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Efficient copper-catalyzed N-arylations of nitrogen-containing heterocycles
and aliphatic amines in water†
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A simple and efficient copper-catalyzed method has been developed for N-arylations of
nitrogen-containing heterocycles and aliphatic amines in water. The protocol uses
(1E,2E)-oxalaldehyde dioxime (OADO) as the ligand, and water as the solvent, and shows good
tolerance towards various functional groups.

Introduction

The formation of transition metal catalyzed carbon–nitrogen
bonds via cross-coupling reactions plays an important role in
the preparation of numerous important products in biological,
pharmaceutical and material sciences.1 The copper-catalyzed
Ullmann-type reaction2 is a traditional method to assemble
these compounds. For a long time, high reaction temperatures,
stoichiometric amounts of copper reagents and low tolerance
of functional groups prevented further development of these
methods.4a However, significant achievements in the palladium-
catalyzed N-arylation of amines have been made under mild
conditions.3 Considering the readily availability and low toxicity
of copper catalysts and their ligands, the development of a
cheaper copper-catalyzed system enabling N-arylation of amines
has become an important goal. In the past decade, great progress
in the copper-catalyzed Ullmann-type reaction has been made,
which has relied on the utilization of certain bidentate additives.4

Water is the most economical and environmentally friendly
solvent possible,5 and the wide applications of N-arylated
compounds in many fields have stimulated researches into the
development of new strategies for their synthesis in water.
However, synthesis of organic molecules in water entails the
additional challenges of water tolerance for the catalyst/ligand
systems and the associated problems of substrate solubility and
reactivity.6 Recently, Zhou and co-workers reported copper-
catalyzed N-arylation of imidazoles in water, but the ligands
were not readily available, and scope of substrates was limited.7

In continuation of our endeavors to develop copper-catalyzed
cross couplings in organic solvents8 and in aqueous media,9

herein we report a simple, practical and efficient copper-
catalyzed N-arylation of nitrogen-containing heterocycles and
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aliphatic amines using readily available (1E,2E)-oxalaldehyde
dioxime (OADO) as the ligand, and environmentally benign
water as the solvent.

Results and discussion

Copper-catalyzed N-arylations of nitrogen-containing
heterocycles in water

As shown in Table 1, 1-chloro-4-iodobenzene and 1H-imidazole
were chosen as the model substrates to optimize reaction con-
ditions including catalysts, ligands and bases under a nitrogen
atmosphere. Six ligands were tested using 10 mol% of CuBr
as the catalyst, 10 mol% of tetrabutylammonium bromide as
the phase transfer catalyst (PTC) and 2 equiv of NaOH as
the base (relative to the amount of 1-chloro-4-iodobenzene)
in water at 100 ◦C (entries 1–6), ligand (1E,2E)-oxalaldehyde
dioxime (OADO) providing the highest yield (entry 6). No target
product was observed in the absence of ligand (entry 7). Other
bases, KOH (entry 8), CsOH (entry 9) and K3PO4 (entry 10),
were investigated, and NaOH showed better activity (compare
entries 6 and 8–10). Lower reaction temperatures led to lower
yields (entries 11 and 12). Copper salts were screened (compare
entries 6 and 13–17), and CuCl was found be the best (entry
14). The ratio of catalyst, ligand and phase transfer catalyst was
varied, and the catalyst system using 5 mol% CuCl, 10 mol%
OADO, 10 mol% tetrabutylammonium bromide and 2 equiv
NaOH found to be optimal at 100 ◦C.

As shown in Table 2, we attempted the coupling reactions
of various aryl halides with nitrogen-containing heterocycles
in water under our standard conditions, and the examined
substrates provided the corresponding target products in good
to excellent yields. For aryl halides, substrates containing
electron-withdrawing groups showed higher activity than those
containing electron-donating groups, and the reactivity order
of the aryl halides was iodides > bromides > chlorides. For
example, the coupling reaction of 1-bromo-3-iodobenzene with
1H-pyrrole yielded the target product (3d) containing bromine
on the benzene ring (entry 4). The aryl chloride showed low
reactivity; however, addition of KI promoted the reaction. For
example, cross-coupling of 1-chloro-3-nitrobenzene (1n) with
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Table 1 Copper-catalyzed coupling of 1-chloro-4-iodobenzene with 1H-imidazole: optimization of conditionsa

Entry Catalyst (mol%) Ligand (mol%) nBu4NBr (mol%) Base Temp. (◦C) Yield (%)b

1 CuBr (10) A (20) 10 NaOH 100 51
2 CuBr (10) B (20) 10 NaOH 100 32
3 CuBr (10) C (20) 10 NaOH 100 21
4 CuBr (10) D (20) 10 NaOH 100 78
5 CuBr (10) E (20) 10 NaOH 100 70
6 CuBr (10) F (20) 10 NaOH 100 89
7 CuBr (10) — 10 NaOH 100 0
8 CuBr (10) F (20) 10 KOH 100 82
9 CuBr (10) F (20) 10 CsOH 100 81
10 CuBr (10) F (20) 10 K3PO4 100 77
11 CuBr (10) F (20) 10 NaOH 25 0
12 CuBr (10) F (20) 10 NaOH 60 43
13 CuI (10) F (20) 10 NaOH 100 89
14 CuCl (10) F (20) 10 NaOH 100 92
15 CuSO4 (10) F (20) 10 NaOH 100 73
16 Cu(OAc)2 (10) F (20) 10 NaOH 100 64
17 Cu2O (2.5) F (10) 10 NaOH 100 59
18 CuCl (10) F (20) — NaOH 100 0
19 CuCl (10) F (20) 5 NaOH 100 91
20 CuCl (5) F (10) 10 NaOH 100 92

a Reaction conditions: 1-chloro-4-iodobenzene (1 mmol), 1H-imidazole (1.2 mmol), catalyst (0.1 mmol), base (2 mmol), water (1.5 mL), nitrogen
atmosphere, 24 h. b Isolated yield.

