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1. General Information

Unless otherwise stated, commercially available reagents including dry solvents
were used without additional purification. Petroleum ether refers to the petroleum
fraction b.p. 60-90 °C. All reactions were carried out in oven-dried thick-walled
glassware. Flash chromatography was performed using the indicated solvent system
on silica gel standard grade (200-300 mesh). '"H NMR spectra were recorded in
DMSO-d, on a Bruker 400 (400 MHz) spectrometer. 3C NMR spectra were recorded
in DMSO-ds on a Bruker 400 (101 MHz) spectrometer. 3'P NMR spectra were
recorded in DMSO-ds on a Bruker 400 (243 MHz) spectrometer. Chemical shifts
were reported relative to DMSO-dj (6 2.50 ppm) for 'H NMR and DMSO-d, (6 39.52
ppm) for 3C NMR. High-resolution mass spectra (HRMS) were recorded on a Q-
Exactive Orbitrap mass spectrometer (Thermo, CA).
2. Experimental Section

1) General procedure for the synthesis of compound 3

OH (H)/R1 NalOy,, open air 9,R1
R” T HTR! Reo PR
. ) 25 °C, H,0 s

To a solution of alcohols 1 (0.5 ml) and diarylphosphine oxide 2 (101 mg, 0.5
mmol) in water (2 mL) was added NalO, (215 mg, 1 mmol) under air, the reaction
mixture was stirred at 25 °C for 6 h. After completion of reaction, the solution of 20%
NaHCO; was added into the mixture, and then the solution was extracted three times
with EA (3 x 20 mL). The combined organic phase was concentrated and purified by
flash chromatography on silica gel (petroleum ether/ethyl acetate = 10:1) to afford
diarylphosphinate 3. The structures of isolated products were identified by NMR and
HRMS.

2) Large-Scale Synthesis

O . (@]
I NalOy,, open air I
A~SoH + PhPH - - Ph—p-0" "
Ph 25 °C, H,0 Ph
1a (5 ml) 2a (5 mmol) 3aa, 1.07 g, 78%

To a solution of alcohols 1a (5 ml) and diarylphosphine oxide 2a (1.01 g, 5 mmol)



in water (20 mL) was added NalO,4 (2.15 g, 10 mmol) under air, the reaction mixture
was stirred at 25 °C for 6 h. After completion of reaction, the solution of 20%
NaHCO; was added into the mixture, and then the solution was extracted three times
with EA (3 x 50 mL). The combined organic phase was concentrated and purified by
flash chromatography on silica gel (petroleum ether/ethyl acetate = 10:1) to afford
diarylphosphinate 3aa with the yield of 78%.

3) Mechanistic Studies

O : 0O
I NalOy, with 5eq TEMPO
~"0H Ph—P—H ! N Ph—'FlLo/\/\
1a 2a open air 3aa

To a solution of alcohols 1a (0.5 ml) and diarylphosphine oxide 2a (101 mg, 0.5
mmol) and TEMPO (391 mg, 2.5 mmol) in water (2 mL) was added NalO,4 (215 mg,
1 mmol) under air, the reaction mixture was stirred at 25 °C for 6 h. After completion
of reaction, the solution of 20% NaHCO; was added into the mixture, and then the
solution was extracted three times with EA (3 x 20 mL). The combined organic phase
was concentrated and purified by flash chromatography on silica gel (petroleum

ether/ethyl acetate = 10:1) to afford diarylphosphinate 3aa with the yield of 12%.

0O . o)

I NalOy, with 5eq BHT n

Ph 25 OC, H20 Ph
1a 2a open air 3aa

To a solution of alcohols 1a (0.5 ml) and diarylphosphine oxide 2a (101 mg, 0.5
mmol) and BHT (551 mg, 2.5 mmol) in water (2 mL) was added NalO, (215 mg, 1
mmol) under air, the reaction mixture was stirred at 25 °C for 6 h. After completion of
reaction, the solution of 20% NaHCO; was added into the mixture, and then the
solution was extracted three times with EA (3 x 20 mL). The combined organic phase
was concentrated and purified by flash chromatography on silica gel (petroleum

ether/ethyl acetate = 10:1) to afford diarylphosphinate 3aa with the yield of 18%.



0 . o 0]
Ph. NalOg4/air, H,0,25°C_ Ph_
HO/\/\ + /Ig\ 4 2 > _P< /N
Ph™ "H 5eqTEMPO,2h Ph™ O A

1a 2a

calcd for C,1HpgNNaO,P [M+Na]* : 380.1749
found [M+Na]" : 380.1744

To a solution of alcohols 1a (0.5 ml) and diarylphosphine oxide 2a (101 mg, 0.5
mmol) and TEMPO (391 mg, 2.5 mmol) in water (2 mL) was added NalO, (215 mg,
1 mmol) under air, the reaction mixture was stirred at 25 °C for 2 h, and then analyzed
by LC-HRMS to capture the intermediates. The intermediate A was found at

380.1744 of m/s, which was consistent with the molecular ion peak of [M+Na]*.

27 g
231123-BHT 44 (0.435) [M+Na]*= 380.1749 1: TOF MS ES+
3.60e+001
100 . 380.2716 380.4485
]i 380.0197
1 370.8654 380.2240
%]
]
{
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379.60 379.80 380.00 380.20 380.40 380.60 380.80
o~ ? NalOy, O, (1 atm) o
(o} |
1a 2a 3aa

To a solution of alcohols 1a (0.5 ml) and diarylphosphine oxide 2a (101 mg, 0.5
mmol) in water (2 mL) was added NalO4 (215 mg, 1 mmol) under O, atmosphere (1
atm), the reaction mixture was stirred at 25 °C for 6 h. After completion of reaction,
the solution of 20% NaHCO; was added into the mixture, and then the solution was
extracted three times with EA (3 x 20 mL). The combined organic phase was
concentrated and purified by flash chromatography on silica gel (petroleum

ether/ethyl acetate = 10:1) to afford diarylphosphinate 3aa with the yield of 89%.
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1a 2a 3aa

To a solution of alcohols 1a (0.5 ml) and diarylphosphine oxide 2a (101 mg, 0.5
mmol) in water (2 mL) was added NalO4 (215 mg, 1 mmol) under argon atmosphere
(1 atm), the reaction mixture was stirred at 25 °C for 6 h. After completion of reaction,
the solution of 20% NaHCO; was added into the mixture, and then the solution was
extracted three times with EA (3 x 20 mL). The combined organic phase was

concentrated and no product of diarylphosphinate 3aa was found.



