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1.  General Information 

  All reactions were carried out under an atmosphere of air using oven-dried 

glassware and standard syringe/septa techniques. Petroleum ether refers to the 

petroleum fraction bp 40~60 °C. Commercial reagents were used without purification 

unless otherwise noted. Flash chromatography was performed using the indicated 

solvent system on silica gel standard grade 60 (230400 mesh). 1H NMR spectra were 

recorded on a 400 MHz spectrometer. 13C NMR spectra were recorded on a 100 MHz 

spectrometer. 31P NMR spectra were recorded on a 162 MHz spectrometer. 19F NMR 

spectra were recorded on a 376 MHz spectrometer. Chemical shifts are reported 

relative to CDCl3 (δ 7.26 ppm) for 1H NMR and CDCl3 (δ 77.00 ppm) for 13C NMR. 

High-resolution mass spectra (HRMS) were recorded on ESI-TOF. Melting points 

(mp) were uncorrected and measured on micro melting point apparatus. 
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2.  General Procedure for the Cross-Coupling Reactions 

 

To a solution of triethyl phosphite 1a (66 mg, 0.40 mmol) and p-toluenethiol 2a 

(114 mg, 0.92 mmol) in CH3CN (2 mL) was added K2CO3 (55 mg, 0.40 mmol). The 

mixture was stirred at room temperature under air atmosphere for 5 h. After removal 

of the solvent, the residue was then purified by flash column chromatography on silica 

gel with petroleum ether/ethyl acetate (4:1, v/v) to give the desired product 3aa (96 

mg, 92%) as a colorless oil. 
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3.  Characterizations of Compounds 3 

 

The known compounds 3aa–3au, 3aw, 3ax, 3ba, 3bg, 3ca, 3cg, 3da, 3dg, and 3ga 

showed characterization data in full agreement with previously reported data. 

 

O,O-Diethyl S-(p-tolyl) phosphorothioate (3aa)1 

 

Colorless oil (96 mg, 92%): 1H NMR (400 MHz, CDCl3) δ 7.43 (dd, J = 8.2, 1.9 Hz, 

2H), 7.14 (d, J = 8.0 Hz, 2H), 4.25–4.10 (m, 4H), 2.33 (d, J = 1.7 Hz, 3H), 1.30 (t, J = 

7.1 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 139.4 (d, J = 3.1 Hz), 134.7 (d, J = 5.1 

Hz), 130.3 (d, J = 2.4 Hz), 122.9 (d, J = 7.3 Hz), 64.1 (d, J = 6.2 Hz), 21.3 (d, J = 0.8 

Hz), 16.1 (d, J = 7.2 Hz). 31P NMR (162 MHz, CDCl3) δ 23.4. 

 
O,O-Diethyl S-(4-methoxyphenyl) phosphorothioate (3ab)1 

 

Colorless oil (77 mg, 70%): 1H NMR (400 MHz, CDCl3) δ 7.46 (dd, J = 8.8, 2.1 Hz, 

2H), 6.86 (d, J = 8.8 Hz, 2H), 4.24–4.08 (m, 2H), 3.79 (s, 3H), 1.30 (t, J = 7.1 Hz, 

6H). 13C NMR (100 MHz, CDCl3) δ 160.6 (d, J = 2.9 Hz), 136.5 (d, J = 4.8 Hz), 

116.8 (d, J = 7.4 Hz), 115.1 (d, J = 2.4 Hz), 64.1 (d, J = 6.3 Hz), 55.5, 16.2 (d, J = 7.2 

Hz). 31P NMR (162 MHz, CDCl3) δ 23.6. 

 
O,O-Diethyl S-(4-ethylphenyl) phosphorothioate (3ac)2 

 

Colorless oil (71 mg, 65%): 1H NMR (400 MHz, CDCl3) δ 7.45 (dd, J = 8.2, 2.0 Hz, 

2H), 7.16 (d, J = 8.1 Hz, 2H), 4.25–4.12 (m, 2H), 2.63 (q, J = 7.4 Hz, 1H), 1.30 (t, J = 
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7.1 Hz, 6H), 1.21 (t, J = 7.6 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 145.6 (d, J = 3.1 

Hz), 134.8 (d, J = 5.1 Hz), 129.1 (d, J = 2.4 Hz), 123.1 (d, J = 7.3 Hz), 64.1 (d, J = 

6.2 Hz), 28.6, 16.10 (d, J = 7.2 Hz), 15.4 (d, J = 1.0 Hz). 31P NMR (162 MHz, CDCl3) 

δ 23.4. 

