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1.General information.  

All commercially available reagents were used without further purification. Column 

chromatography was performed on silica gel (200-300 mesh). 1H NMR (400 MHz), 

13C NMR (100 MHz), and 19F NMR (376 MHz) spectra were recorded on a 400 MHz 

NMR spectrometer. Chemical shifts (δ) were reported in ppm, and coupling constants 

(J) were given in Hertz (Hz). Data were reported as s = singlet, d = doublet, t = triplet, 

q = quartet, dd = doublet of doublets, m = multiplet. High-resolution mass spectra 

(HRMS) were recorded on a Thermo Scientific Q Exactive ESI (Analyzer: TOF).  

2. General procedure for the synthesis of Allenes 

The substrates 1 was synthesized according to the literature.1  

 

To a solution of alkene (10 mmol), bromoform (15 mmol) and BnNEt3Cl (0.1 

mmol) was added dropwise a solution of 50% NaOH (40 mmol), and the mixture was 

stirred at room temperature for 1 h, then heated to 60 oC and further stirred until 

conversion was complete as observed by TLC analysis. Water was added and the 

aqueous phase was extracted with EA (2 × 50 mL). The combined organic phases 

were dried over Na2SO4 and the solvent removed under reduced pressure. The 

reaction mixture was purified by column chromatography afforded 

dibromocyclopropane derivatives. 

Dibromocyclopropane derivatives (5 mmol) was added in dry THF (5 mL), then 

the solution cooled to 0 oC. EtMgBr (1.0 M in THF, 7.5 mmol) was added dropwise 

under nitrogen atmosphere, then the mixture was slowly warmed to room temperature, 

and stirred at room temperature for 2 hours. Then the reaction was quenched by 

NH4Cl solution, and the mixture extracted with EA (2 × 50 mL). The combined 

organic layers were washed with brine, dried with anhydrous Na2SO4 and filtered. 

After removing the solvent under reduced pressure, the crude product was purified by 

column chromatography on silica gel to afford allenes 1. 
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3.General procedure for the synthesis of products 

 

To a reaction tube were added 1 (0.20 mmol), 2 (0.24 mmol), TMSNCS (52.5 mg, 

0.40 mmol), Cu(CH3CN)4PF6 (7.5 mg, 10 mol%), dtbbpy (6.5 mg, 12 mol%), Cs2CO3 

(130.3 mg, 0.40 mmol), and DCE (2.0 mL). The solution was degassed and finally 

backfilled with nitrogen. Then the reaction mixture was stirred at room temperature 

under nitrogen atmosphere for 48 h. After completion of the reaction, the mixture was 

concentrated in vacuo. The residue was purified by column chromatography on silica 

gel to give products 3 or 4. 

 

To a reaction tube were added 1 (0.20 mmol), 2 (0.24 mmol), TMSCN (39.7 mg, 0.40 

mmol), Cu(CH3CN)4PF6 (7.5 mg, 10 mol%), dtbbpy (6.5 mg, 12 mol%), Cs2CO3 

(130.3 mg, 0.40 mmol), and DCE (2.0 mL). The solution was degassed and finally 

backfilled with nitrogen. Then the reaction mixture was stirred at room temperature 

under nitrogen atmosphere for 48 h. After completion of the reaction, the mixture was 

concentrated in vacuo. The residue was purified by column chromatography on silica 

gel to give products 5. 

4. Synthetic applications 

 

To a reaction tube were added 3a (0.20 mmol), TMSCF3 (0.40 mmol), CuSCN (20 

mol%), Cs2CO3 (0.40 mmol), and MeCN (2.0 mL). The solution was degassed and 

finally backfilled with nitrogen. Then the reaction mixture was stirred at room 

temperature for 12 h. After completion of the reaction, the mixture was concentrated 
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in vacuo. The residue was purified by column chromatography on silica gel to give 

product 6. 

 

To a reaction tube were added 3a (0.20 mmol) and THF (2.0 mL). Then the solution 

was cooled to 0 °C, and the LiAlH4 (0.20 mmol) was added. The reaction mixture was 

stirred for 1 h. After completion of the reaction, the mixture was quenched with water, 

extracted with ethyl acetate (EA), and dried over sodium sulfate. The mixture was 

concentrated in vacuo and the residue was purified by column chromatography on 

silica gel to give product 7. 

5. Mechanistic studies  

5.1 Radical trapping experiment 

 

To a reaction tube were added 1a (23.2 mg, 0.20 mmol), and 2a (43.6 mg, 0.24 mmol), 

TMSNCS (52.5 mg, 0.40 mmol), TEMPO (93.8 mg, 0.60 mmol), Cu(CH3CN)4PF6 

(7.4 mg, 10 mol%), dtbbpy (6.5 mg, 12 mol%), Cs2CO3 (130.3 mg, 0.40 mmol), and 

DCE (2.0 mL). The mixture was degassed and finally backfilled with nitrogen. The 

reaction mixture was stirred at room temperature under nitrogen atmosphere for 48 h. 

The 19F NMR analysis indicated that the formation of product 3a was not detected and 

the sulfonyl radical adduct was detected through high-resolution mass spectrometry 

(HRMS). HRMS (ESI) m/z: [M + H]+ calcd for C13H22NO3S2 304.1036, found 

304.1033. 

