
 S1 

Supporting Information 

Rhodium-Catalyzed Regio- and Stereoselective 1-Seleno-2-Thiolation of 1-Alkynes 

 

Mieko Arisawa, Yoshihiro Kozuki, and Masahiko Yamaguchi* 

Department of Organic Chemistry, Graduate School of Pharmaceutical Sciences, Tohoku University, Aoba, 

Sendai 980-8578, Japan 

 

 

 

Table of content 

         Pages 

1. Spctroscopic data       S2-S8 

2. 1H NMR spectra and 13C NMR spectra     S9-S28 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 S2 

(Z)-1-Phenylseleno-2-phenylthio-1-octene (Table 2, entry 2) (Z)-1-Phenylseleno-2-phenylthio-1-octene 

(72%), (Z)-1,2-bis(phenylthio)-1-octene (3%), and (Z)-7 (3%) were obtained (1H-NMR yield). The major 

compound (68%) was isolated by preparative recycling reverse-phase HPLC using Cadenza CD-C18 

column. (MeOH). 1H-NMR (400 MHz, CDCl3) δ 0.84 (3H, t, J = 7.2 Hz), 1.14 - 1.30 (6H, m), 1.49, (2H, 

quintet, J = 7.2 Hz), 2.23 (2H, t, J =7.2 Hz), 6.80 (1H, s), 7.21 (1H, t, J = 7.2 Hz), 7.26 - 7.34 (5H, m), 7.36 

(2H, d, J = 7.2 Hz), 7.57 (2H, dd, J = 7.2, 1.6 Hz). 13C-NMR (100 MHz, CDCl3) δ 14.2, 22.6, 28.6, 28.5, 

31.6, 37.9, 126.6, 127.3, 128.3 (1JC-Se = 105 Hz), 128.8, 129.1, 130.0, 130.9, 132.6, 133.7, 135.7. 

77Se-NMR (76 MHz, CDCl3) δ 393.6. IR (neat) 3058, 2927, 2854, 1579 cm-1. MS (EI) m/z 43 (M+ - 333, 

100), 376 (M+, 78). HRMS. Calcd for C20H24SSe: 376.0764. Found: 376.0733. 

(Z)-1,2-Bis(phenylthio)-1-octene (δ 6.56) and (Z)-7 (δ 6.92) were assigned according to literature.4, 8  

 

 

 

 

(Z)-1-Phenylseleno-2-(4-chorolophenylthio)-1-octene (Table 2, entry 3) 

(Z)-1-Phenylseleno-2-(4-chorolophenylthio)-1-octene (69%),  (Z)-1,2-bis(4-chorolophenylthio)-1-octene 

(7%), and (Z)-7 (1%) were obtained (1H-NMR yield). The spectroscopic data were obtained as a mixture. 

1H-NMR (400 MHz, CDCl3) δ 0.85 (3H, t, J = 6.4 Hz), 1.15 - 1.32 (6H, m), 1.48 (2H, quintet J =7.2 Hz), 

2.21 (2H, t, J = 7.2 Hz), 6.83 (1H, s), 7.22 - 7.34 (7H, m), 7.55 (2H, dd, J = 7.2, 3.6 Hz). 13C-NMR (100 

MHz, CDCl3) δ 14.1, 22.6, 28.4, 28.5, 31.5, 37.9, 127.3, 128.9, 129.1, 129.5 (1JC-Se = 103 Hz), 130.8, 131.1, 

132.3, 132.5, 132.6, 135.0. 77Se-NMR (76 MHz, CDCl3) δ 397.2. IR (neat) 3057, 2927, 1576 cm-1. MS (EI) 

m/z 43 (M+ - 367, 100) 410 (M+, 45). HRMS. Calcd for C20H23ClSSe: 410.0374. Found: 410.0384. 

(Z)-1,2-Bis(4-chorolophenylthio)-1-octene (δ 6.48) was assigned by analogy with 

(Z)-1,2-bis(phenylthio)-1-octene.4, 8 

 

 

 

 

(Z)-1-Phenylseleno-2-phenylthio-1-dodecene (Table 2, entry 4) 

(Z)-1-Phenylseleno-2-phenylthio-1-dodecene (75%), (Z)-1,2-bis(phenylthio)-1-dodecene (2%), and 
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(Z)-1,2-bis(phenylseleno)-1-dodecene (5%) were obtained (1H-NMR yield). The major compound (71%) 

was isolated by preparative recycling reverse-phase HPLC using Cadenza CD-C18 column (MeOH). 