 
O,O-Diethyl S-(4-isopropylphenyl) phosphorothioate (3ad)3 

 

Colorless oil (106 mg, 92%): 1H NMR (400 MHz, CDCl3) δ 7.46 (dd, J = 8.3, 2.0 Hz, 

2H), 7.19 (d, J = 8.2 Hz, 2H), 4.25–4.11 (m, 2H), 2.94–2.83 (m, 1H), 1.30 (t, J = 7.1 

Hz, 6H), 1.22 (d, J = 6.9 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 150.2 (d, J = 3.1 

Hz), 134.8 (d, J = 5.1 Hz), 127.7 (d, J = 2.3 Hz), 123.2 (d, J = 7.2 Hz), 64.1 (d, J = 

6.2 Hz), 33.9, 23.9, 16.1 (d, J = 7.2 Hz). 31P NMR (162 MHz, CDCl3) δ 23.4. 

 

S-(4-(tert-Butyl)phenyl) O,O-diethyl phosphorothioate (3ae)4 

 

Colorless oil (94 mg, 78%): 1H NMR (400 MHz, CDCl3) δ 7.47 (dd, J = 8.5, 2.0 Hz, 

2H), 7.35 (d, J = 8.5 Hz, 2H), 4.26–4.11 (m, 4H), 1.30 (t, J = 7.1 Hz, 9H), 1.29 (s, 

6H).13C NMR (100 MHz, CDCl3) δ 152.4 (d, J = 3.1 Hz), 134.3 (d, J = 5.1 Hz), 126.5 

(d, J = 2.3 Hz), 122.9 (d, J = 7.2 Hz), 64.0 (d, J = 6.2 Hz), 34.7, 31.2, 15.9. 31P NMR 

(162 MHz, CDCl3) δ 23.4. 

 
S-(4-Bromophenyl) O,O-diethyl phosphorothioate (3af)1 

P

O

SEtO

OEt

Br

3af  

Colorless oil (65 mg, 50%): 1H NMR (400 MHz, CDCl3) δ 7.47 (d, J = 8.7 Hz, 2H), 

7.43 (dd, J = 8.6, 1.9 Hz, 2H), 4.26–3.0 (m, 4H), 1.31 (t, J = 7.1 Hz, 6H). 13C NMR 

(100 MHz, CDCl3) δ 136.1 (d, J = 5.2 Hz), 132.6 (d, J = 2.2 Hz), 126.0 (d, J = 7.2 
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Hz), 123.8 (d, J = 3.6 Hz), 64.4 (d, J = 6.4 Hz), 16.2 (d, J = 7.1 Hz). 31P NMR (162 

MHz, CDCl3) δ 21.9. 

 
S-(4-Chlorophenyl) O,O-diethyl phosphorothioate (3ag)1 

 

Colorless oil (101 mg, 90%): 1H NMR (400 MHz, CDCl3) δ 7.49 (dd, J = 8.5, 1.9 Hz, 

2H), 7.31 (d, J = 8.5 Hz, 2H), 4.26–4.10 (m, 2H), 1.31 (t, J = 7.1 Hz, 6H). 13C NMR 

(100 MHz, CDCl3) δ 135.9 (d, J = 5.2 Hz), 135.6 (d, J = 3.4 Hz), 129.7 (d, J = 2.2 

Hz), 125.3 (d, J = 7.2 Hz), 64.4 (d, J = 6.4 Hz), 16.1 (d, J = 7.1 Hz). 31P NMR (162 

MHz, CDCl3) δ 22.2. 