5.2 Control experiment  
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To a reaction tube were added 1a (46.4 mg, 0.40 mmol), 2a (87.6 mg, 0.48 mmol)，

Cu(MeCN)4PF6 (14.8 mg, 10 mol%), dtbbpy (12.8 mg, 12 mol%), and DCE (4.0 mL). 

The mixture was degassed and finally backfilled with nitrogen. The reaction mixture 

was stirred at room temperature under nitrogen atmosphere for 24 h. After completion 

of the reaction, the mixture was concentrated in vacuo. The residue was purified by 

column chromatography on silica gel to give product 6. Then 6 (0.20 mmol), 

TMSNSC (0.40 mmol), Cs2CO3 (0.40 mmol), and DCE (2.0 mL) were added to a 

reaction tube. The mixture was stirred at room temperature under nitrogen atmosphere 

for 24 h. 3a was not detected by TLC. 

5.3 Cyclic Voltammetry experiments  

Cyclic Voltammetry was performed on a CHI 660E electrochemical analyzer. CV 

measurement of starting material (0.001 M) was carried out in 0.1 M of 

Bu4NPF6/MeCN at a scan rate of 50 mV/s with the protection of N2. The working 

electrode is a glassy carbon, the counter electrode is a Pt wire, and the reference 

electrode is Ag/AgCl (3.0 M KCl). As showed in Figure S1, the reduction potentials 

of RSO₂Cl (2a), LCu [Cu(MeCN)4PF6+dtbbpy], TMSNCS, and the LCu+TMSNCS 

complex are as follows: -0.907 V (-0.876 V SCE), -0.979 V (-0.948 V SCE), -0.77 V 

(-0.739 V SCE), -1.053 V (-1.022 V SCE).  

These results confirm that the LCu(I) complex possess sufficient reducing power to 

activate RSO2Cl via single-electron transfer (SET), supporting the proposed 

mechanism (path a, Figure S2). On the other hand, the results also indicate that the 

[LCu(I) + TMSNCS] adduct can reduce the RSO2Cl, raising the possibility that LCu(I) 

first binds with TMSNCS to form the adduct, which subsequently undergoes SET 

with RSO2Cl (path b, Figure S2). 
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Figure S1. Cyclic voltammograms of 2a, Cu+L, TMSNCS, and Cu+L+TMSNCS 

 

 Figure S2. Proposed mechanism 

6. Characterization data 

(E)-2-((1-phenyl-3-thiocyanatoprop-1-en-2-yl)sulfonyl)thiophene (3a) 

 

White solid (47.4 mg, 74%); The product is purified with silica gel chromatography 
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(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 8.12 – 

8.05 (m, 1H), 7.86 – 7.74 (m, 2H), 7.53 – 7.45 (m, 5H), 7.23 – 7.14 (m, 1H), 4.27 (s, 

2H); 13C NMR (100 MHz, CDCl3) δ 143.9, 139.8, 135.2, 135.1, 135.0, 131.7, 130.9, 

129.5, 129.3, 128.3, 110.9, 30.3; HRMS (ESI) m/z: [M+H]+ calcd for C14H12NO2S3 

322.0025, found 322.0032. 

(E)-2-((1-(4-chlorophenyl)-3-thiocyanatoprop-1-en-2-yl)sulfonyl)thiophene (3b) 

 

White solid (50.8 mg, 71%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 8.04 (s, 

1H), 7.87 – 7.76 (m, 2H), 7.54 – 7.39 (m, 4H), 7.20 (t, J = 4.4 Hz, 1H), 4.24 (s, 2H); 

13C NMR (100 MHz, CDCl3) δ 142.6, 139.6, 137.3, 135.7, 135.5, 135.3，130.8, 130.2, 

129.7, 128.4, 110.8, 30.2; HRMS (ESI) m/z: [M+H]+ calcd for C14H11ClNO2S3 

355.9635, found 355.9631. 

(E)-2-((1-(3-chlorophenyl)-3-thiocyanatoprop-1-en-2-yl)sulfonyl)thiophene (3c) 

 

White solid (48.2 mg, 68%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 8.03 (s, 

1H), 7.84 – 7.79 (m, 2H), 7.48 – 7.36 (m, 4H), 7.25 – 7.18 (m, 1H), 4.23 (s, 2H); 13C 

NMR (100 MHz, CDCl3) δ 142.3, 139.3, 136.8, 135.6, 135.4, 135.2, 133.4, 130.8, 

130.5, 129.3, 128.4, 127.2, 110.6, 29.9; HRMS (ESI) m/z: [M+H]+ calcd for 

C14H11ClNO2S3 355.9635, found 355.9651. 

(E)-2-((1-(2-chlorophenyl)-3-thiocyanatoprop-1-en-2-yl)sulfonyl)thiophene (3d) 
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White solid (51.4 mg, 72%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 8.20 (s, 

1H), 7.87 – 7.78 (m, 2H), 7.51 – 7.37 (m, 4H), 7.23 – 7.18 (m, 1H), 4.08 (s, 2H); 13C 

NMR (100 MHz, CDCl3) δ 141.6, 139.5, 138.4, 135.6, 135.3, 134.4, 131.6, 130.6, 

130.2, 129.2, 128.3, 127.4, 110.8, 29.9; HRMS (ESI) m/z: [M+H]+ calcd for 

C14H11ClNO2S3 355.9635, found 355.9639. 

