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An inexpensive and efficient catalyst system has been developed for the N-arylation of phenylurea including a

variety of aryl halides. This simple protocol uses Cu2O as the catalyst, microwave assisted, solvent- and ligand-

free, K3PO4·H2O as the base.
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Introduction

N-Aryl- and N-heteroaryl-substituted ureas, common

pharmacophores in biologically active targets,1,2 are typical-

ly prepared by the coupling of amines with isocyanates,

active esters or activated carbamates. Traditional methods

for the synthesis of diarylureas include the reaction of

aromatic amines with isocyanates, phosgene or carbon

monoxide, which are highly toxic reagents.3,4 Recently, the

palladium-catalyzed arylation of amines (Buchwald-Hartwig

reaction)5 became a convenient and efficient method for C-N

bond formation. Even more recent expansions in the scope

of this method allowed one to perform arylation of amides,6-9

sulfonamides7,8 and ureas10 under rather mild conditions

tolerating various functional groups. One of the most

powerful ligands used in such palladium-catalyzed reactions

is Xantphos.7–10 However, the utility of this ligand is mainly

limited to the amidation of electrondeficient aryl halides.

Reactions with unactivated aryl halides usually require

higher catalyst loadings and give much lower product

yields.7-10 In many cases, especially when an electron

donating group like methoxy is present in the aryl halide, the

reaction fails.7,9 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,N'-diarylureas in moderate yields.

Although a significant number of cross-coupling metho-

dologies have been developed for N-arylation,12 few have

been applied to the N-arylation of ureas.13-17

It has been reported that electron poor aryl bromides are

suitable coupling partners for N-arylation of ureas.13 How-

ever, unactivated aryl bromides are less reactive.14 Aryl and

heteroaryl chlorides are generally more attractive from a cost

and availability perspective compared to their iodo or bromo

analogues. However, we have only found literature prece-

dent for urea coupling to 2-chloropyridine15 and intramole-

cular coupling with arylchlorides.16,17 In organic synthesis,

increasing attention is being focused on green chemistry18

using environmentally benign reagents and conditions;

specially solvent-free procedures19 which often lead to

clean, ecofriendly, and highly efficient protocols through the

simplified workups. The absence of solvent reduces the risk

of hazardous explosion when the reaction takes place in a

closed vessel. Moreover, aprotic dipolar solvents with high

boiling points are expensive and are difficult to remove from

the reaction mixtures. Thus, the development and intro-

duction of convenient methods which use green and non

hazardous reaction conditions are practically concerned and

is still demanded. Herein, we wish to report a microwave

assisted, solvent- and ligand-free Cu2O catalyzed N-arylation of

phenylurea with aryl halides.

Results and Discussion

Optimization the reaction conditions have in common the

use of organic solvents such as DMF, DMSO, nitrobenzene,

N-methylpyrrolidone (NMP), dioxane or toluene. These

solvents are all volatile and contribute to environmental

pollution as volatile organic contaminants (VOCs). Some of

the solvents are toxic. It is therefore desirable to see if these

reactions can be carried out under solvent-free conditions.

Microwave-assisted organic reactions have been applied to a

wide range of reaction types, including aromatic nucleo-

philic substitution, cycloaddition, and organometallic reac-

tions.20 It accelerates a variety of synthetic transformations

via time- and energy-saving protocols. We began the

preliminary investigation by examining microwave- assisted

ligand-free conditions for N-arylation of phenylurea with

aryl halides.21 In which we report Cu2O as a catalyst, t-

BuOK as a base and NMP as a solvent, but which was

applicable for aryl iodide only, Herein we report N-arylation

of phenylurea with aryl chloride, aryl bromide and aryl
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iodide. When the same reactions were conducted without the

solvent NMP, the reactions gave low yields and a very

exothermic (Table 1, entry 15). We then used potassium

phosphate tribase (K3PO4·H2O) instead of potassium tertiary

butoxide for the reaction as several reports described the use

of K3PO4 in C–N coupling reactions.7 The yields were

decreased when 1 equiv of K3PO4 was used (Table 1, entries

4 and 13). The reactions were quite convenient as only 20

min of microwave irradiation was required for 1 mmol scale

reaction. We report a solvent- and ligand-free copper

catalyzed N-arylation of phenylurea with aryl halides.

