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General Remarks 

Column chromatography was carried out on silica gel. 1H NMR spectra were 

recorded on 400 MHz in CDCl3 or DMSO and 13C NMR spectra were recorded 

on 100 MHz in CDCl3 or d-acetone. Chemical shifts (ppm) were recorded with 

tetramethylsilane (TMS) as the internal reference standard. Multiplicities are 

given as: s (singlet), d (doublet), t (triplet), dd (doublet of doublets), q (quartet) 

or m (multiplet). IR spectra were recorded on a FT-IR spectrometer and only 

major peaks are reported in cm-1. HR-MS was obtained using a Q-TOF 

instrument equipped with ESI source. Copies of their 1H NMR and 13C NMR 

spectra are provided in the Supporting Information. Commercially available 

reagents were used without further purification. All solvents were dried under 

standard method. 

General procedure for the preparation of product tetrasubstituted 

allenylorganothiophosphates 3: The mixture of propargylic alcohols (1) (0.1 

mmol) and (EtO)2P(O)SH (0.2 mmol) was stirred in CH3NO2 (1.0 mL) at 60 °C 

under air. After 2.0 h, the completion of the reaction was monitored by TLC. 

Then, the solution was concentrated and the residue was purified by flash 

chromatography on silica gel to afford 3. 

O,O-diethyl S-(1,3,3-triphenylpropa-1,2-dien-1-yl) phosphorothioate (3a): 

 

The resultant residue was purified by flash silica gel column chromatography (eluent: 

petroleum ether/EtOAc=50:1–10:1, v/v) to afford 3a, white solid, mp: 118-120 °C. 1H 

NMR (400 MHz, CDCl3): δ ppm 1.00 (t, J = 7.2 Hz, 6 H), 3.83- 3.89 (m, 2 H), 

4.02 – 4.08 (m, 2 H), 7.25 – 7.29 (m, 1 H), 7.33 – 7.40 (m, 8 H), 7.44 – 7.46 (m, 

4 H), 7.71 (d, J = 7.6 Hz, 2 H). 13C NMR (100 MHz, CDCl3): δ ppm 15.6, 15.6, 

63.8, 63.9, 98.0, 98.1, 113.3, 113.3, 127.0, 128.1, 128.3, 128.5, 128.6, 128.9, 
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134.7, 211.6, 211.6. 31P NMR (162 MHz, CDCl3): δ 22.69. HRMS (ESI, m/z): 

calcd for C25H26O3PS: M+H = 437.1335; found: 437.1331. 

S-(3,3-diphenyl-1-(p-tolyl)propa-1,2-dien-1-yl) O,O-diethyl 

phosphorothioate (3b): 

 

The resultant residue was purified by flash silica gel column chromatography (eluent: 

petroleum ether/EtOAc=50:1–10:1, v/v) to afford 3b, colorless liquid. 1H NMR (400 

MHz, CDCl3): δ ppm 0.93 (t, J = 7.2 Hz, 6 H), 2.26 (s, 3 H), 3.76 – 3.84 (m, 2 

H), 3.92 – 4.00 (m, 2 H), 7.07 – 7.09 (m, 2 H), 7.22 – 7.31 (m, 6 H), 7.36 – 7.37 

(m, 4 H), 7.51 (d, J = 8.4 Hz, 2 H). 13C NMR (100 MHz, CDCl3): 15.6, 15.7, 

21.1, 63.8, 63.9, 98.1, 98.2, 113.2, 113.3, 126.9, 128.2, 128.6, 128.9, 129.3, 131.8, 

131.9, 135.0, 135.0, 138.2, 211.3, 211.3. 31P NMR (162 MHz, CDCl3): δ ppm 

22.81. HRMS (ESI, m/z): calcd for C26H28O3PS: M+H = 451.1491; found: 451.1485. 

O,O-diethyl S-(1-(4-methoxyphenyl)-3,3-diphenylpropa-1,2-dien-1-yl) 

phosphorothioate (3c): 

 

The resultant residue was purified by flash silica gel column chromatography (eluent: 

petroleum ether/EtOAc=30:1–10:1, v/v) to afford 3c, yellow liquid.1H NMR (400 MHz, 