1H-imidazole (2a) provided 1-(3-nitrophenyl)-1H-imidazole
(3p) in 66% yield in the presence of 1 equiv of KI (entry 16).
2-Bromobenzoic acid (1m) exhibited high activity (97% yield)
(entry 15), and the results showed an ortho-substituent effect of
the carboxyl group.8r The N-arylations above tolerated various
functional groups, including C–Cl bonds (entries 1 and 2), a C–
F bond (entry 3), C–Br bonds (entries 4 and 13), nitro groups
(entries 8–10 and 16), a carbonyl (entry 11), a carboxyl (entry
15) and ether groups (entries 8 and 13).

Copper-catalyzed N-arylations of aliphatic amines in water

A similar optimization process was performed for copper-
catalyzed N-arylations of aliphatic amines in water. 1-Chloro-
4-iodobenzene and 3-aminopropanol were applied as the model
substrates to optimize reaction conditions including catalysts,
ligands and bases under nitrogen atmosphere. Four copper
salts (Cu2O, CuI, CuBr and CuCl) were investigated (entries
1–4), and CuBr was the most effective (entry 3). The other
ligands (D and F) were tested (entries 5 and 6), with OADO
displaying the highest activity (entry 6). Several bases were
compared (entries 6–9), and NaOH was found to be the best
choice (entry 6). Therefore, the optimal conditions for copper-
catalyzed N-arylations of aliphatic amines in water are as
follows: 5 mol% of CuBr as the catalyst, 10 mol% of OADO
as the ligand, 10 mol% of tetrabutylammonium bromide as the

phase transfer catalyst, and 2 equiv of NaOH as the base at
100 ◦C.

The scope of the reaction was investigated under our opti-
mized conditions. As shown in Table 4, most of the substrates
examined provided good to excellent yields at 100 ◦C. For
the aryl halides, the substrates containing electron-withdrawing
groups showed higher reactivity than those containing electron-
donating groups, and the reactivity order of the aryl halides was
iodides > bromides > chlorides. Aryl halides, even aryl chlorides
with a carboxyl group ortho to the halogen, all provided higher
yields (entries 12–15). In fact, aryl chlorides were previously
found to be poor substrates for copper-catalyzed Ullmann-
type couplings,4 and the results showed an ortho-substituent
effect8r of the carboxyl group during N-arylation, as shown in
Scheme 1. Coordination of 2-chlorobenzoic acid (1s) with CuBr
first forms I in the presence of base (NaOH). Oxidation addition
of I provides complex II, and exchange of amine with Br in II
gives III. Reduction–elimination of III leads to IV, treatment
of IV with NaOH gives V with release of the copper catalyst,
and acidification of V affords the target product (3n¢). The N-
arylations above tolerated various functional groups, including
C–Cl bonds (entries 1–4), a C–F bond (entry 5), a C–Br bond
(entry 10), an ether (entry 8), nitro groups (entries 11 and 12) and
carboxyl groups (entries 12–15) in the aryl halides, and hydroxy
(entries 2, 6, 12 and 15), and carboxyl groups (entries 4 and 7)
in the amines.
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Table 2 Copper-catalyzed N-arylation of nitrogen-containing heterocycles in watera

Entry 1 2 Product Yield (%)b

1 92

2 93

3 83

4 75

5 88

6 89

7 87

8 96

9 85

10 85

11 62

12 87

13 79
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Table 2 (Contd.)

Entry 1 2 Product Yield (%)b

14 69

15 97

16 66c

a Reaction conditions: 1 (1 mmol), 2 (1.2 mmol), CuCl (0.05 mmol), nBu4NBr (0.1 mmol), ligand (0.1 mmol), NaOH (3 mmol for entry 15; 2 mmol
for others), water (1.5 mL), 100 ◦C, nitrogen atmosphere, 24 h. b Isolated yield. c Addition of KI (1 mmol).

Table 3 Copper-catalyzed coupling of 1-chloro-4-iodobenzene with 3-
aminopropanol: optimization of conditionsa

Entry Catalyst (mol%) Ligand Base Yield [%]b

1 Cu2O (2.5) E NaOH 77
2 CuI (5) E NaOH 78
3 CuBr (5) E NaOH 83
4 CuCl (5) E NaOH 61
5 CuBr (5) D NaOH 61
6 CuBr (5) F NaOH 85
7 CuBr (5) F KOH 71
8 CuBr (5) F CsOH 73
9 CuBr (5) F K3PO4 76

a Reaction conditions: 1-chloro-4-iodobenzene (1 mmol), 3-
aminopropanol (1.2 mmol), catalyst (0.025 mmol for Cu2O; 0.05 mmol
for other copper salts), ligand (0.1 mmol), nBu4NBr (0.1 mmol), base
(2 mmol), water (1.5 mL), nitrogen atmosphere, 24 h. b Isolated yield.

