
Supporting Information 
 

Lewis Acid InBr3-Catalyzed Arylation of Diorgano Diselenides and 

Ditellurides with Arylboronic Acids 

Kai Ren,a Min Wanga and Lei Wang*a,b

a Department of Chemistry, Huaibei Coal Teachers College, Huaibei, Anhui 235000, P R China 

Tel: + 86-561-3802-069  Fax: + 86-561-3090-518  E-mail: leiwang@hbcnc.edu.cn 
b State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry, Chinese 

Academy of Sciences, Shanghai 200032, P R China 

 

Table of contents for supporting information: 

General information -----------------------------------------------------------------------------------------1 

General procedure for the InBr3-catalyzed preparation of monochalcogenides from 

dichalcogenides with arylboronic acids     ----------------------------------------------------------------1 

Characterisation data of monochalcogenides   -----------------------------------------------------------2 
1H NMR and 13C NMR spectra  ---------------------------------------------------------------------------8 

High resolution mass spectroscopic data   --------------------------------------------------------------- 29 

 

General information. All reactions were carried out under an air atmosphere. All reagents were 

purchased from commercial suppliers and used after further purification. 1H NMR, 13C NMR spectra 

were measured on a Bruker Avance NMR spectrometer (400 MHz or 100MHz, respectively) with CDCl3 

as solvent and recorded in ppm relative to internal tetramethylsilane standard. High resolution mass 

spectroscopy data of the product were collected on a Waters Micromass GCT instrument. 

 

General Procedure for InBr3-Catalyzed Preparation of Monochalcogenides from Dichalcogenides 

with Arylboronic Acids without any Additive: A 10 mL of reaction tube was charged with 

dichalcogenide (0.5 mmol), arylboronic acid (1.0 mmol), InBr3 (0.05 mmol), and DMSO (1.0 mL). The 

reaction vessel was placed in an oil bath at 130 °C. After the reaction was carried out at this temperature 

for 20 h, it was cooled to room temperature, diluted with H2O and extracted twice with Et2O. The organic 

layers were combined, dried over Na2SO4, and concentrated to yield the crude product, which was further 

purified by flash chromatography on silica gel (eluant: petroleum ether) to give the desired cross-coupling 

product. 
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4-Methoxyphenyl phenyl selenide[1]

Se OCH3  

IR (neat): 3058, 2995, 2942, 2840, 1589, 1491, 1476, 1247, 1028, 834, 730 cm-1. δH (400 MHz; CDCl3; 

Me4Si) 7.50 (d, J = 8.8 Hz, 2H), 7.33–7.31 (m, 2H), 7.21–7.16 (m, 3H), 6.84 (d, J = 8.4 Hz, 2H), 3.79 (s, 

3H). δc (100 MHz; CDCl3; Me4Si) 159.7, 136.5, 133.2, 130.9, 129.1, 126.4, 119.9, 115.1, 55.2. Anal. 

Calcd for C13H12OSe: C, 59.32; H, 4.60. Found: C, 59.57; H, 4.73. 

 

 

3-Methoxyphenyl phenyl selenide[2]  

Se

OCH3

 

IR (neat): 3057, 2934, 2833, 1587, 1475, 1244, 1039, 737, 688 cm-1. δH (400 MHz; CDCl3; Me4Si) 7.49–

7.48 (m, 2H), 7.26–7.25 (m, 3H), 7.18–7.14 (m, 1H), 7.03–7.00 (m, 2H), 6.78 (d, J = 8.0 Hz, 1H), 3.72 (s, 

3H). δc (100 MHz; CDCl3; Me4Si) 159.9, 133.2, 132.2, 130.7, 130.0, 129.3, 127.4, 124.9, 117.9, 113.0, 

55.2. Anal. Calcd for C13H12OSe: C, 59.32; H, 4.60. Found: C, 59.53; H, 4.69. 

 

 

2-Methoxyphenyl phenyl selenide[1]

Se

H3CO

 

IR (neat): 3056, 2935, 2833, 1587, 1476, 1438, 1284, 1244, 1039, 738, 688 cm-1. δH (400 MHz; CDCl3; 