CDCl3): δ ppm 1.02 (t, J = 7.2 Hz, 6 H), 3.81 (s, 3 H), 3.84 – 3.92 (m, 2 H), 4.00 – 

4.10 (m, 2 H), 6.89 (d, J = 8.8 Hz, 2 H), 7.26 – 7.45 (m, 10 H), 7.63 (d, J = 8.8 

Hz, 2 H). 13C NMR (100 MHz, CDCl3): δ ppm 15.6, 15.7, 55.4, 63.8, 63.9, 97.7, 

113.1, 113.9, 126.9, 128.2, 128.3, 128.6, 128.9, 135.0, 135.0, 159.6, 211.0, 211.1. 
31P NMR (162 MHz, CDCl3): δ ppm 22.74. HRMS (ESI, m/z): calcd for C26H28O4PS: 

M+H = 467.1440; found: 467.1446. 
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O,O-diethyl S-(1-(4-fluorophenyl)-3,3-diphenylpropa-1,2-dien-1-yl) 

phosphorothioate (3d): 

 

The resultant residue was purified by flash silica gel column chromatography (eluent: 

petroleum ether/EtOAc=50:1–10:1, v/v) to afford 3d, yellow solid, mp: 86-88 °C. 1H 

NMR (400 MHz, CDCl3): δ ppm 1.03 (t, J = 7.2 Hz, 6 H), 3.83 – 3.93 (m, 2 H), 

4.01 – 4.10 (m, 2 H), 7.05 (t, J = 8.4 Hz, 2 H), 7.32 – 7.45 (m, 10 H), 7.66 – 7.70 

(m, 2 H). 13C NMR (100 MHz, CDCl3): δ ppm 15.7, 15.7, 63.9, 64.0, 97.2, 97.3, 

113.4, 113.5, 115.4, 115.6, 128.4, 128.7, 128.8, 128.9, 128.9, 130.9, 134.7, 134.7, 

161.4, 163.9, 211.4, 211.5. 31P NMR (162 MHz, CDCl3): δ ppm 22.42. HRMS 

(ESI, m/z): calcd for C25H24FO3PSNa: M+Na = 477.1060; found: 477.1050. 

S-(1-(4-chlorophenyl)-3,3-diphenylpropa-1,2-dien-1-yl) O,O-diethyl 

phosphorothioate (3e): 

 
The resultant residue was purified by flash silica gel column chromatography (eluent: 

petroleum ether/EtOAc=50:1–10:1, v/v) to afford 3e, yellow liquid. 1H NMR (400 

MHz, CDCl3): δ ppm 1.02 – 1.06 (m, 6 H), 3.83 – 3.93 (m, 2 H), 4.00 – 4.10 (m, 

2 H), 7.31 – 7.44 (m, 12 H), 7.64 (d, J = 8.8 Hz, 2 H). 13C NMR (100 MHz, 

CDCl3): δ ppm 15.7, 15.8, 64.0, 64.0, 97.2, 97.3, 113.7, 113.7, 128.3, 128.5, 

128.7, 128.9, 133.4, 134.0, 134.5, 134.5, 211.8, 211.8. 31P NMR (162 MHz, 

CDCl3): δ ppm 22.33. HRMS (ESI, m/z): calcd for C25H25ClO3PS: M+H = 471.0945; 

found: 471.0947. 

O,O-diethyl S-(1-(4-nitrophenyl)-3,3-diphenylpropa-1,2-dien-1-yl) 

phosphorothioate (3f): 
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The resultant residue was purified by flash silica gel column chromatography (eluent: 

petroleum ether/EtOAc=30:1–10:1, v/v) to afford 3f, yellow liquid. 1H NMR (400 

MHz, CDCl3): δ ppm 1.07 (t, J = 7.2 Hz, 6 H), 3.87 – 3.97 (m, 2 H), 4.02 – 4.12 

(m, 2 H), 7.26 (s, 1 H), 7.37 – 7.45 (m, 9 H), 7.88 (d, J = 8.8 Hz, 2 H), 8.22 (d, J 

= 9.2 Hz, 2 H). 13C NMR (100 MHz, CDCl3): δ ppm 15.7, 15.8, 64.2, 64.3, 97.0, 

114.4, 123.8, 127.8, 128.8, 128.9, 128.9, 133.8, 133.8, 141.8, 147.3, 213.7. 31P 

NMR (162 MHz, CDCl3): δ ppm 21.75. HRMS (ESI, m/z): calcd for 

C25H24NO5PSNa: M+Na = 504.1005; found: 504.0997. 

