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I. General Methods. 

All reactions were carried out in schlenk tubes. The reactions were monitored 

either by thin-layer chromatography on silica gel 60-F254 coated 0.2 mm plates 

(Yantai Chemical Industry Research Institute) or GC-MS (Thermo Fisher Trace 

1300-ISQ). Visualization was accomplished by UV light (254 nm). The crude 

products were purified either using a preparative thin-layer chromatography (TLC) 

plate or flash column chromatography using silica gel (normal phase, 200-300 mesh, 

Branch of Qingdao Haiyang Chemical). 1H NMR spectra was recorded on a 400 MHz 

spectrometer at ambient temperature. Data are reported as follows: (1) chemical shift 

in parts per million (δ, ppm) from CDCl3 (7.26 ppm) (2) multiplicity (s = singlet, br 

= broad, d = doublet, t = triplet, q = quartet, quint = quintet and m = multiplet); (3) 

coupling constants (Hz). 13C NMR spectra were recorded on a 100 MHz spectrometer 

at ambient temperature. Chemical shifts are reported in ppm from CDCl3 (77.16 ppm). 

HR-MS data were obtained on a QTOF mass spectrometer. All commercial materials 

were used as received unless otherwise noted. Aryne precursors are all prepared 

following the literature procedures[1]. Sulfur heterocycles 2b, 2g, 2h, 2i and 2j are 

prepared following the literature procedures[2]. 

 

II. Substrates Preparation 

 

1) Synthesis of 2c: 

 

3-benzylthietane (2c) 
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Synthesis of 2-benzylpropane-1,3-diol: a mixture of diethyl 2-benzylmalonate (5 

mmol, 1.25 g, 1 equiv.) and anhydrous tetrahydrofuran (THF, 5 mL) was added to a 

solution of lithium aluminum hydride (LiAlH4, 15 mmol, 0.57 g, 3 equiv.) in anhydrous 

tetrahydrofuran (THF, 10 mL) dropwise under nitrogen atmosphere at 0 oC in a flame-

dried schlenk tube. The mixture was kept stirring overnight at room temperature. The 

reaction was then carefully quenched with water (1 mL), 15% aqueous sodium 

hydroxide (1 mL), water (3 mL) dropwise at 0 oC. After being stirred for 30 minutes, 

the mixture was diluted with ethyl acetate (50 mL), filtered through celite and 

concentrated in vacuo. The crude product was further purified by silica gel flash 

chromatography (PE: EA = 1:1 as the eluent) to give 2-benzylpropane-1,3-diol (60% 

yield) as a pale yellow oil 1H NMR (400 MHz, CDCl3) δ 7.35-7.28 (m, 1H), 7.27-7.18 

(m, 2H), 3.82 (dd, J = 10.6, 3.5 Hz, 1H), 3.69 (dd, J = 10.4, 7.1 Hz, 1H), 2.64 (d, J = 

7.5 Hz, 1H), 2.55 (s, 1H), 2.15 – 2.00 (m, 1H)..  

Synthesis of 2-benzylpropane-1,3-diyl bis(4-methylbenzenesulfonate): to a 

solution of 2-benzylpropane-1,3-diol (1.5 mmol, 0.25 g, 1 equiv.) in pyridine (1 mL), 

p-toluene sulfonyl chloride (4.5 mmol, 0.86 g, 3 equiv.) in 14 mL pyridine was added 

at 0 oC for 30 minutes, the reaction was kept stirring for 8h. The reaction was then 

diluted with ethyl acetate (50 mL) and washed with saturated cupric sulfate until the 

organic phase became colorless, dried over sodium sulfate, filtered and concentrated 

in vacuo. The crude product was further purified by silica gel flash chromatography 

(PE: EA = 20:1 as the eluent) to give product 2-benzylpropane-1,3-diyl bis(4-

methylbenzenesulfonate) (80% yield) as a white solid. 

Synthesis of 2c: to a mixture of Na2Sꞏ9H2O (1.8 mmol, 0.43 g, 1.5 equiv.) in 10 mL 

anhydrous DMF was added 2-benzylpropane-1,3-diyl bis(4-methylbenzenesulfonate) 

(1.2 mmol, 0.57 g, 1.0 equiv.) in 5 mL DMF under nitrogen atmosphere in a flame-

dried schlenk tube. The mixture was stirred at 100 oC for 12 h. The reaction was then 

quenched with water (30 mL) and extracted with DCM (3×20 mL), washed with water 

and brine, dried over sodium sulfate, filtered and concentrated in vacuo in ice bath. The 

crude product was further purified by silica gel flash chromatography (PE: EA = 100:1 
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as the eluent) to give 2c (35% yield) as a colorless oil. 1H NMR (600 MHz, CDCl3) δ 

7.28 (t, J = 7.6 Hz, 2H), 7.20 (t, J = 7.4 Hz, 1H), 7.13 (d, J = 7.4 Hz, 2H), 3.59 – 3.48 

(m, 1H), 3.15 (t, J = 8.7 Hz, 2H), 3.11 – 3.07 (m, 2H), 2.88 (d, J = 7.8 Hz, 1H). 

2) Synthesis of 2d: 

 

3-(2-(benzyloxy)benzyl)thietane (2d) 

 

Synthesis of diethyl 2-(2-(benzyloxy)benzyl)malonate: a mixture of sodium 

hydride (NaH, 11 mmol, 60% in mineral, 0.44 g, 1.1 equiv.) and anhydrous THF (15 

mL) was added diethyl malonate (8 mmol, 1.28 g, 1 equiv.) under nitrogen atmosphere 

at 0 oC in a flame-dried schlenk tube. The mixture was kept stirring for 40 minutes 

until 1-(benzyloxy)-2-(bromomethyl)benzene (10 mmol, 2.77 g, 1.25 equiv.) was 

added to the solution dropwise. The reaction was kept stirring at 0 oC for 12 h. The 

reaction was then quenched with saturated NH4Cl (30 mL) and extracted with ethyl 

acetate (3×30 mL), dried over sodium sulfate, filtered and concentrated in vacuo. The 

crude product was further purified by silica gel flash chromatography (PE: EA = 20:1 

as the eluent) to give diethyl 2-(2-(benzyloxy)benzyl)malonate (4 steps 86% yield) as 

a pale yellow liquid. 

Synthesis of 2-(2-(benzyloxy)benzyl)propane-1,3-diol: a mixture of diethyl 2-(2-

(benzyloxy)benzyl)malonate (6.7 mmol, 2.40 g, 1 equiv.) in 10 mL anhydrous THF 

was added lithium aluminum hydride (20 mmol, 0.76 g, 3 equiv.) dropwise under 

nitrogen atmosphere at 0 oC in a flame-dried schlenk tube. The mixture was kept 

stirring overnight at room temperature. The reaction was then carefully quenched with 
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1 mL water, 1.2 mL 15 % aqueous sodium hydroxide, 3 mL water dropwise at 0 oC. 

