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1. General information

NMR Spectra were recorded on a Bruker DPX-500 (400) spectrometer at 500 MHz or 

400 MHz for 1H NMR, 200MHz or 160MHz for 31P NMR, 376 MHz for 19F NMR 

and 100 MHz or 125 MHz for 13C NMR in CDCl3 with tetramethylsilane (TMS) or 

the residual deuterated solvent peaks as internal standard. Chemical shifts (δ) are 

reported in ppm, and coupling constants (J) are in Hertz (Hz). Flash column 

chromatograph was carried out using 200-300 mesh silica gel at medium pressure. 

High resolution mass spectra (HRMS) were recorded on a LC-TOF spectrometer. 

ESI-HRMS data were acquired using a Thermo LTQ Orbitrap XL Instrument 

equipped with an ESI source. Optical rotation was obtained on a Rudolph Research 

Analytical (Atopol I). HPLC analysis was performed on Agilent 1260 series. Unless 

otherwise noted, all reagents were purchased from commercial suppliers and used 

without purification. All air- and moisture-sensitive manipulations were carried out 

with standard Schlenk techniques under nitrogen or in a glove box under argon. 

Anhydrous toluene and THF (Tetrahydrofuran) were distilled from sodium 

benzophenone prior to use. Anhydrous DCE and 1, 4-dioxane was distilled from 

calcium hydride and stored under argon. 

2. Screening of the reaction conditions
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1) Table S1. Screening of acids

+ P
O

PhEtO

1 mol % Pd2(dba)3
2 mol % L4

4 mol % Acid
toluene, 20 h

1a, 0.25 mmol 2a,1.0 mmol 3aa

H
P OEt
O

Ph

entry Acid T/oC 3aa (yield %, ee %)

1 A1 60 70, 83

2 A2 60 44, 76

3 A3 60 44, 84

4 A4 60 65, 77

5b A5 70 50, 57 

6b A6 70 56, 56

7b A7 70 50, 64 

8b A8 70 55, 72 

9b A9 70 92, 77 

10b A10 70 76, 84

11b A10 60 44, 83

12b A11 70 57, 45 

13b A12 70 20, 81

14b A13 70 54, 80 

aCondition: 1 mol % Pd2(dba)3, 2 mol % L4, and 4 mol % Acid in toluene were stirred for 10 min 
in argon atmosphere. 0.25 mmol alkyne and 1 mmol ethyl phenylphosphinate were added. The 
mixture was stirred under argon atmosphere for 20 h. b 24 h.
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2) Table S2. Screening of the ratio of 1a/2a
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+ P
H

O

PhEtO

1% Pd2(dba)3
2% (R, R)-QuinoxP*

4% Ph2P(O)OH, toluene
60C, 20 h

P(R) OEt
O

Ph

P(R)
O

H
OEt+

3aa R-2a

Ph

1a 2a

entry Alkyne/P-H T/oC R-2a (yield %, ee%) 3aa (yield %, ee%) S

1 1/1 60 40, 61 50, 55 6

2 3/1 60 16, 53 51, 59 6

3 1/1 50 72, 16 18, 74 8

4 1/1 40 63, 7 9, 80 10

5 1/3 60 - 59, 78 -

6 1/4 60 - 70, 83 -

7 1/6 60 - 34, 85 -

aCondition: 1 mol % Pd2(dba)3, 2 mol % (R, R)-QuinoxP, and 4 mol % diphenylphosphinic acid in 

1mL toluene were stirred for 10 min in argon atmosphere. Alkynes and ethyl phenylphosphinates 

were added, and the mixture was stirred at 60 oC for 20h.

3. Typical procedure for hydrophosphination of alkynes 

R + P
O

PhR'O

1 mol % Pd2(dba)3
2 mol % L4

4 mol % Ph2P(O)OH, toluene
60 C or 80 C, 20 hH

R = Aryl, Alkyl
R' = Me, Et, n-Pr, i-Pr

R P OR'
O

Ph

An oven-dried Schlenk tube containing a Teflon-coated stir bar was charged with 1 mol % Pd2(dba)3 

(2.3 mg), 2 mol % (R, R)-QuinoxP* (1.7 mg), 4 mol % diphenylphosphinic acid (2.2 mg) in 1 mL 

toluene under argon
 
atmosphere and stirred at room temperature for 10 min. Then, 0.25 mmol alkynes 

and 1 mmol H-phosphinate were added and the mixture was stirred at 60 oC or 80 oC for 20 h. After 

removal of the solvent, the residues were passed through a short silica chromatography (EA / PE = 1:3) 

to afford the desired product.

4. Gram-scale alkenylphosphinate synthesis

+ P
O

PhEtO

1a, 6 mmol 2a, 24 mmol 3aa, 68%, 82 ee%, 1.11g

H

1 mol % Pd2(dba)3
2 mol % L4

4 mol % Ph2P(O)OH, toluene
60 C, 48 h

P OEt
O

Ph

An oven-dried Schlenk tube containing a Teflon-coated stir bar was charged with 1 mol % Pd2(dba)3 

(54.9 mg), 2 mol % (R, R)-QuinoxP*(40.0 mg), 4 mol % diphenylphosphinic acid (52.3 mg) in 24 mL 

toluene under argon atmosphere and stirred at room temperature for 10 min. Then, 6.0 mmol alkynes 
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(616 mg) and 24 mmol ethyl phenylphosphinate (4.08 g) were added and the mixture was stirred at 60 

o
C for 48 h. After removal of the solvent, the residues were passed through a short silica 

chromatography (EA / PE = 1:3) to afford the desired product 3aa (1.11 g, 68% yield). The 

enantioselective excess of the product was determined to be 82% ee by chiral HPLC.

5. Synthetic transformation of the products 

K2CO3, ArB(OH)2
toluene, 24h, 80C 4, 53ja, 78%ee

P OEt
O

Ph

Br

P OEt
O

Ph

Ar

5 mol % Pd2(dba)3
10 mol % PCy3

An oven-dried Schlenk tube containing a Teflon-coated stir bar was charged with 5 mol % Pd2(dba)3 

(4.6 mg), 10 mol % PCy3 (2.8 mg), 2 eq K2CO3 (0.2 mmol) in 1 mL toluene under argon atmosphere 

and stirred at room temperature for 10 min. Then, 0.1 mmol 3ja (35.0 mg) and 0.2 mmol ArB(OH)2 

were added and the mixture was stirred at 80 oC for 20 h. After removal of the solvent, the residues 

were passed through a short silica chromatography (EA / PE = 1:3) to afford the desired product 4 

(98%, 77% ee) and 5 (75%, 77% ee). 

N2BF4
+

5 mol % Pd(OAc)2

MeOH, rt, 12 h

3qa, 99%, 82 ee%3aa, 83 %ee

P OEt
O

Ph

P OEt
O

Ph

An oven-dried Schlenk tube containing a Teflon-coated stir bar was charged with 5 mol % Pd(OAc)2 

(1.1 mg) in 1 mL CH3OH under argon atmosphere. Then, 0.1 mmol 3aa (27.2 mg) and 0.12 mmol 

PhN2BF4 (23 mg) were added and the mixture was stirred at rt for 12 h. After removal of the solvent, 

the residues were passed through a short silica chromatography (EA / PE = 1:3) to afford the desired 

product 3qa (34.7 mg, 99% yield, 82% ee). 

5 mol % Cu(CH3CN)PF6
5 mol % rac-Binap, 1.5 eq. HPPh2
40 mol % Barton's Base, THF, 3h

3aa, 82 ee%

P OEt
O

Ph

P OEt
O

Ph
P
Ph

Ph

6

An oven-dried Schlenk tube containing a Teflon-coated stir bar was charged with [Cu(CH3CN)4]PF6 
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(1.8 mg) and rac-Binap (3.1 mg) in a glove box under argon atmosphere. Anhydrous THF (1.0 mL, 

0.10 M) was added. The mixture was stirred at room temperature for 15 minutes. Then 3aa (27.2 mg) 

and HPPh2 (28.0 mg) were added sequentially. Then the Schlenk tube was taken out of the glove box. 

After the mixture was cooled to 0 °C, Barton’s Base (8μL) was added. The resulting reaction mixture 

was stirred at 0 °C for 3 hours. After solvent was removed under reduced pressure, the residue was 

purified by silica gel column chromatography (EA / PE = 1:3) to give the desired product 6 (42.0 mg, 

92% yield, major 79% ee, minor 79% ee).

