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Representative experimental procedure: synthesis of 3a: To a 10 mL test-tube was 

added CuBr2 (0.44 mg, 1 mol%), o-phenylenediamine 2a (0.2 mmol), benzylamine 1a 

(0.3 mmol) and toluene (2 mL). The reaction mixture was stirred at 100℃ under air for 

24 h. After cooling to room temperature, the resulting mixture was filtered through a 

short path of silica gel, eluting with ethyl acetate. The volatile compounds were 

removed in vacuo and the residue was purified by flash column chromatography on 

silica gel (eluent: hexane/ethyl acetate 5:1). Unless other indicated, the experiments in 

Tables 2 and 3 were carried out analogously. All products were purified by column 

chromatography and characterized by NMR spectroscopy and standard mass 

spectrometry. 

 

Spectral data for the products 

2-phenyl-1H-benzo[d]imidazole(3a)
 1

: 

IR (film) 698, 825, 1026, 1159, 1259, 1405, 1456, 1595, 1630, 

2931, 2959 cm
-1

; 
1
H NMR (300 MHz, DMSO-d6) δ 12.92 (br s, 

1H), 8.20 (d, J=7.2 Hz, 2H), 7.67 (m, 1H), 7.55-7.43 (m, 4H), 

7.20-7.18 (m, 2H); 
13

C NMR (75 MHz, DMSO-d6) δ 151.9, 144.5, 135.6, 130.8, 

130.5, 129.6, 127.1, 123.2, 122.4, 119.5, 111.9; EI-MS (m/z, relative intensity): 194 

(M
+
, 100), 166 (9), 104 (6), 90 (8), 77 (7). 

2-p-tolyl-1H-benzo[d]imidazole(3b)
 1

: 
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IR (film) 687, 762, 1070, 1432, 1495, 1546, 1653, 2923 

cm
-1

; 
1
H NMR (300 MHz, DMSO-d6) δ 12.82 (br s, 1H), 

8.07 (d, J=8.1 Hz, 2H), 7.64-7.50 (m, 2H), 7.32 (d, J=8.1 

Hz, 2H), 7.17 (d, J=7.5 Hz, 2H), 2.35(s, 3H); 
13

C NMR (75 MHz, DMSO-d6) δ 152.0, 

144.5, 140.2, 135.6, 130.1, 128.1, 127.1, 122.9, 122.2, 119.4, 111.9, 21.8; EI-MS (m/z, 

relative intensity): 208 (M
+
, 100), 192 (4), 116 (6), 103 (10), 91 (7). 

2-m-tolyl-1H-benzo[d]imidazole(3c)
2
: 

IR (film) 703, 806, 1110, 1145, 1407, 1462, 1546, 1601, 1632, 

2924 cm
-1

; 
1
H NMR (300 MHz, DMSO-d6) δ 12.86 (br s, 1H), 

8.03 (s, 1H), 7.97 (d, J=7.5 Hz, 1H), 7.59 (m, 2H), 7.40 (t, 

J=7.5 Hz, 1H), 7.26 (d, J=7.5 Hz, 1H), 7.26-7.17 (m, 2H), 2.39(s, 3H); 
13

C NMR (75 

MHz, DMSO-d6) δ 152.0, 144.5, 138.8, 135.6, 131.1, 130.8, 129.5, 127.7, 124.3, 

122.9, 119.4, 122.0, 21.9; EI-MS (m/z, relative intensity): 208 (M
+
, 100), 192(4), 180 

(4), 116 (4), 103 (13), 91 (8). 

2-o-tolyl-1H-benzo[d]imidazole(3d)
3
: 

IR (film) 713, 760, 876, 1050, 1462, 1528, 1623, 1671, 2926 

cm
-1

; 
1
H NMR (300 MHz, DMSO-d6) δ 12.62 (br s, 1H), 

7.76-7.73 (m, 1H), 7.68 (m, 1H), 7.53 (m, 1H), 7.36-7.30 (m, 

3H), 7.21-7.19 (m, 2H), 2.62(s, 3H); 
13

C NMR (75 MHz, DMSO-d6) δ 152.6, 144.4, 

137.7, 135.5, 131.9, 130.8, 130.1, 129.9, 126.6, 122.9, 122.0, 119.6, 111.9, 21.9; 

EI-MS (m/z, relative intensity): 208 (M
+
, 80), 207(100), 180 (4), 116 (3), 103 (13), 91 

(7). 