After being stirred at 30 minutes, the mixture was diluted with 50 mL ethyl acetate, 

filtered through celite and concentrated in vacuo. The crude product was further 

purified by silica gel flash chromatography (PE: EA = 10:1 as the eluent) to give 2-(2-

(benzyloxy)benzyl)propane-1,3-diol (68% yield) as a pale yellow oil. 1H NMR (400 

MHz, CDCl3) δ 7.36 (d, J = 7.1 Hz, 2H), 7.31 (t, J = 7.4 Hz, 2H), 7.26 – 7.21 (m, 1H), 

7.15 – 7.06 (m, 2H), 6.90 – 6.82 (m, 2H), 4.96 (s, 2H), 3.65-3.55 (m, 4H), 3.52 (t, J = 

7.2 Hz, 2H), 2.61 (d, J = 7.3 Hz, 2H). 

Synthesis of 2-(2-(benzyloxy)benzyl)-3-(mercaptooxy)propyl 4-

methylbenzenesulfonate: to a solution of 2-(2-(benzyloxy)benzyl)propane-1,3-diol (3 

mmol, 0.82 g, 1 equiv.) in 2 mL anhydrous pyridine, a solution of p-toluene sulfonyl 

chloride (7.5 mmol, 1.43 g, 3 equiv.) in 15 mL anhydrous pyridine was added at 0 oC 

for 30 minutes, the reaction was kept stirring for 6 h. The reaction was then diluted 

with 50 mL ethyl acetate and washed with saturated CuSO4(10×20 mL), dried over 

sodium sulfate, filtered and concentrated in vacuo. The crude product was used without 

further purification. 

Synthesis of 2d: to a mixture of Na2Sꞏ9H2O (1.8 mmol, 0.43 g, 1.5 equiv.) in 10 

mL anhydrous DMF was added 2-(2-(benzyloxy)benzyl)-3-(mercaptooxy)propyl 4-

methylbenzenesulfonate (1.2 mmol, 0.87 g, 1.0 equiv.) in 5 mL DMF under nitrogen 

atmosphere in a flame-dried schlenk tube. The mixture was stirred at 100 oC for 12 h. 

The reaction was then quenched with water (30 mL) and extracted with EA (3×20 mL), 

washed with water and brine, dried over sodium sulfate, filtered and concentrated in 

vacuo. The crude product was further purified by silica gel flash chromatography (PE: 

EA = 10:1 as the eluent) to give 2d (54% yield) as a colorless oil. 1H NMR (400 MHz, 

CDCl3) δ 7.40 (q, J = 7.8 Hz, 1H), 7.34 (s, 1H), 7.20 – 7.13 (m, 1H), 7.10 (d, J = 7.1 

Hz, 1H), 6.93 – 6.86 (m, 1H), 5.07 (s, 1H), 3.70 – 3.55 (m, 1H), 3.11 (d, J = 8.0 Hz, 

1H), 2.92 (d, J = 7.6 Hz, 1H). 
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3) Synthesis of 2e: 

 

3-allylthietane (2e) 

 

Synthesis of 2-allylpropane-1,3-diol: a mixture of diethyl allylmalonate (5 mmol, 

1.0 g, 1 equiv.) and anhydrous tetrahydrofuran (THF, 5 mL) was added to a solution 

of lithium aluminum hydride (LiAlH4, 15 mmol, 0.57 g, 3 equiv.) in anhydrous 

tetrahydrofuran (THF, 10 mL) dropwise under nitrogen atmosphere at 0 oC in a flame-

dried schlenk tube. The mixture was kept stirring overnight at room temperature. The 

reaction was then carefully quenched with water (1 mL), 15% aqueous sodium 

hydroxide (1 mL), water (3 mL) dropwise at 0 oC. After being stirred for 30 minutes, 

the mixture was diluted with ethyl acetate (50 mL), filtered through celite and 

concentrated in vacuo. The crude product was further purified by silica gel flash 

chromatography (PE: EA = 1:1 as the eluent) to give 2-allyl-1,3-propanediol (57% 

yield) as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 5.86-5.74 (m, 1H), 5.14 – 4.99 

(m, 2H), 3.84 – 3.75 (m, 2H), 3.70-3.60 (m, 2H), 2.59 (s, 1H), 2.10-2.03 (m, 2H), 1.92 – 1.79 

(m, 1H). 

Synthesis of 2-allylpropane-1,3-diyl bis(4-methylbenzenesulfonate): to a mixture 

of KOH (22.8 mmol, 1.28 g, 8 equiv.) and 2-allylpropane-1,3-diol (2.85 mmol, 0.33 g, 

1 equiv.) in 5 mL THF was added a solution of p-toluene sulfonyl chloride (8.6 mmol, 

1.64 g, 3 equiv.) in 10 anhydrous THF dropwise under nitrogen atmosphere at 0°C. 
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The resulting mixture was stirred at 0°C for 30 min. The mixture was kept stirring 

overnight at room temperature. The reaction was then quenched with water (30 mL) 

and extracted with DCM (3×30 mL), dried over sodium sulfate, filtered and 

concentrated in vacuo. The crude product was further purified by silica gel flash 

chromatography (PE: EA = 10:1 as the eluent) to give 2g (91% yield) as a white solid. 

Synthesis of 2e: to a mixture of Na2Sꞏ9H2O (1.8 mmol, 0.43 g, 1.5 equiv.) in 10 

mL anhydrous DMF was added 2-allylpropane-1,3-diyl bis(4-

methylbenzenesulfonate) (1.2 mmol, 0.51 g, 1.0 equiv.) in 5 mL DMF under nitrogen 

atmosphere in a flame-dried schlenk tube. The mixture was stirred at 100 oC for 12 h. 

The reaction was then quenched with water (30 mL) and extracted with DCM (3×20 

mL), washed with water and brine, dried over sodium sulfate, filtered and concentrated 

in vacuo in ice bath. The crude product was further purified by silica gel flash 

chromatography (n-pentane: DCM = 20:1 as the eluent) to give 2e (52% yield) as a 

colorless oil. 1H NMR (600 MHz, CDCl3) δ 5.67 (ddt, J = 17.0, 10.2, 6.8 Hz, 1H), 5.07 

– 5.01 (m, 2H), 3.32 (dq, J = 15.2, 7.6 Hz, 1H), 3.19 (t, J = 8.7 Hz, 2H), 3.04 – 2.99 

(m, 2H), 2.31 (t, J = 7.1 Hz, 2H). 