 
O,O-Diethyl S-(4-fluorophenyl) phosphorothioate (3ah)1 

 

Colorless oil (99 mg, 94%): 1H NMR (400 MHz, CDCl3) δ 7.56–7.52 (m, 2H), 

7.06–7.02 (m, 2H), 4.25–4.09 (m, 4H), 1.30 (td, J = 7.1, 0.7 Hz, 6H). 13C NMR (100 

MHz, CDCl3) δ 163.5 (dd, JC-F = 250 Hz, JC-P = 3.2 Hz), 136.8 (dd, JC-F = 8.5 Hz, JC-P 

= 5.0 Hz), 121.9 (dd, JC-F = 7.3 Hz, JC-P = 3.4 Hz), 116.7 (dd, JC-F = 22.2 Hz, JC-P = 

2.4 Hz), 64.3 (d, JC-P = 6.4 Hz), 16.2 (d, JC-P = 7.1 Hz). 31P NMR (162 MHz, CDCl3) 

δ 22.7 (d, J = 5.2 Hz). 19F NMR (376 MHz, CDCl3) δ -111.6 (d, J = 5.3 Hz). 

 

O,O-Diethyl S-(4-(trifluoromethyl)phenyl) phosphorothioate (3ai)5 

 

Colorless oil (79 mg, 63%): 1H NMR (400 MHz, CDCl3) δ 7.70 (d, J = 7.9 Hz, 2H), 

7.60 (d, J = 8.2 Hz, 2H), 4.29–4.13 (m, 4H), 1.32 (t, J = 7.0 Hz, 6H). 13C NMR (100 

MHz, CDCl3) δ 134.4 (d, JC-P = 5.6 Hz), 132.1 (d, JC-P = 7.8 Hz), 131.1 (dd, JC-F = 

32.4 Hz, JC-P = 2.8 Hz), 126.3 (dd, JC-F = 3.7 Hz, JC-P = 1.8 Hz), 123.9 (d, JC-F = 274 
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Hz), 64.6 (d, J = 6.3 Hz), 16.2 (d, J = 7.0 Hz). 31P NMR (162 MHz, CDCl3) δ 21.3. 

19F NMR (376 MHz, CDCl3) δ -62.9 (d, J = 1.3 Hz). 

 

O,O-Diethyl S-(4-nitrophenyl) phosphorothioate (3aj)6 

 

Colorless oil (99 mg, 85%): 1H NMR (400 MHz, CDCl3) δ 8.18 (d, J = 8.7 Hz, 2H), 

7.75 (d, J = 8.0 Hz, 2H), 4.30–4.14 (m, 4H), 1.33 (t, J = 7.1 Hz, 6H). 13C NMR (100 

MHz, CDCl3) δ 147.9 (d, J = 2.2 Hz), 136.4 (d, J = 6.6 Hz), 134.2 (d, J = 6.0 Hz), 

124.2 (d, J = 1.3 Hz), 64.9 (d, J = 6.4 Hz), 16.1 (d, J = 7.0 Hz). 31P NMR (162 MHz, 

CDCl3) δ 20.1. 

 
S-(4-Aminophenyl) O,O-diethyl phosphorothioate (3ak)1 

 

Colorless oil (52 mg, 50%): 1H NMR (400 MHz, CDCl3) δ 7.30 (dd, J = 8.5, 1.9 Hz, 

2H), 6.63 (d, J = 8.4 Hz, 2H), 4.21–4.11 (m, 4H), 3.23 (s, 2H), 1.30 (t, J = 7.1 Hz, 

6H). 13C NMR (100 MHz, CDCl3) δ 147.5 (d, J = 2.7 Hz), 136.4 (d, J = 4.6 Hz), 

115.8 (d, J = 2.4 Hz), 113.1 (d, J = 7.5 Hz), 63.9 (d, J = 6.3 Hz), 16.1 (d, J = 7.1 Hz). 

31P NMR (162 MHz, CDCl3) δ 24.1. 

 
O,O-Diethyl S-(m-tolyl) phosphorothioate (3al)2 

P

O

SEtO

OEt

3al

Me

 

Colorless oil (74 mg, 71%): 1H NMR (400 MHz, CDCl3) δ 7.36 (d, J = 10.0 Hz, 2H), 

7.22 (t, J = 7.6 Hz, 1H), 7.15 (d, J = 7.5 Hz, 1H), 4.24–4.12 (m, 4H), 2.34 (s, 3H), 

1.30 (t, J = 7.1 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 139.3 (d, J = 2.3 Hz), 135.3 

(d, J = 5.3 Hz), 131.7 (d, J = 5.2 Hz), 129.9 (d, J = 2.9 Hz), 129.2 (d, J = 2.3 Hz), 
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126.3 (d, J = 7.2 Hz), 64.2 (d, J = 6.2 Hz), 21.4, 16.1 (d, J = 7.3 Hz). 31P NMR (162 

MHz, CDCl3) δ 23.1. 