2-(4-fluorophenyl)-1H-benzo[d]imidazole(3e)
4
: 

IR (film) 703, 973, 1145, 1310, 1408, 1467, 1537, 1630, 

2924 cm
-1

; 
1
H NMR (300 MHz, DMSO-d6) δ 12.91 (br s, 

1H), 8.24 (d, J=8.7 Hz, 1H), 8.22 (d, J=8.7 Hz, 1H), 

7.63-7.55 (m, 2H), 7.37 (t, J=8.7 Hz, 2H), 7.20-7.17 (m, 2H); 
13

C NMR (75 MHz, 

DMSO-d6) δ 163.7 (d, J=245.9Hz), 151.0, 129.4, 129.3, 127.5, 123.1, 122.4, 110.5, 

116.7, 116.5, 111.9; EI-MS (m/z, relative intensity): 212 (M
+
, 100), 180 (7), 122 (5), 

106 (7), 91 (8), 64(9). 
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2-(4-chlorophenyl)-1H-benzo[d]imidazole(3f)
1
: 

IR (film) 550, 694, 774, 1061, 1386, 1443, 1528, 1623, 2914 

cm
-1

; 
1
H NMR (300 MHz, DMSO-d6) δ 12.97 (br s, 1H), 

8.18 (d, J=8.7 Hz, 2H), 7.60-7.57 (m, 4H), 7.21-7.17 (m, 

2H); 
13

C NMR (75 MHz, DMSO-d6) δ 150.8, 144.3, 137.4, 135.6, 135.1, 129.7, 128.8, 

123.2, 122.6, 119.4, 112.1; EI-MS (m/z, relative intensity): 228 (M
+
, 100) (Cl35), 230 

(M
+
, 30) (Cl37), 193 (20), 166 (7), 138(3), 90 (7), 63(10). 

2-(4-bromophenyl)-1H-benzo[d]imidazole(3g)
5
: 

IR (film) 564, 698, 777, 1025, 1159, 1269, 1405, 1433, 

1456, 1595, 2931 cm
-1

;
1
H NMR (300 MHz, DMSO-d6) δ 

12.98 (br s, 1H), 8.11 (d, J=8.4 Hz, 2H), 7.73 (d, J=8.4 Hz, 

2H), 7.66-7.52 (m, 2H), 7.19 (d, J=7.8 Hz, 2H); 
13

C NMR (75 MHz, DMSO-d6) δ 

150.8, 144.3, 135.6, 132.6, 130.1, 129.0, 123.9, 123.4, 122.5, 119.6, 112.1; EI-MS 

(m/z, relative intensity): 272 (M
+
, 100) (Br79), 274 (M

+
, 94) (Br81), 193 (65), 166 (16), 

90 (20),  63 (17). 

2-(4-methoxyphenyl)-1H-benzo[d]imidazole(3h)
1
: 

IR (film) 747, 1030, 1177, 1249, 1436, 1496, 1583, 1612, 

2968 cm
-1

; 
1
H NMR (300 MHz, DMSO-d6) δ 12.73 (br s, 

1H), 8.12 (d, J=8.7 Hz, 2H), 7.61-7.49 (m, 2H), 7.17-7.14 

(m, 2H), 7.08 (d, J=8.7 Hz, 2H); 
13

C NMR (75 MHz, DMSO-d6) δ 161.2, 151.9, 

144.5, 135.6, 128.7, 123.4, 122.7, 122.4, 119.2, 115.0, 111.7; EI-MS (m/z, relative 

intensity): 224 (M
+
, 100), 209 (57), 181 (45), 112 (7), 90 (8), 77 (9). 

2-(pyridin-2-yl)-1H-benzo[d]imidazole(3i)
1
: 

IR (film) 744, 1011, 1427, 1447, 1489, 1551, 1595, 1664, 1694, 

1792, 2912 cm
-1

; 
1
H NMR (300 MHz, DMSO-d6) δ 13.09 (br s, 

1H), 8.70 (d, J=7.8 Hz, 1H), 8.31 (d, J=8.1 Hz, 1H), 7.97 (t, 

J=7.8 Hz, 1H), 7.68 (d, J=7.5 Hz, 1H), 7.50 (q, J=7.5 Hz, 2H), 7.25-7.15 (m, 2H); 
13

C 

NMR (75 MHz, DMSO-d6) δ 151.3, 149.9, 149.2, 144.6, 138.1, 135.5, 125.5, 123.7, 

122.5, 122.1, 119.9, 112.7; EI-MS (m/z, relative intensity): 195 (M
+
, 100), 167 (17), 
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105 (6), 78 (12). 

