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The copper-catalyzed intramolecular N-arylation of 2-bromoarylureas performed in water leading to the
benzo[d]imidazolone framework is reported. The scope of the methodology presented herein proved
to be broad and afforded a significant number of benzoimidazolones in good to excellent yields. The
reported protocol is based on the use of CuI and TMEDA acting both as the ligand and as the base in
a water solution, which allows for the easy separation of the catalyst containing aqueous phase from the
products by simple extraction. Additionally, the N- versus O-arylation competitive processes are also
discussed.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Transition metal-catalyzed carbon–heteroatom bond formation
reactions have undoubtedly proved to be a tool of paramount utility
and a significant contribution to organic chemistry. Among the few
metals that are able to perform such transformations, copper
stands out as a convenient alternative to palladium catalysts, since
copper salts are often inexpensive and air and moisture stable.
While the copper-catalyzed N-arylation of amides and amines has
attracted most of the attention in this field,1 the arylation of other
appealing nitrogen nucleophiles such as urea derivatives remains
comparatively unexplored, despite this moiety being present in a
number of biologically active molecules.2 In this context, a few
examples of copper-catalyzed N-arylation of ureas have been
reported thus far but they are mostly limited to the use of aryl
iodides as electrophilic counterpart as well as very simple urea
compounds as starting material.3

Considering our experience in the synthesis of heterocyclic
systems by means of copper-catalyzed arylation processes in
aqueous medium,4 we envisaged the application of such method-
ology to access the benzoimidazolone core through an intra-
molecular N-arylation of 2-haloarylureas, as a logical extension
of our recently reported intramolecular O-arylation leading to
benzoxazole derivatives.5 Moreover, benzoimidazolones constitute
the core of a number of biologically relevant structures, including
ax: þ34 94 601 27 48.
tin).
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non-nucleoside reverse transcriptase inhibitors of potent anti-
retroviral activity against HIV strains,6 potassium channel regula-
tors7 and orally bio-available inhibitors of respiratory syncytial
virus fusion,8 inter alia.9

A search in the literature revealed that most of the methods for
the formation of the imidazolone core in benzoimidazolones
involved the use of hazardous chemicals such as phosgene, toxic
chlorinated solvents or harsh reaction conditions (pressures
�20 atm).7,9,10 In this context, a few palladium-catalyzed synthesis
of the benzoimidazolone core have been reported and have con-
tributed to overcome some of the aforementioned drawbacks. In
these examples, the imidazolone ring closure was achieved either
by means of an intramolecular N-arylation of 2-haloarylureas11 or
through an amination followed by a condensative cyclization.12

However, the pursuit of inexpensive and more benign reaction
conditions for this transformation, such as the use of copper cata-
lysts in water as the solvent, remains a challenge and an appealing
goal. Hence, we present herein a copper-catalyzed intramolecular
N-arylation of urea derivatives leading to the benzo[d]imidazolone
framework, using water as the only solvent.
2. Results and discussion

Thus, 1-benzyl-1-(2-bromophenyl)urea 1a, readily prepared
from commercial 2-bromoaniline by benzylation followed by re-
action with chlorosulfonyl isocyanate, was chosen as the model
substrate to optimize the conditions for the target cyclization
leading to benzoimidazolone 2a. As shown in Table 1, a survey of
commercially available copper salts and nitrogen ligands was
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Table 1
Selected N-arylation assays for the synthesis of 2a

N

H
N

O

Bn

Br

N
Bn

NH2

O [Cu], H2O
1,2-diamine

1a 2a

Entry Copper sourcea Base/ligandb 2a (%)c

1 CuCl CHDA 0
2 CuI DABCO 0
3 CuI BHEP 28
4d CuI BHEP/KOtBu 17
5 CuI THEED tr.
6 CuI 2AP 0
7 CuI PMDTA 66
8 CuI TMEDA 87
9 CuCl TMEDA 71
9 CuBr TMEDA 67
11 Cu(OAc)2$H2O TMEDA 83
12 Cu(OTf)2 TMEDA 73
13 Cu(ClO4)2$6H2O TMEDA 76
14 CuO TMEDA 14

a Cu(I) salt (8.5 mol %) or 12 mol % of the Cu(II) salt, and 3.5 equiv of ligand. All
reactions were run in water (12 mL/mmol) at 120 �C for 15 h.

b CHDA: trans-1,2-diaminocyclohexane; DABCO: 1,4-diaza-bicyclo[2.2.2]octane;
BHEP: 1,4-bis(2-hydroxyethyl)piperazine; THEED: N,N,N0 ,N0-tetrakis(2-hydroxy-
ethyl)ethylenediamine; 2AP: 2-aminopyridine; PMDTA: N,N,N0 ,N0 ,N00-penta-
methyldiethylene-triamine; TMEDA: N,N,N0 ,N0-tetramethylethylenediamine.

c Isolated yields.
d BHEP (30 mol %) and 2.0 equiv of base were used.

