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1. General Information 

Instrumentation: 

The reactions were conducted under air atmosphere unless otherwise noted. NMR spectra were 

recorded in CDCl3 using a spectrometer operating at 500 MHz for 1H, 471 MHz for 19F, and 126 

MHz for 13C. (Note: CDCl3: δ H = 7.264 ppm, δ C = 77.16 ppm). Chemical shifts were reported in 

ppm relative to TMS (0 ppm for 1H NMR) as the internal standard. HPLC analyses were performed 

on a Waters e2695 system with a J&K RP-C18 column (5 μm, 4.6 × 150 mm). Product yields were 

determined using pure compounds as external standards. Coupling constants (J values) were 

reported in Hertz (Hz). The following abbreviations describe multiplicities: s = singlet, d = doublet, 

t = triplet, q = quartet, quint = quintet, hept = heptet, m = multiplet, brs = broad singlet, dd = 

doublet of doublets. Compound numbering for NMR spectral assignments is arbitrary and does 

not adhere to IUPAC nomenclature. Chemical structure names were generated using ChemDraw 

software. High-resolution mass spectrometry (HRMS) was performed using a TOF-Q EI 

instrument. Melting points were measured without correction. All reagents used in the reactions 

were obtained commercially and used as received, without additional purification. Thin-layer 

chromatography (TLC) spots were visualized under UV light (254 nm or 365 nm) and further 

stained with potassium permanganate or phosphomolybdic acid. Starting thiols were purchased 

and used directly without further modification. 
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2. Optimization of the Reaction Conditions 

Table S1 Screening the Solvent.a 

         

Entry Solvent Yield (3a, %)b 

1 THF 53 

2 MeCN 13 

3 DCE 12 

4 DCM 27 

5 1,4-Dioxane 74 

6 DMF 40 

7 EtOAc 85 

8 NMP N.D. 

9 C2H5OH N.D. 

aReaction conditions: a mixture of 4-methoxybenzenethiol (1a, 28 mg, 0.2 mmol, 1.0 equiv.), CESF 

(2, 38 mg, 0.24 mmol, 1.2 equiv.) and K2CO3 (55 mg, 0.4 mmol, 2.0 equiv.) in solvent (2.0 mL) was 

stirred at room temperature for 2 h under air. bThe yield was determined by HPLC using pure 3a 

as the external standard (tR,3a = 3.1 min, λmax = 231.1 nm, Acetonitrile/ water = 80: 20 (v/v). N.D. 

= Not detectable. 
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Table S2 Screening the base.a 

        

Entry Base (2.0 equiv.) Yield (3a, %)b 

1 K2CO3 85 

2 DIPEA N.D. 

3 Et3N N.D. 

4 Tripopylamine N.D. 

5 TMEDA N.D. 

6 Na2CO3 50 

7 Cs2CO3 69 

8 NaHCO3 48 

9 Na2SO3 N.D. 

10 KOH 43 

11 NaH2PO4 N.D. 

aReaction conditions: a mixture of 4-methoxybenzenethiol (1a, 28 mg, 0.2 mmol, 1.0 equiv.), CESF 

(2, 38 mg, 0.24 mmol, 1.2 equiv.) and base (0.4 mmol, 2.0 equiv.) in EtOAc (2.0 mL) was stirred 

at room temperature for 2 h under air. bThe yield was determined by HPLC using pure 3a as the 

external standard (tR,3a = 3.1 min, λmax = 231.1 nm, Acetonitrile/ water = 80: 20 (v/v). N.D. = Not 

detectable. 
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Table S3 Screening the loading of CESF (2) a 

         

Entry X equiv. Yield (3a, %)b 

1 1.0 61 

2 1.2 85 

3 1.5 99 

4 2.0 94 

aReaction conditions: a mixture of 4-methoxybenzenethiol (1a, 28 mg, 0.2 mmol, 1.0 equiv.), CESF 

(2, X equiv.) and K2CO3 (55 mg, 0.4 mmol, 2.0 equiv.) in EtOAc (2.0 mL) was stirred at room 

temperature for 2 h under air. bThe yield was determined by HPLC using pure 3a as the external 

standard (tR,3a = 3.1 min, λmax = 231.1 nm, Acetonitrile/ water = 80: 20 (v/v).  

Table S4 Screening of temperaturea 

         

Entry T (oC). Yield (3a, %)b 

1 0 99 

2 r.t 99 

3 40 87 

4 60 85 

aReaction conditions: a mixture of 4-methoxybenzenethiol (1a, 28 mg, 0.2 mmol, 1.0 equiv.), CESF 

(2, 47 mg, 0.3 mmol, 1.5 equiv.) and K2CO3 (55 mg, 0.4 mmol, 2.0 equiv.) in EtOAc (2.0 mL) was 

stirred at room temperature for 2 h under air. bThe yield was determined by HPLC using pure 3a 

as the external standard (tR,3a = 3.1 min, λmax = 231.1 nm, Acetonitrile/ water = 80: 20 (v/v).  
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Table S5 Screening of the loading of basea 

         

Entry K2CO3 (X equiv.) Yield (3a, %)b 

1 1.0 80 

2 1.5 99 

3 2.0 99 

4 2.5 90 

aReaction conditions: a mixture of 4-methoxybenzenethiol (1a, 28 mg, 0.2 mmol, 1.0 equiv.), CESF 

(2, 47 mg, 0.3 mmol, 1.5 equiv.) and K2CO3 (X equiv.) in EtOAc (2.0 mL) was stirred at room 

temperature for 2 h under air. bThe yield was determined by HPLC using pure 3a as the external 

standard (tR,3a = 3.1 min, λmax = 231.1 nm, Acetonitrile/ water = 80: 20 (v/v).  
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3. Experimental Procedures  

3.1 Preparation of 2-chloroprop-2-ene-1-sulfonyl fluoride (CESF).1  

 

Step1: A solution of 1,2-dichloro-2-propene (A, 0.6 mol) was added gradually to an aqueous 

solution of Na2SO3 (0.6 mol) in 480 mL of water under continuous stirring. The reaction mixture 

was maintained at 55 °C using an oil bath and then refluxed for 4 hours. Afterward, the solvent 

was removed under reduced pressure. The resulting residue was treated with 500 mL of ethanol, 

and the mixture was refluxed with stirring for 10 minutes. Insoluble material was removed by hot 

filtration, and the filtrate was cooled to allow crystallization. The crystalline sodium 2-chloro-2-

propene-1-sulfonate was obtained by filtration, yielding 85.0 g (B, 0.476 mol, 79%). 

