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General:  

All reagents were purchased from commercial suppliers and used without further 

purification. Flash chromatography was carried out with silica gel (200-300 mesh). 

Analytical TLC was performed with silica gel GF254 plates, and the products were 

visualized by UV detection. 1H NMR（400 MHz）and 13C NMR (100 MHz) spectra were 

recorded in CDCl3. Chemical shifts (δ) are reported in ppm using TMS as internal 

standard and spin-spin coupling constants (J) are given in Hz. Proton, carbon and 

phosphorus multiplicity are recorded as singlet (s), doublet (d), triplet (t), quartet (q), 

multiplet (m) and broad (brs). Melting points were obtained with a micro melting point 

XT4A Beijing Keyi electrooptic apparatus and uncorrected. The high-resolution mass 

spectra (HRMS) were measured on a Waters LCT PremierxeTM spectrometer by ESI. 

Optimization Screens for alkene phosphorylation reaction conditions: 

Table S1. Screening of catalysts.a 

 

Entry 
catalyst 

(mol%) 

Ligand 

(mol%) 
Solvent 

Yield 

(%) b 

1 CuBr 2,2’-Bpy 1,4-Dioxane 62 

2 CuBr2 2,2’-Bpy 1,4-Dioxane 51 

3 Cu(OAc)2 2,2’-Bpy 1,4-Dioxane 16 

4 Cu(OTf)2 2,2’-Bpy 1,4-Dioxane 31 

5 CuI 2,2’-Bpy 1,4-Dioxane 28 

6 CuCl 2,2’-Bpy 1,4-Dioxane 35 

7 Fe(acac)3 2,2’-Bpy 1,4-Dioxane < 5 

8 FeCl2 2,2’-Bpy 1,4-Dioxane 12 

9 Fe(OAc)2 2,2’-Bpy 1,4-Dioxane 12 

10 Fe(OTf)3 2,2’-Bpy 1,4-Dioxane 19 

a All reactions were carried out by stirring a mixture of 1a (0.3 mmol), 2a (0.2 mmol), catalyst (20 

mol%), 2,2’-bpy (20 mol%) and 4-HO-TEMPOH (2.5 equiv.) in 2 mL 1,4-dioxane under N2 

atmosphere at 80 oC for 12 h unless noted otherwise. b Isolated yield. 
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Substrates preparation: 

Unless otherwise stated, starting materials were purchased from Adamas, 3A Materials, 

TCI or Energy-Chemical and used without further purification. The following starting 

materials were prepared according to the procedures described previously in the 

literatures: 1ac,[1] 1ad-ag,[2] 1ah,[3] 2,2,6,6-tetramethylpiperidin-1-ol (TEMPOH) and 

2,2,6,6-tetramethylpiperidine-1,4-diol (4-HO-TEMPOH).[4] 

General experimental procedure: 

 

A 25 mL oven-dried reaction tube were charged with alkenes 1 (0.5 mmol, 2.5 equiv.), 

P(O)H compounds 2 (0.2 mmol), CuBr (20 mmol%), 2,2’-bpy (20 mmol%), 4-HO-TEMPOH 

(0.5 mmol, 2.5 equiv.) and 2 mL 1,4-dioxane. The tube was then sealed and the 

displacement of N2 gas for three times. Then the mixture was stirred for 12 h at 80 oC. 

Upon completion of the reaction, the solvent was then removed under vacuo. The 

residue was purified with chromatography column on silica gel (gradient eluent of 

EtOAc/petroleum ether: 1/2 to 2/1) to give the corresponding products in yields listed in 

Table 2. The identity and purity of the products were confirmed by 1H, 13C and 31P 

spectroscopic analysis. 

Late-stage functionalization of complex bioactive molecules: 

 

A 25 mL oven-dried reaction tube were charged with alkenes 1ac-ag (0.5 mmol, 2.5 

equiv.), diphenylphosphine oxide 2a (0.2 mmol), CuBr (20 mmol%), 2,2’-bpy (20 mmol%), 

4-HO-TEMPOH (0.5 mmol, 2.5 equiv.) and 2 mL 1,4-dioxane. The tube was then sealed 

and the displacement of N2 gas for three times. Then the mixture was stirred for 12 h at 

80 oC. Upon completion of the reaction, the solvent was then removed under vacuo. The 
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residue was purified with chromatography column on silica gel (gradient eluent of 

EtOAc/petroleum ether: 1/2 to 2/1) to give the corresponding products in yields listed in 

Table 3. The identity and purity of the products were confirmed by 1H, 13C and 31P 

spectroscopic analysis. 

The unsuccessful substrates for this reaction: 

Table S2. The unsuccessful substrates. 

 

Control experiments: 

 

A 25 mL oven-dried reaction tube were charged with alkenes 1a (0.5 mmol, 2.5 equiv.), 

diphenylphosphine oxide 2a (0.2 mmol), CuBr (20 mmol%), 2,2’-bpy (20 mmol%), 

4-HO-TEMPOH (0.5 mmol, 2.5 equiv.), TEMPO (3 equiv.) and 2 mL 1,4-dioxane. The tube 

was then sealed and the displacement of N2 gas for three times. Then the mixture was 

stirred for 12 h at 80 oC. The reaction was almost fully suppressed and a little product 

was detected (< 5 %).  

 

A 25 mL oven-dried reaction tube were charged with alkenes 1a (0.5 mmol, 2.5 equiv.), 

diphenylphosphine oxide 2a (0.2 mmol), CuBr (20 mmol%), 2,2’-bpy (20 mmol%), 

4-HO-TEMPOH (0.5 mmol, 2.5 equiv.), BHT (3 equiv.) and 2 mL 1,4-dioxane. The tube was 

then sealed and the displacement of N2 gas for three times. Then the mixture was stirred 

for 12 h at 80 oC. The reaction was almost fully suppressed and a little product was 

detected (< 5 %).  
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A 25 mL oven-dried reaction tube was charged with (1-cyclopropylvinyl)benzene 1ah (0.5 

mmol, 2.5 equiv), diphenylphosphine oxide (0.2 mmol), CuBr (20 mmol%), 2,2’-bpy (20 

mmol%), 4-HO-TEMPOH (0.5 mmol, 2.5 equiv.), 4-HO-TEMPO (0.3 equiv.) and 2 mL 

1,4-dioxane. The tube was then sealed and the displacement of N2 gas for three times. 