3. NMR data of products 3

Butyl Diphenylphosphinate (3aa)

QEQ

H Colorless oil (116 mg, 85%): '"H NMR (400 MHz, DMSO-d¢) & 7.80
—7.74 (m, 4H), 7.61 — 7.56 (m, 2H), 7.55 — 7.50 (m, 4H), 3.91 (q, 6.4 Hz, 2H), 1.65 —

1.58 (m, 2H), 1.41 — 1.32 (m, 2H), 0.85 (t, J = 7.4 Hz, 3H); 3C NMR (101 MHz,
DMSO-dg) 6 132.49 (d, J = 2.8 Hz),132.00 (d, J = 135.4 Hz), 131.44 (d, J = 10.1
Hz),129.03 (d, /= 13.0 Hz), 64.36 (d, /= 6.0 Hz), 32.21 (d, /= 6.4 Hz), 18.56, 13.64;
3IP NMR (243 MHz, DMSO-d;) 6 30.29. HRMS (ESI) calcd for C;sH;9O,P [M+H]":
275.1195, found 275.1197.

Methyl Diphenylphosphinate (3ab)

e O

SN Colorless oil (103 mg, 89%): '"H NMR (400 MHz, DMSO-ds) & 7.79

—7.74 (m, 4H), 7.63 — 7.59 (m, 2H), 7.56 — 7.51 (m, 4H), 3.65 (d, J = 11.2 Hz, 3H);
13C NMR (101 MHz, DMSO-dy) § 132.65 (d, J = 2.8 Hz), 131.55 (d, J = 10.1 Hz),
131.44 (d, J = 135.8 Hz), 129.13 (d, J= 12.5 Hz), 51.61 (d, J= 5.9 Hz); 3'P NMR
(243 MHz, DMSO-dg) J 31.66. HRMS (ESI) caled for C13H;30,P [M+H]*: 233.0726,
found 233.0722

Ethyl Diphenylphosphinate (3ac)
qgtie

11

P

O

W Colorless oil (103 mg, 84%): '"H NMR (400 MHz, DMSO-d¢) & 7.80
—7.74 (m, 4H), 7.62 — 7.57 (m, 2H), 7.55 — 7.50 (m, 4H), 6 4.02 — 3.95 (m, 2H), 1.27

(t, J=7.0 Hz, 3H); '3C NMR (101 MHz, DMSO-dg) & 132.48 (d, J = 2.8 Hz), 132.03
(d, J=135.4 Hz), 131.45 (d, J = 9.7 Hz), 129.01 (d, J = 12.6 Hz), 60.99 (d, J = 5.8
Hz), 16.53 (d, J = 6.0 Hz); 3'P NMR (243 MHz, DMSO-dg) & 30.18. HRMS (ESI)
calcd for C14H;50,P [M+H]*: 247.0882, found 247.0881.
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Propyl Diphenylphosphinate (3ad)
e

|l

P

@)

j\ Colorless oil (114 mg, 88%): '"H NMR (400 MHz, DMSO-d¢) & 7.80

—7.74 (m, 4H), 7.61 — 7.56 (m, 2H), 7.55 — 7.50 (m, 4H), 3.87 (q, J = 6.7 Hz, 2H),
1.69 — 1.61 (m, 2H), 0.90 (t, J = 7.4 Hz, 3H); 3C NMR (101 MHz, DMSO-dg) &
132.49 (d, J = 2.9 Hz), 132.01 (d, J = 135.3 Hz), 131.45 (d, J = 9.8 Hz), 129.03 (d, J
= 12.9 Hz), 66.24 (d, J = 5.9 Hz), 23.63 (d, J = 6.5 Hz), 10.30; 3'P NMR (243 MHz,
DMSO-dg) & 29.69. HRMS (ESI) caled for C;sH,0,P [M+H]*: 261.1039, found
261.1035.

Pentyl Diphenylphosphinate (3ae)

Colorless oil (128 mg, 89%): 'H NMR (400 MHz, DMSO-dy) 8 7.79
—7.71 (m, 4H), 7.61 — 7.50 (m, 6H), 3.90 (q, 6.5 Hz, 4H), 1.67 — 1.60 (m, 2H), 1.36 —
1.21 (m, 2H), 0.83 (t, /= 7.1 Hz, 3H); 3C NMR (101 MHz, DMSO-d;)  133.98 (d, J
=3.1 Hz), 132.32 (d, /= 10.2 Hz), 131.76 (d, /= 137.1 Hz), 130.19 (d, J = 12.9 Hz),
66.35 (d, J= 6.4 Hz), 30.56 (d, J= 6.1 Hz), 28.29, 22.66, 14.87. 3'P NMR (243 MHz,
DMSO-ds) 0 31.77. HRMS (ESI) caled for C;;H,;O,P [M+H]": 289.1352, found
289.1353.

Octyl diphenylphosphinate (3af)

QEQ

Colorless oil (125 mg, 83%): 'H NMR (400 MHz, DMSO-dq) 6 7.78
~7.73 (m, 4H), 7.61 — 7.49 (m, 6H), 3.90 (q, J = 6.7 Hz, 2H), 1.66 — 1.59 (m, 2H),
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1.36 — 1.28 (m, 2H), 1.28 — 1.16 (m, 4H), 0.82 (t, J = 6.8 Hz, 3H); 3C NMR (101
MHz, DMSO-dg) & 132.24 (d, J = 3.3 Hz), 131.80 (d, J = 135.1 Hz), 131.21 (d, J =
9.7 Hz), 128.78 (d, J = 12.5 Hz), 64.44 (d, J = 5.9 Hz), 30.70, 29.88 (d, J = 6.0 Hz),
24.71,21.94, 13.83; 3'P NMR (243 MHz, DMSO-d¢) 6 29.45. HRMS (ESI) calcd for
C15H,;0,P [M+H]*: 303.1508, found 303.1508.