S-(1-(4-cyanophenyl)-3,3-diphenylpropa-1,2-dien-1-yl) O,O-diethyl 

phosphorothioate (3g): 

 
The resultant residue was purified by flash silica gel column chromatography (eluent: 

petroleum ether/EtOAc=30:1–10:1, v/v) to afford 3g, yellow liquid. 1H NMR (400 

MHz, CDCl3): δ ppm 1.05 (t, J = 6.8 Hz, 6 H), 3.85 – 3.95 (m, 2 H), 4.01 – 4.11 

(m, 2 H), 7.36 – 7.44 (m, 10 H), 7.64 (d, J = 8.4 Hz, 2 H), 7.82 (d, J = 8.4 Hz, 2 

H). 13C NMR (100 MHz, CDCl3): δ ppm 15.7, 15.8, 64.1, 64.2, 97.1, 97.2, 111.5, 

114.3, 118.7, 127.6, 128.8, 128.8, 128.9, 132.3, 133.9, 133.9, 139.8, 213.2. 31P 

NMR (162 MHz, CDCl3): δ ppm 21.81. HRMS (ESI, m/z): calcd for 

C26H24NO3PSNa: M+Na = 484.1107; found: 484.1100. 

Ethyl 4-(1-((diethoxyphosphoryl)thio)-3,3-diphenylpropa-1,2-dien-1- 

yl)benzoate (3h): 
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The resultant residue was purified by flash silica gel column chromatography (eluent: 

petroleum ether/EtOAc=30:1–10:1, v/v) to afford 3h, yellow liquid. 1H NMR (400 

MHz, CDCl3): δ ppm 1.03 (t, J = 7.2 Hz, 6 H),1.39 (t, J = 7.2 Hz, 6 H), 3.83 – 

3.93 (m, 2 H), 4.01 – 4.11 (m, 2 H), 4.37 (q, J = 6.8 Hz, 14.0 Hz, 2 H), 7.35 – 

7.46 (m, 10 H), 7.78 (d, J = 8.4 Hz, 2 H), 8.03 (d, J = 8.4 Hz, 2 H). 13C NMR 

(100 MHz, CDCl3): δ ppm 14.3, 15.7, 15.7, 61.0, 64.0, 64.0, 97.6, 97.7, 113.8, 

113.8, 126.9, 128.5, 128.7, 128.9, 129.8, 130.0, 134.3, 134.4, 139.4, 166.2, 212.7, 

212.8. 31P NMR (162 MHz, CDCl3): δ pmm 22.28. HRMS (ESI, m/z): calcd for 

C28H29O5PSNa: M+Na = 531.1366; found: 531.1370. 

S-(3,3-diphenyl-1-(4-(trifluoromethyl)phenyl)propa-1,2-dien-1-yl) O,O-

diethyl phosphorothioate (3i): 

 
The resultant residue was purified by flash silica gel column chromatography (eluent: 

petroleum ether/EtOAc=50:1–10:1, v/v) to afford 3i, yellow liquid. 1H NMR (400 

MHz, CDCl3): δ ppm 1.04 (t, J = 7.2 Hz, 6 H), 3.85 – 3.95 (m, 2 H), 4.01 – 4.11 

(m, 2 H), 7.34 – 7.45 (m, 10 H), 7.61 (d, J = 8.4 Hz, 2 H), 7.83 (d, J = 8.0 Hz, 2 

H). 13C NMR (100 MHz, CDCl3): δ ppm 15.7, 15.7, 64.0, 64.1, 97.2, 97.3, 114.0, 

114.0, 122.7, 125.4, 125.5, 125.5, 129.8, 130.2, 134.2, 134.3, 138.7, 212.5. 31P 

NMR (162 MHz, CDCl3): δ ppm 22.08. HRMS (ESI, m/z): calcd for 

C26H24F3O3PSNa: M+Na = 527.1028; found: 527.1019. 