Next, the mixture was stirred at 80 oC for 12 h. The reaction mixture was isolated by 

silica gel column chromatography to give the ring-opening product 3ah in 16% yield. 

The NOE experiment of 3y: 

The product 3y may have two different structures as shown in below. In order to 

identify the configuration of 3y, the NOE experiment has been conducted and the result 

is shown as below: 
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From above NOE experiment, we found that Ha and Hb are not adjacent in space. 

Thus, the structure 2 (Z isomer) could be excluded and the product 3y should be 

E-isomer as reported. 
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Analytical data for products: 

(E)-Diphenyl(styryl)phosphine oxide (3a) 

 

White solid; (46 mg, 75%); mp: 166–170 oC; Rf = 0.44 (hexanes/ethyl acetate 1:2); 1H 

NMR (400 MHz, CDCl3): δ 7.78–7.73 (m, 4H), 7.54–7.46 (m, 9H), 7.38–7.37 (m, 3H), 6.84 

(dd, J = 17.6 Hz, J = 22.4 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 146.9 (d, JC-P = 3.0 Hz), 

134.4 (d, JC-P = 18.0 Hz), 132.2 (d, JC-P = 105.0 Hz), 131.3 (d, JC-P = 2.0 Hz), 130.7 (d, JC-P = 

9.0 Hz), 129.5, 128.2, 128.0 (d, JC-P = 12.0 Hz), 127.1, 118.5 (d, JC-P = 104.0 Hz); 31P NMR 

(CDCl3, 162 MHz): 24.7; ESI-HRMS (ESI, m/z): Calcd for C20H18OP, [M + H]+: 305.1090, 

found 305.1087. 

(E)-(4-Methylstyryl)diphenylphosphine oxide (3b) 

 

White solid; (53 mg, 83%); mp: 210–213 oC; Rf = 0.42 (hexanes/ethyl acetate 1:2); 1H 

NMR (400 MHz, CDCl3): δ 7.75 (dd, J = 7.6 Hz, J = 12.0 Hz, 4H), 7.55–7.41 (m, 9H), 7.18 (d, 

J = 8.0 Hz, 2H), 6.77 (dd, J = 17.2 Hz, J = 22.4 Hz, 1H), 2.36 (s, 3H); 13C NMR (100 MHz, 

CDCl3): δ 147.5 (d, JC-P = 4.0 Hz), 140.4, 133.1 (d, JC-P = 105.0 Hz), 132.4 (d, JC-P = 18.0 Hz), 

131.8 (d, JC-P = 3.0 Hz), 131.4 (d, JC-P = 10.0 Hz), 129.5 (d, JC-P = 12.0 Hz), 127.7, 117.8 (d, 

JC-P = 105.0 Hz), 21.4; 31P NMR (CDCl3, 162 MHz): 24.7; ESI-HRMS (ESI, m/z): Calcd for 

C21H20OP, [M + H]+: 319.1246, found 319.1247. 

(E)-(4-(tert-Butyl)styryl)diphenylphosphine oxide (3c) 

 

White solid; (61 mg, 85%); mp: 160–163 oC; Rf = 0.55 (hexanes/ethyl acetate 1:2); 1H 

NMR (400 MHz, CDCl3): δ 7.75 (dd, J = 7.6 Hz, J = 12.0 Hz, 4H), 7.55–7.44 (m, 9H), 7.40 (d, 

J = 8.0 Hz, 2H), 6.79 (dd, J = 17.2 Hz, J = 22.4 Hz, 1H), 1.32 (s , 9H); 13C NMR (100 MHz, 
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CDCl3): δ 153.6, 147.5 (d, JC-P = 4.0 Hz), 132.9 (d, JC-P = 106.0 Hz), 132.4 (d, JC-P = 18.0 Hz), 

131.8 (d, JC-P = 2.0 Hz), 131.4 (d, JC-P = 10.0 Hz), 128.6 (d, JC-P = 12.0 Hz), 127.6, 125.8, 

117.9 (d, JC-P = 105.0 Hz), 34.8, 31.3; 31P NMR (CDCl3, 162 MHz): 25.1; ESI-HRMS (ESI, 

m/z): Calcd for C24H26OP, [M + H]+: 361.1716, found 361.1718. 

(E)-(4-Methoxystyryl)diphenylphosphine oxide (3d) 

 

White solid; (50 mg, 74%); mp: 189–193 oC; Rf = 0.40 (hexanes/ethyl acetate 1:2); 1H 

NMR (400 MHz, CDCl3): δ 7.58–7.73 (m, 4H), 7.55–7.51 (m, 2H), 7.49–7.38 (m, 7H), 6.89 

(d, J = 8.8 Hz, 2H), 6.66 (dd, J = 17.2 Hz, J = 22.4 Hz, 1H), 3.82 (s, 3H); 13C NMR (100 MHz, 

CDCl3): δ 161.1, 147.2 (d, JC-P = 4.0 Hz), 133.0 (d, JC-P = 105.0 Hz), 131.7 (d, JC-P = 3.0 Hz), 

131.3 (d, JC-P = 10 Hz), 129.3, 128.5 (d, JC-P = 12 Hz), 127.8 (d, JC-P = 19 Hz), 115.8 (d, JC-P = 

106.0 Hz), 114.2, 55.3; 31P NMR (CDCl3, 162 MHz): 25.4; ESI-HRMS (ESI, m/z): Calcd for 

C21H19NaO2P, [M + Na]+: 357.1015, found 357.1019. 