 

4) Synthesis of 2f: 

 

3-methyl-3-phenylthietane (2f) 

 

Synthesis of diethyl 2-methyl-2-phenylmalonate: to a suspension of NaH (40 

mmol, 60% in mineral oil, 1.6 g, 2 equiv.) in 30 mL anhydrous tetrahydrofuran in a 
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flame-dried schlenk tube, diethyl 2-phenylmalonate (20 mmol, 4.7 g, 1 equiv.) was 

added for 30 minutes at 0 oC. Then iodomethane (20 mmol, 5.7 g, 2 equiv.) was added 

dropwise at 0 oC. After addition, the mixture was kept stirring for 36 h at room 

temperature. The reaction was then quenched with water (30 mL) and extracted with 

EA (3×30 mL), dried over sodium sulfate, filtered and concentrated in vacuo. The crude 

product was further purified by silica gel flash chromatography (PE: EA = 10:1 as the 

eluent) to give diethyl 2-methyl-2-phenylmalonate (75% yield) as a colorless oil. 1H 

NMR (400 MHz, CDCl3) δ 7.39 (t, J = 8.2 Hz, 4H), 7.35 – 7.31 (m, 1H), 4.26 (qt, J = 

5.3, 2.7 Hz, 4H), 1.89 (s, 3H), 1.28 (t, J = 7.1 Hz, 6H). 

 

Synthesis of 2-methyl-2-phenylpropane-1,3-diol: a mixture of diethyl 2-methyl-

2-phenylmalonate (10 mmol, 2.5 g, 1 equiv.) and 20 mL anhydrous tetrahydrofuran 

(THF) was added lithium aluminum hydride (30 mmol, 1.2 g, 3 equiv.) dropwise under 

nitrogen atmosphere at 0 oC in a flame-dried schlenk tube. The mixture was kept 

stirring for 12 h at room temperature. The reaction was then carefully quenched with 1 

mL water, 1.2 mL 15% aqueous sodium hydroxide, 3 mL water dropwise at 0 oC. After 

being stirred for 30 minutes, the mixture was diluted with ethyl acetate (50 mL), 

filtered through celite and concentrated in vacuo. The crude product was further 

purified by silica gel flash chromatography (PE: EA = 2:1 as the eluent) to give 2-

methyl-2-phenylpropane-1,3-diol (50% yield) as a colorless oil. 

Synthesis of 2-methyl-2-phenylpropane-1,3-diyl bis(4-methylbenzenesulfonate) : 

to a solution of 2-methyl-2-phenylpropane-1,3-diol (3 mmol, 0.50 g, 1 equiv.) and 

dimethylaminopyridine (9.3 mmol, 1.1 g, 3.1 equiv.) in 4 mL DCM in a flame-dried 

schlenk tube, p-toluene sulfonyl chloride (7.5 mmol, 1.43 g, 2.5 equiv.) in 6 mL DCM 

was added at 0 oC for 30 minutes, the reaction was kept stirring for 6 h at room 

temperature. The reaction was then diluted with ethyl acetate (20 mL) and washed with 

water and brine, dried over sodium sulfate, filtered and concentrated in vacuo. The 

crude product was further purified by silica gel flash chromatography (PE: EA = 10:1 

as the eluent) to give product 2-methyl-2-phenylpropane-1,3-diyl bis(4-
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methylbenzenesulfonate) (95% yield) as a white solid. 

 Synthesis of 2f: to a mixture of Na2Sꞏ9H2O (1.8 mmol, 0.43 g, 1.5 equiv.) in 10 mL 

anhydrous DMF was added 2-methyl-2-phenylpropane-1,3-diyl bis(4-

methylbenzenesulfonate) (1.2 mmol, 0.57 g, 1.0 equiv.) in 5 mL DMF under nitrogen 

atmosphere in a flame-dried schlenk tube. The mixture was stirred at 100 oC for 12 h. 

The reaction was then quenched with water (30 mL) and extracted with EA (3×20 mL), 

washed with water and brine, dried over sodium sulfate, filtered and concentrated in 

vacuo. The crude product was further purified by silica gel flash chromatography (PE: 

EA = 100:1 as the eluent) to give 2f (85% yield) as a colorless oil. 1H NMR (400 MHz, 

CDCl3) δ 7.37 (t, J = 7.6 Hz, 2H), 7.24 (t, J = 7.3 Hz, 1H), 7.19 (d, J = 7.7 Hz, 2H), 

3.84 (d, J = 8.7 Hz, 2H), 3.07 (d, J = 8.8 Hz, 2H), 1.83 (s, 3H). 

 

III. General Procedure for Aryne Reaction 

1) Scope of Cyclic thioether: 

 

General procedure: a mixture of anhydrous potassium fluoride (KF, 0.7 mmol, 

0.041 g, 3.5 equiv.) and 18-crown-6 (0.7 mmol, 0.2 g, 3.5 equiv.) in 1 mL anhydrous 

THF was added 2-(trimethylsilyl)phenyltrifluoromethanesulfonate (0.2 mmol, 49 µL, 

1.0 equiv.) dropwise under nitrogen atmosphere at 0 oC in a flame-dried schlenk tube. 

Then cyclic thioether (0.3 mmol, 1.5 equiv.) was added to the solution dropwise, which 

was then kept stirring at 0oC. Once the solution became pale yellow (after 5 minutes), 

a solution of 2,3-dimethylindole (0.5 mmol, 0.0726 g, 2.5 equiv.) in 1 mL anhydrous 

THF was added and kept stirring for 24 h at 0oC or 0oC to room temperature. The 

reaction mixture was filtered and concentrated in vacuo in ice bath. The crude product 

was further purified by silica gel flash chromatography or preparative TLC plate. (Note: 
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The temperature of water bath during solvent evaporation should be controlled under 

10 oC. Also, the choice of the chromatography eluent is also influential.) 

 

(3-fluoropropyl)(phenyl)sulfane (4a) 

Following the general procedure, the crude product was purified by 

silica gel chromatography (n-pentane: DCM = 20:1 as the eluent) 

to give 4a (82% yield) as a yellow oil. 1H NMR (400 MHz, CDCl3) 

δ 7.39-7.32 (m, 2H), 7.32-7.26 (m, 2H), 7.22-7.16 (m, 1H), 4.56 (dt, J = 47.1, 5.7 Hz, 

2H), 3.05 (t, J = 7.2 Hz, 2H), 2.08-1.93 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 135.86, 

129.42, 129.00, 126.20, 82.24 (d, J = 165.6 Hz), 30.06 (d, J = 20.2 Hz), 29.44 (d, J = 

4.5 Hz). 19F NMR (377 MHz, CDCl3) δ -221.04. HR-MS (ESI): Calcd for C9H12FS+ 

[M+H]+ 171.0638; found 171.0642. 

