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1. General information 

Unless otherwise noted, all the reagents were obtained commercially and used without 

further purification and reactions were monitored by TLC. Reaction solvents were 

dried with CaH2. All NMR spectra were recorded on Bruker-500 MHz spectrometer. 

HRMS were measured on the Q-TOF6510 instruments. 

2. Synthesis of the starting materials 

 

Benzenesulfonothioate (2a-2z) were prepared by reported procedure
[1]

: To a solution 

of PhSO2Na (40 mmol) in n-BuNH2 (40 mL) was added S (42 mmol) at room 

temperature and the solution was stirred for 3 h. The reaction mixture was evaporated 

under reduced pressure to removal of solvent. The residue was washed by Et2O to 

obtain white powder. To a solution of PhSO2SNa in EtOH (50 mL) was added 

n-C4H9I (60 mmol). Then the solution was stirred at 45℃ for 12 h. Upon completion, 

water (40 mL) was added to the reaction mixture and the solution was extracted with 

CH2Cl2 (30 mL×3). The combined organic layer was dried with anhydrous Na2SO4 

and evaporated under reduced pressure. The residue was purified through column 

chromatography afforded the product (2a). 

3. Typical procedure for the Thiosulfonylation of Alkenes 
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To a mixture of Sc(OTf)3 (20 mol%), 2,2'-Bipyridine (20 mol%) in CCl4 (1 mL) 

under N2 atmosphere, alkene (0.2 mmol), thiosulfonylation reagent 2a (0.4 mmol) 

were added. The reaction system was stirred at 80 
o
C for 12 h. Then, the resulting 

mixture was evaporated under reduced pressure and purified by silica gel flash 

chromatography to afford the desired product (3a). 

4. Optimization of Reaction Conditions
a
 

 

entry cat. ligand solvent yield/%b 

1 Pd(OAc)2 1,10-phen CH3CN 0 

2 AgOTf 1,10-phen CH3CN 0 

3 Zn(OTf)2 1,10-phen CH3CN 0 

4 Cu(OTf)2 1,10-phen CH3CN 0 

6 Bi(OTf)3 1,10-phen CH3CN 0 

7 In(OTf)3 1,10-phen CH3CN 0 

8 Ga(OTf)3 1,10-phen CH3CN 0 

9 La(OTf)3 1,10-phen CH3CN 0 

10 Eu(OTf)3 1,10-phen CH3CN 0 

11 Er(OTf)3 1,10-phen CH3CN 0 

12 Yb(OTf)3 1,10-phen CH3CN 0 

13 Y(OTf)3 1,10-phen CH3CN 0 

14 Sc(OTf)3 1,10-phen CH3CN 45 

15 ScCl3 1,10-phen CH3CN 0 

16 Sc(OTf)3 -- CH3CN 0 

17 -- 1,10-phen CH3CN 0 

18 Sc(OTf)3 1,10-phen DMSO 0 

19 Sc(OTf)3 1,10-phen DMF 0 

20 Sc(OTf)3 1,10-phen THF 0 

21 Sc(OTf)3 1,10-phen dioxane 0 

22 Sc(OTf)3 1,10-phen toluene trace 

23 Sc(OTf)3 1,10-phen DCE 51 

24 Sc(OTf)3 1,10-phen CCl4 78 
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25 Sc(OTf)3 bpy CCl4 88 

aReaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), catalyst (20 mol %), ligand (20 mol %), solvent (1 mL) was stirred at 80 oC 

under N2 atmosphere for 12 h. bIsolated yield. bpy = 2,2'-Bipyridine, 1,10-phen = 1,10-Phenanthroline. 

5. Characterization Data 

 Yield: 84%, 56.1 mg, white solid. 
1
H NMR (500 MHz, CDCl3) δ 

7.54 (m, 3H), 7.38 (t, J = 7.8 Hz, 2H), 7.30 (t, J = 7.3 Hz, 1H), 7.24 (t, J = 7.5 Hz, 

2H), 7.12 (d, J = 7.4 Hz, 2H), 4.23 (dd, J = 11.8, 3.3 Hz, 1H), 3.51 (dd, J = 13.3, 3.3 

Hz, 1H), 3.28 (dd, J = 13.1, 12.0 Hz, 1H), 2.41-2.31 (m, 2H), 1.46 (m, 2H), 1.29 (m, 

2H), 0.84 (t, J = 7.3 Hz, 3H). 
13

C NMR (126 MHz, CDCl3) δ 137.0, 133.7, 131.4, 

129.9, 129.1, 128.8, 128.5, 71.8, 32.5, 31.4, 29.8, 21.8, 13.6. HRMS (ESI-TOF) m/z: 

[M + Na]
+
 calcd for C18H22NaO2S2 357.0953; found 357.0950. 