(E)-(4-Phenoxystyryl)diphenylphosphine oxide (3e) 

 

White solid; (58 mg, 73%); mp: 155–158 oC; Rf = 0.47 (hexanes/ethyl acetate 1:2); 1H 

NMR (400 MHz, CDCl3): δ 7.76 (dd, J = 7.6 Hz, J = 12 Hz, 4H), 7.55–7.42 (m, 9H), 7.35 (t, J 

= 8.0 Hz, 2H), 7.14 (t, J = 7.2 Hz, 1H), 7.03 (d, J = 8.0 Hz, 2H), 6.98 (d, J = 8.4 Hz, 2H), 6.73 

(dd, J = 17.2 Hz, J = 22.4 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 159.1, 156.1, 146.6 (d, JC-P 

= 4.0 Hz), 132.9 (d, JC-P = 105.0 Hz), 131.7 (d, JC-P = 2.0 Hz), 131.2 (d, JC-P = 9.0 Hz), 129.9 (d, 

JC-P = 18 Hz), 129.8, 129.3, 128.5 (d, JC-P = 12 Hz), 123.9, 119.4, 118.3, 117.5 (d, JC-P = 

105.0 Hz); 31P NMR (CDCl3, 162 MHz): 24.7; ESI-HRMS (ESI, m/z): Calcd for C26H22O2P, [M 

+ H]+: 397.1352, found 397.1349. 

(E)-4-(2-(Diphenylphosphoryl)vinyl)phenyl acetate (3f) 
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White solid; (55 mg, 75%); mp: 176–180 oC; Rf = 0.50 (hexanes/ethyl acetate 1:2); 1H 

NMR (400 MHz, CDCl3): δ 7.77–7.72 (m, 4H), 7.56–7.44 (m, 9H), 7.12 (d, J = 8.4 Hz, 2H), 

6.79 (dd, J = 17.2 Hz, J = 22.4 Hz, 1H), 2.30 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 169.1, 

151.9, 146.3 (d, JC-P = 4.0 Hz), 132.8 (d, JC-P = 18 Hz), 132.76 (d, JC-P = 105.0 Hz), 131.9 (d, 

JC-P = 3.0 Hz), 131.3 (d, JC-P = 10 Hz), 128.8, 128.6 (d, JC-P = 11.0 Hz), 122.0, 119.4 (d, JC-P = 

104.0 Hz), 21.1; 31P NMR (CDCl3, 162 MHz): 24.4; ESI-HRMS (ESI, m/z): Calcd for 

C22H19NaO3P, [M + Na]+: 385.0964, found 385.0968. 

(E)-(4-(Dimethylamino)styryl)diphenylphosphine oxide (3g) 

 

Purple solid; (42 mg, 61%); mp: 184–188 oC; Rf = 0.43 (hexanes/ethyl acetate 1:2); 1H 

NMR (400 MHz, CDCl3): δ 7.78–7.73 (m, 4H), 7.53–7.49 (m, 2H), 7.48–7.43 (m, 4H), 

7.42–7.30 (m, 3H), 6.66 (d, J = 9.2 Hz, 2H), 6.52 (dd, J = 17.6 Hz, J = 22.4 Hz, 1H), 3.00 (s, 

6H); 13C NMR (100 MHz, CDCl3): δ 151.4, 147.7 (d, JC-P = 4.0 Hz), 133.4 (d, JC-P = 104.0 Hz), 

131.4 (d, JC-P = 2.0 Hz), 131.2 (d, JC-P = 10.0 Hz), 129.1, 128.3 (d, JC-P = 12.0 Hz), 122.9 (d, 

JC-P = 19.0 Hz), 112.0 (d, JC-P = 109.0 Hz), 111.6, 40.0; 31P NMR (CDCl3, 162 MHz): 26.0; 

ESI-HRMS (ESI, m/z): Calcd for C22H23NOP, [M + H]+: 348.1512, found 348.1513. 

(E)-(2-([1,1'-Biphenyl]-4-yl)vinyl)diphenylphosphine oxide (3h) 

 

White solid; (48 mg, 63%); mp: 205–209 oC; Rf = 0.50 (hexanes/ethyl acetate 1:2); 1H 

NMR (400 MHz, CDCl3): δ 7.80–7.75 (m, 4H), 7.64–7.59 (m, 6H), 7.57–7.43 (m, 9H), 7.37 

(t, J = 7.2 Hz, 1H), 6.87 (dd, J = 17.6 Hz, J = 22.4 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 

146.9 (d, JC-P = 3.0 Hz), 142.7, 140.0, 133.9 (d, JC-P = 18.0 Hz), 132.7 (d, JC-P = 105.0 Hz), 

131.8 (d, JC-P = 3.0 Hz), 131.2 (d, JC-P = 10.0 Hz), 128.7, 128.5 (d, JC-P = 12.0 Hz), 128.1, 

127.6, 127.3, 126.9, 118.8 (d, JC-P = 104.0 Hz); 31P NMR (CDCl3, 162 MHz): 24.7; ESI-HRMS 

(ESI, m/z): Calcd for C26H22OP, [M + H]+: 381.1403, found 385.1402. 

(E)-(4-Nitrostyryl)diphenylphosphine oxide (3i) 
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Yellow solid; (33 mg, 47%); mp: 212–215 oC; Rf = 0.46 (hexanes/ethyl acetate 1:2); 1H 

NMR (400 MHz, CDCl3): δ 8.24 (d, J = 7.6 Hz, 2H), 7.78–7.67 (m, 4H), 7.61–7.51 (m, 9H), 

7.09–6.99 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 148.4, 144.6 (d, JC-P = 4.0 Hz), 141.0 (d, 

JC-P = 19.0 Hz), 132.2 (d, JC-P = 3.0 Hz), 132.1 (d, JC-P = 106.0 Hz), 131.3 (d, JC-P = 10.0 Hz), 

128.8 (d, JC-P = 12.0 Hz), 128.4, 124.7 (d, JC-P = 100.0 Hz), 124.1; 31P NMR (CDCl3, 162 

MHz): 23.5; ESI-HRMS (ESI, m/z): Calcd for C20H17NO3P, [M + H]+: 350.0941, found 

350.0946. 

Methyl (E)-4-(2-(diphenylphosphoryl)vinyl)benzoate (3j) 

 

White solid; (56 mg, 77%); mp: 182–184 oC; Rf = 0.41 (hexanes/ethyl acetate 1:2); 1H 

NMR (400 MHz, CDCl3): δ 8.04 (d, J = 8.4 Hz, 2H), 7.79–7.74 (m, 4H), 7.60–7.47 (m, 9H), 

6.97 (dd, J = 17.2 Hz, J = 22.0 Hz, 1H), 3.92 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 166.3, 

146.0 (d, JC-P = 3.0 Hz), 139.0 (d, JC-P = 18.0 Hz), 132.4 (d, JC-P = 106.0 Hz), 131.9 (d, JC-P = 

3.0 Hz), 131.2 (d, JC-P = 10.0 Hz), 131.1, 130.0, 128.6 (d, JC-P = 12.0 Hz), 127.5, 122.1 (d, JC-P 

= 102.0 Hz), 52.1; 31P NMR (CDCl3, 162 MHz): 24.0; ESI-HRMS (ESI, m/z): Calcd for 

C22H20O3P, [M + H]+: 363.1145, found 363.1146. 