Table 2
Copper-catalyzed cyclization to benzoimidazolones 2a
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combined along with substrate 1a and its efficacy to effect the
desired intramolecular N-arylation was evaluated. Interestingly, the
use of CHDA or DABCO, two standard bidentate ligands in copper
catalysis,3a,4b,13 and aromatic amine ligand 2AP provided negligible
results (Table 1, entries 1, 2 and 6). Slightly better yields were
obtained on using two ligands incorporating hydroxy units (BHEP
and THEED) but those were not improved, even when combined
with additional bases (entries 3–5). However, moderate to good
yields were achieved when the remaining aliphatic diamine and
triamine (TMEDA and PMDTA) were employed (entries 7 and 8).
Finally, after comparison of the effect of different Cu(I) and Cu(II)
salts, and noticing some interesting similarities (entries 8–13),
which suggest common catalytic species,14 it was decided that the
best conditions were those which involved stirring substrate 1a in
the presence of 8.5 mol % of CuI and 3.5 equiv of TMEDA, acting
both as the ligand and as the base, in water at 120 �C for 15 h (Table
1, entry 8). In accordance with our previous reports on copper-
catalyzed arylations in aqueous media, the proportion of the di-
amine resulted crucial for the reaction outcome. The use of smaller
amounts of TMEDA (1.1 or 2 equiv) provided negligible results, even
when combined with other inorganic bases (KOH, Na2CO3, K3PO4,
etc.) probably due to its double role, which has been discussed in
the synthesis of benzofuranes.4a

Accordingly, a range of N1-functionalized 2-bromoarylureas 1b–
t were prepared from commercially available 2-bromoanilines by a
starting alkylation/arylation step followed by carbamoylation with
inexpensive chlorosulfonyl isocyanate. These intermediates 1 were
subjected to the above optimized cyclization conditions, affording
the corresponding benzoimidazolones 2 in good to excellent yields,
as displayed in Table 2. In addition to constituting the first example
of a metal-catalyzed N-arylation of ureas in water, it should be
pointed out the tolerability of the process to a number of func-
tionalities present in 1, not only in the bromoarene moiety, but also
attached to the N1 position. However, some considerations could
be offered to explain the effect of the nature of the substituents on
the reaction outcome.

With regard to N1-substituent, substrates 1 bearing alkyl groups
generally provided better yields than N-arylated ones (e.g., Table 2,



Table 2 (continued )

Entry 1 2b
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d

a CuI (8.5 mol %), 3.5 equiv of TMEDA, H2O (12 mL/mmol), 120 �C, 15 h.
b Yield of isolated product.
c Cu(OAc)2$H2O (12 mol %) was used instead of CuI.

N. Barbero et al. / Tetrahedron 64 (2008) 7283–7288 7285
entry 1 vs entry 16, entry 14 vs entry 18). Surprisingly, with the
exception of the 4-methoxy group (Table 2, entry 6), no clear trend
towards activation by electron-donating or electron-withdrawing
groups on the bromoarene moiety was observed. For example,
depending on the N1-substituent, the presence of 4-methyl group
increases or decreases the yields in comparison with non-
substituted substrates (Table 2, entries 2 and 10 vs entries 1 and 9,
respectively). In order to test the need of substitution at N1, 2-
bromophenylurea 1t was subjected to the optimized reaction
conditions affording unreacted material (Table 2, entry 20). This
result suggests that only by using N1-substituted (alkylated or
arylated) ureas the reaction can proceed, a behaviour already
glimpsed in the previous report by McLaughlin et al.11a on palla-
dium-catalyzed amidations of N-alkylated ureas, and probably
caused by a competition between two amide-type nucleophiles in
the transmetallation or halide displacement step of the catalytic
cycle. In spite of the latter limitation, a number of interesting fea-
tures of the presented procedure should be pointed out such as its
reproducibility, its scalability to multigram quantities and the ready
separation of the reaction products from the catalyst containing
aqueous mixture, effected by simple extraction with dichloro-
methane or diethyl ether.