1H-NMR (400 MHz, CDCl3) δ 0.87 (3H, t, J = 7.6 Hz), 1.15 - 1.34 (14H, m), 1.48 (2H, quintet, J = 7.2, 

Hz), 2.22 (2H, t, J = 7.2 Hz), 6.80 (1H, s), 7.21 (1H, t, J = 7.2 Hz), 7.25 - 7.32 (5H, m), 7.36 (2H, d, J = 8.0 

Hz), 7.56 (2H, dd, J = 7.6, 3.2 Hz). 13C-NMR (150 MHz, CDCl3) δ 14.3, 22.8, 28.6, 28.9, 29.4, 29.4, 29.6, 

29.7, 32.0, 37.8, 126.6, 127.3, 128.4 (1JC-Se = 101 Hz), 128.9, 129.1, 130.0, 130.9, 132.6, 133.6, 135.7. 

77Se-NMR (76 MHz, CDCl3) δ 393.6. IR (neat) 3057, 2925, 2852, 1579 cm-1. MS (EI) m/z 432 (M+, 100). 

HRMS. Calcd for C24H32SSe: 432.1390. Found: 432.1421. (Z)-1,2-Bis(phenylthio)-1-dodecene (δ 6.54) and 

(Z)-1,2-bis(phenylseleno)-1-dodecene (δ 6.92) were assigned by analogy with 

(Z)-1,2-bis(phenylthio)-1-octene and (Z)-7, respectively.4, 8 

 

 

 

 

(Z)-4-Phenyl-1-phenylseleno-2-phenylthio-1-butene (Table 2, entry 5) 

(Z)-4-Phenyl-1-phenylseleno-2-phenylthio-1-butene (65%), (Z)-4-phenyl-1,2-bis(phenylthio)-1-butene 

(2%), and (Z)-4-phenyl-1,2-bis(phenylseleno)-1-butene (10%) were obtained (1H-NMR yield). The 

spectroscopic data were obtained as a mixture 1H-NMR (400 MHz, CDCl3) δ 2.52 (2H, t, J = 7.6 Hz), 2.81 

(2H, t, J = 7.6 Hz), 6.72 (1H, s), 7.05 (2H, d, J = 7.2 Hz), 7.17 (1H, d, J = 7.2 Hz), 7.18 - 7.35 (8H, m) 7.39 

(2H, d, J = 6.8 Hz), 7.45 (2H, dd, J = 6.4, 2.8 Hz). 13C-NMR (100 MHz, CDCl3) δ 34.9, 39.6, 125.7, 126.7, 

127.2, 128.1, 128.2, 128.9 (1JC-Se = 102 Hz), 129.9, 129.2, 130.2, 130.7, 132.4, 133.3, 134.4, 140.7. 

77Se-NMR (76 MHz, CDCl3) δ 395.8. IR (neat) 3058, 3025, 2924, 2854, 1946, 1579 cm-1. MS (EI) m/z 91 

(M+ - 305, 63), 147 (M+ -249, 100), 396 (M+, 54). HRMS. Calcd for C22H20SSe: 396.0451. Found: 

396.0447. (Z)-1,2-Bis(phenylthio)-4-phenyl-1-butene (δ 6.42) was assigned according to literature.4 

(Z)-1,2-Bis(phenylseleno)-4-phenyl-1-butene (δ 6.84) was assigned by analogy with (Z)-7.8 

 

 

 

 

(Z)-3,3-Dimethyl-1-phenylseleno-2-phenylthio-1-butene (Table 2, entry 6) 
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(Z)-3,3-Dimethyl-1-phenylseleno-2-phenylthio-1-butene (61%) and 

(Z)-3,3-dimethyl-1,2-bis(phenylthio)-1-butene (25%) were obtained (1H-NMR yield). The latter (δ 6.99) 

was assigned according to literature4 The major compound (65%) was isolated by preparative recycling 

reverse-phase HPLC using Cadenza CD-C18 column (MeOH). 1H-NMR (400 MHz, CDCl3) δ 1.20 (9H, s), 

