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Supporting Information 

 

General: 1H and 13C NMR spectra were recorded with a Bruker AM 300 MHz. IR 

spectra were recorded with a Perkin–Elmer 983G instrument. Elemental analyses 

were recorded with a Carlo-Erba EA1110 elementary analysis instrument. Mass 

spectrometry was performed with an HP 5989A system. High-resolution mass data 

were determined with a Finnigan MAT 8430 or Bruker APEXIII instrument. Toluene 

was distilled from Na/benzophenone before use. Unless otherwise indicated, 

chemicals and solvents were purchased from commercial suppliers. 
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(1) 9-Ethyl-2-methyl-4-phenyl-9H-carbazole (3a)  

 

Typical Procedure: To a dry Schlenk tube were added sequentially AuCl3 (3.1 mg, 

0.01 mmol), 2a (60.6 mg, 0.2 mmol), and toluene (1.0 mL) under N2. After 

continuous stirring for 3 h at rt, the reaction was complete as monitored by TLC. 

Filtration, evaporation and column chromatography on silica gel (petroleum 

ether/ethyl acetate = 40/l) afforded 3a (51.3 mg, 90%): solid; m. p. 92-93 °C (ethyl 

acetate/n-hexane); 1H NMR (300 MHz, CDCl3) δ 7.68-7.57 (m, 2H, ArH), 7.56-7.43 

(m, 4H, ArH), 7.41-7.31 (m, 2H, ArH), 7.21 (s, 1H, ArH), 7.02-6.90 (m, 2H, ArH), 

4.38 (q, J = 7.2 Hz, 2H, NCH2), 2.59 (s, 3H, ArCH3), 1.46 (t, J = 7.2 Hz, 3H, CH3); 

13C NMR (75 MHz, CDCl3) δ 141.4, 140.6, 140.1, 137.5, 135.5, 129.1, 128.3, 127.3, 

124.9, 122.5, 122.1, 122.0, 118.3, 118.0, 108.1, 107.5, 37.3, 22.1, 13.7; IR (KBr) ν 

(cm-1) 3052, 3025, 2974, 2914, 2865, 1621, 1599, 1571, 1470, 1460, 1418, 1348, 

1324, 1282, 1190, 1121, 1084, 1028; MS (70 ev, EI) m/z (%) 286 (M++1, 18.69), 285 

(M+, 84.44), 270 (100); Elemental analysis calcd (%) for C21H19N: C, 88.38; H, 6.71; 

N, 4.91; Found: C, 88.34, H, 6.87; N, 4.86. 

The following compounds 3b-3l were prepared according to this procedure. 

(2) 4,9-Diethyl-2-methyl-9H-carbazole (3b) 
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The reaction of AuCl3 (3.5 mg, 0.012 mmol) and 2b (51.1 mg, 0.20 mmol) in 

toluene (1.0 mL) at rt for 12 h afforded 3b (38.3 mg, 81%) (petroleum ether/ethyl 

acetate = 80/l): liquid; 1H NMR (300 MHz, CDCl3) δ 8.18 (d, J = 8.1 Hz, 1H, ArH), 

7.54-7.41 (m, 2H, ArH), 7.37-7.23 (m, 1H, ArH), 7.13 (s, 1H, ArH), 6.94 (s, 1H, ArH), 

4.38 (q, J = 7.2 Hz, 2H, NCH2), 3.29 (q, J = 7.5 Hz, 2H, ArCH2), 2.61 (s, 3H, ArCH3), 

1.60-1.40 (m, 6H, 2×CH3); 
13C NMR (75 MHz, CDCl3) δ 140.6, 139.8, 139.4, 135.7, 

124.4, 122.9, 122.3, 120.1, 118.6, 118.3, 108.1, 106.3, 37.3, 27.3, 22.2, 14.2, 13.7; IR 

(neat) ν (cm-1) 2970, 2943, 2877, 1618, 1599, 1570, 1468, 1458, 1432, 1374, 1350, 

1327, 1258, 1189, 1156, 1080; MS (70 ev, EI) m/z (%) 238 (M++1, 17.18), 237 (M+, 

78.06), 222 (100); HRMS Calcd for C17H19N (M+): 237.1517, Found: 237.1519. 

