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General experimental procedure 

All reactions were carried out under a nitrogen atmosphere unless otherwise 

stated. All chemicals were directed used as purchased from Alfa-Aesar, Aladdin 

Industrial Corporation, and Energy Chemical Company. Analytical thin-layer 

chromatography (TLC) and preparative thin layer chromatography (PTLC) were 

performed using silica gel 60 HF254 pre-coated plates (0.4-0.6 mm). The developed 

chromatography was analyzed by UV lamp (254 nm) as visualization methods. Flash 

column chromatography was performed with silica gel 60 (230–400 mesh). Nuclear 

magnetic resonance (NMR) spectra were recorded on Varian-600 spectrometer (
1
H 

600 MHz, 
13

C 150 MHz). Chemical shifts for 
1
H-NMR spectra are reported in parts 

per million (ppm) with the solvent resonance as the internal standard (CDCl3: 7.26 

ppm, DMSO: 2.50 ppm). Chemical shifts for 
13

C-NMR spectra are reported in parts 

per million (ppm) with the solvent as the internal standard (CDCl3: 77.0 ppm; DMSO: 

40.00 ppm). Data are reported as following: chemical shift, multiplicity (s = singlet, d 

= doublet, dd = doublet of doublets, t = triplet, td = triplet of doublets, q = quartet, m 

= multiplet, br = broad signal), coupling constant (Hz), and integration. 

General procedure for selective sulfenylation of indoles 

to 3-arylthioindoles 3a-q 

An oven-dried reaction vessel was charged with indoles (0.20 mmol, 1.0 equiv.), 

sodium arenesulfinate (ArSO2Na, 0.30 mmol, 1.5 equiv.), and K2S2O8 (0.20 mmol, 

1.0 equiv.; 54.1 mg). After the reaction vessel was purged with nitrogen for 3-4 times, 

acetonitrile/distilled water (1.0 mL, v/v ratio 10:1) were added by syringe sequentially 

under nitrogen, then the sealed reaction vessel was placed into an oil bath, and stirred 

at 100 
o
C for 24 h. The resulting mixture was cooled to room temperature, extracted 

with EtOAc (20 mL x 3), washed with brine (10 mL) and dried over anhydrous 

Na2SO4. The above solution was evaporated under vacuum, and the residue was 

purified by silica gel column with petroleum ether/ethyl acetate as the eluent to give 
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the analytically 3-arylthioindole products 3a-q. 

The spectroscopic data of 3-arylthioindoles 3a-q 

 3a 

3-p-Tolylthioindole (3a).
1
 Eluent: ethyl acetate/petroleum ether 1:20. Yield 89% 

(42.9 mg from 23.6 mg starting material). 
1
H NMR (CDCl3, 600 MHz, ppm) δ 8.39 (s, 

br, 1 H), 7.63 (d, J = 7.92 Hz, 1 H), 7.47 (d, J = 2.34 Hz, 1 H), 7.43 (d, J = 8.16 Hz, 1 

H), 7.26 (td, J = 7.62, 0.78 Hz, 1 H), 7.17 (t, J = 7.50 Hz, 1 H), 7.04 (d, J = 8.22 Hz, 2 

H), 6.98 (d, J = 8.10 Hz, 2 H), 2.26 (s, 3 H). 
13

C NMR (CDCl3, 150 MHz, ppm) δ 

136.5, 135.5, 134.6, 130.4, 129.5, 129.1, 126.2, 123.0, 120.8, 119.7, 111.5, 103.5, 

20.9. HR-ESI-MS: [M+H]
+
 m/z cald. for C15H14NS: 240.0847; found 240.0842. 

 3b 

4-Methyl-3-p-tolylthioindole (3b).
1
 Eluent: ethyl acetate/petroleum ether 1:25. Yield 

80% (40.8 mg from 26.4 mg starting material). 
1
H NMR (CDCl3, 600 MHz, ppm) δ 

8.41 (s, br, 1 H), 7.42 (d, J = 2.58 Hz, 1 H), 7.28-7.26 (m, 1 H), 7.14 (t, J = 7.65 Hz, 1 

H), 7.00 (d, J = 8.58 Hz, 2 H), 6.98 (d, J = 8.46 Hz, 2 H), 6.89 (d, J = 7.14 Hz, 1 H), 

2.66 (s, 3 H), 2.26 (s, 3 H). 
13

C NMR (CDCl3, 150 MHz, ppm) δ 137.9, 137.0, 134.2, 

132.1, 131.7, 129.5, 127.0, 125.4, 123.0, 122.4, 109.4, 102.8, 20.8, 18.6. HR-ESI-MS: 

[M+H]
+
 m/z cald. for C16H16NS: 254.1003; found 254.0997. 