 Yield: 60%. 
1
H NMR (500 MHz, CDCl3) δ 7.55 (d, J = 8.0 Hz, 

3H), 7.40 (t, J = 7.4 Hz, 2H), 7.06 (d, J = 7.5 Hz, 2H), 7.01 (d, J = 7.6 Hz, 2H), 4.19 

(d, J = 11.8 Hz, 1H), 3.47 (d, J = 13.2 Hz, 1H), 3.24 (t, J = 12.6 Hz, 1H), 2.37 (t, J = 

7.3 Hz, 2H), 2.31 (s, 3H), 1.50 – 1.40 (m, 2H), 1.29 (m, 2H), 0.85 (t, J = 7.3 Hz, 3H). 

13
C NMR (126 MHz, CDCl3) δ 139.1, 137.1, 133.7, 129.8, 129.3, 129.1, 128.7, 128.2, 

71.4, 32.5, 31.4, 29.8, 21.8, 21.3, 13.6. HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for 

C19H24NaO2S2 371.1110; found 371.1120. 

 Yield: 54%. 
1
H NMR (500 MHz, CDCl3) δ 7.61 – 7.51 

(m, 3H), 7.40 (m, 2H), 7.30 – 7.25 (m, 2H), 7.13 (d, J = 8.0 Hz, 2H), 4.54 (s, 2H), 

4.24 (dd, J = 11.9, 3.2 Hz, 1H), 3.48 (dd, J = 13.3, 3.3 Hz, 1H), 3.26 (t, J = 12.6 Hz, 

1H), 2.38 (t, J = 7.4 Hz, 2H), 1.46 (m, 2H), 1.29 (m, 2H), 0.85 (t, J = 7.3 Hz, 3H). 13
C 
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NMR (126 MHz, CDCl3) δ 138.5, 136.9, 133.9, 131.6, 130.3, 129.0, 128.9, 128.7, 

71.3, 45.6, 32.49, 31.4, 29.7, 21.8, 13.6. HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for 

C19H23ClNaO2S2 405.0720; found 405.0710. 

 Yield: 61%. 
1
H NMR (500 MHz, CDCl3) δ 7.56-7.49 (m, 

3H), 7.39-7.34 (m, 2H), 7.27-7.23 (m, 2H), 7.07-7.03 (m, 2H), 4.21 (dd, J = 11.7, 3.3 

Hz, 1H), 3.45 (dd, J = 13.4, 3.3 Hz, 1H), 3.27 (dd, J = 13.3, 11.8 Hz, 1H), 2.38-2.32 

(m, 2H), 1.44 (M, 2H), 1.32-1.23 (m, 12H), 0.83 (t, J = 7.4 Hz, 3H). 13
C NMR (126 

MHz, CDCl3) δ 152.4, 137.2, 133.6, 129.6, 129.1, 128.6, 128.1, 125.4, 71.6, 34.6, 

32.5, 31.4, 31.3, 29.7, 21.8, 13.6. HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for 

C22H30NaO2S2 413.1579; found 413.1590. 

 Yield: 54%. 1H NMR (500 MHz, CDCl3) δ 7.56 (t, J = 7.4 

Hz, 1H), 7.52 (d, J = 8.0 Hz, 2H), 7.40 (t, J = 7.8 Hz, 2H), 7.13 (d, J = 8.6 Hz, 2H), 

6.99 (d, J = 8.6 Hz, 2H), 4.23 (dd, J = 11.7, 3.3 Hz, 1H), 3.51 (dd, J = 13.4, 3.3 Hz, 

1H), 3.27-3.19 (m, 1H), 2.38 (t, J = 7.4 Hz, 2H), 2.28 (s, 3H), 1.47 (m, 2H), 1.31 (m, 

2H), 0.85 (t, J = 7.3 Hz, 3H). 
13

C NMR (126 MHz, CDCl3) δ 168.9, 151.3, 136.8, 

133.8, 130.9, 129.0, 128.9, 128.9, 121.7, 71.2, 32.5, 31.4, 29.7, 21.8, 21.2, 13.6. 

HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C20H24NaO4S2 415.1008; found 

415.1010. 

