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1. General remarks 

1H NMR spectra were recorded on a Bruker 400 MHz spectrometer in CDCl3. Chemical shifts are 

reported in ppm with the internal TMS signal at 0.0 ppm as a standard. The data are reported as (s = 

single, d = double, t = triple, q = quarte, m = multiple or unresolved, br s = broad single, coupling 

constant(s) in Hz, integration). 13C NMR spectra were recorded on a Bruker 101 MHz spectrometer 

in CDCl3. Chemical shifts are reported in ppm with the internal chloroform signal at 77.0 ppm as a 

standard. 19F NMR spectra were recorded on a Bruker 376 MHz spectrometer in CDCl3. Chemical 

shifts are reported in ppm with the internal CF3COOH signal at -76.55 ppm. High resolution mass 

spectra (HR-MS) were recorded on a LTQ-Orbitrap Elite mass spectrometer with CH3CN/MeOH as 

solvent mixture for the measurements. Commercially obtained reagents were used without further 

purification. Solvents were purified prior to use according to the standard methods. Unless otherwise 

noted, all reactions were carried out under nitrogen atmosphere. Enantiomeric excess was determined 

by chiral-phase HPLC analysis in comparison with authentic racemic materials. Optical rotations 

were measured on a Rudolph Research Analytical Autopol VI polarimeter with [α]D values reported 

in degrees; concentration (c) is in g/100 mL. Substrates (1a, 1f, 1j, 1n, 1p, 1y, 1z),1 (1b, 1d, 1i),2 1c,3 

(1e, 1g, 1m),4 1h,5 (1k, 1l),6 1o,7 1q,8 (1r, 1C),9 1s,10 (1t, 1v, 1x)11, 1u12 were prepared according to 

the literature procedure. Chiral ligands,13,14 dbcot,15 and [Ir*]-1-4 complexes16,17 were prepared 

according to the literature procedure. X-ray diffraction was measured on XtaLAB PRO MM007HF 

Cu. The absolute configuration of ent-5 was determined by X-ray analysis, and those of other adducts 

were deduced based on this result. 

 

2. Preparation of aryl thioesters 

 

 

 

To a round-bottomed flask with 3-(trifluoromethyl) thiophenol (1.0 equiv., 5 mmol), were added 

TEA (2.0 equiv.) and DCM (30 mL), the reaction was cooled to 0 ℃, then the 4-methoxybenzoyl 

chloride was added slowly. Allow the reaction to proceed at room temperature overnight. When the 
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starting material was consumed, the reaction was quenched with sat. aq. NaHCO3 and extracted three 

times with DCM. The combined organic layer was washed with brine, dried over Na2SO4, and then 

filtered. The filtrate was concentrated in vacuo and the residue was purified by column 

chromatography. 

S-(3-(trifluoromethyl)phenyl) 4-methoxybenzothioate (1w): yield (70%); white solid, m.p. 65℃. 

1H NMR (400 MHz, CDCl3) δ 8.04 – 7.96 (m, 2H), 7.78 (s, 1H), 7.74 – 7.66 (m, 2H), 7.58 (t, J = 

7.8 Hz, 1H), 7.02 – 6.94 (m, 2H), 3.90 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 187.4, 164.3, 138.5, δ 131.8 (q, J = 3.8 Hz), 131.6 (q, J = 30.3 Hz), 

131.4, 129.8, 129.5, 129.1, 128.9, 126.4 (q, J = 272.7 Hz), 126.1 (q, J = 3.8 Hz), 114.0, 55.6.  

19F NMR (377 MHz, CDCl3) δ -62.7. 

HRMS (ESI+) Calcd. For C15H13F3O2S+ ([M+H]+): 313.0505, found: 313.0504. 

 

 

To a mixture of Indocin (1.0 equiv., 5 mmol), 4-chlorobenzenethiol (1.1 equiv., 5.5 mmol), 

dicyclohexylcarbodiimide (DCC, 1.2 equiv., 6.0 mmol), and 4- dimethyl-aminopyridine (DMAP, 0.1 

equiv., 0.5mmol) into the flask, then dissolve with 10 mL dichloromethane (DCM), and stir the 

mixture at room temperature. Consumed alcohol completely determined by TLC analysis, then filter 

off the insoluble white solid on diatomaceous earth, wash the filter cake twice with DCM, concentrate 

the filtrate, the residue was purified by column chromatography on silica gel. 

S-(4-chlorophenyl) 2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)ethanethioate 

(1A): yield (55%); white solid, m.p. 135℃. 

1H NMR (400 MHz, CDCl3) δ 7.72 – 7.64 (m, 2H), 7.52 – 7.44 (m, 2H), 7.40 – 7.34 (m, 2H), 7.32 

– 7.27 (m, 2H), 6.98 (d, J = 2.5 Hz, 1H), 6.90 (d, J = 9.0 Hz, 1H), 6.71 (dd, J = 9.0, 2.5 Hz, 1H), 3.96 

(s, 2H), 3.85 (s, 3H), 2.45 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 194.7, 168.3, 156.2, 139.5, 137.0, 135.9, 135.6, 133.7, 131.2, 130.9, 

130.4, 129.4, 129.2, 126.1, 115.0, 111.9, 111.5, 101.1, 55.7, 39.1, 13.5. 

HRMS (ESI+) Calcd. For C25H19NCl2O3SNa+ ([M+Na]+): 506.0355, found: 506.0353. 
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To a mixture of Gemfibrozil (1.0 equiv., 5 mmol), 4-chlorobenzenethiol (1.1 equiv., 5.5 mmol), 

dicyclohexylcarbodiimide (DCC, 1.2 equiv., 6.0 mmol), and 4- dimethyl-aminopyridine (DMAP, 0.1 

equiv., 0.5mmol) into the flask, then dissolve with 10 mL dichloromethane (DCM), and stir the 

mixture at room temperature. Consumed alcohol completely determined by TLC analysis, then filter 

off the insoluble white solid on diatomaceous earth, wash the filter cake twice with DCM, concentrate 

the filtrate, the residue was purified by column chromatography on silica gel. 

S-(4-chlorophenyl) 5-(2,5-dimethylphenoxy)-2,2-dimethylpentanethioate (1B): yield (70%); 

colorless oil. 

1H NMR (400 MHz, CDCl3) δ 7.42 – 7.34 (m, 2H), 7.32 – 7.27 (m, 2H), 7.03 (d, J = 7.4 Hz, 1H), 

6.69 (dd, J = 7.5, 1.6 Hz, 1H), 6.63 (d, J = 1.7 Hz, 1H), 3.97 (t, J = 5.7 Hz, 2H), 2.33 (s, 3H), 2.22 (s, 

3H), 1.95 – 1.76 (m, 4H), 1.36 (s, 6H). 

13C NMR (101 MHz, CDCl3) δ 203.6, 156.8, 136.4, 136.2, 135.5, 130.3, 129.3, 126.4, 123.6, 120.7, 

111.9, 67.6, 50.1, 37.6, 25.3, 24.9, 21.4, 15.8. 

HRMS (ESI+) Calcd. For C21H29ClNO2S+ ([M+NH4]+): 394.1602, found: 394.1597. 

 

3. General procedure for chiral β-hydroxy allylic sulfides 

 

 

 

A flame dried Schlenk tube was cooled to rt and evacuated and backfilled with argon for three 

times. To this Schlenk tube were added (S,S,S)-[Ir*]-1 (0.01 mmol, 5 mol %), aryl thioesters 1 (0.20 

mmol, 1.0 equiv.), VEC 2 (0.60 mmol, 3.0 equiv.), DABCO (0.2 mmol, 1.0 equiv.) and DCE (2 mL). 

The reaction was stirred at 50 ℃ for 12 hours. Once starting material was consumed (monitored by 

TLC), the solvent was evaporated under reduced pressure and the residue was purified by column 

chromatography to give the desired product 3, which was then directly analyzed by HPLC to 
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determine the enantiomeric excess.  

4. Spectral characterization data for the products 

S

OMe

O

Cl

 

(S)-2-((4-chlorophenyl)thio)but-3-en-1-yl acetate (3a): yield (45.1 mg, 88%); colorless oil; [α]15
D 

= -3.6 (c 1.34, CH2Cl2); The product was analyzed by HPLC to determine the enantiomeric excess: 

94% ee (Chiralpak OJ-H, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 254 nm); tr = 9.26 

and 9.79 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.41 – 7.33 (m, 2H), 7.30 – 7.24 (m, 2H), 5.73 (ddd, J = 17.1, 

10.3, 8.3 Hz, 1H), 5.19 – 4.98 (m, 2H), 4.23 (d, J = 1.6 Hz, 1H), 4.21 (d, J = 2.1 Hz, 1H), 3.92 – 3.77 

(m, 1H), 2.04 (s, 3H).  

