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General Experimental Section

All reactions were performed under nitrogen atmosphere. Unless otherwise noted, all
reagents were purchased from commercial sources and were used without further
purification. Dibenzylphosphine oxide was prepared according to a reported procedure.’
Solvents were dried and purified before use by standard procedure. Proton and carbon
magnetic resonance spectra (‘H NMR and C NMR) were recorded with
tetramethylsilane or solvent resonance as the internal standard (‘H NMR: TMS at 0.00
ppm, CDCl; at 7.26 ppm; *C NMR: CDCl; at 77.0 ppm). 85% H3;PO, was used as the
external reference of *'P NMR spectra.

General procedure for copper-catalyzed additions of P(O)H compounds to alkynes.
Organophosphorus reagent containing P-H bond (0.5 mmol), alkyne (0.75 mmol), Cul
(0.05 mmol) and ligand (0.075 mmol) were dissolved in 1.0 mL of solvent under
nitrogen. The reaction was performed in the corresponding reaction time and
temperature as shown in Tables 1 and 2. The resulting solution was cooled to room
temperature, and then 10 mL of chloroform and 10 mL of brine were added to the
solution, the organic layer was washed with brine (10 mL x 2) and was dried over
anhydrous Na,SO4. After filtration, the filtrate was concentrated in vacuo to give a pale
yellow semisolid. The crude product was then purified by silica gel column
chromatography using EtOAc/ hexane (1:1) (sometimes, a small amount of ethanol was
used to adjust polarity of the solvent) as the eluent to provide the pure target product as

a white solid or colorless oil.
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Characterization data for compounds 3 - 5

e
H
:/\ H
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(E)-1-Diphenylphosphinyl-2-phenylethene (3a).” White solid, mp 169-170 °C. 'H
NMR (300 MHz, CDCls) § 7.36-7.79 (m, 16H), 6.84 (dd, Jp;= 22.3 Hz, Jy= 17.5 Hz,
1H). *C NMR (75 MHz, CDCls) § 147.5, 135.0 (d, Jp.c = 17.9 Hz), 132.9 (d, Jp.c =
104.7 Hz), 131.8, 131.3 (d, Jp.c = 10.0 Hz), 130.1, 128.7 (d, Jp.c = 11.5 Hz), 128.5,

127.7, 119.1 (d, Jp.c = 103.9 Hz). *'P NMR (121 MHz, CDCl3) § 25.2. HRMS m/z calcd.

for CoH;sOP [M+H]": 305.1095, found: 305.1089.

(E)-1-Diphenylphosphinyl-1-octene (3b).> White solid, mp 69-70 °C. 'H NMR (300
MHz, CDCl3) & 7.45-7.73 (m, 10H), 6.65-6.82 (m, 1H), 6.22 (dd, Jp.u= 24.4 Hz, Jypy=
16.8 Hz, 1H), 2.26-2.33 (m, 2H), 1.43-1.52 (m, 2H), 1.21-1.37 (m, 6H), 0.87 (t, J = 6.8
Hz, 3H). >C NMR (75 MHz, CDCl;) § 152.9, 133.2 (d, Jp.c = 103.9 Hz), 131.6, 131.3
(d, Jp.c = 10.0 Hz), 128.4 (d, Jp.c = 12.2 Hz), 121.5 (d, Jp.c = 102.5 Hz), 34.5 (d, Jp.c =
17.2 Hz), 31.5, 28.8, 27.8, 22.5, 14.0. *'P NMR (121 MHz, CDCl;) & 24.2. HRMS m/z