 
O,O-Diethyl S-(3-methoxyphenyl) phosphorothioate (3am)1 

P

O

SEtO

OEt

3am

OMe

 

Colorless oil (88 mg, 80%): 1H NMR (400 MHz, CDCl3) δ 7.26 (t, J = 8.0 Hz, 1H), 

7.13 (d, J = 4.0 Hz, 2H), 6.91 (d, J = 8.3 Hz, 1H), 4.28–4.13 (m, 4H), 3.81 (s, 3H), 

1.32 (t, J = 7.1 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 160.0 (d, J = 2.1 Hz), 130.1 

(d, J = 2.2 Hz), 127.6 (d, J = 7.1 Hz), 126.7 (d, J = 5.5 Hz), 119.8 (d, J = 5.2 Hz), 

115.2 (d, J = 2.8 Hz), 64.2 (d, J = 6.2 Hz), 55.5, 16.1 (d, J = 7.2 Hz). 31P NMR (162 

MHz, CDCl3) δ 22.9. 

 
S-(3-Bromophenyl) O,O-diethyl phosphorothioate (3an)2 

P

O

SEtO

OEt

3an

Br

 

Colorless oil (67 mg, 52%): 1H NMR (400 MHz, CDCl3) δ 7.72 (d, J = 1.8 Hz, 1H), 

7.50 (t, J = 8.0 Hz, 2H), 7.22 (t, J = 7.9 Hz, 1H), 4.25–4.12 (m, 4H), 1.32 (t, J = 7.0 

Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 137.1 (d, J = 5.4 Hz), 133.1 (d, J = 5.2 Hz), 

132.3 (d, J = 2.7 Hz), 130.7 (d, J = 2.2 Hz), 128.9 (d, J = 7.1 Hz), 122.9 (d, J = 2.6 

Hz), 64.5 (d, J = 6.3 Hz), 16.1 (d, J = 7.1 Hz). 31P NMR (162 MHz, CDCl3) δ 21.9. 

 
S-(3-Chlorophenyl) O,O-diethyl phosphorothioate (3ao)2 

P

O

SEtO

OEt

3ao

Cl

 

Colorless oil (45 mg, 40%): 1H NMR (400 MHz, CDCl3) δ 7.56 (d, J = 1.8 Hz, 1H), 

7.46 (dd, J = 7.6, 1.3 Hz, 1H), 7.33 (dd, J = 8.1, 1.3 Hz, 1H), 7.27 (t, J = 7.8 Hz, 1H), 
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4.25–4.14 (m, 4H), 1.32 (t, J = 7.1 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 134.9 (d, 

J = 2.4 Hz), 134.3 (d, J = 5.4 Hz), 132.7 (d, J = 5.3 Hz), 130.4 (d, J = 2.2 Hz), 129.4 

(d, J = 2.8 Hz), 128.7 (d, J = 7.1 Hz), 64.5 (d, J = 6.3 Hz), 16.1 (d, J = 7.2 Hz). 31P 

NMR (162 MHz, CDCl3) δ 21.9. 

 
O,O-Diethyl S-(3-fluorophenyl) phosphorothioate (3ap)2 

P

O

SEtO

OEt

3ap

F

 

Colorless oil (98 mg, 93%): 1H NMR (400 MHz, CDCl3) δ 7.32 (m, 3H), 7.07 (m, 

1H), 4.28–4.12 (m, 4H), 1.32 (t, J = 7.1 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 

162.6 (dd, JC-F = 250 Hz, JC-P = 2.2 Hz), 130.6 (dd, JC-F = 8.3 Hz, JC-P = 2.1 Hz), 

130.2 (dd, JC-F = 5.6 Hz, JC-P = 3.2 Hz), 128.8 (dd, JC-F = 8.0 Hz, JC-P = 7.3 Hz), 121.4 

(dd, JC-F = 22.9 Hz, JC-P = 5.3 Hz), 116.3 (dd, JC-F = 21.0 Hz, JC-P = 2.7 Hz), 64.4 (d, 

JC-P = 6.3 Hz), 16.1 (d, JC-P = 7.1 Hz). 31P NMR (162 MHz, CDCl3) δ 21.9. 19F NMR 

(376 MHz, CDCl3) δ -111.2 (d, J = 1.5 Hz). 