 Yield: 74%. 1H NMR (500 MHz, CDCl3) δ 7.62-7.51 (m, 3H), 

7.42 (t, J = 7.7 Hz, 2H), 7.11 (m, 2H), 6.95 (t, J = 8.5 Hz, 2H), 4.22 (dd, J = 12.0, 3.2 

Hz, 1H), 3.49 (dd, J = 13.3, 3.3 Hz, 1H), 3.22 (t, J = 12.7 Hz, 1H), 2.38 (t, J = 7.4 Hz, 

2H), 1.45 (m, 2H), 1.30 (m, 2H), 0.85 (t, J = 7.3 Hz, 3H). 
13

C NMR (126 MHz, 
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CDCl3) δ 164.1, 162.1, 136.8, 133.9, 131.7 (d, J = 8.4 Hz), 129.0 (d, J = 11.2 Hz), 

127.2 (d, J = 3.2 Hz), 115.7, 115.6, 70.8, 32.5, 31.4, 29.8, 21.8, 13.6. HRMS 

(ESI-TOF) m/z: [M + Na]
+
 calcd for C18H21FNaO2S2 375.0859; found 375.0869. 

 Yield: 77%. 1H NMR (500 MHz, CDCl3) δ 7.61-7.53 (m, 3H), 

7.43 (t, J = 7.8 Hz, 2H), 7.24 (d, J = 8.5 Hz, 2H), 7.07 (d, J = 8.5 Hz, 2H), 4.21 (dd, J 

= 12.0, 3.3 Hz, 1H), 3.48 (dd, J = 13.3, 3.4 Hz, 1H), 3.25-3.17 (m, 1H), 2.38 (t, J = 

7.4 Hz, 2H), 1.50-1.42 (m, 2H), 1.30 (m, 2H), 0.85 (t, J = 7.3 Hz, 3H). 13
C NMR (126 

MHz, CDCl3) δ 136.8, 135.3, 134.0, 131.2, 130.0, 129.0, 129.0, 128.8, 70.9, 32.5, 

31.4, 29.8, 21.8, 13.6. HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C18H21ClNaO2S2 

391.0564; found 391.0546. 

 Yield: 54%. 1H NMR (500 MHz, CDCl3) δ 7.59 (t, J = 7.4 Hz, 

1H), 7.57-7.53 (m, 2H), 7.43 (t, J = 7.8 Hz, 2H), 7.39 (d, J = 8.5 Hz, 2H), 7.01 (d, J = 

8.4 Hz, 2H), 4.19 (dd, J = 12.0, 3.3 Hz, 1H), 3.47 (dd, J = 13.3, 3.4 Hz, 1H), 3.20 (dd, 

J = 13.2, 12.1 Hz, 1H), 2.38 (t, J = 7.3 Hz, 2H), 1.46 (p, J = 7.1 Hz, 2H), 1.30 (dq, J = 

14.6, 7.3 Hz, 2H), 0.85 (t, J = 7.3 Hz, 3H). 13
C NMR (126 MHz, CDCl3) δ 136.8, 

134.0, 131.7, 131.5, 130.5, 129.0, 129.0, 123.5, 71.0, 32.5, 31.4, 29.7, 21.8, 13.6. 

HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C18H21BrNaO2S2 435.0059; found 

435.0046. 

 Yield: 59%. 1H NMR (500 MHz, CDCl3) δ 7.62 (t, J = 7.4 

Hz, 1H), 7.56 (d, J = 8.4 Hz, 4H), 7.45 (t, J = 7.8 Hz, 2H), 7.29-7.24 (m, 2H), 4.28 

(dd, J = 12.0, 3.3 Hz, 1H), 3.49 (dd, J = 13.4, 3.4 Hz, 1H), 3.28-3.19 (m, 1H), 2.39 (t, 

J = 7.4 Hz, 2H), 1.46 (m, 2H), 1.30 (m, 2H), 0.86 (t, J = 7.3 Hz, 3H). 13
C NMR (126 
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MHz, CDCl3) δ 136.9, 136.6, 134.3, 132.2, 130.7, 129.1, 129.0, 118.2, 113.1, 77.3, 

77.1, 76.8, 71.1, 32.6, 31.3, 29.6, 21.8, 13.6. HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd 

for C19H21NNaO2S2 382.0906; found 382.0901. 

 Yield: 58%. 1H NMR (500 MHz, CDCl3) δ 7.55 (m, 3H), 7.40 

(t, J = 7.7 Hz, 2H), 7.16-7.09 (m, 2H), 6.91 (d, J = 6.4 Hz, 2H), 4.19 (dd, J = 11.8, 3.2 

Hz, 1H), 3.47 (dd, J = 13.3, 3.3 Hz, 1H), 3.26 (t, J = 12.6 Hz, 1H), 2.37 (t, J = 7.4 Hz, 

2H), 2.25 (s, 3H), 1.50-1.42 (m, 2H), 1.30 (m, 2H), 0.85 (t, J = 7.3 Hz, 3H). 13
C NMR 

(126 MHz, CDCl3) δ 138.2, 137.1, 133.7, 131.2, 130.7, 129.9, 129.1, 128.7, 128.3, 

127.0, 71.8, 32.4, 31.4, 29.7, 21.8, 21.3, 13.6. HRMS (ESI-TOF) m/z: [M + Na]
+
 

calcd for C19H24NaO2S2 371.1110; found 371.1111. 

