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SUPPORTING INFORMATION 

Experimental 

All the alkenes and reagents were purchased from Beijing Bailingwei Science and 

Technology Company (Beijing, China). NMR spectra were obtained on a Bruker 

AV300 or 600 MHz NMR (1H NMR at 300 or 600 MHz, 13C NMR at 75 or 150MHz) 

in CDCl3 using TMS as internal standard. Chemical shifts () are given in ppm and 

coupling constants (J) in Hz. HRMS data were obtained on a Solarix, Autoflex III Mass 

Spectrometer or Q Exactive GC. 

General reaction procedure of alkenes with dimethyl sulfoxide-oxalyl chloride 

To a 50 mL three necked round bottom flask, fitted with a condenser and adapted with 

a CaCl2 valve, dimethylsulfoxide (DMSO 1.7 mL, 24 mmol, 2.4 equivalents) and 

CH2Cl2 (10 mL) were poured. The stirred solution was cooled to 0 °C and then a 

solution of oxalyl chloride (1.0 mL, 12 mmol, 1.2 equivalents) in CH2Cl2 (10 mL) was 

added dropwise from a dropping funnel. After 10 min, a solution of the alkene (10 

mmol, 1.0 equivalent) in CH2Cl2 (10 mL) was added. The reaction mixture was then 

allowed to warm to room temperature and stirred until TLC showed the reaction 

completed. Triethylamine (7.0 mL, 50 mmol, 5.0 equivalents) was added in one portion. 

After stirring for 10 min, the mixture was successively washed with a saturated aqueous 

solution of NH4Cl (30 mL) and brine (2 × 30 mL). The combined organic extracts were 

dried over MgSO4, filtered, and concentrated under reduced pressure. The product was 

purified by chromatography on silica gel. 

1-Methylthio-2-chlorodecane 2a: colorless oil; 1.94 g, 87% yield. 1H NMR (CDCl3) 

δ 0.88 (t, J = 7.2 Hz, 3 H, H-C-10), 1.22~1.46 (m, 11 H, H-C-4~9), 1.55 (m, 1 H, H-

C-4), 1.68 (m, 1 H, H-C-3), 1.97 (m, 1 H, H-C-3), 2.17 (s, 3 H, SCH3), 2.81 (dd, J = 

13.8, 7.8 Hz, 1 H, H-C-1), 2.90 (dd, J = 13.8, 6.0 Hz, 1 H, H-C-1), 4.01 (m, 1 H, H-C-

2); 13C NMR (CDCl3) δ 14.2 (C-10), 16.6 (SCH3), 22.7 (C-9), 26.3 (C-4), 29.2 (C-5), 

29.3 (C-7), 29.5 (C-6), 31.9 (C-8), 36.8 (C-3), 42.6 (C-1), 62.0 (C-2). The 1H NMR 

data were matched with those reported in lit.[1] 

1-Methylthio-2-chloro-3-phenylpropane 2b: colorless oil; 1.80 g, 90% yield. 1H 

NMR (CDCl3) δ 2.19 (s, 3 H, SCH3), 2.85 (dd, J = 13.8, 7.2 Hz, 1 H, H-C-1), 2.89 (dd, 
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J = 13.8, 6.0 Hz, 1 H, H-C-1), 3.01 (dd, J = 14.4, 7.8 Hz, 1 H, H-C-3), 3.33 (dd, J = 

14.4, 4.8 Hz, 1 H, H-C-3), 4.23 (m, 1 H, H-C-2), 7.26 (m, 3 H, H(phenyl)), 7.33 (m, 2 

H, H(phenyl)); 13C NMR (CDCl3) δ 16.7 (SCH3), 41.8 (C-1), 42.9 (C-3), 62.0 (C-2), 

127.0 (C-4(phenyl)), 128.5 (C-2and C-6 (phenyl)), 129.6 (C-3and C-5 (phenyl)), 

137.4 (C-1(phenyl)). The 1H NMR data were matched with those reported in lit.[1] 