caled. for CooHasOP [M+H]": 313.1721, found: 313.1725.
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(Z)-1-Diphenylphosphinyl-1-octene (4b).> White solid, mp 66-67 °C. "H NMR (300
MHz, CDCls) & 7.42-7.78 (m, 10H), 6.57-6.80 (m, 1H), 6.11 (dd, Jp.z= 25.4 Hz, Jyu=
12.7 Hz, 1H), 2.49-2.56 (m, 2H), 1.17-1.36 (m, 8H), 0.83 (t, J = 6.5 Hz, 3H). °C NMR
(75 MHz, CDCl3) 8 155.1, 134.6 (d, Jp.c = 102.5 Hz), 131.4, 130.9 (d, Jp.c = 10.0 Hz),
128.5 (d, Jp.c = 11.5 Hz), 121.2 (d, Jp.c = 99.7 Hz), 31.5, 30.9 (d, Jp.c = 7.9 Hz), 28.8,
22.5, 13.9. *'P NMR (121 MHz, CDCls) & 21.6. HRMS m/z caled. for CaoHaOP

[M+H]": 313.1721, found: 313.1727.

(E)-1-(1-hydroxy)cyclohexyl -2-(diphenylphosphinyl)ethene (3c). White solid, mp
208-210 °C. '"H NMR (300 MHz, CDCl3) § 7.35-7.70 (m, 10H), 6.85 (dd, Jp.y= 19.9 Hz,
Jin = 16.8 Hz, 1H), 6.57 (dd, Jp.y = 25.1 Hz, Jyu = 16.8 Hz, 1H), 2.78 (br, 1H),
1.26-1.63 (m, 10H). '*C NMR (75 MHz, CDCls) & 158.7, 132.9 (d, Jp.c = 103.9 Hz),
131.6, 131.2 (d, Jp.c = 9.3 Hz), 128.5 (d, Jp.c = 11.5 Hz), 118.1 (d, Jp.c = 101.1 Hz),
72.7 (d, Jp.c = 14.3 Hz), 36.9, 25.2, 21.4. *'P NMR (121 MHz, CDCl;) § 24.8. HRMS

m/z caled. for CooH,40,P [M+H]": 327.1514, found: 327.1518.
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(2)-1-(1-hydroxy)cyclohexyl -2-(diphenylphosphinyl)ethene (4c). White solid, mp
132-134 °C. '"H NMR (300 MHz, CDCl3) & 7.45-7.75 (m, 10H), 6.87 (dd, Jp.;= 40.5 Hz,
Jin= 14.1 Hz, 1H), 5.94 (dd, Jp.y= 24.7 Hz, Jy.u= 14.1 Hz, 1H), 1.20-1.82 (m, 10H).
13C NMR (75 MHz, CDCl3) § 162.2, 133.0 (d, Jp.c = 106.1 Hz), 131.8, 131.2 (d, Jp.c =
10.0 Hz), 128.6 (d, Jp.c = 12.2 Hz), 118.0 (d, Jp.c = 97.5 Hz), 71.7 (d, Jp.c = 6.5 Hz),
37.9, 25.4,21.6. *'P NMR (121 MHz, CDCl3) & 27.4. HRMS m/z calcd. for CaoH,40,P

[M+H]": 327.1514, found: 327.1517.

SN
/-
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(E)-1-(Cyclohexen-1-yl)-2-(diphenylphosphinyl)ethene  (3d).> White solid, mp
137-138 °C. 'H NMR (300 MHz, CDCl3) § 7.42-7.74 (m, 10H), 7.04 (dd, Jp.;y= 19.6 Hz,
Jin = 17.2 Hz, 1H), 6.10 (dd, Jp.y = 22.7 Hz, Jyy = 17.2 Hz, 1H), 6.08 (s, 1H),
2.18-2.19 (m, 4H), 1.61-1.72 (m, 4H). °C NMR (75 MHz, CDCl;) § 151.0, 137.9,
135.3 (d, Jp.c = 17.9 Hz), 133.5 (d, Jp.c = 104.7 Hz), 131.6, 131.3 (d, Jp.c = 10.0 Hz),
128.4 (d, Jp.c = 12.2 Hz), 114.6 (d, Jp.c = 105.4 Hz), 26.2, 24.1, 22.0. *'P NMR (121
MHz, CDCl3) ¢ 25.8. HRMS m/z caled. for CyyH,,OP [M+H]": 309.1408, found:

309.1401.
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(E)-1-Dibenzylphosphinyl-2-phenylethene (3e). White solid, mp 170-171 °C. 'H
NMR (300 MHz, CDCl3) & 7.24-7.39 (m, 16H), 6.22 (dd, Jp.u=25.7 Hz, Jyu= 17.2 Hz,
1H), 3.23 (d, Jp.y= 14.8 Hz, 4H). °C NMR (75 MHz, CDCl3) & 148.4, 135.2 (d, Jp.c =
16.5 Hz), 131.8 (d, Jp.c = 7.2 Hz), 129.9 (d, Jp.c = 5.0 Hz), 129.8, 128.7 (d, Jp.c = 2.1
Hz), 127.5, 126.9 (d, Jp.c = 2.9 Hz), 117.5(d, Jp.c = 96.1 Hz), 37.4(d, Jp.c = 64.5 Hz).
3P NMR (121 MHz, CDCls) & 34.1. HRMS m/z calcd. for C2,H,,OP [M+H]"™: 333.1408,

found: 333.1402.
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(E)-1-Dibenzylphosphinyl-1-octene (3f). White solid, mp 109-110 °C. '"H NMR (300
MHz, CDCl3) & 7.20-7.33 (m, 10H), 6.49-6.61 (m, 1H), 5.58 (dd, Jp.y= 28.8 Hz, Jypy=
17.2 Hz, 1H), 3.09-3.16 (m, 4H), 2.09-2.16 (m, 2H), 1.18-1.36 (m, 8H), 0.88 (t, J = 7.2
Hz, 3H). °C NMR (75 MHz, CDCl3) & 153.7, 131.9 (d, Jp.c = 7.2 Hz), 129.8 (d, Jp.c =
5.0 Hz), 128.6 (d, Jp.c = 2.3 Hz), 126.8 (d, Jp.c = 2.9 Hz), 119.5 (d, Jp.c = 95.4 Hz), 37.3
(d, Jp.c = 63.8 Hz), 34.4 (d, Jp.c = 15.8 Hz), 31.5, 28.6, 27.8, 22.5, 14.1. *'P NMR (121
MHz, CDCl3) ¢ 33.1. HRMS m/z caled. for CyHj3;,0OP [M+H]": 341.2034, found:

341.2026.
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(E)-1-(2-hydroxy)cyclohexyl -2-(dibenzylphosphinyl)ethene (3g). White solid, mp
115-116 °C. "H NMR (300 MHz, CDCl3) & 7.19-7.28 (m, 10H), 6.56 (dd, Jp.u= 17.2 Hz,
Jun= 17.2 Hz, 1H), 5.94 (dd, Jp.u= 26.1 Hz, Jy.u= 17.2 Hz, 1H), 3.12 (d, Jp.u= 12.0
Hz, 4H), 2.31 (br, 1H), 1.18-1.54 (m, 10H). *C NMR (75 MHz, CDCl5) & 159.1, 131.7
(d, Jp.c = 6.5 Hz), 129.9 (d, Jp.c = 2.9 Hz), 128.5, 126.7, 116.6 (d, Jp.c = 99.6 Hz), 72.4
(d, Jp.c = 13.6 Hz), 37.2 (d, Jp.c = 68.1 Hz), 36.7, 25.1, 21.4. >'P NMR (121 MHz,

CDCls) 6 33.9. HRMS m/z calcd. for C,oH,30P [M+H]+: 355.1827, found: 355.1822.
©j0
i H