 

(3-fluoro-2-phenylpropyl)(phenyl)sulfane (4b) 

Following the general procedure, the crude product was purified 

by Preparative TLC (PE: EA = 10:1 as the eluent) to give 4b (82% 

yield) as a yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.36 – 7.30 

(m, 4H), 7.29 – 7.25 (m, 3H), 7.24 – 7.15 (m, 3H), 4.68 (dddd, J = 51.4, 47.5, 9.1, 5.3 

Hz, 2H), 3.41 (dd, J = 13.0, 7.2 Hz, 1H), 3.27 – 3.09 (m, 2H). 13C NMR (100 MHz, 

CDCl3) δ 139.67 (d, J = 4.3 Hz), 136.00, 129.47, 129.03, 128.75, 127.99, 127.49, 

126.26, 85.31 (d, J = 173.6 Hz), 45.87 (d, J = 18.9 Hz), 35.54 (d, J = 5.2 Hz). 19F NMR 

(377 MHz, CDCl3) δ -222.22. HR-MS (ESI): Calcd for C15H16FS+ [M+H]+ 247.0951; 

found 247.0949. 

 

(2-benzyl-3-fluoropropyl)(phenyl)sulfane (4c) 
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Following the general procedure, the crude product was purified 

by Preparative TLC (PE: EA = 10:1 as the eluent) to give 4b (70% 

yield) as a yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.35 – 7.31 

(m, 2H), 7.27 (dd, J = 13.8, 5.4 Hz, 5H), 7.23 – 7.16 (m, 3H), 4.72 – 4.21 (m, 2H), 3.03 

(d, J = 6.9 Hz, 2H), 2.94 – 2.78 (m, 2H), 2.30 – 2.09 (m, 1H). 13C NMR (100 MHz, 

CDCl3) δ 139.01, 136.09, 129.25, 129.11, 129.00, 128.54, 126.42, 126.07, 83.83 (d, J 

= 169.3 Hz), 41.25 (d, J = 18.7 Hz), 36.10 (d, J = 4.8 Hz), 33.86 (d, J = 4.5 Hz). 19F 

NMR (377 MHz, CDCl3) δ -229.83. HR-MS (ESI): Calcd for C16H18FS+ [M+H]+ 

261.1108; found 261.1114. 

 

(2-(2-(benzyloxy)benzyl)-3-fluoropropyl)(phenyl)sulfane (4d) 

Following the general procedure, the crude product was purified 

by Preparative TLC (PE: EA = 20:1 as the eluent) to give 4d (82% 

yield) as a yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.38 – 7.19 

(m, 5H), 7.18 – 6.94 (m, 7H), 6.85-6.80 (m, 2H), 4.94 (s, 2H), 

4.39 (dddd, J = 79.1, 47.4, 9.2, 4.0 Hz, 2H), 3.00 – 2.87 (m, 2H), 2.78 (m, 2H), 2.32 – 

2.09 (m, 1H). 13C NMR (100 MHz, CDCl3) δ 156.80, 137.17, 136.52, 131.33, 128.88, 

128.59, 128.59, 127.86, 127.81, 127.81, 127.11, 125.69, 120.77, 111.78, 84.13 (d, J = 

168.8 Hz), 69.89, 39.65 (d, J = 18.5 Hz), 33.82 (d, J = 4.0 Hz), 31.39 (d, J = 5.0 Hz). 

19F NMR (377 MHz, CDCl3) δ -230.14. HR-MS (ESI): Calcd for C23H24FOS+ [M+H]+ 

367.1526; found 367.1528. 

 

(2-(fluoromethyl)pent-4-en-1-yl)(phenyl)sulfane (4e) 

Following the general procedure, the crude product was purified 

by Preparative TLC (PE: EA = 20:1 as the eluent) to give 4e (72% 

yield) as a yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.38 (d, J = 

7.5 Hz, 2H), 7.32 (t, J = 7.6 Hz, 2H), 7.22 (t, J = 7.2 Hz, 1H), 5.86 – 5.70 (m, 1H), 5.14 
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(d, J = 4.1 Hz, 1H), 5.11 (s, 1H), 4.53 (dddd, J = 47.3, 42.9, 9.2, 4.7 Hz, 2H), 3.11 – 

2.96 (m, 2H), 2.43 – 2.20 (m, 2H), 2.13 – 1.90 (m, 1H). 13C NMR (100 MHz, CDCl3) 

δ 136.27, 135.11, 129.15 (d, J = 27.0 Hz), 128.99, 126.13, 117.67, 84.24 (d, J = 169.4 

Hz), 38.92 (d, J = 18.6 Hz), 34.25 (d, J = 5.1 Hz), 34.14 (d, J = 4.8 Hz). 19F NMR (377 

MHz, CDCl3) δ -228.85. HR-MS (ESI): Calcd for C12H16FS+ [M+H]+ 211.0951; found 

211.0960. 

 

(3-fluoro-2-methyl-2-phenylpropyl)(phenyl)sulfane (4f) 

Following the general procedure, the crude product was purified 

by Preparative TLC (PE: EA = 8:1 as the eluent) to give 4f (69% 

yield) as a yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.45 – 7.38 

(m, 4H), 7.38 – 3.32 (m, 3H), 7.29 (t, J = 7.7 Hz, 2H), 7.21 (t, J = 7.2 Hz, 1H), 4.74 – 

4.55 (m, 2H), 3.49 (d, J = 12.6 Hz, 1H), 3.44 (d, J = 12.6 Hz, 1H), 1.56 (d, J = 1.2 Hz, 

3H). 13C NMR (100 MHz, CDCl3) δ 141.45 (d, J = 3.3 Hz), 136.28, 128.59, 127.81, 

127.45, 126.01, 125.36 (d, J = 1.3 Hz), 125.03, 87.89 (d, J = 177.9 Hz), 42.65 (d, J = 

17.3 Hz), 42.20 (d, J = 4.1 Hz), 20.67 (d, J = 5.1 Hz). 19F NMR (377 MHz, CDCl3) δ -

221.25. HR-MS (ESI): Calcd for C16H18FS+ [M+H]+ 261.1108; found 261.1111. 

 

((1-(fluoromethyl)cyclohexyl)methyl)(phenyl)sulfane (4g) 

Following the general procedure, the crude product was purified 

by Preparative TLC (PE: EA = 80:1 as the eluent) to give 4g (74% 

yield) as a yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.39 (d, J = 

7.5 Hz, 2H), 7.27 (t, J = 6.5 Hz, 2H), 7.16 (t, J = 7.3 Hz, 1H), 

4.35 (d, J = 47.6 Hz, 2H), 3.08 (s, 2H), 1.53-1.45 (m, 10H). 13C NMR (100MHz, CDCl3) 

δ 137.59, 129.58, 128.86, 125.95, 87.35 (d, J = 172.8 Hz), 40.10, 38.87 (d, J = 16.4 Hz), 

31.18 (d, J = 5.1 Hz), 25.90, 21.33. 19F NMR (377 MHz, CDCl3) δ -230.41. HR-MS 

(ESI): Calcd for C14H20FS+ [M+H]+ 239.1264; found 239.1267. 