1-Methylthio-2-chloro-3,3-dimethylbutane 2c: colorless oil; 1.53 g, 92% yield. 1H 

NMR (CDCl3) δ 0.99 (s, 9 H, CH3-C-3), 2.13 (s, 3 H, SCH3), 2.64 (dd, J = 13.8, 10.5 

Hz, 1 H, H-C-1), 2.93 (dd, J = 13.8, 2.4 Hz, 1 H, H-C-1), 3.77 (dd, J = 10.5, 2.4 Hz, 1 

H, H-C-2); 13C NMR (CDCl3) δ 16.3 (SCH3), 26.5 (CH3-C-3), 36.2 (C-3), 38.8 (C-1), 

73.6 (C-2). The 1H NMR data were matched with those reported in lit.[1] 

1-Cyclohexyl-1-chloro-2-methylthioethane 2d: colorless oil; 1.69 g, 88% yield. 1H 

NMR (CDCl3) δ 1.52-1.92 and 1.20-1.40 (m, 11 H, cyclohexyl), 2.17 (s, 3 H, SCH3), 

2.85 (dd, J = 13.8, 6.9 Hz, 1 H, H-C-2), 2.92 (dd, J = 13.8, 6.9 Hz, 1 H, H-C-2), 3.95 

(td, J = 6.9, 3.9 Hz, 1 H, H-C-1); 13C NMR (CDCl3) δ 16.3 (SCH3), 25.7 (CH2 

(cyclohexyl)), 26.0 (CH2 (cyclohexyl)), 26.1 (CH2 (cyclohexyl)), 26.6 (CH2 

(cyclohexyl)), 30.6 (CH2 (cyclohexyl)), 39.7 (C-2), 41.8 (C-1 (cyclohexyl)), 67.5 (C-

1). The 1H NMR data were matched with those reported in lit.[1] 

1-Chloro-2-methylthio-1-phenylethane 2e: light yellow oil; 1.68 g, 90% yield. 1H 

NMR (CDCl3) δ 1.97 (s, 3 H, SCH3), 3.13 (dd, J = 14.1, 8.7 Hz, 1 H, H-C-2), 3.23 (dd, 

J = 14.1, 6.6 Hz, 1 H, H-C-2), 4.98 (dd, J = 8.7, 6.6 Hz, 1 H, H-C-1), 7.28~7.46 (m, 5 

H, H(phenyl)); 13C NMR (CDCl3) δ 16.0 (SCH3), 43.0 (C-2), 61.8 (C-1), 127.1(C-2and 

C-6 (phenyl)), 127.6 (C-4(phenyl)), 128.4 (C-3and C-5 (phenyl)), 139.8 (C-

1(phenyl)). The 1H NMR data were matched with those reported in lit.[2] 

1-Chloro-2-methylthiocyclohexane 2f: light yellow oil; 1.58 g, 96% yield. 1H NMR 

(CDCl3) δ 1.30-1.85 (m, 6 H, H-C-3~6), 2.17 (s, 3 H, SCH3), 2.20~2.35 (m, 2 H, H-C-

3 and H-C-6), 2.75 (td, J = 7.8, 4.2 Hz, 1 H, H-C-2), 4.01 (td, J = 7.8, 3.9 Hz, 1 H, H-

C-1); 13C NMR (CDCl3) δ 15.0 (SCH3), 23.6 (C-5), 23.9 (C-4), 30.7 (C-3), 34.4 (C-6), 

52.0 (C-2), 63.5 (C-1). The 1H NMR data were matched with those reported in lit.[1] 

1-Chloro-2-methylthiocyclopentane 2g: light yellow oil; 1.37 g, 91% yield. 1H NMR 

(CDCl3) δ 1.45-1.58 and 1.65-2.00 (m, 4 H, H-C-3 and H-C-4), 2.15 (s, 3 H, SCH3), 
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2.22-2.42 (m, 2 H, H-C-5), 3.20 (m, 1 H, H-C-2), 4.23 (m, 1 H, H-C-1); 13C NMR 