Step 2: A mixture of the sodium salt (B, 0.476 mol, 85.0 g) and PCl5 (1.1 equivalents, 0.474 mol, 

99 g) was stirred vigorously until it liquefied, via exothermic process over approximately 10 

minutes. Phosphorus oxychloride (10 mL) was then used to rinse any residual solids from the 

bottle walls. The mixture was quickly heated in an oil bath at 120 °C for 1 hour, then allowed to 

cool. It was subsequently poured onto ice with vigorous stirring and left to stand for 30 minutes 

at room temperature. 

Step 3: The evaporated 2-chloro-2-propenesulfonyl chloride (C) was directly reacted in the 

solution of KHF2 (112 g, 0.33 M) for 12 hours. The reaction mixture was further extracted with 

CH2Cl2, then dried, and evaporated in vacuo. 2-chloroprop-2-ene-1- sulfonyl fluoride (CESF) was 

distilled under reduced pressure to give colorless oil 53 g (2, 70%). 1H NMR (500 MHz, CDCl3) δ 
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5.75 (dd, J1 = 19.6 Hz, J2 = 2.3 Hz, 2H), 4.33 (d, J = 3.6 Hz, 2H). 19F NMR (471 MHz, CDCl3) δ 56.4 (s, 

1F). 13C NMR (126 MHz, CDCl3) δ 126.6, 123.6 (d, J = 1.6 Hz), 59.34(d, J = 19.4 Hz). HRMS-ESI (m/z) 

calcd. for [C3H5ClFO2S]+ ([M+H]+ ): 158.9677, found: 158.9674. 

 

3.2 Procedure for the Synthesis of 3. 

 

An oven-dried reaction tube (20 mL) equipped with a magnetic stirring bar was charged with 

thiols (1, 1.0 mmol, 1.0 equiv.), CESF (2, 238 mg, 1.5 mmol, 1.5 equiv.) and 10.0 mL EtOAc. Then, 

potassium carbonate (207 mg, 2.0 mmol, 1.5 equiv.) was added to the solution. The reaction 

mixture was stirred at room temperature for 2 hours under an air atmosphere, with progress 

monitored by TLC. Once the reaction was complete, 20 mL of water was added, and the mixture 

was extracted three times with ethyl acetate (3 × 10 mL). The combined organic layers were dried 

over anhydrous sodium sulfate (Na2SO4) and concentrated under reduced pressure. The resulting 

residue was purified by column chromatography on silica gel using a mixture of petroleum ether 

and ethyl acetate as the eluent to obtain the desired product (3). 

 

3.3 General procedure for synthesis of allyl sulfonamide from methanol.2 

 

Methanol (1.0 mmol, 2.0 equiv., 32.0 mg) and sodium hydroxide (0.5 mmol, 1.0 equiv., 20.0 mg) 

were added to a stirred solution of 2-((4-methoxyphenyl)thio)prop-2-ene-1-sulfonyl fluoride (3a, 

0.5 mmol, 131 mg) dissolved in acetonitrile (2 mL) and the resulting mixture reacted at 0 ℃ for 
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0.5 h. The reaction was concentrated to dryness and the residue was further purified by column 

chromatography on silica gel by gradient elution with petroleum ether/ethyl acetate (10:1 to 5:1 

v/v) as eluent to obtain pure allyl sulfonamide 4 as colorless oil (130 mg, 95% yield). 

3.4 General procedure of oxidation for synthesis of sulfoxide 3a.3  

 

2-((4-methoxyphenyl)thio)prop-2-ene-1-sulfonyl fluoride (3a, 0.3 mmol, 79 mg) was dissolved in 

acetonitrile (2 mL). subsequently, meta-Chloroperoxybenzoic acid (1.2 equiv.) was added to the 

solution and stirred at 0 oC to room temperature for 10 min and monitored by TLC to detect a 

new point of reaction completeness. Then, the reaction mixture was extracted with ethyl acetate 

(3×10 mL) and the combined organic layers was dried over anhydrous sodium sulfate, filtered 

and concentrated under reduced pressure. The crude product was further purified by column 

chromatography on silica gel by gradient elution with petroleum ether/ethyl acetate (5:1 to 3:1, 

v/v) as eluent to obtain pure sulfoxide 5 as white solid (83 mg, 99%). 

 

3.5 General procedure of oxidation for synthesis of sulfone from 3a.4 

 

A mixture of 2-((4-methoxyphenyl)thio)prop-2-ene-1-sulfonyl fluoride (3a, 0.3 mmol, 79 mg) 

and diethylamine (20 mol%) in acetonitrile (2 mL) was added to a solution of Oxone (1.5 mmol) 

in water (4 mL). The reaction was stirred for 1 hour, with progress monitored by TLC. After 

completion, the reaction mixture was extracted with ethyl acetate (3 × 10 mL), and the 
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combined organic layers were dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure. The crude product was then purified via column chromatography on 

silica gel using a gradient elution of petroleum ether/ethyl acetate (5:1 to 3:1, v/v) as the 

mobile phase, yielding the pure sulfone 6 as a colorless oil (36 mg, 41%). 

4. Characterization 

 

 

 

2-((4-methoxyphenyl)thio)prop-2-ene-1-sulfonyl fluoride (3a). light yellow oil, 257 mg, 98% yield. 