(3) 4-Butyl-9-ethyl-2-methyl-9H-carbazole (3c)  

 

The reaction of AuCl3 (4.6 mg, 0.015 mmol) and 2c (83.5 mg, 0.30 mmol) in 

toluene (2.0 mL) at rt for 19.5 h afforded 3c (57.8 mg, 74%) (petroleum ether/ethyl 

acetate = 60/l): liquid; 1H NMR (300 MHz, CDCl3) δ 8.08 (d, J = 7.8 Hz, 1H, ArH), 

7.47-7.31 (m, 2H, ArH), 7.27-7.17 (m, 1H, ArH), 7.05 (s, 1H, ArH), 6.85 (s, 1H, ArH), 
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4.31 (q, J = 7.4 Hz, 2H, NCH2), 3.26-3.07 (m, 2H, ArCH2), 2.53 (s, 3H, ArCH3), 

1.88-1.75 (m, 2H, CH2), 1.61-1.45 (m, 2H, CH2), 1.40 (t, J = 7.4 Hz, 3H, ArCH3), 

0.99 (t, J = 7.4 Hz, 3H, CH3); 
13C NMR (75 MHz, CDCl3) δ 140.7, 139.9, 138.2, 

135.5, 124.4, 123.0, 122.2, 121.2, 118.6, 118.5, 108.1, 106.3, 37.3, 34.1, 32.0, 23.0, 

22.1, 14.1, 13.7; IR (neat) ν (cm-1) 3050, 3013, 2955, 2928, 2860, 1623, 1601, 1577, 

1491, 1468, 1459, 1450, 1432, 1377, 1350, 1328, 1299, 1268, 1257, 1210, 1188, 1156, 

1112, 1084, 1029; MS (70 ev, EI) m/z (%) 265 (M+, 100); HRMS Calcd for C19H23N 

(M+): 265.1830, Found: 265.1827. 

(4) 4-Butyl-9-ethyl-2,6-dimethyl-9H-carbazole (3d)  

 

The reaction of AuCl3 (4.7 mg, 0.015 mmol) and 2d (89.0 mg, 0.30 mmol) in 

toluene (2.0 mL) at rt for 11.5 h afforded 3d (60.5 mg, 72%) (petroleum ether/ethyl 

acetate = 80/l): liquid; 1H NMR (400 MHz, CDCl3) δ 7.87 (s, 1H, ArH), 7.36-7.19 (m, 

2H, ArH), 7.02 (s, 1H, ArH), 6.81 (s, 1H, ArH), 4.26 (q, J = 7.2 Hz, 2H, NCH2), 

3.24-3.11 (m, 2H, ArCH2), 2.54 (s, 3H, ArCH3), 2.52 (s, 3H, ArCH3), 1.91-1.76 (m, 

2H, CH2), 1.62-1.48 (m, 2H, CH2), 1.37 (t, J = 7.2 Hz, 3H, ArCH3), 1.01 (t, J = 7.2 Hz, 

3H, CH3); 
13C NMR (100 MHz, CDCl3) δ 141.0, 138.19, 138.17, 135.3, 127.7, 125.6, 

123.1, 122.4, 120.9, 118.3, 107.8, 106.2, 37.3, 34.1, 32.0, 22.9, 22.1, 21.7, 14.1, 13.7; 

IR (neat) ν (cm-1) 2956, 2929, 2861, 1626, 1607, 1576, 1481, 1462, 1376, 1350, 1325, 

1307, 1271, 1254, 1190, 1146, 1117; MS (70 ev, EI) m/z (%) 280 (M++1, 21.93), 279 
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(M+, 100); HRMS Calcd for C20H25N (M+): 279.1987, Found: 279.1982. 