Finally, an additional experiment was conducted in order to
provide some light on N- and O-arylation as competitive processes
in this system. Thus, N-benzoylated 2-bromoarylurea 3 was sub-
jected to the same reaction conditions, and instead of the corre-
sponding benzoimidazolone 2u, which could not be detected,
2-phenylbenzo[d]oxazole 4 was isolated as the main product (46%).
Thus, it could be concluded that when the intramolecular O- and
N-arylation reactions are both potentially feasible, the former takes
place preferentially over N-arylation, although a common inter-
mediate 5 could be involved and the reaction outcome determined
by a marked difference in reductive elimination rates, as depicted in
the mechanistic proposal shown in Scheme 1.
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Scheme 1. Competitive formation of benzo[d]oxazole 4 and benzo[d]imidazolone 2u.
3. Conclusion

In summary, a highly efficient, general methodology for the
synthesis of benzo[d]imidazol-2-ones is presented, featuring as
the key step a copper-catalyzed intramolecular N-arylation of
N1-substituted 2-bromoarylureas. In addition to the simplicity of
the procedure, broad scope and the low cost of the starting mate-
rials, reagents and catalysts employed, it must be outlined that this
reaction is conducted for the first time in such a benign, safe and
inexpensive solvent as water. Furthermore, considering that al-
though CuI provides the best results in this novel protocol, other
copper salts (CuCl, CuBr, Cu(OAc)2$H2O, Cu(OTf)2 and Cu(ClO4)2$

6H2O) can be used with similar efficiency, this method could be
easily transferred to industrial applications.

4. Experimental section

4.1. General remarks

All reagents and solvents were purchased and used without
further purification. 1H and 13C NMR spectra were recorded in
CDCl3 solution in a Bruker AC-250, AC-300 and AC-500. Chemical
shifts are reported in parts per million downfield (d) from Me4Si. IR
spectra were recorded on a Perkin–Elmer 1600 FT infrared spec-
trophotometer and only noteworthy absorptions are listed. Melting
points were determined in a capillary tube and are uncorrected. TLC
was carried out on SiO2 (silica gel 60 F254, Merck), and the spots
were located with UV light. Flash chromatography was carried out
on SiO2 (silica gel 60, Merck, 230–400 mesh ASTM). Drying of
organic extracts after work-up of reactions was performed over
anhydrous Na2SO4. Evaporation of solvents was accomplished with
a Büchi rotatory evaporator. HRMS were measured using a Waters
GCT Mass Spectrometer.
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4.1.1. 1-Benzyl-1,3-dihydrobenzoimidazol-2-one (2a): typical
procedure

A screw-capped tube was charged with 1-benzyl-1-(2-bromo-
phenyl)urea 1a (108.2 mg, 0.329 mmol), CuI (5.2 mg, 0.028 mmol),
TMEDA (0.17 mL, 1.15 mmol) and water (3.9 mL) at room temper-
ature. After closing, the tube was heated to 120 �C for 15 h, allowed
to cool to room temperature and the resulting mixture was
extracted with CH2Cl2. The organic layers were dried over anhy-
drous sodium sulfate and concentrated in vacuo to give an oily
residue, which was purified by flash chromatography (20% hexane/
EtOAc), providing benzoimidazolone 2a (69.7 mg, 87%) as a white
powder. Mp: 185–186 �C (hexane), lit.12 187–189 �C. HRMS (EI):
calculated for C14H12N2O, 224.0950; found, 224.0939.

4.1.2. 1-Benzyl-5-methyl-1,3-dihydrobenzoimidazol-2-one (2b)
The same procedure was applied to 1-benzyl-1-(2-bromo-4-

methylphenyl)urea 1b (68.0 mg, 0.21 mmol) and CuI (3.8 mg,
0.020 mmol) to provide 2b (40.9 mg, 80%) as a white powder.11a

Mp: 170–172 �C (hexane); IR (KBr) (n, cm�1) 3026 (NH), 1702 (CO);
MS (EI) m/z: 239 (Mþ1, 4), 238 (M, 98), 91 (100).