Conclusion

We have developed a simple and efficient copper-catalyzed
method for N-arylation of nitrogen-containing heterocycles
and aliphatic amines in water. The protocol uses (1E,2E)-
oxalaldehyde dioxime (OADO) as the ligand of copper-catalyst,
environmentally friendly water as the solvent, and the cross-
couplings performed well at 100 ◦C. The method has good
tolerance towards various functional groups in the substrates,
and we hope that it will attract attention from industrial and
academic researchers.

Scheme 1 Possible mechanism for amination of 2-chlorobenzoic acid
(1s).

Experimental

All reagents and solvents were obtained from commercial
suppliers and used without further purification. CuCl and CuBr
were purchased from Alfa Aesar. All reagents were weighed and
handled in air at room temperature. Column chromatography
was performed on silica gel (200–300 mesh). Proton and carbon
magnetic resonance spectra (1H NMR and 13C NMR) were
recorded using either tetramethylsilane (TMS) as the internal
standard in CDCl3 (1H NMR: TMS at 0.00 ppm, CHCl3 at
7.24 ppm; 13C NMR: CDCl3 at 77.0 ppm) or tetramethylsilane
(TMS) as the internal standard in DMSO-d6 (1H NMR: TMS at
0.00 ppm, DMSO at 2.50 ppm; 13C NMR: DMSO at 40.0 ppm).

General procedure for synthesis of compounds 3a–p and 3a¢–o¢

A 10 mL Schlenk tube equipped with a magnetic stirring bar was
charged with CuCl (0.05 mmol, 5.0 mg) (see Table 1 and Table 2)
or CuBr (0.05 mmol, 7.3 mg) (see Table 3 and Table 4), NaOH
(2 mmol, 80 mg), (1E,2E)-oxalaldehyde dioxime (0.1 mmol,
9 mg), tetrabutylammonium bromide (0.1 mmol, 33 mg), and
aryl halide (1.2 mmol), if it was a solid. The tube was evacuated
and back-filled with nitrogen, and this procedure was repeated
three times. If the aryl halide (1.2 mmol) was liquid, then it

1100 | Green Chem., 2010, 12, 1097–1105 This journal is © The Royal Society of Chemistry 2010
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Table 4 Copper-catalyzed N-arylation of aliphatic amines in watera

Entry 1 3 Product Yield (%)b

1 H2NC12H25 2a¢ 78

2 H2NC3H6OH 2b¢ 85

3 80

4 91

5 86

6 H2NC3H6OH 2b¢ 82

7 89

8 74

9 H2NC3H7 2h¢ 83

10 H2NC3H7 2h¢ 81

11 72

12 H2NC5H10OH 2i¢ 91

13 83

14 H2NC12H25 2a¢ 87

15 H2NC5H10OH 2i¢ 89

a Reaction conditions: 1 (1 mmol), 2 (1.2 mmol), CuBr (0.05 mmol), nBu4NBr (0.1 mmol), ligand (0.1 mmol), NaOH (3 mmol for entries 4, 7 and
12–15; 2 mmol for others), water (1.5 mL), 100 ◦C, nitrogen atmosphere, 24 h. b Isolated yield.
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was added at this point, followed by water (1.5 mL) at room
temperature under a stream of nitrogen, and the tube was sealed
and put into a pre-heated oil bath at 100 ◦C for 24 h under a
positive pressure of nitrogen. After the resulting solution had
cooled to room temperature, it was extracted with ethyl acetate
(3 ¥ 3 mL). The combined organic phase was concentrated, and
the remaining residue was purified by column chromatography
on silica gel to provide the desired product.

1-(4-Chlorophenyl)-1H-imidazole (3a)10

Eluent petroleum–ethyl acetate (1 : 2). Yield 164 mg (92%).
White solid, m.p. 98–99 ◦C (lit.10 85–87 ◦C). 1H NMR (300 MHz,
CDCl3, ppm) d 7.85 (s, 1H), 7.46 (d, J = 8.91 Hz, 2H), 7.34 (d,
J = 8.91 Hz, 2H), 7.25 (s, 1H), 7.21 (s, 1H). 13C NMR (75 MHz,
CDCl3, ppm) d 135.9, 135.6, 133.2, 130.7, 130.1, 122.7, 118.2.
ESI-MS m/z 179.1, 181.0 [M + H]+.

1-(3-Chlorophenyl)-1H-indole (3b)11

Eluent petroleum–ethyl acetate (25 : 1). Yield 212 mg (93%).
Colorless oil. 1H NMR (300 MHz, CDCl3, ppm) d 7.65 (d,
J = 7.57 Hz, 1H), 7.52 (d, J = 7.89 Hz, 1H), 7.46 (s, 1H), 7.38-
7.31 (m, 2H), 7.23-7.13 (m, 4H), 6.65 (d, J = 3.10 Hz, 1H). 13C
NMR (75 MHz, CDCl3, ppm) d 141.1, 135.7, 135.3, 130.7, 129.6,
127.7, 126.6, 124.5, 122.9, 122.4, 121.4, 120.9, 110.5, 104.5. ESI-
MS m/z 228.1 [M + H]+.

