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1. General Information:

Solvents and reagents were reagent grade and used without purification unless otherwise noted. 
Anhydrous solvents were obtained as follow: THF and dioxane by distillation from sodium and 
benzophenone; All reactions were carried out under nitrogen or argon unless otherwise specified. 
All 1H-NMR (400 MHz) spectra were recorded on a Bruker-DMX 400 using CDCl3 solution in 
the presence of tetramethylsilane (TMS) as an internal standard and are reported in ppm (δ). 
Coupling constants are reported in Hertz (Hz). Spectral splitting patterns are designated as s, 
singlet; d, doublet; t, triplet; q, quartet; p, pentet; m, multiplet; and br, broad. High and Low 
resolution fast atom bombardment (FAB) measurements were made with a JEOL JMS-AX505HA 
mass spectrometer.

2. General Procedures for Substrates Preparation:

O
OH

THP
PPh2Cl

-78℃   DCM P
O

Ph2

OTHP

Triethylamine

To a stirred and cooled (-78 °C) solution of the acetylenic alcohol (40 mmol) in CH2Cl2 (50 
mL) under nitrogen was added sequencely triethylamine (11.17 ml, 80 mmol) and 
diphenylphosphine chloride (40 mmol) in CH2Cl2 (50 mL). The stirring was maintained 1 h at -78 
°C and then at room temperature for overnight. The solution was quenched with ice water and 
extracted with CH2Cl2, and the organic layer was dried with Na2SO4. Concentration in vacuo gave 
the crude product that was subjected to flash chromatography on silica gel eluting with ethyl 
acetate/petroleum ether (1:3).

[When R2,R3≠H]:

THPO

R2

OH
R3

+ ClPPh2

Pyridine, ether/DCM

0 oC THPO
Ph2P O

R2

R3

 R2, R3 as shown in maintext

To a stirred and cooled (0 °C) solution of the acetylenic alcohol (40 mmol) in anhydrous 
ether (50 mL) and pyridine (3.88 mL, 48 mmol) under nitrogen was added dropwisely 
diphenylphosphine chloride (40 mmol) in CH2Cl2 (50 mL). The stirring was maintained 1 h at 0 
°C and then at room temperature overnight. The solution was quenched with ice water and 
extracted with CH2Cl2, and the organic layer was dried with Na2SO4. Concentration in vacuo gave 
the crude product that was subjected to flash chromatography on silica gel eluting with ether.
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AcCl/MeOH

0 oCTHPO
Ph2P O

R2

R3

 R2, R3 as shown in maintext

r.t HO
Ph2P O

R2

R3

The cooled solution of THP-protected phosphinoyl-allenic alcohol (32 mmol) in methanol 
(150 mL) was added acetyl chloride (0.32 mmol) dropwisely. The stirring was maintained 5 min 
at 0 °C and at room temperature for 1h. The reaction was quenched with ice water and extracted 
with ethyl acetate, and the organic layer was collected and dried with Na2SO4. Concentration in 
vacuo gave the crude product that was subjected to flash chromatography on silica gel eluting with 
ethyl acetate/petroleum ether (3:1).

3. General Procedures for the Palladium-Catalyzed Couplings of 

Phosphinoyl-α-Allenic Alcohols with Arylboronic Acids

To a 10 mL flask equipped with condenser under nitrogen was added phosphinoyl-α-allenic 
alcohol (1 mmol), arylboronic acid (2 mmol), Pd(PPh3)2Cl2 (5 mol%), and 10 mL degassed water. 
The reaction mixture was then heated to reflux for several hours until the complete consuming of 
starting materials monitored by TLC. After being cooling down, the reaction was extracted with 
ethyl acetate (5 mL×2). The crude product was purified on flash chromatography, with ethyl 
acetate/ petroleum ether (1:1) as eluents to afford product.

4. Characterizations of Substrates and Coupling Products (1H-NMR, 13C-NMR, 
31P-NMR, HR-MS)

4.1  Substrates:

 White solids, m.p.: 113.5-115.1oC. 