(E)-2-((1-(4-bromophenyl)-3-thiocyanatoprop-1-en-2-yl)sulfonyl)thiophene (3e) 

 

White solid (60.6 mg, 76%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 8.07 – 

7.99 (m, 1H), 7.84 – 7.75 (m, 2H), 7.68 – 7.56 (m, 2H), 7.43 – 7.31 (m, 2H), 7.24 – 

7.16 (m, 1H), 4.23 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 142.7, 139.6, 135.8, 135.5, 

135.4, 132.7, 131.0, 130.6, 128.4, 125.8, 110.8, 30.2; HRMS (ESI) m/z: [M+H]+ calcd 

for C14H11BrNO2S3 399.9130, found 399.9155. 

(E)-2-((3-thiocyanato-1-(4-(trifluoromethyl)phenyl)prop-1-en-2-yl)sulfonyl)thiop

hene (3f) 

 

White solid (56.6 mg, 73%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 8.13 (s, 

1H), 7.83 (d, J = 4.3 Hz, 2H), 7.76 (d, J = 8.0 Hz, 2H), 7.60 (d, J = 8.0 Hz, 2H), 7.22 

(t, J = 4.4 Hz, 1H), 4.21 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 142.2, 139.4, 138.0, 

135.8, 135.6, 135.3, 132.4 (q, J = 32.9 Hz), 129.6, 128.5, 126.3 (q, J = 3.7 Hz), 123.4 

(q, J = 270.9 Hz), 110.6, 29.8; HRMS (ESI) m/z: [M+H]+ calcd for C15H11F3NO2S3 

389.9899, found 389.9912. 

(E)-2-((1-([1,1'-biphenyl]-4-yl)-3-thiocyanatoprop-1-en-2-yl)sulfonyl)thiophene 

(3g) 
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White solid (54.6 mg, 69%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 8.13 (s, 

1H), 7.85 – 7.71 (m, 4H), 7.67 – 7.57 (m, 4H), 7.54 – 7.38 (m, 3H), 7.24 – 7.17 (m, 

1H), 4.35 (s, 2H).; 13C NMR (100 MHz, CDCl3) δ 143.9, 143.5, 139.9, 139.3, 135.2, 

135.1, 134.2, 130.5, 130.4, 129.0, 128.3, 128.2, 127.9, 127.0, 111.0, 30.6; HRMS (ESI) 

m/z: [M+H]+ calcd for C20H16NO2S3 398.0338, found 398.0337. 

(E)-2-((3-thiocyanato-1-(p-tolyl)prop-1-en-2-yl)sulfonyl)thiophene (3h) 

 

White solid (51.1 mg, 76%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 8.11 – 

8.00 (m, 1H), 7.83 – 7.73 (m, 2H), 7.46 – 7.37 (m, 2H), 7.36 – 7.26 (m, 2H), 7.22 – 

7.12 (m, 1H), 4.30 (s, 2H), 2.40 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 144.0, 141.9, 

140.0, 135.1, 135.0, 133.5, 130.1, 129.8, 128.9, 128.3, 111.1, 30.7, 21.5; HRMS (ESI) 

m/z: [M+H]+ calcd for C15H14NO2S3 336.0181, found 336.0198. 

(E)-2-((1-(4-(tert-butyl)phenyl)-3-thiocyanatoprop-1-en-2-yl)sulfonyl)thiophene 

(3i) 

 

White solid (52.5 mg, 70%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 8.12 – 

8.02 (m, 1H), 7.82 – 7.73 (m, 2H), 7.57 – 7.44 (m, 4H), 7.22 – 7.14 (m, 1H), 4.31 (s, 

2H), 1.34 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 155.0, 143.9, 140.0, 135.1, 135.0, 

133.5, 129.8, 128.8, 128.2, 126.4, 111.1, 35.0, 31.0, 30.8; HRMS (ESI) m/z: [M+H]+ 

calcd for C18H20NO2S3 378.0651, found 378.0619. 

(E)-2-((1-(4-methoxyphenyl)-3-thiocyanatoprop-1-en-2-yl)sulfonyl)thiophene (3j) 
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White solid (50.8 mg, 72%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 8.00 (s, 

1H), 7.85 – 7.71 (m, 2H), 7.61 – 7.47 (m, 2H), 7.23 – 7.14 (m, 1H), 7.07 – 6.96 (m, 

2H), 4.34 (s, 2H), 3.86 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 162.0, 143.5, 140.3, 

134.9, 134.8, 132.2, 131.4, 128.2, 124.1, 114.9, 111.1, 55.5, 31.0; HRMS (ESI) m/z: 

[M+H]+ calcd for C15H14NO3S3 352.0130, found 352.0133. 