(CDCl3) δ 16.4 (SCH3), 22.2 (C-4), 30.6 (C-3), 34.9 (C-5), 54.8 (C-2), 65.5 (C-1). The 

1H NMR data were matched with those reported in lit.[1] 

1-Chloro-2-methylthiocycloheptane 2h: light yellow oil; 1.54 g, 86% yield. 1H NMR 

(CDCl3) δ 1.38-1.82 and 1.86-2.20 (m, 10 H, H-C-3~7), 2.10 (s, 3 H, SCH3), 2.98 (ddd, 

J = 8.7, 5.7, 2.7 Hz, 1 H, H-C-2), 4.25 (td, J = 5.7, 3.3 Hz, 1 H, H-C-1); 13C NMR 

(CDCl3) δ 15.0 (SCH3), 22.2 (C-4), 24.4 (C-6), 27.8 (C-5), 29.8 (C-3), 33.3 (C-7), 55.5 

(C-2), 66.0 (C-1). The 1H NMR data were matched with those reported in lit.[1] 

anti-1,3-Dichloro-2-methylthiohexane 2i and syn-1-methylthio-2,3-dichlorohexane 

2i: light yellow oil; 1.30 g, 65% yield. 1H NMR (CDCl3) δ 0.89 (t, J = 7.2 Hz, 3 H) 

and 0.90 (t, J = 7.5 Hz, 3 H) (partly overlapping, H-C-6 (2i and 2i)), 1.30~1.95 (m, 8 

H, H-C-4 and H-C-5 (2i and 2i)), 2.11 (s, 3 H, SCH3 (2i)), 2.17 (s, 3 H, SCH3 (2i)), 

2.84 (dd, J = 13.8, 6.0 Hz, 1 H, H-C-1 (2i)), 2.95 (td, J = 6.3, 5.1 Hz, 1 H, H-C-2 (2i)), 

3.04 (dd, J = 13.8, 8.4 Hz, 1 H, H-C-1 (2i)), 3.77 (dd, J = 11.7, 6.3 Hz, 1 H, H-C-1 

(2i)), 3.89 (dd, J = 11.7, 5.1 Hz, 1 H, H-C-1 (2i)), 4.06 (ddd, J = 8.4, 6.0, 2.1 Hz, 1 H, 

H-C-2 (2i)), 4.21 (ddd, J = 9.6, 6.3, 3.0 Hz, 1 H, H-C-3 (2i)), 4.37 (ddd, J = 8.7, 4.8, 

2.1 Hz, 1 H, H-C-3 (2i)). 13C NMR (CDCl3) δ 13.36 and 13.41 (C-6 (2i and 2i)), 16.1 

(SCH3 (2i)), 16.3 (SCH3 (2i)), 19.7 and 19.8 (C-5 (2i and 2i)), 36.5 (C-4 (2i)), 37.7 (C-

4) (2i)), 39.2 (C-1 (2i)), 45.6 (C-1 (2i)), 55.7 (C-2 (2i)), 62.7 (C-3 (2i)), 63.2 (C-3 

(2i)), 63.6 (C-2 (2i)). The characteristic 1H NMR signals of 2i in the lower field were 

matched with those reported in lit.[20] HRMS (Autoflex III Mass Spectrometer, EI): 

calcd. for C8H16OS M+ 200.0193, found 200.0196. 

syn-1,3-Dichloro-2-methylthiohexane 2j and anti-1-methylthio-2,3-dichlorohexane 

2j: light yellow oil; 1.36 g, 68% yield. 1H NMR (CDCl3) δ 0.89 (t, J = 7.5 Hz, 3 H, H-

C-6 (2j)) and 0.90 (t, J = 7.2 Hz, 0.75 H, H-C-6 (2j)) (partly overlapping), 1.30~2.05 

(m, 5 H, H-C-4 and H-C-5 (2j and 2j)), 2.14 (s, 0.75 H, SCH3 (2j)), 2.15 (s, 3 H, SCH3 

(2j)), 2.82 (ddd, J = 10.5, 5.1, 2.1 Hz, 0.25 H, H-C-2 (2j)), 2.94 (dd, J = 14.4, 6.6 Hz, 