HO
Ph2P O 1a

1H-NMR: δ 3.482 (br. s, 1H), 4.468-4.507 (m, 2H), 4.837-4.874 (m, 2H), 7.484-7.528(m, 4H), 
7.568-7.608 (m, 2H), 7.744-7.795 (m, 4H).
13C-NMR: δ 61.47, 61.53, 96.64, 97.66, 128.44, 128.56, 130.93, 131.66, 131.76, 131.98, 
132.27, 132.29, 210.72, 210.80.
31P-NMR: δ 30.724

 White solids, m.p.: 125.7-130.8 oC.
HO

Ph2P O 1b

CH3

CH3

1H-NMR: δ 1.491 (d, J = 4.0 Hz, 6H), 2.365 (br. s, 1H), 4.405 (d, J = 12.0 Hz, 2H), 7.438-7.482 
(m, 4H), 7.516-7.566 (m, 2H), 7.678-7.729 (m, 4H).
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13C-NMR: δ 19.15, 19.20, 61.73, 61.81, 95.42, 96.45, 99.28, 99.41, 128.33, 128.45, 131.48, 
131.58, 131.69, 131.96, 131.98, 132.73, 206.73, 206.80.
31P-NMR: δ 32.889.

 Pale yellow solids, m.p.: 144.4-147.4 oC.
HO

Ph2P O 1c

1H-NMR: δ 0.925-1.024 (m, 2H), 1.247-1.513 (m, 4H), 1.862-2.207 (m, 4H), 4.395 (d, J = 11.6 
Hz, 2H), 7.426-7.546 (m, 6H), 7.673-7.724 (m, 4H).
13C-NMR: δ 25.42, 26.36, 26.39, 29.98, 30.03, 61.95, 62.03, 95.28, 96.31, 105.42, 105.55, 
128.35, 128.47, 131.63, 131.72, 131.94, 131.96, 132.74, 203.49, 203.56.
31P-NMR: δ 33.263.

 White solids, m.p.: 135.5-138.1 oC.
HO

Ph2P O 1d

H

OMe

1H-NMR: δ 3.812 (s, 3H), 4.573-4.607 (m, 2H), 6.228-6.264 (m, 1H), 6.799 (d, J = 8.8 Hz, 2H), 
7.009 (d, J = 8.8 Hz, 2H), 7.353-7.398 (m, 2H), 7.451-7.503 (m, 3H), 7.543-7.588 (m, 1H), 
7.719-7.815(m, 4H).
13C-NMR: δ 55.37, 62.13, 62.19, 96.98, 97.12, 101.54, 102.55, 114.26, 123.60, 123.66, 128.33, 
128.35, 128.38, 128.47, 128.50, 128.60, 131.39, 131.47, 131.57, 131.62, 131.72, 132.09, 
132.18, 132.20, 132.28, 132.31, 132.38, 132.43, 159.48, 209.06, 209.13.
31P-NMR: δ 30.499.

 White solids, m.p.: 146.0-146.4 oC.
HO

Ph2P O 1e

CH3

CF3

1H-NMR: δ 1.907 (d, J = 5.6 Hz, 3H),3.015 (br. s, 1H), 4.530-4.623 (m, 2H), 7.198 (d, J = 8.4 Hz, 
2H), 7.288-7.333 (m, 2H), 7.411-7.568 (m, 6H), 7.627-7.745 (m, 4H).
13C-NMR: δ 15.85, 15.91, 61.17, 61.24, 100.55, 101.54, 103.56, 103.70, 122.67, 125.22, 
125.26, 125.29, 125.32, 125.38, 125.94, 125.96, 127.70, 127.83, 128.28, 128.40, 128.45, 
128.57, 129.21, 129.54, 130.79, 130.91, 131.30, 131.35, 131.40, 131.42, 131.52, 131.84, 
131.96, 132.16, 132.19, 132.23, 132.26, 138.63, 138.69, 209.05, 209.11. 
31P-NMR: δ 31.659.