Purification by column chromatography on silica gel using petroleum ether / ethyl acetate = 10:1 

(v/v) as eluent. 1H NMR (500 MHz, CDCl3) δ 7.44 (d, J = 8.7 Hz, 2H), 6.93 (d, J = 8.8 Hz, 2H), 5.56 

(s, 1H), 5.29 (s, 1H), 4.13 (d, J = 3.1 Hz, 2H), 3.84 (s, 3H). 19F NMR (471 MHz, CDCl3) δ 55.6 (s, 1F).  

13C NMR (126 MHz, CDCl3) δ 161.0, 136.5, 132.7, 121.0, 120.7, 115.5, 56.3 (d, J = 18.1 Hz), 55.6 

(d, J = 3.0 Hz). HRMS-ESI (m/z) calcd. for [C10H12FO3S2]+ ([M+H]+): 263.0206, found: 263.0207. 

 

 

 

 

2-((3-methoxyphenyl)thio)prop-2-ene-1-sulfonyl fluoride (3b). light yellow oil, 234 mg, 89% yield. 

Purification by column chromatography on silica gel using petroleum ether / ethyl acetate = 20:1 

(v/v) as eluent. 1H NMR (500 MHz, CDCl3) δ 7.30 (t, J = 8.0 Hz, 1H), 7.04 (d, J = 7.7 Hz, 1H), 7.00 (t, 

J = 2.1 Hz, 1H), 6.91 (dd, J1 = 8.8 Hz, J2 = 2.1 Hz, 1H), 5.73 (s, 1H), 5.60 (s, 1H), 4.16 (d, J = 3.1 Hz, 

2H), 3.82 (s, 3H). 19F NMR (471 MHz, CDCl3) δ 55.8 (s, 1F). 13C NMR (126 MHz, CDCl3) δ 159.5, 

131.2, 130.0, 129.7, 124.5, 123.4, 117.5, 114.2, 55.4 (d, J = 17.8 Hz), 54.6 (d, J = 3.0 Hz). HRMS-

ESI (m/z) calcd. for [C10H12FO3S2]+ ([M+H]+): 263.0206, found: 263.0207.  
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2-(o-tolylthio)prop-2-ene-1-sulfonyl fluoride (3c). light yellow oil, 226 mg, 92% yield. Purification 

by column chromatography on silica gel using petroleum ether / ethyl acetate = 20:1 (v/v) as 

eluent. 1H NMR (500 MHz, CDCl3) δ 7.42 (d, J = 7.2 Hz, 1H), 7.31 – 7.23 (m, 2H), 7.23 – 7.14 (m, 

1H), 5.52 (s, 1H), 5.07 (s, 1H), 4.10 (d, J = 3.2 Hz, 2H), 2.38 (s, 3H).   19F NMR (471 MHz, CDCl3) δ 

55.6 (s, 1F). 13C NMR (126 MHz, CDCl3) δ 142.4, 135.5, 131.3, 130.9, 130.1, 129.5, 127.3, 120.5, 

56.5 (d, J = 18.2 Hz), 20.4 (d, J = 2.4 Hz). HRMS-ESI (m/z) calcd. for [C10H12FO2S2]+ ([M+H]+): 

247.0257, found: 247.0264.  

 

 

2-(m-tolylthio)prop-2-ene-1-sulfonyl fluoride (3d). light yellow oil, 245 mg, 99% yield. Purification 

by column chromatography on silica gel using petroleum ether / ethyl acetate = 20:1 (v/v) as 

eluent. 1H NMR (500 MHz, CDCl3) δ 7.33 – 7.26 (m, 3H), 7.19 (d, J = 6.6 Hz, 1H), 5.69 (s, 1H), 5.51 

(s, 1H), 4.15 (d, J = 3.2 Hz, 2H), 2.37 (s, 3H). 19F NMR (471 MHz, CDCl3) δ 55.7 (s, 1F). 13C NMR (126 

MHz, CDCl3) δ 140.0, 134.3, 131.5, 130.8, 130.8, 130.2, 129.8, 123.5, 56.5 (d, J = 17.8 Hz), 21.5 (d, 

J = 1.8 Hz). HRMS-ESI (m/z) calcd. for [C10H12FO2S2]+ ([M+H]+): 247.0257, found: 247.0264.  

 

2-(p-tolylthio)prop-2-ene-1-sulfonyl fluoride (3e). Colorless oil, 199 mg, 81% yield. Purification by 

column chromatography on silica gel using petroleum ether / ethyl acetate = 10:1 (v/v) as eluent. 

1H NMR (500 MHz, CDCl3) δ 7.37 (d, J = 8.2 Hz, 2H), 7.21 (d, J = 8.0 Hz, 2H), 5.63 (s, 1H), 5.42 (s, 
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1H), 4.13 (d, J = 3.2 Hz, 2H), 2.38 (s, 3H). 19F NMR (471 MHz, CDCl3) δ 55.7 (s, 1F). 13C NMR (126 

MHz, CDCl3) δ 139.8, 134.1, 131.9, 130.7, 127.1, 122.3, 56.3 (d, J = 17.7 Hz), 21.4. HRMS-ESI (m/z) 

calcd. for [C10H12FO2S2]+ ([M+H]+): 247.0257, found: 247.0264.  

 

2-((2,6-dimethylphenyl)thio)prop-2-ene-1-sulfonyl fluoride (3f). light yellow solid, 252 mg, 97% 

yield. M p. 62−63 oC.  Purification by column chromatography on silica gel using petroleum ether 

/ ethyl acetate = 40:1 (v/v) as eluent. 1H NMR (500 MHz, CDCl3) δ 7.24 (d, J = 6.7 Hz, 1H), 7.18 (d, 

J = 7.5 Hz, 2H), 5.35 (s, 1H), 4.65 (s, 1H), 4.20 (d, J = 3.2 Hz, 2H), 2.46 (s, 6H). 19F NMR (471 MHz, 

CDCl3) δ 55.3 (s, 1F). 13C NMR (126 MHz, CDCl3) δ 144.0, 130.4, 130.2, 128.9, 128.4, 115.7, 56.7 

(d, J = 18.4 Hz), 21.3 (d, J = 2.1 Hz). HRMS-ESI (m/z) calcd. for [C11H14FO2S2]+ ([M+H]+): 261.0414, 

found: 261.0411. 