1-(4-Fluorophenyl)-1H-benzo[d]imidazole (3c)12

Eluent petroleum–ethyl acetate (1 : 2). Yield 176 mg (83%).
White solid, m.p. 122–124 ◦C (lit.12 118.5–119.5 ◦C). 1H NMR
(300 MHz, CDCl3, ppm) d 8.06 (s, 1H), 7.87 (t, J = 4.47 Hz,
1H), 7.47-7.43 (m, 3H), 7.32 (t, J = 4.13 Hz, 2H), 7.24 (t, J =
8.42 Hz, 2H). 13C NMR (150 MHz, CDCl3, ppm) d 162.0 (d, J =
248.53 Hz), 143.9, 142.3, 133.9, 132.4, 126.1 (d, J = 8.67 Hz),
123.9, 122.9, 120.7, 117.1 (d, J = 23.12 Hz), 110.27. ESI-MS
m/z 213.2 [M + H]+.

1-(3-Bromophenyl)-1H-pyrrole (3d)

Eluent petroleum–ethyl acetate (50 : 1). Yield 165 mg (75%).
White solid, m.p. 81–83 ◦C. 1H NMR (300 MHz, CDCl3, ppm)
d 7.54 (s, 1H), 7.37-7.24 (m, 3H), 7.05 (t, J = 2.07 Hz, 2H),
6.35 (t, J = 2.07 Hz, 2H). 13C NMR (75 MHz, CDCl3, ppm)
d 141.9, 130.9, 128.6, 123.6, 123.2, 119.3, 119.0, 111.1. ESI-MS
m/z 244.2, 246.4 [M + Na]+. HR-MS [M + H]+ m/z Calcd for
C10H9BrN: 221.9918. Found: 221.9921.

1-p-Tolyl-1H-imidazole (3e)13

Eluent petroleum–ethyl acetate (1 : 2). Yield 139 mg (88%).
Colorless oil. 1H NMR (300 MHz, CDCl3, ppm) d 7.82 (s, 1H),
7.26 (s, 5H), 7.19 (s, 1H), 2.39 (s, 3H). 13C NMR (75 MHz,
CDCl3, ppm) d 137.5, 135.6, 135.0, 130.4, 130.2, 121.5, 118.4,
21.0. ESI-MS m/z 159.1 [M + H]+.

9-p-Tolyl-9H-carbazole (3f)14

Eluent petroleum–ethyl acetate (15 : 1). Yield 229 mg (89%).
White solid, m.p. 112–113 ◦C. 1H NMR (300 MHz, CDCl3, ppm)
d 8.13 (d, J = 7.90 Hz, 2H), 7.43-7.35 (m, 8H), 7.28–7.20 (m,

2H), 2.46 (s, 3H). 13C NMR (75 MHz, CDCl3, ppm) d 141.1,
137.4, 135.1, 130.5, 127.1, 125.9, 123.3, 120.3, 119.8, 109.9, 21.3.
ESI-MS m/z 258.1 [M + H]+.

1-(3,5-Dimethylphenyl)-1H-imidazole (3g)15

Eluent petroleum–ethyl acetate (1 : 2). Yield 150 mg (87%). Pale
yellow oil. 1H NMR (300 MHz, CDCl3, ppm) d 7.83 (s, 1H),
7.19 (s, 2H), 6.97 (s, 3H), 2.35 (s, 6H). 13C NMR (75 MHz,
CDCl3, ppm) d 139.8, 137.3, 135.6, 130.2, 129.1, 119.2, 118.4,
21.3. ESI-MS m/z 173.1 [M + H]+.

6-Methoxy-1-(4-nitrophenyl)-1H-indole (3h)

Eluent petroleum–ethyl acetate (15 : 1). Yield 257 mg (96%).
Brown solid. m.p. 163–164 ◦C. 1H NMR (300 MHz,
CDCl3, ppm) d 8.38 (d, J = 8.94 Hz, 2H), 7.66 (d, J = 8.94 Hz,
2H), 7.56 (d, J = 8.94 Hz, 1H), 7.25 (d, J = 3.10 Hz, 1H), 7.11
(s, 1H), 6.89 (d, 8.60 Hz, 1H), 6.68 (d, J = 3.10 Hz, 1H), 3.84
(s, 3H). 13C NMR (75 MHz, CDCl3, ppm) d 157.4, 145.4, 145.0,
136.1, 126.2, 125.6, 124.2, 123.3, 122.2, 110.9, 106.1, 94.7, 55.9.
HR-MS [M + H]+ m/z Calcd for C15H13N2O3: 269.0926. Found:
269.0931.

1-(4-Nitrophenyl)-1H-imidazole (3i)16

Eluent petroleum–ethyl acetate (1 : 2). Yield 161 mg (85%).
Yellow solid. m.p. 208–209 ◦C (lit.16 203–205 ◦C). 1H NMR
(300 MHz, CDCl3, ppm) d 8.38 (d, J = 8.94 Hz, 2H), 7.99
(s, 1H), 7.59 (d, J = 8.60 Hz, 2H), 7.38 (d, 1H), 7.28 (d, 1H).
13C NMR (75 MHz, CDCl3, ppm) d 146.3, 142.0, 135.4, 131.8,
125.8, 121.1, 117.7. ESI-MS m/z 190.1 [M + H]+.