To establish the most efficient solvent- and ligand-free

catalyst system under microwave irradiation conditions,

various bases and copper sources were screened using the

coupling of iodobenzene (1a) with phenylurea (2a) as a

model reaction. The results are summarised in Table 1. All

experiments were initially performed with the N-arylation of

phenylurea (1 mmol) with iodobenzene (1.5 mmol) was

investigated with different bases and various Cu salts (20

mol %) at various temperatures for 40 minutes. Other copper

sources such as . CuI, CuSO4, CuO, CuBr2, CuBr, CuCl,

Cu(OAc)2 catalyzed the coupling reaction, but the yields of

product were lower than with Cu2O (Table 1, entries 1-8).

Control experiments confirmed that neither with the base

alone (Table 1, entry 9) nor in the presence of copper only

(Table 1, entry 10) was the N-arylated phenylurea product

formed. The yields of product decreased when reducing or

elevating reaction temperatures and amount of catalyst Cu2O

Table 1. Cu/solvent-ligand-free catalyzed N-arylation of phenylurea
and iodobenzene

Entry Cu-salt (20 mol %) Base Yield (%)a

1 CuI K3PO4·H2O 65

2 CuSO4 K3PO4·H2O 40

3 CuO K3PO4·H2O 35

4 Cu2O K3PO4·H2O 90

5 CuBr2 K3PO4·H2O 50

6 CuBr K3PO4·H2O 70

7 CuCl K3PO4·H2O 75

8 Cu(OAc)2 K3PO4·H2O 45

9 - K3PO4·H2O 0

10 Cu2O - 0

11 Cu2O K3PO4·H2O 70b

12 Cu2O K3PO4·H2O 82c

13 Cu2O K3PO4·H2O 70d

14 Cu2O K3PO4·H2O 55e

15 Cu2O K2CO3 60

16 Cu2O t-BuOK 40

17 Cu2O Cs2CO3 70

18 Cu2O DBU 30

19 Cu2O TEA 25

aIsolated yields. btemperature was 140 °C. cCu2O was 10 mol %.
dK3PO4.H2O was 1.0 mmol. econventional heating at 120 °C.

Table 2. The copper-catalyzed N-arylation of phenylurea with aryl
halide in the presence of K3PO4.H2O for 40 min in MWa

Sr.No. Aryl halide Producta Yield (%)b

1 90

2 88

3 85

4 93

5 80

6 80

7 68

8 65

9 75

10 80

11 63

12 73

13 70

14 55

15 50

16 55

17 65

18 45

19 40
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(Table 1, entries 4, 11 and 12). The reaction was carried out

by conventional heating but yield was very low as compared

to microwave heating (Table 1, entry 14). The reactions

using K3PO4.H2O as the base gave the desired product in

good yields (compare Table 1, entries 4 and 15-19).

The optimal results were obtained when phenylurea (1.0

mmol), aryl halide (1.5 mmol) and K3PO4·H2O (2.0 mmol)

as a base were allowed to react with 20 mol % of Cu2O

stirred at 120 °C for 40 min in a microwave. The product

was characterized on the basis of its spectral data and by

comparison of its melting point with the literature.21-27

To probe the effectiveness of this Cu-catalyzed protocol, a

variety of ortho, meta, and para-substituted aryl halides were

coupled with phenylurea under the optimized conditions. As

shown in Table 2, the desired amination products of aryl

bromides and iodides were obtained in good to excellent

yields (Table 2, entries 1-6 and 7-14), while the coupling

reactions for aryl chlorides provided low yields (Table 2,

entries 15-22). Aryl iodides showed a higher reactivity than

aryl bromides and aryl chlorides in the coupling reactions.

Reaction of the bulky aryl halides 1-iodonaphthalene with

phenylurea gave N-(1-naphthyl)-N'-phenylurea in a good

yield (Table 1, entry 6). In addition, The substrate possessing

electron withdrawing substituent such as CF3, in the meta

position (Table 2, entry 12), fluorine, nitro in the para

position (Table 2, entries 9 and 10) were obtained in

excellent yields. Aryl halides containing electron-donating

groups provided slightly low yields (compare Table 2,

entries 1 and 5, 15 and 20). Reaction of heteroaryl halides

gave good yield (Table 2, entries 13, 14 and 22).