13C NMR (101 MHz, Chloroform-d) δ 170.7, 134.5, 134.4, 134.0, 131.6, 129.1, 118.3, 65.2, 50.3, 

20.8. 

HRMS (ESI+) Calcd. For C12H13ClO2SNa+ ([M+Na]+): 279.0217, found: 279.0228. 

HPLC chromatogram of compound 3a 

  

  

 

S

OMe

O

CF3
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(S)-2-((4-(trifluoromethyl)phenyl)thio)but-3-en-1-yl acetate (3b): yield (47.6 mg, 82%); colorless 

oil; [α]15
D = +10.9 (c 0.70, CH2Cl2);The product was analyzed by HPLC to determine the enantiomeric 

excess: 92% ee (Chiralpak OJ-H, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 250 nm); tr = 

9.27 and 9.99 min. 

1H NMR (400 MHz, CDCl3) δ 7.57 – 7.46 (m, 4H), 5.78 (ddd, J = 17.1, 10.2, 8.1 Hz, 1H), 5.26 – 

5.15 (m, 2H), 4.33 – 4.19 (m, 2H), 4.09 – 3.99 (m, 1H), 2.04 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 170.7, 139.0, 134.1, 131.1, 129.0 (q, J = 33.0 Hz), 125.7 (q, J = 3.7 

Hz), 124.0 (q, J = 272.1 Hz), 118.8, 65.2, 49.2, 20.7. 

19F NMR (377 MHz, CDCl3) δ -62.6 (s). 

HRMS (ESI+) Calcd. For C13H13F3O2SNa+ ([M+Na]+): 313.0481, found: 313.0480. 

HPLC chromatogram of compound 3b 

  

  

 

S

OMe

O

NO2

 

(S)-2-((4-nitrophenyl)thio)but-3-en-1-yl acetate (3c): yield (40.6 mg, 76%); [α]15
D = +23.3 (c 1.33, 

CH2Cl2); The product was analyzed by HPLC to determine the enantiomeric excess: 88% ee 

(Chiralpak AS-H, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 320 nm); tr = 64.96 and 71.17 

min. 

1H NMR (400 MHz, CDCl3) δ 8.18 – 8.08 (m, 2H), 7.47 (d, J = 8.9 Hz, 2H), 5.80 (ddd, J = 17.1, 

10.3, 7.9 Hz, 1H), 5.32 – 5.21 (m, 2H), 4.37 – 4.21 (m, 2H), 4.20 – 4.13 (m, 1H), 2.06 (s, 3H). 
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13C NMR (101 MHz, CDCl3) δ 170.6, 146.0, 144.4, 133.5, 129.2, 123.9, 119.4, 65.0, 48.6, 20.7. 

HRMS (ESI+) Calcd. For C12H13NO4SNa+ ([M+Na]+): 290.0458, found: 290.0460. 

HPLC chromatogram of compound 3c 

  

  

 

S

OMe

O

F

  

(S)-2-((2-fluorophenyl)thio)but-3-en-1-yl acetate (3d): yield (33.1 mg, 69%); colorless oil; [α]15
D 

= +1.1 (c 0.6, CH2Cl2); The product was analyzed by HPLC to determine the enantiomeric excess: 

88% ee (Chiralpak ID, i-propanol/hexane = 2/98, flow rate 1 mL/min, λ = 254 nm); tr = 8.22 and 9.45 

min. 

1H NMR (400 MHz, CDCl3) δ 7.51 – 7.41 (m, 1H), 7.33 – 7.27 (m, 1H), 7.13 – 7.03 (m, 2H), 5.74 

(ddd, 1H), 5.14 – 5.05 (m, 2H), 4.30 – 4.17 (m, 2H), 4.03 – 3.93 (m, 1H), 2.03 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 170.7, 162.7 (d, J = 246.4 Hz), 136.0, 134.3, 130.3 (d, J = 8.0 Hz), 

124.4 (d, J = 3.9 Hz), 120.0 (d, J = 18.0 Hz), 118.3, 115.9 (d, J = 23.2 Hz), 65.5, 49.4 (d, J = 2.6 Hz), 

20.7. 

19F NMR (377 MHz, CDCl3) δ -106.69 – -106.74 (m). 

HRMS (ESI+) Calcd. For C12H13FO2SNa+ ([M+Na]+): 263.0513, found: 263.0515. 

HPLC chromatogram of compound 3d 
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S

OMe

O

F

 

(S)-2-((3-fluorophenyl)thio)but-3-en-1-yl acetate (3e): yield (32.6 mg, 68%); colorless oil; [α]15
D 

= -9.4 (c 2.1, CH2Cl2); The product was analyzed by HPLC to determine the enantiomeric excess: 

91% ee (Chiralpak OD-H, i-propanol/hexane = 2/98, flow rate 1 mL/min, λ = 250 nm); tr = 6.51 and 

7.77 min. 

1H NMR (400 MHz, CDCl3) δ 7.32 – 7.21 (m, 1H), 7.21 – 7.09 (m, 2H), 6.99 – 6.89 (m, 1H), 5.76 

(ddd, J = 17.2, 10.1, 8.2 Hz, 1H), 5.21 – 5.10 (m, 2H), 4.30 – 4.18 (m, 2H), 3.99 – 3.89 (m, 1H), 2.04 

(s, 3H). 

13C NMR (101 MHz, CDCl3) δ 170.6, 162.5 (d, J = 248.7 Hz), 135.7 (d, J = 8.0 Hz), 134.3, 130.1 

(d, J = 8.5 Hz), 127.8 (d, J = 2.9 Hz), 118.9 (d, J = 22.2 Hz), 118.4, 114.4 (d, J = 21.2 Hz), 65.3, 49.8, 

20.7. 

19F NMR (377 MHz, CDCl3) δ -112.1 – -112.2 (m). 

HRMS (ESI+) Calcd. For C12H13FO2SNa+ ([M+Na]+): 263.0513, found: 263.0519. 

HPLC chromatogram of compound 3e 
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S

OMe

O  

(S)-2-(phenylthio)but-3-en-1-yl acetate (3f): yield (38.9 mg, 88%); colorless oil; [α]15
D = +29.7 (c 

0.1, CH2Cl2); The product was analyzed by HPLC to determine the enantiomeric excess: 92% ee 

(Chiralpak IF, i-propanol/hexane = 2/98, flow rate 1 mL/min, λ = 254 nm); tr = 13.83 and 16.01 min. 

1H NMR (400 MHz, CDCl3) δ 7.42 – 7.33 (m, 2H), 7.28 – 7.14 (m, 3H), 5.73-5.63 (m, 1H), 5.11 – 

5.00 (m, 2H), 4.23 – 4.10 (m, 2H), 3.88 – 3.78 (m, 1H), 1.96 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 170.7, 134.7, 133.1, 133.0, 128.9, 127.7, 118.0, 65.4, 50.0, 20.8. 

HRMS (ESI+) Calcd. For C12H14O2SNa+ ([M+Na]+): 245.0607, found: 245.0616. 

HPLC chromatogram of compound 3f 

  

  

 

S

OMe

O

NHAc

 

(R)-2-((4-acetamidophenyl)thio)but-3-en-1-yl acetate (3g): using (R,R,R)-[Ir*]-1 as the catalyst, 

yield (39.1 mg, 70%); colorless oil; [α]15
D = -6.8 (c 0.8, CH2Cl2); The product was analyzed by HPLC 
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to determine the enantiomeric excess: 81% ee (Chiralpak OD-H, i-propanol/hexane = 5/95, flow rate 

1.0 mL/min, λ = 220 nm); tr = 9.26 and 9.79 min. 

1H NMR (400 MHz, CDCl3) δ 7.50 (d, J = 8.5 Hz, 2H), 7.07 (d, J = 8.4 Hz, 2H), 5.78 (ddd, J = 17.3, 

10.1, 8.2 Hz, 1H), 5.29 – 5.12 (m, 2H), 4.34 – 4.14 (m, 2H), 4.07 – 3.92 (m, 1H), 2.27 (s, 6H), 2.04 

(s, 3H). 

13C NMR (101 MHz, CDCl3) δ 172.8, 170.7, 138.4, 135.2, 134.3, 133.1, 129.2, 118.4, 65.3, 49.8, 

26.9, 20.8. 