Heptyl Diphenylphosphinate (3ag)

Colorless oil (122 mg, 77%): '"H NMR (400 MHz, DMSO-d;) 3
7.78 — 7.73 (m, 4H), 7.61 — 7.49 (m, 6H), 3.90 (q, J = 6.7 Hz, 2H), 1.66 — 1.59 (m,

2H), 1.36 — 1.29 (m, 2H), 1.25 — 1.15 (m, 6H), 0.86 — 0.79 (m, 3H); '3C NMR (101
MHz, DMSO-dg) 6 132.71 (d, J = 2.8 Hz), 132.27 (d, J = 135.5 Hz), 131.67 (d, J =
10.1 Hz), 129.25 (d, J = 12.8 Hz), 64.90 (d, J = 5.9 Hz), 31.57, 30.38 (d, J = 6.0 Hz),
28.63, 25.48, 22.47, 14.36; 3'P NMR (243 MHz, DMSO-ds) ¢ 29.45. HRMS (ESI)
calcd for C19H,50,P [M+H]*: 317.1665, found 317.1665.

Hexyl Diphenylphosphinate (3ah)

e O

|
O

Colorless oil (130 mg, 79%): '"H NMR (400 MHz, DMSO-d;) 3
7.78 — 7.73 (m, 4H), 7.61 — 7.49 (m, 6H), 3.90 (q, J = 6.7 Hz, 2H), 1.66 — 1.59 (m,

2H), 1.36 — 1.28 (m, 2H), 1.25 — 1.17 (m, 8H), 0.83 (t, J = 6.8 Hz, 3H); '*C NMR
(101 MHz, DMSO-dg) 5 132.44 (d, J = 2.4 Hz), 132.01 (d, J = 133.5 Hz), 131.41 (d, J
=9.7 Hz), 128.98 (d, J = 12.5 Hz), 64.63 (d, J = 5.9 Hz), 31.39, 30.11 (d, J = 6.4 Hz),



28.70 (d, J = 8.7 Hz), 25.25, 22.25, 14.12; 3P NMR (243 MHz, DMSO-ds) 6 29.44.
HRMS (ESI) calcd for CaoHa70,P [M+H]*: 331.1821, found 331.1824.

Nonyl Diphenylphosphinate (3ai)

QEQ

Colorless oil (133 mg, 77%): '"H NMR (400 MHz, DMSO-d) 6
7.78 — 7.72 (m, 4H), 7.62 — 7.57 (m, 2H), 7.54 — 7.50 (m, 4H), 3.90 (q, J = 6.7 Hz,
2H), 1.66 — 1.60 (m, 2H), 1.35 — 1.29 (m, 2H), 1.27 — 1.22 (m, 10H), 0.84 (t, J = 6.7
Hz, 3H); 3C NMR (101 MHz, Chloroform-d) & 132.27 (d, /= 2.9 Hz), 131.80 (d, J =
135.2 Hz), 131.21 (d, J = 10.1 Hz), 128.80 (d, J = 12.9 Hz), 64.45 (d, J = 5.9 Hz),
31.24, 29.89 (d, J = 6.0 Hz), 28.82, 28.54 (d, J = 12.3 Hz), 25.03, 22.09, 13.94;
HRMS (ESI) calcd for C,1H00,P [M+H]*: 345.1978, found 345.1978.

Cyclobutyl Diphenylphosphinate (3aj)
Qg

11

D

o

\Q Colorless oil (71 mg, 52%): 'H NMR (400 MHz, DMSO-dg) & 7.78 —
7.72 (m, 4H), 7.61 — 7.56 (m, 2H), 7.55 — 7.49 (m, 4H), 4.68 — 4.58 (m, 1H), 2.21 —
2.06 (m, 4H), 1.69 — 1.60 (m, 1H), 1.48 — 1.34 (m, 1H); *C NMR (101 MHz, DMSO-
dg) 8 132.53 (d, J = 2.9 Hz), 132.21 (d, J = 135.3 Hz), 131.46 (d, J = 9.7 Hz), 129.00
(d, J = 12.5 Hz), 68.83 (d, J = 7.3 Hz), 32.08 (d, J = 4.5 Hz), 12.61; 3P NMR (243
MHz, DMSO-dq) & 28.93. HRMS (ESI) caled for CiH,0,P [M+H]": 273.1039,
found 273.1036.

Cyclopentyl Diphenylphosphinate (3ak)



QEQ

\O Colorless oil (83 mg, 58%): 'H NMR (400 MHz, DMSO-dg) & 7.78 —
7.72 (m, 4H), 7.61 — 7.56 (m, 2H), 7.54 — 7.49 (m, 4H), 4.75 — 4.69 (m, 1H), 1.86 —

1.67 (m, 6H), 1.58 — 1.48 (m, 2H); 13C NMR (101 MHz, DMSO-dy) 6 132.57 (d, J =
135.8 Hz), 132.37 (d, J = 2.8 Hz), 131.44 (d, J = 10.1 Hz), 128.97 (d, J = 12.9 Hz),
78.48 (d, J = 6.0 Hz), 33.99 (d, J = 4.3 Hz), 22.85; 3'P NMR (243 MHz, DMSO-ds) ¢
28.43. HRMS (ESI) calcd for C;;7H9O,P [M+H]*: 287.1195, found 287.1192.

Cyclohexyl Diphenylphosphinate (3al)

O
Colorless oil (84 mg, 56%): 'H NMR (400 MHz, DMSO-dg) & 7.79 —

7.73 (m, 4H), 7.61 — 7.56 (m, 2H), 7.54 — 7.49 (m, 4H), 4.29 — 4.21 (m, 1H), 1.83 —
1.77 (m, 2H), 1.70 — 1.62 (m, 2H), 1.58 — 1.50 (m, 2H), 1.44 — 1.37 (m, 1H), 1.28 —
1.23 (m, 3H); '*C NMR (101 MHz, DMSO-dg) 8 132.75 (d, J = 135.8 Hz), 132.42 (d,
J=12.8Hz), 131.42 (d, J= 10.1 Hz), 128.99 (d, J = 12.5 Hz), 74.42 (d, J = 6.0 Hz),
33.50 (d, J = 3.9 Hz), 24.92, 23.11; 3'P NMR (243 MHz, DMSO-d¢) 6 28.62. HRMS
(ESI) caled for C1sH,;0,P [M+H]*: 301.1352, found 301.1353.