In summary, copper-catalyzed N-arylation of phenylurea

with various aryl halides can be performed under micro-

wave-assisted solvent- and ligand-free conditions providing

the corresponding coupling products in moderate to high

yields. Therefore, high yields, quick reaction times, simple

reaction procedure and workup as well as the benefits of

solvent-free reaction conditions are the advantages which

make this protocol a useful addition to the present metho-

dologies.

Experimental

All reagents and solvents were purchased and used

without further purification. 1H ad 13C NMR spectra were

recorded in DMSO solution on either 101 MHz or 400 MHz

spectrometer. NMR chemical shifts were reported in δ (ppm)

using the δ 2.54 signal of DMSO (1H NMR) and the δ 39.94

signal of DMSO (13C NMR) as internal standards. Micro-

wave reactions were performed on a Biotage microwave

reactor. 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, 100-200 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. 

General Procedure for N-arylation of Aryl Ureas. A

Biotage vial of 0.5-2.0 mL was filled with the substituted

phenylurea (1.0 mmol), Phenyl Iodide (1.5 mmol), K3PO4·H2O

(2.0 mmol), Cu2O (20 mol %). The vial was degassed with

N2, sealed, and irradiated at 120 °C for 40 min. Once cooled,

the reaction mixture was quenched with water, extracted

with ethyl acetate and dried over anhydrous MgSO4. The

solvents were removed under vacuum and the residue was

purified by silica gel chromatography. The identity and

purity of the known products was confirmed by 1H and 13C

NMR spectroscopic analysis, and the new products were

fully characterized.

Spectral Analysis.

1, 3-Diphenylurea (Carbanilide) (3a): White solid in

90% isolated yield; mp 237.5 °C; 1H NMR (400 MHz,

DMSO) δ 8.63 (s, 2H), 7.45 (d, J = 8.6, Hz, 4H), 7.27 (t, J =

7.9 Hz, 4H), 6.96 (t, J = 7.3 Hz, 2H). 13C NMR (101 MHz,

DMSO) δ 151.9, 139.1, 128.2, 121.3, 117.7. HRMS (EI,

m/z) calcd. for C13H12N2O (M+) 212.25, found 212.21.

N-(4-Fluorophenyl)-N'-phenyl-urea (3d): White solid in

93 % isolated yield; mp 240-242 °C.
1H NMR (300 MHz, DMSO) δ 8.68 (s, 1H), 8.64 (s, 1H),

7.41-7.52 (m, 4H), 7.27 (t, J = 7.9 Hz, 2H), 7.06-7.17 (m,

2H), 6.92-7.01 (m, 1H). 13C NMR (300 MHz, DMSO) δ

159.35, 156.2, 153.07, 140.07, 136.45, 136.42, 129.2,

122.28, 120.46, 120.36, 118.69, 115.83, 115.54. HRMS (EI,

m/z) calcd. for C13H11FN2O (M+) 230.24, found 230.22.

N-(4-Methylphenyl)-N'-phenyl-urea (3h): White solid

in 65% isolated yield; mp 219-220 °C (lit. 222-223 °C); 1H

NMR (400 MHz, DMSO) δ 8.58 (s, 1H), 8.52(s, 1H), 7.43

(d, J = 8.6 Hz, 2H), 7.32 (d, J = 8.4 Hz, 2H), 7.25 (t, J = 7.9

Hz, 2H), 7.07 (d, J = 8.6 Hz, 2H), 6.94 (t, J = 7.3 Hz, 1H),

2.24 (s, 3H). 13C NMR (101 MHz, DMSO) δ 151.9, 139.2,

136.5, 130.1, 128.6, 128.2, 121.2, 117.8, 117.6, 20.4. HRMS

(EI, m/z) calcd. for C14H14N2O (M+) 226.28, found 226.30.

N-(3-Trifluoromethylphenyl)-N'-phenyl-urea (3l): White

solid in 73% isolated yield; mp 203-205 °C; 1H NMR (300

MHz, DMSO): δ 9.02 (s, 1H), 8.77 (s, 1H), 8.00 (s, 1H),

7.40-7.61 (m, 4H), 7.23-7.37 (m, 3H), 6.92-7.07 (m, 1H).