 3c 

5-Methoxy-3-p-tolylthioindole (3c).
2
 Eluent: ethyl acetate/petroleum ether 1:20. 
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Yield 85% (46.4 mg from 29.8 mg starting material). 
1
H NMR (CDCl3, 600 MHz, 

ppm) δ 8.35 (s, br, 1 H), 7.42 (d, J = 2.64 Hz, 1 H), 7.31 (d, J = 8.76 Hz, 1 H), 7.06 (d, 

J = 2.40 Hz, 1 H), 7.03 (d, J = 8.28 Hz, 2 H), 6.99 (d, J = 8.04 Hz, 2 H), 6.91 (dd, J = 

8.82, 2.46 Hz, 1 H), 3.79 (s, 3 H), 2.26 (s, 3 H). 
13

C NMR (CDCl3, 150 MHz, ppm) δ 

155.1, 135.6, 134.5, 131.3, 131.1, 130.0, 129.5, 126.0, 113.5, 112.4, 102.8, 100.8, 

55.8, 20.8. HR-ESI-MS: [M+H]
+
 m/z cald. for C16H16NOS: 270.0953; found 270.0944. 

 3d 

4-Bromo-3-p-tolylthioindole (3d).
3
 Eluent: ethyl acetate/petroleum ether 1:20. Yield 

69% (44.0 mg from 39.3 mg starting material). 
1
H NMR (CDCl3, 600 MHz, ppm) δ 

8.57 (s, br, 1 H), 7.46 (d, J = 2.58 Hz, 1 H), 7.36 (d, J = 8.16 Hz, 1 H), 7.33 (d, J = 

7.62 Hz, 1 H), 7.07 (t, J = 7.89 Hz, 1 H), 7.03-7.00 (m, 4 H), 2.27 (s, 3 H). 
13

C NMR 

(CDCl3, 150 MHz, ppm) δ 137.6, 137.3, 134.5, 132.9, 129.5, 126.3, 126.2, 125.7, 

123.8, 114.6, 111.1, 104.3, 20.9. HR-ESI-MS: [M+Na]
+
 m/z cald. for C15H12BrNSNa: 

339.9772; found 339.9765. 

 3e 

5-Chloro-3-p-tolylthioindole (3e).
1
 Eluent: ethyl acetate/petroleum ether 1:20. Yield 

71% (39.9 mg from 31.1 mg starting material). 
1
H NMR (CDCl3, 600 MHz, ppm) δ 

8.49 (s, br, 1 H), 7.59 (d, J = 1.92 Hz, 1 H), 7.48 (d, J = 2.58 Hz, 1 H), 7.33 (d, J = 

8.58 Hz, 1 H), 7.20 (dd, J = 8.64, 1.98 Hz, 1 H), 7.02 (d, J = 8.46 Hz, 2 H), 6.99 (d, J 

= 8.40 Hz, 2 H), 2.26 (s, 3 H). 
13

C NMR (CDCl3, 150 MHz, ppm) δ 134.9, 134.8, 

131.7, 130.4, 129.9, 129.6, 126.8, 126.3, 123.4, 119.2, 112.6, 103.5, 20.9. HR-ESI-

MS: [M+H]
+
 m/z cald. for C15H13ClNS: 274.0457; found 274.0456. 
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 3f 

6-Chloro-3-p-tolylthioindole (3f).
3
 Eluent: ethyl acetate/petroleum ether 1:20. Yield 