Me4Si) 7.58–7.56 (m, 2H), 7.33–7.30 (m, 3H), 7.20–7.15 (m, 1H), 6.94 (q, J = 1.6, 6.0 Hz, 1H), 6.84 (q, J 

= 1.2, 7.2 Hz, 1H), 6.80–6.76 (m, 1H), 3.87 (s, 3H). 1δc (100 MHz; CDCl3; Me4Si) 156.6, 135.5, 130.8, 

129.5, 128.3, 128.1, 127.7, 121.9, 121.6, 110.4, 55.9. Anal. Calcd for C13H12OSe: C, 59.32; H, 4.60. 

Found: C, 59.62; H, 4.45. 
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2,4-Dimethoxyphenyl phenyl selenide[3]

Se

H3CO

OCH3  

IR (neat): 3056, 2929, 2853, 1578, 1476, 1463, 1437, 1209, 1161, 1023, 737 cm-1. δH (400 MHz; CDCl3; 

Me4Si) 7.42–7.39 (m, 2H), 7.25–7.22 (m, 4H), 6.50 (d, J = 2.4 Hz, 1H), 6.43 (q, J = 2.4, 6.0 Hz, 1H), 

3.83 (s, 3H), 3.80 (s, 3H). δc (100 MHz; CDCl3; Me4Si) 161.3, 159.2, 135.3, 132.4, 129.1, 126.8, 110.3, 

105.7, 99.0, 56.0, 55.5. Anal. Calcd for C14H14O2Se: C, 57.35; H, 4.81. Found: C, 57.51; H, 4.92. 

 

 

2,6-Dimethoxyphenyl phenyl selenide[4]

Se

H3CO

H3CO  

IR (neat): 3056, 2936, 2834, 1575, 1456, 1302, 1160, 1061, 1022, 833, 736, 691 cm-1. δH (400 MHz; 

CDCl3; Me4Si) 7.41–7.38 (m, 2H), 7.24–7.19 (m, 4H), 6.49 (d, J = 2.4 Hz, 1H), 6.41 (q, J = 2.4, 6.0 Hz, 

1H), 3.81 (s, 3H), 3.78 (s, 3H). δc (100 MHz; CDCl3; Me4Si) 161.2, 159.1, 135.2, 132.3, 131.0, 129.1, 

126.8, 110.2, 105.6, 98.9, 55.9, 55.4. Anal. Calcd for C14H14O2Se: C, 57.35; H, 4.81. Found: C, 57.54; H, 

4.65. 

 

 

4-Methylthiophenyl phenyl selenide 

Se SCH3  

IR (neat): 3056, 2920, 2853, 1577, 1474, 1437, 1386, 1098, 1010, 807, 736, 690 cm-1. δH (400 MHz; 

CDCl3; Me4Si) 7.39 (d, J = 8.4 Hz, 4H), 7.23–7.21 (m, 3H), 7.12 (d, J = 8.4 Hz, 2H), 2.43 (s, 3H). δc (100 

MHz; CDCl3; Me4Si) 138.4, 134.0, 132.2, 131.6, 129.2, 127.1, 127.0, 126.6, 15.5. HRMS (ESI) ([M]+) 

Calcd. for C13H12S77Se: 276.9859, Found 276.9858. 
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4-Methoxycarbonylphenyl phenyl selenide[1]

Se COOCH3  

IR (neat): 3056, 2925, 2854, 1708, 1587, 1435, 1397, 1276, 1177, 1010, 759, 748, 694 cm-1. δH (400 MHz; 

CDCl3; Me4Si) 7.86 (d, J = 8.4 Hz, 2H), 7.58 (q, J = 2.0, 6.0 Hz, 2H), 7.37–7.34 (m, 5H), 3.89 (s, 3H). δc 

(100 MHz; CDCl3; Me4Si) 166.8, 139.7, 135.0, 1302.3, 130.2, 129.7, 128.7, 128.5, 128.2, 52.1. Anal. 

Calcd for C14H12O2Se: C, 57.74; H, 4.15. Found: C, 57.89; H, 4.01. 