6-bromohexyl diphenylphosphinate (3am)

QEQ

BrColorless oil (153 mg, 81%): '"H NMR (400 MHz, CDCl;) & 7.84 —
7.73 (m, 4H), 7.54 — 7.47 (m, 2H), 7.46 — 7.38 (m, 4H), 4.00 (q, /= 6.5 Hz, 2H), 3.36

(t, J= 6.7 Hz, 2H), 1.87 — 1.77 (m, 2H), 1.78 — 1.67 (m, 2H), 1.46 — 1.35 (m, 4H). 3C
NMR (101 MHz, CDCL3) § 132.18, 132.16, 131.67, 131.57, 130.85, 128.63, 128.50,
64.77 (d, J = 5.9 Hz), 33.76, 32.58, 30.36 (d, J = 6.6 Hz), 27.69, 24.87. 3'P NMR (162
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MHz, CDCls) 6 31.35. HRMS (ESI) calcd for C,gH,,BrNaO,P [M+Na]": 403.0433,
found 403.0437.

6-bromohexyl diphenylphosphinate (3an)

QEQ

BrColorless oil (136 mg, 65%): '"H NMR (400 MHz, CDCls) & 7.82

—7.74 (m, 4H), 7.52 — 7.46 (m, 2H), 7.45 — 7.39 (m, 4H), 3.99 (q, J = 6.7 Hz, 2H),
3.37 (t,J= 6.8 Hz, 2H), 1.86 — 1.76 (m, 2H), 1.74 — 1.65 (m, 2H), 1.41 — 1.32 (m, 4H),
1.30 — 1.22 (m, 6H). >*C NMR (101 MHz, CDCl3) 8 132.31, 132.13, 132.10, 131.68,
131.58, 130.95, 128.60, 128.46, 65.00 (d, J = 6.1 Hz), 34.05, 32.77, 30.51 (d, J = 6.7
Hz), 29.26, 29.01, 28.64, 28.10, 25.56. 3'P NMR (162 MHz, CDCl;) 4 31.17. HRMS
(ESI) caled for C,Hy9BrO,P [M+H]*: 423.1083, found 423.1086.

Isopropyl diphenylphosphinate (3a0)
SHe

Il

i

OY

Colorless oil (58 mg, 45%): '"H NMR (400 MHz, CDCls) 6 7.84 — 7.76

(m, 4H), 7.53 — 7.46 (m, 2H), 7.46 — 7.38 (m, 4H), 4.66 (td, J = 12.6, 6.2 Hz, 1H),
1.33 (d, J = 6.2 Hz, 6H). 3C NMR (101 MHz, cdcl;) & 132.96, 132.06, 131.84,
131.65, 131.55, 128.38, 128.23, 70.25 (dd, J=11.9, 6.1 Hz), 24.31 (dd, J = 14.2,4.3
Hz). 3'P NMR (162 MHz, CDCl;) 6 29.88. HRMS (ESI) calcd for C;5sH;30,P [M+H]":

261.1039, found 261.1036.

But-3-en-1-yl Diphenylphosphinate (3ap)
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QEQ

H Colorless oil (34 mg, 25%): '"H NMR (400 MHz, DMSO-ds) 6 7.79 —
7.73 (m, 4H), 7.62 — 7.57 (m, 2H), 7.56 — 7.50 (m, 4H), 5.87 — 5.77 (m, 1H), 5.16 —

5.15 (m, 1H), 5.12 — 5.06 (m, 1H), 4.00 — 3.94 (m, 2H), 2.44 — 2.39 (m, 2H); BC
NMR (101 MHz, DMSO-dg) & 134.53, 132.53 (d, J = 2.5 Hz), 131.85 (d, J = 134.0
Hz), 131.45 (d, J=10.1 Hz), 129.03 (d, /= 12.9 Hz), 117.70, 63.79 (d, J = 5.8 Hz);
3IP NMR (243 MHz, DMSO-d;) 6 30.06. HRMS (ESI) calcd for C;sH;70,P [M+H]":
273.1039, found 273.1031.
2-(dimethylamino)ethyl diphenylphosphinate (3aq)
D)
1]
i
(0]
1
I Colorless oil (49 mg, 34%): 'H NMR (400 MHz, CDCl;) § 7.86 — 7.78
(m, 4H), 7.54 — 7.48 (m, 2H), 7.48 — 7.40 (m, 4H), 4.15 — 4.07 (m, 2H), 2.68 (t, J =
5.9 Hz, 2H), 2.27 (s, 6H). 3C NMR (101 MHz, CDCl;) é 132.22, 132.10, 131.71,
131.60, 128.68 (d, J = 13.1 Hz), 128.41 (d, J = 13.4 Hz), 62.57, 59.08, 45.62. 3P
NMR (162 MHz, CDCl;) 6 32.34. HRMS (ESI) calcd for CicHyNO,P [M+H]™:

290.1304, found 290.1301.

3-methoxypropyl diphenylphosphinate (3ar)

0
Ph\||3|

~
Ph” Y07 " 07 Colorless oil (96 mg, 66%): 'H NMR (400 MHz, CDCly) 3
7.82—7.73 (m, 1H), 7.52 — 7.45 (m, 1H), 7.45 — 7.38 (m, 1H), 4.09 (q, /= 6.4 Hz,

1H), 3.48 (t, J= 6.1 Hz, 1H), 3.28 (s, 1H), 1.96 (p, J = 6.2 Hz, 1H). 3C NMR (101
MHz, CDCl;) § 132.33, 132.07, 131.91, 131.63, 131.53, 130.55, 128.69 (d, J = 12.4
Hz), 128.41 (d, J = 13.5 Hz), 68.64, 62.16 (d, J= 5.9 Hz), 58.65 (d, J= 18.1 Hz),
30.75 (d, J = 6.6 Hz). *'P NMR (162 MHz, CDCl;) & 31.72. HRMS (ESI) calcd for
C16H5005P [M+H]*: 291.1145, found 291.1142.
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2-ethoxyethyl diphenylphosphinate (3av)

