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1. General Information 

General Procedures. All reactions were performed in oven-dried or flame-dried reaction 

vessels, modified Schlenk flasks, or round-bottom flasks. The flasks were fitted with Teflon 

screw caps and reactions were conducted under an atmosphere of argon if needed. Gas-tight 

syringes with stainless steel needles were used to transfer air- and moisture-sensitive liquids. 

All moisture and/or air sensitive solid compounds were manipulated inside normal 

desiccators. Flash column chromatography was performed over silica gel (40 – 45 µm, 300 – 

400 mesh). 

Analytical thin layer chromatography (TLC) was performed on silica gel HSGF254 glass 

plates (purchased from Jiangyou silica gel development Co., Ltd, Yantai, China) containing a 

254 nm fluorescent indicator. TLC plates were visualized by exposure to short wave 

ultraviolet light (254 nm) or I2 and to a solution of KMnO4 (1 g of KMnO4, 6 g of K2CO3 and 

0.1 g of KOH in 100 mL of H2O) or vanillin (2 g of vanillin and 4 mL of concentrated H2SO4 

in 100 mL of EtOH) followed by heating.  

Organic solutions were concentrated at 30 – 40 °C on rotary evaporators at ~80 mbar 

followed by drying on vacuum pump below 1 mbar. Reaction temperatures are reported as 

the temperature of the bath surrounding the vessel unless otherwise stated. 

Materials. Commercial reagents and solvents were were obtained from Adamas-beta, 

Aldrich Chemical Co., Alfa Aesar, Macklin, Energy Chemical and Leyan and used as 

received with the following exceptions: THF, 1,4-dioxane and toluene were purified by 

refluxing over Na-benzophenone under positive argon pressure followed by distillation.1 The 

variety of substituted P(O)−H compounds (1b, 1c, 1d, 1e, 1f) were synthesized according to 

literature procedures.2 The vinylethylene carbonates (VECs) 2 were synthesized according to 

the reported literature procedures.3 

Instrumentation.  

➢ Proton nuclear magnetic resonance (1H NMR) spectra were measured on a JEOL JNM-

ECZ600R/S1 spectrometer at ambient temperature for 1H at 600 MHz. Proton chemical 

shifts are reported in parts per million (δ scale), and are referenced using tetramethylsilane 

(TMS) as an internal standard or residual protium in the NMR solvent (CDCl3: δ 7.26 

(CHCl3) or DMSO-d6: δ 2.50 (CD2HSOCD3)). Data are reported as follows: chemical shift 

[multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, dd = doublet 
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of doublets, td = triplet of doublets, brs = broad singlet), coupling constant(s) (Hz), 

integration].  

➢ Carbon-13 nuclear magnetic resonance (13C NMR) spectra measured on a JEOL JNM-

ECZ600R/S1 spectrometer at ambient temperature for 13C at 151 MHz. Carbon chemical 

shifts are reported in parts per million (δ scale), and are referenced using the carbon 

resonances of the solvent (δ 77.00 (CDCl3) or δ 39.52 (DMSO-d6)). Data are reported as 

follows: chemical shift [multiplicity (if not singlet), assignment (Cq = fully substituted 

carbon)].  

➢ Phosphorus-31 nuclear magnetic resonance (31P NMR) spectra measured on a JEOL JNM-

ECZ600R/S1 spectrometer at ambient temperature for 31P at 243 MHz. 

➢ High resolution mass spectra (HRMS) were performed on an Agilent 6230 time-of-flight 

(TOF) LC/MS instrument or a Waters SYNAPT G2 mass spectrometer by using an 

electrospray ionization (ESI) ionization source analyzed by quadrupole time-of-flight (Q-

TOF). Melting points were determined on a SGW X-4 digital melting point apparatus and 

temperatures were not corrected. 
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2. Further Optimization Studies 

Table S1. Optimization of the diphenylphosphine oxide 1a and VEC 2a a 

 

 

 

Entry [Pd] Ligands Solvent Temp. Yield[%] b 

1 Pd2(dba)3•CHCl3 L5   <5 

2 Pd2(dba)3•CHCl3 L6 Toluene R.T.  23 

3 Pd2(dba)3•CHCl3 L7   <5 

4 Pd2(dba)3•CHCl3 L8 Toluene R.T.  <5 

5 Pd2(dba)3•CHCl3 L9 Toluene R.T.  <5 

6 Pd2(dba)3•CHCl3 L10 Toluene R.T.  <5 

7 Pd2(dba)3•CHCl3 L3 Mesitylene 60 oC 92 

8 Pd2(dba)3•CHCl3 L3 Chlorobenzene 60 oC 95 
a Reactions condition: 1a (0.10 mmol, 1.0 equiv), 2a (0.15 mmol, 1.5 equiv), [Pd] (5% mmol), Ligands (12% 

mmol) in 1.0 mL of solvent for 2 hours. b Isolated yield. R.T.: Room Temperature. 
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Table S2. Optimization of reaction conditions for 3' a 

 

 

Entry [M] Ligands Solvent Temp. Yield[%]b 

1 [(C6H5)3P]3RhCl L5 Toluene 60 oC - 

2 RuCl2(PPh3)3 L5 Toluene 60 oC - 

3 [Ir(cod)Cl]2 L5 Toluene 60 oC - 

4 [Ir(cod)Cl]2 L1 Toluene 60 oC - 

5 [Ir(cod)Cl]2 L2 Toluene 60 oC - 

6 [Ir(cod)Cl]2 L3 Toluene 60 oC - 

7 [Ir(cod)Cl]2 L6 Toluene 60 oC - 

8 [Ir(cod)Cl]2 L7 Toluene 60 oC - 

9 [Ir(cod)Cl]2 L10 Toluene 60 oC - 

10 [Ir(cod)Cl]2 L3 DCM 60 oC - 

11 [Ir(cod)Cl]2 L3 THF 60 oC - 

12 [Ir(cod)Cl]2 L3 MeCN 60 oC - 

13 [Ir(cod)Cl]2 L3 Mesitylene 60 oC  

14 [Ir(cod)Cl]2 L3 Chlorobenzene 60 oC  

15 [Ir(cod)Cl]2 L9 DCM 60 oC - 

16 [Ir(cod)Cl]2 L9 THF 60 oC - 

17 [Ir(cod)Cl]2 L9 MeCN 60 oC - 

18 [Ir(cod)Cl]2 L11 Toluene 60 oC - 

19 [Ir(cod)Cl]2 L12 Toluene 60 oC - 

20 [Ir(cod)Cl]2 L13 Toluene 60 oC - 

21 [Ir(cod)Cl]2 L14 Toluene 60 oC - 

22 [Ir(cod)Cl]2 L15 Toluene 60 oC - 

23 [Ir(cod)Cl]2 L16 Toluene 60 oC - 
a Reactions condition: 1a (0.10 mmol, 1.0 equiv), 2a (0.15 mmol, 1.5 equiv), [M] (5% mmol), Ligands (12% 

mmol) in 1.0 mL of solvent. b Isolated yield.  
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Table S3. Optimization of reaction conditions for stereogenic-at-phosphorus compounds 3aia 

 

 

Entry [Pd] Ligands Solvent Base Yield[%]b E.r.(%)c 

1 Pd2(dba)3•CHCl3 L13 Toluene K3PO4 46 44:56 

2 Pd2(dba)3•CHCl3 L14 Toluene K3PO4 31 38:62 

3 Pd2(dba)3•CHCl3 L16 Toluene K3PO4 <5 N.D.d 

4 Pd2(dba)3•CHCl3 L17 Toluene K3PO4 38 47:53 

5 Pd2(dba)3•CHCl3 L18 Toluene K3PO4 37 51:49 

6 Pd2(dba)3•CHCl3 L19 Toluene K3PO4 6 41:56 

7 Pd2(dba)3•CHCl3 L20 Toluene K3PO4 <5 N.D. 

8 Pd2(dba)3•CHCl3 L21 Toluene K3PO4 <5 N.D. 

9 Pd2(dba)3•CHCl3 L22 Toluene K3PO4 <5 N.D. 

10 Pd(OAc)2 L14 Toluene K3PO4 <5 N.D. 

11 PdCl2 L14 Toluene K3PO4 13 37:63 

12 Pd2(dba)3 L14 Toluene K3PO4 20 36:64 

13 Pd2(dba)3 L14 Toluene KH2PO4 <5 N.D. 

14 Pd2(dba)3 L14 Toluene K2HPO4 <5 N.D. 

15 Pd2(dba)3 L14 Toluene Cs2CO3 29 40:60 

16 Pd2(dba)3 L14 Toluene DBU 20 34:66 

17 Pd2(dba)3 L14 Toluene TEA <5 N.D. 

18 Pd2(dba)3 L14 DCM DBU 20 50:50 

19 Pd2(dba)3 L14 THF DBU 10 39:61 

20 Pd2(dba)3 L14 MeCN DBU <5 N.D. 

21 Pd2(dba)3 L14 PhCF3 DBU 8 39:61 

22 Pd2(dba)3 L14 Mesitylene DBU 15 32:68 

23e Pd2(dba)3 L14 Mesitylene DBU 10 28:72 

24f Pd2(dba)3 L14 Mesitylene DBU 10 27:73 
a Reactions condition: 1n (0.10 mmol, 1.0 equiv), 2a (0.15 mmol, 1.5 equiv), [Pd] (5% mmol), Ligands (12% 

mmol), base (0.1 mmol, 1.0 equiv) in 2.0 mL solvent, at 60 oC, 12 hours. b NMR yield with the use of 

CH2Br2 as the internal standard. c Determined by HPLC analysis on a chiral stationary phase. d N.D.: No 

Detect. e at 40 oC, 24 hours. f 3.0 mL solvent, at 40 oC, 24 hours. 
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3. General Procedure for the 3.  

 

To an oven-dried Schlenk tube was added Pd2(dba)3•CHCl3 (1 mol%) and Xantphos (3 

mol%), after which the tube was evacuated and back-filled with argon three times. Then 

under the protection of argon, dry toluene (1.0 mL) was added and stirred at room 

temperature for 30 min. Subsequently, under the protection of argon, P(O)H compounds 1 

(0.10 mmol) and vinylethylene carbonates 2 (0.15 mmol) were added and the reaction 

mixture was stirred at 60 °C for 2 hours. Then the mixture was directly purified by column 

chromatography on silica gel (petroleum ether/ ethyl acetate = 3/1, 2:1 to 1/1) to afford the 

corresponding 3 in 52–99% yields, which were dried under vacuum and further analyzed by 

1H NMR, 13C NMR, HRMS, etc.  