7.12 (1H, tt, J = 7.6, 1.6 Hz), 7.23 - 7.32 (7H, m), 7.25 (1H, s) 7.52 (2H, dd, J = 6.0, 3.6 Hz). 13C-NMR 

(100 MHz, CDCl3) δ 29.6, 41.0, 125.1, 126.7, 127.4, 128.7, 129.1, 131.0, 132.8, 134.9 (1JC-Se = 102 Hz), 

135.5, 141.5. 77Se-NMR (76 MHz, CDCl3) δ 411.8. IR (neat) 2963, 1579, 1476 cm-1. MS (EI) m/z 57 (M+ - 

291, 100), 348 (M+, 34). HRMS. Calcd for C18H20SSe: 348.0451. Found: 348.0446. Anal. Calcd for 

C18H20SSe: C; 62.24, H; 5.80, S; 9.23 %. Found: C; 62.36, H; 5.88, S; 10.01 %.  

 

 

 

 

 

(Z)-1-Phenylseleno-2-phenylthio-1-hexen-6-ol (Table 2, entry 7) 

(Z)-1-Phenylseleno-2-phenylthio-1-hexen-6-ol (71%), (Z)-1,2-bis(phenylthio)-1-hexen-6-ol (1%), and 

(Z)-1,2-bis(phenylseleno)-1-hexen-6-ol (5%) were obtained (1H-NMR yield). The major compound (62%) 

was isolated by preparative recycling reverse-phase HPLC using Cadenza CD-C18 column (MeOH). 

1H-NMR (400 MHz, CDCl3) δ 1.30 (1H, s, br), 1.51 (2H, quintet, J = 6.4 Hz), 1.57 (2H, quintet, J = 6.8 

Hz), 2.26 (2H, t, J = 7.2 Hz), 3.57 (2H, t, J = 6.8 Hz), 6.83 (1H, s), 7.23 (1H, t, J = 6.4Hz), 7.26 - 7.34 (5H, 

m), 7.36 (2H, d, J =8.0 Hz), 7.57 (2H, d, J = 3.2, 8.4 Hz). 13C-NMR (100 MHz, CDCl3) δ 24.7, 31.9, 37.5, 

62.6, 126.7, 127.3, 128.9, 129.1 (1JC-Se = 95 Hz), 129.1, 130.1, 130.7, 132.7, 133.5, 135.0. 77Se-NMR (76 

MHz, CDCl3) δ 396.0. IR (neat) 3349, 3057, 2935, 1578 cm-1. MS (EI) m/z 147 (M+ - 217, 58), 364 (M+, 

100). HRMS. Calcd for C18H20OSSe: 364.0400. Found: 364.0370. (Z)-1,2-Bis(phenylthio)-1-hexen-6-ol (δ 

6.58) and (Z)-1,2-bis(phenylseleno)-1-hexen-6-ol (δ 6.95) were assigned by analogy with 

(Z)-1,2-bis(phenylthio)-1-octene and (Z)-7, respectively.4, 8 
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(Z)-6-Acetyloxy-1-phenylseleno-2-phenylthio-1-hexene (Table 2, entry 8) 

(Z)-6-Acetyloxy-1-phenylseleno-2-phenylthio-1-hexene (78%), 

(Z)-6-acetyloxy-1,2-bis(phenylthio)-1-hexene (3%), and (Z)-6-acetyloxy-1,2-bis(phenylseleno)-1-hexene 

(6%) were obtained (1H-NMR yield). The major compound (70%) was isolated by recycling HPLC using 

Cadenza CD-C18 column (MeOH). 1H-NMR (400 MHz, CDCl3) δ 1.56 (4H, m), 2.00 (3H, s), 2.26 (2H , t, 

J = 6.8 Hz), 3.99 (2H, t, J = 6.0 Hz), 6.83 (1H, s), 7.22 (2H, t, J = 7.2 Hz), 7.26 - 7.34 (4H, m), 7.36 (2H, d, 

J = 7.6 Hz), 7.57 (2H, dd, J = 8.0, 2.8 Hz). 13C-NMR (100 MHz, CDCl3) δ 21.1, 24.9, 27.8, 37.3, 64.2, 

126.7, 127.4, 128.9, 129.1 (1JC-Se = 108 Hz), 129.3, 130.1, 130.7, 132.7, 133.4, 134.8, 170.9. 77Se-NMR (76 

MHz, CDCl3) δ 396.6. IR (neat) 3057, 2945, 1739, 1578 cm-1. MS (EI) m/z 43 (M+ - 363, 100), 147 (M+ - 

259, 68), 406 (M+, 69). HRMS. Calcd for C20H22O2SSe: 406.0506. Found: 406.0496. 