HRMS (ESI+) Calcd. For C14H17NO3SNa+ ([M+Na]+): 302.0821, found: 302.0825. 

HPLC chromatogram of compound 3g 
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O
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(S)-2-((4-isopropylphenyl)thio)but-3-en-1-yl acetate (3h): yield (34.9 mg, 85%); colorless oil; 

[α]15
D = +4.3 (c 1.30, CH2Cl2); The product was analyzed by HPLC to determine the enantiomeric 

excess: 93% ee (Chiralpak OJ-H, i-propanol/hexane = 2/98, flow rate 0.5 mL/min, λ = 220 nm); tr = 

15.38 and 16.32 min. 

1H NMR (400 MHz, CDCl3) δ 7.41 – 7.33 (m, 2H), 7.21 – 7.10 (m, 2H), 5.77 (ddd, J = 17.4, 9.9, 

8.3 Hz, 1H), 5.18 – 5.07 (m, 2H), 4.28 – 4.16 (m, 2H), 3.89 – 3.79 (m, 1H), 2.96 – 2.81 (m, 1H), 2.02 

(s, 3H), 1.23 (d, J = 7.0 Hz, 6H). 

13C NMR (101 MHz, CDCl3) δ 170.7, 148.8, 134.9, 133.6, 129.6, 127.0, 117.8, 65.5, 50.1, 33.7, 
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23.8, 20.8. 

HRMS (ESI+) Calcd. For C15H20O2SNa+ ([M+Na]+): 287.1076, found: 287.1078. 

HPLC chromatogram of compound 3h 

  

  

 

S

O

O

OMe

 

(S)-2-((4-methoxyphenyl)thio)but-3-en-1-yl acetate (3i): yield (43.6 mg, 86%); colorless oil; [α]15
D 

= -2.0 (c 0.81, CH2Cl2); The product was analyzed by HPLC to determine the enantiomeric excess: 

91% ee (Chiralpak OJ-H, i-propanol/hexane = 2/98, flow rate 1 mL/min, λ = 254 nm); tr = 17.26 and 

24.92 min. 

1H NMR (400 MHz, CDCl3) δ 7.44 – 7.35 (m, 2H), 6.88 – 6.79 (m, 2H), 5.72 (ddd, J = 17.1, 10.3, 

8.4 Hz, 1H), 5.13 – 4.98 (m, 2H), 4.25 – 4.12 (m, 2H), 3.80 (s, 3H), 3.76 – 3.66 (m, 1H), 2.04 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 170.7, 159.9, 136.5, 134.9, 122.8, 117.6, 114.4, 65.3, 55.3, 50.9, 20.8. 

HRMS (ESI+) Calcd. For C13H16O3SNa+ ([M+Na]+): 275.0712, found: 275.0716. 

HPLC chromatogram of compound 3i 
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O
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(S)-2-(p-tolylthio)but-3-en-1-yl acetate (3j): yield (36.6 mg, 77%); colorless oil; [α]15
D = +6.0 (c 

0.3, CH2Cl2); The product was analyzed by HPLC to determine the enantiomeric excess: 94% ee 

(Chiralpak OJ-H, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 254 nm); tr = 9.26 and 9.79 

min. 

1H NMR (400 MHz, Chloroform-d) δ 7.30 – 7.23 (m, 2H), 7.07 – 7.01 (m, 2H), 5.68 (ddd, J = 17.0, 

10.3, 8.3 Hz, 1H), 5.09 – 4.97 (m, 2H), 4.15 (d, J = 1.2 Hz, 1H), 4.13 (d, J = 1.9 Hz, 1H), 3.79 – 3.70 

(m, 1H), 2.26 (s, 3H), 1.96 (s, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 170.7, 138.0, 134.9, 133.8, 129.7, 129.1, 117.8, 65.4, 50.3, 

21.1, 20.8. 

HRMS (ESI+) Calcd. For C13H16O2SNa+ ([M+Na]+): 259.0763, found: 259.0766. 

HPLC chromatogram of compound 3j 
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(S)-2-((3-methoxyphenyl)thio)but-3-en-1-yl acetate (3k): yield (40.3 mg, 80%); colorless oil; 

[α]15
D = +10.6 (c 1.23, CH2Cl2); The product was analyzed by HPLC to determine the enantiomeric 

excess: 93% ee (Chiralpak OJ-H, i-propanol/hexane = 2/98, flow rate 1 mL/min, λ = 250 nm); tr = 

16.09 and 17.12 min. 

1H NMR (400 MHz, CDCl3) δ 7.25 – 7.17 (m, 1H), 7.06 – 6.94 (m, 2H), 6.84 – 6.75 (m, 1H), 5.85-

5.71 (ddd, 1H), 5.22 – 5.11 (m, 2H), 4.31 – 4.17 (m, 2H), 3.99 – 3.88 (m, 1H), 3.80 (s, 3H), 2.04 (s, 

3H). 

13C NMR (101 MHz, CDCl3) δ 170.7, 159.7, 134.7, 134.5, 129.7, 124.7, 118.1, 117.7, 113.4, 65.4, 

55.3, 49.7, 20.8. 

HRMS (ESI+) Calcd. For C13H16O3SNa+ ([M+Na]+): 275.0712, found: 275.0703. 

HPLC chromatogram of compound 3k 

  

  

 

S
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O
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(S)-2-(m-tolylthio)but-3-en-1-yl acetate (3l): yield (34.5 mg, 73%); colorless oil; [α]15
D = +7.0 (c 

0.52, CH2Cl2); The product was analyzed by HPLC to determine the enantiomeric excess: 92% ee 

(Chiralpak OJ-H, i-propanol/hexane = 2/98, flow rate 1 mL/min, λ = 254 nm); tr = 7.93 and 8.71 min. 
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1H NMR (400 MHz, CDCl3) δ 7.27 – 7.22 (m, 2H), 7.23 – 7.13 (m, 1H), 7.10 – 7.03 (m, 1H), 5.77 

(ddd, J = 17.2, 10.0, 8.2 Hz, 1H), 5.26 – 5.04 (m, 2H), 4.29 – 4.15 (m, 2H), 3.95 – 3.84 (m, 1H), 2.33 

(s, 3H), 2.03 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 170.8, 138.7, 134.8, 133.5, 132.8, 129.9, 128.7, 128.5, 117.9, 65.5, 

49.8, 21.2, 20.8. 

HRMS (ESI+) Calcd. For C13H16O2SNa+ ([M+Na]+): 259.0763, found: 259.0761. 

HPLC chromatogram of compound 3l 

  

  

 

S

Me

O

Me

 

(S)- 2-(o-tolylthio)but-3-en-1-yl acetate (3m): yield (29.3 mg, 62%); colorless oil; [α]15
D = +4.5 (c 

0.6, CH2Cl2); The product was analyzed by HPLC to determine the enantiomeric excess: 92% ee 

(Chiralpak OD-H, i-propanol/hexane = 3/97, flow rate 1 mL/min, λ = 254 nm); tr = 5.61 and 6.28 min. 

1H NMR (400 MHz, CDCl3) δ 7.44 (dd, J = 7.1, 2.0 Hz, 1H), 7.22 – 7.10 (m, 3H), 5.78 (ddd, J = 

17.3, 10.1, 8.3 Hz, 1H), 5.18 – 5.07 (m, 2H), 4.33 – 4.17 (m, 2H), 3.92 – 3.82 (m, 1H), 2.44 (s, 3H), 

2.03 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 170.7, 140.5, 134.7, 133.3, 132.6, 130.4, 127.7, 126.4, 117.9, 65.5, 

49.6, 20.9, 20.8. 

HRMS (ESI+) Calcd. For C13H16O2SNa+ ([M+Na]+): 259.0764, found: 259.0774. 

HPLC chromatogram of compound 3m 
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S
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(S)-2-(naphthalen-2-ylthio)but-3-en-1-yl acetate (3n): yield (45.2 mg, 83%); colorless oil; [α]15
D 

= +11.2 (c 1.98, CH2Cl2); The product was analyzed by HPLC to determine the enantiomeric excess: 

94% ee (Chiralpak OJ-H, i-propanol/hexane = 2/98, flow rate 1 mL/min, λ = 254 nm); tr = 20.05 and 

22.37 min. 