9-(4-Nitrophenyl)-9H-carbazole (3j)17

Eluent petroleum–ethyl acetate (50 : 1). Yield 254 mg (85%).
Yellow solid. m.p. 169-171 ◦C (lit.17 209–211 ◦C). 1H NMR
(300 MHz, CDCl3, ppm): d 8.49 (d, J = 8.49 Hz, 2H), 8.15 (d,
J = 7.57 Hz, 2H), 7.81 (d, J = 8.26 Hz, 2H), 7.52-7.43 (m, 4H),
7.35 (t, J = 7.40 Hz, 2H). 13C NMR (75 MHz, CDCl3, ppm)
d 145.8, 143.9, 139.9, 126.8, 126.5, 125.6, 124.2, 121.3, 120.7,
109.7. ESI-MSm/z 311.7 [M + Na]+.

1-(4-(1H-Benzo[d]imidazol-1-yl)phenyl)ethanone (3k)18

Eluent petroleum–ethyl acetate (1 : 2). Yield 146 mg (62%).
Yellow solid. m.p. 134–136 ◦C (lit.18 136–138 ◦C). 1H NMR
(300 MHz, CDCl3, ppm) d 8.20 (s, 2H), 8.17 (s, 1H), 7.91-7.88
(m, 1H), 7.65 (d, J = 7.91 Hz, 2H), 7.62–7.59 (m, 1H), 7.39–
7.36 (m, 2H), 2.68 (s, 3H). 13C NMR (150 MHz, CDCl3, ppm)
d 196.6, 144.2, 141.8, 140.2, 136.2, 133.2, 130.4, 124.3, 123.4,
120.9, 110.5, 26.7. ESI-MS m/z 237.2 [M + H]+.

1-(Pyridin-2-yl)-1H-benzo[d]imidazole (3l)19

Eluent petroleum–ethyl acetate (1 : 2). Yield 170 mg (87%).
Colorless oil. 1H NMR (300 MHz, CDCl3, ppm) d 8.58 (d,
J = 6.54 Hz, 2H), 8.07-8.04 (m, 1H), 7.88-7.84 (m, 2H), 7.54 (d,
J = 8.26 Hz, 1H), 7.40-7.32 (m, 2H), 7.27 (t, J = 6.19 Hz, 1H).
13C NMR (75 MHz, CDCl3, ppm) d 149.9, 149.5, 144.7, 141.4,
139.0, 132.2, 124.3, 123.3, 121.9, 120.7, 114.4, 112.7. ESI-MS
m/z 196.1 [M + H]+.

1102 | Green Chem., 2010, 12, 1097–1105 This journal is © The Royal Society of Chemistry 2010
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1-(4-Bromophenyl)-6-methoxy-1H-indole (3m)

Eluent petroleum–ethyl acetate (50 : 1). Yield 239 mg (79%). Red
solid. m.p. 73-74 ◦C. 1H NMR (600 MHz, CDCl3, ppm) d 7.64
(d, J = 8.94 Hz, 2H), 7.55 (d, J = 8.94 Hz, 1H), 7.38 (d, J =
8.25 Hz, 2H), 7.17 (d, J = 3.44 Hz, 1H), 6.99 (s, 1H), 6.85 (dd,
J = 8.94 Hz, 2.06 Hz, 1H), 6.61 (d, J = 2.75 Hz, 1H), 3.82 (s,
3H). 13C NMR (150 MHz, CDCl3, ppm) d 156.9, 139.0, 136.4,
132.8, 126.7, 125.8, 123.5, 121.8, 119.7, 110.4, 104.0, 93.9, 55.8.
HR-MS [M + H]+ m/z Calcd for C15H13BrNO: 302.0186. Found:
302.0189.

1-(Naphthalen-2-yl)-1H-pyrrole (3n)20

Eluent petroleum. Yield 133 mg (69%). White solid, m.p. 111–
112 ◦C. 1H NMR (300 MHz, CDCl3, ppm) d 7.90 (d, J =
8.60 Hz, 1H), 7.84 (d, J = 7.91 Hz, 2H), 7.78 (s, 1H), 7.58 (d,
J = 8.60 Hz, 1H), 7.54-7.43 (m, 2H), 7.21 (d, J = 2.06 Hz, 2H),
6.39 (d, J = 2.06 Hz, 2H). 13C NMR (150 MHz, CDCl3, ppm)
d 138.2, 133.9, 131.5, 129.6, 127.8, 127.7, 127.0, 125.6, 120.2,
119.6, 117.5, 110.7. ESI-MS m/z 194.2 [M + H]+.

2-(1H-Imidazol-1-yl)benzoic acid (3o)21

After completion of the reaction, the resulting solution was
adjusted to pH = 6 ~ 7 with HCl (1M), and the following
work-up was performed according to general procedure. Eluent
petroleum–ethyl acetate (3 : 1). Yield 182 mg (97%). White solid,
m.p. 113-115 ◦C. 1H NMR (300 MHz, DMSO-d6, ppm) d 7.85
(s, 1H), 7.60 (d, J = 7.57 Hz, 1H), 7.54–7.39 (m, 3H), 7.33 (d,
J = 7.22 Hz, 1H), 6.98 (s, 1H). 13C NMR (150 MHz, DMSO-
d6, ppm) d 169.6, 137.3, 135.6, 130.9, 130.8, 130.3, 130.1, 127.3,
121.8. ESI-MS m/z 189.1 [M + H]+, m/z 211.1 [M + Na]+.