Gram-scale synthesis of the nine-membered product 3x 

 

To an oven-dried Schlenk tube was added Pd2(dba)3•CHCl3 (0.032 mmol, 32.74 mg) and 

Xantphos (0.096 mmol, 55.55 mg), after which the tube was evacuated and back-filled with 

argon three times. Then under the protection of argon, dry toluene (32 mL) was added and 

stirred at room temperature for 30 min. Subsequently, under the protection of argon, P(O)H 

compounds 1c (3.2 mmol, 1.01 g) and vinylethylene carbonate 2a (4.8 mmol, 0.91 g) were 

added and the reaction mixture was stirred at 60 °C for 2 hours. Then the mixture was 

directly purified by column chromatography on silica gel (petroleum ether/ ethyl acetate = 

3/1, 2:1 to 1/1) to afford the corresponding 3x (1.37 g) as white solid in 92% yields. 
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Procedure for the asymmetric synthesis of product 3ai. 

 

To a flame-dried Schlenk tube were added [Pd] (5% mmol) and Ligands (12% mmol), 

after which the tube was evacuated and back-filled with argon three times. Then, under the 

protection of Ar, solvent (1.0 mL) was added and stirred at room temperature for 30 min.. 

Subsequently, under the protection of Ar, P(O)H compounds 1n (0.10 mmol), VEC 2a (0.15 

mmol) and base (0.1 mmol) were added and the reaction mixture was stirred at 60 °C for 12 

hours. After which the reaction mixture was concentrated under reduced pressure and the 

resulting crude material was purified by column chromatography on silica gel with petroleum 

ether and ethyl acetate (3:1, 2:1 to 1:1) as eluents to afford the chiral corresponding products 

3ai, which was dried under vacuum and further analyzed by 1H NMR, 13C NMR, HRMS, 

chiral HPLC analysis, etc.  

(Z)-(4-hydroxy-3-phenylbut-2-en-1-yl)diphenylphosphine oxide 3a 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3a (34.1 mg, 98% 

yield) as a white solid, m.p. = 151 – 155 oC. 

NMR and HRMS data for the product 3a: 

1H NMR (600 MHz, CDCl3) δ (ppm): 7.82 – 7.74 (m, 4H), 7.59 – 7.53 (m, 2H), 7.52 – 7.46 

(m, 4H), 7.42 (d, J = 7.8 Hz, 2H), 7.31 – 7.25 (m, 2H), 7.25 – 7.21 (m, 1H), 5.64 – 5.59 (m, 

1H), 4.48 (s, 2H), 3.40 (dd, J = 13.8, 8.4 Hz, 2H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 147.0 (d, JC-P = 10.1 Hz), 141.5 (d, JC-P = 2.9 Hz), 

132.2, 131.8 (d, JC-P = 99.8 Hz), 130.9 (d, JC-P = 8.8 Hz), 128.8 (d, JC-P = 11.6 Hz), 128.2, 

127.3, 126.2, 117.2 (d, JC-P = 11.5 Hz), 59.9, 31.0 (d, JC-P = 65.1 Hz). 
31P NMR (243 MHz, CDCl3) δ (ppm): 29.02. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C22H21O2PNa+ 371.1172; Found: 371.1171. 

 



8 

 

(Z)-(3-(4-fluorophenyl)-4-hydroxybut-2-en-1-yl)diphenylphosphine oxide 3b 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3b (35.5 mg, 97% 

yield) as a white solid, m.p. = 142 – 145 oC. 

NMR and HRMS data for the product 3b:  

1H NMR (600 MHz, CDCl3) δ (ppm): 7.80 – 7.73 (m, 4H), 7.59 – 7.54 (m, 2H), 7.53 – 7.47 

(m, 4H), 7.42 – 7.36 (m, 2H), 6.95 (t, J = 9.0 Hz, 2H), 5.58 – 5.53 (m, 1H), 5.39 (br., 1H), 

4.44 (s, 2H), 3.38 (dd, J = 14.4, 8.4 Hz, 2H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 162.2 (d, 1JC-F = 245.8 Hz), 146.0 (d, JC-P = 10.1 Hz), 

137.6, 132.3, 131.6 (d, JC-P = 101.2 Hz), 130.8 (d, JC-P = 8.8 Hz), 128.8 (d, JC-P = 11.6 Hz), 

127.8 (d, 3JC-F = 7.2 Hz), 117.1 (d, JC-P = 11.6 Hz), 115.0 (d, 2JC-F = 21.7 Hz), 59.8, 30.9 (d, 

JC-P = 65.1 Hz). 

31P NMR (243 MHz, CDCl3) δ (ppm): 29.10. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C22H20FO2PNa+ 389.1078; Found: 389.1073. 

19F NMR (564 MHz, CDCl3) δ (ppm): -115.15 (s, 1F). 

 

(Z)-(3-(4-chlorophenyl)-4-hydroxybut-2-en-1-yl)diphenylphosphine oxide 3c 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3c (35.6 mg, 93% 

yield) as a white solid, m.p. = 108 – 111 oC. 

NMR and HRMS data for the product 3c:  
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1H NMR (600 MHz, CDCl3) δ (ppm): 7.80 – 7.73 (m, 4H), 7.59 – 7.54 (m, 2H), 7.53 – 7.47 

(m, 4H), 7.36 (d, J = 8.4 Hz, 2H), 7.23 (d, J = 8.4 Hz, 2H), 5.62 – 5.56 (m, 1H), 4.43 (s, 2H), 

3.38 (dd, J = 13.8, 7.8 Hz, 2H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 146.0 (d, JC-P = 11.6 Hz), 140.0 (d, JC-P = 4.4 Hz), 

133.2, 132.3, 131.6 (d, JC-P = 101.2 Hz), 130.9 (d, JC-P = 10.1 Hz), 128.9 (d, JC-P = 11.5 Hz), 

128.4, 127.5, 117.8 (d, JC-P = 11.6 Hz), 59.7, 31.0 (d, JC-P = 66.6 Hz). 
31P NMR (243 MHz, CDCl3) δ (ppm): 28.96. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C22H20ClO2PNa+ 405.0782 (35Cl), 407.0753 

(37Cl); Found: 405.0783, 407.0753. 

 

 

 

(Z)-(3-(4-bromophenyl)-4-hydroxybut-2-en-1-yl)diphenylphosphine oxide 3d  

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3d (40.6 mg, 95% 

yield) as a white solid, m.p. = 141 – 145 oC. 

NMR and HRMS data for the product 3d:  

1H NMR (600 MHz, CDCl3) δ (ppm): 7.78 – 7.73 (m, 4H), 7.59 – 7.54 (m, 2H), 7.53 – 7.47 

(m, 4H), 7.39 (d, J = 7.8 Hz, 2H), 7.31 (d, J = 9.0 Hz, 2H), 5.62 – 5.57 (m, 1H), 5.38 (br., 

1H), 4.43 (s, 2H), 3.38 (dd, J = 14.4, 9.0 Hz, 2H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 145.9 (d, JC-P = 10.1 Hz), 140.4 (d, JC-P = 2.9 Hz), 

132.3, 131.5 (d, JC-P = 101.3 Hz), 131.3, 130.8 (d, JC-P = 8.6 Hz), 128.9 (d, JC-P = 13.0 Hz), 

127.8 (d, JC-P = 3.0 Hz), 121.4, 117.9 (d, JC-P = 11.6 Hz), 59.6, 31.0 (d, JC-P = 66.4 Hz). 

31P NMR (243 MHz, CDCl3) δ (ppm): 28.99. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C22H20BrO2PNa+ 449.0277 (79Br), 451.0257 

(81Br); Found: 449.0281, 451.0265. 
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(Z)-(4-hydroxy-3-(4-(trifluoromethyl)phenyl)but-2-en-1-yl)diphenylphosphine oxide 3e 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3e (38.3 mg, 92% 

yield) as a white solid, m.p. = 136 – 139 oC. 

NMR and HRMS data for the product 3e:  
1H NMR (600 MHz, CDCl3) δ (ppm): 7.81 – 7.74 (m, 4H), 7.60 – 7.55 (m, 2H), 7.55 – 7.48 

(m, 8H), 5.70 – 5.65 (m, 1H), 4.47 (s, 2H), 3.42 (dd, J = 14.4, 8.4 Hz, 2H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 146.0 (d, JC-P = 11.5 Hz), 145.1, 132.4, 131.6 (d, JC-P 

= 99.8 Hz), 130.9 (d, JC-P = 10.1 Hz), 129.3 (d, 2JC-F = 33.2 Hz), 128.9 (d, JC-P = 13.0 Hz), 

126.5, 125.2 (d, 3JC-F = 4.4 Hz), 124.2 (t, 1JC-F = 271.8 Hz), 119.4 (d, JC-P = 13.0 Hz), 59.6, 

31.1 (d, JC-P = 65.1 Hz). 
31P NMR (243 MHz, CDCl3) δ (ppm): 28.88. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C23H20F3O2PNa+ 439.1046; Found: 439.1053. 

19F NMR (564 MHz, CDCl3) δ (ppm): -62.35 (s, 3F). 

 

(Z)-(4-hydroxy-3-(p-tolyl)but-2-en-1-yl)diphenylphosphine oxide 3f 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3f (33.0 mg, 91% 

yield) as a white solid, m.p. = 116 – 121 oC. 

NMR and HRMS data for the product 3f:  

1H NMR (600 MHz, CDCl3) δ (ppm): 7.80 – 7.74 (m, 4H), 7.58 – 7.53 (m, 2H), 7.52 – 7.47 

(m, 4H), 7.33 (d, J = 7.8 Hz, 2H), 7.09 (d, J = 8.4 Hz, 2H), 5.62 – 5.57 (m, 1H), 5.30 (br., 

1H), 4.46 (s, 2H), 3.38 (dd, J = 13.8, 8.4 Hz, 2H), 2.31 (s, 3H). 
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13C NMR (151 MHz, CDCl3) δ (ppm): 146.7 (d, JC-P = 11.6 Hz), 138.6 (d, JC-P = 4.4 Hz), 

137.1, 132.2, 131.8 (d, JC-P = 99.8 Hz), 130.9 (d, JC-P = 10.1 Hz), 128.9, 128.8 (d, JC-P = 11.6 

Hz), 126.1 (d, JC-P = 2.9 Hz), 116.3 (d, JC-P = 11.5 Hz), 59.8, 30.9 (d, JC-P = 64.9 Hz), 21.0. 