1H NMR (400 MHz, CDCl3) δ 7.94 (d, J = 1.7 Hz, 1H), 7.85 – 7.74 (m, 3H), 7.54 – 7.43 (m, 3H), 

5.82 (ddd, J = 17.0, 10.3, 8.3 Hz, 1H), 5.21 – 5.10 (m, 2H), 4.36 – 4.23 (m, 2H), 4.08 – 3.98 (m, 1H), 

2.03 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 170.7, 134.6, 133.6, 132.5, 131.8, 130.5, 130.0, 128.4, 127.7, 127.5, 

126.5, 126.3, 118.1, 65.5, 49.9, 20.8. 

HRMS (ESI+) Calcd. For C16H16O2SNa+ ([M+Na]+): 295.0763, found: 295.0754. 

HPLC chromatogram of compound 3n 
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(S)-2-(thiophen-2-ylthio)but-3-en-1-yl acetate (3o): yield (27.4 mg, 60%); colorless oil; [α]15
D = 

+5.86 (c 1.00, CH2Cl2); The product was analyzed by HPLC to determine the enantiomeric excess: 

93% ee (Chiralpak AS-H, i-propanol/hexane = 2/98, flow rate 1 mL/min, λ = 250 nm); tr = 9.28 and 

10.64 min. 

1H NMR (400 MHz, CDCl3) δ 7.38 (dd, J = 5.4, 1.2 Hz, 1H), 7.15 (d, J = 2.3 Hz, 1H), 6.99 (dd, J = 

5.4, 3.5 Hz, 1H), 5.74 (ddd, J = 17.0, 10.3, 8.4 Hz, 1H), 5.17 – 5.02 (m, 2H), 4.23 (d, J = 6.8 Hz, 2H), 

3.73 – 3.63 (m, 1H), 2.06 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 170.7, 136.3, 134.2, 130.8, 130.2, 127.6, 118.3, 64.8, 52.2, 20.8. 

HRMS (ESI+) Calcd. For C10H12O2S2Na+ ([M+Na]+): 251.0171, found: 251.0168. 

HPLC chromatogram of compound 3o 
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(S)-2-(benzylthio)but-3-en-1-yl acetate (3p): yield (34.0 mg, 72%); colorless oil; [α]15
D = +41.2 (c 
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1.80, CH2Cl2); The product was analyzed by HPLC to determine the enantiomeric excess: 97% ee 

(Chiralpak OJ-H, i-propanol/hexane = 2/98, flow rate 1 mL/min, λ = 254 nm); tr = 14.21 and 15.56 

min. 

1H NMR (400 MHz, CDCl3) δ 7.35 – 7.28 (m, 4H), 7.26 – 7.20 (m, 1H), 5.73 (ddd, J = 17.0, 10.2, 

8.7 Hz, 1H), 5.24 – 5.08 (m, 2H), 4.25 – 4.12 (m, 2H), 3.80 – 3.63 (m, 2H), 3.45 – 3.35 (m, 1H), 2.04 

(s, 3H). 

13C NMR (101 MHz, CDCl3) δ 170.6, 137.8, 135.2, 128.9, 128.5, 127.1, 117.5, 65.3, 46.4, 34.8, 

20.8. 

HRMS (ESI+) Calcd. For C13H16O2SNa+ ([M+Na]+): 259.0763, found: 259.0760. 

HPLC chromatogram of compound 3p 
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(S)-2-(phenethylthio)but-3-en-1-yl acetate (3q): yield (38 mg, 76%); colorless oil; [α]15
D = -2.7 (c 

3.00, CH2Cl2); The product was analyzed by HPLC to determine the enantiomeric excess: 96% ee 

(Chiralpak OD-H, i-propanol/hexane = 2/98, flow rate 1 mL/min, λ = 254 nm); tr = 10.37 and 11.42 

min. 

1H NMR (400 MHz, CDCl3) δ 7.34 – 7.27 (m, 2H), 7.25 – 7.15 (m, 3H), 5.69 (ddd, J = 17.0, 10.2, 

8.8 Hz, 1H), 5.21 – 5.10 (m, 2H), 4. 26 – 4.12 (m, 2H), 3.56 – 3.46 (m, 1H), 2.92 – 2.83 (m, 2H), 

2.80 – 2.72 (m, 2H), 2.07 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 170.7, 140.3, 135.4, 128.49, 128.46, 126.4, 117.4, 65.4, 47.1, 36.2, 
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31.9, 20.8.  

HRMS (ESI+) Calcd. For C14H18O2SNa+ ([M+Na]+): 273.0920, found: 273.0925. 

HPLC chromatogram of compound 3q 

  

  

 

 

(S)-2-((4-methoxyphenyl)thio)but-3-en-1-yl propionate (3r): yield (41.5 mg, 78%); colorless oil; 

[α]15
D = -4.3 (c 1.01, CH2Cl2); The product was analyzed by HPLC to determine the enantiomeric 

excess: 94% ee (Chiralpak AS-H, i-propanol/hexane = 2/98, flow rate 1 mL/min, λ = 242 nm); tr = 

8.78 and 9.23 min. 

1H NMR (400 MHz, CDCl3) δ 7.44 – 7.35 (m, 2H), 6.87 – 6.79 (m, 2H), 5.72 (ddd, J = 17.1, 10.3, 

8.4 Hz, 1H), 5.12 – 4.97 (m, 2H), 4.26 – 4.14 (m, 2H), 3.79 (s, 3H), 3.77 – 3.66 (m, 1H), 2.31 (q, J = 

7.6 Hz, 2H), 1.12 (t, J = 7.6 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 174.1, 159.9, 136.4, 135.0, 122.9, 117.6, 114.4, 65.1, 55.3, 50.9, 27.4, 

9.1. 

HRMS (ESI+) Calcd. For C14H18O3SNa+ ([M+Na]+): 289.0869, found: 289.0865. 

HPLC chromatogram of compound 3r 
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(S)-2-((4-chlorophenyl)thio)but-3-en-1-yl isobutyrate (3s): yield (45.4 mg, 80%); colorless oil; 

[α]15
D = +8.9 (c 2.39, CH2Cl2); The product was analyzed by HPLC to determine the enantiomeric 

excess: 87% ee (Chiralpak OJ-H, i-propanol/hexane = 2/98, flow rate 0.5 mL/min, λ = 250 nm); tr = 

12.93 and 13.57 min. 

1H NMR (400 MHz, CDCl3) δ 7.35 – 7.24 (m, 2H), 7.22 – 7.17 (m, 2H), 5.65 (ddd, J = 17.0, 10.3, 

8.4 Hz, 1H), 5.09 – 4.96 (m, 2H), 4.22 – 4.07 (m, 2H), 3.84 – 3.72 (m, 1H), 2.46 (p, J = 7.0 Hz, 1H), 

1.08 (d, J = 7.0 Hz, 6H). 

13C NMR (101 MHz, CDCl3) δ 176.7, 134.5, 134.4, 133.9, 131.6, 129.0, 118.2, 64.8, 50.4, 33.9, 

18.9. 

HRMS (ESI+) Calcd. For C14H17ClO2SNa+ ([M+Na]+): 307.0530, found: 307.0532. 

HPLC chromatogram of compound 3s 
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(S)-2-((4-methoxyphenyl)thio)but-3-en-1-yl benzoate (3t): yield (45.2 mg, 72%); colorless oil; 

[α]15
D = +1.2 (c 1.17, CH2Cl2); The product was analyzed by HPLC to determine the enantiomeric 

excess: 89% ee (Chiralpak OJ-H, i-propanol/hexane = 2/98, flow rate 1 mL/min, λ = 254 nm); tr = 

18.32 and 25.63 min. 

1H NMR (400 MHz, CDCl3) δ 8.06 – 7.98 (m, 2H), 7.60 – 7.51 (m, 1H), 7.50 – 7.37 (m, 4H), 6.89 

– 6.79 (m, 2H), 5.84 (ddd, J = 17.0, 10.4, 8.4 Hz, 1H), 5.17 – 5.05 (m, 2H), 4.52 – 4.38 (m, 2H), 3.93 

– 3.83 (m, 1H), 3.79 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 166.2, 159.9, 136.5, 134.9, 133.0, 129.9, 129.6, 128.3, 122.8, 117.7, 

114.5, 65.7, 55.2, 51.0. 

HRMS (ESI+) Calcd. For C18H18O3SNa+ ([M+Na]+): 337.0869, found: 337.0878. 

HPLC chromatogram of compound 3t 
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(S)-2-(ethylthio)but-3-en-1-yl benzoate (3u): yield (33 mg, 68%); colorless oil; [α]15
D = -2.8 (c 1.50, 

CH2Cl2); The product was analyzed by GC to determine the enantiomeric excess: >99% ee (Beta 

DEX-390, N2 flow rate 1.0 mL/min, 80 min at 150 °C); tr = 69.62 and 70.71 min. 