(E)-2-((1-(naphthalen-2-yl)-3-thiocyanatoprop-1-en-2-yl)sulfonyl)thiophene (3k) 

 

White solid (48.4 mg, 65%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 8.25 (s, 

1H), 8.05 (s, 1H), 8.00 – 7.91 (m, 2H), 7.90 – 7.74 (m, 3H), 7.63 – 7.50 (m, 3H), 7.25 

– 7.17 (m, 1H), 4.37 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 144.0, 140.0, 135.3, 

135.2, 135.0, 134.0, 133.0, 130.8, 129.3, 129.2, 128.9, 128.4, 128.2, 127.8, 127.3, 

125.6, 111.2, 30.8; HRMS (ESI) m/z: [M+H]+ calcd for C18H14NO2S3 372.0181, 

found 372.0194. 

(E)-2-((3-thiocyanato-1-(thiophen-2-yl)prop-1-en-2-yl)sulfonyl)thiophene (3l) 

 

White solid (43.5 mg, 66%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 8.18 (s, 

1H), 7.80 – 7.70 (m, 3H), 7.54 – 7.48 (m, 1H), 7.25 – 7.11 (m, 2H), 4.43 (s, 2H); 13C 

NMR (100 MHz, CDCl3) δ 140.0, 136.1, 135.8, 135.0, 134.8, 134.2, 133.5, 129.6, 

128.4, 128.3, 111.1, 30.8; HRMS (ESI) m/z: [M+H]+ calcd for C12H10NO2S4 327.9589, 

found 327.9592. 
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(E)-2-((3-phenyl-1-thiocyanatobut-2-en-2-yl)sulfonyl)thiophene (3m) 

 

White solid (47.5 mg, 71%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 7.91 – 

7.82 (m, 1H), 7.81 – 7.74 (m, 1H), 7.50 – 7.33 (m, 3H), 7.23 – 7.11 (m, 3H), 3.99 (s, 

2H), 2.53 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 158.5, 142.5, 140.3, 134.29, 134.25, 

129.03, 128.96, 127.7, 126.5, 111.6, 34.2, 24.1; HRMS (ESI) m/z: [M+H]+ calcd for 

C15H14NO2S3 336.0181, found 336.0166. 

2-((1,1-diphenyl-3-thiocyanatoprop-1-en-2-yl)sulfonyl)thiophene (3n) 

 

White solid (55.7 mg, 70%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 7.55 – 

7.49 (m, 1H), 7.40 – 7.29 (m, 3H), 7.25 – 7.22 (m, 1H), 7.19 – 7.12 (m, 4H), 7.08 – 

7.01 (m, 2H), 6.92 – 6.85 (m, 1H), 6.77 – 6.68 (m, 1H), 4.22 (s, 2H); 13C NMR (100 

MHz, CDCl3) δ 158.6, 140.7, 139.0, 137.5, 137.2, 135.1, 134.2, 129.3, 129.0, 128.84, 

128.81, 128.5, 127.8, 126.8, 110.7, 34.1; HRMS (ESI) m/z: [M+H]+ calcd for 

C20H16NO2S3 398.0338, found 398.0317. 

(E)-2-((1-cyclohexyl-3-thiocyanatoprop-1-en-2-yl)sulfonyl)thiophene (3o) 

 

Light yellow oil (37.0 mg, 56%); The product is purified with silica gel 

chromatography (eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, 

CDCl3) δ 7.74 (d, J = 5.1 Hz, 1H), 7.69 (d, J = 3.7 Hz, 1H), 7.15 (t, J = 4.7 Hz, 1H), 

7.07 (d, J = 10.8 Hz, 1H), 4.01 (s, 2H), 2.45 – 2.32 (m, 1H), 1.83 – 1.64 (m, 5H), 1.39 

– 1.19 (m, 5H); 13C NMR (100 MHz, CDCl3) δ 153.2, 140.6, 134.9, 134.7, 134.1, 
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128.2, 111.2, 38.9, 31.8, 28.9, 25.3, 24.8; HRMS (ESI) m/z: [M+H]+ calcd for 

C114H18NO2S3 328.0494, found 328.0498. 

(E)-((1-phenyl-3-thiocyanatoprop-1-en-2-yl)sulfonyl)benzene (4a) 

 

White solid (47.8 mg, 76%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 8.16 – 

8.09 (m, 1H), 8.02 – 7.92 (m, 2H), 7.75 – 7.55 (m, 3H), 7.55 – 7.46 (m, 5H), 4.19 (s, 

2H); 13C NMR (100 MHz, CDCl3) δ 144.5, 138.8, 134.5, 134.2, 131.9, 131.0, 129.63, 

129.58, 129.4, 128.4, 110.9, 30.4; HRMS (ESI) m/z: [M+Na]+ calcd for C16H14NO2S2 

316.0460, found 316.0443. 

(E)-1-methyl-4-((1-phenyl-3-thiocyanatoprop-1-en-2-yl)sulfonyl)benzene (4b) 

 

White solid (51.2 mg, 78%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 8.08 (s, 

1H), 7.84 (d, J = 8.1 Hz, 2H), 7.51 – 7.48 (m, 5H), 7.38 (d, J = 7.7 Hz, 2H), 4.17 (s, 

2H), 2.45 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 145.3, 143.8, 135.6, 134.7, 131.9, 

130.8, 130.2, 129.4, 129.2, 128.3, 110.0, 30.3, 21.6; HRMS (ESI) m/z: [M+H]+ calcd 

for C15H14NO2S3 336.0181, found 336.0134. 