(5) 2,9-Diethyl-6-methyl-4-phenyl-9H-carbazole (3e)  

AuCl3 (5 mol%)

toluene, 14 h, rt

79%

2e 3e

N

Et OH

Et

Ph

N

Et

Et

PhH3C H3C

 

The reaction of AuCl3 (4.6 mg, 0.015 mmol) and 2e (97.5 mg, 0.30 mmol) in 

toluene (2.0 mL) at rt for 14 h afforded 3e (72.9 mg, 79%) (petroleum ether/ethyl 

acetate = 80/l): liquid; 1H NMR (300 MHz, CDCl3) δ 7.68-7.60 (m, 2H, ArH), 

7.54-7.38 (m, 3H, ArH), 7.28 (s, 1H, ArH), 7.24-7.11 (m, 3H, ArH), 6.94 (d, J = 1.2 

Hz, 1H, ArH), 4.28 (q, J = 7.1 Hz, 2H, NCH2), 2.85 (q, J = 7.8 Hz, 2H, ArCH2), 2.29 

(s, 3H, ArCH3), 1.42-1.31 (m, 6H, 2×CH3); 
13C NMR (75 MHz, CDCl3) δ 141.8, 

141.6, 140.9, 138.5, 137.5, 129.2, 128.2, 127.3, 126.2, 122.7, 122.1, 120.8, 118.1, 

107.8, 106.2, 37.3, 29.5, 21.4, 16.1, 13.7; IR (neat) ν (cm-1) 3055, 3027, 2966, 2931, 

2870, 1622, 1603, 1568, 1499, 1486, 1470, 1462, 1409, 1378, 1350, 1334, 1307, 1292, 

1282, 1227, 1192, 1176, 1146, 1126, 1085, 1073, 1062, 1028; MS (70 ev, EI) m/z (%) 

314 (M++1, 24.85); 313 (M+, 100); HRMS Calcd for C23H23N (M+): 313.1830, Found: 

313.1824. 

(6) 4-Butyl-9-ethyl-6-methyl-2-phenyl-9H-carbazole (3f)  
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The reaction of AuCl3 (4.6 mg, 0.015 mmol) and 2f (102.5 mg, 0.29 mmol) in 

toluene (2.0 mL) at rt for 11 h afforded 3f (62.5 mg, 64%) (petroleum ether/CH2Cl2 = 

20/l): liquid; 1H NMR (300 MHz, CDCl3) δ 7.99 (s, 1H, ArH), 7.85-7.75 (m, 2H, 

ArH), 7.60-7.46 (m, 3H, ArH), 7.45-7.27 (m, 4H, ArH), 4.42 (q, J = 7.2 Hz, 2H, 

NCH2), 3.46-3.20 (m, 2H, ArCH2), 2.63 (s, 3H, ArCH3), 2.02-1.87 (m, 2H, CH2), 

1.72-1.56 (m, 2H, CH2), 1.48 (t, J = 7.2 Hz, 3H, CH3), 1.09 (t, J = 7.2 Hz, 3H, CH3); 

13C NMR (75 MHz, CDCl3) δ 142.4, 141.1, 138.7, 138.64, 138.63, 128.7, 128.0, 

127.6, 126.9, 126.2, 122.8, 122.7, 119.9, 119.1, 107.9, 104.6, 37.4, 34.3, 31.9, 22.9, 

21.7, 14.1, 13.7; IR (neat) ν (cm-1) 3026, 2955, 2929, 2868, 1600, 1567, 1486, 1470, 

1375, 1351, 1309, 1281, 1228, 1153, 1117, 1075; MS (70 ev, EI) m/z (%) 342 (M++1, 

27.48), 341 (M+, 100); HRMS Calcd for C25H27N (M+): 341.2144, Found: 341.2142. 