1 H, H-C-1 (2j)), 3.05 (dd, J = 14.4, 4.8 Hz, 1 H, H-C-1 (2j)), 3.72 (dd, J = 10.5, 5.1 

Hz, 0.25 H, H-C-1 (2j)), 3.84 (dd, J = 10.5 Hz, 0.25 H, H-C-1 (2j)), 4.11 (td, J = 6.6, 

4.8 Hz, 1 H, H-C-2 (2j)), 4.17 (td, J = 6.6, 2.7 Hz, 1 H, H-C-3 (2j)), 4.42 (ddd, J = 9.6, 
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5.5, 2.1 Hz, 0.25 H, H-C-3 (2j)). 13C NMR (CDCl3) δ 13.40 (C-6 (2j)), 13.41 (C-6 (2j)), 

15.6 (SCH3 (2j)), 16.8 (SCH3 (2j)), 19.2 (C-5 (2j)), 20.1 (C-5 (2j)), 36.0 (C-4 (2j)), 

38.2 (C-4) (2j)), 39.7 (C-1 (2j)), 44.7 (C-1 (2j)), 55.7 (C-2 (2j)), 61.8 (C-3 (2j)), 63.9 

(C-3 (2j)), 64.8 (C-2 (2j)). HRMS (Autoflex III Mass Spectrometer, EI): calcd. for 

C8H16OS M+ 200.0193, found 200.0195. 

syn-1-Methylthio-2-chloro-3-hexanol 2k: light yellow oil; 0.60 g, 33% yield. 1H 

NMR (CDCl3) δ 0.89 (t, J = 7.2 Hz, 3 H, H-C-6), 1.30~1.52 (m, 4 H, H-C-4 and H-C-

5), 1.68 (d, J = 9.3 Hz, 1 H, -OH), 2.11 (s, 3 H, SCH3), 2.83 (dd, J = 13.8, 5.7 Hz, 1 H, 

H-C-1), 3.00 (dd, J = 13.8, 8.7 Hz, 1 H, H-C-1), 3.87-3.97 (m, 1 H, H-C-3) and 3.97 

(ddd, J = 8.7, 5.7, 2.1 Hz, 1 H, H-C-2) (partly overlapping). 13C NMR (CDCl3) δ 13.9 

(C-6), 16.4 (SCH3), 18.9 (C-5), 37.2 (C-4), 38.6 (C-1), 65.9 (C-2), 70.7 (C-3). HRMS 

(Solarix Mass Spectrometer, ESI): calcd. for C7H15ClNaOS [M + Na]+ 205.0424, found 

205.0423. 

anti-1-Methylthio-2-chloro-3-hexanol 2k: light yellow oil; 0.75 g, 41% yield. 1H 

NMR (CDCl3) δ 0.89 (t, J = 7.2 Hz, 3 H, H-C-6), 1.40~1.60 (m, 4 H, H-C-4 and H-C-

5), 2.12 (s, 3 H, SCH3), 2.83 (dd, J = 14.1, 7.2 Hz, 1 H, H-C-1), 2.89 (dd, J = 14.1, 6.0 

Hz, 1 H, H-C-1), 3.81-3.91 (m, 1 H, H-C-3), 4.08 (ddd, J = 7.2, 6.0, 4.2 Hz, 1 H, H-C-

2). 13C NMR (CDCl3) δ 13.9 (C-6), 16.4 (SCH3), 18.9 (C-5), 34.4 (C-4), 37.8 (C-1), 

66.3 (C-2), 73.4 (C-3). HRMS (Solarix Mass Spectrometer, ESI): calcd. for 

C7H15ClNaOS [M + Na]+ 205.0424, found 205.0424. 