 

S F
Ph

4f
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(3-fluoro-2,2-dimethoxypropyl)(phenyl)sulfane (4h) 

Following the general procedure, the crude product was purified 

by Preparative TLC (n-pentane: DCM = 1:2 as the eluent) to give 

4h (70% yield) as a yellow oil. 1H NMR (400 MHz, CDCl3) δ 

7.40 (d, J = 7.7 Hz, 2H), 7.29 (t, J = 7.6 Hz, 2H), 7.20 (t, J = 7.3 

Hz, 1H), 4.49 (d, J = 46.8 Hz, 2H), 3.28 (d, J = 1.7 Hz, 2H), 3.26 (s, 6H). 13C NMR 

(100 MHz, CDCl3) δ 136.00, 129.75, 128.99, 126.44, 100.17 (d, J = 21.2 Hz), 78.51 (d, 

J = 174.7 Hz), 48.70, 48.69, 35.92 (d, J = 0.9 Hz). 19F NMR (377 MHz, CDCl3) δ -

231.44. HR-MS (ESI): Calcd for C11H16FO2S+ [M+H]+ 231.0850; found 231.0853. 

 

5-(fluoromethyl)-2,2-dimethyl-5-((phenylthio)methyl)-1,3-dioxane (4i) 

Following the general procedure, the crude product was purified 

by Preparative TLC (PE: DCM = 1:1 as the eluent) to give 4i (70% 

yield) as a yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.42 – 7.37 

(m, 2H), 7.31 – 7.26 (m, 2H), 7.24-7.20 (m, 1H), 4.57 (d, J = 47.2 

Hz, 2H), 3.79 (m, 4H), 3.07 (d, J = 0.8 Hz, 2H), 1.43 (s, 3H), 1.40 (s, 3H). 13C NMR 

(100 MHz, CDCl3) δ 136.56, 129.65, 129.07, 126.50, 98.47, 83.37 (d, J = 172.0 Hz), 

63.29 (d, J = 5.9 Hz), 39.11 (d, J = 17.2 Hz), 35.94 (d, J = 2.9 Hz), 21.80. 19F NMR 

(377 MHz, CDCl3) δ -234.49. HR-MS (ESI): Calcd for C14H20FO2S+ [M+H]+ 271.1163; 

found 271.1162. 

 

3-(fluoromethyl)-3-((phenylthio)methyl)-1-tosylazetidine (4j) 

Following the general procedure, the crude product was purified 

by Preparative TLC (PE: DCM = 1:2 as the eluent) to give 4j (90% 

yield) as a yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.70 (d, J = 

7.8 Hz, 2H), 7.38 (d, J = 7.9 Hz, 2H), 7.35 – 7.21 (m, 5H), 4.42 

(d, J = 46.9 Hz, 2H), 3.66 – 3.52 (m, 4H), 3.05 (s, 2H), 2.49 (s, 3H). 13C NMR (100 

S F
OO

4h
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MHz, CDCl3) δ 143.26, 134.20, 130.16, 129.01, 128.82, 128.17, 127.35, 125.99, 83.15 

(d, J = 174.0 Hz), 54.74 (d, J = 6.9 Hz), 37.46 (d, J = 19.5 Hz), 37.09 (d, J = 3.6 Hz), 

20.62. 19F NMR (377 MHz, CDCl3) δ -226.82. HR-MS (ESI): Calcd for 

C18H21FNO2S2
+ [M+H]+ 366.0992; found 366.0985. 

 

(4-fluorobutyl)(phenyl)sulfane (4k) 

Following the general procedure, the crude product was purified 

by Preparative TLC (PE: DCM = 10:1 as the eluent) to give 4k 

(68% yield) as a yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.35 

– 7.31 (m, 2H), 7.30 – 7.25 (m, 2H), 7.22 – 7.13 (m, 1H), 4.45 (dt, J = 47.1, 5.7 Hz, 

2H), 2.96 (t, J = 7.1 Hz, 2H), 1.92 – 1.70 (m, 4H). 13C NMR (100 MHz, CDCl3) δ 

136.37, 129.30, 128.93, 126.01, 83.58 (d, J = 165.1 Hz), 33.35, 29.44 (d, J = 19.8 Hz), 

25.05 (d, J = 4.6 Hz). 19F NMR (377 MHz, CDCl3) δ -218.61. HR-MS (ESI): Calcd for 

C10H14FS+ [M+H]+ 185.0795; found 185.0792. 

 

(5-fluoropentyl)(phenyl)sulfane (4l) 

Following the general procedure, the crude product was 

purified by Preparative TLC (PE: DCM = 10:1 as the eluent) 

to give 4l (28% yield) as a yellow oil. 1H NMR (400 MHz, 

CDCl3) δ 7.35 (t, J = 7.9 Hz, 2H), 7.30 (d, J = 8.3 Hz, 2H), 7.20 (t, J = 7.1 Hz, 1H), 

4.46 (dt, J = 47.2, 6.0 Hz, 2H), 2.96 (t, J = 7.2 Hz, 2H), 1.83 – 1.66 (m, 4H), 1.65 – 

1.52 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 136.67, 129.10, 128.88, 125.86, 84.68, 

83.05, 33.51, 30.07, 29.87, 28.77, 24.50, 24.45. 19F NMR (377 MHz, CDCl3) δ -218.38. 

HR-MS (ESI): Calcd for C11H16FS+ [M+H]+ 199.0951; found 199.0945. 

 

(E)-pent-3-en-1-yl(phenyl)sulfane and pent-4-en-1-yl(phenyl)sulfane (4m+4m’) 

S
F

4k
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Following the general procedure, the crude product was 

purified by silica gel chromatography (n-pentane as the 

eluent) to give 4l (4:1, 70% yield) as a yellow oil. 1H NMR 

(400 MHz, CDCl3) δ 7.33 (d, J = 7.4 Hz, 10H), 7.27 (dd, J = 

12.0, 3.8 Hz, 10H), 7.16 (s, 4H), 5.78 (ddt, J = 16.9, 10.2, 6.7 Hz, 1H), 5.58 – 5.39 (m, 

7H), 5.08 – 4.91 (m, 2H), 2.93 (dd, J = 14.0, 6.5 Hz, 9H), 2.32 (dd, J = 13.9, 6.5 Hz, 

7H), 2.19 (dd, J = 14.2, 7.0 Hz, 2H), 1.74 (dt, J = 14.7, 7.4 Hz, 2H), 1.66 (d, J = 5.4 Hz, 

11H). 13C NMR (100 MHz, CDCl3) δ 137.60, 136.74, 129.09, 128.95, 128.86, 126.96, 

125.79, 115.43, 33.63, 32.97, 32.73, 32.33, 28.30, 17.95. HR-MS (ESI): Calcd for 

C11H15S+ [M+H]+ 179.0889; found 179.0892. 