 Pale yellow liquid, m.p.: 72.0-74.5 oC.
HO

Ph2P O 1f

H
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1H-NMR: δ 0.727 (t, J = 7.6 Hz, 3H), 1.807-1.895 (m, 2H), 3.617 (br. s, 1H), 4.377-4.479 (m, 
2H), 5.221-5.281 (m, 1H), 7.417-7.559 (m, 6H), 7.670-7.764 (m, 4H).
13C-NMR: δ 13.15 ,13.18, 21.06, 21.11, 61.41, 61.45, 61.49, 61.52, 95.95, 96.08, 98.13, 99.14, 
128.26, 128.34, 128.38, 128.47, 131.21, 131.28, 131.51, 131.56, 131.62, 131.72, 131.97, 
132.00, 132.02, 132.04, 132.07, 132.26, 132.32, 132.56, 132.61, 207.71, 207.78.
31P-NMR: δ 31.683.

 White solids, m.p.: 165.1-165.7 oC.
HO

Ph2P O 1g

Ph

Ph

1H-NMR: δ 3.462 (br. s, 1H), 4.640 (d, J = 11.2 Hz, 2H), 6.959-6.990 (m, 4H), 7.276-7.371 (m, 
10H), 7.460-7.519 (m, 2H), 7.619-7.670 (m, 4H).
13C-NMR (d6-DMSO): δ 58.53, 58.65, 103.03, 103.98, 112.99, 113.12, 127.95, 127.97, 128.10, 
128.49, 128.61, 128.67, 130.96, 131.06, 131.79, 132.09, 132.12, 132.82, 134.69, 134.75, 
208.83, 208.87. 
31P-NMR: δ 31.180.

 White solids, m.p.: 122.0-122.4 oC.
HO

Ph2P O 1h

Cl

1H-NMR: δ 0.870 (t, J = 7.2 Hz, 3H), 2.064-2.286 (m, 2H), 4.531-4.625 (m, 2H), 7.071 (d, J = 
8.8 Hz, 2H), 7.251 (d, J = 8.8 Hz, 2H), 7.310-7.355 (m, 1H), 7.366-7.485 (m, 3H), 7.641-7.745 
(m, 6H).
13C-NMR: δ 12.31, 23.04, 23.09, 61.57, 61.63, 102.67, 110.55, 110.69, 127.42, 127.44, 127.94, 
128.06, 128.35, 128.48, 128.72, 130.86, 130.92, 130.95, 131.01, 131.34, 131.44, 131.53, 
131.57, 131.67, 131.92, 131.94, 132.01, 132.19, 133.08, 133.15, 133.42, 208.71, 208.81.
31P-NMR: δ 31.793.

4.2  Coupling products:

 Viscous liquid.
MeO

Ph2
P

O

3a

1H-NMR: δ 3.74 (s, 3H), 5.31 (s, 1H), 5.55 (s, 1H), 5.87 (d, J = 19.6 Hz, 1H), 6.03 (d, J = 40 Hz, 
1H), 6.76 (d, J = 8.8 Hz, 2H), 7.16 (d, J = 8.8 Hz, 2H), 7.39-7.42 (m, 4H), 7.46-7.49 (m, 2H), 
7.73-7.78 (m, 4H).
13C-NMR: δ 55.28, 113.54, 118.09, 118.14, 128.37, 128.50, 129.10, 131.20, 131.80, 131.86, 
131.90, 132.23, 132.69, 132.75, 133.91, 134.01, 143.86, 144.77, 145.30, 145.40, 159.25.
31P-NMR: δ 29.200
HR-MS (ESI): C23H21NaO2P (calcd.: 383.1177), found: 383.1171 ([M+Na]+)
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 Viscous pale yellow liquid

Ph2
P

O

H3C 3b

1H-NMR: 2.314 (s, 3H), 5.349 (s, 1H), 5.627 (d, J = 1.6 Hz, 1H), 5.837 (d, J = 20.0 Hz, 1H), 6.001 
(d, J = 40.4 Hz, 1H), 7.054 (d, J = 8.0 Hz, 2H), 7.125 (d, J = 8.0 Hz, 2H), 7.414-7.529 (m, 6H), 
7.736-7.786 (m, 4H).
13C-NMR: 21.12, 118.95, 119.00, 127.84, 128.33, 128.45, 128.82, 131.22, 131.77, 131.81, 
131.86, 132.25, 133.88, 133.98, 137.44, 137.47, 137.53, 143.52, 144.43, 145.51, 145.60.
31P-NMR: δ 30.171
HR-MS (ESI): C23H21NaOP (calcd.: 367.1228), found:367.1222 ([M+Na]+)