4.1.3. 1-Benzyl-5-fluoro-1,3-dihydrobenzoimidazol-2-one (2c)
The same procedure was applied to 1-benzyl-1-(2-bromo-4-

fluorophenyl)urea 1c (104.9 mg, 0.43 mmol) and CuI (5.3 mg,
0.028 mmol) to provide 2c (58.1 mg, 74%) as a white powder.11a Mp:
151–152 �C (hexane); IR (KBr) (n, cm�1) 3120 (NH), 1710 (CO); MS
(EI) m/z: 243 (Mþ1, 3), 242 (M, 70), 91 (100).

4.1.4. 1-Benzyl-5,7-difluoro-1,3-dihydrobenzoimidazol-2-one (2d)
The same procedure was applied to 1-benzyl-1-(2-bromo-4,6-

difluorophenyl)urea 1d (94.6 mg, 0.28 mmol) and CuI (4.7 mg,
0.024 mmol) to provide 2d (37.2 mg, 51%) as a white powder. Mp:
160–161 �C (hexane); IR (KBr) (n, cm�1) 3132 (NH),1710 (CO); 1H NMR
(300 MHz, DMSO-d6) (d, ppm): 5.01 (s, 2H, CH2), 6.76 (dd, J¼8.4,
1.6 Hz, 1H, Harom), 6.81–6.89 (m, 1H, Harom), 7.19–7.24 (m, 3H, Harom),
7.26–7.33 (m, 2H, Harom), 11.46 (br s, 1H, NH); 13C NMR (75 MHz,
DMSO-d6) (d, ppm): 44.9 (CH2), 93.9 (dd, J¼27.8, 3.7 Hz), 96.5 (dd,
J¼28.2, 23.1 Hz), 126.8, 127.6, 128.7 (CH), 113.7 (dd, J¼12.9, 2.2 Hz),
131.1 (dd, J¼14.9, 9.6 Hz),137.7,143.9 (dd, J¼245,14.5 Hz),154.5,158.7
(dd, J¼251,11.6 Hz, C); MS (EI) m/z: 261 (Mþ1, 5), 260 (M, 42), 91 (100).
HRMS (EI): calculated for C14H10F2N2O, 260.0761; found, 260.0762.

4.1.5. 1-Benzyl-6-nitro-1,3-dihydrobenzoimidazol-2-one (2e)
The same procedure was applied to 1-benzyl-1-(2-bromo-5-

nitrophenyl)urea 1e (80.6 mg, 0.23 mmol) and CuI (4.0 mg,
0.021 mmol) to provide 2e (49.4 mg, 79%) as a white powder. Mp:
228–229 �C (hexane); IR (KBr) (n, cm�1) 3084 (NH), 1526 and 1338
(NO2), 1702 (CO); 1H NMR (300 MHz, DMSO-d6) (d, ppm): 5.12 (s,
2H, CH2), 7.17 (d, J¼8.5 Hz, 1H, Harom), 7.21–7.52 (m, 5H, Harom),
7.93–7.97 (m, 2H, Harom), 11.77 (br s, 1H, NH); 13C NMR (75 MHz,
DMSO-d6) (d, ppm): 43.5 (CH2), 103.6, 108.6, 118.3, 127.4, 127.6,
128.8 (CH), 130.2, 134.4, 136.6, 141.6, 154.8 (C); MS (EI) m/z: 269 (M,
3), 239 (100), 148 (99), 91 (33). HRMS (EI): calculated for
C14H11N3O3, 269.0800; found, 269.0806.

4.1.6. 1-Benzyl-5-methoxy-1,3-dihydrobenzoimidazol-2-one (2f)
The same procedure was applied to 1-benzyl-1-(2-bromo-4-

methoxyphenyl)urea 1f (109.9 mg, 0.33 mmol) and CuI (5.1 mg,
0.026 mmol) to provide 2f (76.6 mg, 92%) as a white powder.12 Mp:
159–160 �C (hexane); IR (KBr) (n, cm�1) 3096 (NH), 1696 (CO); MS
(EI) m/z: 255 (Mþ1, 12), 254 (M, 100), 163 (64), 136 (18), 111 (13), 97
(22), 96 (12), 95 (15), 81 (22), 69 (38).