(E)-(4-Fluorostyryl)diphenylphosphine oxide (3k) 

 

White solid; (39 mg, 61%); mp: 163–167 oC; Rf = 0.42 (hexanes/ethyl acetate 1:2); 1H 

NMR (400 MHz, CDCl3): δ 7.75 (dd, J = 7.6 Hz, J = 12 Hz, 4H), 7.56–7.43 (m, 9H), 7.06 (t, J 

= 8.4 Hz, 2H), 6.77 (dd, J = 17.6 Hz, J = 22.0 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 163.2 

(d, JC-F = 249.0 Hz), 145.7 (d, JC-P = 3.0 Hz), 132.3 (d, JC-P = 105.0 Hz), 131.5 (d, JC-P = 3.0 Hz), 

131.0 (d, JC-F = 3.0 Hz), 130.9 (d, JC-P = 10 Hz), 129.2 (d, JC-F = 8.0 Hz), 128.2 (d, JC-P = 12 Hz), 

118.4 (dd, JC-P = 104.0 Hz, JC-F = 2 Hz), 115.5 (d, JC-F = 21.0 Hz); 31P NMR (CDCl3, 162 MHz): 
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24.4; ESI-HRMS (ESI, m/z): Calcd for C20H17FOP, [M + H]+: 323.0996, found 323.1003. 

(E)-(4-Chlorostyryl)diphenylphosphine oxide (3l) 

 

White solid; (49 mg, 72%); mp: 185–189 oC; Rf = 0.44 (hexanes/ethyl acetate 1:2); 1H 

NMR (400 MHz, CDCl3): δ 7.77–7.72 (m, 4H), 7.57–7.42 (m, 9H), 7.35 (d, J = 8.4 Hz, 2H), 

6.82 (dd, J = 17.2 Hz, J = 22.0 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 146.0 (d, JC-P = 3.0 Hz), 

136.0, 133.6 (d, JC-P = 18.0 Hz), 132.7 (d, JC-P = 106.0 Hz), 131.9 (d, JC-P = 3.0 Hz), 131.3 (d, 

JC-P = 10.0 Hz), 129.1, 128.9, 128.6 (d, JC-P = 12.0 Hz), 120.0 (d, JC-P = 103.0 Hz); 31P NMR 

(CDCl3, 162 MHz): 24.2; ESI-HRMS (ESI, m/z): Calcd for C20H17ClOP, [M + H]+: 339.0700, 

found 339.0702. 

(E)-(4-Bromostyryl)diphenylphosphine oxide (3m) 

 

White solid; (49 mg, 64%); mp: 195–199 oC; Rf = 0.27 (hexanes/ethyl acetate 1:1); 1H 

NMR (400 MHz, CDCl3): δ 7.77–7.72 (m, 4H), 7.57–7.38 (m, 11H), 6.83 (dd, J = 17.6 Hz, J 

= 22.0 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 146.2 (d, JC-P = 4.0 Hz), 134.0 (d, JC-P = 18.0 

Hz), 132.7 (d, JC-P = 105.0 Hz), 132.1, 132.0 (d, JC-P = 3.0 Hz), 131.4 (d, JC-P = 9.0 Hz), 129.2, 

128.7 (d, JC-P = 12.0 Hz), 124.3, 120.1 (d, JC-P = 103.0 Hz); 31P NMR (CDCl3, 162 MHz): 24.2; 

ESI-HRMS (ESI, m/z): Calcd for C20H17BrOP, [M + H]+: 383.0195, found 383.0190. 

(E)-(3-Chlorostyryl)diphenylphosphine oxide (3n) 

 

White solid; (37 mg, 54%); mp: 173–176 oC; Rf = 0.41 (hexanes/ethyl acetate 1:2); 1H 

NMR (400 MHz, CDCl3): δ 7.77–7.72 (m, 4H), 7.57–7.53 (m, 2H), 7.51–7.42 (m, 6H), 

7.40–7.29 (m, 3H), 6.86 (dd, J = 17.2 Hz, J = 22.0 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 

145.8 (d, JC-P = 4.0 Hz), 136.8 (d, JC-P = 17.0 Hz), 134.8, 132.5 (d, JC-P = 106.0 Hz), 132.0 (d, 

JC-P = 3.0 Hz), 131.3 (d, JC-P = 10.0 Hz), 130.1, 129.9, 128.6 (d, JC-P = 12.0 Hz), 127.2, 126.2, 
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121.0 (d, JC-P = 102.0 Hz); 31P NMR (CDCl3, 162 MHz): 24.4; ESI-HRMS (ESI, m/z): Calcd for 

C20H17ClOP, [M + H]+: 339.0700, found 339.0704. 

(E)-(2-Chlorostyryl)diphenylphosphine oxide (3o) 

 

White solid; (32 mg, 47%); mp: 175–178 oC; Rf = 0.41 (hexanes/ethyl acetate 1:2); 1H 

NMR (400 MHz, CDCl3): δ 7.83–7.74 (m, 5H), 7.65–7.62 (m, 1H), 7.57–7.53 (m, 2H), 

7.51–7.47 (m, 4H), 7.41–7.36 (m, 1H), 7.31–7.25 (m, 2H), 6.88 (dd, J = 17.2 Hz, J = 20.4 

Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 143.5 (d, JC-P = 5.0 Hz), 134.4, 133.4 (d, JC-P = 18.0 

Hz), 132.4 (d, JC-P = 105.0 Hz), 131.9 (d, JC-P = 2.0 Hz), 131.4 (d, JC-P = 10.0 Hz), 130.7, 130.0, 

128.5 (d, JC-P = 12.0 Hz), 127.6 (d, JC-P = 1.0 Hz), 127.0, 123.0 (, JC-P = 103.0 Hz); 31P NMR 

(CDCl3, 162 MHz): 24.7; ESI-HRMS (ESI, m/z): Calcd for C20H17ClOP, [M + H]+: 339.0700,  

found 339.0703. 