 

2-((2,5-dimethylphenyl)thio)prop-2-ene-1-sulfonyl fluoride (3g). light yellow solid, 259 mg, 99% 

yield. M p. 60−61 oC.  Purification by column chromatography on silica gel using petroleum ether 

/ ethyl acetate = 20:1 (v/v) as eluent. 1H NMR (500 MHz, CDCl3) δ 7.29 (s, 1H), 7.20 (d, J = 7.7 Hz, 

1H), 7.13 (d, J = 7.7 Hz, 1H), 5.56 (s, 1H), 5.12 (s, 1H), 4.16 (d, J = 3.1 Hz, 2H), 2.38 (s, 3H), 2.32 (s, 

3H). 19F NMR (471 MHz, CDCl3) δ 55.6 (s, 1F).  13C NMR (126 MHz, CDCl3) δ 139.3, 137.2, 136.0, 

131.2, 131.1, 129.1, 120.3, 56.6 (d, J = 18.2 Hz), 20.9, 20.0. HRMS-ESI (m/z) calcd. for 

[C11H14FO2S2]+ ([M+H]+): 261.0414, found: 261.0411. 

Note: In the 13C NMR spectrum of 3g, there are theoretically eleven peaks expected. However, 

due to their close proximity, it is difficult to resolve the overlapping peaks clearly. 
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2-((2,4-dimethylphenyl)thio)prop-2-ene-1-sulfonyl fluoride (3h). light yellow oil, 258 mg, 99% 

yield. Purification by column chromatography on silica gel using petroleum ether / ethyl acetate 

= 20:1 (v/v) as eluent. 1H NMR (500 MHz, CDCl3) δ 7.37 (d, J = 7.7 Hz, 1H), 7.14 (s, 1H), 7.04 (d, J 

= 7.9 Hz, 1H), 5.52 (s, 1H), 5.06 (s, 1H), 4.15 (d, J = 3.1 Hz, 2H), 2.37 (d, J = 23.0 Hz, 6H). 

. 19F NMR (471 MHz, CDCl3) δ 55.5 (s, 1F). 13C NMR (126 MHz, CDCl3) δ 142.4, 140.5, 135.8, 132.1, 

131.2, 128.1, 125.8, 119.4, 56.3 (d, J = 18.1 Hz), 21.28, 20.3. HRMS-ESI (m/z) calcd. for 

[C11H14FO2S2]+ ([M+H]+): 261.0414, found: 261.0411.  

 

2-((4-(tert-butyl)phenyl)thio)prop-2-ene-1-sulfonyl fluoride (3i). light yellow oil, 253 mg, 89% yield. 

Purification by column chromatography on silica gel using petroleum ether / ethyl acetate = 20:1 

(v/v) as eluent. 1H NMR (500 MHz, CDCl3) δ 7.41 (d, J = 1.4 Hz, 4H), 5.66 (s, 1H), 5.47 (d, J = 1.0 Hz, 

1H), 4.15 (d, J = 3.1 Hz, 2H), 1.33 (s, 9H). 19F NMR (471 MHz, CDCl3) δ 55.7 (s, 1F). 13C NMR (126 

MHz, CDCl3) δ 152.9, 133.7, 131.8, 127.3, 127.0, 122.8, 56.4 (d, J = 17.9 Hz), 34.9, 31.3. HRMS-ESI 

(m/z) calcd. for [C13H18FO2S2]+ ([M+H]+): 289.0727, found: 289.0782. 

 

2-((4-bromophenyl)thio)prop-2-ene-1-sulfonyl fluoride (3j). light yellow solid, 282 mg, 91% yield. 

M p. 42−43 oC. Purification by column chromatography on silica gel using petroleum ether / ethyl 

acetate = 20:1 (v/v) as eluent. 1H NMR (500 MHz, CDCl3) δ 7.53 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.5 

Hz, 2H), 5.73 (s, 1H), 5.51 (s, 1H), 4.15 (d, J = 3.1 Hz, 2H). 19F NMR (471 MHz, CDCl3) δ 56.0 (s, 1F). 

13C NMR (126 MHz, CDCl3) δ 135.1, 133.1, 130.9, 130.1, 124.3, 123.8, 56.5 (d, J = 18.2 Hz). HRMS-

ESI (m/z) calcd. for [C9H9BrFO2S2]+ ([M+H]+): 310.9206, found 310.9208.  
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2-((3-bromophenyl)thio)prop-2-ene-1-sulfonyl fluoride (3k). light yellow solid, 285 mg, 92% yield. 

M p. 63−64 oC.  Purification by column chromatography on silica gel using petroleum ether / ethyl 

acetate = 40:1 (v/v) as eluent. 1H NMR (500 MHz, CDCl3) δ 7.60 (t, J = 1.9 Hz, 1H), 7.54 – 7.48 (m, 

1H), 7.40 (d, J = 7.8 Hz, 1H), 7.27 (t, J = 7.8 Hz, 1H), 5.79 (s, 1H), 5.60 (s, 1H), 4.16 (d, J = 3.1 Hz, 

2H). 19F NMR (471 MHz, CDCl3) δ 55.9 (s, 1F). 13C NMR (126 MHz, CDCl3) δ 135.6, 133.4, 132.2, 

131.7, 131.2, 130.4, 125.6, 123.5, 56.5 (d, J = 17.8 Hz). HRMS-ESI (m/z) calcd. for [C9H9BrFO2S2]+ 

([M+H]+): 310.9206, found 310.9208. 