31P NMR (243 MHz, CDCl3) δ (ppm): 29.16. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C23H23O2PNa+ 385.1328; Found: 385.1333. 

 

(Z)-(3-(4-ethylphenyl)-4-hydroxybut-2-en-1-yl)diphenylphosphine oxide 3g 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3g (35.8 mg, 95% 

yield) as a white solid, m.p. = 120 – 123 oC. 

NMR and HRMS data for the product 3g:  
1H NMR (600 MHz, CDCl3) δ (ppm): 7.80 – 7.75 (m, 4H), 7.57 – 7.53 (m, 2H), 7.52 – 7.47 

(m, 4H), 7.36 (d, J = 8.4 Hz, 2H), 7.12 (d, J = 7.8 Hz, 2H), 5.63 – 5.58 (m, 1H), 5.29 (br., 

1H), 4.47 (s, 2H), 3.39 (dd, J = 13.8, 8.4 Hz, 2H), 2.61 (q, J = 7.8 Hz, 2H), 1.21 (t, J = 7.2 Hz, 

3H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 146.7 (d, JC-P = 10.1 Hz), 143.5, 138.8 (d, JC-P = 4.4 

Hz), 132.1, 131.5, 130.9 (d, JC-P = 10.1 Hz), 128.8 (d, JC-P = 11.5 Hz), 127.7, 126.1, 116.3 (d, 

JC-P = 11.5 Hz), 59.8, 30.9 (d, JC-P = 64.9 Hz), 28.4, 15.5. 
31P NMR (243 MHz, CDCl3) δ (ppm): 29.10. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C24H25O2PNa+ 399.1485; Found: 399.1490. 

 

(Z)-(4-hydroxy-3-(4-methoxyphenyl)but-2-en-1-yl)diphenylphosphine oxide 3h 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3h (33.3 mg, 88% 

yield) as a white solid, m.p. = 164 – 167 oC. 
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NMR and HRMS data for the product 3h:  
1H NMR (600 MHz, CDCl3) δ (ppm): 7.79 – 7.74 (m, 4H), 7.58 – 7.54 (m, 2H), 7.52 – 7.47 

(m, 4H), 7.36 (d, J = 9.0 Hz, 2H), 6.81 (d, J = 8.4 Hz, 2H), 5.56 – 5.52 (m, 1H), 5.26 (br., 

1H), 4.45 (s, 2H), 3.78 (s, 3H), 3.37 (dd, J = 13.2, 7.8 Hz, 2H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 159.1, 146.3 (d, JC-P = 11.6 Hz), 134.0 (d, JC-P = 4.4 

Hz), 132.2 (d, JC-P = 2.7 Hz), 131.5, 130.9 (d, JC-P = 10.1 Hz), 128.8 (d, JC-P = 11.5 Hz), 

127.3, 115.5 (d, JC-P = 11.6 Hz), 113.6, 59.9, 55.3, 30.9 (d, JC-P = 64.9 Hz). 

31P NMR (243 MHz, CDCl3) δ (ppm): 29.10. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C23H23O3PNa+ 401.1278; Found: 401.1281. 

 

 

 

(Z)-(4-hydroxy-3-(4-propylphenyl)but-2-en-1-yl)diphenylphosphine oxide 3i 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3i (27.3 mg, 70% 

yield) as a white solid, m.p. = 122 – 127 oC. 

NMR and HRMS data for the product 3i:  

1H NMR (600 MHz, CDCl3) δ (ppm): 7.80 – 7.75 (m, 4H), 7.58 – 7.53 (m, 2H), 7.52 – 7.47 

(m, 4H), 7.34 (d, J = 7.8 Hz, 2H), 7.09 (d, J = 8.4 Hz, 2H), 5.63 – 5.58 (m, 1H), 5.29 (br., 

1H), 4.47 (s, 2H), 3.39 (dd, J = 14.4, 7.8 Hz, 2H), 2.54 (t, J = 7.8 Hz, 2H), 1.64 – 1.57 (m, 

2H), 0.92 (t, J = 7.2 Hz, 3H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 146.7 (d, JC-P = 10.1 Hz), 142.0, 138.8 (d, JC-P = 2.7 

Hz), 132.1, 131.8 (d, JC-P = 101.2 Hz), 130.9 (d, JC-P = 10.1 Hz), 128.8 (d, JC-P = 13.0 Hz), 

128.3, 126.0, 116.3 (d, JC-P = 11.6 Hz), 59.8, 37.6, 30.9 (d, JC-P = 66.4 Hz), 24.5, 13.8. 

31P NMR (243 MHz, CDCl3) δ (ppm): 29.47. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C25H27O2PNa+ 413.1641; Found: 413.1646. 
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(Z)-(4-hydroxy-3-(4-isobutylphenyl)but-2-en-1-yl)diphenylphosphine oxide 3j 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3j (29.9 mg, 74% 

yield) as a white solid, m.p. = 130 – 134 oC. 

NMR and HRMS data for the product 3j:  

1H NMR (600 MHz, CDCl3) δ (ppm): 7.78 – 7.75 (m, 4H), 7.58 – 7.53 (m, 2H), 7.52 – 7.47 

(m, 4H), 7.33 (d, J = 8.4 Hz, 2H), 7.06 (d, J = 8.4 Hz, 2H), 5.63 – 5.59 (m, 1H), 4.47 (s, 2H), 

3.39 (dd, J = 14.4, 8.4 Hz, 2H), 2.43 (d, J = 7.2 Hz, 2H), 1.87 – 1.79 (m, 1H), 0.88 (d, J = 6.6 

Hz, 6H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 146.8 (d, JC-P = 10.1 Hz), 141.0, 138.8 (d, JC-P = 4.4 

Hz), 132.2, 131.9 (d, JC-P = 99.8 Hz), 130.9 (d, JC-P = 10.1 Hz), 129.0, 128.8 (d, JC-P = 11.6 

Hz), 125.9 (d, JC-P = 2.9 Hz), 116.3 (d, JC-P = 11.5 Hz), 59.8, 45.0, 31.0 (d, JC-P = 65.1 Hz), 

30.2, 22.4. 

31P NMR (243 MHz, CDCl3) δ (ppm): 29.08. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C26H29O2PNa+ 427.1798; Found: 427.1803. 

 

(Z)-(3-(3-fluorophenyl)-4-hydroxybut-2-en-1-yl)diphenylphosphine oxide 3k 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3k (28.2 mg, 77% 

yield) as a white solid, m.p. = 139 – 141 oC. 

NMR and HRMS data for the product 3k:  
1H NMR (600 MHz, CDCl3) δ (ppm): 7.83 – 7.71 (m, 4H), 7.61 – 7.54 (m, 2H), 7.54 – 7.46 

(m, 4H), 7.25 – 7.18 (m, 2H), 7.12 (d, J = 10.2 Hz, 1H), 6.96 – 6.89 (m, 1H), 5.66 – 5.59 (m, 

1H), 4.45 (s, 2H), 3.39 (dd, J = 14.4, 9.0 Hz, 2H). 
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13C NMR (151 MHz, CDCl3) δ (ppm): 162.8 (C-F, 1JC-F = 245.8 Hz), 146.0 (d, JC-P = 8.8 

Hz), 143.8, 132.3, 131.6 (d, JC-P = 101.2 Hz), 130.9 (d, JC-P = 10.1 Hz), 129.7 (C-F, 3JC-F = 

8.6 Hz), 128.9 (d, JC-P = 11.6 Hz), 121.9, 118.3 (d, JC-P = 11.6 Hz), 114.1 (C-F, 2JC-F = 20.2 

Hz), 113.2 (C-F, 2JC-F = 21.6 Hz), 59.7, 31.0 (d, JC-P = 64.9 Hz). 
31P NMR (243 MHz, CDCl3) δ (ppm): 28.96. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C22H20FO2PNa+ 389.1078; Found: 389.1070. 

19F NMR (564 MHz, CDCl3) δ (ppm): -113.43 (s, 1F). 

 

 

 

(Z)-(3-(3-chlorophenyl)-4-hydroxybut-2-en-1-yl)diphenylphosphine oxide 3l 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3l (32.2 mg, 84% 

yield) as a white solid, m.p. = 116 – 120 oC. 

NMR and HRMS data for the product 3l:  

1H NMR (600 MHz, CDCl3) δ (ppm): 7.81 – 7.73 (m, 4H), 7.60 – 7.54 (m, 2H), 7.53 – 7.47 

(m, 4H), 7.39 (s, 1H), 7.36 – 7.31 (m, 1H), 7.20 (d, J = 4.8 Hz, 2H), 5.64 – 5.58 (m, 1H), 4.43 

(s, 2H), 3.39 (dd, J = 14.4, 8.4 Hz, 2H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 145.9 (d, JC-P = 10.1 Hz), 143.4 (d, JC-P = 2.9 Hz), 

134.1, 132.3, 131.5 (d, JC-P = 99.7 Hz), 130.8 (d, JC-P = 10.1 Hz), 129.5, 128.9 (d, JC-P = 13.0 

Hz), 127.3, 126.4, 124.4 (d, JC-P = 2.9 Hz), 118.5 (d, JC-P = 11.5 Hz), 59.6, 31.0 (d, JC-P = 

65.1 Hz). 

31P NMR (243 MHz, CDCl3) δ (ppm): 29.02. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C22H20ClO2PH+ 383.0963 (35Cl), 385.0933 

(37Cl); Found: 383.0966, 385.0941. 
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(Z)-(3-(3-bromophenyl)-4-hydroxybut-2-en-1-yl)diphenylphosphine oxide 3m 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3m (35.5 mg, 83% 

yield) as a white solid, m.p. = 122 – 123 oC. 