(E)-(3-Bromostyryl)diphenylphosphine oxide (3p) 

 

Yellow solid; (38 mg, 50%); mp: 145–148 oC; Rf = 0.49 (hexanes/ethyl acetate 1:2); 1H 

NMR (400 MHz, CDCl3): δ 7.77–7.72 (m, 4H), 7.67 (s, 1H), 7.55–7.42 (m, 9H), 7.25 (t, J = 

7.2 Hz, 1H); 6.85 (t, J = 26.4 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 144.3 (d, JC-P = 4.0 Hz), 

135.6 (d, JC-P = 18.0 Hz), 131.4, 130.9 (d, JC-P = 106.0 Hz), 130.6 (d, JC-P = 3.0 Hz), 129.8 (d, 

JC-P = 10 Hz), 128.9, 128.7, 127.2 (d, JC-P = 12.0 Hz), 125.2, 121.5, 119.5 (d, JC-P = 103.0 Hz); 

31P NMR (CDCl3, 162 MHz): 24.3; ESI-HRMS (ESI, m/z): Calcd for C20H17BrOP, [M + H]+: 

383.0195, found 383.0197. 

(E)-(2-Bromostyryl)diphenylphosphine oxide (3q) 

 

White solid; (30 mg, 39%); mp: 158–161 oC; Rf = 0.45 (hexanes/ethyl acetate 1:2); 1H 

NMR (400 MHz, CDCl3): δ 7.78 (dd, J = 7.6 Hz, J = 12.0 Hz, 4H), 7.74–7.64 (m, 1H), 7.61 (d, 
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J = 8.0 Hz, 1H), 7.58–7.53 (m, 3H), 7.51–7.48 (m, 4H), 7.31 (t, J = 7.6 Hz, 1H), 7.20 (t, J = 

7.6 Hz, 1H), 6.82 (dd, J = 17.6 Hz, J = 20.0 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 146.9 (d, 

JC-P = 3.0 Hz), 134.8 (d, JC-P = 18.0 Hz), 133.0, 131.9 (d, JC-P = 105.0 Hz), 131.6 (d, JC-P = 2.0 

Hz), 131.2 (d, JC-P = 10.0 Hz), 130.6, 128.3 (d, JC-P = 12.0 Hz), 127.4, 127.3, 124.4, 122.8 (d, 

JC-P = 102.0 Hz); 31P NMR (CDCl3, 162 MHz): 25.0; ESI-HRMS (ESI, m/z): Calcd for 

C20H17BrOP, [M + H]+: 383.0195, found 383.0196. 

(E)-(3-Methylstyryl)diphenylphosphine oxide (3r) 

 

White solid; (36 mg, 57%); mp: 130–134 oC; Rf = 0.44 (hexanes/ethyl acetate 1:2); 1H 

NMR (400 MHz, CDCl3): δ 7.75 (dd, J = 7.6 Hz, J = 12 Hz, 4H), 7.56–7.42(m, 7H), 7.33 (d, J 

= 7.2 Hz, 2H), 7.27 (t, J = 7.2 Hz, 1H), 7.18 (d, J = 7.2 Hz, 1H), 6.82 (dd, J = 17.2 Hz, J = 22.4 

Hz, 1H), 2.36 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 147.1 (d, JC-P = 4.0 Hz), 137.8, 134.4 (d, 

JC-P = 18.0 Hz), 132.3 (d, JC-P = 105.0 Hz), 131.2 (d, JC-P = 3.0 Hz), 130.7 (d, JC-P = 9.0 Hz), 

130.3, 128.1, 128.0 (d, JC-P = 12.0 Hz), 127.6, 124.4, 118.2 (d, JC-P = 104.0 Hz), 20.7; 31P 

NMR (CDCl3, 162 MHz): 24.8; ESI-HRMS (ESI, m/z): Calcd for C21H20OP, [M + H]+: 

319.1246, found 319.1243. 

(E)-(2-Methylstyryl)diphenylphosphine oxide (3s) 

 

White solid; (31 mg, 49%); mp: 137–141 oC; Rf = 0.51 (hexanes/ethyl acetate 1:2); 1H 

NMR (400 MHz, CDCl3): δ 7.79–7.72 (m, 5H), 7.57–7.48 (m, 7H), 7.26–7.20 (m, 3H), 6.78 

(dd, J = 17.6 Hz, J = 22.8 Hz, 1H), 2.37 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 141.6 (d, JC-P = 

3.0 Hz), 133.3, 130.2 (d, JC-P = 18.0 Hz), 128.9 (d, JC-P = 105.0 Hz), 128.2 (d, JC-P = 2.0 Hz), 

127.5 (d, JC-P = 10.0 Hz), 127.0, 126.1, 124.9 (d, JC-P = 12.0 Hz), 122.5, 122.4, 116.4 (d, JC-P 

= 103.0 Hz), 15.9; 31P NMR (CDCl3, 162 MHz): 24.8; ESI-HRMS (ESI, m/z): Calcd for 

C21H20OP, [M + H]+: 319.1246, found 319.1248. 

(E)-(3,4-Dimethylstyryl)diphenylphosphine oxide (3t) 

S13



 

White solid; (41 mg, 62%); mp: 197–201 oC; Rf = 0.50 (hexanes/ethyl acetate 1:2); 1H 

NMR (400 MHz, CDCl3): δ 7.78–7.73 (m, 4H), 7.54–7.50 (m, 2H), 7.48–7.39 (m, 5H), 

7.29–7.25 (m, 2H), 7.13 (d, J = 7.6 Hz, 1H), 7.71 (dd, J = 17.6 Hz, J = 22.4 Hz, 1H), 2.26 (s, 

6H); 13C NMR (100 MHz, CDCl3): δ 147.6 (d, JC-P = 4.0 Hz), 139.1, 137.0, 133.0 (d, JC-P = 

105.0 Hz), 132.7 (d, JC-P = 18 Hz), 131.7 (d, JC-P = 3.0 Hz), 131.3 (d, JC-P = 10.0 Hz), 130.0, 

128.7, 128.4 (d, JC-P = 12.0 Hz), 125.3, 117.5 (d, JC-P = 105.0 Hz), 19.64, 19.61; 31P NMR 

(CDCl3, 162 MHz): 24.8; ESI-HRMS (ESI, m/z): Calcd for C22H22OP, [M + H]+: 333.1403, 

found 333.1405. 