 

2-((4-chlorophenyl)thio)prop-2-ene-1-sulfonyl fluoride (3l). light yellow oil, 153 mg, 57% yield. 

Purification by column chromatography on silica gel using petroleum ether / ethyl acetate = 20:1 

(v/v) as eluent. 1H NMR (500 MHz, CDCl3) δ 7.40 (qd, J1 = 8.6 Hz, J2 = 2.1 Hz, 4H), 5.72 (s, 1H), 5.49 

(s, 1H), 4.15 (d, J = 2.7 Hz, 2H). 19F NMR (471 MHz, CDCl3) δ 55.9 (s, 1F). 13C NMR (126 MHz, CDCl3) 

δ 135.7, 135.0, 131.0 (d, J = 5.2 Hz), 130.1, 129.4, 124.0, 56.5 (d, J = 18.0 Hz). HRMS-ESI (m/z) 

calcd. for [C9H9ClFO2S2]+ ([M+H]+): 266.9711, found 266.9711 

 

2-((3-chlorophenyl)thio)prop-2-ene-1-sulfonyl fluoride (3m). light yellow oil, 260 mg, 97% yield. 

Purification by column chromatography on silica gel using petroleum ether / ethyl acetate = 40:1 

(v/v) as eluent. 1H NMR (500 MHz, CDCl3) δ 7.45 (t, J = 1.8 Hz, 1H), 7.38 – 7.31 (m, 3H), 5.79 (s, 

1H), 5.61 (s, 1H), 4.16 (d, J = 3.0 Hz, 2H). 19F NMR (471 MHz, CDCl3) δ 55.9 (s, 1F). 13C NMR (126 
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MHz, CDCl3) δ 135.6, 133.1, 132.7, 131.2, 130.9, 130.4, 129.3, 125.6, 56.5 (d, J = 18.1 Hz). HRMS-

ESI (m/z) calcd. for [C9H9ClFO2S2]+ ([M+H]+): 266.9711, found 266.9711.  

 

2-((4-fluorophenyl)thio)prop-2-ene-1-sulfonyl fluoride (3n). light yellow oil, 215 mg, 86% yield. 

Purification by column chromatography on silica gel using petroleum ether / ethyl acetate = 20:1 

(v/v) as eluent. 1H NMR (500 MHz, CDCl3) δ 7.53 – 7.46 (m, 2H), 7.15 – 7.08 (m, 2H), 5.65 (s, 1H), 

5.37 (s, 1H), 4.14 (d, J = 3.1 Hz, 2H). 19F NMR (471 MHz, CDCl3) δ 55.8 (s, 1F), -110.74 (s, 1F). 13C 

NMR (126 MHz, CDCl3) δ 164.6, 162.6, 136.5 (d, J = 8.6 Hz), 131.8, 126.0 (d, J = 3.6 Hz), 122.5, 

117.3, 117.1, 56.4 (d, J = 18.2 Hz). HRMS-ESI (m/z) calcd. for [C9H9F2O2S2]+ ([M+H]+): 251.0007, 

found 251.0009.  

 

2-((perfluorophenyl)thio)prop-2-ene-1-sulfonyl fluoride (3o). White solid, 216 mg, 67% yield. M.p. 

73−74 oC. Purification by column chromatography on silica gel using petroleum ether / ethyl 

acetate = 40:1 (v/v) as eluent. 1H NMR (500 MHz, CDCl3) δ 5.81 (s, 1H), 5.56 (s, 1H), 4.22 (d, J = 

3.1 Hz, 2H). 19F NMR (471 MHz, CDCl3) δ 55.4 (s, 1F), -130.6 – -130.8 (m, 2F), -148.3 (t, 1F) (t, J = 

20.7 Hz), -159.0 (td, J1 = 22.8 Hz, J2 = 22.1 Hz, J3 = 7.5 Hz) (m, 2F). 13C NMR (126 MHz, CDCl3) δ 

149.4 – 148.2 (m), 147.2 – 146.4 (m), 139.2, 137.2, 127.7, 127.4, 127.1, 125.8, 56.8 (d, J = 19.4 

Hz). HRMS-ESI (m/z) calcd. for [C9H5F6O2S2]+ ([M+H]+): 322.9630, found 322.9632.  
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2-(naphthalen-2-ylthio)prop-2-ene-1-sulfonyl fluoride (3p). light yellow solid, 209 mg, 74% yield. 

M p. 51−52 oC.  Purification by column chromatography on silica gel using petroleum ether / ethyl 

acetate = 40:1 (v/v) as eluent. 1H NMR (500 MHz, CDCl3) δ 8.00 (s, 1H), 7.86 (d, J = 8.1 Hz, 2H), 

7.85 – 7.80 (m, 1H), 7.59 – 7.52 (m, 2H), 7.50 (d, J = 8.4 Hz, 1H), 5.74 (s, 1H), 5.55 (s, 1H), 4.19 (d, 

J = 3.2 Hz, 2H). 19F NMR (471 MHz, CDCl3) δ 55.8 (s, 1F). 13C NMR (126 MHz, CDCl3) δ 133.9, 133.4, 

133.3, 131.3, 130.0, 129.7, 128.2, 128.0, 127.9, 127.4, 127.2, 123.80, 56.53 (d, J = 18.1 Hz). HRMS-

ESI (m/z) calcd. for [C13H12FO2S2]+ ([M+H]+): 283.0257, found 283.0266. 

 

 

2-(pyridin-2-ylthio)prop-2-ene-1-sulfonyl fluoride (3q). Yellow solid, 176 mg, 76% yield. M.p. 