1-(3-Nitrophenyl)-1H-imidazole (3p)12

Eluent petroleum–ethyl acetate (1 : 2). Yield 125 mg (66%).
Brown solid. m.p. 118–120 ◦C (lit.12 109–110 ◦C). 1H NMR
(600 MHz, CDCl3, ppm) d 8.30 (s,1H), 8.25 (d, J = 8.25 Hz,
1H), 8.09 (s, 1H), 7.78 (d, J = 8.25 Hz, 1H), 7.72 (t, J = 7.91 Hz,
1H), 7.51 (s, 1H), 7.41 (s, 1H). 13C NMR (75 MHz, CDCl3, ppm)
d 147.9, 138.0, 131.0, 128.9, 128.6, 125.5, 121.1, 115.7, 113.5.
ESI-MS m/z 190.1 [M + H]+.

4-Chloro-N-dodecylaniline (3a¢)8c

Eluent petroleum–ethyl acetate (10 : 1). Yield 231 mg (78%). Pale
yellow solid. m.p. 46–47 ◦C. 1H NMR (300 MHz, CDCl3, ppm)
d 7.09 (d, J = 8.60 Hz, 2H), 6.50 (d, J = 8.60 Hz, 2H), 3.57
(s, br, 1H), 3.05 (t, J = 7.05 Hz, 2H), 1.61–1.56 (m, 2H), 1.36–
1.26 (m, 18H), 0.88 (t, J = 6.53 Hz, 3H). 13C NMR (75 MHz,
CDCl3, ppm) d 147.1, 129.0, 121.6, 113.8, 44.2, 32.0, 29.7, 29.6,
29.5, 29.4, 27.2, 22.7, 14.2. ESI-MS m/z 297.3 [M + H]+.

3-(4-Chlorophenylamino)propan-1-ol (3b¢)

Eluent petroleum–ethyl acetate (5 : 1). Yield 158 mg (85%).
Brown oil. 1H NMR (300 MHz, CDCl3, ppm) d 7.11 (d, J =
8.94 Hz, 2H), 6.54 (d, J = 8.60 Hz, 2H), 3.79 (t, J = 8.58 Hz, 2H),
3.23 (t, J = 6.53 Hz, 2H), 2.85 (s, br, 2H), 1.90–1.81 (m, 2H).
13C NMR (75 MHz, CDCl3, ppm) d 146.9, 129.1, 122.2, 114.2,

61.6, 42.1, 31.7. HR-MS [M + H]+ m/z Calcd for C9H13ClNO:
186.0686. Found: 186.0683.

4-Chloro-N-cyclohexylaniline (3c¢)8c

Eluent petroleum–ethyl acetate (5 : 1). Yield 168 mg (80%). Gray
solid. m.p. 44–45 ◦C. 1H NMR (300 MHz, CDCl3, ppm) d 7.07
(d, J = 8.60 Hz, 2H), 6.48 (d, J = 8.60 Hz, 2H), 3.43 (s, br, 1H),
3.23-3.15 (m, 1H), 2.01 (d, J = 12.73 Hz, 2H), 1.76–1.72 (m,
2H), 1.66–1.62 (d, J = 12.38 Hz, 1H), 1.41–1.05 (m, 5H). 13C
NMR (75 MHz, CDCl3, ppm) d 145.9, 129.1, 121.3, 114.3, 51.9,
33.3, 25.9, 25.0. ESI-MS m/z 210.3 [M + H]+.

2-(4-Chlorophenylamino)propanoic acid (3d¢)22

After completion of the reaction, the resulting solution was
adjusted to pH = 6–7 with HCl (1 M), and the following work-
up was performed according to the general procedure. Eluent
petroleum–ethyl acetate (5 : 1). Yield 182 mg (91%). Brown solid.
m.p. 143–145 ◦C. 1H NMR (300 MHz, DMSO-d6, ppm) d 12.56
(s, br, 1H), 7.10 (t, J = 8.60 Hz, 2H), 7.65 (t, J = 8.60 Hz, 2H),
6.18 (s, br, 1H), 3.94 (t, J = 7.57 Hz, 1H), 1.38 (t, J = 7.74 Hz,
3H). 13C NMR (75 MHz, DMSO-d6, ppm) d 176.1, 147.3, 129.0,
119.9, 114.2, 51.5, 18.5. ESI-MS m/z 199.1 [M - H]-.

4-(4-Fluorophenyl)morpholine (3e¢)23

Eluent petroleum–ethyl acetate (5 : 1). Yield 156 mg (86%).
Brown oil. 1H NMR (300 MHz, CDCl3, ppm) d 6.97–6.94 (m,
2H), 6.85–6.83 (m, 2H), 3.83 (s, 4H), 3.05 (s, 4H). 13C NMR
(75 MHz, CDCl3, ppm) d 157.3 (d, J = 239.86 Hz), 147.9, 117.5
(d, J = 7.22 Hz), 115.7 (d, J = 22.40 Hz), 66.9, 50.3. ESI-MS
m/z 182.1 [M + H]+.