(E)-(3,4-Dimethoxystyryl)diphenylphosphine oxide (3u) 

 

White solid; (46 mg, 63%); mp: 136–140 oC; Rf = 0.31 (hexanes/ethyl acetate 1:2); 1H 

NMR (400 MHz, CDCl3): δ 7.79–7.74 (m, 4H), 7.54–7.36 (m, 7H), 7.10–7.06 (m, 2H), 6.86 

(d, J = 8.0 Hz, 1H), 6.66 (dd, J = 17.6 Hz, J = 21.6 Hz, 1H), 3.90 (s, 6H); 13C NMR (100 MHz, 

CDCl3): δ 150.9, 149.2, 147.4 (d, JC-P = 4.0 Hz), 133.1 (d, JC-P = 106.0 Hz), 131.8 (d, JC-P = 3.0 

Hz), 131.4 (d, JC-P = 10.0 Hz), 128.6 (d, JC-P = 12.0 Hz), 128.2 (d, JC-P = 18.0 Hz), 122.0, 116.4 

(d, JC-P = 106.0 Hz), 111.0, 109.5, 55.94, 55.90; 31P NMR (CDCl3, 162 MHz): 25.0; 

ESI-HRMS (ESI, m/z): Calcd for C22H21NaO3P, [M + Na]+: 387.1121, found 387.1123. 

(E)-(2-(Naphthalen-1-yl)vinyl)diphenylphosphine oxide (3v) 

 

Red solid; (51 mg, 72%); mp: 141–143 oC; Rf = 0.56 (hexanes/ethyl acetate 1:2); 1H NMR 

(400 MHz, CDCl3): δ 8.33 (dd, J = 13.2 Hz, J = 19.6 Hz, 1H), 8.13–8.10 (m, 1H), 7.88–7.76 

(m, 7H), 7.57–7.45 (m, 9H), 6.96 (dd, J = 17.2 Hz, J = 23.2 Hz, 1H); 13C NMR (100 MHz, 

CDCl3): δ 144.8 (d, JC-P = 4.0 Hz), 133.5, 132.8 (d, JC-P = 105.0 Hz), 132.7 (d, JC-P = 17.0 Hz), 
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131.8 (d, JC-P = 3.0 Hz), 131.3 (d, JC-P = 10.0 Hz), 131.0, 130.2, 128.6 (d, JC-P = 12.0 Hz), 

126.7, 126.1, 125.2, 124.6 (d, JC-P = 1.0 Hz), 123.2, 122.4 (d, JC-P = 102.0 Hz); 31P NMR 

(CDCl3, 162 MHz): 24.2; ESI-HRMS (ESI, m/z): Calcd for C24H20OP, [M + H]+: 355.1246, 

found 355.1240. 

(E)-Diphenyl(2-(pyridin-2-yl)vinyl)phosphine oxide (3w) 

 

Yellow solid; (30 mg, 49%); mp: 134–138 oC; Rf = 0.21 (hexanes/ethyl acetate 1:2); 1H 

NMR (400 MHz, CDCl3): δ 8.63 (d, J = 4.4 Hz, 1H), 7.80–7.75 (m, 4H), 7.71 (dt, J = 1.6 Hz, J 

= 8.0 Hz, 1H), 7.62–7.59 (m, 1H), 7.57–7.50 (m, 3H), 7.48–7.44 (m, 4H), 7.38 (d, J = 7.6 Hz, 

1H), 7.25 (dd, J = 4.8 Hz, J = 7.2 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 152.6 (d, JC-P = 18.0 

Hz), 149.8, 145.8 (d, JC-P = 4.0 Hz), 136.9, 132.5 (d, JC-P = 105.0 Hz), 131.7 (d, JC-P = 3.0 Hz), 

131.1 (d, JC-P = 11.0 Hz), 128.5 (d, JC-P = 12.0 Hz), 124.4, 124.1, 123.8 (d, JC-P = 101.0 Hz); 

31P NMR (CDCl3, 162 MHz): 24.1; ESI-HRMS (ESI, m/z): Calcd for C19H19NOP, [M + H]+: 

308.1199, found 308.1202. 

(E)-Diphenyl(2-(thiophen-2-yl)vinyl)phosphine oxide (3x) 

 

White solid; (36 mg, 58%); mp: 144–145 oC; Rf = 0.52 (hexanes/ethyl acetate 1:2); 1H 

NMR (400 MHz, CDCl3): δ 7.77–7.72 (m, 4H), 7.63–7.52 (m, 3H), 7.50–7.46 (m, 4H), 7.36 

(d, J = 4.8 Hz, 1H), 7.20 (d, J = 3.6 Hz, 1H), 7.03 (dd, J = 3.6 Hz, J = 4.8 Hz, 1H), 6.58 (dd, J 

= 17.2 Hz, J = 21.6 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 140.8, 140.5, 139.8 (d, JC-P = 4.0 

Hz), 132.7 (d, JC-P = 106.0 Hz), 131.8 (d, JC-P = 3.0 Hz), 131.2 (d, JC-P = 10.0 Hz), 130.0, 128.5 

(d, JC-P = 12.0 Hz), 127.9 (d, JC-P = 3.0 Hz), 117.5 (d, JC-P = 105.0 Hz); 31P NMR (CDCl3, 162 

MHz): 24.2; ESI-HRMS (ESI, m/z): Calcd for C18H16OPS, [M + H]+: 311.0654, found 

311.0655. 

(E)-Diphenyl(2-phenylprop-1-en-1-yl)phosphine oxide (3y) 
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White oil; (32 mg, 51%); Rf = 0.29 (hexanes/ethyl acetate 1:1); 1H NMR (400 MHz, CDCl3): 

δ 7.80 (dd, J = 3.6 Hz, J = 7.6 Hz, 4H), 7.50–7.44 (m, 8H), 7.37–7.35 (m, 3H), 6.40 (d, J = 

23.6 Hz, 1H), 2.50 (d, J = 2.4 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 158.6 (d, JC-P = 3.0 Hz), 

141.4 (d, JC-P = 17.0 Hz), 133.9 (d, JC-P = 104.0 Hz), 130.8 (d, JC-P = 2.0 Hz), 130.2 (d, JC-P = 

10.0 Hz), 128.5, 128.0 (d, JC-P = 12.0 Hz), 127.8, 125.2, 117.6 (d, JC-P = 104.0 Hz), 19.0 (d, 

JC-P = 7.0 Hz); 31P NMR (CDCl3, 162 MHz): 21.8; ESI-HRMS (ESI, m/z): Calcd for C21H20OP, 

[M + H]+: 319.1246, found 319.1248. 