(Z)-6-Acetyloxy-1,2-bis(phenylthio)-1-hexene (δ 6.58) and 

(Z)-6-acetyloxy-1,2-bis(phenylseleno)-1-hexene (δ 6.95) were assigned by analogy with 

(Z)-1,2-bis(phenylthio)-1-octene and (Z)-7, respcectively.4, 8 

 

 

 

 

(Z)-6-(t-Butyldimethylsilyloxy)-1-phenylseleno-2-phenylthio-1-hexene (Table 2, entry 9) 

(Z)-6-(t-Butyldimethylsilyloxy)-1-phenylseleno-2-phenylthio-1-hexene (72%), and 

(Z)-1,2-bis(phenylseleno)-6-(t-butyldimethylsilyloxy)-1-hexene (3%) were obtained (1H-NMR yield). The 

major compound (70%) was isolated by preparative recycling reverse-phase HPLC using Cadenza CD-C18 

column (MeOH). 1H-NMR (400 MHz, CDCl3) δ 0.01 (6H, s), 0.86 (9H, s), 1.44 (2H, quintet, J = 6.0 Hz), 

1.54 (2H, quintet, J = 6.4 Hz), 2.25 (2H, t, J = 6.4 Hz), 3.53 (2H, t, J = 6.8 Hz), 6.82 (1H, s), 7.18 - 7.32 

(6H, m), 7.35 (2H, d, J = 8.0 Hz), 7.56 (2H, dd, J = 8.0, 2.4 Hz). 13C-NMR (100 MHz, CDCl3) δ −5.1, 18.5, 

24.9, 26.1, 32.1, 37.6, 62.9, 126.6, 127.3, 128.7 (1JC-Se = 100 Hz), 128.9, 129.0, 130.1, 130.9, 132.6, 133.6, 

135.5. 77Se-NMR (76 MHz, CDCl3) δ 394.6. IR (neat) 3059, 2928, 1579 cm-1. MS (EI) m/z 75 (M+ - 403, 

100), 478 (M+, 20). HRMS. Calcd for C24H34OSSeSi: 478.1265. Found: 478.1240. Anal. C24H34OSSeSi: 

Calcd for C; 60.35, H; 7.17. Found: C; 60.42, H; 7.06. 

(Z)-1,2-Bis(phenylseleno)-6-(t-butyldimethylsilyloxy)-1-hexene (δ 6.92) was assigned by analogy with 

(Z)-7.8 
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(Z)-4,4-Bis(ethoxycarbonyl)-1-phenylseleno-2-phenylthio-1,6-heptadiene (Table 2, entry 10) 

(Z)-4,4-Bis(ethoxycarbonyl)-1-phenylseleno-2-phenylthio-1,6-heptadiene (73%), and 

(Z)-4,4-bis(ethoxycarbonyl)-1,2-bis(phenylthio)-1,6-heptadiene (6%) were obtained (1H-NMR yield). The 

spectroscopic data were obtained as a mixture. 1H-NMR (400 MHz, CDCl3) δ 1.15 (6H, t, J = 7.2 Hz), 2.77 

(2H, d, J = 7.2 Hz), 2.95 (2H, s), 4.06 (2H, q, J = 7.2 Hz), 4.14 (2H, q, J = 7.2 Hz), 5.01 (1H, d, J = 8.0 Hz), 

5.04 (1H, d, J = 16.8 Hz), 5.57 (1H, ddt, J = 16.8, 7.2, 6.4 Hz), 7.10 (1H, s), 7.16 - 7.33 (8H, m), 7.54 (2H, 

dd. J = 7.2, 3.6Hz). 13C-NMR (100 MHz, CDCl3) δ 13.9, 36.6, 39.1, 57.4, 61.3, 118.9, 126.1, 127.2, 128.6, 