NMR and HRMS data for the product 3m:  

1H NMR (600 MHz, CDCl3) δ (ppm): 7.82 – 7.73 (m, 4H), 7.60 – 7.55 (m, 2H), 7.54 (s, 

1H), 7.53 – 7.48 (m, 4H), 7.38 (d, J = 7.8 Hz, 1H), 7.35 (d, J = 7.2 Hz, 1H), 7.14 (t, J = 7.8 

Hz, 1H), 5.63 – 5.56 (m, 1H), 5.40 (br., 1H), 4.43 (s, 2H), 3.39 (dd, J = 14.4, 8.4 Hz, 2H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 145.8 (d, JC-P = 11.6 Hz), 143.7 (d, JC-P = 4.4 Hz), 

132.3, 131.6 (d, JC-P = 101.2 Hz), 130.9 (d, JC-P = 8.8 Hz), 130.3, 129.8, 129.3 (d, JC-P = 2.9 

Hz), 128.9 (d, JC-P = 13.1 Hz), 124.9, 122.4, 118.6 (d, JC-P = 11.6 Hz), 59.7, 31.0 (d, JC-P = 

65.1 Hz). 

31P NMR (243 MHz, CDCl3) δ (ppm): 28.96. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C22H20BrO2PNa+ 449.0277 (79Br), 451.0257 

(81Br); Found: 449.0277, 451.0261. 

 

(Z)-(4-hydroxy-3-(3-methoxyphenyl)but-2-en-1-yl)diphenylphosphine oxide 3n 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3n (28.8 mg, 76% 

yield) as a white solid, m.p. = 118 – 123 oC. 

NMR and HRMS data for the product 3n:  
1H NMR (600 MHz, CDCl3) δ (ppm): 7.80 – 7.75 (m, 4H), 7.59 – 7.54 (m, 2H), 7.53 – 7.47 

(m, 4H), 7.19 (t, J = 7.8 Hz, 1H), 7.01 (d, J = 7.2 Hz, 1H), 6.96 (s, 1H), 6.78 (d, J = 8.4 Hz, 

1H), 5.63 – 5.59 (m, 1H), 4.46 (s, 2H), 3.77 (s, 3H), 3.39 (dd, J = 14.4, 9.0 Hz, 2H). 
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13C NMR (151 MHz, CDCl3) δ (ppm): 159.5, 147.0 (d, JC-P = 10.1 Hz), 143.1 (d, JC-P = 2.9 

Hz), 132.2, 131.8 (d, JC-P = 99.8 Hz), 130.9 (d, JC-P = 8.6 Hz), 129.2, 128.8 (d, JC-P = 11.6 

Hz), 118.8, 117.5 (d, JC-P = 11.6 Hz), 113.1, 111.8, 60.0, 55.2, 31.0 (d, JC-P = 66.6 Hz). 
31P NMR (243 MHz, CDCl3) δ (ppm): 29.05. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C23H23O3PNa+ 401.1278; Found: 401.1280. 

 

(Z)-(3-(2-bromophenyl)-4-hydroxybut-2-en-1-yl)diphenylphosphine oxide 3o 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3o (41.0 mg, 96% 

yield) as a white solid, m.p. = 141 – 144 oC. 

NMR and HRMS data for the product 3o:  
1H NMR (600 MHz, CDCl3) δ (ppm): 7.83 – 7.77 (m, 4H), 7.59 – 7.54 (m, 2H), 7.54 – 7.47 

(m, 5H), 7.20 (t, J = 7.2 Hz, 1H), 7.12 (d, J = 7.2 Hz, 1H), 7.08 (t, J = 7.2 Hz, 1H), 5.33 – 

5.28 (m, 1H), 4.39 (s, 2H), 3.43 (dd, J = 13.8, 8.4 Hz, 2H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 148.1 (d, JC-P = 10.1 Hz), 143.0 (d, JC-P = 2.9 Hz), 

132.4, 132.2, 131.8 (d, JC-P = 99.7 Hz), 131.1 (d, JC-P = 2.9 Hz), 130.9 (d, JC-P = 10.3 Hz), 

128.8 (d, JC-P = 11.6 Hz), 128.7, 127.2, 122.0 (d, JC-P = 2.9 Hz), 120.3 (d, JC-P = 11.6 Hz), 

60.7, 30.4 (d, JC-P = 65.1 Hz). 
31P NMR (243 MHz, CDCl3) δ (ppm): 29.33. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C22H20BrO2PNa+ 449.0277 (79Br), 451.0257 

(81Br); Found: 449.0267, 451.0251. 

 

(Z)-(4-hydroxy-3-(o-tolyl)but-2-en-1-yl)diphenylphosphine oxide 3p 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3p (32.6 mg, 90% 

yield) as a white solid, m.p. = 117 – 120 oC. 
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NMR and HRMS data for the product 3p:  

1H NMR (600 MHz, CDCl3) δ (ppm): 7.83 – 7.77 (m, 4H), 7.58 -7.53 (m, 2H), 7.53 – 7.48 

(m, 4H), 7.14 – 7.06 (m, 3H), 7.03 (d, J = 6.0 Hz, 1H), 5.25 – 5.20 (m, 1H), 4.34 (s, 2H), 3.44 

(dd, J = 13.8, 8.4 Hz, 2H), 2.12 (s, 3H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 148.1 (d, JC-P = 10.1 Hz), 142.2 (d, JC-P = 2.9 Hz), 

135.2, 132.1, 132.0 (d, JC-P = 99.7 Hz), 130.9 (d, JC-P = 10.1 Hz), 129.9, 128.8 (d, JC-P = 11.5 

Hz), 127.1, 125.4, 118.4 (d, JC-P = 10.1 Hz), 62.2, 30.4 (d, JC-P = 65.1 Hz), 19.9. 

31P NMR (243 MHz, CDCl3) δ (ppm): 29.69. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C23H23O2PNa+ 385.1328; Found: 385.1334. 

 

 

 

(Z)-(3-(3,4-dichlorophenyl)-4-hydroxybut-2-en-1-yl)diphenylphosphine oxide 3q 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3q (41.3 mg, 99% 

yield) as a white solid, m.p. = 156 – 159 oC. 

NMR and HRMS data for the product 3q:  
1H NMR (600 MHz, CDCl3) δ (ppm): 7.79 – 7.73 (m, 4H), 7.60 – 7.55 (m, 2H), 7.54 – 7.48 

(m, 5H), 7.33 (d, J = 8.4 Hz, 1H), 7.29 (d, J = 8.4 Hz, 1H), 5.62 – 5.57 (m, 1H), 4.41 (s, 2H), 

3.38 (dd, J = 13.8, 8.4 Hz, 2H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 145.0 (d, JC-P = 10.1 Hz), 141.6 (d, JC-P = 4.4 Hz), 

132.4, 132.3, 131.5 (d, JC-P = 101.3 Hz), 131.3, 130.8 (d, JC-P = 10.1 Hz), 130.1, 128.9 (d, JC-P 

= 11.5 Hz), 128.2, 125.6 (d, JC-P = 3.0 Hz), 118.9 (d, JC-P = 11.5 Hz), 59.5, 31.0 (d, JC-P = 

65.1 Hz). 
31P NMR (243 MHz, CDCl3) δ (ppm): 28.88. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C22H19Cl2O2PNa+ 439.0392 (35Cl), 441.0363 

(37Cl); Found: 439.0383, 441.0356. 
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(Z)-(3-(3,4-dimethylphenyl)-4-hydroxybut-2-en-1-yl)diphenylphosphine oxide 3r 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3r (34.3 mg, 91% 

yield) as a white solid, m.p. = 148 – 152 oC. 

NMR and HRMS data for the product 3r:  

1H NMR (600 MHz, CDCl3) δ (ppm): 7.80 – 7.75 (m, 4H), 7.57 – 7.53 (m, 2H), 7.52 – 7.47 

(m, 4H), 7.22 (s, 1H), 7.16 (d, J = 8.4 Hz, 1H), 7.04 (d, J = 8.4 Hz, 1H), 5.61 – 5.57 (m, 1H), 

5.29 (br., 1H), 4.46 (s, 2H), 3.38 (dd, J = 14.4, 9.0 Hz, 2H), 2.22 (s, 6H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 146.8 (d, JC-P = 10.1 Hz), 139.1 (d, JC-P = 2.9 Hz), 

136.3, 135.8, 132.1, 131.5, 130.9 (d, JC-P = 8.8 Hz), 129.5, 128.8 (d, JC-P = 11.6 Hz), 127.5, 

123.5, 116.2 (d, JC-P = 11.6 Hz), 59.9, 30.9 (d, JC-P = 66.6 Hz), 19.8, 19.4. 

31P NMR (243 MHz, CDCl3) δ (ppm): 29.13. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C24H25O2PNa+ 399.1485; Found: 399.1490. 

 

(Z)-(4-hydroxy-3-(naphthalen-2-yl)but-2-en-1-yl)diphenylphosphine oxide 3s 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3s (31.9 mg, 80% 

yield) as a white solid, m.p. = 185 – 188 oC. 

NMR and HRMS data for the product 3s:  

1H NMR (600 MHz, CDCl3) δ (ppm): 7.94 (s, 1H), 7.83 – 7.76 (m, 6H), 7.74 (d, J = 7.8 Hz, 

1H), 7.59 – 7.53 (m, 3H), 7.53 – 7.47 (m, 4H), 7.47 – 7.41 (m, 2H), 5.79 – 5.73 (m, 1H), 4.59 

(s, 2H), 3.45 (dd, J = 13.8, 8.4 Hz, 2H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 146.9 (d, JC-P = 10.1 Hz), 138.8 (d, JC-P = 2.9 Hz), 

133.3, 132.6, 132.2, 131.7 (d, JC-P = 99.8 Hz), 130.9 (d, JC-P = 10.1 Hz), 128.8 (d, JC-P = 11.6 
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Hz), 128.2, 127.7, 127.4, 126.1, 125.8, 125.1 (d, JC-P = 2.9 Hz), 124.4, 117.8 (d, JC-P = 11.6 

Hz), 59.9, 31.2 (d, JC-P = 65.1 Hz). 

31P NMR (243 MHz, CDCl3) δ (ppm): 29.13. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C26H23O2PNa+ 421.1328; Found: 421.1335. 

 

(E)-(4-hydroxy-3-(thiophen-2-yl)but-2-en-1-yl)diphenylphosphine oxide 3t 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3t (31.9 mg, 90% 

yield) as a white solid, m.p. = 119 – 123 oC. 