(7) 4-Butyl-9-ethyl-6-methoxy-2-methyl-9H-carbazole (3g)  

 

The reaction of AuCl3 (3.2 mg, 0.01 mmol) and 2g (63.5 mg, 0.20 mmol) in toluene 

(1.0 mL) at rt for 11.5 h afforded 3g (36.0 mg, 60%) (petroleum ether/ethyl acetate = 

40/l): liquid; 1H NMR (300 MHz, CDCl3) δ 7.63 (d, J = 2.4 Hz, 1H, ArH), 7.30 (d, J = 

9.0 Hz, 1H, ArH), 7.11 (dd, J = 8.7 and 2.4 Hz, 1H, ArH), 7.06 (s, 1H, ArH), 6.84 (s, 

1H, ArH), 4.31 (q, J = 7.2 Hz, 2H, NCH2), 3.95 (s, 3H, OCH3), 3.30-2.97 (m, 2H, 

ArCH2), 2.56 (s, 3H, ArCH3), 1.94-1.78 (m, 2H, CH2), 1.66-1.50 (m, 2H, CH2), 1.42 

(t, J = 7.2 Hz, 3H, CH3), 1.04 (t, J = 7.2 Hz, 3H, CH3); 
13C NMR (75 MHz, CDCl3) δ 
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153.2, 141.3, 138.2, 135.6, 135.0, 123.3, 120.8, 118.3, 112.7, 108.4, 106.35, 106.32, 

56.2, 37.4, 34.1, 32.1, 23.1, 22.1, 14.1, 13.7; IR (neat) ν (cm-1) 2954, 2931, 2862, 

2830, 1625, 1609, 1579, 1482, 1378, 1351, 1310, 1227, 1170, 1138, 1040; MS (70 ev, 

EI) m/z (%) 296 (M++1, 21.91), 295 (M+, 100); HRMS Calcd for C20H25NO (M+): 

295.1936, Found: 295.1936. 

(8) 9-Benzyl-6-bromo-2-ethyl-4-phenyl-9H-carbazole (3h) 

AuCl3 (5 mol%)

toluene, 13 h, rt

72 %

2h 3h

N

Bn OH

Et

Ph

N
Et

Ph

Bn

Br Br

 

The reaction of AuCl3 (3.4 mg, 0.01 mmol) and 2h (92.0 mg, 0.20 mmol) in toluene 

(2.0 mL) at rt for 13 h afforded 3h (63.6 mg, 72%) (petroleum ether/ethyl acetate = 

100/l): liquid; 1H NMR (300 MHz, CDCl3) δ 7.66-7.56 (m, 3H, ArH), 7.55-7.41 (m, 

3H, ArH), 7.31 (dd, J = 8.7 and 1.8 Hz, 1H, ArH), 7.26-7.16 (m, 3H, ArH), 7.13 (s, 

1H, ArH), 7.10-7.02 (m, 3H, ArH), 6.99 (d, J = 0.9 Hz, 1H, ArH), 5.36 (s, 2H, ArCH2), 

2.78 (q, J = 7.5 Hz, 2H, CH2), 1.28 (t, J = 7.5 Hz, 3H, CH3); 
13C NMR (75 MHz, 

CDCl3) δ 143.1, 141.7, 140.7, 139.4, 137.7, 136.6, 129.0, 128.8, 128.5, 127.8, 127.7, 

127.5, 126.2, 124.5, 124.4, 121.8, 117.4, 111.6, 110.0, 106.8, 46.4, 29.4, 15.9; IR 

(neat) ν (cm-1) 3087, 3049, 3012, 2955, 2928, 2862, 1645, 1495, 1574, 1502, 1463, 

1392 ,1327 1302, 1225, 1162, 1118, 1088, 1029; MS (70 ev, EI) m/z (%) 442 (M+ 

(81Br)+1, 27.88), 441 (M+ (81Br), 100), 440 (M+ (79Br)+1, 29.53), 439 (M+ (79Br), 