1H NMR (400 MHz, CDCl3) δ 8.09 – 7.99 (m, 2H), 7.62 – 7.51 (m, 1H), 7.50 – 7.39 (m, 2H), 5.79 

(ddd, J = 17.0, 10.2, 8.7 Hz, 1H), 5.27 – 5.14 (m, 2H), 4.50 (dd, J = 11.1, 5.8 Hz, 1H), 4.40 (dd, J = 

11.1, 7.8 Hz, 1H), 3.72 – 3.62 (m, 1H), 2.58 (q, J = 7.4 Hz, 2H), 1.27 (t, J = 6.4 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 166.2, 135.6, 133.0, 130.0, 129.7, 128.4, 117.2, 66.0, 46.7, 24.5, 14.7. 

HRMS (ESI+) Calcd. For C13H12O2SNa+ ([M+Na]+): 259.0763, found: 259.0774. 

GC chromatogram of compound 3u 

  

  

 

 

(S)-2-(m-tolylthio)but-3-en-1-yl 4-methoxybenzoate (3v): yield (35.4 mg, 54%); colorless oil; 

[α]15
D = +11.0 (c 0.20, CH2Cl2); The product was analyzed by HPLC to determine the enantiomeric 

excess: 91% ee (Chiralpak OJ-H, i-propanol/hexane = 2/98, flow rate 1 mL/min, λ = 254 nm); tr = 

17.26 and 24.92 min. 

1H NMR (400 MHz, CDCl3) δ 8.01 – 7.90 (m, 2H), 7.32 – 7.25 (m, 2H), 7.24 – 7.14 (m, 1H), 7.10 

– 7.03 (m, 1H), 6.97 – 6.86 (m, 2H), 5.86 (ddd, J = 17.1, 10.3, 8.2 Hz, 1H), 5.24 – 5.12 (m, 2H), 4.58 

– 4.37 (m, 2H), 4.09 – 3.98 (m, 1H), 3.86 (s, 3H), 2.32 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 165.9, 163.4, 138.7, 134.9, 133.6, 132.9, 131.7, 129.9, 128.7, 128.4, 

122.3, 117.9, 113.6, 65.7, 55.4, 50.1, 21.2. 



S22 
 

HRMS (ESI+) Calcd. For C19H20O3SNa+ ([M+Na]+): 351.1025, found: 351.1018. 

HPLC chromatogram of compound 3v 
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(S)-2-((3-(trifluoromethyl)phenyl)thio)but-3-en-1-yl 4-methoxybenzoate (3w): yield (39.7mg, 

58%); colorless oil; [α]15
D = -10.1 (c 1.32, CH2Cl2); The product was analyzed by HPLC to determine 

the enantiomeric excess: 92% ee (Chiralpak OJ-H, i-propanol/hexane = 2/98, flow rate 1 mL/min, λ 

= 254 nm); tr = 15.46 and 16.72 min. 

1H NMR (400 MHz, CDCl3) δ 7.99 – 7.90 (m, 2H), 7.70 (d, J = 1.8 Hz, 1H), 7.63 (d, J = 7.6 Hz, 

1H), 7.49 (d, J = 7.8 Hz, 1H), 7.42 (d, J = 7.8 Hz, 1H), 6.97 – 6.87 (m, 2H), 5.85 (ddd, J = 17.2, 10.1, 

8.3 Hz, 1H), 5.23 – 5.14 (m, 2H), 4.58 – 4.41 (m, 2H), 4.16 – 4.06 (m, 1H), 3.86 (s, 3H).  

13C NMR (101 MHz, CDCl3) δ 165.9, 163.6, 135.5, 135.1, 134.3, 131.7, 131.3 (q, J = 20.2 Hz), 

129.3, 129.0 (q, J = 3.8 Hz), 123.7 (q, J = 272.7 Hz), 124.1 (q, J = 3.7 Hz), 122.1, 118.6, 113.7, 65.5, 

55.4, 50.3. 

19F NMR (377 MHz, CDCl3) δ -62.8. 

HRMS (ESI+) Calcd. For C19H17F3O3SNa+ ([M+Na]+): 405.0743, found: 405.0738. 

HPLC chromatogram of compound 3w 
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(S)-2-((4-fluorophenyl)thio)but-3-en-1-yl 4-methoxybenzoate (3x): yield (45.2 mg, 68%); 

colorless oil; [α]15
D = +11.9 (c 0.60, CH2Cl2); The product was analyzed by HPLC to determine the 

enantiomeric excess: 94% ee (Chiralpak OJ-H, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 

254 nm); tr = 25.23 and 33.48 min. 

1H NMR (400 MHz, CDCl3) δ 8.00 – 7.91 (m, 2H), 7.52 – 7.42 (m, 2H), 7.05 – 6.95 (m, 2H), 6.95 

– 6.87 (m, 2H), 5.82 (ddd, J = 17.0, 8.3, 1.7 Hz, 1H), 5.18 – 5.06 (m, 2H), 4.51 – 4.36 (m, 2H), 3.99 

– 3.90 (m, 1H), 3.86 (s, 1H).  

13C NMR (101 MHz, CDCl3) δ 165.9, 163.5, 162.8(d, J = 252.5 Hz), 136.2 (d, J = 8.4 Hz), 134.7, 

131.7, 127.9(d, J = 3 Hz), 122.2, 118.1, 116.0 (d, J = 21.8 Hz), 113.6, 65.4, 55.4, 51.0. 

19F NMR (377 MHz, CDCl3) δ -113.2.  

HRMS (ESI+) Calcd. For C18H17FO3SNa+ ([M+Na]+): 355.0775, found: 355.0777. 

HPLC chromatogram of compound 3x 
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(S)-2-((4-chlorophenyl)thio)but-3-en-1-yl 4-methoxybenzoate (3y): yield (42.5 mg, 61%); 

colorless oil; [α]15
D = +22.6 (c 2.84, CH2Cl2); The product was analyzed by HPLC to determine the 

enantiomeric excess: 90% ee (Chiralpak OJ-H, i-propanol/hexane = 2/98, flow rate 1 mL/min, λ = 

254 nm); tr = 24.72 and 37.45 min. 

1H NMR (400 MHz, CDCl3) δ 7.98 – 7.88 (m, 2H), 7.43 – 7.35 (m, 2H), 7.31 – 7.22 (m, 2H), 6.96 

– 6.86 (m, 2H), 5.83 (ddd, J = 17.3, 10.1, 8.3 Hz, 1H), 5.21 – 5.11 (m, 2H), 4.51 – 4.37 (m, 2H), 4.06 

– 3.96 (m, 1H), 3.85 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 165.9, 163.5, 134.5, 134.4, 133.9, 131.7, 131.7, 129.1, 122.1, 118.3, 

113.6, 65.5, 55.4, 50.5. 

HRMS (ESI+) Calcd. For C18H17ClO3SNa+ ([M+Na]+): 371.0479, found: 371.0488. 

HPLC chromatogram of compound 3y 
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(S)-2-((4-bromophenyl)thio)but-3-en-1-yl 4-methoxybenzoate (3z): yield (50.2 mg, 64%); 

colorless oil; [α]15
D = +18.1 (c 0.40, CH2Cl2); The product was analyzed by HPLC to determine the 

enantiomeric excess: 91% ee (Chiralpak OJ-H, i-propanol/hexane = 2/98, flow rate 1 mL/min, λ = 

254 nm); tr = 30.46 and 51.36 min. 

1H NMR (400 MHz, CDCl3) δ 7.97 – 7.88 (m, 2H), 7.46 – 7.37 (m, 2H), 7.36 – 7.29 (m, 2H), 6.97 

– 6.87 (m, 2H), 5.83 (ddd, J = 17.2, 10.1, 8.2 Hz, 1H), 5.22 – 5.12 (m, 2H), 4.51 – 4.38 (m, 2H), 4.07 

– 3.97 (m, 1H), 3.86 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 165.9, 163.5, 134.6, 134.5, 132.5, 132.0, 131.7, 122.1, 121.9, 118.4, 

113.6, 65.6, 55.4, 50.4. 

HRMS (ESI+) Calcd. For C18H17BrO3SNa+ ([M+Na]+): 414.9974, found: 414.9972. 