Table 2. Continued

Sr.No. Aryl halide Producta Yield (%)b

20 40

21 35

22 56

aReaction condition: phenylurea (1.0 mmol), aryl halide (1.5 mmol),
Cu2O (20 mol %) and base K3PO4·H2O (2.0 mmol), 120 °C, MW, x = I.
Time 20 min and x = Cl, Br. Time 40 min. bYield of isolated product after
flash chromatography
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13C NMR (300 MHz, DMSO): δ 152.9, 141.0, 139.7, 130.4,

130.1, 129.2, 122.6, 122.2, 118.9, 118.6, 118.5, 114.5. HRMS

(EI, m/z) calcd. for C14H11F3N2O (M+) 280.25, found 280.27.

N-(3-Pyridinyl)-N'-phenyl-urea (3n): White solid in

55% isolated yield; mp 164-166 °C; 1H NMR (400 MHz,

DMSO) δ 8.83 (s, 1H), 8.79 (s, 1H), 8.18 (d, J = 3.5 Hz, 1H),

7.93 (ddd, J = 1.5, 2.5, 8.3 Hz, 1H), 7.49-7.41 (m, 2H), 7.34-

7.24 (m, 3H), 6.98 (t, J = 7.3 Hz, 1H). 13C NMR (101 MHz,

DMSO) δ 151.9, 142.2, 139.5, 138.8, 135.9, 128.3, 124.6,

123.1, 121.6, 117.9. HRMS (EI, m/z) calcd. for C12H11N3O

(M+) 213.24, found 213.26.

N-(4-Methoxyphenyl)-N'-phenyl-urea (3r): White solid

in 45% isolated yield; mp 195-196 °C (lit. 193-194 °C); 1H

NMR (400 MHz, DMSO) δ 8.54 (s, 1H), 8.43 (s, 1H), 7.42

(d, J = 8.7 Hz, 2H), 7.34 (d, J = 9.1 Hz, 2H), 7.25 (t, J = 7.9

Hz, 2H), 6.93 (t, J = 7.3 Hz, 1H), 6.85 (d, J = 9.1 Hz, 2H),

3.71 (s, 3H). 13C NMR (101 MHz, DMSO) δ 153.8, 152.1,

139.3, 132.2, 128.2, 121.1, 119.5, 117.6, 113.5, 55.0). HRMS

(EI, m/z) calcd. for C14H14N2O2 (M
+) 243.28, found 243.31.

N-(2-Methylphenyl)-N'-phenyl-urea (3s): White solid in

40% isolated yield; mp 199-200 °C (lit. 201-203); 1H NMR

(400 MHz, DMSO) δ 8.99 (s, 1H), 7.90 (s, 1H), 7.83 (dd, J =

1.1, 8.1 Hz, 1H), 7.45 (dt, J = 1.6, 8.7 Hz, 3H), 7.30-7.24 (m,

3H), 7.18-7.10 (m, J = 7.6, 15.5 Hz, 3H), 6.99-6.90 (m, 2H),

2.24 (s, 3H). 13C NMR (101 MHz, DMSO) δ 152.0, 139.3,

136.8, 129.6, 128.3, 126.9, 125.6, 122.1, 121.2, 120.5,

117.5, 18.0). HRMS (EI, m/z) calcd. for C14H14N2O (M+)

226.28, found 226.28.

N-(4-Pyridinyl)-N'-phenyl-urea (3v): White solid in

56% isolated yield; mp 181-183 °C (lit. 184 °C); 1H NMR

(300 MHz, DMSO): δ 9.15 (s, 1H), 8.89 (s, 1H), 8.36 (d, J =

5.5, 2H), 7.39-7.48 (m, 4H), 7.27-7.33 (m, 2H), 6.99-7.05

(m, 1H). 13C NMR (300 MHz, DMSO): δ 151.5, 149.5,

145.9, 138.5, 128.3, 121.9, 118.1, 111.8. HRMS (EI, m/z)

calcd. for C12H11N3O (M+) 213.24, found 213.24.
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