76−77 oC. Purification by column chromatography on silica gel using petroleum ether / ethyl 

acetate = 5:1to 3:1 (v/v) as eluent. 1H NMR (500 MHz, CDCl3) δ 8.46 (d, J = 4.3 Hz, 1H), 7.60 (td, 

J1 = 7.7 Hz, J2 = 1.9 Hz, 1H), 7.28 (d, J = 8.0 Hz, 1H), 7.11 (dd, J1 = 6.9 Hz, J2 = 5.5 Hz, 1H), 6.09 (s, 

1H), 6.06 (s, 1H), 4.57 (d, J = 3.6 Hz, 2H)).19F NMR (471 MHz, CDCl3) δ 55.6 (s, 1F). 13C NMR (126 

MHz, CDCl3) δ 156.8, 150.3, 137.2, 132.0, 127.4, 123.3, 121.1, 57.1 (d, J = 16.7 Hz). HRMS-ESI 

(m/z) calcd. for [C8H9FNO2S2]+ ([M+H]+): 234.0053, found 234.0027.  

 

2-(pyrimidin-2-ylthio)prop-2-ene-1-sulfonyl fluoride (3r). Yellow solid, 176 mg, 76% yield. M.p. 

64−65 oC. Purification by column chromatography on silica gel using petroleum ether / ethyl 

acetate = 5:1to 3:1 (v/v) as eluent. 1H NMR (500 MHz, CDCl3) δ 8.56 (d, J = 4.9 Hz, 2H), 7.08 (t, J = 

4.9 Hz, 1H), 6.17 (s, 1H), 6.14 (s, 1H), 4.69 (d, J = 3.8 Hz, 2H). 19F NMR (471 MHz, CDCl3) δ 55.6 (s, 
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1F). 13C NMR (126 MHz, CDCl3) δ 171.1, 158.0, 133.8, 126.6, 117.7, 57.2 (d, J = 16.7 Hz). HRMS-

ESI (m/z) calcd. for [C7H8FN2O2S2]+ ([M+H]+): 235.0006, found 235.0009. 

 

2-((4,6-dimethylpyrimidin-2-yl)thio)prop-2-ene-1-sulfonyl fluoride (3s). Yellow solid, 176 mg, 76% 

yield. M.p. 88−89 oC. Purification by column chromatography on silica gel using petroleum ether 

/ ethyl acetate = 3:1 (v/v) as eluent. 1H NMR (500 MHz, CDCl3) δ 6.78 (s, 1H), 6.13 (s, 1H), 6.08 (s, 

1H), 4.73 (d, J = 4.0 Hz, 2H), 2.41 (s, 6H). 19F NMR (471 MHz, CDCl3) δ 55.5 (s, 1F). 13C NMR (126 

MHz, CDCl3) δ 169.6, 167.9, 132.8, 127.0, 116.9, 57.0 (d, J = 16.2 Hz), 23.9. HRMS-ESI (m/z) calcd. 

for [C9H12FN2O2S2]+ ([M+H]+): 263.0319, found 263.0319. 

 

2-(benzo[d]thiazol-2-ylthio)prop-2-ene-1-sulfonyl fluoride (3t). Yellow solid, 229 mg, 79% yield. 

M.p. 63−64 oC. Purification by column chromatography on silica gel using petroleum ether / ethyl 

acetate = 40:1 (v/v) as eluent. 1H NMR (500 MHz, CDCl3) δ 7.93 (d, J = 8.1 Hz, 1H), 7.81 (d, J = 8.0 

Hz, 1H), 7.47 (t, J = 7.7 Hz, 1H), 7.38 (t, J = 7.7 Hz, 1H), 6.25 (s, 1H), 6.17 (s, 1H), 4.68 (d, J = 3.8 Hz, 

2H). 19F NMR (471 MHz, CDCl3) δ 55.7 (s, 1F). 13C NMR (126 MHz, CDCl3) δ 162.7, 153.3, 135.9, 

133.6, 126.6, 126.5, 125.4, 122.4, 121.4, 56.9 (d, J = 17.6 Hz). HRMS-ESI (m/z) calcd. for 

[C10H9FNO2S3]+ ([M+H]+): 289.9774, found 289.9779. 

 

2-((5-methylfuran-2-yl)thio)prop-2-ene-1-sulfonyl fluoride (3u). Colorless oil, 150 mg, 63% yield. 

Purification by column chromatography on silica gel using petroleum ether / ethyl acetate = 40:1 

(v/v) as eluent. 1H NMR (500 MHz, CDCl3) δ 7.37 (d, J = 2.0 Hz, 1H), 6.37 (d, J = 2.0 Hz, 1H), 5.53 
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(s, 1H), 5.26 (d, J = 1.2 Hz, 1H), 4.14 (d, J = 3.2 Hz, 2H), 2.34 (s, 3H). 19F NMR (471 MHz, CDCl3) δ 

55.4 (s, 1F). 13C NMR (126 MHz, CDCl3) δ 157.8, 141.8, 131.1, 119.3, 115.1, 106.2, 56.0 (d, J = 18.7 

Hz), 11.9 (d, J = 2.2 Hz). HRMS-ESI (m/z) calcd. for [C8H10FO3S2]+ ([M+H]+): 237.0050, found 

237.0022. 

 

2-((4-nitrophenyl)thio)prop-2-ene-1-sulfonyl fluoride (3v). Yellow solid, 232 mg, 84% yield. M.p. 

93−94 oC. Purification by column chromatography on silica gel using petroleum ether / ethyl 

acetate = 10:1 (v/v) as eluent. 1H NMR (500 MHz, CDCl3) δ 8.22 (d, J = 7.0 Hz, 2H), 7.53 (d, J = 7.0 

Hz, 2H), 6.07 (s, 1H), 5.93 (s, 1H), 4.23 (d, J = 2.5 Hz, 2H). 19F NMR (471 MHz, CDCl3) δ 56.2 (s, 1F). 

13C NMR (126 MHz, CDCl3) δ 147.4, 141.4, 131.0, 130.9, 128.3, 124.7, 56.8 (d, J = 18.0 Hz). 