S-(1-(2,4-dimethylphenyl)-3,3-diphenylpropa-1,2-dien-1-yl) O,O-diethyl 

phosphorothioate (3j): 

 
The resultant residue was purified by flash silica gel column chromatography (eluent: 

petroleum ether/EtOAc=50:1–10:1, v/v) to afford 3j, yellow sold, mp: 72-74 °C. 1H 

NMR (400 MHz, CDCl3): δ ppm 1.05 (t, J = 7.2 Hz, 6 H), 2.24 (s, 3 H), 2.31 (s, 
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3 H), 3.72 – 3.82 (m, 2 H), 3.97 – 4.07 (m, 2 H), 6.98 (s, 1 H), 7.04 (d, J = 7.6 

Hz, 1 H), 7.29 – 7.41 (m, 10 H), 7.49 (d, J = 7.6 Hz, 1 H). 13C NMR (100 MHz, 

CDCl3): δ ppm 15.6, 15.7, 20.5, 21.1, 63.6, 63.6, 96.1, 96.2, 110.9, 110.9, 126.6, 

128.0, 128.5, 129.0, 129.5, 131.2, 132.4, 135.2, 135.2, 136.3, 138.1, 209.6, 209.6. 
31P NMR (162 MHz, CDCl3): δ ppm 23.09. HRMS (ESI, m/z): calcd for 

C27H29O3PSNa: M+Na = 487.1467; found: 487.1470. 

O,O-diethyl S-(1-(naphthalen-1-yl)-3,3-diphenylpropa-1,2-dien-1-yl) 

phosphorothioate (3k): 

 
The resultant residue was purified by flash silica gel column chromatography (eluent: 

petroleum ether/EtOAc=50:1–10:1, v/v) to afford 3k, yellow liquid. 1H NMR (400 

MHz, CDCl3): δ ppm 0.93 – 0.97 (m, 6 H), 3.63 – 3.73 (m, 2 H), 3.91 – 4.01 (m, 

2 H), 7.31 – 7.52 (m, 13 H), 7.78 (d, J = 7.2 Hz, 1 H), 7.82 – 7.85 (m, 2 H), 8.09 

(d, J = 8.4 Hz, 1 H). 13C NMR (100 MHz, CDCl3): δ ppm 15.5, 15.6, 63.6, 63.7, 

95.2, 95.3, 111.4, 111.4, 125.3, 125.6, 126.1, 126.4, 127.5, 128.2, 128.4, 128.6, 

129.0, 129.1, 130.7, 133.5, 133.5, 133.8, 135.1, 135.1, 210.2, 210.3. 31P NMR 

(162 MHz, CDCl3): δ ppm 22.59. HRMS (ESI, m/z): calcd for C29H28O3PS: M+H = 

487.1491; found: 487.1490. 

O,O-diethyl S-(1-phenyl-3,3-di-p-tolylpropa-1,2-dien-1-yl) 

phosphorothioate (3l): 

 
The resultant residue was purified by flash silica gel column chromatography (eluent: 

petroleum ether/EtOAc=50:1–10:1, v/v) to afford 3l, yellow liquid. 1H NMR (400 

MHz, CDCl3): δ ppm 0.93 (t, J = 6.8 Hz, 6 H), 2.29 (s, 6 H), 3.76 – 3.84 (m, 2 
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H), 3.93 – 4.03 (m, 2 H), 7.09 – 7.12 (m, 4 H), 7.18 – 7.20 (m, 1 H), 7.25 – 7.29 

(m, 6 H), 7.62 (d, J = 7.6 Hz, 2 H). 13C NMR (100 MHz, CDCl3): δ ppm 15.6, 

15.7, 21.2, 63.8, 63.9, 97.6, 97.6, 113.2, 127.0, 128.0, 128.5, 128.8, 129.3, 131.9, 

131.9, 135.1, 138.2, 211.6, 211.7. 31P NMR (162 MHz, CDCl3): δ ppm 22.93. 

HRMS (ESI, m/z): calcd for C27H30O3PS: M+H = 465.1648; found: 465.1647. 