4.1.7. 1-(4-Methoxybenzyl)-1,3-dihydrobenzoimidazol-2-one (2g)
The same procedure was applied to 1-(2-bromophenyl)-1-(4-

methoxybenzyl)urea 1g (104.3 mg, 0.31 mmol) and CuI (4.8 mg,
0.025 mmol) to provide 2g (58.8 mg, 74%) as a white powder.11a

Mp: 174–176 �C (hexane); IR (KBr) (n, cm�1) 3143 (NH), 1696 (CO);
MS (EI) m/z: 255 (Mþ1, 5), 254 (M, 29), 121 (100), 78 (12).

4.1.8. 5-Methyl-1-(3-methoxybenzyl)-1,3-dihydrobenzoimidazol-
2-one (2h)

The same procedure was applied to 1-(2-bromo-4-methyl-
phenyl)-1-(3-methoxybenzyl)urea 1h (246.6 mg, 0.71 mmol) and
Cu(OAc)2 (18.8 mg, 0.094 mmol) to afford 2h (147.9 mg, 78%) as
a white powder. Mp: 145–146 �C (hexane); IR (KBr) (n, cm�1) 3108
(NH), 1696 (CO); 1H NMR (300 MHz, DMSO-d6) (d, ppm): 2.34 (s,
3H, CH3), 3.76 (s, 3H, OCH3), 5.06 (s, 2H, CH2), 6.73–6.81 (m, 3H,
Harom), 6.87–6.96 (m, 3H, Harom), 7.15–7.29 (m, 1H, Harom), 10.55 (br
s, 1H, NH); 13C NMR (75 MHz, DMSO-d6) (d, ppm): 21.3 (CH3), 44.4
(CH2), 55.1 (OCH3), 108.1, 110.4, 112.9, 113.0, 119.5, 121.8, 129.7 (CH),
127.9, 128.2, 131.5, 137.9, 156.1, 159.9 (C); MS (EI) m/z: 268 (M, 2),
121 (17), 95 (17), 81 (72), 69 (100). HRMS (EI): calculated for
C16H16N2O2, 268.1212; found, 268.1208.

4.1.9. 1-(4-Fluorobenzyl)-1,3-dihydrobenzoimidazol-2-one (2i)
The same procedure was applied to 1-(2-bromophenyl)-1-(4-

fluorobenzyl)urea 1i (114.0 mg, 0.35 mmol) and CuI (6.6 mg,
0.034 mmol) to afford 2i (53.5 mg, 62%) as a white powder. Mp:
170–172 �C (hexane); IR (film) (n, cm�1) 3190 (NH), 1690 (CO); 1H
NMR (300 MHz, CDCl3) (d, ppm): 5.07 (s, 2H, CH2), 6.87 (d, J¼
7.36 Hz, 1H, Harom), 6.93–7.11 (m, 4H, Harom), 7.14 (dd, J¼6.8, 1.7 Hz,
1H, Harom), 7.29–7.34 (m, 2H, Harom), 10.44 (br s, 1H, NH); 13C NMR
(75 MHz, CDCl3) (d, ppm): 43.8 (CH2), 109.1 (d, J¼11.9 Hz), 115.5,
115.8, 121.6 (d, J¼34.7 Hz), 120.0, 129.1 (CH), 128.0, 129.9, 131.9 (d,
J¼3.2 Hz), 155.8, 162.3 (d, J¼246.2 Hz, C); MS (EI) m/z: 243 (Mþ1, 4),
242 (M, 46), 109 (100), 83 (7). HRMS (EI): calculated for C14H11FN2O,
242.0855; found, 242.0858.

4.1.10. 1-(4-Fluorobenzyl)-4-methyl-1,3-dihydrobenzoimidazol-
2-one (2j)

The same procedure was applied to 1-(2-bromo-4-methyl-
phenyl)-1-(4-fluorobenzyl)urea 1j (100.2 mg, 0.28 mmol) and CuI
(4.8 mg, 0.025 mmol) to afford 2j (70.6 mg, 92%) as a white powder.
Mp: 182–183 �C (hexane); IR (film) (n, cm�1) 3143 (NH), 1696 (CO);
1H NMR (300 MHz, CDCl3) (d, ppm): 2.35 (s, 3H, CH3), 5.05 (s, 2H,
CH2), 6.71–6.83 (m, 2H), 6.96–7.02 (m, 3H), 7.26–7.32 (m, 2H), 10.15
(br s, 1H, NH); 13C NMR (75 MHz, CDCl3) (d, ppm): 21.3 (CH3), 43.8
(CH2), 109.2 (d, J¼18. 7 Hz), 115.5, 115.8, 121.9, 127.9 (d, J¼29.0 Hz,
CH), 129.0 (d, J¼8.2 Hz), 131.6, 132.0, 132.1, 155.8, 162.2 (d,
J¼246.1 Hz, C0); MS (EI) m/z: 257 (Mþ1, 3), 256 (M, 35), 137 (12), 121
(12), 109 (88), 95 (18), 83 (12), 81 (54), 69 (100). HRMS (EI):
calculated for C15H13FN2O, 256.1012; found, 256.1003.