NMR and HRMS data for the product 3t:  

1H NMR (600 MHz, CDCl3) δ (ppm): 7.79 – 7.73 (m, 4H), 7.59 – 7.53 (m, 2H), 7.53 – 7.47 

(m, 4H), 7.15 (d, J = 4.2 Hz, 1H), 7.10 (d, J = 4.8 Hz, 1H), 6.96 (dd, J = 4.2, 3.0 Hz, 1H), 

5.73 – 5.68 (m, 1H), 5.35 (br., 1H), 4.49 (s, 2H), 3.35 (dd, J = 13.8, 8.4 Hz, 2H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 144.7 (d, JC-P = 5.9 Hz), 140.5 (d, JC-P = 11.5 Hz), 

132.2, 131.5 (d, JC-P = 101.3 Hz), 130.9 (d, JC-P = 10.3 Hz), 128.8 (d, JC-P = 13.0 Hz), 127.6, 

124.13, 124.07 (d, JC-P = 2.9 Hz), 115.3 (d, JC-P = 11.6 Hz), 59.4, 30.7 (d, JC-P = 65.1 Hz). 

31P NMR (243 MHz, CDCl3) δ (ppm): 29.38. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C20H19O2PNa+ 377.0736; Found: 377.0742. 

 

(Z)-(3-(hydroxymethyl)-5-phenylpent-2-en-1-yl)diphenylphosphine oxide 3u 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3u (25.2 mg, 67% 

yield) as a white solid, m.p. = 109 – 112 oC. 

NMR and HRMS data for the product 3u:  
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1H NMR (600 MHz, CDCl3) δ (ppm): 7.73 – 7.68 (m, 4H), 7.56 – 7.53 (m, 2H), 7.50 – 7.46 

(m, 4H), 7.25 – 7.21 (m, 2H), 7.17 – 7.12 (m, 3H), 5.08 – 5.02 (m, 1H), 4.10 (s, 2H), 3.19 (dd, 

J = 13.2, 7.8 Hz, 2H), 2.70 (t, J = 7.8 Hz, 2H), 2.47 – 2.41 (m, 2H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 147.3 (d, JC-P = 10.1 Hz), 141.8, 132.0, 131.9 (d, JC-P 

= 99.8 Hz), 130.9 (d, JC-P = 8.8 Hz), 128.7 (d, JC-P = 11.5 Hz), 128.4, 128.2, 125.7, 114.5 (d, 

JC-P = 11.6 Hz), 60.1, 38.5, 34.6, 29.9 (d, JC-P = 65.1 Hz). 

31P NMR (243 MHz, CDCl3) δ (ppm): 29.52. 

HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C24H25O2PH+ 377.1665; Found: 377.1669. 

 

 

 

(Z)-bis(4-fluorophenyl)(4-hydroxy-3-phenylbut-2-en-1-yl)phosphine oxide 3v  

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3v (33.4 mg, 87% 

yield) as a white solid, m.p. = 97 – 102 oC. 

NMR and HRMS data for the product 3v:  

1H NMR (600 MHz, CDCl3) δ (ppm): 7.81 – 7.73 (m, 4H), 7.42 (d, J = 7.8 Hz, 2H), 7.32 – 

7.27 (m, 2H), 7.27 – 7.23 (m, 1H), 7.23 – 7.18 (m, 4H), 5.61 – 5.56 (m, 1H), 5.16 (br., 1H), 

4.47 (s, 2H), 3.38 (dd, J = 14.4, 7.8 Hz, 2H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 165.2 (C-F, 1JC-F = 258.8 Hz), 147.4 (d, JC-P = 11.6 

Hz), 141.3 (d, JC-P = 4.4 Hz), 133.4 (t, JC-P = 11.6 Hz), 128.3, 127.53, 127.47 (d, JC-P = 105.5 

Hz), 126.1, 116.6 (d, JC-P = 11.6 Hz), 116.5 (dd, J = 21.6, 13.0 Hz), 59.9, 31.2 (d, JC-P = 68.0 

Hz). 

31P NMR (243 MHz, CDCl3) δ (ppm): 28.09. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C22H19F2O2PNa+ 407.0983; Found: 407.0978. 

19F NMR (564 MHz, CDCl3) δ (ppm): -105.47 (s, 2F). 
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(Z)-(4-hydroxy-3-phenylbut-2-en-1-yl)bis(4-methoxyphenyl)phosphine oxide 3w 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3w (38.8 mg, 95% 

yield) as a white solid, m.p. = 163 – 168 oC. 

NMR and HRMS data for the product 3w:  

1H NMR (600 MHz, CDCl3) δ (ppm): 7.69 – 7.64 (m, 4H), 7.44 (d, J = 7.2 Hz, 2H), 7.30 – 

7.26 (m, 2H), 7.23 (t, J = 7.2 Hz, 1H), 6.98 (d, J = 8.4 Hz, 4H), 5.64 – 5.60 (m, 1H), 4.47 (s, 

2H), 3.84 (s, 6H), 3.32 (dd, J = 15.0, 9.0 Hz, 2H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 162.5, 146.6 (d, JC-P = 11.6 Hz), 141.6 (d, JC-P = 2.9 

Hz), 132.7 (d, JC-P = 10.1 Hz), 128.2, 127.2, 126.2, 123.2 (d, JC-P = 107.1 Hz), 117.8 (d, JC-P 

= 11.6 Hz), 114.3 (d, JC-P = 13.0 Hz), 59.8, 55.4, 31.5 (d, JC-P = 66.6 Hz). 

31P NMR (243 MHz, CDCl3) δ (ppm): 28.94. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C24H25O4PNa+ 431.1383; Found: 431.1386. 

 

(Z)-bis(4-(tert-butyl)phenyl)(4-hydroxy-3-phenylbut-2-en-1-yl)phosphine oxide 3x 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3x (45.6 mg, 99% 

yield) as a white solid, m.p. = 213 – 217 oC. 

NMR and HRMS data for the product 3x:  
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1H NMR (600 MHz, CDCl3) δ (ppm): 7.72 – 7.68 (m, 4H), 7.50 (d, J = 9.0 Hz, 4H), 7.44 (d, 

J = 7.2 Hz, 2H), 7.29 – 7.26 (m, 2H), 7.23 (t, J = 7.2 Hz, 1H), 5.68 – 5.63 (m, 1H), 4.46 (s, 

2H), 3.36 (dd, J = 14.4, 9.0 Hz, 2H), 1.33 (s, 18H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 155.6, 146.7 (d, JC-P = 11.6 Hz), 141.8 (d, JC-P = 2.9 

Hz), 130.8 (d, JC-P =10.1 Hz), 128.7 (d, JC-P =102.7 Hz), 128.2, 127.2, 126.3, 125.8 (d, JC-P 

=11.6 Hz), 117.8 (d, JC-P = 11.6 Hz), 59.9, 35.0, 31.5, 31.1. 

31P NMR (243 MHz, CDCl3) δ (ppm): 28.82. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C30H37O2PNa+ 483.2424; Found: 483.2432. 

 

 

 

(Z)-bis(3-fluorophenyl)(4-hydroxy-3-phenylbut-2-en-1-yl)phosphine oxide 3y  

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3y (21.9 mg, 57% 

yield) as a white solid, m.p. = 139 – 143 oC. 

NMR and HRMS data for the product 3y:  

1H NMR (600 MHz, CDCl3) δ (ppm): 7.60 – 7.54 (m, 2H), 7.54 – 7.49 (m, 2H), 7.49 – 7.41 

(m, 4H), 7.33 – 7.23 (m, 5H), 5.62 – 5.57 (m, 1H), 4.47 (s, 2H), 3.41 (dd, J = 13.8, 8.4 Hz, 

2H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 162.7 (dd, J = 251.6, 15.9 Hz), 147.7 (d, JC-P = 10.1 

Hz), 141.3 (d, JC-P = 4.2 Hz), 133.9 (dd, J = 101.2, 5.7 Hz), 131.1 (dd, J = 13.0, 7.2 Hz), 

128.3, 127.6, 126.5 (dd, J = 8.6, 2.9 Hz), 126.2, 119.7 (d, JC-F = 21.6 Hz), 117.8 (dd, J = 23.1, 

10.1 Hz), 116.1 (d, JC-P = 11.5 Hz), 60.1, 30.7 (d, JC-P = 66.6 Hz). 

31P NMR (243 MHz, CDCl3) δ (ppm): 27.42. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C22H19F2O2PNa+ 407.0983; Found: 407.0981. 

19F NMR (564 MHz, CDCl3) δ (ppm): -109.83 (s, 2F). 
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(Z)-(4-hydroxy-3-phenylbut-2-en-1-yl)di-m-tolylphosphine oxide 3z 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3z (23.3 mg, 62% 

yield) as a white solid, m.p. = 96 – 100 oC. 

NMR and HRMS data for the product 3z:  

1H NMR (600 MHz, CDCl3) δ (ppm): 7.62 (d, J = 12.0 Hz, 2H), 7.52 (dd, J = 11.4, 7.2 Hz, 

2H), 7.44 (d, J = 7.8 Hz, 2H), 7.40 – 7.33 (m, 4H), 7.29 – 7.25 (m, 2H), 7.22 (t, J = 7.2 Hz, 

1H), 5.65 – 5.60 (m, 1H), 5.40 (br., 1H), 4.47 (s, 2H), 3.38 (dd, J = 14.4, 9.0 Hz, 2H), 2.38 (s, 

6H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 146.7 (d, JC-P = 11.6 Hz), 141.6 (d, JC-P = 2.9 Hz), 

138.7 (d, JC-P = 11.6 Hz), 132.9, 131.6 (d, JC-P = 99.8 Hz), 131.4 (d, JC-P = 10.1 Hz), 128.6 (d, 

JC-P = 13.0 Hz), 128.2, 127.7 (d, JC-P = 10.1 Hz), 127.3, 126.2, 117.5 (d, JC-P = 13.0 Hz), 59.8, 

31.0 (d, JC-P = 65.1 Hz), 21.4. 

31P NMR (243 MHz, CDCl3) δ (ppm): 29.22. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C24H25O2PNa+ 399.1485; Found: 399.1488. 

 

(Z)-(4-hydroxy-3-phenylbut-2-en-1-yl)bis(3-methoxyphenyl)phosphine oxide 3aa 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3aa (21.2 mg, 52% 

yield) as a white solid, m.p. = 95 – 98 oC. 