 Viscous pale yellow liquid

Ph2
P

O

CH3

3c

1H-NMR: δ 2.227 (s, 3H), 5.256 (s, 1H), 5.461-5.621 (m, 2H), 6.076 (s, 1H), 7.098-7.239 (m, 
5H), 7.488-7.588 (m, 6H), 7.802-7.849 (m, 4H).
13C-NMR: δ 19.73, 122.44, 122.48, 125.74, 127.64, 128.54, 128.66, 129.53, 130.04, 131.55, 
131.73, 131.82, 131.97, 132.00, 132.58, 133.04, 133.15, 135.87, 140.42, 140.50, 142.17, 
143.08, 144.61, 144.72.
31P-NMR: δ 33.554
HR-MS (ESI): C23H21NaOP (calcd.: 367.1228), found:367.1222 ([M+Na]+)

 Viscous pale yellow liquid

Ph2
P

O

3d

1H-NMR: δ 5.378 (s, 1H), 5.681 (d, J = 1.6Hz, 1H), 5.852 (d, J = 19.6 Hz, 1H), 5.994 (d, J = 40.0 
Hz, 1H), 7.236-7.261 (m, 4H), 7.419-7.534 (m, 6H), 7.739-7.790 (m, 4H).
31P-NMR: δ 30.101
HR-MS (ESI): C22H19NaOP (calcd.: 353.1071), found: 353.1066 ([M+Na]+)

 Viscous pale yellow liquid.

Ph2
P

O

3e

1H-NMR: δ 5.404 (d, J = 16.8 Hz, 2H), 5.521 (d, J = 41.6 Hz, 1H), 6.263 (s, 1H), 7.300-7.320 (m, 
1H), 7.397-7.455 (m, 3H), 7.469-7.581 (m, 6H), 7.773-7.870 (m, 7H).
13C-NMR: δ 123.74, 123.78, 123.80, 123.81, 125.29, 125.31, 125.89, 126.01, 126.11, 126.80, 
127.97, 128.17, 128.54, 128.56, 128.66, 128.68, 131.82, 131.91, 132.02, 133.57, 133.61, 
133.71, 133.79, 138.72, 138.77, 138.79, 143.60, 143.68.
31P-NMR: δ 31.662.
HR-MS (ESI): HR-MS (ESI): C26H21NaOP (calcd.: 403.1228), found:403.1222 ([M+Na]+)

 Viscous pale yellow liquid

Ph2
P

O

Br 3f
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1H-NMR: δ 5.414 (s, 1H), 5.690 (d, J = 1.6 Hz, 1H), 5.901 (d, J = 19.6 Hz, 1H), 6.030 (d, J = 40 
Hz, 1H), 7.127 (d, J = 8.4 Hz, 2H), 7.401 (d, J = 8.4 Hz, 2H), 7.464-7.589 (m, 6H), 7.756-7.807 
(m, 4H).
31P-NMR: δ 29.518
HR-MS (ESI): C22H18BrNaOP (calcd.: 431.0176), found:431.0171 ([M+Na]+)

  Viscous pale yellow liquid

Ph2
P

O

F 3g

1H-NMR: δ 5.341 (s, 1H), 5.616 (d, J = 2.0 Hz, 1H), 5.861 (d, J = 19.6 Hz, 1H), 5.997 (d, J = 39.6 
Hz, 1H), 6.916 (t, J = 8.8Hz, 2H), 6.894-7.191 (m, 2H), 7.418-7.538 (m, 6H), 7.715-7.766 (m, 
4H).
13C-NMR: δ 114.96, 115.17, 119.42, 119.47, 128.46, 128.53, 128.58, 128.65, 129.57, 129.65, 
130.90, 131.80, 131.89, 131.93, 132.01, 132.04, 132.09, 132.15, 134.06, 134.15, 136.20, 
136.24, 136.25, 136.29, 143.70, 144.62, 144.93, 145.03, 161.17, 163.62.
31P-NMR: δ 29.627
HR-MS (ESI): C22H18FNaOP (calcd.: 371.0977), found:371.0972 ([M+Na]+)