2-Methylthio-3-chloropropyl trans-2-butenoate 2l: light yellow oil; 1.66 g, 80% 

yield. 1H NMR (CDCl3) δ 1.82 (dd, J = 6.9, 1.8 Hz, 3 H, H-C-4), 2.13 (s, 3 H, SCH3), 

3.01 (m, 1 H, H-C-2), 3.66 (dd, J = 11.1, 7.5 Hz, 1 H, H-C-3), 3.72 (dd, J = 11.1, 5.1 

Hz, 1 H, H-C-3), 4.28 (dd, J = 11.7, 6.0 Hz, 1 H, H-C-1), 4.38 (dd, J = 11.7, 5.1 Hz, 

1 H, H-C-1), 5.79 (dq, J = 15.3, 1.8 Hz, 1 H, H-C-2), 6.94 (dq, J = 15.3, 6.9 Hz, 1 H, 

H-C-3). 13C NMR (CDCl3) δ 14.6 (SCH3), 18.0 (C-4), 44.2 (C-3), 47.3 (C-2), 62.9 (C-

1), 122.1 (C-3), 145.6 (C-2), 165.9 (C-1(C=O)). HRMS (Solarix Mass Spectrometer, 

ESI): calcd. for C8H13ClNaO2S [M + Na]+ 231.0217, found 231.0218. 

1-Hydoxy-2-methylthio-1-phenylethane 3a: colorless oil; 1.46 g, 87% yield. 1H 

NMR (CDCl3) δ 2.13 (s, 3 H, SCH3), 2.73 (dd, J = 13.8, 9.6 Hz, 1 H, H-C-2), 2.87 (dd, 
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J = 13.8, 3.6 Hz, 1 H, H-C-2), 2.97 (br, 1 H, OH), 4.77 (dd, J = 9.6, 3.6 Hz, 1 H, H-C-

1), 7.28~7.40 (m, 5 H, H(phenyl)); 13C NMR (CDCl3) δ 15.4 (SCH3), 44.1 (C-2), 71.1 

(C-1), 125.8 (C-2and C-6 (phenyl)), 127.8 (C-4(phenyl)), 128.5 (C-3and C-5 

(phenyl)), 142.4 (C-1(phenyl)). The 1H NMR data were matched with those reported 

in lit.[3] 

1-Hydroxy-2-methylthiocyclohexane 3b: colorless oil; 1.36 g, 93% yield. 1H NMR 

(CDCl3) δ 1.20~1.58 (m, 4 H, H-C-4 and H-C-5), 1.65~1.82 (m, 2 H, H-C-3 and H-C-

6), 2.00~2.22 (m, 2 H, H-C-3 and H-C-6), 2.07 (s, 3 H, SCH3), 2.34 (ddd, J = 12.0, 

9.9, 3.9 Hz, 1 H, H-C-2), 2.98 (br, 1 H, OH), 3.34 (td, J = 9.9, 4.5 Hz, 1 H, H-C-1); 13C 

NMR (CDCl3) δ 11.3 (SCH3), 24.5 (C-5), 26.2 (C-4), 31.5 (C-3), 33.8 (C-6), 53.2 (C-

2), 71.0 (C-1). The 1H NMR data were matched with those reported in lit.[4] 

1-Hydroxy-2-methylthiocycloheptane 3c: light yellow oil; 1.30 g, 81% yield. 1H 

NMR (CDCl3) δ 1.38-1.85 and 1.90-2.10 (m, 10 H, H-C-3~7), 2.07 (s, 3 H, SCH3), 2.46 

(td, J = 9.3, 3.0 Hz, 1 H, H-C-2), 2.60-2.87 (br, 1 H, OH), 3.47 (ddd, J = 9.3, 8.1, 3.6 

Hz, 1 H, H-C-1); 13C NMR (CDCl3) δ 11.9 (SCH3), 21.8 (C-6), 25.9 (C-4), 27.3 (C-5), 

31.0 (C-3), 33.6 (C-7), 55.9 (C-2), 73.6 (C-1). HRMS (Q Exactive GC, EI): calcd. for 

C8H16OS M+ 160.0916, found 160.0917. 

1-Acetoxy-2-methylthiocyclohexane 4 

The mixture of 1-hydroxy-2-methylthiocyclohexane 3b (0.7 g, 4.8 mmol), acetic 

anhydride (1.0 g, 9.6 mmol) in pyridine (15 mL) was stirred for 3 h at room temperature. 