 

2-((4-cyanophenyl)thio)prop-2-ene-1-sulfonyl fluoride (3w). White solid, 209 mg, 81% yield. M.p. 

88−89 oC. Purification by column chromatography on silica gel using petroleum ether / ethyl 

acetate = 10:1 (v/v) as eluent. 1H NMR (500 MHz, CDCl3) δ 7.68 – 7.62 (m, 2H), 7.49 (dd, J1 = 8.4 

Hz, J2 = 1.9 Hz, 2H), 6.00 (s, 1H), 5.84 (s, 1H), 4.20 (d, J = 3.1 Hz, 2H). 19F NMR (471 MHz, CDCl3) δ 

56.2 (s, 1F). 13C NMR (126 MHz, CDCl3) δ 138.8, 133.2, 131.4, 129.9, 128.6, 118.2, 111.9, 56.7 (d, 

J = 17.8 Hz). 

 

methyl 2-((3-(fluorosulfonyl)prop-1-en-2-yl)thio)benzoate (3x). White solid, 258 mg, 89% yield. 

M.p. 82−83 oC. Purification by column chromatography on silica gel using petroleum ether / ethyl 
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acetate = 10:1 (v/v) as eluent. 1H NMR (500 MHz, CDCl3) δ 7.90 (d, J = 7.8 Hz, 1H), 7.43 (t, J = 7.7 

Hz, 1H), 7.29 (d, J = 8.0 Hz, 2H), 6.02 (s, 1H), 5.93 (s, 1H), 4.14 (d, J = 3.1 Hz, 2H), 3.87 (s, 3H). 19F 

NMR (471 MHz, CDCl3) δ 56.1 (s, 1F). 13C NMR (126 MHz, CDCl3) δ 166.7, 135.6, 132.7, 131.6, 130.9, 

130.8, 130.0, 129.3, 127.0, 56.5 (d, J = 17.2 Hz), 52.6 (d, J = 5.3 Hz). 

 

2-((4-chlorobenzyl)thio)prop-2-ene-1-sulfonyl fluoride (3y). Colorless oil, 150 mg, 63% yield. 

Purification by column chromatography on silica gel using petroleum ether / ethyl acetate = 40:1 

(v/v) as eluent. 1H NMR (500 MHz, CDCl3) δ 7.35 (s, 4H), 5.63 (d, J = 1.5 Hz, 1H), 5.34 (d, J = 1.6 Hz, 

1H), 4.19 (d, J = 3.2 Hz, 2H), 4.05 (s, 2H). 19F NMR (471 MHz, CDCl3) δ 55.3 (s, 1F). 13C NMR (126 

MHz, CDCl3) δ 133.8 (d, J = 12.3 Hz), 130.6, 130.3 (d, J = 7.3 Hz), 129.4, 129.04, 119.1, 57.9 (d, J = 

18.2 Hz), 36.9. HRMS-ESI (m/z) calcd. for [C10H11ClFO2S2]+ ([M+H]+): 280.9868, found 280.9861. 

 

2-(butylthio)prop-2-ene-1-sulfonyl fluoride (3z). light yellow oil, 187 mg, 88% yield. Purification 

by column chromatography on silica gel using petroleum ether / ethyl acetate = 40:1 (v/v) as 

eluent. 1H NMR (500 MHz, CDCl3) δ 5.55 (s, 1H), 5.25 (s, 1H), 4.16 (d, J = 3.1 Hz, 2H), 2.80 (t, J = 

7.4 Hz, 2H), 1.66 (q, J = 7.5 Hz, 2H), 1.45 (q, J = 7.5 Hz, 2H), 0.94 (t, J = 7.4 Hz, 3H). 19F NMR (471 

MHz, CDCl3) δ 55.2(s, 1F). 13C NMR (126 MHz, CDCl3) δ 131.3, 116.4, 58.13(d, J = 18.0 Hz), 32.3, 

29.8, 22.2, 13.7. HRMS-ESI (m/z) calcd. for [C7H14FO2S2]+ ([M+H]+): 213.0414, found 213.0413. 

 

2-(octylthio)prop-2-ene-1-sulfonyl fluoride (3aa). light yellow oil, 170 mg, 63% yield. Purification 

by column chromatography on silica gel using petroleum ether / ethyl acetate = 40:1 (v/v) as 

eluent. 1H NMR (500 MHz, CDCl3) δ 5.56 (s, 1H), 5.25 (d, J = 1.5 Hz, 1H), 4.16 (d, J = 3.0 Hz, 2H), 
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2.80 (t, J = 7.4 Hz, 2H), 1.71 – 1.65 (m, 2H), 1.42 (t, J = 7.4 Hz, 2H), 1.29 (dd, J1 = 9.2 Hz, J2 = 4.6 Hz, 

8H), 0.88 (d, J = 7.1 Hz, 3H). 19F NMR (471 MHz, CDCl3) δ 55.2 (s, 1F). 13C NMR (126 MHz, CDCl3) δ 

131.3, 116.4, 58.2 (d, J = 17.8 Hz), 32.6, 31.9, 29.2, 29.2, 29.1, 27.8, 22.8, 14.2. HRMS-ESI (m/z) 

calcd. for [C11H22FO2S2]+ ([M+H]+): 269.1040, found 269.1077. 

 

2-(dodecylthio)prop-2-ene-1-sulfonyl fluoride (3ab). Light yellow oil, 247 mg, 76% yield. 