2-(furan-2-yl)-1H-benzo[d]imidazole(3j)
6
: 

IR (film) 874, 1265, 1406, 1546, 1633, 1653, 2922 cm
-1

; 
1
H NMR 

(300 MHz, DMSO-d6) δ 12.88 (br s, 1H), 7.92 (s, 1H), 7.59-7.42 

(m, 2H), 7.18-7.17 (m, 3H), 6.17 (s, 1H); 
13

C NMR (75 MHz, 

DMSO-d6) δ146.3, 145.1, 145.0, 144.3, 122.8, 119.4, 112.8, 111.9, 111.1; EI-MS 

(m/z, relative intensity): 184 (M
+
, 100), 155 (26), 129 (12), 91 (10). 

2-(thiophen-2-yl)-1H-benzo[d]imidazole(3k)
6
: 

IR (film) 764, 831, 965, 1273, 1429, 1447, 1471, 1490, 1602, 

2911 cm
-1

; 
1
H NMR (300 MHz, DMSO-d6) δ 12.91 (br s, 1H), 

7.82 (d, J=3.6 Hz, 1H), 7.70 (d, J=4.8 Hz, 1H), 7.56-7.50 (m, 2H), 

7.22-7.16 (m, 3H); 
13

C NMR (75 MHz, DMSO-d6) δ 147.7, 135.3, 134.4, 129.3, 

128.9, 127.3, 123.1, 122.4, 119.1, 111.7; EI-MS (m/z, relative intensity): 200 (M
+
, 

100), 156 (6), 96 (8), 62 (10). 

5-methyl-2-phenyl-1H-benzo[d]imidazole(3l)
1
: 

IR (film) 687, 762, 804, 961, 1069, 1431, 1475, 1505, 1634, 

2919 cm
-1

; 
1
H NMR (300 MHz, DMSO-d6) δ 12.78 (br s, 1H), 

8.18 (d, J=7.2 Hz, 2H), 7.54-7.33 (m, 5H), 7.01 (d, J=8.1 Hz, 

1H); 
13

C NMR (75 MHz, DMSO-d6) δ 151.6, 142.6, 142.6, 135.8, 132.5, 131.0, 129.5, 

126.9, 124.5, 124.0, 119.1, 111.7, 22.2; EI-MS (m/z, relative intensity): 208 (M
+
, 100), 

104 (26), 77 (22). 

7-methyl-2-phenyl-1H-benzo[d]imidazole(3m)
7
;mixture of tautomers 

IR (film) 699, 742, 859, 1025, 1101, 1271, 1417, 1441, 1469, 1541, 

1634, 2721, 2914 cm
-1

; 
1
H NMR (300 MHz, DMSO-d6) δ 12.80 (br 

s, 0.5H), 12.54 (br s, 0.4H), 8.25-8.14 (m, 2H), 7.55-7.31 (m, 4H), 

7.11-6.96 (m, 2H), 2.59-2.56 (m, 3H), ; 
13

C NMR (75 MHz, DMSO-d6) δ 156.5, 

155.7, 148.9, 148.6, 139.9, 135.7, 134.9, 134.2, 134.1, 133.7, 132.1, 131.8, 128.5, 

127.8, 127.8, 127.2, 127.1, 126.7, 121.7, 114.2, 22.7, 22.3; EI-MS (m/z, relative 

intensity): 208 (M
+
, 100), 104 (28), 77 (24), 51 (9). 

5-methoxy-2-phenyl-1H-benzo[d]imidazole(3n)
5
: 
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IR (film) 741, 764, 975, 1108, 1274, 1402, 1443, 1528, 1590, 

1623, 2791, 2878 cm
-1

; 
1
H NMR (300 MHz, DMSO-d6) δ 

12.76 (br s, 1H), 8.14 (d, J=7.2 Hz, 2H), 7.53-7.40 (m, 4H), 

7.09 (m, 1H), 6.84 (d, J=8.7 Hz, 1H), 3.79 (s, 3H); 
13

C NMR (75 MHz, DMSO-d6) δ 

161.2, 156.2, 156.2, 135.7, 134.8, 134.2, 131.5, 117.1, 117.0, 61.0; EI-MS (m/z, 

relative intensity): 224 (M
+
, 100), 209 (97), 181 (38), 154 (22), 127 (12), 104 (7), 77 

(16), 51 (13). 