4.1.11. 1-(2-Naphthylmethyl)-1,3-dihydrobenzoimidazol-2-one (2k)
The same procedure was applied to 1-(2-bromophenyl)-1-(2-

naphthylmethyl)urea 1k (104.7 mg, 0.29 mmol) and CuI (5.2 mg,
0.027 mmol) to afford 2k (58.2 mg, 72%) as a white powder. Mp:
192–193 �C (hexane); IR (KBr) (n, cm�1) 3155 (NH), 1690 (CO); 1H
NMR (300 MHz, DMSO-d6) (d, ppm): 5.17 (s, 2H, CH2), 6.89–7.05 (m,
4H, Harom), 7.44–7.49 (m, 3H, Harom), 7.82–7.91 (m, 4H, Harom), 11.02
(br s, 1H, NH); 13C NMR (75 MHz, DMSO-d6) (d, ppm): 43.6 (CH2),
108.2, 109.0, 120.7, 121.1, 125.6, 125.9, 126.1, 126.5, 127.6, 127.7, 128.5
(CH), 128.5, 130.1, 132.4, 132.9, 134.8, 154.5 (C); MS (EI) m/z: 275
(Mþ1, 1), 274 (M, 16), 141 (100); HRMS (EI): calculated for
C18H14N2O, 274.1106; found, 274.1101.

4.1.12. 1-(Ethyl)-1,3-dihydrobenzoimidazol-2-one (2l)
The same procedure was applied to 1-(2-bromophenyl)-1-

(ethyl)urea 1l (54.4 mg, 0.22 mmol) and CuI (4.0 mg, 0.021 mmol)
to afford 2l (25.8 mg, 71%) as a white powder. Mp: 111–112 �C
(hexane), lit.15 117–118 �C (EtOH); IR (film) (n, cm�1) 3190 (NH),
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1684 (CO); 1H NMR (300 MHz, DMSO-d6) (d, ppm): 1.18 (t, J¼7.1 Hz,
3H, CH3), 3.81 (q, J¼7.0 Hz, 2H, CH2), 6.88–7.05 (m, 3H, Harom), 7.11
(d, J¼5.7 Hz, 1H, Harom), 10.81 (br s, 1H, NH); 13C NMR (75 MHz,
DMSO-d6) (d, ppm): 13.6 (CH3), 34.7 (CH2), 107.7, 108.8, 120.6, 120.8
(CH), 128.4, 129.9, 154.0 (C); MS (EI) m/z: 163 (Mþ1, 1), 162 (16), 147
(15), 119 (14), 84 (10); HRMS (EI): calculated for C9H10N2O,
162.0793; found, 162.0793.

4.1.13. 1-(Butyl)-1,3-dihydrobenzoimidazol-2-one (2m)
The same procedure was applied to 1-(2-bromophenyl)-1-

(ethyl)urea 1m (138.9 mg, 0.51 mmol) and CuI (8.5 mg,
0.044 mmol) to afford 2m (58.8 mg, 60%) as a white powder. Mp:
132–134 �C (hexane); IR (film) (n, cm�1) 3178 (NH), 1696 (CO); 1H
NMR (300 MHz, CDCl3) (d, ppm): 0.97 (t, J¼7.3 Hz, 3H, CH3), 1.36–
1.48 (m, 2H, CH2), 1.71–1.81 (m, 2H, CH2), 3.91 (t, J¼7.3 Hz, 2H, CH2),
7.00 (dd, J¼5.8, 3.2 Hz, 1H, Harom), 7.04–7.09 (m, 2H, Harom), 7.13–
7.19 (m, 1H, Harom), 10.93 (br s, 1H, NH); 13C NMR (75 MHz, CDCl3)
(d, ppm): 13.7 (CH3), 20.0, 30.4, 40.5 (CH2), 107.7, 109.7, 120.9,
121.2 (CH), 128.2, 130.0, 156.0 (C); MS (EI) m/z: 191 (Mþ1, 2), 190 (M,
62), 173 (19), 148 (34), 134 (100), 119 (58), 106 (13). HRMS (EI):
calculated for C11H14N2O, 190.1106; found, 190.1098.