S-(3,3-bis(4-fluorophenyl)-1-phenylpropa-1,2-dien-1-yl) O,O-diethyl 

phosphorothioate (3m): 

 
The resultant residue was purified by flash silica gel column chromatography (eluent: 

petroleum ether/EtOAc=50:1–10:1, v/v) to afford 3m, yellow liquid. 1H NMR (400 

MHz, CDCl3): δ ppm 1.04 (t, J = 6.8 Hz, 6 H), 3.85 – 3.95 (m, 2 H), 4.05 – 4.10 

(m, 2 H), 7.08 (t, J = 8.4 Hz, 4 H), 7.26 – 7.31 (m, 1 H), 7.35 – 7.43. (m, 6 H), 

7.67 (d, J = 7.6 Hz, 2 H). 13C NMR (100 MHz, CDCl3): δ ppm 15.6, 15.7, 63.8, 

63.9, 98.2, 98.3, 112.4, 112.5, 115.5, 115.7, 126.9, 128.2, 128.4, 128.6, 128.7, 

128.8, 130.5, 130.6, 134.6, 161.4, 163.9, 211.3, 211.4. 31P NMR (162 MHz, 

CDCl3): δ ppm 22.57. HRMS (ESI, m/z): calcd for C25H24F2O3PS: M+H = 473.1146; 

found: 473.1146. 

S-(3,3-bis(4-chlorophenyl)-1-phenylpropa-1,2-dien-1-yl) O,O-diethyl 

phosphorothioate (3n): 

 
The resultant residue was purified by flash silica gel column chromatography (eluent: 

petroleum ether/EtOAc=50:1–10:1, v/v) to afford 3n, colorless liquid. 1H NMR (400 

MHz, CDCl3): δ ppm 1.05 (t, J = 7.2 Hz, 6 H), 3.85 - 3.95 (m, 2 H), 4.03 - 4.12 (m, 2 
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H), 7.26 - 7.39 (m, 11 H), 7.66 (d, J = 7.6 Hz, 2 H). 13C NMR (100 MHz, CDCl3): δ 

ppm 15.6, 15.7, 64.0, 64.1, 98.9, 99.0, 111.6, 111.7, 126.9, 128.5, 128.7, 129.0, 130.0, 

132.9, 132.9, 134.1, 134.4, 211.1, 211.2. 31P NMR (162 MHz, CDCl3): δ ppm 22.52. 

HRMS (ESI, m/z): calcd for C25H24Cl2O3PS: M+H = 505.0555; found: 505.0550. 

S-(3,3-bis(4-bromophenyl)-1-phenylpropa-1,2-dien-1-yl) O,O-diethyl 

phosphorothioate (3o): 

 
The resultant residue was purified by flash silica gel column chromatography (eluent: 

petroleum ether/EtOAc=50:1–10:1, v/v) to afford 3o, colorless liquid. 1H NMR (400 

MHz, CDCl3): δ ppm 1.05 (t, J = 6.8 Hz, 6 H), 3.84 - 3.94 (m, 2 H), 4.02 - 4.12 (m, 2 

H), 7.26 - 7.31 (m, 5 H), 7.35 - 7.39 (m, 2 H), 7.51 (d, J = 8.4 Hz, 4 H), 7.65 (d, J = 7.6 

Hz, 2 H). 13C NMR (100 MHz, CDCl3): δ ppm 15.7, 15.7, 63.9, 64.0, 99.1, 99.1, 111.7, 

111.7, 112.5, 126.9, 128.5, 128.6, 130.3, 131.9, 133.3, 133.3, 134.1, 211.0, 211.1. 31P 

NMR (162 MHz, CDCl3): δ ppm 22.34. HRMS (ESI, m/z): calcd for C25H23Br2O3PSNa: 

M+Na = 614.9364; found: 614.9356. 