 
O,O-Diethyl S-(3-(trifluoromethyl)phenyl) phosphorothioate (3aq)5 

P

O

SEtO

OEt

3aq

CF3

 

Colorless oil (60 mg, 48%): 1H NMR (400 MHz, CDCl3) δ 7.83 (s, 1H), 7.78 (d, J = 

7.8 Hz, 1H), 7.62 (d, J = 7.7 Hz, 1H), 7.48 (dd, J = 8.0, 7.6 Hz, 1H), 4.28–4.13 (m, 

4H), 1.32 (t, J = 7.1 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 137.9 (d, JC-P = 5.8 Hz), 

131.9 (dd, JC-F = 32.7 Hz, JC-P = 2.1 Hz), 131.4 (dd, JC-F = 5.3 Hz, JC-P = 3.8 Hz), 

129.9 (d, JC-P = 2.1 Hz), 128.5 (d, JC-P = 7.1 Hz), 125.9 (dd, JC-F = 6.8 Hz, JC-P = 3.3 

Hz), 123.6 (d, JC-F = 273 Hz), 64.6 (d, JC-P = 6.4 Hz), 16.1 (d, JC-P = 7.2 Hz). 31P 

NMR (162 MHz, CDCl3) δ 21.6. 19F NMR (376 MHz, CDCl3) δ -62.8. 
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S-(3-Aminophenyl) O,O-diethyl phosphorothioate (3ar)5 

 

Brown solid (70 mg, 67%): mp 155–157 oC. 1H NMR (400 MHz, CDCl3) δ 7.09 (t, J 

= 7.8 Hz, 1H), 6.91 (d, J = 8.3 Hz, 2H), 6.64 (d, J = 8.8 Hz, 1H), 4.19–4.16 (m, 4H), 

3.14 (s, 2H), 1.30 (t, J = 7.1 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 147.4 (d, J = 2.0 

Hz), 130.1 (d, J = 2.1 Hz), 127.1 (d, J = 7.0 Hz), 124.3 (d, J = 5.6 Hz), 120.6 (d, J = 

5.3 Hz), 115.8 (d, J = 2.8 Hz), 64.2 (d, J = 6.3 Hz), 16.1 (d, J = 7.2 Hz). 31P NMR 

(162 MHz, CDCl3) δ 23.2. 

 
O,O-Diethyl S-(o-tolyl) phosphorothioate (3as)5 

P

O

SEtO

OEt

3as

Me

 

Colorless oil (80 mg, 77%): 1H NMR (400 MHz, CDCl3) δ 7.62 (d, J = 7.1 Hz, 1H), 

7.29–7.26 (m, 2H), 7.22–7.13 (m, 1H), 4.25–4.08 (m, 4H), 2.53 (d, J = 1.0 Hz, 3H), 

1.30 (t, J = 7.1 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 142.4 (d, J = 5.6 Hz), 136.3 

(d, J = 4.2 Hz), 130.9 (d, J = 2.6 Hz), 129.6 (d, J = 3.0 Hz), 126.9 (d, J = 2.7 Hz), 

125.9 (d, J = 7.4 Hz), 64.3 (d, J = 6.7 Hz), 21.5, 16.2 (d, J = 7.1 Hz). 31P NMR (162 

MHz, CDCl3) δ 23.1 . 