HPLC chromatogram of compound 3z 
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(S)-2-((4-chlorophenyl)thio)but-3-en-1-yl 2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-
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indol-3-yl)acetate (3A): yield (55.3 mg, 50%); white solid (m.p. 90 ℃); [α]15
D = +2.9 (c 1.42, 

CH2Cl2); The product was analyzed by HPLC to determine the enantiomeric excess: 97% ee 

(Chiralpak IA, i-propanol/hexane = 3/97, flow rate 1 mL/min, λ = 254 nm); tr = 56.69 and 62.90 min. 

1H NMR (400 MHz, CDCl3) δ 7.69 – 7.61 (m, 2H), 7.50 – 7.40 (m, 2H), 7.32 – 7.19 (m, 4H), 6.96 

(d, J = 2.6 Hz, 1H), 6.87 (d, J = 9.0 Hz, 1H), 6.67 (dd, J = 9.0, 2.5 Hz, 1H), 5.67 (ddd, J = 17.0, 10.3, 

8.4 Hz, 1H), 5.07 – 4.94 (m, 2H), 4.24 (dd, J = 6.7, 0.8 Hz, 2H), 3.83 (s, 3H), 3.67 (s, 2H), 2.38 (s, 

3H). 

13C NMR (101 MHz, CDCl3) δ 170.4, 168.2, 156.0, 139.2, 136.0, 134.6, 134.2, 134.0, 133.8, 131.2, 

131.1, 130.8, 130.5, 129.1, 118.2, 114.9, 112.2, 111.6, 101.4, 65.4, 55.7, 50.4, 30.2, 13.3. 

HRMS (ESI+) Calcd. For C29H25Cl2NO4SNa+ ([M+Na]+): 576.0774, found: 576.0780. 

HPLC chromatogram of compound 3A 
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(S)-2-((4-chlorophenyl)thio)but-3-en-1-yl 5-(2,5-dimethylphenoxy)-2,2-dimethylpentanoate (3

B): yield (28.4 mg, 33%); colorless oil; [α]15
D = +1.1 (c 0.3, CH2Cl2); The product was an

alyzed by HPLC to determine the enantiomeric excess: 89% ee (Chiralpak OD-H, i-propano

l/hexane = 2/98, flow rate 1 mL/min, λ = 254 nm); tr = 7.86 and 8.86 min. 

1H NMR (400 MHz, CDCl3) δ 7.40 – 7.32 (m, 2H), 7.31 – 7.21 (m, 1H), 7.00 (d, J = 7.4 Hz, 1H), 
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6.66 (d, J = 7.5 Hz, 1H), 6.60 (s, 1H), 5.73 (ddd, J = 17.0, 10.3, 8.4 Hz, 1H), 5.15 – 5.03 (m, 2H), 

4.29 – 4.15 (m, 2H), 3.94 – 3.81 (m, 3H), 2.30 (s, 3H), 2.17 (s, 3H), 1.75-1.71 (m, 4H), 1.22 (s, 6H). 

13C NMR (101 MHz, CDCl3) δ 177.4, 156.9, 136.4, 134.6, 134.4, 133.9, 131.6, 130.3, 129.1, 123.5, 

120.7, 118.2, 111.9, 67.9, 64.9, 50.5, 42.2, 36.9, 29.7, 25.2, 25.1, 21.4, 15.8. 

HRMS (ESI+) Calcd. For C25H35ClO3S+ ([M+NH4]+): 464.2021, found: 464.2014. 

HPLC chromatogram of compound 3B 
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Benzyl (3-(((S)-1-acetoxybut-3-en-2-yl)thio)-2-benzylpropanoyl)glycinate (3C): yield (70 mg, 

67%); colorless oil; [α]15
D = +7.3 (c 1.35, CH2Cl2); The product was analyzed by HPLC to determine 

the enantiomeric excess: 97% ee (Chiralpak IA, i-propanol/hexane = 10/90, flow rate 1 mL/min, λ = 

210 nm); tr = 20.27 and 22.95 min. 

1H NMR (400 MHz, CDCl3) δ 7.41 – 7.30 (m, 5H), 7.29 – 7.24 (m, 2H), 7.23 – 7.11 (m, 3H), 6.10 

– 6.03 (m, 1H), 5.61 (ddd, J = 17.1, 10.2, 8.7 Hz, 1H), 5.16 (s, 2H), 5.09 – 4.87 (m, 2H), 4.23 – 4.10 

(m, 2H), 4.10 – 4.04 (m, 1H), 4.01 – 3.92 (m, 1H), 3.47 – 3.36 (m, 1H), 3.03 – 2.90 (m, 1H), 2.88 – 

2.77 (m, 2H), 2.64 – 2.52 (m, 2H), 2.04 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 173.3, 170.7, 169.5, 138.8, 135.1, 135.0, 128.9, 128.9, 128.6, 128.5, 

128.3, 126.5, 117.6, 67.1, 65.3, 49.6, 47.2, 41.4, 38.2, 31.9, 20.8. 

HRMS (ESI+) Calcd. For C25H29NO5SNa+ ([M+Na]+): 478.1659, found: 478.1654. 

HPLC chromatogram of compound 3C 
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5. Synthetic transformation 

4, 80% yield, 92% ee

5, 50% yield, 96% ee

KOH (aq.)

6, 99% yield, 91% ee

CH3OH, rt, 2 h
+

1a, 3 mmol
555 mg

2, 9 mmol
102.7 mg

(S)-3

Cl

S

O

S
AcO

VEC
std conditions

S

HO

Cl

m-CPBA

SO2

AcO

Pd/C, H2

S

AcO

Cl

Ar

DCM, 0 oC EtOH, 60 oC

 

S

HO

Cl

 

A 10 mL dried flask equipped with magnetic stirring bar. Then, (S)-3a (25.6 mg, 0.1 mmol) and 

MeOH (1.0 mL) were added, respectively. Add KOH (1 mL, aq., 1 M) to solution slowly at room 

temperature. The mixture was allowed to react at this temperature and stir for 2 h. After completion, 

the aqueous phase was extracted with ethyl acetate. the combined organic layers were washed with 

brine, dried by Na2SO4 and concentrate in vacuo. The mixture was purified by column 

chromatography to give the desired product 4. 

(S)-2-((4-chlorophenyl)thio)but-3-en-1-ol (4): yield (17.1 mg, 80%); colorless oil; [α]15
D = 20.4 (c 

0.32, CH2Cl2); The product was analyzed by HPLC to determine the enantiomeric excess: 92% ee 
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(Chiralpak OJ-H, i-propanol/hexane = 2/98, flow rate 1 mL/min, λ = 250 nm); tr = 44.21 and 47.54 

min. 

1H NMR (400 MHz, CDCl3) δ 7.41 – 7.32 (m, 2H), 7.30 – 7.26 (m, 2H), 5.84 – 5.70 (m, 1H), 5.21 

– 5.09 (m, 2H), 3.78 – 3.59 (m, 3H). 

13C NMR (101 MHz, CDCl3) δ 134.9, 134.6, 134.0, 131.3, 129.1, 118.5, 63.6, 54.9. 

HRMS (ESI+) Calcd. For C10H11ClOSNa+ ([M+Na]+): 237.0122, found: 237.0111. 

HPLC chromatogram of compound 4 
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To a solution of sulfide (S)-3n (0.1 mmol) in DCM (0.5 mL) was added m-CPBA (45.2 mg, 0.22 

mmol, 70% wt). The resulting mixture was stirred at 0℃ for 20 min, then quenched with NaHCO3 (2 

mL), and extracted with DCM (2 mL × 3). The combined extracts were washed with brine, dried over 

anhydrous MgSO4, and concentrated in vacuo. After flash chromatography on silica gel, the desired 

sulfone was analyzed by HPLC to determine the ee value. 

(S)-2-(naphthalen-2-ylsulfonyl)but-3-en-1-yl acetate (5): yield (15.2 mg, 50%); white solid, m.p. 

60℃; [α]15
D = -13.0 (c 0.26, CH2Cl2); The product was analyzed by HPLC to determine the 

enantiomeric excess: 96% ee (Chiralpak OD-H, i-propanol/hexane = 6/94, flow rate 1 mL/min, λ = 

230 nm); tr = 30.46 and 51.36 min. 
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1H NMR (400 MHz, CDCl3) δ 8.47 – 8.42 (m, 1H), 8.04 – 7.90 (m, 3H), 7.83 (dd, J = 8.7, 1.9 Hz, 

1H), 7.74 – 7.55 (m, 2H), 5.79 (ddd, J = 17.1, 10.3, 9.0 Hz, 1H), 5.44 – 5.16 (m, 2H), 4.61 – 4.38 (m, 

2H), 4.12 – 4.02 (m, 1H), 1.86 (s, 3H).  