4.1.14. 1-(Butyl)-4-(trifluoromethyl)-1,3-dihydrobenzoimidazol-2-
one (2n)

The same procedure was applied to 1-(2-bromo-4-trifluoro-
methylphenyl)-1-(butyl)urea 1n (133.4 mg, 0.39 mmol) and CuI
(7.1 mg, 0.037 mmol) to afford 2n (81.0 mg, 80%) as a white powder.
Mp: 115–116 �C (hexane); IR (film) (n, cm�1) 3155 (NH), 1708 (CO);
1H NMR (300 MHz, CDCl3) (d, ppm): 00.97 (t, J¼7.4 Hz, 3H, CH3),
1.29–1.53 (m, 2H, CH2), 1.55–1.97 (m, 2H, CH2), 3.92 (t, J¼7.3 Hz, 2H,
CH2), 7.05 (d, J¼8.2 Hz, 1H, Harom), 7.36 (d, J¼8.2 Hz, Harom), 7.40 (s,
1H, Harom), 11.13 (br s, 1H, NH); 13C NMR (75 MHz, CDCl3) (d, ppm):
13.6 (CH3), 20.0, 30.4, 40.9 (CH2), 107.0 (q, J¼3.7 Hz), 107.6, 118.6 (q,
J¼3.8 Hz), 123.7 (q, J¼238.9 Hz, CF3), 125.6, 128.1, 132.8, 156.2 (C);
MS (EI) m/z: 259 (Mþ1, 1), 258 (M, 26), 241 (17), 216 (33), 215 (40),
202 (100), 187 (47). HRMS (EI): calculated for C12H13F3N2O,
258.0980; found, 258.0984.

4.1.15. 1-(Allyl)-1,3-dihydrobenzoimidazol-2-one (2o)
The same procedure was applied to 1-allyl-1-(2-bromophenyl)-

urea 1o (100.0 mg, 0.39 mmol) and CuI (7.2 mg, 0.037 mmol) to
afford 2o (48.3 mg, 71%) as a white powder.12 Mp: 79–80 �C
(hexane); IR (film) (n, cm�1) 3143 (NH), 1696 (CO); MS (EI) m/z: 175
(Mþ1, 4), 174 (M, 100), 133 (25), 131 (13), 119 (18), 106 (22).

4.1.16. 1-(Phenyl)-1,3-dihydrobenzoimidazol-2-one (2p)
The same procedure was applied to 1-(2-bromophenyl)-1-

(phenyl)urea 1p (98.8 mg, 0.34 mmol) and Cu(OAc)2 (9.2 mg,
0.046 mmol) to afford 2p (49.2 mg, 69%) as a white powder. Mp:
187–188 �C (hexane), lit.16 200–202 �C (benzene); IR (film) (n,
cm�1) 3143 (NH),1702 (CO); 1H NMR (300 MHz, DMSO-d6) (d, ppm):
6.85–7.17 (m, 2H, Harom), 7.34–7.45 (m, 2H, Harom), 7.43–7.69 (m, 5H,
Harom), 11.16 (br s, 1H, NH); 13C NMR (75 MHz, DMSO-d6) (d, ppm):
108.2, 109.2, 121.0, 121.9, 126.0, 127.4, 129.5 (CH), 128.5, 130.1,
134.6, 153.3 (C); MS (EI) m/z: 211 (Mþ1, 5), 210 (m, 100), 181 (37),
168 (11), 84 (10), 66 (11). HRMS (EI): calculated for C13H10N2O,
210.0793; found, 210.0792.