 Yield: 87%.
1
H NMR (500 MHz, CDCl3) δ 7.65 (dd, J = 7.8, 0.9 

Hz, 1H), 7.56 (m, 3H), 7.38 (t, J = 7.9 Hz, 2H), 7.33 (t, J = 7.5 Hz, 1H), 7.24 (m, 1H), 

7.18 (m, 1H), 5.08 (dd, J = 11.8, 3.4 Hz, 1H), 3.58 (dd, J = 13.6, 3.5 Hz, 1H), 3.26 

(dd, J = 13.4, 12.0 Hz, 1H), 2.42 (m, 2H), 1.47 (m, 2H), 1.31 (m, 2H), 0.85 (t, J = 7.4 

Hz, 3H). 13
C NMR (126 MHz, CDCl3) δ 137.4, 136.5, 133.9, 130.2, 129.9, 129.7, 

129.4, 129.0, 128.8, 127.2, 65.5, 32.1, 31.3, 30.0, 21.8, 13.6. HRMS (ESI-TOF) m/z: 

[M + H]
+
 calcd for C18H22ClO2S2 369.0744; found 369.0750.

 

 Yield: 53%. 1H NMR (500 MHz, CDCl3) δ 7.82 (d, J = 8.2 Hz, 

1H), 7.75 (d, J = 7.8 Hz, 1H), 7.67 (t, J = 7.2 Hz, 2H), 7.52-7.43 (m, 3H), 7.39-7.29 

(m, 3H), 7.18 (t, J = 7.8 Hz, 2H), 5.30 (dd, J = 11.5, 3.5 Hz, 1H), 3.74-3.65 (m, 1H), 

3.47 (dd, J = 13.2, 11.5 Hz, 1H), 2.35 (t, J = 7.4 Hz, 2H), 1.46-1.38 (m, 2H), 1.24 (m, 

2H), 0.79 (t, J = 7.4 Hz, 3H). 13
C NMR (126 MHz, CDCl3) δ 137.0, 133.6, 133.5, 
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132.8, 129.8, 129.0, 128.9, 128.5, 127.7, 126.8, 126.6, 125.6, 125.0, 121.8, 77.1, 64.9, 

32.6, 31.4, 30.9, 21.8, 13.5. HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for 

C22H24NaO2S2 407.1110; found 407.1118. 

 Yield: 66%. 1H NMR (500 MHz, CDCl3) δ 7.80 (d, J = 7.7 

Hz, 1H), 7.74 (d, J = 8.5 Hz, 1H), 7.69 (d, J = 7.7 Hz, 1H), 7.56-7.43 (m, 6H), 7.33 (t, 

J = 7.8 Hz, 2H), 7.27 (dd, J = 8.5, 1.7 Hz, 1H), 4.40 (dd, J = 11.9, 3.3 Hz, 1H), 3.58 

(dd, J = 13.4, 3.4 Hz, 1H), 3.39 (dd, J = 13.2, 12.0 Hz, 1H), 2.42-2.33 (m, 2H), 

1.49-1.41 (m, 2H), 1.31-1.23 (m, 2H), 0.82 (t, J = 7.4 Hz, 3H). 13
C NMR (126 MHz, 

CDCl3) δ 137.0, 133.8, 133.4, 132.9, 130.2, 129.1, 128.8, 128.8, 128.3, 128.1, 127.7, 

126.8, 126.5, 126.4, 71.9, 32.5, 31.4, 29.9, 21.8, 13.6. HRMS (ESI-TOF) m/z: [M + 

Na]
+
 calcd for C22H24NaO2S2 407.1110; found 407.1106. 

 Yield: 61%.
1
H NMR (500 MHz, CDCl3) δ 7.66-7.60 (m, 3H), 

7.45 (dd, J = 8.7, 7.1 Hz, 2H), 7.34-7.27 (m, 2H), 7.21 (t, J = 7.4 Hz, 1H), 7.13 (d, J = 

7.5 Hz, 1H), 4.65 (s, 1H), 3.99 (d, J = 7.9 Hz, 1H), 3.11 (dd, J = 17.2, 7.9 Hz, 1H), 

2.70 (d, J = 17.1 Hz, 1H), 2.58-2.47 (m, 2H), 1.57-1.49 (m, 2H), 1.39-1.32 (m, 2H), 

0.90 (t, J = 7.3 Hz, 3H). 13
C NMR (126 MHz, CDCl3) δ 143.0, 135.8, 132.9, 131.6, 

128.7, 128.2, 127.9, 126.5, 126.0, 123.9, 77.1, 42.7, 38.1, 30.3, 30.3, 21.0, 12.6. 

HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C19H22NaO2S2 369.0953; found 

369.0935. 

 Yield: 65%, d.r.=1.3:1. 1H NMR (500 MHz, CDCl3) δ 7.81 (d, J = 7.9 

Hz, 2H), 7.59 (t, J = 7.4 Hz, 1H), 7.44 (m, 6H), 7.32 (d, J = 7.6 Hz, 2H), 7.28-7.22 (m, 

6H), 7.20 (m, 2H), 7.14 (m, 5H), 4.56 (d, J = 4.6 Hz, 1H), 4.11 (d, J = 9.2 Hz, 1H), 
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3.86-3.78 (m, 1H), 3.50-3.42 (m, 1H), 2.36 (m, 3H), 2.26 (m, 2H), 1.80 (d, J = 6.8 Hz, 

4H), 1.44 (m, 9H), 1.35-1.22 (m, 8H), 0.83 (m, 8H). 13
C NMR (126 MHz, CDCl3) δ 

138.9, 138.6, 133.4, 133.2, 133.1, 130.2, 128.9, 128.9, 128.6, 128.6, 128.6, 128.4, 

128.2, 127.6, 66.1, 48.8, 40.5, 31.4, 31.4, 31.0, 30.9, 22.1, 21.9, 21.9, 13.6, 10.5. 

HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C19H24NaO2S2 371.1110; found 

371.1111. 

 Yield: 82%, d.r.>20:1. 1H NMR (500 MHz, CDCl3) δ 7.95-7.88 (m, 

2H), 7.66 (t, J = 7.4 Hz, 1H), 7.57 (t, J = 7.7 Hz, 2H), 3.32 (q, J = 3.9 Hz, 1H), 3.19 

(dd, J = 8.5, 4.1 Hz, 1H), 2.42-2.28 (m, 3H), 2.12-1.86 (m, 3H), 1.76-1.67 (m, 1H), 

1.66-1.43 (m, 3H), 1.39-1.23 (m, 4H), 0.84 (t, J = 7.2 Hz, 3H). 13
C NMR (126 MHz, 

CDCl3) δ 138.8, 133.6, 129.2, 128.6, 64.6, 40.1, 31.6, 31.4, 29.1, 22.0, 21.6, 21.6, 

13.6. HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C16H24NaO2S2 335.1110; found 

335.1100. 

 Yield: 44%, d.r.>20:1. 1H NMR (500 MHz, CDCl3) δ 7.92 (d, J = 8.0 

Hz, 2H), 7.66 (t, J = 7.3 Hz, 1H), 7.58 (t, J = 7.7 Hz, 2H), 3.60-3.44 (m, 2H), 2.38 (t, 

J = 7.4 Hz, 2H), 2.17 (m, 2H), 2.05 (m, 1H), 1.83 (m, 2H), 1.69 (m, 1H), 1.43 (m, 2H), 

1.35-1.27 (m, 2H), 0.87 (t, J = 7.3 Hz, 3H). 13
C NMR (126 MHz, CDCl3) δ 138.5, 

133.7, 129.2, 128.6, 71.4, 44.2, 34.6, 31.6, 31.4, 27.2, 25.1, 21.9, 13.6. HRMS 

(ESI-TOF) m/z: [M + Na]
+
 calcd for C15H22NaO2S2 321.0953; found 321.0964. 

 Yield: 86%. 1H NMR (500 MHz, CDCl3) δ 7.58-7.50 (m, 3H), 7.38 

(t, J = 7.8 Hz, 2H), 7.31 (t, J = 7.3 Hz, 1H), 7.27-7.22 (m, 2H), 7.13 (d, J = 7.6 Hz, 

2H), 4.25 (dd, J = 11.8, 3.3 Hz, 1H), 3.51 (dd, J = 13.5, 3.4 Hz, 1H), 3.31-3.21 (m, 

1H), 1.97 (s, 3H). 13
C NMR (126 MHz, CDCl3) δ 137.0, 133.8, 131.4, 129.9, 129.2, 

129.0, 128.8, 128.5, 71.4, 32.0, 16.2. HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for 
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C15H16NaO2S2 315.0484; found 315.0483. 