(E)-1-(Cyclohexen-1-yl)-2-(dibenzylphosphinyl)ethene  (3h). White solid, mp
158-160 °C. "H NMR (300 MHz, CDCl3) & 7.20-7.32 (m, 10H), 6.93 (dd, Jp.u= 17.7 Hz,
Jun= 17.7 Hz, 1H), 6.01 (bs, 1H), 5.47 (dd, Jp.u= 26.4 Hz, Ju.u= 17.7 Hz, 1H), 3.13 (d,
Jp.u= 14.8 Hz, 4H), 2.15 (bs, 2H), 2.00 (bs, 2H), 1.58-1.70 (m, 4H). *C NMR (75 MHz,
CDCl3) & 151.4, 137.4, 135.1 (d, Jp.c = 17.2 Hz), 132.0 (d, Jp.c = 7.2 Hz), 129.9 (d, Jp.c
= 5.0 Hz), 128.6, 126.8, 112.8 (d, Jp.c = 97.5 Hz), 37.5 (d, Jp.c = 63.8 Hz), 26.1, 23.9,

22.0. *'P NMR (121 MHz, CDCls) & 34.6. HRMS m/z calcd. for CpHyOP [M+H]":
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337.1721, found: 337.1715.

(E)-1-Ethoxylphenylphosphinyl-2-phenylethene (3i).* Colorless oil. '"H NMR (300
MHz, CDCl3) & 7.35-7.86 (m, 11H), 6.49 (dd, Jp.y = 20.3 Hz, Jyy= 17.2 Hz, 1H),
4.07-4.20 (m, 2H), 1.37 (t, Jp.u= 7.2 Hz, 3H). >C NMR (75 MHz, CDCls) & 147.7 (d,
Jp.c = 5.7 Hz), 134.9 (d, Jp.c = 20.1 Hz), 132.2, 131.4 (d, Jp.c = 136.9 Hz), 131.3 (d, Jp.c
=10.0 Hz), 130.1, 128.8, 128.5 (d, Jp.c = 12.9 Hz), 127.7, 117.9 (d, Jp.c = 138.4 Hz),
60.8 (d, Jp.c = 5.7 Hz), 16.5 (d, Jp.c = 6.5 Hz). *'P NMR (121 MHz, CDCl3) § 31.3.

HRMS m/z calcd. for Ci6H;30,P [M+H]": 273.1044, found: 273.1036.

SN
)~
O 5a

(E)-1-Diphenylphosphinyl-1,2-diphenylethene (5a).> White solid, mp 150-151 °C. 'H
NMR (300 MHz, CDCl5) & 6.92-7.70 (m, 21H). *C NMR (75 MHz, CDCl;) & 143.1 (d,
Jp.c = 9.3 Hz), 135.5 (d, Jp.c =9.3 Hz), 135.3 (d, Jp.c = 90.4 Hz), 134.8 (d, Jp.c = 17.2
Hz), 132.4 (d, Jp.c = 9.3 Hz), 131.8, 131.0 (d, Jp.c = 102.5 Hz), 130.3, 129.9 (d, Jp.c =
4.3 Hz), 128.9, 128.7, 128.3 (d, Jp.c = 11.5 Hz), 128.1, 127.7. *'P NMR (121 MHz,

CDCl;3) & 29.4. HRMS m/z calcd. for CosH,,OP [M+H]": 381.1408, found: 381.1401.
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(E)-1-Dibenzylphosphinyl-1,2-diphenylethene (5b). White solid, mp 164-166 °C. 'H

NMR (300 MHz, CDCls) & 6.88-7.44 (m, 21H), 3.11 (d, Jp.u= 12.7 Hz, 4H). °C NMR

(75 MHz, CDCl3) § 144.5 (d, Jp.c = 6.5 Hz), 136.3 (d, Jp.c =10.0 Hz), 134.6, 134.2 (d,

Jp.c = 98.9 Hz), 131.7 (d, Jp.c = 7.2 Hz), 130.0, 129.4, 129.2 (d, Jp.c = 3.6 Hz), 128.7,

128.5, 128.0, 126.8, 35.0 (d, Jp.c = 64.5 Hz). >'P NMR (121 MHz, CDCls) & 35.5.

HRMS m/z calcd. for CogHpsOP [M+H]": 409.1721, found: 409.1726.
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