0]
Ph_ll
P 0]

Colorless oil (106 mg, 73%): '"H NMR (400 MHz, cdcl;) 6
7.88 —7.77 (m, 4H), 7.54 — 7.47 (m, 2H), 7.46 — 7.38 (m, 4H), 4.20 — 4.12 (m, 2H),
3.67 (t,J=4.8 Hz, 2H), 3.48 (q, /= 7.0 Hz, 2H), 1.17 (t,J = 7.0 Hz, 3H). 3C NMR
(101 MHz, CDCl3) & 132.35, 132.11, 131.76, 131.64, 130.45, 128.45, 128.31, 69.58
(d, J=6.7 Hz), 66.57, 64.06 (d, J= 6.0 Hz), 15.12 (d, J= 13.5 Hz). *'P NMR (162
MHz, CDCl;) 6 32.60. HRMS (ESI) calcd for C;6H,00;P [M+H]*: 291.1145, found
291.1141.

3,7-dimethyloct-6-en-1-yl diphenylphosphinate (3aw)

@EQ

Colorless oil (94 mg, 53%): 'H NMR (400 MHz, CDCl;) 6 7.83 —

7.75 (m, 4H), 7.53 — 7.47 (m, 2H), 7.46 — 7.39 (m, 4H), 5.04 (t, /= 7.0 Hz, 1H), 4.11
—3.99 (m, 2H), 2.00 — 1.87 (m, 2H), 1.80 — 1.71 (m, 1H), 1.65 (s, 3H), 1.63 — 1.58 (m,
1H), 1.56 (s, 3H), 1.53 — 1.44 (m, 1H), 1.29 — 1.25 (m, 1H), 1.19 — 1.09 (m, 1H), 0.86
(d, J = 6.6 Hz, 3H). 13C NMR (101 MHz, CDCIl;) 8 132.24, 132.13, 132.11, 131.68,
131.58, 131.33, 130.88, 128.59, 128.46, 124.54, 63.40 (d, J = 6.0 Hz), 37.42 (d, J =
6.6 Hz), 36.90, 29.06, 25.72, 25.33, 19.33, 17.66. 3'P NMR (162 MHz, CDCl;) &
31.31. HRMS (ESI) calcd for C,,H30O,P [M+H]*: 357.1978, found 357.1982.

Octadecyl diphenylphosphinate (3ay)

o}
Ph

N

Pl e P Ve e e :
Ph” O Colorless oil (190 mg, 81%):

'H NMR (400 MHz, CDCL3) & 7.86 — 7.75 (m, 4H), 7.55 — 7.47 (m, 2H), 7.47 — 7.40
(m, 4H), 4.01 (q, J = 6.4 Hz, 2H), 1.76 — 1.61 (m, 3H), 1.43 — 1.16 (m, 28H), 0.86 (t,
J = 6.4 Hz, 3H). 3C NMR (101 MHz, CDCl3) § 132.40, 132.07 (d, J = 2.7 Hz),
131.70, 131.60, 131.04, 128.57, 128.44, 65.06 (d, J = 6.0 Hz), 31.94, 30.59, 30.53,
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29.71,29.58, 29.51, 29.37, 29.16, 25.63, 22.70, 14.13. 3'P NMR (162 MHz, CDCl;) &
31.15. HRMS (ESI) caled for C3oHagO,P [M+H]*: 471.3386, found 471.3389.
(3S,5S,8R,9S,10S,13R,14S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-

yhhexadecahydro-1H-cyclopenta[a]phenanthren-3-yl diphenylphosphin- ate (3az)

Colorless oil (94 mg, 53%): 'H NMR (400
MHz, CDCl3) 6 7.86 — 7.74 (m, 4H), 7.52 — 7.46 (m, 2H), 7.46 — 7.37 (m, 4H), 4.37 —
4.24 (m, 1H), 1.95 - 1.38 (m, 14H), 1.35—1.16 (m, 11H), 1.13 — 0.92 (m, 9H), 0.84
(d, J= 6.6 Hz, 6H), 0.80 (s, 3H), 0.61 (s, 3H). 3C NMR (101 MHz, CDCl3) & 133.23,
131.93 (d,J=1.9 Hz), 131.86, 131.71, 131.65, 131.61, 131.55, 128.48, 128.35, 76.19
(d, J=6.4 Hz), 56.39, 56.25, 54.15, 44.71, 42.58, 39.96, 39.52, 36.85, 36.62, 36.16,
35.79, 35.44, 35.28, 31.95, 30.09 (d, J = 3.7 Hz), 29.72, 28.50, 28.23, 28.01, 24.19,
23.83,22.82,22.57,21.19, 18.66, 12.27, 12.06. 3'P NMR (162 MHz, CDCl3) 3 29.95.
HRMS (ESI) calcd for C30Hs7NaO,P [M+Na]*: 611.3988, found 611.3992.
Phenethyl Diphenylphosphinate (3bc)

QEQ

Colorless oil (81 mg, 50%): 'H NMR (400 MHz, DMSO-dg) 3
7.67 —7.61 (m, 4H), 7.60 — 7.54 (m, 2H), 7.50 — 7.45 (m, 4H), 7.33 — 7.29 (m, 2H),
7.26 —7.22 (m, 3H), 4.10 (q, J = 6.6 Hz, 2H), 2.97 (t, /= 6.5 Hz, 2H); *C NMR (101
MHz, DMSO-d;) & 138.06, 132.55 (d, J = 2.9 Hz), 131.74 (d, J = 135.5 Hz), 131.42
(d, J=9.9 Hz), 129.30, 129.02 ,128.70(d, J = 4.9 Hz), 126.73, 65.40 (d, J = 5.9 Hz),
36.43 (d, J = 6.7 Hz); 3'P NMR (243 MHz, DMSO-dg) 6 29.96. HRMS (ESI) calcd
for Cy0H9O,P [M+H]": 323.1195, found 323.1197.