NMR and HRMS data for the product 3aa:  
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1H NMR (600 MHz, CDCl3) δ (ppm): 7.45 (d, J = 7.8 Hz, 2H), 7.42 – 7.37 (m, 2H), 7.34 – 

7.25 (m, 6H), 7.24 – 7.21 (m, 1H), 7.06 (d, J = 6.6 Hz, 2H), 5.66 – 5.62 (m, 1H), 5.34 (br., 

1H), 4.47 (s, 2H), 3.78 (s, 6H), 3.37 (dd, J = 14.4, 9.0 Hz, 2H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 159.7 (d, JC-P = 14.5 Hz), 146.8 (d, JC-P = 10.1 Hz), 

141.5 (d, JC-P = 4.4 Hz), 132.9 (d, JC-P = 98.3 Hz), 130.0 (d, JC-P = 14.5 Hz), 128.2, 127.3, 

126.1, 122.6 (d, JC-P = 10.1 Hz), 118.2, 117.4 (d, JC-P = 11.6 Hz), 115.9 (d, JC-P = 10.1 Hz), 

59.8, 55.4, 30.9 (d, JC-P = 66.6 Hz). 

31P NMR (243 MHz, CDCl3) δ (ppm): 29.36. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C24H25O4PNa+ 431.1383; Found: 431.1383. 

 

 

 

(Z)-(4-hydroxy-3-phenylbut-2-en-1-yl)di-o-tolylphosphine oxide 3ab 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3ab (30.1 mg, 80% 

yield) as a white solid, m.p. = 124 – 127 oC. 

NMR and HRMS data for the product 3ab:  
1H NMR (600 MHz, CDCl3) δ (ppm): 7.68 (dd, J = 13.2, 7.8 Hz, 2H), 7.46 – 7.42 (m, 2H), 

7.39 (d, J = 7.2 Hz, 2H), 7.33 – 7.25 (m, 4H), 7.25 – 7.21 (m, 3H), 5.57 – 5.53 (m, 1H), 4.49 

(s, 2H), 3.53 (dd, J = 14.4, 7.8 Hz, 2H), 2.36 (s, 6H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 147.1 (d, JC-P = 11.6 Hz), 141.9 (d, JC-P = 8.6 Hz), 

141.8 (d, JC-P = 4.2 Hz), 132.1, 132.0 (d, JC-P = 10.1 Hz), 131.7 (d, JC-P = 11.6 Hz), 130.6 (d, 

JC-P = 96.8 Hz), 128.2, 127.3, 126.2, 125.8 (d, JC-P = 11.5 Hz), 117.6 (d, JC-P = 11.5 Hz), 60.0, 

30.4 (d, JC-P = 65.1 Hz), 21.3 (d, JC-P = 2.9 Hz). 
31P NMR (243 MHz, CDCl3) δ (ppm): 31.46. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C24H25O2PNa+ 399.1485; Found: 399.1491. 
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(Z)-(4-hydroxy-3-phenylbut-2-en-1-yl)di(naphthalen-2-yl)phosphine oxide 3ac 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3ac (42.2 mg, 94% 

yield) as a white solid, m.p. = 172 – 176 oC. 

NMR and HRMS data for the product 3ac:  

1H NMR (600 MHz, CDCl3) δ (ppm): 8.45 (s, 1H), 8.43 (s, 1H), 7.96 (d, J = 8.4 Hz, 2H), 

7.92 (d, J = 8.4 Hz, 2H), 7.89 (d, J = 7.2 Hz, 2H), 7.77 (t, J = 9.0 Hz, 2H), 7.61 (t, J = 7.2 Hz, 

2H), 7.57 (t, J = 8.4 Hz, 2H), 7.43 (d, J = 7.2 Hz, 2H), 7.27 – 7.18 (m, 3H), 5.72 – 5.67 (m, 

1H), 5.47 (br., 1H), 4.55 (s, 2H), 3.60 (dd, J = 14.4, 8.4 Hz, 2H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 147.1 (d, JC-P = 11.6 Hz), 141.4 (d, JC-P = 2.9 Hz), 

134.7, 133.1 (d, JC-P = 8.6 Hz), 132.5 (d, JC-P = 13.0 Hz), 128.9, 128.79 (d, JC-P = 99.8 Hz), 

128.76 (d, JC-P = 11.5 Hz), 128.4, 128.2, 127.8, 127.3, 127.2, 126.2, 125.4 (d, JC-P = 11.6 Hz), 

117.3 (d, JC-P = 11.6 Hz), 59.9, 31.0 (d, JC-P = 66.6 Hz). 

31P NMR (243 MHz, CDCl3) δ (ppm): 29.36. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C30H25O2PNa+ 471.1485; Found: 471.1492. 

 

ethyl (Z)-(4-hydroxy-3-phenylbut-2-en-1-yl)(phenyl)phosphinate 3ad 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3ad (17.1 mg, 54% 

yield) as a colorless oil. 

NMR and HRMS data for the product 3ad:  
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1H NMR (600 MHz, CDCl3) δ (ppm): 7.80 (dd, J = 11.4, 7.2 Hz, 2H), 7.59 (t, J = 7.2 Hz, 

1H), 7.54 – 7.49 (m, 2H), 7.47 (d, J = 7.8 Hz, 2H), 7.33 – 7.28 (m, 2H), 7.27 – 7.23 (m, 1H), 

5.71 – 5.65 (m, 1H), 4.66 (br., 1H), 4.48 (d, J = 12.6 Hz, 1H), 4.40 (d, J = 12.6 Hz, 1H), 4.15 

– 4.08 (m, 1H), 3.96 – 3.89 (m, 1H), 3.16 – 3.07 (m, 1H), 2.98 – 2.90 (m, 1H), 1.31 (t, J = 6.6 

Hz, 3H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 145.8 (d, JC-P = 13.0 Hz), 141.4 (d, JC-P = 4.4 Hz), 

132.7, 133.7 (d, JC-P = 10.1 Hz), 130.1 (d, JC-P = 127.3 Hz), 128.8 (d, JC-P = 13.0 Hz), 128.3, 

127.4, 126.1, 117.8 (d, JC-P = 11.6 Hz), 61.5 (d, JC-P = 7.2 Hz), 59.9 (d, JC-P = 2.9 Hz), 31.9 (d, 

JC-P = 95.4 Hz), 16.4 (d, JC-P = 5.7 Hz). 

31P NMR (243 MHz, CDCl3) δ (ppm): 40.35. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C18H21O3PNa+ 339.1121; Found: 339.1121. 

 

(Z)-(4-fluorophenyl)(4-hydroxy-3-phenylbut-2-en-1-yl)(phenyl)phosphine oxide 3ae 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3ae (26.7 mg, 73% 

yield) as a white solid, m.p. = 143 – 146 oC. 

NMR and HRMS data for the product 3ae:  

1H NMR (600 MHz, CDCl3) δ (ppm): 7.78 – 7.73 (m, 4H), 7.60 – 7.55 (m, 1H), 7.53 – 7.48 

(m, 2H), 7.43 (d, J = 7.8 Hz, 2H), 7.31 – 7.26 (m, 2H), 7.25 – 7.21 (m, 1H), 7.21 – 7.16 (m, 

2H), 5.63 – 5.58 (m, 1H), 5.26 (br., 1H), 4.47 (s, 2H), 3.44 – 3.34 (m, 2H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 163.1 (dd, J = 254.4, 2.9 Hz), 147.1 (d, JC-P = 10.1 

Hz), 141.4 (d, JC-P = 4.4 Hz), 133.4 (dd, J = 11.6, 8.6 Hz), 132.4, 131.5 (d, JC-P = 101.3 Hz), 

130.8 (d, JC-P = 8.8 Hz), 128.9 (d, JC-P = 13.0 Hz), 128.3, 127.7 (d, JC-P = 102.7 Hz), 127.4, 

126.2, 116.9 (d, JC-P = 11.5 Hz), 116.3 (dd, J = 21.8, 13.0 Hz), 59.9, 31.1 (d, JC-P = 66.4 Hz). 

31P NMR (243 MHz, CDCl3) δ (ppm): 28.60. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C22H20FO2PNa+ 389.1078; Found: 389.1074. 

19F NMR (564 MHz, CDCl3) δ (ppm): -105.89 (s, 1F). 

 



27 

 

(Z)-(4-(tert-butyl)phenyl)(4-hydroxy-3-phenylbut-2-en-1-yl)(phenyl)phosphine oxide 3af 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3af (30.3 mg, 75% 

yield) as a white solid, m.p. = 178 – 180 oC. 

NMR and HRMS data for the product 3af:  

1H NMR (600 MHz, CDCl3) δ (ppm): 7.77 (dd, J = 12.0, 7.2 Hz, 2H), 7.70 (dd, J = 10.8, 

8.4 Hz, 2H), 7.54 (t, J = 7.2 Hz, 1H), 7.52 – 7.46 (m, 4H), 7.43 (d, J = 7.8 Hz, 2H), 7.29 – 

7.25 (m, 2H), 7.24 – 7.21 (m, 1H), 5.66 – 5.61 (m, 1H), 5.39 (br., 1H), 4.47 (s, 2H), 3.41 – 

3.35 (m, 2H), 1.32 (s, 9H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 155.7, 146.7 (d, JC-P = 11.5 Hz), 141.7 (d, JC-P = 4.4 

Hz), 132.1 (d, JC-P = 99.7 Hz), 132.0, 130.9 (d, JC-P =8.8 Hz), 130.7 (d, JC-P =10.1 Hz), 128.7 

(d, JC-P =11.5 Hz), 128.2, 128.0, 127.3, 126.2 (d, JC-P = 2.9 Hz), 125.9 (d, JC-P =11.5 Hz), 

117.5 (d, JC-P = 13.0 Hz), 59.9, 35.0, 31.1 (d, JC-P = 65.1 Hz), 31.0. 

31P NMR (243 MHz, CDCl3) δ (ppm): 28.96. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C26H29O2PNa+ 427.1798; Found: 427.1801. 

 

(Z)-(3-fluorophenyl)(4-hydroxy-3-phenylbut-2-en-1-yl)(phenyl)phosphine oxide 3ag 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3ag (30.0 mg, 82% 

yield) as a white solid, m.p. = 132 – 134 oC. 