 

 

2) Scope of Aryne: 

 

General procedure: a mixture of anhydrous potassium fluoride (KF, 0.7 mmol, 

0.041 g, 3.5 equiv.) and 18-crown-6 (0.7 mmol, 0.200 g, 3.5 equiv.) in 1 mL anhydrous 

THF was added aryne (0.2 mmol, 1.0 equiv.) dropwise under nitrogen atmosphere at 0 

oC in a flame-dried schlenk tube. Then thietane (0.3 mmol, 24 µL, 1.5 equiv.) was 

added to the solution dropwise, which was then kept stirring at 0 oC. Once the solution 

became pale yellow (after 5 minutes), a solution of 2,3-dimethylindole (0.5 mmol, 2.5 

equiv.) in 1 mL anhydrous THF was added and kept stirring for 24 h at 0 oC. The 

reaction mixture was filtered and concentrated in vacuo in ice bath. The crude product 

was further purified by silica gel flash chromatography or preparative TLC. (Note: The 

temperature of water bath during solvent evaporation should be controlled under 10 oC. 

Also, the choice of the chromatography eluent is also influential.) 

 

5-(((3,4-dimethylphenyl)thio)methyl)-5-(fluoromethyl)-2,2-dimethyl-1,3-dioxane 
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(5a) 

Following the general procedure, the crude product was purified 

by silica gel chromatography (n-pentane: DCM = 10:1 as the 

eluent) to give 5a (83% yield) as a yellow oil. 1H NMR (400 MHz, 

CDCl3) δ 7.20 (s, 1H), 7.15 (dd, J = 7.9, 1.6 Hz, 1H), 7.05 (d, J = 

7.9 Hz, 1H), 4.58 (d, J = 47.2 Hz, 2H), 3.81-3.73 (m, 4H), 3.02 (d, J = 0.6 Hz, 2H), 

2.23 (d, J = 3.8 Hz, 6H), 1.44 (s, 3H), 1.41 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 

137.52, 135.37, 133.06, 131.45, 130.34, 127.69, 98.41, 83.40 (d, J = 171.9 Hz), 63.31 

(d, J = 6.0 Hz), 39.14 (d, J = 17.2 Hz), 36.58 (d, J = 3.2 Hz), 25.68, 21.64, 19.71, 19.34. 

19F NMR (377 MHz, CDCl3) δ -234.52. HR-MS (ESI): Calcd for C16H24FO2S+ [M+H]+ 

299.1476; found 299.1475. 

 

5-(((5-(fluoromethyl)-2,2-dimethyl-1,3-dioxan-5-yl)methyl)thio)benzo[d][1,3]-

dioxole (5b) 

Following the general procedure, the crude product was purified 

by silica gel chromatography (n-pentane: DCM = 10:1 as the 

eluent) to give 5b (56% yield) as a yellow oil. 1H NMR (400 

MHz, CDCl3) δ 6.94 (d, J = 6.0 Hz, 2H), 6.73 (d, J = 8.5 Hz, 1H), 

5.96 (s, 2H), 4.57 (d, J = 47.2 Hz, 2H), 3.83 – 3.64 (m, 4H), 2.97 (s, 2H), 1.42 (s, 3H), 

1.39 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 148.13, 147.27, 128.51, 125.23, 111.92, 

108.82, 101.3, 98.44, 83.29 (d, J = 171.9 Hz), 39.24 (d, J = 17.2 Hz), 38.02 (d, J = 3.2 

Hz), 25.65, 21.63. 19F NMR (377 MHz, CDCl3) δ -234.66. HR-MS (ESI): Calcd for 

C15H20FO4S+ [M+H]+ 315.1061; found 315.1066. 

 

(3,4-difluorophenyl)(3-fluoropropyl)sulfane (5c) 

Following the general procedure, the crude product was 

purified by silica gel chromatography (n-pentane: DCM = 20:1 

as the eluent) to give 5d (45% yield) as a yellow oil. 1H NMR 
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(400 MHz, CDCl3) δ 7.24 – 7.18 (m, 1H), 7.17 – 7.08 (m, 2H), 4.58 (dt, J = 47.1, 5.6 

Hz, 2H), 3.04 (t, J = 7.2 Hz, 2H), 2.15 – 1.84 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 

150.33 (dd, J = 251.0, 13.1 Hz), 149.25 (dd, J = 248.4, 12.6 Hz), 126.07 (dd, J = 6.0, 

3.7 Hz), 118.85 (d, J = 18.2 Hz), 117.78 (d, J = 17.6 Hz), 81.97 (d, J = 166.1 Hz), 30.31 

(d, J = 4.5 Hz), 29.95 (d, J = 20.3 Hz). 19F NMR (377 MHz, CDCl3) δ -136.35 (d, J = 

20.9 Hz), -140.07 (d, J = 21.1 Hz), -221.20. HR-MS (ESI): Calcd for C9H10F3S+ [M+H]+ 

207.0450; found 207.0452. 

 

((1-(fluoromethyl)cyclohexyl)methyl)(naphthalen-2-yl)sulfane (5d) 

Following the general procedure, the crude product was 

purified by silica gel chromatography (n-pentane : DCM = 

20:1 as the eluent) to give 5d (61% yield) as a yellow oil. 1H 

NMR (400 MHz, CDCl3) δ 7.83 – 7.71 (m, 4H), 7.48- 7.43 

(m, 3H), 4.40 (d, J = 47.6 Hz, 2H), 3.19 (s, 2H), 1.62 – 1.38 (m, 10H). 13C NMR (100 

MHz, CDCl3) δ 135.09, 133.81, 131.74, 128.35, 127.72, 127.72, 127.07, 127.04, 126.53, 

125.61, 87.37 (d, J = 172.9 Hz), 39.87, 38.95 (d, J = 16.4 Hz), 31.26 (d, J = 5.1 Hz), 

25.91, 21.37. 19F NMR (377 MHz, CDCl3) δ -230.20. HR-MS (ESI): Calcd for 

C18H22FS+ [M+H]+ 289.1421; found 289.1414. 

 

 

(3-fluorophenyl)(3-fluoropropyl)sulfane and (3-fluorophenyl)(3-

fluoropropyl)sulfane (5e+5e’) 

Following the general procedure, the crude product was 

purified by silica gel chromatography (n-pentane: EA = 20:1 

as the eluent) to give 5f+5f’ (1:2, 58% yield) as a yellow oil. 