96.50); HRMS Calcd for C27H22N
79Br (M+): 439.0936, Found: 439.0932. 
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(9) 4-Butyl-9-ethyl-2,5-dimethyl-9H-carbazole (3i)  

 

The reaction of AuCl3 (4.6 mg, 0.015 mmol) and 2i (89.2 mg, 0.30 mmol) in 

toluene (2.0 mL) at rt for 3 h afforded 3i (54.5 mg, 65%) (petroleum ether/ethyl 

acetate = 40/l): liquid; 1H NMR (300 MHz, CDCl3) δ 7.46-7.36 (m, 1H, ArH), 7.32 (d, 

J = 7.8 Hz, 1H, ArH), 7.14 (s, 1H, ArH), 7.09 (d, J = 7.2 Hz, 1H, ArH), 6.97 (s, 1H, 

ArH), 4.38 (q, J = 7.1 Hz, 2H, NCH2), 3.48-3.30 (m, 2H, ArCH2), 3.04 (s, 3H, CH3), 

2.60 (s, 3H, CH3), 1.86-1.74 (m, 2H, CH2), 1.60-1.40 (m, 5H, CH3+CH2), 1.02 (t, J = 

7.2 Hz, 3H, CH3); 
13C NMR (75 MHz, CDCl3) δ 141.2, 140.6, 137.7, 135.1, 132.1, 

124.6, 122.8, 122.4, 122.3, 119.4, 106.2, 106.0, 37.2, 36.8, 34.8, 25.3, 22.6, 21.7, 14.1, 

13.3; IR (neat) ν (cm-1) 3048, 2956, 2926, 2870, 1619, 1597, 1570, 1451, 1377, 1349, 

1317, 1274, 1216, 1148, 1078, 1044; MS (70 ev, EI) m/z (%) 280 (M++1, 22.02), 279 

(M+, 100); HRMS Calcd for C20H25N (M+): 279.1987, Found: 279.1994. 

(10) 9-Ethyl-1,7-dimethyl-5-phenyl-9H-carbazole (3j) 

 

The reaction of AuCl3 (4.9 mg, 0.016 mmol) and 2j (96.2 mg, 0.30 mmol) in 

toluene (1.5 mL) at rt for 12 h afforded 3j (82.1 mg, 90%) (petroleum ether/ethyl 
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acetate = 80/l): liquid; 1H NMR (300 MHz, CDCl3) δ 7.77-7.69 (m, 2H, ArH), 

7.67-7.52 (m, 3H, ArH), 7.42 (d, J = 7.8 Hz, 1H, ArH), 7.32 (s, 1H, ArH), 7.20 (d, J = 

7.2 Hz, 1H, ArH), 7.06 (d, J = 0.6 Hz, 1H, ArH), 6.96 (t, J = 7.5 Hz, 1H, ArH), 4.69 

(q, J = 7.1 Hz, 2H, NCH2), 2.91 (s, 3H, ArCH3), 2.71 (s, 3H, ArCH3), 1.56 (t, J = 7.2 

Hz, 3H, CH3); 
13C NMR (75 MHz, CDCl3) δ 141.5, 141.4, 138.8, 137.2, 135.2, 129.2, 

128.3, 127.3, 123.5, 122.4, 120.0, 119.5, 118.4, 118.2, 107.8, 39.3, 22.1, 20.3, 15.6; 

IR (neat) ν (cm-1) 3027, 2959, 2927, 2855, 1622, 1603, 1569, 1486, 1463, 1409, 1332, 

1306, 1227, 1192, 1146, 1084, 1028; MS (70 ev, EI) m/z (%) 300 (M++1, 19.63), 299 

(M+, 78.14), 284 (100); HRMS Calcd for C22H21N (M+): 299.1674, Found: 299.1678. 