 Viscous pale yellow liquid

Ph2
P

O
O2N

3h

1H-NMR: δ 5.489 (s, 1H), 5.743 (d, J = 2.0 Hz), 5.909 (d, J = 21.6 Hz, 1H), 6.029 (d, J = 39.2 Hz, 
1H), 7.422-7.524 (m, 8H), 7.716-7.767 (m, 4H), 7.971-8.085 (m, 2H).
31P-NMR: δ 28.681
HR-MS (ESI): C22H18NNaO3P (calcd.: 398.0922), found:398.0917([M+Na]+)

 Viscous pale yellow liquid

Ph2
P

O

3i
MeO

1H-NMR: δ 1.305 (s, 3H), 1.321 (s, 3H), 3.494 (d, J = 8.4 Hz, 2H), 3.762 (s, 3H), 6.733 (d, J = 8.8 
Hz, 2H), 7.036 (d, J = 8.8 Hz, 2H), 7.397-7.489 (m, 6H), 7.651-7.702 (m, 4H).
13C-NMR: δ 18.84, 18.90, 33.20, 33.29, 55.12, 96.53, 97.55, 99.12, 99.26, 113.43, 128.05, 
128.17, 128.42, 128.54, 129.96, 130.95, 131.01, 131.42, 131.51, 131.77, 131.94, 132.04, 
132.80, 157.93, 208.55, 208.62.
31P-NMR: δ 31.546
HR-MS (ESI): C25H25NaO2P (calcd.: 411.1490), found:411.1484 ([M+Na]+)

  Pale yellow solids, m.p.: 85.6-86.8 oC.

Ph2
P

O

3j
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1H-NMR: δ 1.291 (s, 3H), 1.307 (s, 3H), 3.548 (d, J = 8.4 Hz, 2H), 7.113-7.217 (m, 5H), 7.395-
7.510 (m, 6H), 7.662-7.712 (m, 4H).
13C-NMR: δ 18.85, 18.90, 34.09, 34.18, 96.48, 97.51, 99.25, 99.39, 126.16, 128.09, 128.13, 
128.25, 129.12, 131.57, 131.59, 131.66, 131.92, 132.95, 139.06, 139.12, 208.73, 208.80.
31P-NMR: δ 31.317
HR-MS (ESI): C24H23NaOP (calcd.: 381.1384), found:381.1379 ([M+Na]+)

 Pale yellow solids, m.p.: 117.7-120.0 oC.

Ph2
P

O

3k

CH3

1H-NMR: δ 0.940-1.261 (m, 6H), 1.535-1.614 (m, 2H), 1.688-1.757 (m, 2H), 2.239 (s, 3H), 
3.538 (d, J = 6.0 Hz, 2H), 7.066 (s, 4H), 7.420-7.528 (m, 6H), 7.712-7.762 (m, 4H).
13C-NMR: δ 19.26, 25.41, 26.34, 26.37, 29.77, 29.82, 31.97, 32.06, 95.85, 96.89, 105.70, 
105.81, 125.80, 126.47, 128.19, 128.31, 129.93, 130.05, 131.60, 131.62, 131.72, 132.01, 
133.04, 136.57, 137.35, 137.43, 204.88, 204.96 . 
31P-NMR: δ 30.230.
HR-MS (ESI): C28H29NaOP (calcd.: 435.1854), found:435.1848 ([M+Na]+)

  Viscous yellow liquid

Ph2
P

O

3l

1H-NMR: δ 0.979-1.262 (m, 6H), 1.612-1.686 (m, 2H), 1.746-1.818 (m, 2H), 3.555 (d, J = 7.6 
Hz, 2H), 7.118-7.213 (m, 5H), 7.383-7.487 (m, 6H), 7.691-7.741 (m, 4H).
13C-NMR: δ 25.35, 26.24, 26.27, 29.71, 29.76, 34.16, 34.25, 96.61, 97.65, 105.60, 105.74, 
126.10, 128.04, 128.14, 128.26, 129.17, 131.54, 131.58, 131.67, 131.85, 132.88, 139.01, 
139.09, 205.25, 205.33.
31P-NMR: δ 30.829
HR-MS (ESI): C27H27NaOP (calcd.: 421.1697), found:421.1692([M+Na]+)