(E)-1-chloro-4-((1-phenyl-3-thiocyanatoprop-1-en-2-yl)sulfonyl)benzene (4c) 

 

White solid (49.2 mg, 70%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 8.12 (s, 

1H), 7.91 (d, J = 8.4 Hz, 2H), 7.57 (d, J = 8.4 Hz, 2H), 7.51 – 7.48 (m, 5H), 4.19 (s, 

2H); 13C NMR (100 MHz, CDCl3) δ 145.0, 140.9, 137.4, 134.1, 131.6, 131.0, 129.8, 

129.7, 129.5, 129.3, 110.6, 30.2; HRMS (ESI) m/z: [M+H]+ calcd for C14H11ClNO2S3 



S13 
 

355.9635, found 355.9657. 

(E)-1-bromo-3-((1-phenyl-3-thiocyanatoprop-1-en-2-yl)sulfonyl)benzene (4d) 

 

White solid (57.8 mg, 73%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 8.18 – 

8.02 (m, 2H), 7.96 – 7.88 (m, 1H), 7.86 – 7.73 (m, 1H), 7.55 – 7.43 (m, 6H), 4.19 (s, 

2H); 13C NMR (100 MHz, CDCl3) δ 145.4, 140.8, 137.1, 133.8, 131.6, 131.2, 131.0, 

130.9, 129.6, 129.3, 126.8, 123.5 110.6, 30.3; HRMS (ESI) m/z: [M+H]+ calcd for 

C14H11BrNO2S3 399.9130, found 399.9103. 

(E)-4-((1-phenyl-3-thiocyanatoprop-1-en-2-yl)sulfonyl)benzonitrile (4e) 

 

White solid (47.0 mg, 69%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 2:1); 1H NMR (400 MHz, CDCl3) δ 8.18 (s, 

1H), 8.15 – 8.07 (m, 2H), 7.96 – 7.84 (m, 2H), 7.58 – 7.47 (m, 5H), 4.22 (s, 2H). 13C 

NMR (100 MHz, CDCl3) δ 146.6, 143.6, 133.4, 133.2, 131.5, 131.4, 129.7, 129.5, 

128.9, 117.8, 116.9, 110.2, 30.2; HRMS (ESI) m/z: [M+H]+ calcd for C17H13N2O2S2 

341.0413, found 341.0446. 

(E)-1-nitro-4-((1-phenyl-3-thiocyanatoprop-1-en-2-yl)sulfonyl)benzene (4f) 

 

White solid (47.1 mg, 65%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 8.54 – 

8.36 (m, 2H), 8.26 – 8.13 (m, 3H), 7.63 – 7.38 (m, 5H), 4.25 (s, 2H). 13C NMR (100 

MHz, CDCl3) δ 150.9, 146.8, 145.2, 133.4, 131.5, 131.4, 129.7, 129.5, 124.7, 110.2, 

30.2; HRMS (ESI) m/z: [M+H]+ calcd for C16H13F3N2O4S2 361.0311, found 

361.0301. 
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(E)-1-((1-phenyl-3-thiocyanatoprop-1-en-2-yl)sulfonyl)naphthalene (4g) 

 

White solid (50.0 mg, 74%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 8.62 – 

8.54 (m, 1H), 8.54 – 8.46 (m, 1H), 8.32 – 8.27 (m, 1H), 8.23 – 8.13 (m, 1H), 8.05 – 

7.88 (m, 1H), 7.77 – 7.56 (m, 3H), 7.49 – 7.46 (m, 5H), 4.08 (s, 2H). 13C NMR (100 

MHz, CDCl3) δ 143.9, 136.1, 134.4, 134.2, 132.1, 131.8, 131.7, 130.8, 129.4, 129.34, 

129.26, 128.8, 128.4, 127.2, 124.6, 123.7, 110.9, 30.3; HRMS (ESI) m/z: [M+Na]+ 

calcd for C20H16NO2S2 366.0617, found 366.0662. 

(E)-1-((1-phenyl-3-thiocyanatoprop-1-en-2-yl)sulfonyl)naphthalene (4h) 

 

White solid (46.8 mg, 64%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 8.60 (s, 

1H), 8.25 – 8.14 (m, 1H), 8.11 – 7.83 (m, 4H), 7.74 – 7.63 (m, 2H), 7.55 – 7.44 (m, 

5H), 4.22 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 144.4, 135.35, 135.28, 134.4, 132.0, 

131.8, 130.9, 130.3, 130.0, 129.6, 129.5, 129.4, 129.3, 127.93, 127.87, 122.5, 110.9, 

30.4; HRMS (ESI) m/z: [M+Na]+ calcd for C20H16NO2S2 366.0617, found 366.0655. 

(E)-3-((1-phenyl-3-thiocyanatoprop-1-en-2-yl)sulfonyl)thiophene (4i) 

 

White solid (46.2 mg, 72%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 8.22 (s, 

1H), 8.10 (s, 1H), 7.58 – 7.44 (m, 6H), 7.42 – 7.37 (m, 1H), 4.24 (s, 2H).. 13C NMR 

(100 MHz, CDCl3) δ 144.1, 138.9, 134.6, 133.7, 131.7, 130.9, 129.5, 129.3, 129.0, 

125.9, 110.9, 30.3; HRMS (ESI) m/z: [M+H]+ calcd for C14H12NO2S3 322.0025, 
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found 322.0042. 