(11) 4-Butyl-9-(4-methoxybenzyl)-2-methyl-9H-carbazole (3k) 

 

The reaction of AuCl3 (3.1 mg, 0.01 mmol) and 2k (75.0 mg, 0.20 mmol) in toluene 

(1.5 mL) at rt for 12 h afforded 3k (41.7 mg, 58%) (petroleum ether/ethyl acetate = 

60/l): solid, m.p. 92~93 oC (n-hexane/ethyl acetate); 1H NMR (300 MHz, CDCl3) δ 

8.10 (q, J = 7.8 Hz, 1H, ArH), 7.42-7.28 (m, 2H, ArH), 7.27-7.18 (m, 1H, ArH), 

7.10-6.98 (m, 3H, ArH), 6.86 (s, 1H, ArH), 6.80-6.71 (m, 2H, ArH), 5.38 (s, 2H, 

ArCH2), 3.70 (s, 3H, OCH3), 3.24-3.15 (m, 2H, ArCH2), 2.47 (s, 3H, ArCH3), 

1.90-1.68 (m, 2H, CH2), 1.62-1.43 (m, 2H, CH2), 1.00 (t, J = 7.2 Hz, 3H, CH3); 
13C 

NMR (75 MHz, CDCl3) δ 158.8, 141.5, 140.6, 138.1, 135.7, 129.3, 127.5, 124.6, 
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123.1, 122.2, 121.5, 119.0, 118.5, 114.1, 108.6, 106.7, 55.2, 45.8, 34.1, 32.0, 23.0, 

22.1, 14.1; IR (KBr) ν (cm-1) 3052, 2954, 2928, 2860, 2835, 1613, 1601, 1586, 1575, 

1513, 1481, 1463, 1446, 1353, 1327, 1295, 1248, 1175, 1034; MS (70 ev, EI) m/z (%) 

358 (M++1, 7.06), 357 (M+, 24.84), 121 (100); Elemental analysis calcd (%) for 

C25H27NO: C, 83.99; H, 7.61; N, 3.92; Found: C, 83.57, H, 7.66; N, 4.02. 

(12) 9-Benzyl-2-ethyl-4-phenyl-9H-carbazole (3l)  

AuCl3 (5 mol%)

toluene, 12 h, rt

62 %

2l 3l

N
OH

Et

Ph

N
Et

Ph

Bn
Bn

 

The reaction of AuCl3 (3.2 mg, 0.01 mmol) and 2l (76.2 mg, 0.20 mmol) in 

toluene (1.0 mL) at rt for 12 h afforded 3l (45.0 mg, 62%) (petroleum ether/ethyl 

acetate = 50/l): liquid; 1H NMR (300 MHz, CDCl3) δ 7.71-7.63 (m, 2H, ArH), 

7.58-7.44 (m, 4H, ArH), 7.35-7.22 (m, 5H, ArH), 7.22-7.12 (m, 3H, ArH), 7.03-6.92 

(m, 2H, ArH), 5.55 (s, 2H, ArCH2), 2.83 (q, J = 7.7 Hz, 2H, CH2), 1.32 (t, J = 7.7 Hz, 

3H, CH3); 
13C NMR (75 MHz, CDCl3) δ 142.3, 141.5, 141.4, 140.9, 137.5, 137.2, 

129.2, 128.7, 128.3, 127.40, 127.37, 126.4, 125.1, 122.7, 122.0, 121.4, 118.7, 118.4, 

108.6, 106.7, 46.4, 29.4, 16.0; IR (neat) ν (cm-1) 3055, 3030, 2962, 2926, 2853, 1620, 

1600, 1571, 1496, 1480, 1463, 1453, 1418, 1354, 1324, 1292, 1174; MS (70 ev, EI) 

m/z (%) 362 (M++1, 29.50), 361 (M+, 100); HRMS Calcd for C27H23N (M+): 361.1830, 

Found: 361.1828. 
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