 Viscous pale yellow liquid

Ph2
P

O

H

MeO

3m

1H-NMR: δ 3.698 (s, 3H), 3.810 (s, 1H), 5.505 (d, J = 20 Hz, 1H), 5.702 (d, J = 41.6 Hz, 1H), 
6.575 (d, J = 8.8 Hz, 2H), 6.694 (d, J = 8.8 Hz, 2H), 7.160-7.218 (m, 4H), 7.337-7.566 (m, 7H), 
7.828-7.874 (m, 4H).
31P-NMR: δ 32.243, 29.661
HR-MS (ESI): C29H25NaO2P (calcd.: 459.1490), found:459.1484 ([M+Na]+)
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Viscous pale yellow liquid

Ph2
P

O

H

MeO

Br

3n

1H-NMR: δ 3.592-3.744 (m, 2H), 3.779 (s, 3H), 5.989-6.030 (m, 1H), 6.753 (d, J = 8.4 Hz, 2H), 
6.855 (d, J = 8.4 Hz, 2H), 7.041 (d, J = 8.4 Hz, 2H), 7.262-7.325 (m, 4H), 7.371-7.412 (m, 2H), 
7.469-7.518 (m, 2H), 7.639-7.736 (m, 4H).
13C-NMR: δ 34.08, 34.16, 55.34, 97.65, 97.78, 102.23, 103.22, 114.18, 120.42, 123.98, 124.05, 
126.78, 127.97, 127.99, 128.24, 128.33, 128.36, 128.46, 128.60, 130.99, 131.35, 131.48, 
131.52, 131.58, 131.62, 131.67, 131.76, 131.82, 131.85, 131.87, 131.92, 131.94, 132.02, 
132.05, 132.30, 137.52, 137.58, 159.33, 210.55, 210.61.
31P-NMR: δ 29.5176, 29.698.
HR-MS (ESI): C29H24BrNaO2P (calcd.: 537.0595), found:537.0590 ([M+Na]+)

 Viscous yellow liquid

Ph2
P

O

CH3

F3C

3o

1H-NMR: δ 1.701 (d, J = 6.0 Hz, 3H), 3.714 (d, J = 8.8 Hz, 2H), 6.944 (d, J = 8.4 Hz, 2H), 7.118-
7.211 (m, 5H), 7.290-7.335 (m, 2H), 7.378-7.521 (m, 6H), 7.619-7.708 (m, 4H).
13C-NMR: δ 14.67, 14.73, 33.15, 33.23, 100.67, 101.65, 103.05, 103.19, 124.04, 124.07, 
124.57, 124.59, 125.53, 127.15, 127.27, 127.30, 127.40, 128.00, 129.89, 129.99, 130.27, 
130.37, 130.40, 130.49, 130.87, 130.90, 130.93, 131.03, 137.30, 137.37, 138.16, 138.23, 
209.57, 209.64.
31P-NMR: δ 30.482
HR-MS (ESI): C30H24F3NaOP (calcd.: 511.1415), found:511.1409([M+Na]+)

 Viscous pale yellow liquid

Ph2
P

O

CH3

F3C

F
3p

1H-NMR: δ 1.767 (d, J = 6.0 Hz, 3H), 3.736 (d, J = 8.4 Hz, 2H), 6.913 (t, J= 8.8 Hz, 2H), 7.028 (d, 
J = 8.4 Hz, 2H), 7.145-7.180 (m, 2H), 7.336-7.381 (m, 2H), 7.428-7.572 (m, 6H), 7.657-7.747 
(m, 4H).
13C-NMR: δ 15.84, 15.90, 33.67, 33.74, 101.86, 102.84, 104.30, 104.44, 115.12, 115.33, 
122.85, 125.28, 125.31, 125.56, 125.72, 125.74, 128.34, 128.46, 128.49, 128.61, 129.17, 
129.50, 130.64, 130.72, 131.01, 131.09, 131.40, 131.50, 131.53, 131.62, 132.06, 132.09, 
132.13, 132.16, 134.21, 134.24, 134.27, 134.31, 139.15, 139.22, 160.53, 162.96, 210.58, 
210.64.
31P-NMR: δ 30.310
HR-MS (ESI): C30H23F4NaOP (calcd.: 529.1320), found:529.1315([M+Na]+)
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Viscous pale yellow liquid