6. Deuterium labelling experiment

P
O

O
2% TfOH P

O

O
D

column chromatography，56% D
solvent and TfOH extracted by pump， 90% D

1 eq. D2O

To an oven-dried vial fitted with a stirrer bar was added dimethyl phenylphosphonite (1.70 g, 10 mmol), 

1 equiv. H2O (180 uL), trifluorormethanesulfonic acid (18 uL, 2 mol%) under argon atmosphere. The 

tube was then sealed, slightly shaken at room temperature, in 5 minutes. Solvent and 

trifluorormethanesulfonic acid were extracted by pump. Colorless oil. 1H NMR (400 MHz, CDCl3): δ 

7.82-7.71 (m, 2H), 7.63-7.55 (m, 2H), 7.55-7.46 (m, 2H), 3.82-3.73 (m, 3H). 13C NMR (100 MHz, 

CDCl3): δ 133.2 (t, J = 2.8), 130.9 (t, J = 11.8), 128.7 (t, J = 13.9), 52.0 (d, J = 6.5 Hz). 31P NMR (160 

MHz, CDCl3): δ 26.6 (t, J = 85.9). 
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+ P
O

PhMeO

1 mol % Pd2(dba)3, L4
2 mol % Ph2P(O)OH

toluene, 20 h, 80CD P OMe
O

Ph
D D

1a
0.25 mmol D-2b (90% D)

1.0 mmol

P OMe
O

Ph
H H

P OMe
O

Ph
D H

D1-3ab (50%) D2-3ab (6%)

+ +

3ab (42%)

General procedure was used with phenylacetylene (25.5 mg, 0.25 mmol, 1 equiv) and D-P(O)(OMe)Ph 

(156 mg, 1 mmol, 4 equiv) at 80 oC for 20 h to afford desired product 3ab as colorless oil (44.0 mg, 73% 

yield). 1H NMR (500 MHz, CDCl3) δ 7.76 – 7.66 (m, 2H), 7.53 – 7.46 (m, 1H), 7.45 – 7.34 (m, 4H), 

7.31 – 7.25 (m, 3H), 6.26 (dd, J = 20.1, 1.4 Hz, 0.43H), 6.13 (dd, J = 41.0, 1.4 Hz, 0.43H), 6.11 (d, J = 

40.9 Hz, 0.5H), 3.74 (d, J = 11.1 Hz, 3H). 31P NMR (200 MHz, CDCl3) δ 32.7. 13C NMR (125 MHz, 

CDCl3) δ 142.6 (dd, J = 125.1, 14.0 Hz), 137.0 (dd, J = 11.6, 4.0 Hz), 132.3 (d, JCP = 2.8 Hz), 131.9 (d, 

JCP = 10.1 Hz), 131.7 (d, JCP = 8.6 Hz), 129.7 (d, JCP = 135.3 Hz), 128.4 (d, JCP = 13.2 Hz), 128.3, 

128.1, 127.8 (d, JCP = 4.7 Hz), 51.5 (d, JCP = 6.2 Hz).
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7. Analytic data for the products

Ethyl phenyl(1-phenylvinyl)phosphinate (3aa)

P OEt
O

Ph

General procedure was used with phenylacetylene (25.5 mg, 0.25 mmol, 1 equiv) and ethyl 

phenylphosphinates (170 mg, 1 mmol, 4 equiv) at 60 oC for 20 h to afford 3aa as colorless oil (47.6 

mg, 70% yield, 83% ee). [α]20
D = 3.4 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.78 – 7.67 (m, 

2H), 7.54 – 7.46 (m, 1H), 7.44 – 7.36 (m, 4H), 7.31 – 7.26 (m, 3H), 6.27 (dd, J = 20.0, 1.5 Hz, 1H), 

6.13 (dd, J = 40.7, 1.5 Hz, 1H), 4.20 – 4.04 (m, 2H), 1.34 (t, J = 7.1 Hz, 3H). 31P NMR (200 MHz, 

CDCl3) δ 30.8. 13C NMR (125 MHz, CDCl3) δ 143.0 (d, JCP = 124.7 Hz), 137.0 (d, JCP = 11.8 Hz), 

132.1 (d, JCP = 2.7 Hz), 131.7 (d, JCP = 10.0 Hz), 131.4 (d, JCP = 8.3 Hz), 130.4 (d, JCP = 135.3Hz), 

128.3 (d, JCP = 18.2 Hz), 128.2 (d, JCP = 5.3 Hz), 128.0, 127.8 (d, JCP = 5.1 Hz), 61.1 (d, JCP = 6.0 Hz), 

16.4 (d, JCP = 6.5 Hz). The enantiomeric excess was determined by Daicel Chiralcel OD-H (0.46 cm x 

25 cm), Hexanes / IPA = 98 / 2, 1.0 mL/min, λ = 254 nm, t (major) = 17.0 min, t (minor) = 18.5 min. 

HRMS (ESI-ion trap) m/z: [M+H]+ calcd for C16H18O2P, 273.1039; found 273.1036. 
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Ethyl phenyl(1-(p-tolyl)vinyl)phosphinate (3ba)

P OEt
O

Ph

Me

General procedure was used with 4-ethynyltoluene (29.0 mg, 0.25 mmol, 1 equiv) and ethyl 

phenylphosphinatess (170 mg, 1 mmol, 4 equiv) at 60 oC for 20 h to afford 3ba as colorless oil (50.0 

mg, 70% yield, 82% ee). [α]20
D = 1.9 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.76 – 7.66 (m, 

2H), 7.53 – 7.44 (m, 1H), 7.43 – 7.34 (m, 2H), 7.32 – 7.26 (m, 2H), 7.12 – 7.04 (m, 2H), 6.23 (dd, J = 

19.9, 1.5 Hz, 1H), 6.10 (dd, J = 40.9, 1.5 Hz, 1H), 4.18 – 4.01 (m, 2H), 2.30 (s, 3H), 1.32 (t, J = 7.1 Hz, 

3H). 31P NMR (200 MHz, CDCl3) δ 31.0. 13C NMR (125 MHz, CDCl3) δ 142.7 (d, JCP = 124.5 Hz), 

137.9, 134.1 (d, JCP = 11.8 Hz), 132.1 (d, JCP = 2.8 Hz), 131.8 (d, JCP = 9.9 Hz), 130.8 (d, JCP = 8.7 Hz), 

130.6 (d, JCP = 134.6 Hz), 129.0, 128.3 (d, JCP = 12.8 Hz), 127.6 (d, JCP = 4.9 Hz), 61.1 (d, JCP = 5.8 

Hz), 21.1, 16.4 (d, JCP = 6.6 Hz). The enantiomeric excess was determined by Daicel Chiralcel OD-H 

(0.46 cm x 25 cm), Hexanes / IPA = 98 / 2, 1.0 mL/min, λ = 254 nm, t (major) = 15.5 min, t (minor) = 

17.1 min. HRMS (ESI-ion trap) m/z: [M+H]+ calcd for C17H20OP, 287.1195 ; found 287.1194.

Ethyl phenyl(1-(m-tolyl)vinyl)phosphinate (3ca)

P OEt
O

Ph
Me

General procedure was used with 3-ethynyltoluene (29.0 mg, 0.25 mmol, 1 equiv) and ethyl 

phenylphosphinatess (170 mg, 1 mmol, 4 equiv) 60 oC for 20 h to afford 3ca as colorless oil (50.0 mg, 

70% yield, 81% ee). [α]20
D = 3.7 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.76 – 7.68 (m, 2H), 

7.52 – 7.45 (m, 1H), 7.44 – 7.36 (m, 2H), 7.22 – 7.10 (m, 3H), 7.09 – 7.04 (m, 1H), 6.22 (dd, J = 20, 

1.5 Hz, 1H), 6.09 (dd, J = 40.9, 1.5 Hz, 1H), 4.19 – 3.97 (m, 2H), 2.29 (s, 3H), 1.32 (t, J = 7.0 Hz, 3H). 

31P NMR (200 MHz, CDCl3) δ 30.9. 13C NMR (125 MHz, CDCl3) δ 143.1 (d, JCP = 124.9 Hz), 137.8, 

137.0 (d, JCP = 11.7 Hz), 132.1 (d, JCP = 2.7 Hz), 131.8 (d, JCP = 9.7 Hz), 131.2 (d, JCP = 8.4 Hz), 130.5 

(d, JCP = 134.3 Hz), 128.8, 128.5 (d, JCP = 5.2 Hz), 128.3 (d, JCP = 15.6 Hz), 128.1, 124.9 (d, JCP = 4.6 

Hz), 61.1 (d, JCP = 5.9 Hz), 21.35, 16.4 (d, JCP = 6.4 Hz). The enantiomeric excess was determined by 

Daicel Chiralcel AD-H (0.46 cm x 25 cm), Hexanes / IPA = 98 / 2, 1.0 mL/min, λ = 254 nm, t (minor) 

= 19.3 min, t (major) = 23.5 min.HRMS (ESI-ion trap) m/z: [M+H]+ calcd for C17H20OP, 287.1195; 

found 287.1194.
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Ethyl phenyl(1-(o-tolyl)vinyl)phosphinate (3da)

P OEt
O

PhMe

General procedure was used with 2-ethynyltoluene (29.0 mg, 0.25 mmol, 1 equiv) and ethyl 

phenylphosphinatess (170 mg, 1 mmol, 4 equiv) at 60 oC for 20 h to afford 3da as colorless oil (65.0 

mg, 91% yield, 30% ee). [α]20
D = 5.0 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.61 – 7.51 (m, 

2H), 7.53-7.47 (m, 1H), 7.40 – 7.29 (m, 2H), 7.2 – 7.14 (m, 1H), 7.14 – 7.05 (m, 2H), 7.04 – 6.95 (m, 

1H), 6.41 (dd, J = 20.5, 1.9 Hz, 1H), 5.82 (dd, J = 42.2, 1.9 Hz, 1H), 4.18 – 4.07 (m, 1H), 4.04 – 3.91 

(m, 1H), 1.97 (s, 3H), 1.32 (t, J = 7.01 Hz, 3H). 31P NMR (200 MHz, CDCl3) δ 29.6. 13C NMR (125 

MHz, CDCl3) δ 143.3 (d, JCP = 125.4 Hz), 136.4 (d, JCP = 9.4 Hz), 136.3 (d, JCP = 4.6 Hz), 132.3 (d, JCP 

= 8.6 Hz), 132.1, 132.0, 130.0, 129.8 (d, JCP = 132.4 Hz), 129.3 (d, JCP = 3.2 Hz), 128.1 (d, JCP = 12.6 

Hz), 127.7 (d, JCP = 2.1 Hz), 125.0, 61.0 (d, JCP = 6.0 Hz), 19.6, 16.3 (d, JCP = 6.7 Hz). The 

enantiomeric excess was determined by Daicel Chiralcel OD-H (0.46 cm x 25 cm), Hexanes / IPA = 98 

/ 2, 1.0 mL/min, λ = 254 nm, t (major) = 12.4 min, t (minor) = 13.2 min. HRMS (ESI-ion trap) m/z: 

[M+H]+ calcd for C17H20OP, 287.1195; found 287.1194.