73% (40.6 mg from 30.8 mg starting material). 
1
H NMR (CDCl3, 600 MHz, ppm) δ 

8.39 (s, br, 1 H), 7.50 (d, J = 8.46 Hz, 1 H), 7.45 (d, J = 2.52 Hz, 1 H), 7.41 (d, J = 

1.32 Hz, 1 H), 7.12 (dd, J = 8.46, 1.68 Hz, 1 H), 7.02 (d, J = 8.22 Hz, 2 H), 6.99 (d, J 

= 8.22 Hz, 2 H), 6.98 (d, J = 8.34 Hz, 2 H), 2.26 (s, 3 H). 
13

C NMR (CDCl3, 150 MHz, 

ppm) δ 136.8, 134.9, 130.9, 129.9, 129.5, 129.0, 127.7, 126.4, 121.6, 120.6, 111.5, 

104.1, 20.9. HR-ESI-MS: [M+H]
+
 m/z cald. for C15H13ClNS: 274.0457; found 

274.0452. 

 3g 

6-Fluoro-3-p-tolylthioindole (3g).
4
 Eluent: ethyl acetate/petroleum ether 1:40. Yield 

78% (39.7 mg from 26.7 mg starting material). 
1
H NMR (CDCl3, 600 MHz, ppm) δ 

8.45 (s, br, 1 H), 7.50 (dd, J = 3.36, 8.70 Hz, 1 H), 7.10 (dd, J = 7.14, 2.22 Hz, 1 H), 

7.03 (d, J = 8.22 Hz, 2 H), 6.99 (d, J = 8.10 Hz, 2 H), 6.91 (td, J = 9.15, 2.22 Hz, 1 H), 

2.26 (s, 3 H). 
13

C NMR (CDCl3, 150 MHz, ppm) δ 160.4 (d, J = 237.8 Hz), 136.4 (d, J 

= 12.5 Hz), 135.1, 134.8, 130.6 (d, J = 3.3 Hz), 129.5, 126.4, 125.5, 124.9, 120.6 (d, J 

= 10.1 Hz), 109.6 (d, J = 24.5 Hz), 103.9, 97.9 (d, J = 26.3 Hz), 20.8. HR-ESI-MS: 

[M+H]
+
 m/z cald. for C15H13FNS: 258.0753; found 258.0749. 

 3h 

2-Methyl-3-p-tolylthioindole (3h).
5
 Eluent: ethyl acetate/petroleum ether 1:25. Yield 

91% (48.2 mg from 27.4 mg starting material). 
1
H NMR (CDCl3, 600 MHz, ppm) δ 

8.20 (s, br, 1 H), 7.57 (d, J = 7.86 Hz, 1 H), 7.33 (d, J = 8.04 Hz, 1 H), 7.20 (td, J = 
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7.58, 1.14 Hz, 1 H), 7.14 (td, J = 7.47, 0.96 Hz, 1 H), 6.98 (s, 4 H), 2.51 (s, 3 H), 2.26 

(s, 3 H). 
13

C NMR (CDCl3, 150 MHz, ppm) δ 140.9, 135.7, 135.4, 134.3, 130.3, 129.5, 

125.8, 122.1, 120.6, 119.0, 110.6, 99.8, 20.8, 12.1. HR-ESI-MS: [M+H]
+
 m/z cald. for 

C16H16NS: 254.1003; found 254.0997. 

 3i 

2-Phenyl-3-p-tolylthioindole (3i).
6
 Eluent: ethyl acetate/petroleum ether 1:30. Yield 

74% (46.8 mg from 38.7 mg starting material). 
1
H NMR (CDCl3, 600 MHz, ppm) δ 

8.57 (s, br, 1 H), 7.78 (dt, J = 7.50, 1.44 Hz, 2 H), 7.65 (d, J = 7.86 Hz, 1 H), 7.44 (d, J 

= 7.53 Hz, 3 H), 7.39 (tt, J = 7.38, 2.10 Hz, 1 H), 7.28 (td, J = 7.62, 1.08 Hz, 1 H), 

7.17 (t, J = 7.50 Hz, 1 H), 7.02 (d, J = 8.34 Hz, 2 H), 6.98 (d, J = 8.10 Hz, 2 H), 2.26 

(s, 3 H). 
13

C NMR (CDCl3, 150 MHz, ppm) δ 141.8, 135.8, 135.6, 134.3, 131.5, 131.2, 

129.6, 128.7, 128.6, 128.1, 125.7, 123.3, 121.1, 120.0, 111.1, 99.9. HR-ESI-MS: 

[M+H]
+
 m/z cald. for C21H18NS: 316.1160; found 316.1153. 