O,O-diethyl S-(3-(4-fluorophenyl)-3-(4-methoxyphenyl)-1-phenylpro 

pa-1,2-dien-1-yl) phosphorothioate (3p): 

 
The resultant residue was purified by flash silica gel column chromatography (eluent: 

petroleum ether/EtOAc=50:1–10:1, v/v) to afford 3p, yellow liquid. 1H NMR (400 

MHz, CDCl3): δ ppm 1.03 (t, J = 7.2 Hz, 6 H), 3.78 - 3.92 (m, 5 H), 4.04 - 4.10 (m, 2 

H), 6.92 (d, J = 8.4 Hz, 2 H), 7.07 (t, J = 8.4 Hz, 2 H), 7.26 - 7.45 (m, 7 H), 7.69 (d, J 
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= 7.6 Hz, 2 H). 13C NMR (100 MHz, CDCl3): δ ppm 15.6, 15.7, 55.3, 63.8, 63.9, 97.9, 

97.9, 112.2, 112.2, 114.1, 115.5, 115.7, 126.6, 126.9, 128.1, 128.5, 130.0, 130.5, 134.9, 

159.8, 161.4, 163.9, 211.3, 211.3. 31P NMR (162 MHz, CDCl3): δ ppm 22.84. HRMS 

(ESI, m/z): calcd for C26H26O4FPSNa: M+Na = 507.1166; found: 507.1160. 

S-(1,3-diphenyl-3-(p-tolyl)propa-1,2-dien-1-yl) O,O-diethyl phosphorothioate (3q): 

 
The resultant residue was purified by flash silica gel column chromatography (eluent: 

petroleum ether/EtOAc=50:1–10:1, v/v) to afford 3q, colorless liquid. 1H NMR (400 

MHz, CDCl3): δ ppm 1.00 (t, J = 7.2 Hz, 6 H), 2.37 (s, 3 H), 3.81 - 3.91 (m, 2 H), 4.01 

- 4.10 (m, 2 H), 7.18 - 7.20 (m, 2 H), 7.25 - 7.39 (m, 8 H), 7.44 - 7.46 (m, 2 H), 7.71 (d, 

J = 7.6 Hz, 2 H). 13C NMR (100 MHz, CDCl3): δ ppm 15.5, 15.6, 21.2, 63.7, 63.8, 97.8, 

97.8, 113.2, 113.2, 126.9, 128.0, 128.2, 128.5, 128.5, 128.7, 128.9, 129.3, 131.6, 131.7, 

134.9, 138.2, 211.6, 211.6. 31P NMR (162 MHz, CDCl3): δ ppm 22.83. HRMS (ESI, 

m/z): calcd for C26H28O3PS: M+H = 451.1491; found: 451.1485. 

O,O-diethyl S-(3-(4-fluorophenyl)-1,3-diphenylpropa-1,2-dien-1-yl) 

phosphorothioate (3r): 

 

The resultant residue was purified by flash silica gel column chromatography (eluent: 

petroleum ether/EtOAc=50:1–10:1, v/v) to afford 3r, colorless liquid. 1H NMR (400 

MHz, CDCl3): δ ppm 1.00 – 1.04 (m, 6 H), 3.82 – 3.93 (m, 2 H), 4.01 – 4.11 (m, 

2 H), 7.08 (t, J = 8.8 Hz, 2 H), 7.26 – 7.44 (m, 10 H), 7.69 (d, J = 7.6 Hz, 2 H). 
13C NMR (100 MHz, CDCl3): δ ppm 15.6, 15.7, 63.8, 63.9, 98.2, 98.3, 112.4, 

112.5, 115.5, 115.7, 126.9, 128.2, 128.4, 128.6, 128.7, 128.8, 130.5, 130.6, 134.6, 

161.4, 163.9, 211.3, 211.4. 31P NMR (162 MHz, CDCl3): δ ppm 22.63. 
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C25H24FO3PSNa: M+Na = 477.1060; found: 477.1050. 

S-(3-(4-chlorophenyl)-1,3-diphenylpropa-1,2-dien-1-yl) O,O-diethyl 

phosphorothioate (3s): 

 
The resultant residue was purified by flash silica gel column chromatography (eluent: 

petroleum ether/EtOAc=50:1–10:1, v/v) to afford 3s, colorless liquid. 1H NMR (400 

MHz, CDCl3): δ ppm 1.00 - 1.04 (m, 6 H), 3.83 - 3.93 (m, 2 H), 4.02 - 4.11 (m, 2 H), 

7.26 - 7.43 (m, 12 H), 7.68 (d, J = 7.6 Hz, 2 H). 13C NMR (100 MHz, CDCl3): δ ppm 

15.6, 15.7, 63.9, 64.0, 98.4, 98.5, 112.4, 112.5, 127.0, 128.3, 128.5, 128.6, 128.7, 128.8, 

128.8, 130.1, 133.2, 133.3, 134.1, 134.3, 134.4, 134.4, 211.3, 211.4. 31P NMR (162 

MHz, CDCl3): δ ppm 22.62. HRMS (ESI, m/z): calcd for C25H25ClO3PS: M+H = 

471.0945; found: 471.0947. 