 
O,O-Diethyl S-(2-fluorophenyl) phosphorothioate (3at)5 

P

O

SEtO

OEt

3at

F

 

Colorless oil (63 mg, 60%): 1H NMR (400 MHz, CDCl3) δ 7.64–7.59 (m, 1H), 

7.41–7.34 (m, 1H), 7.13 (dd, J = 14.2, 7.6 Hz, 2H), 4.30–4.16 (m, 4H), 1.32 (t, J = 7.1 

Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 162.7 (dd, JC-F = 249 Hz, JC-P = 5.4 Hz), 

137.5 (d, JC-P = 4.2 Hz), 131.6 (dd, JC-F = 8.0 Hz, JC-P = 3.0 Hz), 124.9 (dd, JC-F = 3.8 
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Hz, JC-P = 2.7 Hz), 116.3 (dd, JC-F = 22.9 Hz, JC-P = 2.5 Hz), 113.8 (dd, JC-F = 18.4 Hz, 

JC-P = 7.4 Hz), 64.3 (d, JC-P = 6.0 Hz), 15.9 (d, JC-P = 7.5 Hz). 31P NMR (162 MHz, 

CDCl3) δ 21.4 (d, J = 3.7 Hz). 19F NMR (376 MHz, CDCl3) δ -106.2 (d, J = 3.9 Hz). 

 
S-(2,6-Dimethylphenyl) O,O-diethyl phosphorothioate (3au)2 

P

O

SEtO

OEt

3au

Me

Me

 

Colorless oil (98 mg, 89%): 1H NMR (400 MHz, CDCl3) δ 7.18–7.10 (m, 3H), 

4.14–3.09 (m, 4H), 2.58 (d, J = 1.2 Hz, 6H), 1.27 (t, J = 7.1 Hz, 6H). 13C NMR (100 

MHz, CDCl3) δ 144.4 (d, J = 4.7 Hz), 129.5 (d, J = 3.7 Hz), 128.6 (d, J = 3.3 Hz), 

124.9 (d, J = 8.0 Hz), 64.3 (d, J = 7.4 Hz), 22.7 (d, J = 1.2 Hz), 16.2 (d, J = 6.9 Hz). 

31P NMR (162 MHz, CDCl3) δ 23.2. 

 
S-(3,4-Dimethylphenyl) O,O-diethyl phosphorothioate (3av) 

P

O

SEtO

OEt

3av

Me

Me

 

Colorless oil (95 mg, 87%): 1H NMR (400 MHz, CDCl3) δ 7.32–7.27 (m, 2H), 7.09 (d, 

J = 7.8 Hz, 1H), 4.26–4.11 (m, 4H), 2.24 (s, 6H), 1.31 (t, J = 7.1 Hz, 6H). 13C NMR 

(100 MHz, CDCl3) δ 138.1 (d, J = 3.2 Hz), 137.9 (d, J = 2.4 Hz), 135.9 (d, J = 5.0 

Hz), 132.3 (d, J = 5.1 Hz), 130.7 (d, J = 2.4 Hz), 122.9 (d, J = 7.3 Hz), 64.1 (d, J = 

6.2 Hz), 19.8, 19.6, 16.1 (d, J = 7.3 Hz). 31P NMR (162 MHz, CDCl3) δ 23.6. HRMS 

(ESI) m/z: [M + H]+ calcd for C12H20O3PS 275.0865, found 275.0866. 
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O,O-Diethyl S-(naphthalen-2-yl) phosphorothioate (3aw)1 

 

Colorless oil (65 mg, 55%): 1H NMR (400 MHz, CDCl3) δ 8.09 (s, 1H), 7.84–7.79 (m, 

3H), 7.61 (d, J = 8.6 Hz, 1H), 7.51 (dd, J = 6.3, 3.2 Hz, 2H), 4.29–4.14 (m, 4H), 1.31 

(t, J = 7.1 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 134.5 (d, J = 6.8 Hz), 133.7 (d, J = 

2.3 Hz), 133.2 (d, J = 2.0 Hz), 131.1 (d, J = 4.1 Hz), 129.1 (d, J = 1.6 Hz), 127.9 (dd, 

J = 3.5, 1.1 Hz), 127.2 (d, J = 1.0 Hz), 126.9 (d, J = 0.7 Hz), 123.9 (d, J = 7.4 Hz), 

64.3 (d, J = 6.3 Hz), 16.2 (d, J = 7.1 Hz). 31P NMR (162 MHz, CDCl3) δ 22.9. 