 3j 

3-Phenylthioindole (3j).
1
 Eluent: ethyl acetate/petroleum ether 1:20. Yield 83% (38.4 

mg from 24.2 mg starting material). 
1
H NMR (CDCl3, 600 MHz, ppm) δ 8.42 (s, br, 1 

H), 7.62 (d, J = 7.92 Hz, 1 H), 7.49 (d, J = 2.58 Hz, 1 H), 7.44 (d, J = 8.22 Hz, 1 H), 

7.27 (t, J = 7.14 Hz, 1 H), 7.18-7.15 (m, 3 H), 7.11 (dd, J = 7.14, 1.32 Hz, 2 H), 7.06 

(t, J = 7.23 Hz, 1 H). 
13

C NMR (CDCl3, 150 MHz, ppm) δ 139.2, 136.5, 130.7, 129.1, 

128.7, 125.8, 124.8, 123.0, 119.7, 111.6, 102.8. HR-ESI-MS: [M+H]
+
 m/z cald. for 

C14H12NS: 226.0690; found 226.0683. 

3k 
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3-(4-Methoxypehnylthio)indole (3k).
3
 Eluent: ethyl acetate/petroleum ether 1:20. 

Yield 87% (45.2 mg from 23.8 mg starting material). 
1
H NMR (CDCl3, 600 MHz, 

ppm) δ 8.26 (s, br, 1 H), 7.57 (d, J = 7.92 Hz, 1 H), 7.35 (d, J = 2.34 Hz, 1 H), 7.32 (d, 

J = 8.10 Hz, 1 H), 7.18 (t, J = 7.53 Hz, 1 H), 7.11-7.06 (m, 3 H), 6.67 (d, J = 8.76 Hz, 

2 H), 3.66 (s, 3 H). 
13

C NMR (CDCl3, 150 MHz, ppm) δ 157.8, 136.4, 130.1, 129.5, 

129.0, 128.5, 122.9, 120.8, 119.6, 114.5, 111.5, 104.5, 55.3. HR-ESI-MS: [M+H]
+
 m/z 

cald. for C15H14NOS: 256.0796; found 256.0791. 

 3l 

3-(4-Chlorophenylthio)indole (3l).
1
 Eluent: ethyl acetate/petroleum ether 1:20. Yield 

87% (45.3 mg from 23.5 mg starting material). 
1
H NMR (CDCl3, 600 MHz, ppm) δ 

8.47 (s, br, 1 H), 7.58 (d, J = 7.92 Hz, 1 H), 7.49 (d, J = 2.58 Hz, 1 H), 7.45 (d, J = 

8.16 Hz, 1 H), 7.28 (t, J = 7.59 Hz, 1 H), 7.18 (t, J = 7.50 Hz, 1 H), 7.12 (d, J = 8.58 

Hz, 2 H), 7.02 (d, J = 8.64 Hz, 2 H). 
13

C NMR (CDCl3, 150 MHz, ppm) δ 137.8, 

136.5, 130.7, 130.5, 128.8, 128.7, 127.1, 123.2, 121.0, 119.5, 111.7, 102.4. HR-ESI-

MS: [M+H]
+
 m/z cald. for C14H11ClNS: 260.0301; found 260.0293. 