 Yield: 71%. 1H NMR (500 MHz, CDCl3) δ 7.54 (m, 3H), 7.37 (t, 

J = 7.8 Hz, 2H), 7.30 (t, J = 7.3 Hz, 1H), 7.24 (t, J = 7.4 Hz, 2H), 7.12 (d, J = 7.4 Hz, 

2H), 4.23 (dd, J = 11.8, 3.3 Hz, 1H), 3.51 (dd, J = 13.4, 3.3 Hz, 1H), 3.28 (dd, J = 

13.2, 12.0 Hz, 1H), 2.39-2.32 (m, 2H), 1.51-1.42 (m, 2H), 1.27 (m, 11H), 0.87 (t, J = 

7.0 Hz, 3H). 13
C NMR (126 MHz, CDCl3) δ 137.0, 133.7, 131.4, 129.9, 129.2, 129.0, 

128.8, 128.5, 77.4, 77.1, 76.9, 71.8, 32.8, 31.8, 29.7, 29.4, 29.2, 29.1, 28.7, 22.7, 14.1. 

HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C22H30NaO2S2 413.1579; found 

413.1580. 

 Yield: 59%. 1H NMR (500 MHz, CDCl3) δ 7.53 (t, J = 7.4 Hz, 

1H), 7.48-7.43 (m, 2H), 7.35 (t, J = 7.8 Hz, 2H), 7.28 (m, 4H), 7.25-7.17 (m, 4H), 

6.99 (d, J = 7.3 Hz, 2H), 3.98 (dd, J = 11.9, 3.4 Hz, 1H), 3.62-3.52 (m, 2H), 3.42 (dd, 

J = 13.6, 3.4 Hz, 1H), 3.21 (dd, J = 13.6, 11.9 Hz, 1H). 13
C NMR (126 MHz, CDCl3) 

δ 137.8, 137.1, 133.7, 131.3, 130.0, 129.1, 129.0, 128.9, 128.7, 128.7, 128.5, 127.3, 

71.2, 37.3, 29.7. HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C21H20NaO2S2 391.0797; 

found 391.0786. 

 Yield: 87%. 1H NMR (500 MHz, CDCl3) δ 7.53 (t, J = 7.4 Hz, 1H), 

7.49 (d, J = 7.8 Hz, 2H), 7.36 (t, J = 7.7 Hz, 2H), 7.29 (t, J = 7.4 Hz, 1H), 7.22 (m, 

7H), 7.06 (d, J = 7.6 Hz, 2H), 4.18 (dd, J = 11.9, 3.1 Hz, 1H), 3.99 (dd, J = 13.7, 3.2 

Hz, 1H), 3.55 – 3.48 (m, 1H). 13
C NMR (126 MHz, CDCl3) δ 137.0, 134.2, 133.8, 

130.9, 130.4, 130.0, 129.2, 129.2, 129.0, 128.8, 128.5, 127.1, 70.5, 32.2. HRMS 

(ESI-TOF) m/z: [M + Na]
+
 calcd for C20H18NaO2S2 377.0640; found 377.0644. 
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 Yield: 74%. 1H NMR (500 MHz, CDCl3) δ 7.54 (t, J = 7.4 

Hz, 1H), 7.48 (d, J = 7.4 Hz, 2H), 7.36 (t, J = 7.8 Hz, 2H), 7.30 (t, J = 7.4 Hz, 1H), 

7.23 (t, J = 7.6 Hz, 2H), 7.12 (d, J = 8.1 Hz, 2H), 7.06 (dd, J = 7.9, 1.3 Hz, 4H), 4.15 

(dd, J = 12.0, 3.2 Hz, 1H), 3.93 (dd, J = 13.7, 3.2 Hz, 1H), 3.47 (dd, J = 13.5, 12.1 Hz, 

1H), 2.32 (s, 3H). 13
C NMR (126 MHz, CDCl3) δ 137.4, 137.0, 133.7, 131.2, 130.9, 

130.2, 130.1, 130.0, 129.1, 129.0, 128.8, 128.5, 70.5, 32.7, 21.1. HRMS (ESI-TOF) 

m/z: [M + Na]
+
 calcd for C21H20NaO2S2 391.0797; found 391.0794. 

 Yield: 87%. 1H NMR (500 MHz, CDCl3) δ 7.53 (t, J = 7.4 

Hz, 1H), 7.46 (d, J = 7.9 Hz, 2H), 7.35 (t, J = 7.7 Hz, 2H), 7.29 (t, J = 7.3 Hz, 1H), 

7.22 (t, J = 7.6 Hz, 2H), 7.17 (d, J = 8.6 Hz, 2H), 7.04 (d, J = 7.6 Hz, 2H), 6.78 (d, J = 

8.6 Hz, 2H), 4.11 (dd, J = 12.0, 3.2 Hz, 1H), 3.84 (dd, J = 13.6, 3.2 Hz, 1H), 3.79 (s, 

3H), 3.47-3.37 (m, 1H). 13
C NMR (126 MHz, CDCl3) δ 159.6, 137.0, 134.3, 133.7, 

130.9, 130.1, 129.1, 129.0, 128.8, 128.5, 124.0, 114.8, 70.6, 55.4, 33.9. HRMS 

(ESI-TOF) m/z: [M + Na]
+
 calcd for C21H20NaO3S2 407.0746; found 407.0732. 