 

 

2-Formylphenyl phenyl selenide[5]

Se

OHC  

IR (neat): 3056, 2924, 2848, 2738, 1695, 1583, 1557, 1455, 1438, 1202, 1034, 843, 744, 694, 661 cm-1. 

δH (400 MHz; CDCl3; Me4Si) 10.1 (s, 1H), 7.78–7.76 (m, 1H), 7.61–7.59 (m, 2H), 7.41–7.34 (m, 3H), 

7.27–7.20 (m, 2H), 6.98 (d, J = 7.2 Hz, 1H). δc (100 MHz; CDCl3; Me4Si) 192.6, 139.6, 136.8, 135.1, 

133.9, 133.7, 129.9, 129.1, 128.1, 125.5. Anal. Calcd for C13H10OSe: C, 59.78; H, 3.86. Found: C, 59.89; 

H, 3.95. 

 

 

4-Chlorophenyl 4′-methoxyphenyl selenide 

Se OCH3Cl  

IR (neat): 3056, 2926, 2854, 1708, 1587, 1435, 1276, 1111, 759, 748, 694 cm-1. δH (400 MHz; CDCl3; 

Me4Si) 7.45 (d, J = 8.8 Hz, 2H), 7.19 (d, J = 8.8 Hz, 2H), 7.12 (d, J = 8.8 Hz, 2H), 6.82 (d, J = 8.8 Hz, 

2H), 3.77 (s, 3H). δc (100 MHz; CDCl3; Me4Si) 160.0, 136.7, 132.5, 132.1, 131.6, 129.3, 119.5, 115.3, 

55.3. HRMS (ESI) ([M]+) Calcd. for C13H11ClO80Se: 297.9664, Found 297.9670; Calcd. for 

C13H11ClO78Se: 295.9671, Found 295.9667. 
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4-Bromophenyl 4′-methoxyphenyl selenide 

Se OCH3Br  

IR (neat): 3056, 2923, 2855, 1630, 1589, 1492, 1465, 1381, 1248, 1079, 1030, 1003, 806 cm-1. δH (400 

MHz; CDCl3; Me4Si) 7.49 (d, J = 8.8 Hz, 2H), 7.31 (d, J = 8.4 Hz, 2H), 7.15 (d, J = 8.4 Hz, 2H), 6.86 (d, 

J = 8.4 Hz, 2H), 3.81 (s, 3H). δc (100 MHz; CDCl3; Me4Si) 160.0, 136.7, 132.5, 132.1, 131.6, 129.3, 

119.5, 115.3, 55.3. (ESI) ([M]+) Calcd. for C13H11BrO80Se: 341.9158, Found 341.9157. 

 

4-Flurophenyl 4′-methoxyphenyl selenide[6]

Se OCH3F  

IR (neat): 3056, 2923, 2849, 1587, 1249, 1226, 1024, 835 cm-1. δH (400 MHz; CDCl3; Me4Si) 7.45 (d, J = 

8.8 Hz, 2H), 7.34 (q, J = 5.4, 4.8 Hz, 2H), 6.91 (t, J = 8.8 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 3.81 (s, 3H). 

δc (100 MHz; CDCl3; Me4Si) 163.2, 160.8, 159.7, 135.8, 133.5, 133.4, 127.2, 120.5, 116.3, 116.1, 115.1, 

55.2. Anal. Calcd for C13H11FOSe: C, 55.53; H, 3.94. Found: C, 55.31; H, 4.17. 

 

4-Methylphenyl 4′-methoxyphenyl selenide 

Se OCH3H3C  

IR (neat): 3057, 3010, 2917, 2849, 1589, 1489, 1287, 1246, 1179, 1031, 804 cm-1. δH (400 MHz; CDCl3; 

Me4Si) 7.45 (d, J = 8.8 Hz, 2H), 7.27 (q, J = 8.0 Hz, 2H), 7.03 (t, J = 8.0 Hz, 2H), 6.81 (d, J = 8.8 Hz, 

2H), 3.77 (s, 3H), 2.28 (s, 3H). δc (100 MHz; CDCl3; Me4Si) 159.5, 136.7, 135.8, 131.8, 130.0, 129.0, 

120.9, 115.1, 55.3, 21.1. (ESI) ([M]+) Calcd. for C14H14O80Se: 278.0210, Found 278.0211; Calcd. for 

C14H14O78Se: 276.0218, Found 276.0223. 