Purification by column chromatography on silica gel using petroleum ether / ethyl acetate = 40:1 

(v/v) as eluent. 1H NMR (500 MHz, CDCl3) δ 5.56 (s, 1H), 5.25 (d, J = 1.5 Hz, 1H), 4.16 (d, J = 3.0 Hz, 

2H), 2.80 (t, J = 7.4 Hz, 2H), 1.68 (p, J = 7.5 Hz, 2H), 1.27 (s, 18H), 0.89 (t, J = 6.8 Hz, 3H). 19F NMR 

(471 MHz, CDCl3) δ 55.2 (s, 1F). 13C NMR (126 MHz, CDCl3) δ 131.2, 116.3, 58.0 (d, J = 17.9 Hz), 

32.5, 31.9, 29.6, 29.5, 29.4, 29.3, 29.1, 29.0, 27.7, 22.7, 14.1. HRMS-ESI (m/z) calcd. for 

[C15H30FO2S2]+ ([M+H]+): 325.1666, found 325.1670. 

Note: In the 13C NMR spectrum of 3y, fifteen peaks are theoretically expected. However, the 

overlapping peaks are challenging to distinguish clearly due to their close proximity. 

 

2-((1-methyl-1H-imidazol-2-yl)thio)prop-2-ene-1-sulfonyl fluoride (3ac). Yellow solid, 195 mg, 83% 

yield. M.p. 146−147 oC. Purification by column chromatography on silica gel using petroleum 

ether / ethyl acetate = 40:1 (v/v) as eluent. 1H NMR (500 MHz, CDCl3) δ 6.76 (d, J = 4.6 Hz, 2H), 

5.75 (s, 1H), 5.65 (s, 1H), 5.13 (d, J = 4.3 Hz, 2H), 3.59 (s, 3H). 19F NMR (471 MHz, CDCl3) δ 55.2 (s, 

1F). 13C NMR (126 MHz, CDCl3) δ 162.3, 133.5, 123.4, 119.1, 118.6, 53.4 (d, J = 17.5 Hz), 35.1 (d, J 

= 2.5 Hz). HRMS-ESI (m/z) calcd. for [C7H10FN2O2S2]+ ([M+H]+): 237.0162, found 237.0162.  
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methyl 2-((4-methoxyphenyl)thio)prop-2-ene-1-sulfonate (4). Colorless oil, 130 mg, 95% yield. 

Purification by column chromatography on silica gel using petroleum ether / ethyl acetate = 10:1 

to 5:1 (v/v) as eluent. 1H NMR (500 MHz, CDCl3) δ 7.27 (d, J = 8.8 Hz, 2H), 6.76 (d, J = 8.7 Hz, 2H), 

5.36 (s, 1H), 5.00 (s, 1H), 3.81 (s, 3H), 3.75 (s, 2H), 3.67 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 160.8, 

137.3, 136.4, 134.3, 121.6, 119.2, 116.0, 115.4, 57.0 (d, J = 2.8 Hz), 55.5 (d, J = 2.7 Hz), 55.5. 

HRMS-ESI (m/z) calcd. for [C11H15O4S2]+ ([M+H]+): 275.0406, found 275.0403.  

 

(R)-2-((4-methoxyphenyl)sulfinyl)prop-2-ene-1-sulfonyl fluoride (5). White solid, 83 mg, 99% yield. 

M p. 80−81 oC. Purification by column chromatography on silica gel using petroleum ether / ethyl 

acetate = 5:1to 3:1 (v/v) as eluent. 1H NMR δ 7.82 (d, J = 9.0 Hz, 2H), 7.04 (d, J = 9.0 Hz, 2H), 6.79 

(s, 1H), 6.42 (s, 1H), 4.36 (d, J = 3.6 Hz, 2H), 3.90 (s, 3H). 19F NMR (471 MHz, CDCl3) δ 56.1 (s, 1F). 

13C NMR (126 MHz, CDCl3) δ 163.2, 141.9, 131.6, 127.5, 125.7, 115.6, 55.9 (d, J = 3.0 Hz), 47.9 (d, 

J = 20.8 Hz). HRMS-ESI (m/z) calcd. for [C10H12FO4S2]+ ([M+H]+): 279.0156, found 279.0131.  

 

2-((4-methoxyphenyl)sulfonyl)prop-2-ene-1-sulfonyl fluoride (6). Colorless oil, 36 mg, 41% yield. 

Purification by column chromatography on silica gel using petroleum ether / ethyl acetate = 3:1 

(v/v) as eluent 1H NMR (500 MHz, CDCl3) δ 7.55 (d, J = 8.8 Hz, 2H), 7.03 (d, J = 8.8 Hz, 2H), 6.50 (s, 

1H), 6.30 (s, 1H), 4.21 (dd, J1 = 15.9 Hz, J2 = 3.3 Hz, 1H), 3.89 (d, J = 4.0 Hz, 1H), 3.86 (s, 3H). 19F 

NMR (471 MHz, CDCl3) δ 56.3 (s, 1F). 13C NMR (126 MHz, CDCl3) δ 164.7, 138.7, 131.5, 131.1, 
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128.5, 115.2, 55.9 (d, J = 3.0 Hz), 49.5 (d, J = 21.3 Hz). HRMS-ESI (m/z) calcd. for [C10H12FO5S2]+ 

([M+H]+): 295.0105, found 295.0105.   

 

5. Scale-up reaction procedure for (3) 

 

A 250 mL oven-dried reaction tube equipped with a magnetic stirring bar was loaded with thiols 

(1, 10.0 mmol, 1.0 equiv.), CESF (2, 2.37 g, 15.0 mmol, 1.5 equiv.), and 80.0 mL of DCE. Potassium 

carbonate (2.07 g, 15.0 mmol, 1.5 equiv.) was then added drop wise to the solution. The reaction 

mixture was stirred at room temperature for 2 hours under an air atmosphere, with progress 

monitored by TLC. Once the reaction was complete, 50 mL of water was added, and the mixture 

was extracted three times with ethyl acetate (3 × 50 mL). The combined organic layers were dried 

over anhydrous sodium sulfate (Na2SO4) and concentrated under reduced pressure. The resulting 

residue was purified by column chromatography on silica gel using a mixture of petroleum ether 

and ethyl acetate as the eluent to obtain the desired product (3). 
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7. NMR Spectra 
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