Ethyl (1-(4-ethylphenyl)vinyl)(phenyl)phosphinate (3ea)

P OEt
O

Ph

Et

General procedure was used with 4-ethylphenylacetylene (32.5 mg, 0.25 mmol, 1 equiv) and ethyl 

phenylphosphinatess (170 mg, 1 mmol, 4 equiv) at 60 oC for 20 h to afford 3ea as colorless oil (54.0 

mg, 72% yield, 83% ee). [α]20
D = 2.3 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.80 – 7.63 (m, 

2H), 7.47 (td, J = 7.5, 1.3 Hz, 1H), 7.40 (td, J = 7.8, 3.5 Hz, 2H), 7.32 (m, 2H), 7.09 (m, 2H), 6.22 (dd, 

J = 19.9, 1.5 Hz, 1H), 6.10 (dd, J = 40.9, 1.5 Hz, 1H), 4.17 – 3.97 (m, 2H), 2.59 (q, J = 7.6 Hz, 2H), 

1.31 (t, J = 7.1 Hz, 3H), 1.19 (t, J = 7.6 Hz, 3H). 31P NMR (200 MHz, CDCl3) δ 31.1. 13C NMR (125 

MHz, CDCl3) δ 144.2, 142.6 (d, JCP = 124.7 Hz), 134.2 (d, JCP = 11.8 Hz), 132.0 (d, JCP = 2.8 Hz), 

131.7 (d, JCP = 10.2 Hz), 130.9 (d, JCP = 8.6 Hz), 130.5 (d, JCP = 135.2 Hz), 128.0 (d, JCP = 80.0 Hz), 

127.7, 127.6 (d, JCP = 71.8 Hz), 61.0 (d, JCP = 6.4 Hz), 28.4, 16.3 (d, JCP = 6.4 Hz), 15.3. The 

enantiomeric excess was determined by Daicel Chiralcel OD-H (0.46 cm x 25 cm), Hexanes / IPA = 98 
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/ 2, 1.0 mL/min, λ = 254 nm, t (major) = 13.4 min, t (minor) = 14.2 min. HRMS (ESI-ion trap) m/z: 

[M+H]+ calcd for C18H22O2P, 301.1352; found 301.1353.

Ethyl (1-(4-(tert-butyl)phenyl)vinyl)(phenyl)phosphinate (3fa)

P OEt
O

Ph

General procedure was used with 4-(tert-butyl)phenylacetylene (39.5 mg, 0.25 mmol, 1 equiv) and 

ethyl phenylphosphinatess (170 mg, 1 mmol, 4 equiv) at 60 oC for 20 h to afford 3fa as colorless oil 

(68.9 mg, 84% yield, 81% ee). [α]20
D = 0.9 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.80 – 7.70 

(m, 2H), 7.57 – 7.47 (m, 1H), 7.40 (td, J = 7.4, 3.4 Hz, 2H), 7.38 – 7.33 (m, 2H), 7.33 – 7.26 (m, 2H), 

6.22 (d, J = 20.0 Hz, 1H), 6.13 (d, J = 40.9 Hz, 1H), 4.16 – 4.03 (m, 2H), 1.32 (t, J = 7.0 Hz, 3H), 1.27 

(d, J = 10.3 Hz, 9H). 31P NMR (160 MHz, CDCl3) δ 31.1. 13C NMR (100 MHz, CDCl3) δ 151.1, 142.8 

(d, JCP = 124.6 Hz), 134.0 (d, JCP = 11.7 Hz), 132.0 (d, JCP = 2.7 Hz), 131.8, 131.7, 130.9 (d, JCP = 

135.0 Hz), 130.8 (d, JCP = 8.4 Hz), 128.3 (d, JCP = 13.1 Hz), 127.5 (d, JCP = 5.0 Hz), 125.2, 61.1 (d, JCP 

= 6.2 Hz), 34.5, 31.2, 16.4 (d, JCP = 6.4 Hz). The enantiomeric excess was determined by Daicel 

Chiralcel OD-H (0.46 cm x 25 cm), Hexanes / IPA = 98 / 2, 1.0 mL/min, λ = 254 nm, t (minor) = 11.2 

min, t (major) = 12.1 min. HRMS (ESI-ion trap) m/z: [M+H]+ calcd for C20H26O2P, 329.1665; found 

329.1665.

Ethyl (1-(4-pentylphenyl)vinyl)(phenyl)phosphinate (3ga)

P OEt
O

Ph

n-pent

General procedure was used with 1-ethynyl-4-pentylbenzene (43.0 mg, 0.25 mmol, 1 equiv) and ethyl 

phenylphosphinatess (170 mg, 1 mmol, 4 equiv) at 60 oC for 20 h to afford 3ga as colorless oil (46.1 

mg, 54% yield, 82% ee). [α]20
D = 1.8 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.81 – 7.66 (m, 

2H), 7.44 – 7.51 (m, 1H), 7.41 (td, J = 7.6, 3.5 Hz, 2H), 7.27– 7.33 (m, 2H), 7.04 – 7.12 (m, 2H), 6.25 

(dd, J = 20.0, 1.4 Hz, 1H), 6.13 (dd, J = 40.9, 1.4 Hz, 1H), 4.21 – 4.00 (m, 2H), 2.65 – 2.49 (m, 2H), 

1.59 (m, 2H), 1.32 (m, 7H), 0.89 (t, J = 7.0 Hz, 3H). 31P NMR (200 MHz, CDCl3) δ 31.1. 13C NMR 

(125 MHz, CDCl3) δ 142.9, 142.7 (d, JCP = 124.6 Hz), 134.2 (d, JCP = 11.7 Hz), 132.0 (d, JCP = 2.7 Hz), 
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131.7 (d, JCP = 10.1 Hz), 130.8 (d, JCP = 8.3 Hz), 130.6 (d, JCP = 134.8 Hz), 128.3, 128.2 (d, JCP = 13.0 

Hz), 127.6 (d, JCP = 5.2 Hz), 61.1 (d, JCP = 5.9 Hz), 35.5, 31.4 , 30.9, 22.4, 16.4 (d, JCP = 6.7 Hz), 14.0. 

The enantiomeric excess was determined by Daicel Chiralcel OD-H (0.46 cm x 25 cm), Hexanes / IPA 

= 95 / 5, 1.0 mL/min, λ = 254 nm, t (major) = 8.3 min, t (minor) = 8.8 min. HRMS (ESI-ion trap) m/z: 

[M+H]+ calcd for C21H28O2P, 343.1821; found 343.1822.

Ethyl (1-(4-fluorophenyl)vinyl)(phenyl)phosphinate (3ha)

P OEt
O

Ph

F

General procedure was used with 4-fluorophenylacetylene (30.0 mg, 0.25 mmol, 1 equiv) and ethyl 

phenylphosphinatess (170 mg, 1 mmol, 4 equiv) at 80 oC for 20 h to afford 3ha as colorless oil (55.1 

mg, 76% yield, 77% ee). [α]20
D = -0.5 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.81 – 7.57 (m, 

2H), 7.57 – 7.44 (m, 1H), 7.44 – 7.30 (m, 4H), 6.95 (t, J = 8.6 Hz, 2H), 6.21 (d, J = 19.8 Hz, 1H), 6.06 

(d, J = 40.6 Hz, 1H), 4.19 – 3.94 (m, 2H), 1.37 – 1.24 (t, J = 7.0 Hz, 3H). 31P NMR (200 MHz, CDCl3) 

δ 30.6. 13C NMR (125 MHz, CDCl3) δ 162.6 (d, J = 248.1 Hz), 142.1 (d, J = 125.0 Hz), 133.0 (dd, J = 

2.8, 11.8 Hz), 132.2 (d, J = 2.6 Hz), 131.8 (d, J = 10.2 Hz), 131.1 (d, J = 8.6 Hz), 130.9, 129.6 (dd, J = 

5.3, 8.1 Hz), 128.4 (d, J = 12.9 Hz), 115.2 (d, J = 21.4 Hz), 61.2 (d, J = 6.0 Hz), 16.4 (d, J = 6.6 Hz). 

19F NMR (376 MHz, CDCl3) δ -113.8. The enantiomeric excess was determined by Daicel Chiralcel 

AD-H (0.46 cm x 25 cm), Hexanes / IPA = 95 / 5, 1.0 mL/min, λ = 254 nm, t (minor) = 17.4 min, t 

(major) = 21.1 min. HRMS (ESI-ion trap) m/z: [M+H]+ calcd for C16H17FO2P, 291.0945; found 

291.0945.

Ethyl (1-(4-chlorophenyl)vinyl)(phenyl)phosphinate (3ia)

P OEt
O

Ph

Cl

General procedure was used with 4-chlorophenylacetylene (34.1 mg, 0.25 mmol, 1 equiv) and ethyl 

phenylphosphinatess (170 mg, 1 mmol, 4 equiv) at 80 oC for 20 h to afford 3ia as yellow oil (54.3 mg, 

71% yield, 83% ee). [α]20
D = -3.0 (c 1, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.75 – 7.64 (m, 2H), 

7.52 – 7.47 (m, 1H), 7.44 – 7.37 (m, 2H), 7.36 – 7.30 (m, 2H), 7.26 – 7.21 (m, 2H), 6.23 (dd, J = 19.8, 

1.3 Hz, 1H), 6.08 (dd, J = 40.4, 1.3 Hz, 1H), 4.22 – 3.96 (m, 2H), 1.32 (t, J = 7.1 Hz, 3H). 31P NMR 
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(200 MHz, CDCl3) δ 30.4. 13C NMR (125 MHz, CDCl3) δ 142.2 (d, JCP = 126.0 Hz), 135.5 (d, JCP = 

12.0 Hz), 134.2, 132.3 (d, JCP = 2.6 Hz), 131.8 (d, JCP = 10.0 Hz), 131.5 (d, JCP = 8.2 Hz), 130.1 (d, JCP 

= 129.4 Hz), 128.8 (d, JCP = 84.5 Hz), 128.7 (d, JCP = 102.4 Hz), 128.5, 61.2 (d, JCP = 5.9 Hz), 16.4 (d, 

JCP = 6.5 Hz). The enantiomeric excess was determined by Daicel Chiralcel AD-H (0.46 cm x 25 cm), 

Hexanes / IPA = 95 / 5, 1.0 mL/min, λ = 254 nm, t (minor) = 19.7 min, t (major) = 25.9 min. HRMS 

(ESI-ion trap) m/z: [M+H]+ calcd for C16H17ClO2P, 307.0649; found 307.0649.