3-phenylpropyl Diphenylphosphinate (3bd)
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Colorless oil (82 mg, 49%): '"H NMR (400 MHz, DMSO-ds) 6 7.81 —
7.74 (m, 4H), 7.62 — 7.57 (m, 2H), 7.55 — 7.49 (m, 4H), 7.28 — 7.23 (m, 2H), 7.21 —

7.14 (m, 2H), 3.94 — 3.89 (m, 2H), 2.68 (t, J = 8.5 Hz, 2H), 2.00 — 1.92 (m, 2H); 3C
NMR (101 MHz, DMSO-ds) § 141.29, 131.92 (d, J = 135.6 Hz), 132.52 , 131.44,
129.05 (d, J = 12.9 Hz), 128.56, 128.32, 126.10, 125.94, 64.06 (d, J = 5.9 Hz), 31.85
(d, J = 6.4 Hz), 31.38; 3'P NMR (243 MHz, DMSO-dq) J 29.86. HRMS (ESI) calcd
for Cy;H,0,P [M+H]": 337.1352, found 337.1354.

4-phenylbutyl Diphenylphosphinate (3be)

QEQ

Colorless oil (138 mg, 79%): 'H NMR (400 MHz, DMSO-ds) 6
7.78 —7.73 (m, 4H), 7.60 — 7.47 (m, 6H), 7.27 — 7.23 (m, 2H), 7.17 — 7.14 (m, 2H),

3.96 — 3.91 (m, 2H), 2.57 — 2.53 (m, 2H), 1.67 — 1.62 (m, 4H);'3C NMR (101 MHz,
DMSO-dg) § 141.84, 132.25 (d, J= 2.9 Hz), 131.78 (d, J = 135.2 Hz), 131.26, 131.16,
128.79 (d, J= 12.9 Hz), 128.28, 128.25, 125.70, 64.28 (d, J = 6.2 Hz), 34.53, 29.53 (d,
J = 6.4 Hz), 26.95; 3'P NMR (243 MHz, DMSO-ds) 6 29.54. HRMS (ESI) calcd for
Cy1H,,0,P [M+H]*: 337.1352, found 337.1353.

4-methylbenzyl diphenylphosphinate (3bf)
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Colorless oil (92 mg, 57%): '"H NMR (400 MHz, DMSO-ds) 6 7.81 —
7.75 (m, 4H), 7.62 — 7.58 (m, 2H), 7.56 — 7.50 (m, 4H), 7.29 (d, J = 8.20 Hz, 2H),
7.18 (d, J = 7.8 Hz, 2H), 4.94 (d, J = 7.5 Hz, 2H), 2.29 (s, IH); '3C NMR (101 MHz,
DMSO-dg) & 137.69, 133.59 (d, J = 6.1 Hz), 132.58 (d, J = 2.8 Hz), 131.55 (d, J =
135.1 Hz), 131.40 (d, J = 10.2 Hz), 129.17, 129.03 (d, J = 13.0 Hz), 128.02, 65.83 (d,
J=5.7 Hz), 20.89; 3'P NMR (243 MHz, DMSO-d;) ¢ 30.52. HRMS (ESI) calcd for
CyoH130,P [M+H]*: 322.1123, found 322.1124.

4-(Trifluoromethyl)benzyl Diphenylphosphinate (3bg)

CFs  Colorless oil (111 mg, 59%): '"H NMR (400 MHz, DMSO-dq) & 7.86
—7.80 (m, 4H), 7.74 — 7.72 (m, 2H), 7.66 — 7.58 (m, 4H), 7.56 — 7.51 (m, 4H), 5.12 (d,

J=7.9 Hz, 2H); *C NMR (101 MHz, DMSO-d;) 6 141.60 (d, J= 6.5 Hz), 132.74 (d,
J=29Hz), 131.53 (d, J=10.1 Hz), 131.47 (d, J = 135.3 Hz), 129.13 (d, J=13.0 Hz),
128.27, 125.55 (q, J = 3.9 Hz), 123.05, 65.07 (d, J = 5.2 Hz); 3'P NMR (243 MHz,
DMSO-dg) 0 31.66. HRMS (ESI) calcd for Cy0H;¢F30,P [M+H]*: 377.0913, found
377.0912.

4-methylphenethyl Diphenylphosphinate (3bh)
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Colorless oil (84 mg, 50%): '"H NMR (400 MHz, DMSO-dg)
7.66 — 7.55 (m, 6H), 7.50 — 7.45 (m, 4H), 7.13 — 7.09 (m, 4H), 4.06 (q, J = 6.6 Hz,
2H), 2.92 (t, J = 6.6 Hz, 2H), 2.27 (s, 3H);'3C NMR (101 MHz, DMSO-dg) & 135.53,
134.69, 132.35 (d, J = 2.7 Hz), 131.54 (d, J = 135.2 Hz), 131.23 (d, J = 10.1 Hz),
128.98, 128.96, 128.83 (d, J = 13.0 Hz), 65.32 (d, /= 5.9 Hz), 35.84 (d, /= 6.7 Hz),
31.17; 3'P NMR (243 MHz, DMSO-ds) 6 30.62. HRMS (ESI) caled for C,;H,,0,P
[M+H]*: 337.1351, found 337.1351.

4-fluorophenethyl Diphenylphosphinate (3bi)

F Colorless oil (80 mg, 47%): 'H NMR (400 MHz, DMSO-ds)
7.68 — 7.62 (m, 4H), 7.58 — 7.54 (m, 2H), 7.50 — 7.45 (m, 4H), 7.30 — 7.24 (m, 2H),

7.14—7.08 (m, 2H), 4.09 (q, J = 6.5 Hz, 2H), 2.96 (t, J = 6.4 Hz, 2H);'*C NMR (101
MHz, DMSO-dg) 6 161.14 (d, J = 242.0 Hz), 134.04 (d, J = 3.3 Hz), 132.35 (d, J =
2.8 Hz), 131.50 (d, J = 135.2 Hz), 131.21 (d, J = 10.1 Hz), 130.91 (d, J = 8.0 Hz),
128.82 (d, J = 12.9 Hz), 115.07 (d, J = 21.1 Hz), 65.15 (d, J = 5.9 Hz), 35.34 (d, J =
7.0 Hz); 3'P NMR (243 MHz, DMSO-d) 6 30.31; HRMS (ESI) calcd for C»oH3FO,P
[M+H]*: 341.1101, found 341.1104.