3-(p-Tolylamino)propan-1-ol (3f¢)24

Eluent petroleum–ethyl acetate (5 : 1). Yield 135 mg (82%). Pale
yellow oil. 1H NMR (300 MHz, CDCl3, ppm) d 6.99 (d, J =
7.91 Hz, 2H), 6.57 (d, J = 7.22 Hz, 2H), 3.79 (t, J = 5.51 Hz,
2H), 2.25 (t, J = 6.02 Hz, 2H), 2.81 (s, br, 2H), 2.23 (s, 3H),
1.89–1.81 (m, 2H). 13C NMR (75 MHz, CDCl3, ppm) d 146.0,
129.8, 127.1, 113.5, 61.9, 42.6, 32.0, 20.5. ESI-MS m/z 166.2
[M + H]+, m/z 188.1 [M + Na]+.

3-Phenyl-2-(p-tolylamino)propanoic acid (3g¢)24

After completion of the reaction, the resulting solution was
adjusted to pH = 6–7 with HCl (1 M), and the following work-
up was performed according to the general procedure. Eluent
petroleum–ethyl acetate (10 : 1). Yield 227 mg (89%). Yellow
solid. m.p. 154–155 ◦C. 1H NMR (300 MHz, DMSO-d6, ppm)
d 12.52 (s, br, 1H), 7.28-7.18 (m, 5H), 6.86 (d, J = 7.91 Hz,
2H), 6.48 (d, J = 8.26 Hz, 2H), 5.73 (s, br, 1H), 4.07 (t, J =
6.88 Hz, 1H), 3.07-2.91 (m, 2H), 2.12 (s, 3H). 13C NMR (75 MHz,
DMSO-d6, ppm) d 175.2, 145.9 138.4, 129.8, 129.7, 128.6, 126.8,
125.3, 113.2, 58.25, 38.3, 20.5. ESI-MS m/z 154.1 [M - H]-.

N-Benzyl-4-methoxyaniline (3h¢)24

Eluent petroleum–ethyl acetate (25 : 1). Yield 158 mg (74%).
White solid, m.p. 52–53 ◦C. 1H NMR (300 MHz, CDCl3, ppm)
d 7.37–7.22 (m, 5H), 6.76 (d, J = 8.94 Hz, 2H), 6.59

This journal is © The Royal Society of Chemistry 2010 Green Chem., 2010, 12, 1097–1105 | 1103

D
ow

nl
oa

de
d 

by
 C

ity
 C

ol
le

ge
 o

f 
N

ew
 Y

or
k 

on
 2

4 
N

ov
em

be
r 

20
10

Pu
bl

is
he

d 
on

 0
8 

Ju
ne

 2
01

0 
on

 h
ttp

://
pu

bs
.r

sc
.o

rg
 | 

do
i:1

0.
10

39
/C

00
21

72
E

View Online

http://dx.doi.org/10.1039/C002172E


(d, J = 8.94 Hz, 2H), 4.26 (s, 2H), 3.72 (s, 3H). 13C NMR
(75 MHz, CDCl3, ppm) d 152.3, 142.4, 139.7, 128.7, 127.6, 127.2,
115.0, 114.2, 55.9, 49.3. ESI-MS m/z 214.2 [M + H]+.

N-Propylnaphthalen-1-amine (3i¢)25

Eluent petroleum–ethyl acetate (5 : 1). Yield 154 mg (83%). Pale
yellow oil. 1H NMR (300 MHz, CDCl3, ppm) d 7.76 (d, J =
6.54 Hz, 2H), 7.41–7.38 (m, 2H), 7.33 (t, J = 7.91 Hz, 1H), 7.20
(d, J = 7.91 Hz, 1H), 7.58 (d, J = 7.57 Hz, 1H), 4.29 (s, br, 1H),
3.20 (t, J = 7.05 Hz, 2H), 1.79–1.71 (m, 2H), 1.07–1.02 (m, 3H).
13C NMR (75 MHz, CDCl3, ppm) d 143.7, 134.4, 128.8, 126.8,
125.8, 124.7, 123.4, 119.9, 117.2, 104.3, 46.1, 22.7, 12.0. ESI-MS
m/z 186.1 [M + H]+.

4-Bromo-N-propylaniline (3j¢)

Eluent petroleum–ethyl acetate (10 : 1). Yield 173 mg (81%).
White oil. 1H NMR (600 MHz, CDCl3, ppm) d 7.22 (d, J =
8.94 Hz, 2H), 6.45 (d, J = 8.94 Hz, 2H), 3.65 (s, br, 1H), 3.01 (t,
J = 6.88 Hz, 2H), 1.63–1.57 (m, 2H), 0.97 (t, J = 7.22 Hz, 3H).
13C NMR (150 MHz, CDCl3, ppm) d 147.5, 131.9, 114.3, 108.5,
45.8, 22.6, 11.7. HR-MS [M + H]+ m/z Calcd for C9H13BrN:
214.0231. Found: 214.0235.

N-Cyclohexylnaphthalen-2-amine (3k¢)26

Eluent petroleum–ethyl acetate (3 : 1). Yield 162 mg (72%).
White solid, m.p. 183-185 ◦C. 1H NMR (300 MHz, CDCl3, ppm)
d 7.65–7.57 (m, 3H), 7.33 (t, J = 7.40 Hz, 1H), 7.15 (t, J =
7.23 Hz, 1H), 6.84-6.79 (m, 2H), 3.74 (s, br, 1H), 3.41–3.38 (m,
1H), 2.11 (d, J = 12.38 Hz, 2H), 1.81–1.64 (m, 3H), 1.47–1.12
(m, 5H). 13C NMR (75 MHz, CDCl3, ppm) d 144.9, 135.3, 129.0,
127.7, 127.3, 126.3, 125.8, 121.8, 118.3, 104.9, 51.8, 33.3, 26.0,
25.1. ESI-MS m/z 226.2 [M + H]+.