1H NMR (400 MHz, CDCl3) δ 7.42 – 7.35 (m, 4H), 7.28 – 

7.24 (m, 1H), 7.11 (d, J = 8.0 Hz, 1H), 7.08 – 7.00 (m, 5H), 6.90 (td, J = 8.3, 2.2 Hz, 
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1H), 4.59 (dt, J = 47.1, 5.7 Hz, 2H), 4.57 (dt, J = 47.1, 5.7 Hz, 4H), 3.09 (t, J = 7.2 Hz, 

2H), 3.02 (t, J = 7.2 Hz, 4H), 2.15 – 1.91 (m, 6H). 13C NMR (100 MHz, CDCl3) δ 

162.93 (d, J = 248.1 Hz), 161.91 (d, J = 246.7 Hz), 138.54 (d, J = 7.8 Hz), 132.54 (d, J 

= 8.0 Hz), 130.64 (d, J = 3.3 Hz), 130.24 (d, J = 8.6 Hz), 124.23 (d, J = 3.0 Hz), 116.12 

(d, J = 21.9 Hz), 115.42 (d, J = 23.1 Hz), 112.92 (d, J = 21.2 Hz), 82.12 (d, J = 165.8 

Hz), 82.07 (d, J = 165.9 Hz), 30.83 (d, J = 4.6 Hz), 30.08 (d, J = 20.2 Hz), 29.91 (d, J 

= 20.3 Hz), 29.00 (d, J = 4.6 Hz). 19F NMR (377 MHz, CDCl3) δ -112.24, -115.31, -

221.09, -221.14. HR-MS (ESI): Calcd for C9H11F2S+ [M+H]+ 189.0544; found 

189.0549. 

 

 

(3-fluoro-2-phenylpropyl)(3-methoxyphenyl)sulfane and (3-fluoro-2-phenylpro 

pyl)(4-methoxyphenyl)sulfane (5f+5f’) 

Following the general procedure, the crude product was purified 

by silica gel chromatography (n-pentane: EA = 20:1 as the 

eluent) to give 5f+5f’ (1.5:1, 67% yield) as a yellow oil. 1H 

NMR (400 MHz, CDCl3) δ 7.38 – 7.30 (m, 8H), 7.30 – 7.24 (m, 

4H), 7.23 – 7.18 (m, 5H), 6.92 (d, J = 7.8 Hz, 1H), 6.89- 6.83 

(m, 4H), 6.74 (dd, J = 8.3, 2.4 Hz, 1H), 4.85 – 4.47 (m, 2H), 

3.81 (s, 4H), 3.79 (s, 3H), 3.48 – 3.29 (m, 2H), 3.28 – 3.01 (m, 5H). 13C NMR (100 

MHz, CDCl3) δ 159.93, 159.10, 139.84 (d, J = 4.1 Hz), 139.62 (d, J = 4.4 Hz), 137.33, 

133.38, 129.84, 128.74, 128.68, 128.02, 127.99, 127.50, 127.37, 126.01, 121.33, 

114.70, 114.55, 111.99, 85.32 (d, J = 173.2 Hz), 55.36, 55.29, 45.89 (d, J = 18.9 Hz), 

45.86 (d, J = 18.9 Hz), 37.62 (d, J = 5.2 Hz), 35.28 (d, J = 5.1 Hz). 19F NMR (377 MHz, 

CDCl3) δ -222.08, -222.36. HR-MS (ESI): Calcd for C16H18FOS+ [M+H]+ 277.1057; 

found 277.1061. 
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(3-fluoro-2-phenylpropyl)(m-tolyl)sulfane and (3-fluoro-2-phenylpropyl)(p-

tolyl)sulfane (5g+5g’) 

Following the general procedure, the crude product was 

purified by silica gel chromatography (n-pentane: DCM = 20:1 

as the eluent) to give 5g+5g’ (1.1:1, 67% yield) as a yellow oil. 

1H NMR (400 MHz, CDCl3) δ 7.42 – 7.36 (m, 5H), 7.34 – 7.24 

(m, 8H), 7.23 – 7.13 (m, 5H), 7.05 (d, J = 7.2 Hz, 1H), 4.89 – 

4.57 (m, 4H), 3.50 – 3.38 (m, 2H), 3.36 – 3.11 (m, 4H), 2.38 (s, 

3H), 2.37 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 138.76 (d, J = 4.0 Hz), 138.70 (d, J 

= 4.2 Hz), 137.74, 135.43, 134.66, 131.07, 129.25, 129.22, 129.02, 128.77, 127.81, 

127.67, 127.65, 126.94, 126.40, 126.35, 126.07, 125.33, 84.26 (d, J = 173.5 Hz), 84.25 

(d, J = 173.4 Hz), 44.82 (d, J = 18.9 Hz), 44.76 (d, J = 19.0 Hz), 35.15 (d, J = 5.3 Hz), 

34.40 (d, J = 5.3 H z), 20.30, 19.98. 19F NMR (377 MHz, CDCl3) δ -222.19, -222.34. 

HR-MS (ESI): Calcd for C16H18FS+ [M+H]+ 261.1108; found 261.1105. 

 

((1-(fluoromethyl)cyclohexyl)methyl)(naphthalen-2-yl)sulfane and ((1-

(fluoromethyl)cyclohexyl)methyl)(naphthalen-1-yl)sulfane (5h+5h’) 

Following the general procedure, the crude product was 

purified by silica gel chromatography (n-pentane: DCM = 

20:1 as the eluent) to give 5h+5h’ (1:1, 83% yield) as a pale 

yellow oil.1H NMR (400 MHz, CDCl3) δ 8.49 (d, J = 8.4 Hz, 

1H), 7.90 – 7.72 (m, 6H), 7.68 (d, J = 7.1 Hz, 1H), 7.63 – 

7.38 (m, 6H), 4.43 (dd, J = 47.6, 12.3 Hz, 4H), 3.20 (s, 2H), 

3.15 (s, 2H), 1.62 – 1.42 (m, 23H). 13C NMR (100 MHz, CDCl3) δ 135.10, 134.71, 

133.99, 133.82, 133.16, 131.75, 128.80, 128.70, 128.63, 128.36, 127.73, 127.32, 

127.08, 127.04, 126.54, 126.44, 126.20, 125.66, 125.62, 125.24, 87.58 (d, J = 173.0 

Hz), 87.37 (d, J = 172.9 Hz), 40.82 (d, J = 3.1 Hz), 39.89 (d, J = 3.2 Hz), 38.97 (d, J = 

16.4 Hz), 38.95 (d, J = 16.4 Hz), 31.28 (d, J = 4.9 Hz), 25.93, 21.37. 19F NMR (377 
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MHz, CDCl3) δ -230.14, -230.16. HR-MS (ESI): Calcd for C18H22FS+ [M+H]+ 

289.1421; found 289.1415. 