 3m 

2-Methyl-3-(4-chlorophenylthio)indole (3m).
7
 Eluent: ethyl acetate/petroleum ether 

1:20. Yield 88% (50.4 mg from 27.4 mg starting material). 
1
H NMR (CDCl3, 600 

MHz, ppm) δ 8.64 (s, br, 1 H), 7.94 (s, 1 H), 7.88 (d, J = 7.92 Hz, 1 H), 7.57 (d, J = 

7.86 Hz, 1 H), 7.54 (d, J = 1.98 Hz, 1 H), 7.48 (d, J = 8.16 Hz, 1 H), 7.37 (d, J = 7.80 

Hz, 1 H), 7.32-7.28 (m, 2 H), 7.20 (t, J = 7.44, 1 H). 
13

C NMR (CDCl3, 150 MHz, 

ppm) δ 148.6, 142.6, 136.6, 131.3, 129.3, 128.5, 123.4, 121.3, 120.2, 119.6, 119.1, 

112.0, 100.7. HR-ESI-MS: [M+H]
+
 m/z cald. for C15H13ClNS: 274.0457; found 

274.0450. 
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3n 

3-(3-nitrophenylthio)indole (3n).
3
 Eluent: ethyl acetate/petroleum ether 1:10. Yield 

89% (48.9 mg from 23.7 mg starting material). 
1
H NMR (CDCl3, 600 MHz, ppm) δ 

8.30 (s, br, 1 H), 7.52 (d, J = 7.86 Hz, 1 H), 7.35 (d, J = 8.10 Hz, 1 H), 7.21 (td, J = 

7.59, 1.02 Hz, 1 H), 7.14 (t, J = 7.44 Hz, 1 H), 7.11 (d, J = 8.58 Hz, 2 H), 6.96 (d, J = 

8.64 Hz, 2 H), 2.51 (s, 3 H). 
13

C NMR (CDCl3, 150 MHz, ppm) δ 141.2, 138.0, 135.4, 

130.2, 130.0, 128.7, 126.7, 122.3, 120.8, 118.8, 110.7, 98.9, 29.7. HR-ESI-MS: 

[M+Na]
+
 m/z cald. for C14H10N2O2SNa: 293.0361; found 293.0357. 

 3o 

N-Methyl-3-phenylthioindole (2o).
1
 Eluent: ethyl acetate/petroleum ether 1:40. Yield 

79% (39.9 mg from 27.6 mg starting material). 
1
H NMR (CDCl3, 600 MHz, ppm) δ 

7.62 (d, J = 7.92 Hz, 1 H), 7.40 (d, J = 8.28 Hz, 1 H), 7.34 (s, 1 H), 7.31 (t, J = 7.62 

Hz, 1 H), 7.19-7.15 (m, 3 H), 7.11 (d, J = 7.26 Hz, 2 H), 7.05 (t, J = 7.20 Hz, 1 H), 

3.85 (s, 3 H). 
13

C NMR (CDCl3, 150 MHz, ppm) δ 139.7, 137.5, 135.0, 129.8, 128.6, 

125.7, 124.6, 122.5, 120.5, 119.7, 109.7, 100.5, 33.1. HR-ESI-MS: [M+H]
+
 m/z cald. 

for C15H14NS: 240.0847; found 240.0842. 

 3p 

N-Methyl-3-p-tolylthioindole (3p).
7
 Eluent: ethyl acetate/petroleum ether 1:40. Yield 

80% (40.7 mg from 26.3 mg starting material). 
1
H NMR (CDCl3, 600 MHz, ppm) δ 

7.63 (d, J = 7.92 Hz, 1 H), 7.38 (d, J = 8.22 Hz, 1 H), 7.33 (s, 1 H), 7.30 (t, J = 7.62 

Hz, 1 H), 7.17 (t, J = 7.47 Hz, 1 H), 7.03 (d, J = 8.22 Hz, 2 H), 6.98 (d, J = 8.04 Hz, 2 
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H), 3.84 (s, 3 H), 2.25 (s, 3 H). 
13

C NMR (CDCl3, 150 MHz, ppm) δ 137.5, 135.9, 

134.8, 134.5, 129.8, 129.4, 126.1, 122.5, 120.4, 119.8, 109.6, 101.2, 33.1, 20.8. HR-

ESI-MS: [M+H]
+
 m/z cald. for C16H16NS: 254.1003; found 254.0997. 

3q 

1,2-Dimethyl-3-p-tolylthioindole (3q).
4
 Eluent: ethyl acetate/petroleum ether 1:50. 