Ethyl (1-(4-bromophenyl)vinyl)(phenyl)phosphinate (3ja)

 

P OEt
O

Ph

Br

General procedure was used with 4-bromophenylacetylene (45.2 mg, 0.25 mmol, 1 equiv) and ethyl 

phenylphosphinatess (170 mg, 1 mmol, 4 equiv) at 80 oC for 20 h to afford 3ja as yellow oil (69 mg, 79% 

yield, 79% ee). [α]20
D = -3.7 (c 1, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.72 (dd, J = 12.1, 7.6 Hz, 

2H), 7.54 – 7.48 (m, 1H), 7.46 – 7.35 (m, 4H), 7.33 – 7.22 (m, 2H), 6.25 (d, J = 19.8 Hz, 1H), 6.10 (d, 

J = 40.3 Hz, 1H), 4.22 – 3.99 (m, 2H), 1.34 (t, J = 7.1 Hz, 3H). 31P NMR (200 MHz, CDCl3) δ 30.2. 13C 

NMR (125 MHz, CDCl3) δ 142.2 (d, JCP = 126.5 Hz), 136.0 (d, JCP = 11.7 Hz), 132.3 (d, JCP = 2.7 Hz), 

131.8 (d, JCP = 9.9 Hz), 131.5, 131.4, 130.1 (d, JCP = 135.2 Hz), 129.5 (d, JCP = 4.9 Hz), 128.4 (d, JCP = 

13.0 Hz), 122.4, 61.3 (d, JCP = 6.0 Hz), 16.4 (d, JCP = 6.4 Hz). The enantiomeric excess was determined 

by Daicel Chiralcel AD-H (0.46 cm x 25 cm), Hexanes / IPA = 95 / 5, 1.0 mL/min, λ = 254 nm, t 

(minor) = 22.0 min, t (major) = 30.0 min. HRMS (ESI-ion trap) m/z: [M+H]+ calcd for C16H17BrO2P, 

351.0144; found 351.0144.

Ethyl phenyl(1-(4-(trifluoromethyl)phenyl)vinyl)phosphinate (3ka)

P OEt
O

Ph

F3C

General procedure was used with 4-trifluoromethylphenylacetylene (42.5 mg, 0.25 mmol, 1 equiv) and 

ethyl phenylphosphinatess (170 mg, 1 mmol, 4 equiv) at 80 oC for 20 h to afford 3ka as yellow oil 

(35.8 mg, 42% yield, 82% ee). [α]20
D = -1.2 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.77 – 7.65 
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(m, 2H), 7.58 – 7.46 (m, 5H), 7.45 – 7.36 (m, 2H), 6.27 (dd, J = 19.9, 1.2 Hz, 1H), 6.13 (dd, J = 40.1, 

1.2 Hz, 1H), 4.23 – 3.98 (m, 2H), 1.33 (t, J = 7.1 Hz, 3H). 31P NMR (200 MHz, CDCl3) 30.1. 13C NMR 

(125 MHz, CDCl3) δ 142.4 (d, JCP = 126.3 Hz), 140.8 (d, JCP = 11.7 Hz), 132.5 (d, JCP = 2.2 Hz), 

132.4,131.8 (d, JCP = 10.4 Hz), 130.1 (q, JC-F = 32.8 Hz), 129.9 (d, JCP = 135.5 Hz), 128.5 (d, JCP = 13.4 

Hz), 128.2 (d, JCP = 4.4 Hz), 125.3 (q, JC-F =3.8 Hz), 124.0 (q, JC-F = 274.6 Hz), 61.4 (d, JCP = 5.7 Hz), 

16.4 (d, JCP = 6.6 Hz). 19F NMR (376 MHz, CDCl3) δ -62.7. The enantiomeric excess was determined 

by Daicel Chiralcel AD-H (0.46 cm x 25 cm), Hexanes / IPA = 95 / 5, 1.0 mL/min, λ = 254 nm, t 

(minor) = 16.7 min, t (major) = 20.2 min. HRMS (ESI-ion trap) m/z: [M+H]+ calcd for C17H17F3O2P, 

341.0913; found 341.0912.

Ethyl (1-(4-methoxyphenyl)vinyl)(phenyl)phosphinate (3la)

P OEt
O

Ph

MeO

General procedure was used with 4-ethynylanisole (33.0 mg, 0.25 mmol, 1 equiv) and ethyl 

phenylphosphinatess (170 mg, 1 mmol, 4 equiv) at 80 oC for 20 h to afford 3la as yellow oil (70.9 mg, 

94% yield, 63% ee). [α]20
D = 0.6 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.76 – 7.69 (m, 2H), 

7.52 – 7.45 (m, 1H), 7.40 (td, J = 7.6, 3.5 Hz, 2H), 7.37 – 7.33 (m, 2H), 6.83 – 6.77 (m, 2H), 6.19 (dd, 

J = 19.9, 1.3 Hz, 1H), 6.07 (dd, J = 41.0, 1.3 Hz, 1H), 4.16 – 4.04 (m, 2H), 3.77 (s, 3H), 1.33 (t, J = 7.0 

Hz, 3H). 31P NMR (200 MHz, CDCl3) δ 31.2. 13C NMR (125 MHz, CDCl3) δ 159.5, 142.7 (d, JCP = 

124.9 Hz), 132.1 (d, JCP = 2.7 Hz), 131.8 (d, JCP = 10.0 Hz), 131.2, 130.2 (d, JCP = 8.6 Hz), 129.4 (d, 

JCP = 12.1 Hz), 128.7 (d, JCP = 98.1 Hz), 128.6 (d, JCP = 80.2 Hz), 113.7, 61.1 (d, JCP = 5.9 Hz), 55.2, 

16.4 (d, JCP = 6.8 Hz). The enantiomeric excess was determined by Daicel Chiralcel AD-H (0.46 cm x 

25 cm), Hexanes / IPA = 90 / 10, 1.0 mL/min, λ = 254 nm, t (minor) = 14.1 min, t (major) = 20.2 min. 

HRMS (ESI-ion trap) m/z: [M+H]+ calcd for C17H20O3P, 303.1145; found 303.1144.

Ethyl (1-(3-methoxyphenyl)vinyl)(phenyl)phosphinate (3ma)

P OEt
O

Ph
MeO

General procedure was used with 3-ethynylanisole (33.0 mg, 0.25 mmol, 1 equiv) and ethyl 

phenylphosphinatess (170 mg, 1 mmol, 4 equiv) at 80 oC for 20 h to afford 3ma as yellow oil (66.4 mg, 
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88% yield, 72% ee). [α]20
D = 4.0 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.78 – 7.65 (m, 2H), 

7.52 – 7.45 (m, 1H), 7.39 (td, J = 7.5, 3.5 Hz, 2H), 7.17 (t, J = 7.9 Hz, 1H), 6.95 (m, 1H), 6.92 (m, 1H), 

6.81 (dd, J = 8.3, 2.4 Hz, 1H), 6.27 (dd, J = 19.8, 1.5 Hz, 1H), 6.12 (dd, J = 40.4, 1.5 Hz, 1H), 4.16 – 

4.04 (m, 2H), 3.72 (s, 3H), 1.32 (t, J = 7.0 Hz, 3H). 31P NMR (200 MHz, CDCl3) δ 30.5. 13C NMR 

(126 MHz, CDCl3) δ 159.3, 143.0 (d, JCP = 124.9 Hz), 138.6 (d, JCP = 11.8 Hz), 132.2 (d, JCP = 2.7 Hz), 

131.8 (d, JCP = 10.0 Hz), 131.6 (d, JCP = 8.3 Hz) , 130.5 (d, JCP = 135.0 Hz), 128.8 (d, JCP = 122.7 Hz), 

128.5, 120.4 (d, JCP = 4.6 Hz), 114.0, 113.3(d, JCP = 5.5 Hz), 61.2 (d, JCP = 5.6 Hz), 55.2, 16.5 (d, JCP = 

6.4 Hz). The enantiomeric excess was determined by Daicel Chiralcel OD-H (0.46 cm x 25 cm), 

Hexaneds / IPA = 95 / 5, 1.0 mL/min, λ = 254 nm, t (major) = 10.7 min, t (minor) = 11.5 min.HRMS 

(ESI-ion trap) m/z: [M+H]+ calcd for C17H20O3P, 303.1145; found 303.1144.