 

3-Methylphenyl 4′-methoxyphenyl selenide 

Se OCH3

H3C
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IR (neat): 3051, 3004, 2935, 2835, 1591, 1570, 1490, 1287, 1247, 1173, 1031, 824, 772, 687 cm-1. δH 

(400 MHz; CDCl3; Me4Si) 7.47 (d, J = 8.4 Hz, 2H), 7.16 (s, 1H), 7.11–7.04 (m, 2H), 6.96 (d, J = 7.2 Hz, 

1H), 6.81 (d, J = 8.8 Hz, 2H), 3.75 (s, 3H), 2.24 (s, 3H). δc (100 MHz; CDCl3; Me4Si) 159.6, 138.8, 136.3, 

132.7, 131.6, 128.9, 128.1, 127.3, 120.1, 115.0, 55.2, 21.2. (ESI) ([M]+) Calcd. for C14H14O82Se: 

280.0212, Found 280.0215. 

 

4-Methoxyphenyl 2′-methylphenyl selenide 

Se OCH3

CH3

 

IR (neat): 3059, 3004, 2926, 2836, 1590, 1490, 1464, 1287, 1247, 1173, 1033, 746, 708, 657 cm-1. δH 

(400 MHz; CDCl3; Me4Si) 7.45 (d, J = 8.8 Hz, 2H), 7.15–7.13 (m, 1H), 7.11–7.06 (m, 2H), 7.00–6.96 (m, 

1H), 6.85 (d, J = 9.2 Hz, 2H), 3.79 (s, 3H), 2.37 (s, 3H). δc (100 MHz; CDCl3; Me4Si) 159.8, 138.0, 136.6, 

134.0, 130.8, 130.0, 126.6, 119.3, 115.3, 55.3, 21.9. (ESI) ([M]+) Calcd. for C14H14O78Se: 276.0218, 

Found 276.0219. 

 

4-t-Butylphenyl 4′-methoxyphenyl selenide 

Se OCH3(H3C)3C  

IR (neat): 3073, 2962, 2903, 2866, 1592, 1571, 1489, 1396, 1287, 1246, 1114, 1031, 821, 725 cm-1. δH 

(400 MHz; CDCl3; Me4Si) 7.48 (d, J = 8.8 Hz, 2H), 7.26 (q, J = 8.8, 10.0 Hz, 4H), 6.83 (d, J = 8.8 Hz, 

2H), 3.78 (s, 3H), 1.28 (s, 9H). δc (100 MHz; CDCl3; Me4Si) 159.6, 149.7, 136.1, 131.0, 129.2, 126.2, 

120.4, 115.0, 55.2, 34.4, 31.2. (ESI) ([M]+) Calcd. for C17H20O80Se: 320.0679, Found 320.0677; Calcd. 

for C17H20O78Se: 318.0687, Found 318.0680. 

 

n-Butyl 4-methoxyphenyl selenide[4]

Se OCH3  
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IR (neat): 3063, 2957, 2930, 2871, 1592, 1491, 1284, 1246, 1173, 1031, 823 cm-1. δH (400 MHz; CDCl3; 

Me4Si) 7.48 (d, J = 8.8 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 3.80 (s, 3H), 2.83 (t, J = 7.6 Hz, 2H), 1.67–1.63 

(m, 2H), 1.44–1.39 (m, 2H), 0.91 (t, J = 7.6 Hz, 3H). δc (100 MHz; CDCl3; Me4Si) 159.1, 135.5, 120.2, 

114.7, 55.3, 32.3, 28.8, 22.9, 13.6. Anal. Calcd for C11H16OSe: C, 54.32; H, 6.63. Found: C, 54.16; H, 

6.75. 