(E)-3-((1-phenyl-3-thiocyanatoprop-1-en-2-yl)sulfonyl)pyridine (4j) 

 

White solid (29.4 mg, 46%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 2:1); 1H NMR (400 MHz, CDCl3) δ 9.20 – 

9.16 (m, 1H), 8.98 – 8.75 (m, 1H), 8.34 – 8.23 (m, 1H), 8.21 – 8.12 (m, 1H), 7.60 – 

7.33 (m, 5H), 4.24 (s, 2H). 13C NMR (100 MHz, CDCl3) δ 154.4, 149.2, 146.0, 136.0, 

135.8, 134.0, 131.5, 131.3, 129.6, 129.4, 124.0, 110.3, 30.2; HRMS (ESI) m/z: 

[M+H]+ calcd for C15H13N2O2S2 317.0413, found 317.0428. 

(E)-(2-(ethylsulfonyl)-3-thiocyanatoprop-1-en-1-yl)benzene (4k) 

 

White solid (40.1 mg, 75%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 7.90 (s, 

1H), 7.52 – 7.47 (m, 5H), 4.31 (s, 2H), 3.27 (q, J = 7.2, 6.7 Hz, 2H), 1.45 (t, J = 7.3 

Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 147.1, 132.8, 131.8, 130.9, 129.4, 129.3, 

110.6, 50.2, 30.3, 7.1; HRMS (ESI) m/z: [M+H]+ calcd for C12H14NO2S2 268.0460, 

found 268.0445. 

(E)-(2-((2-chloroethyl)sulfonyl)-3-thiocyanatoprop-1-en-1-yl)benzene (4l) 

 

White solid (36.7 mg, 61%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 7.97 (s, 

1H), 7.55 – 7.49 (m, 5H), 4.34 (s, 2H), 3.94 (t, J = 7.2 Hz, 2H), 3.70 (t, J = 7.2 Hz, 

2H). 13C NMR (100 MHz, CDCl3) δ 148.0, 133.5, 131.6, 131.3, 129.5, 129.4, 110.4, 

57.7, 35.5, 30.4; HRMS (ESI) m/z: [M+H]+ calcd for C12H13ClNO2S2 302.0071, 

found 302.0050. 
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(E)-(2-((2-methoxyethyl)sulfonyl)-3-thiocyanatoprop-1-en-1-yl)benzene (4m) 

 

White solid (40.6 mg, 68%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 7.89 (s, 

1H), 7.54 – 7.46 (m, 5H), 4.32 (s, 2H), 3.95 – 3.77 (m, 2H), 3.56 – 3.43 (m, 2H)，3.31 

(s, 3H). 13C NMR (100 MHz, CDCl3) δ 146.1, 134.3, 131.9, 130.8, 129.28, 129.26, 

111.2, 65.7, 58.8, 55.9, 30.6; HRMS (ESI) m/z: [M+H]+ calcd for C13H16NO3S2 

298.0566, found 298.0537. 

(E)-(2-(cyclopropylsulfonyl)-3-thiocyanatoprop-1-en-1-yl)benzene (4n) 

 

White solid (39.9 mg, 71%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 7.88 (s, 

1H), 7.55 – 7.43 (m, 5H), 4.34 (s, 2H), 2.76 – 2.50 (m, 1H), 1.44 – 1.32 (m, 2H), 1.26 

– 1.14 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 145.2, 134.6, 132.0, 130.8, 129.4, 

129.3, 110.8, 32.2, 30.4, 6.6; HRMS (ESI) m/z: [M+H]+ calcd for C13H14NO2S2 

280.0460, found 280.0487. 

(E)-(2-(cyclohexylsulfonyl)-3-thiocyanatoprop-1-en-1-yl)benzene (4o) 

 

White solid (43.1 mg, 67%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 7.81 (s, 

1H), 7.53 – 7.44 (m, 5H), 4.30 (s, 2H), 3.23 – 2.99 (m, 1H), 2.35 – 2.13 (m, 2H), 2.04 

– 1.88 (m, 2H), 1.77 – 1.67 (m, 1H), 1.65 – 1.49 (m, 2H), 1.44 – 1.15 (m, 3H). 13C 

NMR (100 MHz, CDCl3) δ 147.4, 131.9, 131.6, 130.8, 129.3, 129.2, 110.8, 62.6， 

30.6, 24.95, 24.95, 24.90; HRMS (ESI) m/z: [M+H]+ calcd for C16H20NO2S2 322.0930, 

found 322.0903. 
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(E)-4-phenyl-3-(thiophen-2-ylsulfonyl)but-3-enenitrile (5a) 

 

White solid (37.1 mg, 64%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 8.08 (s, 

1H), 7.88 – 7.78 (m, 2H), 7.56 – 7.42 (m, 5H), 7.26 – 7.18 (m, 1H), 3.67 (s, 2H); 13C 

NMR (100 MHz, CDCl3) δ 142.4, 139.3, 135.6, 135.3, 131.8, 131.5, 130.8, 129.4, 

129.3, 128.4, 115.1, 16.3; HRMS (ESI) m/z: [M+H]+ calcd for C12H14NO2S2 290.0304, 

found 290.0336. 