4.1.17. 1-Phenyl-5-fluoro-1,3-dihydrobenzoimidazol-2-one (2q)
The same procedure was applied to 1-(2-bromo-4-fluoro-

phenyl)-1-(phenyl)urea 1q (80.7 mg, 0.22 mmol) and Cu(OAc)2$

H2O(7.0 mg, 0.036 mmol) to afford 2q (34.0 mg, 57%) as a white
powder. Mp: 211–212 �C (hexane); IR (KBr) (n, cm�1) 3414 (NH),
1655 (CO); 1H NMR (300 MHz, DMSO-d6) (d, ppm): 6.73–6.80 (m,
1H, Harom), 6.89 (d, J¼2.37 Hz, 1H, Harom), 6.90–7.01 (m, 1H, Harom),
7.33–7.50 (m, 1H, Harom), 7.51–7.62 (m, 4H, Harom), 10.57 (br s, 1H,
NH); 13C NMR (75 MHz, DMSO-d6) (d, ppm): 98.2 (d, J¼28.5 Hz),
108.1 (d, J¼24.2 Hz), 109.2 (d, J¼9.3 Hz), 126.1, 128.0, 129.7 (CH),
126.4, 129.1 (d, J¼21.6 Hz), 134.3, 153.4 (C), 158.1 (d, J¼235.3 Hz, C);
MS (EI) m/z: 229 (Mþ1, 2), 228 (M, 26), 199 (13), 137 (12), 121 (11),
95 (18), 83 (11), 81 (56), 69 (100). HRMS (EI): calculated for
C13H9FN2O, 228.0699; found, 228.0701.

4.1.18. 1-Phenyl-5-(trifluoromethyl)-1,3-dihydrobenzoimidazol-2-
one (2r)

The same procedure was applied to 1-(2-bromo-4-trifluoro-
methylphenyl)-1-(phenyl)urea 1r (104.0 mg, 0.29 mmol) and CuI
(4.6 mg, 0.024 mmol) to afford 2r (43.9 mg, 44%) as a white powder.
Mp: 215–216 �C (hexane); IR (film) (n, cm�1) 3132 (NH), 1708 (CO);
1H NMR (300 MHz, DMSO-d6) (d, ppm): 7.11 (d, J¼7.8 Hz, 1H,
Harom), 7.26 (s, 1H), 7.35 (dd, J¼16.4, 9.0 Hz, 1H, Harom), 7.45–7.67
(m, 5H, Harom), 10.09 (br s, 1H, NH); 13C NMR (75 MHz, DMSO-d6) (d,
ppm): 106.1 (q, J¼3.65 Hz), 108.7, 118.8 (q, J¼4.1 Hz), 126.6, 128.4,
130.0 (CH), 122.7 (q, J¼31.9 Hz), 125.1 (q, J¼271.3 Hz, CF3), 129.2,
133.6, 134.3, 153.8 (C); MS (EI) m/z: 279 (Mþ1, 3), 278 (M, 100), 249
(25). HRMS (EI): calculated for C14H9F3N2O, 278.0667; found,
278.0674.

4.1.19. 1-(4-Chlorophenyl)-1,3-dihydrobenzoimidazol-2-one (2s)
The same procedure was applied to 1-(2-bromophenyl)-1-(4-

chlorophenyl)urea 1s (96.7 mg, 0.30 mmol) and CuI (4.9 mg,
0.025 mmol) to afford 2s (47.1 mg, 57%) as a white powder. Mp:
206–208 �C (hexane); IR (KBr) (n, cm�1) 3131 (NH), 1702 (CO); 1H
NMR (300 MHz, DMSO-d6) (d, ppm): 6.97–7.05 (m, 2H, Harom), 7.04–
7.11 (m, 2H, Harom), 7.48–7.73 (m, 4H, Harom), 11.21 (br s, 1H, NH); 13C
NMR (75 MHz, DMSO-d6) (d, ppm): 108.3, 109.4, 121.1, 122.1, 127.7,
129.5 (CH), 128.5, 129.7, 131.6, 133.6, 153.2 (C); MS (EI) m/z: 246
(Mþ2, 17), 245 (Mþ1, 6), 244 (M, 100), 181 (30), 167 (12). HRMS (EI):
calculated for C13H9Cl35N2O, 244.0403; found, 244.0401.

The same procedure was applied to 1-benzyl-1-(2-bromophen-
yl)urea 1a (20.00 g, 60.81 mmol), CuI (0.96 g, 5.17 mmol), TMEDA
(31.42 mL, 216.6 mmol) and water (720.9 mL) to provide the
corresponding benzoimidazolone 2a (12.83 g, 85%) as a white
powder.
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