13C NMR (101 MHz, CDCl3) δ 170.3, 135.4, 134.7, 131.9, 131.1, 129.5, 129.2, 127.9, 127.7, 127.0, 

124.9, 123.6, 68.0, 60.9, 20.5. 

HRMS (ESI+) Calcd. For C16H16O4SNa+ ([M+Na]+): 327.0662, found: 327.0667. 

HPLC chromatogram of compound 5 

  

 

 

S

AcO

Cl

 

To a vial equipped with a magnetic stirring rod was added successively: Pd/C (0.1 mmol, 1 equiv.), 

(S)-3a (0.1 mmol, 1 equiv.), EtOH (1 mL). The vial was subsequently transferred into an autoclave 

and then hydrogen gas was charged. The reaction was then stirred under H2 (50 atm) at 60 ℃ for 12 

h. The hydrogen gas was released slowly and carefully. The solution was passed through a short 

column of silica gel to remove the metal complex. The conversion of products was determined by 1H 

NMR analysis. The crude products were concentrated and purified by column chromatography, and 

the ee values were determined by HPLC on a chiral stationary phase. 

(S)-2-((4-chlorophenyl)thio)butyl acetate (6): yield (25.5 mg, 99%); colorless oil; [α]15
D = 2.9 (c 

1.42, CH2Cl2); The product was analyzed by HPLC to determine the enantiomeric excess: 90% ee 

(Chiralpak OJ-H, i-propanol/hexane = 2/98, flow rate 1 mL/min, λ = 254 nm); tr = 8.03 and 8.90 min. 
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1H NMR (400 MHz, CDCl3) δ 7.42 – 7.32 (m, 2H), 7.30 – 7.22 (m, 2H), 4.18 (dd, J = 11.4, 5.8 Hz, 

1H), 4.09 (dd, J = 11.4, 7.2 Hz, 1H), 3.24 – 3.13 (m, 1H), 2.01 (s, 3H), 1.85 – 1.70 (m, 1H), 1.58 – 

1.47 (m, 1H), 1.08 (t, J = 7.4 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 170.8, 133.5, 133.3, 132.8, 129.1, 66.2, 49.3, 24.4, 20.8, 11.3. 

HRMS (ESI+) Calcd. For C18H17ClO3SNa+ ([M+Na]+): 371.0479, found: 371.0488. 

HPLC chromatogram of compound 6 

  

  

 

6. Control experiments and mechanistic investigations 

a) Investigation of kinetic resolution 

3a
85% yield, 92% ee

O
O

O

(R)

2, 71% yield, 74% 
ee

+ (2)
std conditions1a

0.2 mmol
rac-2

0.6 mmol
+

1a
0.2 mmol

rac-2
0.2 mmol

+
3a

70% yield, 60% ee
O

O

O

(R)

2, 0% yield

+ (1)
std conditions

 

A flame dried Schlenk tube was cooled to rt, and it was then evacuated and backfilled with argon 

for three times. To this Schlenk tube was added (S,S,S)-[Ir*]-1 (0.01 mmol, 5 mol %), aryl thioester 

1a (0.20 mmol, 1 equiv.), rac-2 (0.2 mmol, 1 equiv.) and DCE (2 mL). The reaction was stirred at 50 

oC for 12 hours. Once starting material was consumed (monitored by TLC), the solvent was 

evaporated under reduced pressure, and the residue was purified by column chromatography to give 

the desired product, which was then directly analyzed by HPLC to determine the enantiomeric excess. 

And recovered 2 in eq. 2 was then directly analyzed by GC to determine the enantiomeric excess.   
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O
O

O

 

(R)-4-vinyl-1,3-dioxolan-2-one (2): yield (71%); colorless oil; The product was analyzed by GC to 

determine the enantiomeric excess: 74% ee (Beta DEX-390, N2 flow rate 1.0 mL/min, 20 min at 

150 °C); tr = 6.72 and 7.02 min.  

  

  

 

b)  Control experiments of thioalcohol as the nucleophile 

(1)rac-2+
std conditions

8, 42% yield, 17% ee

SPMP

HO

rac-2+
std conditions

10, 67% yield, 32% ee

SBn

HOBnSH

7, 0.2 mmol

9, 0.2 mmol

0.6 mmol

0.6 mmol

SHMeO

(2)

(3)rac-2+
std conditions

12, 25% yield, 22% ee

SPh

HO

11, 0.2 mmol 0.6 mmol

SNa

 

A flame dried Schlenk tube was cooled to rt, and it was then evacuated and backfilled with argon 

for three times. To this Schlenk tube was added (S,S,S)-[Ir*]-1 (0.02 mmol, 10 mol %), p-

methoxythiophenol 7 , benzylmercaptan 9 or sodium thiophenolate 11 (0.20 mmol, 1.0 equiv.), VEC 

2 (1.2 mmol, 3 equiv.), DABCO (0.2 mmol, 1 equiv.) and DCE (2 mL). The reaction was stirred at 

50 oC for 12 hours. Once starting material was consumed (monitored by TLC), the solvent was 

evaporated under reduced pressure and the residue was purified by column chromatography to give 

8, 10 or 12. 
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S

HO

OMe

 

(S)-2-((4-methoxyphenyl)thio)but-3-en-1-ol (8): yield (17.6 mg, 42%); colorless oil; [α]15
D = +2.1 

(c 1.80, CH2Cl2); The product was analyzed by HPLC to determine the enantiomeric excess: 17% ee 

(Chiralpak AS-H, i-propanol/hexane = 10/90, flow rate 1 mL/min, λ = 254 nm); tr = 12.68 and 15.77 

min. 

1H NMR (400 MHz, CDCl3) δ 7.44 – 7.35 (m, 2H), 6.88 – 6.80 (m, 2H), 5.75 (ddd, J = 17.1, 10.4, 

7.9 Hz, 1H), 5.17 – 5.03 (m, 2H), 3.80 (s, 3H), 3.70 – 3.54 (m, 3H). 

13C NMR (101 MHz, CDCl3) δ 159.9, 136.5, 135.3, 122.4, 117.9, 114.5, 63.2, 55.4, 55.3. 

HRMS (ESI+) Calcd. For C11H14O2SNa+ ([M+Na]+): 233.0607, found: 233.0610. 

HPLC chromatogram of compound 8 

  

  

 

S

HO

Bn

 

(S)-2-(benzylthio)but-3-en-1-ol (10): yield (26.0 mg, 67%); colorless oil; [α]15
D = +35.9 (c 1.00, 

CH2Cl2); The product was analyzed by HPLC to determine the enantiomeric excess: 32% ee 

(Chiralpak AS-H, i-propanol/hexane = 10/90, flow rate 1 mL/min, λ = 230 nm); tr = 7.46 and 8.37 

min. 

1H NMR (400 MHz, CDCl3) δ 7.34 – 7.28 (m, 4H), 7.25 – 7.21 (m, 1H), 5.75 (ddd, J = 17.0, 10.2, 

8.5 Hz, 1H), 5.27 – 5.14 (m, 2H), 3.71 (q, J = 13.4 Hz, 2H), 3.67 – 3.59 (m, 2H), 3.38 – 3.26 (m, 1H). 
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13C NMR (101 MHz, CDCl3) δ 138.0, 135.7, 128.9, 128.6, 127.1, 117.9, 63.7, 50.7, 34.5. 

HRMS (ESI+) Calcd. For C11H14OSNa+ ([M+Na]+): 217.0658, found: 217.0605. 

HPLC chromatogram of compound 10 

  

  

 

S

HO  

(S)-2-(phenylthio)but-3-en-1-ol (12): yield (9 mg, 25%); colorless oil; [α]15
D = -4.5 (c 0.5, CH2Cl2); 

The product was analyzed by HPLC to determine the enantiomeric excess: 22% ee (Chiralpak OD-

H, i-propanol/hexane = 6/94, flow rate 1 mL/min, λ = 254 nm); tr = 11.60 and 14.27 min. 

1H NMR (400 MHz, CDCl3) δ 7.50 – 7.39 (m, 2H), 7.36 – 7.27 (m, 3H), 5.80 (ddd, J = 17.7, 10.0, 

7.8 Hz, 1H), 5.22 – 5.13 (m, 2H), 3.81 – 3.63 (m, 3H). 

13C NMR (101 MHz, CDCl3) δ 135.2, 133.2, 132.8, 128.9, 127.7, 118.2, 63.6, 54.6. 