Ethyl (1-(3-chlorophenyl)vinyl)(phenyl)phosphinate (3na)

P OEt
O

Ph
Cl

General procedure was used with 3-chlorophenylacetylene (34.1 mg, 0.25 mmol, 1 equiv) and ethyl 

phenylphosphinatess (170 mg, 1 mmol, 4 equiv) at 80 oC for 20 h to afford 3na as yellow oil (37.8 mg, 

50% yield, 78% ee). [α]20
D = -3.6 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.65 – 7.74 (m, 2H), 

7.53 – 7.47 (m, 1H), 7.44 – 7.38 (m, 2H), 7.38 – 7.33 (m, 1H), 7.31 – 7.27 (m, 1H), 7.25 – 7.22 (m, 

1H), 7.22 – 7.17 (m, 1H), 6.25 (dd, J = 19.8, 1.2 Hz, 1H), 6.09 (dd, J = 40.2, 1.2 Hz, 1H), 4.18 – 4.00 

(m, 2H), 1.33 (t, J = 7.03 Hz, 3H). 31P NMR (200 MHz, CDCl3) δ 30.2. 13C NMR (125 MHz, CDCl3) δ 

142.2 (d, JCP = 126.5 Hz), 138.8 (d, JCP = 12.0 Hz), 134.1, 132.4 (d, JCP = 2.8 Hz), 132.0 (d, JCP = 8.2 

Hz), 131.8 (d, JCP = 10.1 Hz), 130.0 (d, JCP = 135.4 Hz), 129.5, 128.4 (d, JCP = 12.6 Hz), 128.2, 127.9 

(d, JCP = 5.1 Hz), 126.1 (d, JCP = 4.5 Hz), 61.3 (d, JCP = 6.0 Hz), 16.4 (d, JCP = 6.6 Hz). The 

enantiomeric excess was determined by Daicel Chiralcel AD-H (0.46 cm x 25 cm), Hexanes / IPA = 95 

/ 5, 1.0 mL/min, λ = 254 nm, t (minor) = 14.2 min, t (major) = 16.0 min. HRMS (ESI-ion trap) m/z: 

[M+H]+ calcd for C16H17ClO2P, 307.0649; found 307.0649.

Ethyl phenyl(1-(thiophen-2-yl)vinyl)phosphinate (3oa)

P OEt
O

Ph

S
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General procedure was used with 2-ethynylthiophene (27 mg, 0.25 mmol, 1 equiv) and ethyl 

phenylphosphinatess (170 mg, 1 mmol, 4 equiv) at 80 oC for 20 h to afford 3oa as yellow oil (50.7 mg, 

73% yield, 84% ee). [α]20
D = 5.4 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.84 – 7.68 (m, 2H), 

7.54 – 7.46 (m, 2H), 7.44 – 7.39 (m, 2H), 7.25 – 7.21 (m, 1H), 7.21 – 7.16 (m, 1H), 6.25 (d, J = 22.4 

Hz, 1H), 6.19 (s, 1H), 4.18 – 4.07 (m, 2H), 1.35 (t, J = 6.9 Hz, 3H). 31P NMR (200 MHz, CDCl3) δ 30.7. 

13C NMR (125 MHz, CDCl3) δ 137.1 (d, JCP = 81.1 Hz) , 136.6 (d, JCP = 32.4 Hz), 132.2 (d, JCP = 2.8 

Hz), 131.6 (d, JCP = 10.4 Hz), 130.6 (d, JCP = 136.2 Hz), 129.4 (d, JCP = 7.6 Hz), 128.4 (d, JCP = 12.8 

Hz), 126.5 (d, JCP = 6.6 Hz), 125.6, 123.9 (d, JCP = 4.6 Hz), 61.2 (d, JCP = 5.6 Hz), 16.4 (d, JCP = 6.4 

Hz). The enantiomeric excess was determined by Daicel Chiralcel AD-H (0.46 cm x 25 cm), Hexanes / 

IPA = 95 / 5, 1.0 mL/min, λ = 254 nm, t (minor) = 23.8 min, t (major) = 28.4 min. HRMS (ESI-ion trap) 

m/z: [M+H]+ calcd for C14H16O2PS, 279.0603; found 279.0602.

Ethyl phenyl(1-(pyridin-3-yl)vinyl)phosphinate (3pa)

N

P OEt
O

Ph

General procedure was used with 3-ethynylpyridine (25.7 mg, 0.25 mmol, 1 equiv) and ethyl 

phenylphosphinatess (170 mg, 1 mmol, 4 equiv) at 80 oC for 20 h to afford 3pa as yellow oil (30.0 mg, 

44% yield, 86% ee). [α]20
D = -2.3 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 8.53 (d, J = 21.0 Hz, 

2H), 7.82 – 7.73 (m, 1H), 7.73 – 7.63 (m, 2H), 7.53 – 7.45 (m, 1H), 7.40 (td, J = 7.6, 3.6 Hz, 2H), 7.21 

(dd, J = 7.7, 4.8 Hz, 1H), 6.29 (dd, J = 19.8, 1.1 Hz, 1H), 6.12 (dd, J = 40.1, 1.1 Hz, 1H), 4.20 – 3.95 

(m, 2H), 1.35 (t, J = 7.6 Hz, 3H). 31P NMR (200 MHz, CDCl3) δ 29.9. 13C NMR (125 MHz, CDCl3) δ 

149.2, 148.5 (d, JCP = 5.6 Hz), 140.4 (d, JCP = 126.7 Hz), 135.3 (d, JCP = 3.8 Hz), 132.5 (d, JCP = 2.7 

Hz), 132.4 (d, JCP = 7.5 Hz), 131.8 (d, JCP = 10.0 Hz), 129.7 (d, JCP = 135.4 Hz), 128.6 (d, JCP = 12.8 

Hz), 123.0, 61.4 (d, JCP = 6.0 Hz), 16.4 (d, JCP = 6.4 Hz). The enantiomeric excess was determined by 

Daicel Chiralcel AD (0.46 cm x 25 cm), Hexanes / IPA = 90 / 10, 1.0 mL/min, λ = 254 nm, t (minor) = 

18.9 min, t (major) = 20.0 min. HRMS (ESI-ion trap) m/z: [M+H]+ calcd for C15H17NO2P, 274.0991; 

found 274.0990.

Ethyl (Z)-(1,2-diphenylvinyl)(phenyl)phosphinate (3qa)
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P OEt
O

Ph

General procedure was used with diphenylacetylene (44.5 mg, 0.25 mmol, 1 equiv) and ethyl 

phenylphosphinatess (170 mg, 1 mmol, 4 equiv) at 80 oC for 20 h to afford 3qa as yellow oil (60.0 mg, 

69% yield, 61% ee). [α]20
D = 25.3 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.71 (d, J = 21.9 Hz, 

1H), 7.53 – 7.64 (m, 2H), 7.46 (t, J = 7.1 Hz, 1H), 7.34 (td, J = 7.6, 3.3 Hz, 2H), 7.29 – 7.22 (m, 3H), 

7.19 – 7.14 (m, 1H), 7.07 – 7.14 (m, 2H), 7.08 – 7.01 (m, 2H), 6.98 (m, 2H), 4.22 – 4.04 (m, 2H), 1.34 

(t, J = 7.0 Hz, 3H). 31P NMR (200 MHz, CDCl3) δ 30.7. 13C NMR (125 MHz, CDCl3) δ 142.6 (d, JCP = 

10.0 Hz), 135.5 (d, JCP = 9.1 Hz), 134.7 (d, JCP = 19.0 Hz), 134.3 (d, JCP = 127.1 Hz), 132.0, 131.9, 

131.8 (d, JCP = 2.6 Hz), 130.2, 130.1 (d, JCP = 136.6 Hz), 129.4 (d, JCP = 4.5 Hz), 128.6, 128.4 (d, JCP = 

112.2 Hz), 128.1, 127.6 (d, JCP = 2.7 Hz), 60.9 (d, JCP = 6.8 Hz), 16.4 (d, JCP = 7.0 Hz). The 

enantiomeric excess was determined by Daicel Chiralcel OD-H (0.46 cm x 25 cm), Hexanes / IPA = 98 

/ 2, 1.0 mL/min, λ = 254 nm, t (major) = 12.5 min, t (minor) = 13.7 min. HRMS (ESI-ion trap) m/z: 

[M+H]+ calcd for C22H22O2P, 349.1352; found 349.1352.

Ethyl phenyl(4-phenylbut-1-en-2-yl)phosphinate (3ra)

P OEt
O

Ph

General procedure was used with 4-phenyl-1-butyne (32.5 mg, 0.25 mmol, 1 equiv) and ethyl 

phenylphosphinatess (170 mg, 1 mmol, 4 equiv) at 60 oC for 20 h to afford 3ra as yellow oil (45.0 mg, 

60% yield, 84% ee). [α]20
D = -3.6 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.82 – 7. 70 (m, 2H), 

7.57 – 7.51 (m, 1H), 7.47 (td, J = 7.5, 3.4 Hz, 2H), 7.24 (m, 2H), 7.16 (m, 1H), 7.09 (m, 2H), 6.02 (dd, 

J = 21.1, 0.8 Hz, 1H), 5.78 (dd, J = 43.5, 0.8 Hz, 1H), 4.16 – 3.94 (m, 2H), 2.82 – 2.64 (m, 2H), 2.60 – 

2.40 (m, 2H), 1.33 (t, J = 7.0 Hz, 3H). 31P NMR (200 MHz, CDCl3) δ 32.8. 13C NMR (125 MHz, 

CDCl3) δ 142.2, 141.3, 141.0, 132.2 (d, JCP = 2.8 Hz), 131.8 (d, JCP = 10.1 Hz), 130.3 (d, JCP = 131.7 

Hz), 128.7 (d, JCP = 9.0 Hz), 128.5 (d, JCP = 12.7 Hz), 128.3 (d, JCP = 4.6 Hz), 125.9, 60.8 (d, JCP = 5.5 

Hz), 34.3 (d, JCP = 5.5 Hz), 33.1 (d, JCP = 11.8 Hz), 16.4 (d, JCP = 6.3 Hz). The enantiomeric excess 

was determined by Daicel Chiralcel AD-H (0.46 cm x 25 cm), Hexanes / IPA = 98 / 2, 1.0 mL/min, λ = 



S19

250 nm, t (minor) = 24.6 min, t (major) = 26.4 min. HRMS (ESI-ion trap) m/z: [M+H]+ calcd for 

C18H22O2P, 301.1352; found 301.1354.