(E)-4-(4-chlorophenyl)-3-(thiophen-2-ylsulfonyl)but-3-enenitrile (5b) 

 

White solid (37.8 mg, 58%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 8.03 (s, 

1H), 7.89 – 7.76 (m, 2H), 7.53 – 7.36 (m, 4H), 7.27 – 7.19 (m, 1H), 3.64 (s, 2H); 13C 

NMR (100 MHz, CDCl3) δ 141.0, 139.0, 137.2, 135.8, 135.5, 132.1, 130.7, 130.2, 

129.7, 128.6, 114.9, 16.3; HRMS (ESI) m/z: [M+H]+ calcd for C14H11ClNO2S2 

323.9914, found 323.9902. 

(E)-4-(4-(tert-butyl)phenyl)-3-(thiophen-2-ylsulfonyl)but-3-enenitrile (5c) 

 

White solid (44.1 mg, 64%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 8.05 (s, 

1H), 7.83 – 7.75 (m, 2H), 7.57 – 7.47 (m, 2H), 7.46 – 7.38 (m, 2H), 7.24 – 7.16 (m, 

1H), 3.68 (s, 2H), 1.33 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 154.7, 142.3, 139.5, 

135.4, 135.1, 130.3, 129.6, 128.9, 128.4, 126.3, 115.2, 35.0, 31.0, 16.4; HRMS (ESI) 

m/z: [M+H]+ calcd for C12H20NO2S2 346.0930, found 346.0911. 

4,4-diphenyl-3-(thiophen-2-ylsulfonyl)but-3-enenitrile (5d) 
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White solid (44.0 mg, 60%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 7.59 (s, 

1H), 7.42 – 7.34 (m, 3H), 7.33 – 7.18 (m, 5H), 7.19 – 7.12 (m, 1H), 7.10 – 7.03 (m, 

2H), 6.94 – 6.83 (m, 1H), 3.61 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 157.9, 140.5, 

139.5, 137.4, 135.0, 134.5, 132.6, 129.5, 129.0, 128.9, 128.8, 127.8, 127.6, 127.2, 

117.0, 20.7; HRMS (ESI) m/z: [M+H]+ calcd for C20H16NO2S2 366.0617, found 

366.0654. 

(E)-4-cyclohexyl-3-(thiophen-2-ylsulfonyl)but-3-enenitrile (5e) 

 

Light yellow oil (27.6 mg, 47%); The product is purified with silica gel 

chromatography (eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, 

CDCl3) δ 7.77 (d, J = 4.9 Hz, 1H), 7.71 (d, J = 3.7 Hz, 1H), 7.17 (t, J = 4.6 Hz, 1H), 

7.01 (d, J = 10.4 Hz, 1H), 3.47 (s, 2H), 2.42 – 2.27 (m, 1H), 1.85 – 1.67 (m, 5H), 1.39 

– 1.11 (m, 5H); 13C NMR (100 MHz, CDCl3) δ 151.0, 139.6, 135.2, 134.9, 130.2, 

128.3, 115.1, 38.6, 31.0, 25.4, 25.0, 14.6; HRMS (ESI) m/z: [M+H]+ calcd for 

C14H17NO2S2 295.0701, found 295.0708. 

(E)-4-phenyl-3-(phenylsulfonyl)but-3-enenitrile (5f) 

 

White solid (35.0 mg, 62%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 8.09 (s, 

1H), 8.02 – 7.94 (m, 2H), 7.74 – 7.65 (m, 1H), 7.66 – 7.56 (m, 2H), 7.52 – 7.39 (m, 

5H), 3.59 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 142.8, 138.3, 134.3, 131.9, 131.0, 
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130.8, 129.7, 129.4, 129.3, 128.4, 115.1, 16.3; HRMS (ESI) m/z: [M+H]+ calcd for 

C16H14NO2S 284.0740, found 284.0791. 

(E)-3-(naphthalen-2-ylsulfonyl)-4-phenylbut-3-enenitrile (5g) 

 

White solid (42.8 mg, 65%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 8.62 (s, 

1H), 8.16 (s, 1H), 8.06 – 7.99 (m, 2H), 7.96 – 7.85 (m, 2H), 7.72 – 7.61 (m, 2H), 7.50 

– 7.41 (m, 5H), 3.61 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 142.9, 135.4, 134.9, 

132.1, 131.9, 130.9, 130.7, 130.5, 130.1, 129.6, 129.4, 129.2, 128.0, 127.8, 122.5, 

115.2, 16.3; HRMS (ESI) m/z: [M+H]+ calcd for C20H16NO2S 334.0896, found 

334.0872. 

(E)-4-phenyl-3-(pyridin-3-ylsulfonyl)but-3-enenitrile (5h) 

 

White solid (27.7 mg, 49%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 9.18 (s, 

1H), 8.90 (s, 1H), 8.30 – 8.22 (m, 1H), 8.13 (d, J = 2.8 Hz, 1H), 7.59 – 7.41 (m, 6H), 

3.64 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 154.6, 149.2, 144.3, 136.0, 135.4, 131.5, 

131.2, 130.5, 129.5, 129.4, 124.1, 114.9, 16.3; HRMS (ESI) m/z: [M+H]+ calcd for 

C15H13N2O2S 285.0692, found 285.0637. 