NMR and HRMS data for the product 3ag:  
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1H NMR (600 MHz, CDCl3) δ (ppm): 7.80 – 7.75 (m, 2H), 7.61 – 7.41 (m, 8H), 7.31 – 7.26 

(m, 2H), 7.26 – 7.22 (m, 2H), 5.64 – 5.59 (m, 1H), 4.47 (s, 2H), 3.41 (dd, J = 14.4, 8.4 Hz, 

2H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 162.6 (dd, J = 251.6, 17.4 Hz), 147.3 (d, J = 11.6 Hz), 

141.4 (d, J = 4.2 Hz), 134.6 (dd, J = 98.3, 4.4 Hz), 132.5 (d, J = 2.9 Hz), 131.1 (d, J = 101.2 

Hz), 130.9 (d, J = 8.8 Hz), 130.8 (d, J = 8.6 Hz), 129.0 (d, J = 11.5 Hz), 128.3, 127.4, 126.5 

(dd, J = 8.8, 2.9 Hz), 126.2, 116.4 (d, J = 20.4 Hz), 117.8 (dd, J = 23.1, 10.1 Hz), 116.7 (d, J 

= 13.0 Hz), 59.9, 30.8 (d, J = 66.4 Hz). 

31P NMR (243 MHz, CDCl3) δ (ppm): 28.35. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C22H20FO2PNa+ 389.1078; Found: 389.1077. 

19F NMR (564 MHz, CDCl3) δ (ppm): -110.22 (s, 1F). 

 

 

(Z)-(4-hydroxy-3-phenylbut-2-en-1-yl)(phenyl)(m-tolyl)phosphine oxide 3ah 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3ah (29.4 mg, 81% 

yield) as a white solid, m.p. = 129 – 132 oC. 

NMR and HRMS data for the product 3ah:  

1H NMR (600 MHz, CDCl3) δ (ppm): 7.78 – 7.73 (m, 2H), 7.61 (d, J = 12.6 Hz, 1H), 7.56 

– 7.46 (m, 4H), 7.42 (d, J = 7.8 Hz, 2H), 7.39 – 7.34 (m, 2H), 7.29 – 7.25 (m, 2H), 7.24 – 

7.20 (m, 1H), 5.63 – 5.59 (m, 1H), 4.47 (s, 2H), 3.38 (dd, J = 14.4, 9.0 Hz, 2H), 2.38 (s, 3H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 146.9 (d, JC-P = 11.6 Hz), 141.6 (d, JC-P = 4.4 Hz), 

138.9 (d, JC-P = 11.5 Hz), 133.0, 132.1, 131.9 (d, JC-P =99.8 Hz), 131.8, 131.5 (d, JC-P = 8.8 

Hz), 131.2, 130.9 (d, JC-P =8.6 Hz), 128.8 (d, JC-P =11.6 Hz), 128.7 (d, JC-P =11.5 Hz), 128.2, 

127.7 (d, JC-P =10.1 Hz), 126.2 (d, JC-P =2.9 Hz), 117.4 (d, JC-P = 11.6 Hz), 59.9 (d, JC-P =2.9 

Hz), 31.0 (d, JC-P =66.4 Hz), 21.4. 

31P NMR (243 MHz, CDCl3) δ (ppm): 29.16. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C23H23O2PNa+ 385.1328; Found: 385.1333. 
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(Z)-(4-hydroxy-3-phenylbut-2-en-1-yl)(phenyl)(o-tolyl)phosphine oxide 3ai 

 

Prepared according to General Procedure. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 3:1, 2:1 to 1:1) to afford 3ai (26.7 mg, 73% 

yield) as a white solid, m.p. = 127 – 130 oC. 

Prepared according to the procedure for the asymmetric synthesis to afford 3ai (3.4 mg) in 

10 % yield. The enantiomeric ratio was measured to be 27:73 by chiral HPLC analysis on 

Chiralpak OD-H column (n-hexane /i-PrOH = 60:40, flow rate: 1.0 mL/min), UV 254 nm, tR 

(minor) = 5.86 min, tR (major) = 6.62 min. 

NMR and HRMS data for the product 3ai:  

1H NMR (600 MHz, CDCl3) δ (ppm): 7.71 (dd, J = 13.2, 7.8 Hz, 1H), 7.64 (dd, J = 11.4, 

6.6 Hz, 2H), 7.54 (t, J = 7.2 Hz, 1H), 7.49 – 7.44 (m, 3H), 7.43 (d, J = 7.2 Hz, 2H), 7.33 (t, J 

= 7.2 Hz, 1H), 7.30 – 7.25 (m, 3H), 7.25 – 7.21 (m, 1H), 5.62 – 5.57 (m, 1H), 4.51 (d, J = 

12.6 Hz, 1H), 4.46 (d, J = 12.0 Hz, 1H), 3.58 (td, J = 14.4, 7.8 Hz, 1H), 3.36 (td, J = 13.8, 

8.4 Hz, 1H), 2.42 (s, 3H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 147.0 (d, JC-P = 10.1 Hz), 142.7 (d, JC-P = 8.8 Hz), 

141.6 (d, JC-P = 4.2 Hz), 132.9, 132.4, 132.2 (d, JC-P =10.1 Hz), 132.0, 131.4 (d, JC-P =11.6 

Hz), 130.8 (d, JC-P =10.1 Hz), 129.6 (d, JC-P =99.7 Hz), 128.7 (d, JC-P =11.5 Hz), 128.2, 127.3, 

126.2, 125.7 (d, JC-P =11.5 Hz), 117.4 (d, JC-P = 11.6 Hz), 59.9, 30.8 (d, JC-P =65.1 Hz), 21.4 

(d, JC-P =4.4 Hz). 

31P NMR (243 MHz, CDCl3) δ (ppm): 31.01. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C23H23O2PNa+ 385.1328; Found: 385.1327. 

  



30 

 

4. Synthetic Transformations of the Product 3x. 

4.1 Synthetic transformations. 

 

Synthesis of compound 4. 

To a solution of 3x (46.1 mg, 0.10 mmol) in DCM (1.0 mL) was added m-CPBA (18.9 mg, 

0.10 mmol) at 0 oC, and the mixture was stirred at same temperature for 2 h. After removing 

the solvent in vacuum, the residue was purified by flash chromatography on silica gel 

(petroleum ether / ethyl acetate = 5:1 to 3:1) to gived compound 4. 

 

bis(4-(tert-butyl)phenyl)((3-(hydroxymethyl)-3-phenyloxiran-2-yl)methyl)phosphine oxide 

4 

 

White solid; 38.6 mg, 81 % yield; m.p. = 170 – 173 oC. 

NMR and HRMS data for the product 4:  

1H NMR (600 MHz, CDCl3) δ (ppm): 7.74 (dd, J = 11.4, 9.0 Hz, 2H), 7.69 (dd, J = 12.0, 

8.4 Hz, 2H), 7.55 – 7.48 (m, 4H), 7.47 – 7.44 (m, 2H), 7.30 – 7.23 (m, 2H), 5.97 (s, 1H), 4.12 

(t, J = 12.0 Hz, 1H), 3.83 (d, J = 12.0, 1H), 3.14 (ddd, J = 15.0, 7.2, 4.8 Hz, 1H), 3.03 (dd, J 

= 10.2, 4.2 Hz, 1H), 2.59 – 2.51 (m, 1H), 1.33 (s, 9H), 1.31 (s, 9H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 156.1, 139.5, 130.8 (d, JC-P = 10.1 Hz), 130.3 (d, JC-P 

= 10.1 Hz), 129.0 (d, JC-P = 105.5 Hz), 128.0, 127.8, 126.6, 63.9, 63.5, 58.9, 35.1, 31.03, 

30.95 (d, JC-P = 66.4 Hz).  
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31P NMR (243 MHz, CDCl3) δ (ppm): 30.23. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C30H37O3PNa+ 499.2373; Found: 499.2378. 

 

 

 

Synthesis of compound 5.  

The Dess-Martin periodinane (600 mg, 1.41 mmol) was added to a solution of 3x (100 mg, 

0.587 mmol) in CH2Cl2 (6 mL) at 0 oC. After 2 h, the reaction mixture was treated with 1:1 

ratio of saturated Na2S2O3 and saturated NaHCO3 solution (1 mL: 1 mL). The layers were 

separated and the aqueous layer was extracted with CH2Cl2. The combined organic layers 

were dried over Na2SO4 and concentrated in vacuo. The crude product was purified by silica 

gel chromatography (petroleum ether / ethyl acetate = 2:1 to 1:1) to gived compound 5. 

 

(Z)-4-(bis(4-(tert-butyl)phenyl)phosphoryl)-2-phenylbut-2-enal 5 

 

White solid; 38.5 mg, 84 % yield; m.p. = 162 – 165 oC. 

NMR and HRMS data for the product 5:  

1H NMR (600 MHz, CDCl3) δ (ppm): 9.59 (s, 1H), 7.56 – 7.50 (m, 4H), 7.47 – 7.43 (m, 

4H), 7.34 – 7.30 (m, 3H), 6.93 – 6.86 (m, 3H), 3.40 (dd, J = 15.0, 8.4 Hz, 2H), 1.32 (s, 18H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 192.8, 155.8, 147.2 (d, JC-P = 10.1 Hz), 144.1 (d, JC-P 

= 7.2 Hz), 131.5, 130.7 (d, JC-P = 8.6 Hz), 129.4, 128.5 (d, JC-P = 102.5 Hz), 128.3, 128.2, 

125.7 (d, JC-P = 11.5 Hz), 35.0, 33.3 (d, JC-P = 65.1 Hz), 31.0. 

31P NMR (243 MHz, CDCl3) δ (ppm): 30.06. 

HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C30H35O2PH+ 459.2448; Found: 459.2455. 
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4.2 Drug derivatization. 

    To a flame-dried Schlenk tube were added drugs containing carboxyl groups (0.20 mmol), 

after which the tube was evacuated and back filled with argon three times. Subsequently, 

under the protection of Ar, DCM (1.0 mL) was added. Then, DMAP (0.05 mmol) and EDCI 

(0.20 mmol) at room temperature were added at room temperature, and the mixture was 

stirred at same temperature for 10 min.. Under the protection of Ar, 3x (0.1 mmol) was added. 

The resulting mixture was stirred for 2-6 h at 60 oC, after which the reaction mixture was 

concentrated under reduced pressure and the resulting crude material was purified by column 

chromatography on silica gel with petroleum ether and ethyl acetate (3:1, 2:1 to 1:1) as 

eluents to afford the desired products 6-9. All products were dried under vacuum and further 

analyzed by 1H NMR, 13C NMR, HRMS analysis, etc. 