Ethyl (1-(cyclohex-1-en-1-yl)vinyl)(phenyl)phosphinate (3sa)

P OEt
O

Ph

General procedure was used with 1-ethynylcyclohexene (26.5 mg, 0.25 mmol, 1 equiv) and ethyl 

phenylphosphinatess (170 mg, 1 mmol, 4 equiv) at 60 oC for 20 h to afford 3sa as colorless oil (38.0 

mg, 55% yield, 51% ee). [α]20
D = -4.8 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.81 – 7.70 (m, 

2H), 7.54 – 7.47 (m, 1H), 7.47 – 7.36 (m, 2H), 6.22 (m, 1H), 5.92 (d, J = 8.2 Hz, 1H), 5.87 (d, J = 28.7 

Hz, 1H), 4.16 – 3.95 (m, 2H), 2.12 – 2.08 (m, 2H), 2.08 – 2.01 (m, 2H), 1.67 – 1.55 (m, 2H), 1.55 – 

1.45 (m, 2H), 1.33 (t, J = 7.1 Hz, 3H). 31P NMR (200 MHz, CDCl3) δ 31.0. 13C NMR (125 MHz, 

CDCl3) δ 143.4 (d, JCP = 122 Hz), 132.9 (d, JCP = 10.8 Hz), 131.9 (d, JCP = 2.7 Hz), 131.5 (d, JCP = 

133.9 Hz), 131.4 (d, JCP = 10.2 Hz), 130.4 (d, JCP = 5.4 Hz), 128.3 (d, JCP = 12.7 Hz), 126.6 (d, JCP = 

8.4 Hz), 60.9 (d, JCP = 5.9 Hz), 26.9 (d, JCP = 6.2 Hz), 25.8, 22.6, 21.6, 16.4 (d, JCP = 6.8 Hz). The 

enantiomeric excess was determined by Daicel Chiralcel AD-H (0.46 cm x 25 cm), Hexanes / IPA = 95 

/ 5, 1.0 mL/min, λ = 254 nm, t (minor) = 12.2 min, t (major) = 13.3 min. HRMS (ESI-ion trap) m/z: 

[M+H]+ calcd for C16H22O2P, 277.1352; found 277.1352.

Ethyl dec-1-en-5-yn-2-yl(phenyl)phosphinate (3ta)

P OEt
O

Ph

n-Bu

General procedure was used with 1,5-decadiyne (33.5 mg, 0.25 mmol, 1 equiv) and ethyl 

phenylphosphinatess (170 mg, 1 mmol, 4 equiv) at 80 oC for 20 h to afford 3ta as colorless oil (51.7 

mg, 68% yield, 74% ee). [α]20
D = 0.4 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.82 – 7.69 (m, 

2H), 7.57 – 7.48 (m, 1H), 7.48 – 7.40 (m, 2H), 6.04 (d, J = 20.9 Hz, 1H), 5.86 (dd, J = 43.1, 1.2 Hz, 

1H), 4.21 – 3.87 (m, 2H), 2.43 – 2.31 (m, 2H), 2.31 – 2.24 (m, 2H), 2.13 – 1.99 (m, 2H), 1.43 – 1.28 

(m, 7H), 0.86 (t, J = 7.2 Hz, 3H). 31P NMR (200 MHz, CDCl3) δ 32.5. 13C NMR (125 MHz, CDCl3) δ 
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140.7 (d, JCP = 125.5 Hz), 132.1 (d, JCP = 2.6 Hz), 131.7 (d, JCP = 10.0 Hz), 130.3 (d, JCP = 132.2 Hz), 

129.3 (d, JCP = 8.5 Hz), 128.4 (d, JCP = 12.8 Hz), 81.2, 78.5, 60.8 (d, JCP = 6.1 Hz), 31.1, 31.0, 30.9, 

21.8, 18.3, 17.0 (dd, JCP = 163.0, 5.8 Hz), 13.5. The enantiomeric excess was determined by Daicel 

Chiralcel OD-H (0.46 cm x 25 cm), Hexanes / IPA = 98 / 2, 1.0 mL/min, λ = 254 nm, t (major) = 9.3, t 

(minor) = 10.4 min. HRMS (ESI-ion trap) m/z: [M+H]+ calcd for C18H26O2P, 305.1665; found 

305.1665. 

Methyl phenyl(1-phenylvinyl)phosphinate (3ab)

P OMe
O

Ph

General procedure was used with phenylacetylene (25.5 mg, 0.25 mmol, 1 equiv) and methyl 

phenylphosphinates (156 mg, 1 mmol, 4 equiv) at 60 oC for 20 h to afford 3ab as colorless oil (50.0 mg, 

78% yield, 71% ee). [α]20
D = 4.7 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.76 – 7.66 (m, 2H), 

7.53 – 7.46 (m, 1H), 7.45 – 7.34 (m, 4H), 7.31 – 7.25 (m, 3H), 6.26 (dd, J = 20.1, 1.4 Hz, 1H), 6.13 (dd, 

J = 41.0, 1.4 Hz, 1H), 3.74 (d, J = 11.1 Hz, 3H). 31P NMR (200 MHz, CDCl3) δ 32.7. 13C NMR (125 

MHz, CDCl3) δ 142.6 (d, JCP = 123.2 Hz), 137.0 (d, JCP = 11.6 Hz), 132.3 (d, JCP = 2.7 Hz), 131.9 (d, 

JCP = 10.1 Hz), 131.8 (d, JCP = 8.7 Hz), 129.7 (d, JCP = 135.1 Hz), 128.4 (d, JCP = 13.4 Hz), 128.3, 

128.1, 127.8 (d, JCP = 4.7 Hz), 51.5 (d, JCP = 6.1 Hz). The enantiomeric excess was determined by 

Daicel Chiralcel OD-H (0.46 cm x 25 cm), Hexanes / IPA = 98 / 2, 1.0 mL/min, λ = 254 nm, t (major) 

= 13.3 min, t (minor) = 14.1 min. HRMS (ESI-ion trap) m/z: [M+H]+ calcd for C15H16O2P, 259.0882; 

found 259.0883.

Propyl phenyl(1-phenylvinyl)phosphinate (3ac)

P OPr-n
O

Ph

General procedure was used with phenylacetylene (25.5 mg, 0.25 mmol, 1 equiv) and propyl 

phenylphosphinates (184 mg, 1 mmol, 4 equiv) at 60 oC for 20 h to afford 3ac as colorless oil (50.8 mg, 

71% yield, 80% ee). [α]20
D = 3.8 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.77 – 7.65 (m, 2H), 

7.52 – 7.45 (m, 1H), 7.43 – 7.35 (m, 4H), 7.31 – 7.23 (m, 3H), 6.28 (dd, J = 20.0, 1.5 Hz, 1H), 6.12 (dd, 

J = 40.7, 1.5 Hz, 1H), 4.07 – 3.88 (m, 2H), 1.76 – 1.64 (m, 2H), 0.93 (t, J = 7.4 Hz, 3H). 31P NMR (200 



S21

MHz, CDCl3) δ 30.6. 13C NMR (125 MHz, CDCl3) δ 143.1 (d, JCP = 124.9 Hz), 137.1 (d, JCP = 11.7 

Hz), 132.1 (d, JCP = 2.7 Hz), 131.8 (d, JCP = 10.0 Hz), 131.4 (d, JCP = 8.3 Hz), 130.4 (d, JCP = 134.9 

Hz), 128.3 (d, JCP = 12.8 Hz), 128.2, 128.0, 127.8 (d, JCP = 5.0 Hz), 66.5 (d, JCP = 6.1 Hz), 23.8 (d, JCP 

= 6.7 Hz), 10.1. The enantiomeric excess was determined by Daicel Chiralcel OD-H (0.46 cm x 25 cm), 

Hexanes / IPA = 98 / 2, 1.0 mL/min, λ = 254 nm, t (major) = 11.5 min, t (minor) = 14.5 min. HRMS 

(ESI-ion trap) m/z: [M+H]+ calcd for C17H20O2P, 287.1195; found 287.1195.

Isopropyl phenyl(1-phenylvinyl)phosphinate (3ad)

P OPr-i
O

Ph

General procedure was used with phenylacetylene (25.5 mg, 0.25 mmol, 1 equiv) and isopropyl 

phenylphosphinates (184 mg, 1 mmol, 4 equiv) at 60 oC for 20 h to afford 3ad as colorless oil (22.9 mg, 

32% yield, 73% ee). [α]20
D = 4.0 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.76 – 7.69 (m, 2H), 

7.51 – 7.45 (m, 1H), 7.43 – 7.35 (m, 4H), 7.31 – 7.17 (m, 3H), 6.24 (dd, J = 20.0, 1.5 Hz, 1H), 6.10 (dd, 

J = 40.7, 1.5 Hz, 1H), 4.78 – 4.57 (m, 1H), 1.32 (d, J = 6.2 Hz, 3H), 1.27 (d, J = 6.2 Hz, 3H). 31P NMR 

(200 MHz, CDCl3) δ 29.4. 13C NMR (125 MHz, CDCl3) δ 143.7 (d, JCP = 124.7 Hz), 137.2 (d, JCP = 

11.9 Hz), 132.0 (d, JCP = 2.6 Hz), 131.8 (d, JCP = 10.3 Hz), 131.0 (d, JCP = 8.2 Hz), 130.8, 128.2, 128.1 

(d, JCP = 40.8 Hz), 127.9, 127.8, 70.4 (d, JCP = 6.2 Hz), 24.2 (q, JCP = 2.0 Hz). The enantiomeric excess 

was determined by Daicel Chiralcel OD-H (0.46 cm x 25 cm), Hexanes / IPA = 98 / 2, 1.0 mL/min, λ = 

254 nm, t (major) = 15.8 min, t (minor) = 22.7 min. HRMS (ESI-ion trap) m/z: [M+H]+ calcd for 

C17H20O2P, 287.1195; found 287.1194.