128.9, 129.1, 130.0, 130.1, 132.2, 132.8, 133.6, 138.8 (1JC-Se = 105 Hz), 170.0. 77Se-NMR (76 MHz, 

CDCl3) δ 416.1. IR (neat) 3074, 2980, 1732, 1640, 1579 cm-1. MS (EI) m/z 147 (M+ - 357, 100), 273 (M+ - 

231, 64), 347 (M+ - 157, 70) 504 (M+, 55). HRMS. Calcd for C25H28OSSe: 504.0874. Found: 504.0857. 

(Z)-4,4-Bis(ethoxycarbonyl)-1,2-bis(phenylthio)-1,6-heptadiene (δ 6.86) was assigned according to 

literature.8 

 

 

 

 

 

(Z)-1-Butylseleno-2-butylthio-1-dodecene (Table 4, entry 2) (Z)-1-Butylseleno-2-butylthio-1-dodecene 

(53%), (Z)-2-butylseleno-1-butylthio-1-dodecene (5%), (Z)-1,2-bis(butylthio)-1-dodecene (5%), and 

(Z)-1,2-bis(butylseleno)-1-dodecene (19%) were obtained (1H-NMR yield). The spectroscopic data were 

obtained as a mixture. 1H-NMR (400 MHz, CDCl3) δ 0.88 (3H, t, J = 8.0 Hz), 0.91 (3H, t, J = 6.8 Hz), 0.92 

(3H, t, J = 7.6 Hz), 1.19 - 1.38 (16H, m), 1.42 (2H, sextet, J = 7.6 Hz), 1.42 (2H, sextet, J = 7.6 Hz), 1.48 - 

1.60 (2H, m), 1.69 (2H, quintet, J = 7.6 Hz), 2.25, (2H, t, J = 7.6 Hz), 2.68 (2H, t, J = 7.6 Hz), 2.69 (2H, t, 

J = 7.2 Hz), 6.32 (1H, s). 13C-NMR (150 MHz, CDCl3) δ 13.6, 13.7, 14.1, 21.9, 22.7, 22.8, 26.4, 28.5, 29.0, 

29.3, 29.4, 29.6, 29.6, 31.3, 31.9, 32.0, 33.0, 37.4, 122.4 (1JC-Se = 102 Hz), 135.7. 77Se-NMR (76 MHz, 

CDCl3) δ 257.2. IR (neat) 2925, 2854, 1574 cm-1. MS (EI) m/z 392 (M+, 100). HRMS. Calcd for 

CO2EtEtO2C

PhS
Se

NOE

H
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Ph

n-BuS Sen-Bu

H

5.3 %
NOE

H

C20H40SSe: 392.2016. Found: 392.1998. (Z)-1,2-Bis(butylthio)-1-dodecene (δ 6.03) and 

(Z)-1,2-bis(butylseleno)-1-dodecene (δ 6.54) were assigned by analogy with (Z)-12 and (Z)-13, 

respectively.4, 8 A peak at δ 6.21 was assigned to (Z)-2-butylseleno-1-butylthio-1-dodecene tentatively. 

 

 

 

 

 

(Z)-1-Butylseleno-2-butylthio-4-phenyl-1-butene (Table 4, entry 3) 

(Z)-1-Butylseleno-2-butylthio-4-phenyl-1-butene (41%), (Z)-2-butylseleno-1-butylthio-4-phenyl-1-butene 

(3%), (Z)-1,2-bis(butylthio)-4-phenyl-1-butene (5%), and (Z)-1,2-bis(butylseleno)-4-phenyl-1-butene 

(21%) were obtained (1H-NMR yield). The spectroscopic data were obtained as a mixture. 1H-NMR (400 

MHz, CDCl3) δ 0.91 (3H, t, J = 7.2 Hz), 0.92 (3H, t, J = 7.2 Hz), 1.38 (2H, sextet, J = 7.2 Hz), 1.44 (2H, 

sextet, J = 7.6 Hz), 1.48 - 1.70 (4H, m), 2.55 (2H, t, J = 7.6 Hz), 2.65 (2H, t, J = 7.2 Hz), 2.72 (2H, t, J = 

