocyanate at high temperature
(reflux temperature of the solvents). To confirm this, we
nce of KF/Al2O3 and N,N0-dibenzylethylenediamine
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Table 1 (continued)

Entry Aryl halide Producta Time (h) Yieldb (%)
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10 H3CH2CO I
N
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a Reactions were carried out with 1 mmol of aryl iodide, 1 mmol of phenylurea, 15 mol % of CuI, 15 mol % of N,N0-dibenzylethylenediamine, and
5 mmol of KF/Al2O3 in THF at 65–70 �C.

b Isolated yields; products were characterized by 1H NMR and mp.16
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heated phenylurea in the absence of aryl halide and catalyst
system in refluxing toluene or in the presence of 2 equiv of
aniline and N,N0-diphenylurea was formed as sole product
in both reactions.

Thus, the optimized reaction conditions utilized
15 mol % of CuI, 15 mol % of N,N0-dibenzylethylenedi-
amine as ligand, and 5 equiv KF/Al2O3 as base in refluxing
THF under argon.

These optimized reaction conditions were applied to the
coupling of various aryl iodides and phenylurea (Table 1).15

As shown in Table 1, the reaction between phenylurea and
iodobenzene gave an excellent yield of N,N0-diphenylurea
after 3 h (entry 1).

No significant electronic effects were observed for substi-
tuted aryl iodides based on the yields of reactions and
reaction times. Substrates possessing electron withdrawing
substituents such as CF3, in the meta-position (entry 7),
bromine and nitro in the para-position (entries 6 and 8)
and electron-releasing substituents such as OEt (entry 10)
in the para-position, OMe (entries 2 and 3) and Me (entries
4 and 5) in the ortho and para-positions of the aromatic
rings also gave good to excellent yields of the corresponding
diarylureas. Reaction of the bulky aryl halides 1-iodonaph-
thalene with phenylurea gave N-(1-naphthyl)-N0-phenyl-
urea in a good yield (entry 9). Unfortunately, attempts to
perform the analogous coupling reaction using aryl
bromides and phenylurea in this catalytic system were
unsuccessful.

In summary, we have developed an efficient and inex-
pensive catalytic system for the synthesis of symmetrical
and unsymmetrical N,N0-diarylureas via the reaction of
various aryl iodides with phenylurea using N,N0-dibenzyl-
ethylenediamine as ligand and KF/Al2O3 as base. We
believe that this protocol is an excellent complement to
palladium-catalyzed methods.
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