 

(3-fluoropropyl)(2-methoxyphenyl)sulfane and (3-fluoropropyl)(3-

methoxyphenyl)sulfane (5i+5i’) 

Following the general procedure, the crude product was 

purified by silica gel chromatography (PE: EA = 20:1 as the 

eluent) to give 5i+5i’ (1:9, 65% yield) as a yellow oil. 1H 

NMR (400 MHz, CDCl3) δ 7.23 (t, J = 8.0 Hz, 1H), 6.93 

(dd, J = 12.5, 4.9 Hz, 2H), 6.76 (dd, J = 8.2, 2.2 Hz, 1H), 

4.59 (dt, J = 47.2, 5.7 Hz, 2H), 3.83 (s, 3H), 3.08 (t, J = 7.1 Hz, 2H), 2.15 – 1.94 (m, 

2H). 13C NMR (100 MHz, CDCl3) δ 159.93, 137.25, 129.81, 121.30, 114.59, 111.79, 

82.22 (d, J = 165.7 Hz), 30.08 (d, J = 20.2 Hz), 29.20 (d, J = 4.7 Hz). 19F NMR (377 

MHz, CDCl3) δ -221.00. HR-MS (ESI): Calcd for C10H14FOS+ [M+H]+  201.0744; 

found 201.0736. 

 

 

Gram reaction 

 

A mixture of anhydrous potassium fluoride (KF, 14 mmol, 0.82 g, 3.5 equiv.) and 

18-crown-6 (14 mmol, 4.0 g, 3.5 equiv.) in 15 mL anhydrous THF was added aryne (4 

mmol, 1.0 equiv.) dropwise under nitrogen atmosphere at 0 oC in a flame-dried schlenk 

tube. Then thietane (6 mmol, 0.48 ml, 1.5 equiv.) was added to the solution dropwise, 

which was then kept stirring at 0 oC. Once the solution became pale yellow (after 5 

minutes), a solution of 2,3-dimethylindole (10 mmol, 2.5 equiv.) in 5 mL anhydrous 
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THF was added and kept stirring for 24 h at 0 oC. The reaction mixture was filtered and 

concentrated in vacuo in ice bath. The crude product was further purified by silica gel 

flash chromatography (n-pentane: DCM = 20:1 as the eluent) to give 4a (0.5g, 74% 

yield) as a yellow oil. (Note: The temperature of water bath during solvent evaporation 

should be controlled under 10 oC.) 

 

Deuterium-labelling Study 

 

A mixture of anhydrous potassium fluoride (KF, 0.7 mmol, 0.041 g, 3.5 equiv.) 

and 18-crown-6 (0.7 mmol, 0.200 g, 3.5 equiv.) in 1 mL anhydrous THF was added 

aryne (0.2 mmol, 1.0 equiv.) dropwise under nitrogen atmosphere at 0 oC in a flame-

dried schlenk tube. Then thietane (0.3 mmol, 24 µL, 1.5 equiv.) was added to the 

solution dropwise, which was then kept stirring at 0 oC. Once the solution became pale 

yellow (after 5 minutes), deuterium oxide (0.5 mmol, 2.5 equiv.) was added and kept 

stirring for 24 h at 0 oC. The reaction mixture was filtered and concentrated in vacuo in 

ice bath. The crude product was further purified by silica gel flash chromatography(n-

pentane: DCM = 20:1 as the eluent) to give 4a-D (50% yield) as a yellow oil. (Note: 

The temperature of water bath during solvent evaporation should be controlled under 

10 oC.) 1H NMR (400 MHz, CDCl3) δ 7.38 (d, J = 7.8 Hz, 1H), 7.32 (t, J = 7.2 Hz, 2H), 

7.22 (t, J = 7.2 Hz, 1H), 4.59 (dt, J = 47.1, 5.7 Hz, 2H), 3.08 (t, J = 7.1 Hz, 2H), 2.03 

(ddd, J = 25.9, 12.8, 6.6 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 135.79, 129.43, 128.99, 

128.88, 126.20, 82.23 (d, J = 165.6 Hz), 30.08 (d, J = 20.2 Hz), 29.45 (d, J = 4.6 Hz). 

19F NMR (377 MHz, CDCl3) δ -221.02. HR-MS (ESI): Calcd for C9H11DFS+ [M+H]+ 

172.0701; found 172.0705. 

 

Sulfide Oxidation 
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Synthesis of ((3-fluoropropyl)sulfonyl)benzene 

 

To a stirred solution of the (3-fluoropropyl)(phenyl)sulfane (0.034 g, 0.2 mmol, 1 

equiv.) in 1mL CH2Cl2 was added m-CPBA (0.085 g, 0.42 mmol, 2.1 equiv.) at 0 oC. 

The reaction was kept stirring overnight at 0 oC for 48 h. The reaction was then 

quenched with saturated 20 mL NaHCO3, extracted with 20 mL DCM, washed with 

saturated NaHCO3, dried over sodium sulfate, filtered and concentrated in vacuo in ice 

bath. The crude product was further purified by silica gel flash chromatography (DCM 

as the eluent) to give ((3-fluoropropyl)sulfonyl)benzene 5 (96% yield) as a yellow oil. 

(Note: The temperature of water bath during solvent evaporation should be controlled 

under 10 oC. 1H NMR (400 MHz, CDCl3) δ 7.93 (d, J = 8.0 Hz, 2H), 7.69 (t, J = 7.2 

Hz, 1H), 7.60 (t, J = 7.7 Hz, 2H), 4.52 (dt, J = 46.9, 5.7 Hz, 2H), 3.28 – 3.22 (m, 2H), 

2.23 – 2.06 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 138.88, 133.94, 129.43, 128.02, 

81.54 (d, J = 167.8 Hz), 52.48 (d, J = 4.2 Hz), 24.09 (d, J = 20.8 Hz). 19F NMR (377 

MHz, CDCl3) δ -220.46. HR-MS (ESI): Calcd for C9H12FO2S+ [M+H]+ 203.0537; 

found 203.0531. 

 

Synthesis of ((3-fluoropropyl)sulfinyl)benzene 

 

To a stirred solution of the sulfide 3a (0.034g, 0.2mmol, 1 equiv.) in 1mL methanol 

was added H2O2 (30% in water, 0.06 mL, 0.8mmol, 4.0 equiv.) at room temperature. 
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The reaction was stirred for 48 h and then concentrated in vacuo in ice bath. The crude 

product was further purified by silica gel flash chromatography (DCM: Et2O=4:1 as the 

eluent) to give ((3-fluoropropyl)sulfinyl)benzene 6 (98% yield) as a yellow oil. (Note: 

The temperature of water bath during solvent evaporation should be controlled under 

10 oC. Also, the choice of the chromatography eluent is also influential.) 1H NMR (400 

MHz, CDCl3) δ 7.65 (d, J = 6.9 Hz, 2H), 7.60 – 7.50 (m, 3H), 4.71 – 4.40 (m, 2H), 3.12 

– 2.77 (m, 2H), 2.34 – 1.90 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 143.39, 131.11, 

129.32, 123.98, 82.32 (d, J = 167.2 Hz), 52.74 (d, J = 3.2 Hz), 23.15 (d, J = 20.6 Hz). 

19F NMR (377 MHz, CDCl3) δ -219.90. HR-MS (ESI): Calcd for C9H12FOS+ [M+H]+ 

187.0587; found 187.0581. 
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