 

(Z)-4-(bis(4-(tert-butyl)phenyl)phosphoryl)-2-phenylbut-2-en-1-yl 4-(N,N-dipropylsulfamoy 

l)benzoate 6 

 

Prepared according to the above procedure to afford 6 (40.0 mg, 55% yield) as a colorless oil. 

NMR and HRMS data for the product 6:  

1H NMR (600 MHz, CDCl3) δ (ppm): 7.93 (d, J = 7.8 Hz, 2H), 7.74 (d, J = 8.4 Hz, 2H), 

7.67 – 7.63 (m, 4H), 7.43 (d, J = 6.0 Hz, 4H), 7.28 – 7.19 (m, 5H), 6.07 – 6.02 (m, 1H), 5.03 

(s, 2H), 3.43 (dd, J = 14.4, 8.4 Hz, 2H), 3.00 (t, J = 7.8 Hz, 4H), 1.50 – 1.43 (m, 4H), 1.26 (s, 

18H), 0.79 (t, J = 7.2 Hz, 6H). 
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13C NMR (151 MHz, CDCl3) δ (ppm): 165.0, 155.5, 144.2, 139.7 (d, JC-P = 2.9 Hz), 138.6 (d, 

JC-P = 10.1 Hz), 133.2, 130.9 (d, JC-P = 10.3 Hz), 130.2, 129.1 (d, JC-P = 102.7 Hz), 128.4, 

127.7, 127.0, 126.3, 125.7 (d, JC-P = 11.6 Hz), 123.2 (d, JC-P = 8.8 Hz), 61.8, 49.9, 35.0, 32.0 

(d, JC-P = 68.0 Hz), 31.1, 21.9, 11.1. 

31P NMR (243 MHz, CDCl3) δ (ppm): 30.59. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C43H54NO5PSNa+ 750.3353; Found: 750.3356. 

 

 

 

(Z)-4-(bis(4-(tert-butyl)phenyl)phosphoryl)-2-phenylbut-2-en-1-yl 2-(11-oxo-6,11-dihydrod 

ibenzo[b,e]oxepin-2-yl)acetate 7 

 

Prepared according to the above procedure to afford 7 (61.1 mg, 86% yield) as a colorless oil. 

NMR and HRMS data for the product 7:  

1H NMR (600 MHz, CDCl3) δ (ppm): 8.01 (s, 1H), 7.87 (d, J = 7.2 Hz, 1H), 7.67 (dd, J = 

11.4, 8.4 Hz, 4H), 7.56 (t, J = 7.8 Hz, 1H), 7.49 – 7.45 (m, 5H), 7.36 (d, J = 7.8 Hz, 1H), 7.25 

– 7.18 (m, 6H), 6.91 (d, J = 8.4 Hz, 1H), 6.04 – 6.00 (m, 1H), 5.15 (s, 2H), 4.80 (s, 2H), 3.51 

(s, 2H), 3.39 (dd, J = 14.4, 8.4 Hz, 2H), 1.31 (s, 18H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 190.7, 171.1, 160.4, 155.3, 140.4, 139.8, 138.9 (d, JC-

P = 11.6 Hz), 136.2, 135.5, 132.7, 132.3, 130.9 (d, JC-P = 10.3 Hz), 129.5, 129.2, 128.2, 127.8, 

127.5 (d, JC-P = 7.1 Hz), 126.4, 125.6 (d, JC-P = 11.5 Hz), 125.0, 122.7 (d, JC-P = 8.6 Hz), 

121.0, 73.6, 61.2, 40.1, 35.0, 31.9 (d, JC-P = 68.0 Hz), 31.1. 

31P NMR (243 MHz, CDCl3) δ (ppm): 30.65. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C46H47O5PNa+ 733.3054; Found: 733.3058. 
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(Z)-4-(bis(4-(tert-butyl)phenyl)phosphoryl)-2-phenylbut-2-en-1-yl 2-(4-isobutylphenyl)prop 

anoate 8 

 

Prepared according to the above procedure to afford 7 (47.4 mg, 73% yield) as a colorless oil. 

NMR and HRMS data for the product 7:  

1H NMR (600 MHz, CDCl3) δ (ppm): 7.66 (dd, J = 11.4, 8.4 Hz, 4H), 7.48 (d, J = 8.4 Hz, 

4H), 7.22 – 7.19 (m, 3H), 7.16 – 7.14 (m, 2H), 7.03 (d, J = 8.4 Hz, 2H), 6.97 (d, J = 8.4 Hz, 

2H), 6.01 – 5.96 (m, 1H), 4.78 – 4.72 (m, 2H), 3.58 (q, J = 7.2 Hz, 1H), 3.34 (dd, J = 14.4, 

8.4 Hz, 2H), 2.40 (d, J = 7.2 Hz, 2H), 1.84 – 1.77 (m, 1H), 1.36 (d, J = 7.8 Hz, 3H), 1.32 (s, 

18H), 0.87 (d, J = 7.2 Hz, 6H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 174.4, 155.3, 140.4, 139.9, 139.1 (d, JC-P = 11.5 Hz), 

137.3, 130.9 (d, JC-P = 10.3 Hz), 129.20 (d, JC-P = 101.2 Hz), 129.19, 128.1, 127.4, 127.0, 

126.4, 125. 6 (d, JC-P = 11.6 Hz), 122.5 (d, JC-P = 8.8 Hz), 61.2, 45.0, 44.9, 35.0, 31.8 (d, JC-P 

= 68.0 Hz), 31.1, 30.1, 22.4, 18.2. 

31P NMR (243 MHz, CDCl3) δ (ppm): 30.79. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C43H53O3PNa+ 671.3625; Found: 671.3626. 

 

(Z)-4-(bis(4-(tert-butyl)phenyl)phosphoryl)-2-phenylbut-2-en-1-yl 2-(3-cyano-4-isobutoxy 

phenyl)-4-methylthiazole-5-carboxylate 9 

 

Prepared according to the above procedure to afford 9 (47.4 mg, 73% yield) as a colorless oil. 

NMR and HRMS data for the product 9:  
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1H NMR (600 MHz, CDCl3) δ (ppm): 8.11 (s, 1H), 8.02 (d, J = 9.0 Hz, 1H), 7.71 (dd, J = 

12.0, 9.0 Hz, 4H), 7.49 (d, J = 8.4 Hz, 4H), 7.32 – 7.30 (m, 4H), 7.27 – 7.25 (m, 1H), 6.98 (d, 

J = 9.0 Hz, 1H), 6.12 – 6.07 (m, 1H), 5.02 (s, 2H), 3.88 (d, J = 6.0 Hz, 2H), 3.49 (dd, J = 15.0, 

7.8 Hz, 2H), 2.59 (s, 3H), 2.22 – 2.15 (m, 1H), 1.31 (s, 18H), 1.08 (d, J = 7.2 Hz, 6H). 

13C NMR (151 MHz, CDCl3) δ (ppm): 167.4, 162.4, 161.7, 161.2, 155.4 (d, JC-P = 2.9 Hz), 

139.7, 138.6 (d, JC-P = 11.6 Hz), 132.5, 132.0, 130.9 (d, JC-P = 8.8 Hz), 129.0 (d, JC-P = 101.2 

Hz), 128.3, 127.6, 126.4, 125.8, 125.6 (d, JC-P = 11.5 Hz), 122.9 (d, JC-P = 8.6 Hz), 121.6, 

115.3, 112.5, 102.9, 75.6, 61.5, 34.9, 32.0 (d, JC-P = 68.0 Hz), 31.0, 28.1, 19.0, 17.3. 

31P NMR (243 MHz, CDCl3) δ (ppm): 30.84. 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C46H51N2O4PSNa+ 781.3200; Found: 781.3202. 
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5. Crystal Data and Structure Refinement for Representative Product 3c 

Crystal preparation and measurement 

To a 5 mL penicillin bottle containing 3c (30 mg) was added 0.5 mL DCM and 3.0 mL PE. 

The bottle was sealed up and kept aside at room temperature to obtain crystals. The crystals 

were subjected for single crystal XRD to determine the structure of 3c. The data were 

collected by an Agilent Gemini equipped with a Cu radiation source (K = 1.54184 Å) at 

293.0 K. CCDC 2313314 (3c) contains the supplementary crystallographic data for this paper. 

 

 

 

Identification code 3c 

Empirical formula C22H20ClO2P 

Formula weight 382.80 

Temperature/K 293 

Crystal system monoclinic 

Space group P21/c 

a/Å 5.74906(11) 

b/Å 19.4433(5) 

c/Å 17.5592(4) 

α/° 90 

β/° 93.9972(18) 

γ/° 90 

Volume/Å3 1958.00(8) 

Z 4 

ρcalcg/cm3 1.299 

μ/mm‑1 2.598 

F(000) 800.0 

Crystal size/mm3 0.4 × 0.1 × 0.05 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 9.096 to 142.636 

Index ranges -7 ≤ h ≤ 4, -20 ≤ k ≤ 23, -20 ≤ l ≤ 21 

Reflections collected 10742 

Independent reflections 3732 [Rint = 0.0384, Rsigma = 0.0356] 
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Data/restraints/parameters 3732/0/236 

Goodness-of-fit on F2 1.019 

Final R indexes [I>= 2σ (I)] R1 = 0.0618, wR2 = 0.1706 

Final R indexes [all data] R1 = 0.0718, wR2 = 0.1865 

Largest diff. peak/hole / e Å-3 0.46/-0.33 

 

  



38 

 

6. Proposed mechanism. 

According to our experimental results and previous research, a plausible mechanism has 

been proposed in Scheme S1. The reaction begins with the Pd-catalyzed decarboxylation of 

VECs 2, leading to the formation of intermediate B. This intermediate then undergoes a 

tautomeric process to generate cyclopalladated complex C as a key intermediate. Due to the 

basic nature of complex C, a proton transfer from HP(O)Ar2 1 to complex C results in the 

formation of intermediate D. Finally, a nucleophilic attack gives rise to the product 3 and 

regenerates Pd(0) complex A. 

 

 
Scheme S1 proposed mechanism. 
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8. Copies of 1H, 13C, 31P NMR Spectra 
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