(1H-Inden-2-yl)diphenylphosphine oxide (3z) 

 

Yellow oil; (30 mg, 47%); Rf = 0.48 (hexanes/ethyl acetate 1:2); 1H NMR (400 MHz, CDCl3): 

δ 7.78–7.73 (m, 4H), 7.56 (dt, J = 1.6 Hz, J =7.2 Hz, 2H), 7.51–7.45 (m, 6H), 7.34–7.26 (m, 

3H), 3.70 (s, 2H); 13C NMR (100 MHz, CDCl3): δ 146.0 (d, JC-P = 9.0 Hz), 145.8 (d, JC-P = 11.0 

Hz), 142.7 (d, JC-P = 16.0 Hz), 139.1 (d, JC-P = 109.0 Hz), 132.2 (d, JC-P = 105.0 Hz), 132.0 (d, 

JC-P = 3.0 Hz), 131.6 (d, JC-P = 10.0 Hz), 128.6 (d, JC-P = 12.0 Hz), 127.2, 126.9, 124.2 (d, JC-P = 

1.0 Hz), 122.8, 40.3 (d, JC-P = 12.0 Hz); 31P NMR (CDCl3, 162 MHz): 24.0; ESI-HRMS (ESI, 

m/z): Calcd for C21H18OP, [M + H]+: 317.1090, found 317.1089. 

(8R,9S,13S,14S)-3-((E)-2-(Diphenylphosphoryl)vinyl)-13-methyl-6,7,8,9,11,12,13,14,15,1

6-decahydro-17H-cyclopenta[a]phenanthren-17-one (3ac) 

 

Yellow oil; (59 mg, 61%); Rf = 0.46 (hexanes/ethyl acetate 1:2); 1H NMR (400 MHz, CDCl3): 

δ 7.75 (dd, J = 7.2 Hz, J = 12 Hz, 4H), 7.55–7.51 (m, 2H), 7.49–7.40 (m, 5H), 7.34–7.29 (m, 

2H), 7.26 (s, 1H), 6.79 (dd, J = 17.2 Hz, J = 22.4 Hz, 1H), 2.92 (t, J = 4.4 Hz, 2H), 2.50 (dd, J 

= 8.8 Hz, J = 18.8 Hz, 1H), 2.45–2.40 (m, 1H), 2.37–2.28 (m, 1H), 2.15 (dd, J = 8.8 Hz, J = 
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18.8 Hz, 1H), 2.10–1.96 (m, 3H), 1.68–1.59 (m, 2H), 1.56–1.40 (m, 4H), 0.90 (s, 3H); 13C 

NMR (100 MHz, CDCl3): δ 220.5, 147.3 (d, JC-P = 3.0 Hz), 142.2, 137.0, 133.0 (d, JC-P = 

105.0 Hz), 132.6 (d, JC-p = 18.0 Hz), 131.7  (d, JC-p = 2.0 Hz), 131.3 (d, JC-p = 9.0 Hz), 128.5 

(d, JC-p = 12.0 Hz), 128.3, 125.8, 125.0, 118.2 (d, JC-p = 104.0 Hz), 50.4, 47.8, 44.5, 37.9, 

35.7, 31.4, 29.2, 26.2, 25.5, 21.5, 13.7; 31P NMR (CDCl3, 162 MHz): 24.6; ESI-HRMS (ESI, 

m/z): Calcd for C32H34O2P, [M + H]+: 481.2291, found 481.2293. 

(E)-4-(2-(Diphenylphosphoryl)vinyl)benzyl 2-acetoxybenzoate (3ad) 

 

White solid; (52 mg, 52%); mp: 129–132 oC; Rf = 0.41 (hexanes/ethyl acetate 1:2); 1H 

NMR (400 MHz, CDCl3): δ 8.05 (dd, J = 1.6 Hz, J = 7.6 Hz, 1H), 7.78–7.73 (m, 4H), 

7.58–7.46 (m, 10H), 7.43 (d, J = 8.0 Hz, 2H), 7.33–7.29 (m, 1H), 7.10 (d, J = 8.0 Hz, 1H), 

6.87 (dd, J = 17.6 Hz, J = 21.6 Hz, 1H), 5.31 (s, 2H), 2.17 (s, 3H); 13C NMR (100 MHz, 

CDCl3): δ 169.6, 164.2, 150.7, 146.8 (d, JC-P = 3.0 Hz), 137.6, 135.2 (d, JC-P = 17.0 Hz), 134.0, 

132.8 (d, JC-P = 105.0 Hz), 131.9 (d, JC-P = 3.0 Hz), 131.87, 131.3 (d, JC-P = 10.0 Hz), 128.7, 

128.6 (d, JC-P = 12.0 Hz), 128.0, 126.0, 123.8, 123.0, 119.9 (d, JC-P = 103.0 Hz), 66.3, 20.8; 

31P NMR (CDCl3, 162 MHz): 24.3; ESI-HRMS (ESI, m/z): Calcd for C30H26O5P, [M + H]+: 

497.1512, found 497.1508. 