S-(3-(4-bromophenyl)-1,3-diphenylpropa-1,2-dien-1-yl) O,O-diethyl 

phosphorothioate (3t): 

 
The resultant residue was purified by flash silica gel column chromatography (eluent: 

petroleum ether/EtOAc=50:1–10:1, v/v) to afford 3t, colorless liquid. 1H NMR (400 

MHz, CDCl3): δ ppm 1.00 - 1.04 (m, 6 H), 3.83 - 3.92 (m, 2 H), 4.01 - 4.11 (m, 2 H), 

7.26 - 7.41 (m, 10 H), 7.43 - 7.52 (m, 2 H), 7.68 (d, J = 7.2 Hz, 2 H). 13C NMR (100 

MHz, CDCl3): δ ppm 15.6, 15.7, 63.9, 63.9, 98.5, 98.6, 112.5, 112.5, 122.3, 127.0, 

128.3, 128.5, 128.6, 128.7, 128.8, 130.4, 131.8, 133.8, 134.3, 134.3, 134.4, 211.3, 211.4. 
31P NMR (162 MHz, CDCl3): δ ppm 22.58. HRMS (ESI, m/z): calcd for C25H25BrO3PS: 

M+H = 515.0440; found: 515.0446. 

S-(3-(2-chlorophenyl)-1,3-diphenylpropa-1,2-dien-1-yl) O,O-diethyl 
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phosphorothioate (3u): 

 
The resultant residue was purified by flash silica gel column chromatography (eluent: 

petroleum ether/EtOAc=50:1–10:1, v/v) to afford 3u, yellow liquid. 1H NMR (400 

MHz, CDCl3): δ ppm 1.02 (t, J = 6.8 Hz, 6 H), 3.88 - 3.96 (m, 2 H), 4.05 - 4.13 (m, 2 

H), 7.26 - 7.38 (m, 10 H), 7.45 - 7.48 (m, 2 H), 7.73 (d, J = 7.2 Hz, 2 H). 13C NMR (100 

MHz, CDCl3): δ ppm 15.6, 15.6, 15.6, 15.7, 63.8, 63.8, 63.9, 64.0, 98.6, 98.7, 110.2, 

110.2, 127.0, 127.2, 127.4, 128.1, 128.2, 128.5, 128.7, 129.6, 130.0, 131.8, 133.7, 133.7, 

133.9, 134.0, 134.0, 134.5, 210.4, 210.5. 31P NMR (162 MHz, CDCl3): δ ppm 22.64. 

HRMS (ESI, m/z): calcd for C25H25ClO3PS: M+H = 471.0945; found: 471.0949. 

S-(1,3-diphenylbuta-1,2-dien-1-yl)O,O-diethyl phosphorothioate (3v): 

 

The resultant residue was purified by flash silica gel column chromatography (eluent: 

petroleum ether/EtOAc=50:1–10:1, v/v) to afford 3v, colorless liquid. 1H NMR (400 

MHz, CDCl3): δ ppm 1.10 (t, J = 6.8 Hz, 3 H), 1.17 (t, J = 7.2 Hz, 3 H), 2.29 (s, 

3 H), 3.93 – 4.03 (m, 2 H), 4.10 – 4.19 (m, 2 H), 7.26 – 7.29 (m, 2 H), 7.32 – 

7.39 (m, 4 H), 7.49 (d, J = 7.6 Hz, 2 H), 7.63 (d, J = 7.6 Hz, 2 H). 13C NMR (100 

MHz, CDCl3): δ ppm 15.7, 15.8, 15.9, 16.3, 16.3, 63.8, 63.8, 63.8, 63.9, 96.4, 

96.5, 105.3, 105.3, 126.5, 127.0, 127.9, 127.9, 128.5, 128.6, 134.9, 134.9, 135.4, 

210.4, 210.5. 31P NMR (162 MHz, CDCl3): δ ppm 23.38. HRMS (ESI, m/z): calcd 

for C20H24O3PS: M+H = 375.1178; found: 375.1179. 