7.6 Hz), 2.85 (2H, t, J = 8.0 Hz), 6.30 (1H, s), 7.15 - 7.21 (3H, m), 7.28 (2H, t, J = 7.6 Hz). 13C-NMR (100 

MHz, CDCl3) δ 13.7, 13.8, 22.0, 22.9, 26.5, 31.5, 32.1, 33.1, 35.1, 39.6, 124.0 (1JC-Se = 104 Hz), 125.8, 

128.2, 128.3, 134.1, 141.2. 77Se-NMR (76 MHz, CDCl3) δ 262.1. IR (neat) 3026, 2956, 2927, 2871, 1603 

cm-1. MS (EI) m/z 91 (M+ - 265, 66), 356 (M+, 100). HRMS. Calcd for C18H28SSe: 356.1077. Found: 

356.1094. (Z)-1,2-Bis(butylthio)-4-phenyl-1-butene (δ 6.00) and 

(Z)-1,2-bis(butylseleno)-4-phenyl-1-butene (δ 6.51) were assigned by analogy with (Z)-12 and (Z)-13, 

respectively.4, 8 A peak at δ 6.17 was assigned to (Z)-2-butylseleno-1-butylthio-4-phenyl-1-butene 

tentatively. 

 

 

 

 

(Z)-6-(t-Butyldimethylsilyloxy)-1-butylseleno-2-butylthio-1-hexene (Table 4, entry 4) 

(Z)-6-(t-Butyldimethylsilyloxy)-1-butylseleno-2-butylthio-1-hexene (50%), 

(Z)-6-(t-butyldimethylsilyloxy)-2-butylseleno-1-butylthio-1-hexene (4%), 

(Z)-1,2-bis(butylthio)-6-(t-butyldimethylsilyloxy)-1-hexene (5%), and 

n-BuS Sen-Bu

Hn-C9H19

NOE
5.8 %

H
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n-BuS Sen-Bu

H

4.1 %NOEtBuMe2SiO
H

(Z)-1,2-bis(butylseleno)-6-(t-butyldimethylsilyloxy)-1-hexene (17%) were obtained (1H-NMR yield). The 

major compound (48%) was isolated by preparative recycling reverse-phase HPLC using Cadenza CD-C18 

column (MeOH). 1H-NMR (400 MHz, CDCl3) δ 0.05 (6H, s), 0.89 (9H, s), 0.91 (3H, t, J = 7.6 Hz), 0.92 

(3H, t, J = 7.6 Hz), 1.41 (2H, sextet, J = 7.2 Hz), 1.42 (2H, sextet, J = 7.2 Hz), 1.48 - 1.62 (6H, m), 1.69 

(2H, quintet, J = 7.2 Hz), 2.28 (2H, t, J = 7.2 Hz), 2.68 (2H, t, J = 7.2 Hz), 2.68 (2H, t, J = 7.2 Hz), 3.62 

(2H, t, J = 6.0 Hz), 6.34 (1H, s). 13C-NMR (100 MHz, CDCl3) δ -5.1, 13.7, 13.8, 18.5, 22.0, 23.0, 24.9, 

26.1, 26.5, 31.4, 32.1, 32.2, 33.1, 37.3, 63.0, 122.7 (1JC-Se = 102 Hz), 135.2. 77Se-NMR (76 MHz, CDCl3) δ 

258.5. IR (neat) 2928, 2857, 2736, 1574 cm-1. MS (EI) m/z 75 (M+ - 363, 100), 438 (M+, 60). HRMS. Calcd 

for C20H42OSSeSi: 438.1891. Found: 438.1870. 

(Z)-1,2-Bis(butylthio)-6-(t-butyldimethylsilyloxy)-1-hexene (δ 6.05), and 

(Z)-1,2-bis(butylseleno)-6-(t-butyldimethylsilyloxy)-1-hexene (δ 6.56) were assigned by analogy with 

(Z)-12 and (Z)-13, respectively.4, 8 A peak at δ 6.23 was assigned to 

(Z)-6-(t-butyldimethylsilyloxy)-2-butylseleno-1-butylthio-1-hexene tentatively. 
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