 

O,O-Diethyl S-(thiophen-2-yl) phosphorothioate (3ax)3 

 

Colorless oil (65 mg, 64%): 1H NMR (400 MHz, CDCl3) δ 7.43–7.41 (m, 1H), 7.23 

(dd, J = 3.3, 2.6 Hz, 1H), 7.02 (dd, J = 5.1, 3.8 Hz, 1H), 4.29–4.15 (m, 4H), 1.34 (t, J 

= 7.0 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 136.2 (d, J = 6.6 Hz), 131.2 (d, J = 4.2 

Hz), 127.9 (d, J = 3.4 Hz), 123.3 (d, J = 8.9 Hz), 64.5 (d, J = 6.0 Hz), 16.1 (d, J = 7.3 

Hz). 31P NMR (162 MHz, CDCl3) δ 20.8. 

 
O,O-Dimethyl S-(p-tolyl) phosphorothioate (3ba)7 

 

Colorless oil (37 mg, 40%): 1H NMR (400 MHz, CDCl3) δ 7.43 (dd, J = 8.2, 2.0 Hz, 

2H), 7.16 (d, J = 7.9 Hz, 2H), 3.81 (d, J = 12.6 Hz, 6H), 2.35 (d, J = 1.7 Hz, 3H). 13C 

NMR (100 MHz, CDCl3) δ 139.7 (d, J = 3.2 Hz), 134.8 (d, J = 5.0 Hz), 130.4 (d, J = 

2.5 Hz), 122.4 (d, J = 7.5 Hz), 54.4 (d, J = 6.0 Hz), 21.3. 31P NMR (162 MHz, CDCl3) 

δ 26.7. 
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S-(4-Chlorophenyl) O,O-dimethyl phosphorothioate (3bg)8 

 

Colorless oil (15 mg, 15%): 1H NMR (400 MHz, CDCl3) δ 7.50 (dd, J = 8.5, 2.0 Hz, 

2H), 7.33 (d, J = 8.4 Hz, 2H), 3.82 (d, J = 12.6 Hz, 6H). 13C NMR (100 MHz, CDCl3) 

δ 136.0 (d, J = 5.2 Hz), 135.9 (d, J = 3.5 Hz), 129.9 (d, J = 2.3 Hz), 124.7 (d, J = 7.4 

Hz), 54.5 (d, J = 6.2 Hz). 31P NMR (162 MHz, CDCl3) δ 25.5. 

 
O,O-Diisopropyl S-(p-tolyl) phosphorothioate (3ca)7 

 

Colorless oil (105 mg, 91%): 1H NMR (400 MHz, CDCl3) δ 7.46 (dd, J = 8.2, 1.8 Hz, 

2H), 7.12 (d, J = 8.0 Hz, 2H), 4.80–4.67 (m, 2H), 2.32 (d, J = 1.4 Hz, 3H), 1.31 (d, J 

= 6.2 Hz, 6H), 1.25 (d, J = 6.2 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 139.0 (d, J = 

3.0 Hz), 134.5 (d, J = 5.3 Hz), 130.1 (d, J = 2.2 Hz), 123.6 (d, J = 7.2 Hz), 73.3 (d, J 

= 6.8 Hz), 23.8 (dd, J = 33.4, 4.9 Hz), 21.3 (d, J = 0.6 Hz). 31P NMR (162 MHz, 

CDCl3) δ 20.9. 

 
S-(4-Chlorophenyl) O,O-diisopropyl phosphorothioate (3cg)3 

 

Colorless oil (108 mg, 88%): 1H NMR (400 MHz, CDCl3) δ 7.51 (dd, J = 8.5, 1.8 Hz, 

2H), 7.29 (d, J = 8.5 Hz, 2H), 4.79–4.68 (m, 2H), 1.28 (dd, J = 23.8, 6.2 Hz, 12H). 