S,S'-(1,3-phenylenebis(3,3-diphenylpropa-1,2-diene-1,1-diyl)) O,O,O',O'-

tetraethyl diphosphorothioate (3aa): 
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The resultant residue was purified by flash silica gel column chromatography (eluent: 

petroleum ether/EtOAc=30:1–5:1, v/v) to afford 3aa, colorless liquid. 1H NMR (400 

MHz, DMSO): δ ppm 0.91 (t, J = 6.8 Hz, 12 H), 3.79 – 3.89 (m, 4 H), 3.91 – 

4.00 (m, 4 H), 7.25 – 7.28 (m, 8 H), 7.33 – 7.43 (m, 12 H), 7.56 (t, J = 8.0 Hz, 1 

H), 7.67 – 7.69 (m, 2 H), 7.97 (s, 1 H). 13C NMR (100 MHz, DMSO): δ ppm 

20.6, 20.7, 68.9, 69.0, 102.3, 102.4, 118.5, 120.4, 131.7, 133.5, 133.8, 134.1, 

134.6, 134.9, 139.0, 139.0, 139.7, 216.3. 31P NMR (162 MHz, DMSO): δ ppm 

20.72. HRMS (ESI, m/z): calcd for C44H45O6P2S2: M+H = 795.2127; found: 795.2127. 

S,S'-(1,4-phenylenebis(3,3-diphenylpropa-1,2-diene-1,1-diyl)) O,O,O',O'-

tetraethyl diphosphorothioate (3ab): 

 
The resultant residue was purified by flash silica gel column chromatography (eluent: 

petroleum ether/EtOAc=30:1–5:1, v/v) to afford 3ab, yellow solid, mp: 155-157 °C. 1H 

NMR (400 MHz, CDCl3): δ ppm 1.03 (t, J = 6.8 Hz, 12 H), 3.84 – 3.94 (m, 4 H), 

4.01 – 4.11 (m, 4 H), 7.31 – 7.44 (m, 20 H), 7.71 (s, 4 H). 13C NMR (100 MHz, 

CDCl3): δ ppm 15.7, 15.7, 63.9, 64.0, 97.7, 97.8, 113.7, 127.1, 128.4, 128.6, 

128.9, 134.6, 212.0, 212.0. 31P NMR (162 MHz, CDCl3): δ ppm 20.33. HRMS 

(ESI, m/z): calcd for C44H45O6P2S2: M+H = 795.2127; found: 795.2131. 

S,S',S''-(benzene-1,3,5-triyltris(3,3-diphenylpropa-1,2-diene-1,1-diyl)) 

O,O,O',O',O'',O''-hexaethyl tris(phosphorothioate) (3ac): 
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The resultant residue was purified by flash silica gel column chromatography (eluent: 

petroleum ether/EtOAc=30:1–5:1, v/v) to afford 3ac, colorless liquid. 1H NMR (400 

MHz, DMSO): δ ppm 0.81 - 0.85 (m, 18 H), 3.67 - 3.74 (m, 6 H), 3.85 - 3.92 (m, 

6 H), 7.17 - 7.25 (m, 30 H), 7.98 (d, J = 3.6 Hz, 3 H). 13C NMR (100 MHz, 

DMSO): δ ppm 15.5, 15.6, 63.8, 63.8, 97.3, 97.4, 113.9, 113.9, 124.7, 128.3, 

128.6, 128.8, 134.3, 135.5, 211.9, 212.0. 31P NMR (162 MHz, DMSO): δ ppm 

21.49. HRMS (ESI, m/z): calcd for C63H63O9P3S3: M+H = 1153.2920; found: 

1153.2922. 
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Crystal preparation and X-ray diffraction analysis of compound 3a  

 
X-ray structure of 3a 
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