 Yield: 70%. 1H NMR (500 MHz, CDCl3) δ 7.40 (d, J = 8.3 Hz, 2H), 

7.33-7.28 (m, 1H), 7.25 (t, J = 7.2 Hz, 2H), 7.20-7.12 (m, 4H), 4.21 (dd, J = 11.9, 3.3 

Hz, 1H), 3.49 (dd, J = 13.3, 3.3 Hz, 1H), 3.30-3.22 (m, 1H), 2.38 (s, 3H), 2.37-2.33 

(m, 2H), 1.49-1.41 (m, 2H), 1.29 (m, 2H), 0.84 (t, J = 7.3 Hz, 3H). 13
C NMR (126 

MHz, CDCl3) δ 144.8, 134.0, 131.5, 130.0, 129.4, 129.1, 129.1, 128.5, 71.7, 32.4, 

31.4, 29.8, 21.8, 21.7, 13.6. HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for 

C19H24NaO2S2 371.1110; found 371.1101. 
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 Yield: 67%. 1H NMR (500 MHz, CDCl3) δ 7.45-7.40 (m, 2H), 

7.33 (m, 3H), 7.27 (t, J = 7.5 Hz, 2H), 7.13 (d, J = 7.3 Hz, 2H), 4.22 (dd, J = 11.8, 3.4 

Hz, 1H), 3.52 (dd, J = 13.3, 3.4 Hz, 1H), 3.27 (dd, J = 13.2, 11.9 Hz, 1H), 2.42-2.33 

(m, 2H), 1.51-1.43 (m, 2H), 1.30 (m, 3H), 0.85 (t, J = 7.4 Hz, 3H). 13
C NMR (126 

MHz, CDCl3) δ 140.6, 135.5, 131.2, 130.5, 129.9, 129.4, 129.1, 128.7, 71.9, 32.5, 

31.4, 29.6, 21.8, 13.6. HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C18H21ClNaO2S2 

391.0564; found 391.0569. 

 Yield: 98%. 1H NMR (500 MHz, CDCl3) δ 7.56-7.51 (m, 1H), 

7.48 (dd, J = 8.4, 1.2 Hz, 2H), 7.38-7.31 (m, 4H), 7.31-7.27 (m, 1H), 7.26-7.23 (m, 

1H), 7.20 (t, J = 7.4 Hz, 4H), 7.04 (d, J = 7.3 Hz, 2H), 4.22 (dd, J = 12.3, 3.3 Hz, 1H), 

3.85 (dd, J = 12.5, 3.3 Hz, 1H), 3.48 (t, J = 12.4 Hz, 1H). 13
C NMR (126 MHz, CDCl3) 

δ 137.0, 133.7, 133.3, 131.3, 129.9, 129.3, 129.2, 129.0, 128.8, 128.7, 128.5, 127.7, 

71.6, 24.5. HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C20H18NaO2SSe 425.0085; 

found 425.0076. 

6. Synthetic Applications of 3 

 

To a mixture of AlCl3 (0.15 mmol), 3 (0.1 mmol) in DCE (1 mL) under N2 

atmosphere, nucleophile [trimethylsilyl cyanide (0.15 mmol), allyltrimethylsilane (0.2 

mmol), 1,3,5-trimethoxybenzene (0.5 mmol)] were added. The reaction system was 

stirred at 40-85 
o
C for 24 h. Then, the resulting mixture was evaporated under reduced 
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pressure and purified by silica gel flash chromatography to afford the desired product 

(5, 7, 9). 

 Yield: 88%. 1H NMR (500 MHz, CDCl3) δ 7.44-7.32 (m, 5H), 3.98 

(dd, J = 8.3, 6.3 Hz, 1H), 2.98 (ddd, J = 20.0, 13.7, 7.3 Hz, 2H), 2.59-2.49 (m, 2H), 

1.55 (dt, J = 15.0, 7.4 Hz, 2H), 1.37 (dt, J = 14.6, 7.4 Hz, 2H), 0.90 (t, J = 7.3 Hz, 

3H). 