(E)-3-(ethylsulfonyl)-4-phenylbut-3-enenitrile (5i) 

 

White solid (19.6 mg, 42%); The product is purified with silica gel chromatography 

(eluent: petroleum ether/ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3) δ 7.89 (s, 

1H), 7.55 – 7.43 (m, 5H), 3.74 (s, 2H), 3.25 (q, J = 7.3 Hz, 2H), 1.43 (t, J = 7.4 Hz, 

3H); 13C NMR (100 MHz, CDCl3) δ 145.6, 131.9, 130.9, 129.35, 129.35, 128.7, 115.9, 
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49.2, 16.5, 7.1; HRMS (ESI) m/z: [M+H]+ calcd for C12H14NO2S 236.0740, found 

236.0748. 

(E)-2-((1-phenyl-3-((trifluoromethyl)thio)prop-1-en-2-yl)sulfonyl)thiophene (6) 

 

White solid; The product is purified with silica gel chromatography (eluent: 

petroleum ether/ethyl acetate = 10:1); 1H NMR (400 MHz, CDCl3) δ 8.06 (s, 1H), 

7.82 – 7.73 (m, 2H), 7.59 – 7.52 (m, 2H), 7.52 – 7.43 (m, 3H), 7.22 – 7.15 (m, 1H), 

4.16 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 142.8, 140.1, 135.1, 135.00, 134.98, 

132.2, 130.8, 130.1 (q, J = 305.8 Hz), 129.7, 129.1, 128.1, 26.2 (q, J = 2.6 Hz); 19F 

NMR (376 MHz, CDCl3) δ -42.5; HRMS (ESI) m/z: [M + Na]+ calcd for 

C14H11F3NaO2S3 386.9765, found 386.9761. 

(E)-2-((1-phenylprop-1-en-2-yl)sulfonyl)thiophene (7) 

 

White solid; The product is purified with silica gel chromatography (eluent: 

petroleum ether/ethyl acetate = 5:1); 1H NMR (400 MHz, CDCl3) δ 7.81 (s, 1H), 7.73 

– 7.69 (m, 2H), 7.43 – 7.37 (m, 5H), 7.17 – 7.12 (m, 1H), 2.23 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 140.6, 137.9, 137.2, 134.1, 133.9, 133.7, 129.6, 129.4, 128.7, 127.8, 

13.2; HRMS (ESI) m/z: [M + Na]+ calcd for C13H12NaO2S2 287.0171, found 

287.0170. 

(E)-2-((3-chloro-1-phenylprop-1-en-2-yl)sulfonyl)thiophene (8) 

 

White solid; The product is purified with silica gel chromatography (eluent: 

petroleum ether/ethyl acetate = 5:1); 1H NMR (400 MHz, CDCl3) δ 8.06 (s, 1H), 7.84 
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– 7.78 (m, 1H), 7.80 – 7.73 (m, 1H), 7.68 – 7.61 (m, 2H), 7.53 – 7.46 (m, 3H), 7.22 – 

7.15 (m, 1H), 4.59 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 142.9, 141.0, 137.8, 134.8, 

134.6, 132.2, 130.8, 130.0, 129.1, 127.9, 37.2; HRMS (ESI) m/z: [M+H]+ calcd for 

C13H12ClO2S2 298.9962, found 298.9901. 

7. X-ray structure of 3a (CCDC 2536775)  

The single crystal of compound 3a was cultivated by slow evaporation technique. 3j 

(50 mg) was dissolved in ethyl acetate and the solvent was allowed to evaporate in 

open air, and the resulting crystals of 3a were collected for X-ray diffraction analysis. 

The crystal was tested on a Bruker D8 Quest diffractometer, and the structure was 

solved with the Superflip structure solution program using Charge Flipping and 

refined with the ShelXL refinement package using Least Squares minimization. 

X-ray structure of 3a with thermal ellipsoids shown at the 50% probability level 

 

 

Identification code 3a 

Empirical formula C14H11NO2S3 

Formula weight 321.42 
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Temperature/K 296.15 

Crystal system triclinic 

Space group P-1 

a/Å 5.8621(3) 

b/Å 9.7553(6) 

c/Å 13.0274(8) 

α/° 97.051(2) 

β/° 91.909(2) 

γ/° 98.638(2) 

Volume/Å3 729.95(7) 

Z 2 

ρcalcg/cm3 1.462 

μ/mm‑1 0.506 

F(000) 332.0 

Crystal size/mm3 0.22 × 0.2 × 0.18 

Radiation MoKα (λ = 0.71073) 

2Θ range for data collection/° 4.962 to 50.222 

Index ranges -6 ≤ h ≤ 6, -11 ≤ k ≤ 11, -15 ≤ l ≤ 14 

Reflections collected 16673 

Independent reflections 2554 [Rint = 0.0581, Rsigma = 0.0452] 

Data/restraints/parameters 2554/0/181 

Goodness-of-fit on F2 1.062 

Final R indexes [I>=2σ (I)] R1 = 0.0540, wR2 = 0.1264 

Final R indexes [all data] R1 = 0.0836, wR2 = 0.1448 

Largest diff. peak/hole / e Å-3 0.44/-0.49 
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