Yield 91% (50.1 mg from 29.9 mg starting material). 
1
H NMR (CDCl3, 600 MHz, 

ppm) δ 7.60 (d, J = 7.86 Hz, 1 H), 7.34 (d, J = 8.22 Hz, 1 H), 7.24 (td, J = 7.62, 1.08 

Hz, 1 H), 7.14 (td, J = 7.44, 0.78 Hz, 1 H), 6.98-6.95 (m, 4 H), 3.76 (s, 3 H), 2.53 (s, 3 

H), 2.25 (s, 3 H). 
13

C NMR (CDCl3, 150 MHz, ppm) δ 142.7, 137.0, 136.1, 134.1, 

129.8, 129.4, 125.6, 121.7, 120.4, 119.0, 108.9, 98.6, 30.3, 20.8, 10.9. HR-ESI-MS: 

[M+H]
+
 m/z cald. for C17H18NS: 268.1160; found 268.1153. 

3r 

1,2-Dimethyl-3-(4-chlorophenylthio)indole (3r).
4
 Eluent: ethyl acetate/petroleum 

ether 1:50. Yield 88% (50.8 mg from 29.1 mg starting material). 
1
H NMR (CDCl3, 

600 MHz, ppm) δ 7.59 (d, J = 7.86 Hz, 1 H), 7.35 (d, J = 8.16 Hz, 1 H), 7.25 (t, J = 

7.83 Hz, 1 H), 7.15 (t, J = 7.44 Hz, 1 H), 7.10 (dd, J = 8.58, 1.74 Hz, 2 H), 6.94 (d, J = 

8.58 Hz, 2 H), 3.77 (s, 3 H), 2.51 (s, 3 H). 
13

C NMR (CDCl3, 150 MHz, ppm) δ 142.9, 

138.4, 137.1, 130.1, 129.5, 128.7, 126.6, 121.9, 120.6, 118.8, 109.1, 97.6, 30.4, 10.8. 

HR-ESI-MS: [M+H]
+
 m/z cald. for C16H15ClNS: 288.0614; found 288.0608. 

 3s 
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3-Methyl-2-p-Tolylthioindole (3s).
3
 Eluent: ethyl acetate/petroleum ether 1:20. Yield 

34% (17.3 mg from 26.2 mg starting material). 
1
H NMR (CDCl3, 600 MHz, ppm) δ 

7.96 (s, br, 1 H), 7.60 (d, J = 7.98 Hz, 1 H), 7.29 (d, J = 8.04 Hz, 1 H), 7.24 (t, J = 

8.25 Hz, 1 H), 7.15 (t, J = 7.47 Hz, 1 H), 7.04 (d, J = 8.16 Hz, 2 H), 7.00 (d, J = 8.10 

Hz, 2 H), 2.41 (s, 3 H), 2.29 (s, 3 H). 
13

C NMR (CDCl3, 150 MHz, ppm) δ 135.7, 

134.8, 132.2, 128.8, 127.5, 126.1, 122.3, 121.2, 118.5, 118.30, 118.27, 109.7, 19.9, 

8.4. HR-ESI-MS: [M+H]
+
 m/z cald. for C16H16NS: 254.1003; found 254.0997. 

The spectroscopic data of 2-p-tosylindole 4 

4 

Eluent: ethyl acetate/petroleum ether 1:10. Yield 29% 
1
H NMR (CDCl3, 600 MHz, 

ppm) δ 9.31 (s, br, 1 H), 7.90 (d, J = 7.98 Hz, 2 H), 7.66 (d, J = 8.10 Hz, 1 H), 7.42 (d, 

J = 8.34 Hz, 1 H), 7.32 (t, J = 7.65 Hz, 1 H), 7.28 (d, J = 7.98 Hz, 2 H), 7.19-7.15 (m, 

2 H), 2.38 (s, 3 H). 
13

C NMR (CDCl3, 150 MHz, ppm) δ 144.5, 138.5, 137.1, 134.4, 

130.0, 127.3, 127.0, 125.9, 122.6, 121.5, 112.3, 108.8, 21.6. HR-ESI-MS: [M+H]
+
 m/z 

cald. for C15H14NO2S: 272.0745; found 272.0742. 
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