(E)-4-(2-(Diphenylphosphoryl)vinyl)benzyl 2-(4-isobutylphenyl)propanoate (3ae) 

 

White solid; (66 mg, 63%); mp: 75–79 oC; Rf = 0.37 (hexanes/ethyl acetate 1:2); 1H NMR 

(400 MHz, CDCl3): δ 7.77–7.72 (m, 4H), 7.56–7.43 (m, 9H), 7.20 (t, J = 7.6 Hz, 4H), 7.08 (d, 

J = 8.0 Hz, 2H), 6.81 (dd, J = 17.6 Hz, J = 21.6 Hz, 1H), 5.10 (s, 2H), 3.74 (q, J = 7.2 Hz, 1H), 

2.44 (d, J = 7.2 Hz, 2H), 1.89–1.79 (m, 1H), 1.50 (d, J = 7.2 Hz, 3H), 0.89 (d, J = 6.4 Hz, 6H); 

13C NMR (100 MHz, CDCl3): δ 174.3, 146.9 (d, JC-P = 3.0 Hz), 140.6, 138.1, 137.4, 134.7 (d, 

JC-P = 18.0 Hz), 132.8 (d, JC-P = 106.0 Hz), 131.8 (d, JC-P = 2.0 Hz), 131.3 (d, JC-P = 10.0 Hz), 

129.3, 128.6 (d, JC-P = 12.0 Hz), 128.0, 127.8, 127.1, 119.5 (d, JC-P = 104.0 Hz), 65.6, 45.0, 
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44.9, 30.1, 22.3, 18.2; 31P NMR (CDCl3, 162 MHz): 24.5; ESI-HRMS (ESI, m/z): Calcd for 

C34H36O3P, [M + H]+: 523.2397, found 523.2398. 

(E)-4-(2-(Diphenylphosphoryl)vinyl)benzyl 4-(N,N-dipropylsulfamoyl)benzoate (3af) 

 

White oil; (93 mg, 77%); Rf = 0.27 (hexanes/ethyl acetate 1:2); 1H NMR (400 MHz, CDCl3): 

δ 8.17 (d, J = 8.4 Hz, 2H), 7.87 (d, J = 8.4 Hz, 2H), 7.79–7.73 (m, 4H), 7.58–7.53 (m, 5H), 

7.51–7.46 (m, 6H), 6.88 (dd, J = 17.6 Hz, J = 22.4 Hz, 1H), 5.39 (s, 2H), 3.09 (t, J = 7.6 Hz, 

4H), 1.59–1.49 (m, 4H), 0.86 (t, J = 7.2 Hz, 6H); 13C NMR (100 MHz, CDCl3): δ 164.9, 146.6 

(d, JC-P = 4.0 Hz), 144.4, 137.3, 135.2 (d, JC-P = 18.0 Hz), 133.1, 132.7 (d, JC-P = 106.0 Hz), 

131.8 (d, JC-P = 2.0 Hz), 131.3 (d, JC-P = 10.0 Hz), 130.2, 128.6, 128.5 (d, JC-P = 12.0 Hz), 

128.0, 126.9, 119.9 (d, JC-P = 103.0 Hz), 66.6, 49.8, 21.8, 11.0; 31P NMR (CDCl3, 162 MHz): 

24.3; ESI-HRMS (ESI, m/z): Calcd for C34H37NO5PS, [M + H]+: 602.2125, found 602.2128. 

(E)-4-(2-(Diphenylphosphoryl)vinyl)benzyl 3-(4,5-diphenyloxazol-2-yl)propanoate (3ag) 

 

White oil; (68 mg, 56%); Rf = 0.20 (hexanes/ethyl acetate 1:2); 1H NMR (400 MHz, CDCl3): 

δ 7.74 (dd, J = 7.6 Hz, J = 11.6 Hz, 4H), 7.60 (d, J = 7.2 Hz, 2H), 7.56–7.39 (m, 11H), 

7.33–7.25 (m, 8H), 6.77 (dd, J = 17.6 Hz, J = 22.0 Hz, 1H), 5.17 (s, 2H), 3.20 (t, J = 7.2 Hz, 

2H), 2.98 (t, J = 7.2 Hz, 2H); 13C NMR (100 MHz, CDCl3): δ 171.1, 160.9, 146.3 (d, JC-P = 4.0 

Hz), 144.8, 137.2, 134.4, 134.3 (d, JC-P = 18.0 Hz), 132.2 (d, JC-P = 105.0 Hz), 131.8, 131.3 

(d, JC-P = 2.0 Hz), 130.7 (d, JC-P = 10.0 Hz), 128.2, 128.1 (d, JC-P = 12.0 Hz), 128.0, 127.9, 

127.8, 127.7, 127.4, 127.3, 127.2, 125.8, 119.0 (d, JC-P = 103.0 Hz), 65.3, 30.4, 22.8; 31P 

NMR (CDCl3, 162 MHz): 24.4; ESI-HRMS (ESI, m/z): Calcd for C39H33NO4P, [M + H]+: 

610.2142, found 610.2145. 

(5-((4-Hydroxy-2,2,6,6-tetramethylpiperidin-1-yl)oxy)-2-phenylpent-2-en-1-yl)diphenyl

phosphine oxide (3ah) 
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Colourless oil; (16 mg, 16%); Rf = 0.14 (hexanes/ethyl acetate 1:1); 1H NMR (400 MHz, 

CDCl3): δ 7.65–7.60 (m, 4H), 7.41 (dt, J = 1.2 Hz, J = 7.6 Hz, 2H), 7.32 (dt, J = 3.2 Hz, J = 

7.6 Hz, 4H), 7.09 (brs, 5H), 5.84 (dd, J = 7.2 Hz, J = 12.4 Hz, 1H), 3.95–3.88 (m, 1H), 3.76 (t, 

J = 6.4 Hz, 2H), 3.68 (d, J = 14.8 Hz, 2H), 2.40–2.34 (m, 2H), 1.77 (m, 2H), 1.43 (t, J = 12.0 

Hz, 2H), 1.15 (s, 6H), 1.12 (s, 6H); 13C NMR (100 MHz, CDCl3): δ 143.1 (d, JC-P = 1.0 Hz), 

132.6 (d, JC-P = 87.0 Hz), 131.6 (d, JC-P = 9.0 Hz), 131.5 (d, JC-P = 3.0 Hz), 131.2 (d, JC-P = 10.0 

Hz), 131.0 (d, JC-P = 9.0 Hz), 128.2 (d, JC-P = 12.0 Hz), 127.9, 126.7, 126.5, 75.8, 63.1, 60.0, 

48.1, 33.7 (d, JC-P = 67.0 Hz), 33.1, 29.0, 21.0; 31P NMR (CDCl3, 162 MHz): 24.3; ESI-HRMS 

(ESI, m/z): Calcd for C32H41NO3P, [M + H]+: 518.2819, found 518.2815. 
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