4-chlorophenethyl Diphenylphosphinate (3bj)

QEQ

ClColorless oil (93 mg, 52%): 'H NMR (400 MHz, DMSO-dg) &
7.81 — 7.75 (m, 4H), 7.62 — 7.50 (m, 6H), 7.31 — 7.28 (m, 2H), 7.19 — 7.17 (m, 2H),
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494 (d, J = 7.5 Hz, 2H), 2.29 (s, 3H); 13C NMR (101 MHz, DMSO-ds) & 136.97,
132.31, 132.30 (d, J = 2.5 Hz), 131.47 (d, J = 135.3 Hz), 131.17 (d, J = 9.8 Hz),
130.93, 128.77 (d, J = 12.6 Hz), 128.27,64.91 (d, J = 5.8 Hz), 35.44 (d, J = 6.7 Hz);
3P NMR (243 MHz, DMSO-d¢) ¢ 30.63. HRMS (ESI) caled for C,H;3CIO,P
[M+H]": 357.0806, found 357.0808.

4-bromophenethyl Diphenylphosphinate (3bk)

Qg

0]

Br Colorless oil (122 mg, 61%): 'H NMR (400 MHz, DMSO-dj)
8 7.65 — 7.55 (m, 6H), 7.50 — 7.45 (m, 6H), 7.24 — 7.20 (m, 2H), 4.10 (q, J = 6.4 Hz,

2H), 2.95 (t, J = 6.3 Hz, 2H);'3C NMR (101 MHz, DMSO-ds) 6 137.49, 132.38 (d, J
= 2.8 Hz), 131.45 (d, J = 135.3 Hz), 131.40, 131.20 (d, J = 10.2 Hz), 130.78, 128.84
(d, J=13.0 Hz), 119.67, 64.91 (d, J = 6.0 Hz), 35.51 (d, J = 6.7 Hz); 3'P NMR (243
MHz, DMSO-dg) ¢ 30.63. HRMS (ESI) caled for Cy0H,sBrO,P [M+H]": 401.0301,
found 401.0304.

Butyl bis(4-fluorophenyl)phosphinate (3ca)

)

H Colorless oil (116 mg, 75%):'H NMR (400 MHz, DMSO-dy) 6
7.86 —7.78 (m, 4H), 7.40 — 7.33 (m, 4H), 3.91 (q, J = 7.4, 6.3 Hz, 2H), 1.64 — 1.57 (m,
2H), 1.40 — 1.28 (m, 2H), 0.83 (t, J = 7.4 Hz, 3H);'3*C NMR (101 MHz, DMSO-d¢) &
164.59 (dd, J = 251.0, 3.4 Hz), 134.24 (dd, J = 11.5, 8.9 Hz), 127.95 (dd, J = 139.9,
3.3 Hz), 116.20 (dd, J = 21.6, 13.9 Hz), 64.45 (d, /= 5.9 Hz), 31.98 (d, J = 6.3 Hz),
18.35, 13.42; 3'P NMR (243 MHz, DMSO-ds) J 28.79; HRMS (ESI) calcd for
Ci6H17F,0,P [M+H]*: 311.1007, found 311.1006.

Butyl bis(4-chlorophenyl)phosphinate (3¢b)
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o)

H Colorless oil (130 mg, 76%): 'H NMR (400 MHz, DMSO-dj)
§7.79 — 7.73 (m, 4H), 7.62 — 7.58 (m, 4H), 3.92 (q, J = 7.5, 6.4 Hz, 2H), 1.65 — 1.58
(m, 2H), 1.40 — 1.31 (m, 2H), 0.84 (t, J = 7.4 Hz, 3H);'*C NMR (101 MHz, DMSO-d¢)
8 137.75 (d, J= 3.6 Hz), 133.24 (d, J = 11.0 Hz), 130.22 (d, J = 138.1 Hz), 129.15 (d,
J=13.6 Hz), 64.68 (d,J = 6.1 Hz), 31.96 (d, J = 6.4 Hz), 18.33, 13.44; 3'P NMR (243
MHz, DMSO-dy) & 28.29. HRMS (ESI) caled for C;¢H;7;CLO,P [M+H]*: 343.0416,
found 343.0417.

Butyl bis(4-bromophenyl)phosphinate (3cc)

Br Br
VT
I
i

0]

H Colorless oil (159 mg, 74%): '"H NMR (400 MHz, DMSO-ds)
0 7.75 - 17.73 (m, 4H), 7.70 — 7.65 (m, 4H), 3.92 (q, J = 6.7 Hz, 2H), 1.64 — 1.57 (m,
2H), 1.39 — 1.30 (m, 2H), 0.83 (t, J = 7.4 Hz, 3H);'3*C NMR (101 MHz, DMSO-d¢) &
133.29 (d, J=10.9 Hz), 132.05 (d, J = 13.1 Hz), 130.55 (d, J = 138.0 Hz), 126.80 (d,
J=13.6 Hz), 64.67 (d, J= 5.9 Hz), 31.96 (d, J= 6.3 Hz), 18.32, 13.43;3'P NMR (243
MHz, DMSO-d) ¢ 28.60. HRMS (ESI) calcd for C;cH;7Br,O,P [M+H]": 430.9406,
found 430.9408.

Butyl bis(3,5-dimethylphenyl)phosphinate (3cd)

O-1

H Colorless oil (122 mg, 74%): '"H NMR (400 MHz, DMSO-dj)
0 7.81 —7.76 (m, 2H), 7.52 — 7.47 (m, 2H), 7.40 — 7.34 (m, 2H), 7.29 — 7.26 (m, 2H),

3.90 (q, J = 6.5 Hz, 2H), 2.25 (t, J = 1.4 Hz, 1H), 1.67 — 1.60 (m, 2H), 1.42 — 1.27 (m,
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2H), 0.86 (t, J = 7.4 Hz, 3H)'*C NMR (101 MHz, DMSO-d;) 6 140.83 (d, J = 10.9
Hz), 132.89 (d, J = 9.6 Hz), 131.51 (d, J = 12.3 Hz), 130.08 (d, /= 131.3 Hz), 125.85
(d, J = 12.3 Hz), 63.73 (d, J = 5.8 Hz), 32.04 (d, J = 6.5 Hz), 20.58 (d, J = 3.8 Hz),
18.53, 13.49; 3'P NMR (243 MHz, DMSO-ds) 6 30.80. HRMS (ESI) calcd for
Cy0H270,P [M+H]": 331.1821, found 331.1824.