13C NMR (100 MHz, CDCl3) δ 135.6 (d, J = 5.5 Hz), 135.2 (d, J = 3.2 Hz), 129.5 (d, 

J = 2.1 Hz), 126.0 (d, J = 7.1 Hz), 73.7 (d, J = 7.0 Hz), 23.8 (dd, J = 30.0, 4.9 Hz). 31P 

NMR (162 MHz, CDCl3) δ 19.7. 
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O,O-Dibutyl S-(p-tolyl) phosphorothioate (3da)1 

 

Colorless oil (111 mg, 88%): 1H NMR (400 MHz, CDCl3) δ 7.43 (dd, J = 8.2, 1.9 Hz, 

2H), 7.13 (d, J = 8.0 Hz, 2H), 4.16–4.03 (m, 4H), 2.33 (d, J = 1.6 Hz, 3H), 1.65–1.58 

(m, 4H), 1.39–1.29 (m, 4H), 0.89 (t, J = 7.4 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 

139.3 (d, J = 3.1 Hz), 134.7 (d, J = 5.1 Hz), 130.2 (d, J = 2.3 Hz), 122.9 (d, J = 7.2 

Hz), 67.8 (d, J = 6.6 Hz), 32.2 (d, J = 7.1 Hz), 21.3, 18.8, 13.65. 31P NMR (162 MHz, 

CDCl3) δ 23.4. 

 
O,O-Dibutyl S-(4-chlorophenyl) phosphorothioate (3dg)1 

 

Colorless oil (108 mg, 80%): 1H NMR (400 MHz, CDCl3) δ 7.49 (dd, J = 8.5, 1.9 Hz, 

2H), 7.31 (d, J = 8.5 Hz, 2H), 4.17–4.03 (m, 4H), 1.66–1.59 (m, 4H), 1.39–1.30 (m, 

4H), 0.90 (t, J = 7.4 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 135.8 (d, J = 5.3 Hz), 

135.6 (d, J = 3.4 Hz), 129.6 (d, J = 2.2 Hz), 125.4 (d, J = 7.1 Hz), 68.1 (d, J = 6.8 Hz), 

32.3 (d, J = 7.0 Hz), 18.8, 13.6. 31P NMR (162 MHz, CDCl3) δ 22.2. 

 
O-Methyl S-(p-tolyl) phenylphosphonothioate (3fa) 

 

Colorless oil (50 mg, 45%): 1H NMR (400 MHz, CDCl3) δ 7.64 (dd, J = 13.6, 7.2 Hz, 

2H), 7.50 (t, J = 7.4 Hz, 1H), 7.38 (dt, J = 12.2, 6.1 Hz, 2H), 7.16 (dd, J = 8.1, 1.8 Hz, 

2H), 7.02 (d, J = 7.9 Hz, 2H), 3.94 (d, J = 12.3 Hz, 3H), 2.30 (d, J = 1.4 Hz, 3H). 13C 

NMR (100 MHz, CDCl3) δ 139.3 (d, J = 3.0 Hz), 135.4 (d, J = 4.1 Hz), 132.5 (d, J = 

3.3 Hz), 131.5 (d, J = 10.6 Hz), 130.0 (d, J = 2.4 Hz), 128.2 (d, J = 14.9 Hz), 122.7 (d, 
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J = 5.7 Hz), 52.4 (d, J = 7.0 Hz), 21.2. 31P NMR (162 MHz, CDCl3) δ 43.9. HRMS 

(ESI) m/z: [M + H]+ calcd for C14H16O2PS 279.0603, found 279.0606. 

 

S-(p-Tolyl) diphenylphosphinothioate (3ga)7 

 

White solid (71 mg, 55%): mp 106–108 oC. 1H NMR (400 MHz, CDCl3) δ 7.85 (dd, J 

= 12.8, 7.2 Hz, 4H), 7.51 (t, J = 7.9 Hz, 2H), 7.44 (td, J = 7.5, 3.0 Hz, 4H), 7.32 (d, J 

= 7.9 Hz, 2H), 7.00 (d, J = 8.0 Hz, 2H), 2.25 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 

139.3 (d, J = 2.5 Hz), 135.5 (d, J = 3.8 Hz), 133.4, 132.4 (d, J = 2.9 Hz), 131.8 (d, J = 

10.2 Hz), 130.1 (d, J = 1.8 Hz), 128.6 (d, J = 13.1 Hz), 122.4 (d, J = 5.2 Hz), 21.3. 31P 

NMR (162 MHz, CDCl3) δ 41.4. 
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