HRMS (ESI+) Calcd. For C10H12OSNa+ ([M+Na]+): 203.0501, found: 203.0501. 

HPLC chromatogram of compound 12 
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c)  Cross-over experiments 

 

 

A flame dried Schlenk tube was cooled to rt, and it was then evacuated and backfilled with argon 

for three times. To this Schlenk tube was added (S,S,S)-[Ir*]-1 (0.02 mmol, 10 mol %), thioester 1a 

(0.20 mmol, 1.0 equiv.), 1r (0.20 mmol, 1.0 equiv.), VEC 2 (1.2 mmol, 6 equiv.), DABCO (0.2 mmol, 

2 equiv.) and DCE (4 mL). The reaction was stirred at 50 oC for 12 hours. Once starting material was 

consumed (monitored by TLC), the solvent was evaporated under reduced pressure and the residue 

was purified by column chromatography to give the products 3a, 3q, 3i and 3ra, which were then 

directly analyzed by HPLC to determine the enantiomeric excess. 

 

 

(S)-2-((4-chlorophenyl)thio)but-3-en-1-yl propionate (3ra): yield (23.0 mg, 43%); colorless oil; 

[α]15
D = +8.04 (c 2.00, CH2Cl2); The product was analyzed by HPLC to determine the enantiomeric 

excess: 93% ee (Chiralpak OJ-H, i-propanol/hexane = 2/98, flow rate 1 mL/min, λ = 254 nm); tr = 

7.76 and 8.36 min. 

1H NMR (400 MHz, CDCl3) δ 7.43 – 7.32 (m, 2H), 7.30 – 7.22 (m, 2H), 5.73 (ddd, J = 17.0, 10.3, 

8.3 Hz, 1H), 5.16 – 5.03 (m, 2H), 4.29 – 4.16 (m, 2H), 3.92 – 3.77 (m, 1H), 2.31 (q, J = 7.6 Hz, 2H), 

1.12 (t, J = 7.6 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 174.1, 134.5, 134.4, 133.9, 131.6, 129.0, 118.2, 65.0, 50.4, 27.4, 9.0. 

HRMS (ESI+) Calcd. For C13H15ClO2SNa+ ([M+Na]+): 293.0373, found: 293.0375. 

HPLC chromatogram of compound 3ra 
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7. X-ray structure of ent-5 

 
Figure S1. X-ray structure of ent-5 (using (R,R,R)-[Ir*]-1 as the catalyst) 

 

Crystal data for ent-5 (using (R,R,R)-[Ir*]-1 as the catalyst): 16 (C16H16O4S), Mr = 4855.44, T = 

100 K, Monoclinic, space group P1211, a = 5.7878(1), b = 33.2044(6), c = 30.9443(5) Å,  = 90, β 

= 89.996(2),  = 90, V = 5946.89(18) Å3, Z = 1, 7005 unique reflections, final R1 = 0.0733(21057) 

and wR2 = 0.1909(21664) observed [I>2σ(I)] reflections, Flack = -0.009(7). CCDC 2411685 contains 

the supplementary crystallographic data for this paper. These data can be obtained free of charge via 

www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data Centre, 12, 

Union Road, Cambridge CB21EZ, UK; fax: (+44) 1223-336-033; or deposit@ccdc.cam.ac.uk). 
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9. NMR spectra  

 
1H NMR (400 MHz, CDCl3) of 1w 

 
13C NMR (101 MHz, CDCl3) of 1w 
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19F NMR (377 MHz, CDCl3) of 1w  
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1H NMR (400 MHz, CDCl3) of 1A 

 
13C NMR (101 MHz, CDCl3) of 1A 
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1H NMR (400 MHz, CDCl3) of 1B 

 
13C NMR (101 MHz, CDCl3) of 1B 
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1H NMR (400 MHz, CDCl3) of 3a 

 

 

13C NMR (101 MHz, CDCl3) of 3a 
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1H NMR (400 MHz, CDCl3) of 3b 

 

13C NMR (101 MHz, CDCl3) of 3b 
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19F NMR (377 MHz, CDCl3) of 3b 
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1H NMR (400 MHz, CDCl3) of 3c 

 

13C NMR (101 MHz, CDCl3) of 3c
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1H NMR (400 MHz, CDCl3) of 3d

 

13C NMR (101 MHz, CDCl3) of 3d 
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19F NMR (377 MHz, CDCl3) of 3d 
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1H NMR (400 MHz, CDCl3) of 3e 

 

13C NMR (101 MHz, CDCl3) of 3e 
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19F NMR (377 MHz, CDCl3) of 3e 
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1H NMR (400 MHz, CDCl3) of 3f 

 

13C NMR (101 MHz, CDCl3) of 3f 
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1H NMR (400 MHz, CDCl3) of 3g 

 

13C NMR (101 MHz, CDCl3) of 3g 
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1H NMR (400 MHz, CDCl3) of 3h 

 

13C NMR (101 MHz, CDCl3) of 3h 
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1H NMR (400 MHz, CDCl3) of 3i 

 

13C NMR (101 MHz, CDCl3) of 3i 
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1H NMR (400 MHz, CDCl3) of 3j 

 

13C NMR (101 MHz, CDCl3) of 3j 
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1H NMR (400 MHz, CDCl3) of 3k 

 

13C NMR (101 MHz, CDCl3) of 3k 
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1H NMR (400 MHz, CDCl3) of 3l 

 

13C NMR (101 MHz, CDCl3) of 3l 
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1H NMR (400 MHz, CDCl3) of 3m 

 

13C NMR (101 MHz, CDCl3) of 3m 
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1H NMR (400 MHz, CDCl3) of 3n 

 

13C NMR (101 MHz, CDCl3) of 3n 
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1H NMR (400 MHz, CDCl3) of 3o 

 
13C NMR (101 MHz, CDCl3) of 3o  
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1H NMR (400 MHz, CDCl3) of 3p 

 

13C NMR (101 MHz, CDCl3) of 3p  
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1H NMR (400 MHz, CDCl3) of 3q 

 

 
13C NMR (101 MHz, CDCl3) of 3q 
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1H NMR (400 MHz, CDCl3) of 3r 

 

13C NMR (101 MHz, CDCl3) of 3r 
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1H NMR (400 MHz, CDCl3) of 3s 

 

13C NMR (101 MHz, CDCl3) of 3s 
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1H NMR (400 MHz, CDCl3) of 3t 

 

13C NMR (101 MHz, CDCl3) of 3t 
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1H NMR (400 MHz, CDCl3) of 3u 

 
13C NMR (101 MHz, CDCl3) of 3u 
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1H NMR (400 MHz, CDCl3) of 3v 

 

13C NMR (101 MHz, CDCl3) of 3v 



S69 
 

 

1H NMR (400 MHz, CDCl3) of 3w 

 

13C NMR (101 MHz, CDCl3) of 3w
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19F NMR (377 MHz, CDCl3) of 3w 
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1H NMR (400 MHz, CDCl3) of 3x 

 

13C NMR (101 MHz, CDCl3) of 3x 
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19F NMR (377 MHz, CDCl3) of 3x 
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1H NMR (400 MHz, CDCl3) of 3y 

 

13C NMR (101 MHz, CDCl3) of 3y 
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1H NMR (400 MHz, CDCl3) of 3z 

 

13C NMR (101 MHz, CDCl3) of 3z 
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1H NMR (400 MHz, CDCl3) of 3A 

 

13C NMR (101 MHz, CDCl3) of 3A 
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1H NMR (400 MHz, CDCl3) of 3B 

 
13C NMR (101 MHz, CDCl3) of 3B 
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1H NMR (400 MHz, CDCl3) of 3C 

 

13C NMR (101 MHz, CDCl3) of 3C 
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1H NMR (400 MHz, CDCl3) of 4 

 

13C NMR (101 MHz, CDCl3) of 4 



S79 
 

 

1H NMR (400 MHz, CDCl3) of 5

 

13C NMR (101 MHz, CDCl3) of 5 
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1H NMR (400 MHz, CDCl3) of 6 

 

13C NMR (101 MHz, CDCl3) of 6 
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1H NMR (400 MHz, CDCl3) of 8 

 
13C NMR (101 MHz, CDCl3) of 8 
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1H NMR (400 MHz, CDCl3) of 10 

 

13C NMR (101 MHz, CDCl3) of 10 
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1H NMR (400 MHz, CDCl3) of 12 

 

13C NMR (101 MHz, CDCl3) of 12 
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1H NMR (400 MHz, CDCl3) of 3ra 

 

13C NMR (101 MHz, CDCl3) of 3ra 