Butyl di(naphthalen-1-yl)phosphinate (3ce)

jﬁ Colorless oil (139 mg, 74%): '"H NMR (600 MHz, DMSO-d;) 3
8.52 (d, J = 13.9 Hz, 2H), 8.09 (d, J = 8.1 Hz, 2H), 8.03 (dd, J = 8.4, 3.2 Hz, 2H),
7.94 (d, J= 8.0 Hz, 2H), 7.83 — 7.79 (m, 2H), 7.62 — 7.57 (m, 5H), 4.00 (q, /= 6.7 Hz,
2H), 1.68 — 1.63 (m, 2H), 1.42 — 1.33 (m,2H), 0.82 (t, J= 7.4 Hz, 3H); '*C NMR (101
MHz, DMSO-d6) 6 134.46 (d, J = 2.4 Hz), 133.21 (d, /=9.9 Hz), 132.15 (d, J = 14.6
Hz), 129.74, 129.05, 128.63 (d, /= 3.0 Hz), 128.38, 128.02 (d, /= 150.9 Hz), 127.88,
126.33 (d, J = 10.7 Hz), 64.61 (d, J= 5.9 Hz), 32.17 (d, J = 5.9 Hz), 18.47, 13.56; 3'P
NMR (243 MHz, DMSO-dg) 0 29.66. HRMS (ESI) calcd for C,4H,;0,P [M+H]™:
375.1508, found 375.1504.
Ethyl bis(4-chlorophenyl)phosphinate (3cf)

W Colorless oil (113 mg, 72%): '"H NMR (400 MHz, DMSO-ds)
57.80 — 7.73 (m, 4H), 7.63 — 7.58 (m, 4H), 4.03 — 3.96 (m, 2H), 1.27 (t, J = 7.0 Hz,

3H); 13C NMR (101 MHz, DMSO-d¢) 8 137.90 (d, J = 3.5 Hz), 133.43 (d, J = 11.3
Hz), 130.46 (d, J = 138.1 Hz), 129.31 (d, J= 13.3 Hz), 61.49 (d, J = 5.8 Hz), 16.49 (d,
J = 6.3 Hz); 3'P NMR (243 MHz, DMSO-ds) ¢ 28.03. HRMS (ESI) calcd for
C14H3CLO,P [M+H]*: 315.0103, found 315.0106.

Ethyl bis(4-bromophenyl)phosphinate (3cg)
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Br Br
e T
1
i

O
W Colorless oil (140 mg, 70%): 'H NMR (400 MHz, DMSO-dj)
§7.77 — 7.72 (m, 4H), 7.72 — 7.66 (m, 4H), 4.04 — 3.97 (m, 2H), 1.27 (t, J = 7.0 Hz,

3H); *C NMR (101 MHz, DMSO-d;) 6 133.49 (d, J = 10.9 Hz), 132.22 (d, J = 13.6
Hz), 130.80 (d, J = 137.5 Hz), 126.96 (d, /= 3.6 Hz), 61.49 (d, J = 5.8 Hz), 16.49 (d,
J = 6.0 Hz); 3'P NMR (243 MHz, DMSO-ds) J 28.35. HRMS (ESI) calcd for
C14H3Br,0,P [M+H]*: 402.9093, found 402.9095.
Ethyl bis(3,5-dimethylphenyl)phosphinate (3ch)

Oo-1

W Colorless oil (107 mg, 71%): '"H NMR (400 MHz, DMSO-d) 6
7.39 — 7.33 (m, 4H), 7.20 (s, 2H), 3.98 — 3.91 (m, 2H), 2.29 (s, 12H), 1.27 (t, /= 7.0
Hz, 3H); 3C NMR (101 MHz, DMSO-dy) & 138.23 (d, J = 13.2 Hz), 133.80 (d, J =
3.2 Hz), 132.07 (d, /= 133.8 Hz), 128.91 (d, /= 9.6 Hz), 60.76 (d, /= 5.8 Hz), 21.01,
16.60 (d, J = 6.3 Hz); 3'P NMR (243 MHz, DMSO-dg) 6 30.56. HRMS (ESI) calcd
for CigH»;0,P [M+H]": 303.1508, found 303.1507.
Ethyl di(naphthalen-1-yl)phosphinate (3ci)

90e
1]
P
o U
j Colorless oil (118 mg, 68%): 'H NMR (600 MHz, DMSO-d;) 3
8.52 (d, J = 13.9 Hz, 2H), 8.09 (d, J = 8.1 Hz, 2H), 8.03 (dd, J = 8.4, 3.2 Hz, 2H),

7.94 (d, J=8.0 Hz, 2H), 7.83 — 7.79 (m, 2H), 7.62 — 7.57 (m, 5H), 4.00 (q, J = 6.7 Hz,
2H), 1.68 — 1.63 (m, 2H), 1.42 — 1.33 (m,2H), 0.82 (t, J = 7.4 Hz,3H);3C NMR (101
MHz, DMS0-d6) & 133.68 (d, J= 3.3 Hz), 133.56, 133.43 (d, J = 10.4 Hz), 132.27 (d,
J=10.5 Hz), 129.24, 127.99 (d, J = 132.0 Hz), 127.53, 126.63, 125.95 (d, J = 4.9 Hz),
125.18 (d, J = 14.5 Hz), 61.32 (d, J = 5.8 Hz), 16.43 (d, J = 6.4 Hz);>'P NMR (243
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MHz, DMSO-d¢) ¢ 31.46. HRMS (ESI) calcd for Cy,H9O,P [M+H]": 347.1195,
found 347.1198.
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4. NMR Spectra for Products
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