Ethyl (1-phenylvinyl)(p-tolyl)phosphinate (3ae)

P OEt
O

Me

General procedure was used with phenylacetylene (25.5 mg, 0.25 mmol, 1 equiv) and ethyl p-

tolylphosphinate (184 mg, 1 mmol, 4 equiv) at 80 oC for 20 h to afford 3ae as colorless oil (33.6 mg, 

43% yield, 37% ee). [α]20
D = 1.0 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.64 – 7.56 (m, 2H), 

7.43-7.37 (m, 2H), 7.30 – 7.25 (m, 3H), 7.24 – 7.18 (m, 2H), 6.24 (dd, J = 20.0, 1.6 Hz, 1H), 6.1 (dd, J 
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= 40.0, 1.6 Hz, 1H), 4.16 – 4.10 (m, 2H), 2.36 (s, 3H), 1.31 (t, J = 7.1 Hz, 3H). 31P NMR (200 MHz, 

CDCl3) δ 31.2. 13C NMR (125 MHz, CDCl3) δ 143.3 (d, JCP = 125.0 Hz), 142.7 (d, JCP = 2.8 Hz), 137.2 

(d, JCP = 11.8 Hz), 131.8 (d, JCP = 10.0 Hz), 131.1 (d, JCP = 8.2 Hz), 129.1 (d, JCP = 13.5 Hz), 128.2 

128.0, 127.9, 127.8, 61.0 (d, JCP = 6.0 Hz), 21.6, 16.4 (d, JCP = 6.5Hz). The enantiomeric excess was 

determined by Daicel Chiralcel OD-H (0.46 cm x 25 cm), Hexanes / IPA = 98 / 2, 1.0 mL/min, λ = 254 

nm, t (major) = 13.7 min, t (minor) = 17.4 min. HRMS (ESI-ion trap) m/z: [M+H]+ calcd for C17H20OP, 

287.1195; found 287.1194.

Methyl (1-(4-(tert-butyl)phenyl)vinyl)(phenyl)phosphinate (3fb)

P OMe
O

Ph

General procedure was used with 4-(tert-butyl)phenylacetylene (39.5 mg, 0.25 mmol, 1 equiv) and 

methyl phenylphosphinates (156 mg, 1 mmol, 4 equiv) at 60 oC for 20 h to afford 3fb as colorless oil 

(40.0 mg, 51% yield, 71% ee). [α]20
D = 2.9 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.78 – 7.70 

(m, 2H), 7.55 – 7.46 (m, 1H), 7.45 – 7.38 (m, 2H), 7.36 – 7.27 (m, 4H), 6.22 (d, J = 1.2 Hz, 0.5H), 6.18 

(d, J = 1.0 Hz, 1H), 6.10 (d, J = 1.3 Hz, 0.5H), 3.74 (d, J = 11.1, 3H), 1.28 (s, 9H). 31P NMR (200 MHz, 

CDCl3) δ 33.2. 13C NMR (125 MHz, CDCl3) δ 151.2, 142.2 (d, JCP = 123.8 Hz), 133.9 (d, JCP = 12.0 

Hz), 132.2 (d, JCP = 2.8 Hz), 131.8 (d, JCP = 10.0 Hz), 131.2 (d, JCP = 8.6 Hz), 130.0 (d, JCP = 135.2 

Hz), 128.4 (d, JCP = 13.0 Hz), 127.4 (d, JCP = 5.2 Hz), 125.3, 51.5 (d, JCP = 6.3 Hz), 34.5, 31.2. The 

enantiomeric excess was determined by Daicel Chiralcel OD-H (0.46 cm x 25 cm), Hexanes / IPA = 98 

/ 2, 1.0 mL/min, λ = 254 nm, t (major) = 13.3 min, t (minor) = 14.1 min. HRMS (ESI-ion trap) m/z: 

[M+H]+ calcd for C19H24O2P, 315.1508; found 315.1509.

Methyl(phenyl)(1-phenylvinyl)phosphine oxide (3af)

P Me
O

Ph

General procedure was used with phenylacetylene (25.5 mg, 0.25 mmol, 1 equiv) and 

methyl(phenyl)phosphine oxide (140 mg, 1 mmol, 4 equiv) at 60 oC for 20 h to afford 3af as colorless 

oil (17.0 mg, 28% yield, 54% ee). [α]20
D = -4.1 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.76 – 
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7.64 (m, 2H), 7.57 – 7.50 (m, 1H), 7.43-7.50 (m, 2H), 7.32 – 7.24 (m, 5H), 6.12 (dt, J = 8.3, 1.1 Hz, 

1H), 6.07 (dd, J = 26.9, 1.1 Hz, 1H), 1.81 (d, J = 13.1 Hz, 3H). 31P NMR (200 MHz, CDCl3) δ 30.7. 

13C NMR (125 MHz, CDCl3) δ 145.8 (d, JCP = 89.1 Hz), 137.5 (d, JCP = 11.0 Hz), 132.7 (d, JCP = 100.8 

Hz), 131.8 (d, JCP = 2.7 Hz), 130.7 (d, JCP = 9.4 Hz), 129.6 (d, JCP = 8.2 Hz), 128.5 (d, JCP = 11.6 Hz), 

128.4, 128.1, 127.8 (d, JCP = 4.5 Hz), 15.2 (d, JCP = 74.4 Hz). The enantiomeric excess was determined 

by Daicel Chiralcel OD-H (0.46 cm x 25 cm), Hexanes / IPA = 95 / 5, 1.0 mL/min, λ = 254 nm, t 

(major) = 23.4 min, t (minor) = 25.8 min. HRMS (ESI-ion trap) m/z: [M+H]+ calcd for C15H16OP, 

243.0933; found 243.0933.

Ethyl (1-([1,1'-biphenyl]-4-yl)vinyl)(phenyl)phosphinate (4)

P OEt
O

Ph

Ph

White solid (34.1 mg, 98% yield, 77% ee). Mp 86-87oC. [α]20
D = -4.8 (c 1.0, CHCl3). 1H NMR (500 

MHz, CDCl3) δ 7.81 – 7.71 (m, 2H), 7.59 – 7.55 (m, 2H), 7.54 – 7.47 (m, 5H), 7.46 – 7.39 (m, 4H), 

7.37 – 7.31 (m, 1H), 6.28 (d, J = 19.9 Hz, 1H), 6.19 (d, J = 40.7 Hz, 1H), 4.22 – 4.03 (m, 2H), 1.37 (t, J 

= 7.1 Hz, 3H). 31P NMR (200 MHz, CDCl3) δ 30.9. 13C NMR (125 MHz, CDCl3) δ 142.6 (d, J = 125.2 

Hz), 140.8, 140.4, 136.0 (d, J = 11.8 Hz), 132.2 (d, J = 2.8 Hz), 131.8 (d, J = 10.1 Hz), 131.2 (d, J = 

7.8 Hz), 130.5 (d, J = 134.8 Hz), 128.8, 128.4 (d, J = 12.8 Hz), 128.3, 128.2, 127.4, 127.0, 61.2 (d, J = 

5.9 Hz), 16.4 (d, J = 6.5 Hz). The enantiomeric excess was determined by Daicel Chiralcel OD-H (0.46 

cm x 25 cm), Hexanes / IPA = 98 / 2, 1.0 mL/min, λ = 254 nm, t (minor) = 16.4min, t (major) = 17.8 

min. HRMS (ESI-ion trap) m/z: [M+H]+ calcd for C22H22O2P, 349.1352; found 349.1347.

Ethyl (1-(4-(benzo[d][1,3]dioxol-5-yl)phenyl)vinyl)(phenyl)phosphinate (5)

P OEt
O

Ph

O

O

Yellow oil (30.0 mg, 77% yield, 77% ee). [α]20
D = 11.0 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 

7.82 – 7.68(m, 2H), 7.51 – 7.38 (m, 7H), 7.07 – 6.99 (m, 2H), 6.89 – 6.81 (m, 1H), 6.26 (d, J = 20.0 Hz, 

1H), 6.16 (d, J = 40.0 Hz, 1H), 5.97 (s, 2H), 4.23 – 3.97 (m, 2H), 1.34 (t, J = 7.0 Hz, 3H)). 31P NMR 

(160 MHz, CDCl3) δ 30.9. 13C NMR (100 MHz, CDCl3) δ 147.6 (d, J = 93.4 Hz) , 142.5 (d, J = 124.4 
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Hz), 140.5, 135.6 (d, J = 11.8 Hz), 134.7, 132.2 (d, J = 2.7 Hz), 131.8 (d, J = 10.1 Hz), 131.1 (d, J = 

8.4 Hz), 130.4 (d, J = 135.4 Hz), 128.4, 128.3, 128.2 (d, J = 5.1), 126.6, 120.5 , 108.5, 107.4, 101.1, 

61.2 (d, J = 6.0 Hz), 16.4 (d, J = 6.5 Hz). The enantiomeric excess was determined by Daicel Chiralcel 

AD-H (0.46 cm x 25 cm), Hexanes / IPA = 75 / 25, 1.0 mL/min, λ = 254 nm, t (minor) = 10.9min, t 

(major) = 14.1 min. HRMS (ESI-ion trap) m/z: [M+H]+ calcd for C23H22O4P, 393.1250; found 

393.1245.