5-chloro-2-phenyl-1H-benzo[d]imidazole(3o)
1
: 

IR (film) 703, 749, 1131, 1405, 1458, 1563, 1632, 1655, 2932 

cm
-1

; 
1
H NMR (300 MHz, DMSO-d6) δ 13.10 (br s, 1H), 8.17 (d, 

J=6.9 Hz, 2H), 7.65-7.43 (m, 5H), 7.22-7.18 (m, 1H); 
13

C NMR 

(75 MHz, DMSO-d6) δ 158.0, 135.5, 135.1, 134.3, 132.0, 127.7; EI-MS (m/z, relative 

intensity): 228 (M
+
, 100) (Cl35), 230 (M

+
, 29) (Cl37), 192 (10), 166 (8), 90 (8), 63 

(13). 

5-fluoro-2-phenyl-1H-benzo[d]imidazole(3p)
2
: 

IR (film) 619, 687, 762, 961, 1071, 1249, 1432, 1474, 1505, 

1632, 2922 cm
-1

; 
1
H NMR (300 MHz, DMSO-d6) δ 13.03 (br s, 

1H), 8.17 (d, J=7.5 Hz, 2H), 7.58-7.39 (m, 5H), 7.08-7.01 (m, 

1H); 
13

C NMR (75 MHz, DMSO-d6) δ 159.3 (d, J=234.0Hz), 153.3, 130.6, 129.6, 

128.6, 127.1, 110.9, 110.6; EI-MS (m/z, relative intensity): 212 (M
+
, 100), 184 (8), 

106 (9), 82 (10). 

2-phenyl-1H-naphtho[2,3-d]imidazole(3q)
7
: 

IR (film) 653, 816, 872, 1143, 1441, 1474, 1569, 1655, 2953 

cm
-1

; 
1
H NMR (300 MHz, DMSO-d6) δ 12.99 (br s, 1H), 8.33 

(d, J=6.9 Hz, 2H), 8.23-7.98 (m, 4H), 7.61-7.50 (m, 3H),  

7.36-7.33 (m, 2H); 
13

C NMR (75 MHz, DMSO-d6) δ 156.0, 145.0, 136.6, 131.3, 

130.8, 130.5, 129.6, 127.8, 127.7, 124.2, 123.8, 115.9, 107.3; ESI-MS m/z 244.9 

(M+H)
+
. 

2-phenylbenzo[d]thiazole(3r)
1
: 

N
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N
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IR (film) 831, 965, 1090, 1225, 1429, 1490, 1602, 3023 cm
-1

; 
1
H 

NMR (300 MHz, CDCl3) δ 8.09 (d, J=6.6 Hz, 2H), 7.88 (d, J=7.8 

Hz, 3H), 7.52-7.48 (m, 4H), 7.38 (d, J=7.5 Hz, 1H); 
13

C NMR (75 MHz, CDCl3) δ 

168.2, 154.3, 135.3, 133.8, 131.1, 129.2, 127.8, 126.5, 125.4, 123.5, 121.8; EI-MS 

(m/z, relative intensity): 211 (M
+
, 100), 184 (6), 108 (27), 82 (8), 69 (13). 

2-phenylbenzo[d]oxazole(3s)
1
: 

IR (film) 683, 746, 935, 1050, 1421, 1586, 1647, 3051 cm
-1

; 
1
H 

NMR (300 MHz, CDCl3) δ 8.26 (d, J=5.1 Hz, 2H), 7.77 (t, J=3.0 

Hz, 1H), 7.59-7.53 (m, 4H), 7.36-7.34 (t, J=3.0 Hz, 2H); 
13

C NMR (75 MHz, CDCl3) 

δ 163.2, 150.9, 142.3, 131.7, 129.1, 127.8, 127.4, 125.3, 124.7, 120.2, 110.7; EI-MS 

(m/z, relative intensity): 196 (M
+
, 14), 195 (100), 167 (24), 92 (8), 77 (10), 63 (18). 

7-methyl-2-phenylbenzo[d]oxazole(3t)
8
: 

IR (film) 613, 699, 859, 1025, 1417, 1541, 1634, 3047 cm
-1

; 
1
H 

NMR (300 MHz, CDCl3) δ 8.24-8.21 (m, 2H), 7.63 (d, J=8.1 Hz, 

1H), 7.52-7.47 (m, 2H), 7.38 (s, 1H), 7.16 (d, J=8.1 Hz, 1H), 2.52 (s, 

3H); 
13

C NMR (75 MHz, CDCl3) δ 162.7, 151.2, 140.1, 131.6, 131.4, 129.0, 128.8, 

127.6, 125.9, 119.5, 110.9, 22.2; EI-MS (m/z, relative intensity): 210 (M
+
, 14), 209 

(100), 180 (14), 106 (26), 78 (43), 51 (13). 
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