2-(5-Hydroxypentylamino)-3-nitrobenzoic acid (3l¢)

After completion of the reaction, the resulting solution was
adjusted to pH = 6–7 with HCl (1 M), and the following work-
up was performed according to the general procedure. Eluent
petroleum–ethyl acetate (2 : 1). Yield 244 mg (91%). Yellow solid.
m.p. 138–140 ◦C. 1H NMR (600 MHz, DMSO-d6, ppm) d 13.45
(s, br, 1H), 8.58 (s, br, 1H), 8.08 (d, J = 6.19 Hz, 1H), 7.97
(d, J = 8.25 Hz, 1H), 6.75 (t, J = 7.91 Hz, 1H), 4.36 (s, br,
1H), 3.36 (t, J = 6.53 Hz, 2H), 2.83 (t, J = 6.88 Hz, 2H), 1.59–
1.55 (m, 2H), 1.42–1.37 (m, 2H), 1.34–1.29 (m, 2H). 13C NMR
(150 MHz, DMSO-d6, ppm) d 169.5, 145.7, 137.3, 137.2, 131.7,
117.1, 114.9, 61.0, 46.3, 32.5, 29.8, 23.3. HR-MS [M + H]+ m/z
Calcd for C12H17N2O5: 269.1137. Found: 269.1142.

2-(4-Methylbenzylamino)-5-nitrobenzoic acid (3m¢)

After completion of the reaction, the resulting solution was
adjusted to pH = 6–7 with HCl (1 M), and the following work-
up was performed according to the general procedure. Eluent
petroleum–ethyl acetate (3 : 1). Yield 237 mg (83%). Yellow solid.
m.p. 253–254 ◦C. 1H NMR (300 MHz, DMSO-d6, ppm) d 13.54
(s, br, 1H), 9.15 (t, br, J = 5.68 Hz, 1H), 8.65 (d, J = 2.27 Hz,
1H), 8.13 (dd, J = 9.29 Hz, 2.75 Hz, 1H), 7.25–7.15 (m, 4H),
6.82 (d, J = 9.63 Hz, 1H), 4.57 (d, J = 5.85 Hz, 2H), 2.28

(s, 3H). 13C NMR (150 MHz, DMSO-d6, ppm) d 169.1, 155.0,
136.9, 135.4, 135.3, 129.7, 129.0, 127.6, 112.5, 110.1, 46.2, 21.1.
HR-MS [M + H]+ m/z Calcd for C15H15N2O4: 287.1032. Found:
287.1036.

2-(Dodecylamino)benzoic acid (3n¢)27

After completion of the reaction, the resulting solution was
adjusted to pH = 6–7 with HCl (1 M), and the following work-
up was performed according to the general procedure. Eluent
petroleum–ethyl acetate (25 : 1). Yield 265 mg (87%). White
solid, m.p. 77–78 ◦C (lit.27 80–81 ◦C). 1H NMR (600 MHz,
DMSO-d6, ppm) d 12.37 (s, br, 1H), 7.77 (d, J = 8.25 Hz, 1H),
7.33 (t, J = 7.91 Hz, 1H), 6.69 (d, J = 8.25 Hz, 1H), 6.53 (t, J =
7.56 Hz, 1H), 3.14 (t, J = 6.88 Hz, 2H), 1.57 (t, J = 7.22 Hz,
2H), 1.35 (s, 2H), 1.23 (s, 16H), 0.85 (t, J = 6.88 Hz, 3H). 13C
NMR (150 MHz, DMSO-d6, ppm) d 170.5, 151.5, 134.9, 132.2,
114.4, 111.5, 110.2, 42.5, 31.8, 29.5, 29.2, 29.1, 27.0, 22.6, 14.4.
ESI-MS m/z 306.4 [M + H]+, m/z 328.4 [M + Na]+.

2-(5-Hydroxypentylamino)nicotinic acid (3o¢)

After completion of the reaction, the resulting solution was
adjusted to pH = 6–7 with HCl (1 M), and the following work-
up was performed according to the general procedure. Eluent
petroleum–ethyl acetate (5 : 1). Yield 199 mg (89%). White solid,
m.p. 91–92 ◦C. 1H NMR (300 MHz, DMSO-d6, ppm) d 12.99
(s, br, 1H), 8.24 (d, J = 3.10 Hz, 1H), 8.11 (s, br, 1H), 8.05 (d,
J = 7.91 Hz, 1H), 6.57 (dd, J = 7.74 Hz, 4.65 Hz, 1H), 4.37
(s, br, 1H), 3.45-3.37 (m, 4H), 1.61–1.54 (m, 2H), 1.48–1.43 (m,
2H), 1.37–1.32 (m, 2H). 13C NMR (150 MHz, DMSO-d6, ppm)
d 169.4, 158.8, 153.8, 140.6, 111.2, 106.2, 61.1, 40.7, 32.8, 29.5,
23.6. HR-MS [M + H]+ m/z Calcd for C11H17N2O3: 225.1239.
Found: 225.1237.
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