 Yield: 54%. 
1
H NMR (500 MHz, CDCl3) δ 7.31 (t, J = 7.5 Hz, 2H), 

7.24-7.17 (m, 3H), 5.70-5.60 (m, 1H), 5.04-4.92 (m, 2H), 2.88 (dt, J = 14.2, 7.1 Hz, 

1H), 2.77 (ddd, J = 20.6, 12.8, 7.2 Hz, 2H), 2.58 (dt, J = 13.6, 6.7 Hz, 1H), 2.45-2.38 

(m, 1H), 2.00 (s, 3H). 
13

C NMR (126 MHz, CDCl3) δ 143.6, 136.3, 128.4, 127.7, 

126.6, 116.6, 45.5, 40.8, 39.7, 16.2. HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for 

C12H17S 193.1045; found 193.1044. 

 Yield: 85%. 
1
H NMR (500 MHz, CDCl3) δ 7.33 (d, J = 7.3 Hz, 

2H), 7.22 (t, J = 7.7 Hz, 2H), 7.12 (t, J = 7.3 Hz, 1H), 6.12 (s, 2H), 4.86 (dd, J = 9.2, 

7.0 Hz, 1H), 3.78 (s, 3H), 3.75 (s, 6H), 3.37 (ddd, J = 19.7, 12.8, 8.1 Hz, 2H), 2.07 (s, 

3H). 
13

C NMR (126 MHz, CDCl3) δ 159.9, 159.3, 144.2, 128.0, 127.8, 125.6, 112.4, 

91.3, 55.8, 55.2, 39.4, 37.3, 15.8. HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for 

C18H23O3S 319.1362; found 319.1360. 
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7. NMR Experiments 

 
1H NMR experiment. H2: 1,10-phen in CDCl3, H3: Sc(OTf)3+1,10-phen (1:1) in CDCl3, H4: AgOTf +1,10-phen 

(1:1) in CDCl3, H5: Y(OTf)3+1,10-phen (1:1) in CDCl3, H6: La(OTf)3+1,10-phen (1:1) in CDCl3. 

8. Control Experiments 

 

To a mixture of Sc(OTf)3 (20 mol%), 2,2'-Bipyridine (20 mol%) in CCl4 (1 mL) 

under N2 atmosphere, alkene (0.2 mmol), thiosulfonylation reagent 2a (0.4 mmol), 

EtOH were added. The reaction system was stirred at 80 
o
C for 12 h. The desired 

product 3a and product 10 was found in GC-MS (6.6 min). 
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10. NMR and HRMS spectra of the products 
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HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C18H22NaO2S2 357.0953; found 

357.0950. 
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HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C19H24NaO2S2 371.1110; found 

371.1120. 
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HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C19H23ClNaO2S2 405.0720; found 

405.0710. 
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HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C22H30NaO2S2 413.1579; found 

413.1590. 
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HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C20H24NaO4S2 415.1008; found 

415.1010. 
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HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C18H21FNaO2S2 375.0859; found 

375.0869. 
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HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C18H21ClNaO2S2 391.0564; found 

391.0546. 

 

 

 



31 

 

 

 

 

 



32 

 

 

HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C18H21BrNaO2S2 435.0059; found 

435.0046. 
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 HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C19H21NNaO2S2 382.0906; found 

382.0901. 
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 HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C19H24NaO2S2 371.1110; found 

371.1111. 
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HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C18H22ClO2S2 369.0744; found 369.0750.
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 HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C18H15NaO2S 407.1110; found 

407.1118. 
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HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C22H24NaO2S2 407.1110; found 

407.1106. 
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 HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C19H22NaO2S2 369.0953; found 

369.0935. 
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 HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C19H24NaO2S2 371.1110; found 

371.1111. 
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 HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C16H24NaO2S2 335.1110; found 

335.1100. 
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 HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C15H22NaO2S2 321.0953; found 

321.0964. 
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HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C15H16NaO2S2 315.0484; found 

315.0483. 
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 HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C22H30NaO2S2 413.1579; found 

413.1580. 
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 HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C21H20NaO2S2 391.0797; found 

391.0786. 
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HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C20H18NaO2S2 377.0640; found 

377.0644. 
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 HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C21H20NaO2S2 391.0797; found 

391.0794. 
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 HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C21H20NaO3S2 407.0746; found 

407.0732. 
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 HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C19H24NaO2S2 371.1110; found 

371.1101. 
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 HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C18H21ClNaO2S2 391.0564; found 

391.0569. 
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 HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C20H18NaO2SSe 425.0085; found 

425.0076. 
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HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C12H17S 193.1045; found 193.1044. 
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HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C18H23O3S 319.1362; found 319.1360. 

 