Ethyl (S)-(2-(diphenylphosphaneyl)-1-phenylethyl)(phenyl)phosphinate (6)

P OEt
O

Ph
P
Ph

Ph

Colorless oil (42.0 mg, 92% yield, dr 3:2, major 79% ee, minor 79% ee). 1H NMR (500 MHz, CDCl3) 

δ 7.56 – 7.48 (m, 1.24H), 7.48 – 7.42 (m, 1.25H), 7.41 – 7.34 (m, 5H), 7.30 – 7.14 (m, 10.0H), 7.13 – 

7.08 (m, 1.82H), 7.03 – 6.94 (m, 1.19H), 4.22 – 4.05 (m, 0.64H), 3.95 – 3.83 (m, 0.62H), 3.83 – 3.68 

(m, 0.81H), 3.15 – 2.89 (m, 1.64H), 2.75 – 2.55 (m, 1.41H), 1.30 (t, J = 7.0 Hz, 1.88H), 1.07 (t, J = 7.0 

Hz, 1.2H). 31P NMR (200 MHz, CDCl3) δ 43.1, 42.9, 41.6, 41.4, -20.2, -20.3, -20.7, -20.9. 13C NMR 

(125 MHz, CDCl3) δ 139.0 (d, J = 13.7 Hz), 136.8 (d, J = 15.0 Hz), 136.3 (d, J = 15.3 Hz), 135.2 (dd, J 

= 7.2, 3.1 Hz), 134.85 (t, J = 3.5 Hz), 133.8, 133.6, 133.4, 132.3 – 131.9 (m), 131.7 (d, J = 18.0 Hz), 

130.1, 129.7 (d, J = 5.9 Hz), 129.6 (d, J = 6.0 Hz), 129.2, 129.1, 128.5 (d, J = 7.1Hz), 128.42 – 127.87 

(m), 127.3 (d, J = 2.8 Hz), 127.1 (d, J = 3.2 Hz), 61.1 (t, J = 7.3 Hz), 44.8 (d, J = 15.0 Hz), 44.5 (d, J = 

14.5 Hz), 44.1 (d, J = 15.0 Hz), 43.8 (d, J = 14.5 Hz), 27.9 (d, J = 15.6 Hz), 27.5 (dd, J = 15.6, 3.4 Hz), 

16.4 (d, J = 6.4 Hz), 16.2 (d, J = 6.2 Hz). The enantiomeric excess was determined by Daicel Chiralcel 

IA (0.46 cm x 25 cm), Hexanes / IPA = 98 / 2, 1.0 mL/min, λ = 210 nm, t1 (major) = 22.1 min, t1 

(minor) = 24.5 min，t2 (major) = 27.6 min, t2 (minor) = 29.6 min. HRMS (ESI-ion trap) m/z: [M+H]+ 

calcd for C28H29O2P2, 459.1637; found 459.1630.

7. NMR spectrum

Ethyl phenyl(1-phenylvinyl)phosphinate (3aa)
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Ethyl phenyl(1-(p-tolyl)vinyl)phosphinate (3ba)



S27

Ethyl phenyl(1-(m-tolyl)vinyl) phosphinate (3ca)



S28



S29

Ethyl phenyl(1-(o-tolyl)vinyl)phosphinate (3da)
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Ethyl (1-(4-ethylphenyl)vinyl)(phenyl)phosphinate (3ea)
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Ethyl (1-(4-(tert-butyl)phenyl)vinyl)(phenyl)phosphinate (3fa)
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Ethyl (1-(4-pentylphenyl)vinyl)(phenyl)phosphinate (3ga)
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Ethyl (1-(4-fluorophenyl)vinyl)(phenyl)phosphinate (3ha)
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Ethyl (1-(4-chlorophenyl)vinyl)(phenyl)phosphinate (3ia)
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Ethyl (1-(4-bromophenyl)vinyl)(phenyl)phosphinate (3ja)



S40



S41

Ethyl phenyl(1-(4-(trifluoromethyl)phenyl)vinyl)phosphinate (3ka)
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Ethyl (1-(4-methoxyphenyl)vinyl)(phenyl)phosphinate (3la)
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Ethyl (1-(3-methoxyphenyl)vinyl)(phenyl)phosphinate (3ma)
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Ethyl (1-(3-chlorophenyl)vinyl)(phenyl)phosphinate (3na)
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Ethyl phenyl(1-(thiophen-2-yl)vinyl)phosphinate (3oa)
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Ethyl phenyl(1-(pyridin-3-yl)vinyl)phosphinate (3pa)
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Ethyl (Z)-(1,2-diphenylvinyl)(phenyl)phosphinate (3qa)
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Ethyl phenyl(4-phenylbut-1-en-2-yl)phosphinate (3ra)
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Ethyl (1-(cyclohex-1-en-1-yl)vinyl)(phenyl)phosphinate (3sa)
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Ethyl dec-1-en-5-yn-2-yl(phenyl)phosphinate (3ta)
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Methyl phenyl(1-phenylvinyl)phosphinate (3ab) 
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Propyl phenyl(1-phenylvinyl) phosphinate (3ac) 
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Isopropyl phenyl(1-phenylvinyl)phosphinate (3ad) 
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Ethyl (1-phenylvinyl)(p-tolyl)phosphinate (3ae)
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Methyl (1-(4-(tert-butyl)phenyl)vinyl)(phenyl)phosphinate (3fb)
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Methyl(phenyl)(1-phenylvinyl)phosphine oxide (3af)
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Ethyl (1-([1,1'-biphenyl]-4-yl)vinyl)(phenyl)phosphinate (4)
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Ethyl (1-(4-(benzo[d][1,3]dioxol-5-yl)phenyl)vinyl)(phenyl)phosphinate (5)
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Ethyl (2-(diphenylphosphaneyl)-1-phenylethyl)(phenyl)phosphinate (6)
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8. HPLC spectrum

Ethyl phenyl(1-phenylvinyl)phosphinate (3aa)

P OEt
O

Ph

Ethyl phenyl(1-(p-tolyl)vinyl)phosphinate (3ba)
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P OEt
O

Ph

Me

Ethyl phenyl(1-(m-tolyl)vinyl)phosphinate (3ca)

P OEt
O

Ph
Me



S72

Ethyl phenyl(1-(o-tolyl)vinyl)phosphinate (3da)

P OEt
O

PhMe
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Ethyl (1-(4-ethylphenyl)vinyl)(phenyl)phosphinate (3ea)

P OEt
O

Ph

Et
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Ethyl (1-(4-(tert-butyl)phenyl)vinyl)(phenyl)phosphinate (3fa)

P OEt
O

Ph
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Ethyl (1-(4-pentylphenyl)vinyl)(phenyl)phosphinate (3ga)

P OEt
O

Ph

n-Pent
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Ethyl (1-(4-fluorophenyl)vinyl)(phenyl)phosphinate (3ha)

P OEt
O

Ph

F
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Ethyl (1-(4-chlorophenyl)vinyl)(phenyl)phosphinate (3ia)

P OEt
O

Ph

Cl
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Ethyl (1-(4-bromophenyl)vinyl)(phenyl)phosphinate (3ja)

P OEt
O

Ph

Br
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Ethyl phenyl(1-(4-(trifluoromethyl)phenyl)vinyl)phosphinate (3ka)

P OEt
O

Ph

F3C
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Ethyl (1-(4-methoxyphenyl)vinyl)(phenyl)phosphinate (3la)

P OEt
O

Ph

MeO
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Ethyl (1-(3-methoxyphenyl)vinyl)(phenyl)phosphinate (3ma)

P OEt
O

Ph
MeO
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Ethyl (1-(3-chlorophenyl)vinyl)(phenyl)phosphinate (3na)

P OEt
O

Ph
Cl



S83

Ethyl phenyl(1-(thiophen-2-yl)vinyl)phosphinate (3oa)

P OEt
O

Ph

S
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Ethyl phenyl(1-(pyridin-3-yl)vinyl)phosphinate (3pa)

N

P OEt
O

Ph
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Ethyl (Z)-(1,2-diphenylvinyl)(phenyl)phosphinate (3qa)

P OEt
O

Ph
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Ethyl phenyl(4-phenylbut-1-en-2-yl)phosphinate (3ra)

P OEt
O

Ph
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Ethyl (1-(cyclohex-1-en-1-yl)vinyl)(phenyl)phosphinate (3sa)

P OEt
O

Ph
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Ethyl dec-1-en-5-yn-2-yl(phenyl)phosphinate (3ta)

P OEt
O

Ph

n-Bu
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Methyl phenyl(1-phenylvinyl)phosphinate (3ab)

P OMe
O

Ph
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Propyl phenyl(1-phenylvinyl)phosphinate (3ac)

P OPr-n
O

Ph
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Isopropyl phenyl(1-phenylvinyl)phosphinate (3ad)

P OPr-i
O

Ph
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Ethyl (1-phenylvinyl)(p-tolyl)phosphinate (3ae)

P OEt
O

Me
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Methyl (1-(4-(tert-butyl)phenyl)vinyl)(phenyl)phosphinate (3fb)

P OMe
O

Ph
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Methyl(phenyl)(1-phenylvinyl)phosphine oxide (3af) 

P Me
O

Ph
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Ethyl (1-([1,1'-biphenyl]-4-yl)vinyl)(phenyl)phosphinate (4)

P OEt
O

Ph
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Ethyl (1-(4-(benzo[d][1,3]dioxol-5-yl)phenyl)vinyl)(phenyl)phosphinate (5)

P OEt
O

Ph

O

O
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Ethyl (Z)-(1,2-diphenylvinyl)(phenyl)phosphinate (3qa) 

Synthesized by Heck Reaction from 3aa
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Ethyl (2-(diphenylphosphaneyl)-1-phenylethyl)(phenyl)phosphinate (6)
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9. X-ray crystal structure of 4

 

P Ph
O

OEt

Ph
4

Table S3

Identification code cxy1119_0m

Empirical formula C22H21O2P

Formula weight 348.36

Temperature/K 100

Crystal system monoclinic
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Space group P21

a/Å 6.0977(4)

b/Å 8.3134(6)

c/Å 18.1062(12)

α/° 90

β/° 97.792(2)

γ/° 90

Volume/Å3 909.38(11)