 

4-Methoxyphenyl phenyl telluride[1]

Te OCH3  

IR (neat): 3055, 2928, 2839, 1714, 1586, 1489, 1362, 1293, 1177, 1026, 824, 738, 690 cm-1. δH (400 MHz; 

CDCl3; Me4Si) 7.72 (d, J = 8.8 Hz, 2H), 7.55 (q, J = 2.8, 4.0 Hz, 2H), 7.20–7.13 (m, 3H), 6.78 (d, J = 8.8 

Hz, 2H), 3.78 (s, 3H). δc (100 MHz; CDCl3; Me4Si) 160.0, 141.2, 136.4, 129.4, 127.3, 115.9, 115.6, 103.2, 

55.2. Anal. Calcd for C13H12OTe: C, 50.07; H, 3.88. Found: C, 49.89; H, 4.01. 

 

3-Methoxyphenyl phenyl telluride 

Te

OCH3

 

IR (neat): 3058, 2970, 2845, 1735, 1559, 1541, 1474, 1363, 669 cm-1. δH (400 MHz; CDCl3; Me4Si) 7.71 

(d, J = 9.2 Hz, 2H), 7.31–7.20 (m, 5H), 7.12 (t, J = 7.6 Hz, 1H), 6.81 (d, J = 8.4 Hz, 1H), 3.74 (s, 3H). δc 

(100 MHz; CDCl3; Me4Si) 159.9, 138.2, 130.2, 130.1, 129.5, 128.0, 123.0, 113.8, 55.2. (ESI) ([M]+) 

Calcd. for C13H12O130Te: 313.9950, Found 313.9957. 

 

2-Methoxyphenyl phenyl telluride[1]

Te

H3CO

 

IR (neat): 3057, 2934, 2833, 1587, 1475, 1284, 1244, 1040, 838, 737, 688 cm-1. δH (400 MHz; CDCl3; 

Me4Si) 7.88 (d, J = 8.0 Hz, 2H), 7.40–7.37 (m, 1H), 7.30–7.26 (m, 2H), 7.18–7.14 (m, 1H), 6.93 (d, J = 

 7



7.6 Hz, 1H), 6.77 (d, J = 8.0 Hz, 1H), 6.72 (t, J = 7.6 Hz, 1H), 3.85 (s, 3H). δc (100 MHz; CDCl3; Me4Si) 

157.9, 141.1, 133.4, 129.5, 128.6, 128.0, 122.3, 111.9, 109.5, 107.6, 55.8. Anal. Calcd for C13H12OTe: C, 

50.07; H, 3.88. Found: C, 50.21; H, 3.75. 

 

4-Methoxycarbonylphenyl phenyl telluride[1]

Te COOCH3  

IR (neat): 3055, 2951, 2854, 1717, 1586, 1435, 1390, 1281, 1106, 1012, 823, 755, 688 cm-1. δH (400 MHz; 

CDCl3; Me4Si) 7.81–7.78 (m, 4H), 7.59 (d, J = 8.4 Hz, 2H), 7.36 (t, J = 6.8 Hz, 1H), 7.26 (t, J = 7.2 Hz, 

2H), 3.88 (s, 3H). δc (100 MHz; CDCl3; Me4Si) 166.9, 139.5, 135.9, 130.1, 129.8, 129.0, 128.7, 123.4, 

113.4, 52.2. Anal. Calcd for C14H12O2Te: C, 49.48; H, 3.46. Found: C, 49.61; H, 3.52. 

 

Benzyl 4-methoxyphenyl selenide[7]

CH2 Se OCH3
 

IR (neat): 3055, 2963, 2854, 1717, 1590, 1490, 1260, 1028, 802, 696 cm-1. δH (400 MHz; CDCl3; Me4Si) 

7.28 (d, J = 8.4 Hz, 2H), 7.16–7.09 (m, 3H), 7.04 (d, J = 6.8 Hz, 2H), 6.69 (d, J = 8.8 Hz, 2H), 3.92 (s, 

2H), 3.70 (s, 3H). δc (100 MHz; CDCl3; Me4Si) 159.5, 139.1, 136.5, 128.8, 128.3, 126.6, 120.0, 114.6, 

55.2, 33.1. Anal. Calcd for C14H14OSe: C, 60.66; H, 5.09. Found: C, 60.79; H, 4.98. 
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