Then the solution was poured into diluted HCl and extracted with CH2Cl2 (3  20 mL). 

The combined organic extracts were dried with anhydrous MgSO4, filtered and 

concentrated. Purification by column chromatography on silica gel (petroleum/EtOAc, 

15: 1) gave 1-acetoxy-2-methylthiocyclohexane 4 (0.87 g, 96%) as a colorless oil. 1H 

NMR (CDCl3) δ 1.15~1.56 (m, 4 H, H-C-4 and H-C-5), 1.60~1.80 (m, 2 H, H-C-3 and 

H-C-6), 1.96~2.14 (m, 2 H, H-C-3 and H-C-6), 2.07 (s, 3 H, CH3(Ac)), 2.09 (s, 3 H, 

SCH3), 2.55 (ddd, J = 10.5, 9.3, 3.9 Hz, 1 H, H-C-2), 4.73 (td, J = 9.3, 4.5 Hz, 1 H, H-

C-1); 13C NMR (CDCl3) δ 13.4 (SCH3), 21.3 (CH3(Ac)), 23.7 (C-5), 25.1 (C-4), 31.1 

(C-3), 31.3 (C-6), 48.4 (C-2), 74.4 (C-1), 170.4 (C=O). The 1H NMR data were matched 

with those reported in lit.[5] 
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Meas. m/z # Ion Formula Score m/z err [ppm] Mean err [ppm] mSigma rdb e¯ Conf N-Rule
205.042352 1 C7H15ClNaOS 100.00 205.042434 -0.4 0.2 29.0 -0.5 even ok
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S-M-24-26 solariXInstrumentSample Name

Acquisition Parameter
Acquired ScansSingle MS Acquisition Mode 10 Mon Nov 19 10:49:01

2018 
Calibration Date

Positive Polarity
57.7 m/zBroadband Low Mass

Broadband High Mass 400.0 m/z

Meas. m/z # Ion Formula Score m/z err [ppm] Mean err [ppm] mSigma rdb e¯ Conf N-Rule
169.065713 1 C7H14NaOS 100.00 169.065757 -0.3 0.4 6.4 0.5 even ok
201.091918 1 C8H18NaO2S 100.00 201.091972 0.3 0.5 6.6 -0.5 even ok
205.042383 1 C7H15ClNaOS 100.00 205.042434 -0.3 0.0 16.0 -0.5 even ok
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ESI(P),R-M-4-6,20181128
Analysis Info Acquisition Date 11/28/2018 2:51:02 PM
Analysis Name D:\Data\ESI\2018\2018-11\1128\R-M-4-6_000001.d

R-M-4-6 solariXInstrumentSample Name

Acquisition Parameter
Acquired ScansSingle MS Acquisition Mode 10 Wed Nov 14 09:46:54

2018 
Calibration Date

Positive Polarity
57.7 m/zBroadband Low Mass

Broadband High Mass 400.0 m/z

Meas. m/z # Ion Formula Score m/z err [ppm] Mean err [ppm] mSigma rdb e¯ Conf N-Rule
231.021833 1 C8H13ClNaO2S 100.00 231.021699 0.6 -0.7 42.3 1.5 even ok
277.009468 1 C9H15ClNaO2S2 100.00 277.009420 0.2 -0.2 14.4 1.5 even ok
312.986110 1 C9H16Cl2NaO2S2 100.00 312.986098 0.0 -0.1 25.0 0.5 even ok
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D:\Data\201811\FTMS-18100352 11/02/18 22:19:19 P-M 

FTMS-18100352 #1405 RT: 5.66 AV: 1 NL: 7.10E9
T: FTMS + p EI Full ms [50.0000-550.0000]
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FTMS-18100352 #1405 RT: 5.66 AV: 1 NL: 1.28E7
T: FTMS + p EI Full ms [50.0000-550.0000]
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C 8 H 16 O S = 160.09164
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