Ph2
P

O

3q

H

1H-NMR: δ 0.656 (t, J = 7.6 Hz, 3H), 1.739-1.813 (m, 2H), 5.380 (d, J = 20.4 Hz, 1H), 5.523 (d, J 
= 42.0 Hz, 1H), 6.502 (t, J = 7.6 Hz, 1H), 7.096 (d, J = 6.8 Hz, 2H), 7.215-7.330 (m, 3H), 7.417-
7.500 (m, 6H), 7.773-7.819 (m, 4H).
13C-NMR: δ 13.55, 23.25, 127.05, 128.28, 128.35, 128.47, 129.39, 131.70, 131.73, 131.76, 
131.79, 131.86, 132.79, 137.30, 137.40, 138.42, 138.49, 138.58, 138.63, 143.98, 144.89.
31P-NMR: δ 32.172, 36.036
HR-MS (ESI): C24H23NaOP (calcd.: 381.1384), found:381.1379 ([M+Na]+)

 Viscous pale yellow liquid

Ph2
P

O

3r

HEt

H3C

1H-NMR: δ 0.653 (t, J = 7.6 Hz, 3H), 1.739-1.814 (m, 2H), 2.337 (s, 3H), 5.362 (d, J = 20.4 Hz, 
3H), 5.537 (d, J = 42.4 Hz, 3H), 6.376-6.416 (m, 1H), 6.955 (d, J = 8.0 Hz, 2H), 7.112 (d, J = 8.0 
Hz, 2H), 7.433-7.536 (m, 6H),7.731-7.781(m, 4H).
13C-NMR: δ 13.60, 21.26, 23.32, 29.71, 29.75, 30.25, 31.50, 128.39, 128.51, 128.56, 129.00, 
129.38, 131.73, 131.76, 131.81, 131.90, 132.01, 132.80, 135.45, 135.53, 136.65, 137.21, 
137.31, 138.60, 138.64, 144.05, 144.97.
31P-NMR: δ 32.112, 29.468.
HR-MS (ESI): C25H26OP (calcd.: 373.1721), found:373.1716 ([M+H]+)

 Viscous pale yellow liquid

Ph2
P

O

3s

PhPh

MeO

1H-NMR: δ 3.697 (d, J = 7.6 Hz, 2H), 3.718 (s, 3H), 6.681-6.730 (m, 6H), 7.040 (d, J = 8.8 Hz, 
2H), 7.176-7.334 (m, 6H), 7.409-7.449 (m, 6H), 7.613-7.661 (m, 4H).
13C-NMR: δ 33.88, 33.96, 55.45, 102.26, 103.24, 113.88, 127.89, 128.17, 128.20, 128.44, 
128.56, 130.38, 130.46, 130.56, 131.31, 131.70, 131.80, 132.05, 132.08, 132.35, 135.16, 
135.22, 158.52, 210.10, 210.16.
31P-NMR: δ 29.838
HR-MS (ESI): C35H29NaO2P (calcd.: 535.1803), found:535.1800 ([M+Na]+)

  Pale yellow solids, m.p.: 95.2-97.6 oC.

Ph2
P

O

3t

PhPh

1H-NMR: δ 3.737 (d, J = 7.6 Hz, 2H), 6.639-6.660 (m, 4H), 7.107-7.227 (m, 10H), 7.303-7.348 
(m, 4H), 7.428-7.469 (m, 3H), 7.614-7.664 (m, 4H).
13C-NMR: δ 34.52, 34.60, 101.80, 102.79, 113.65, 113.79, 126.68, 127.78, 128.03, 128.05, 
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128.13, 128.31, 128.35, 128.38, 128.47, 128.54, 129.46, 131.07, 131.60, 131.70, 131.99, 
132.01, 132.11, 134.96, 135.02, 138.18, 138.25, 210.03, 210.09. 
31P-NMR: δ 29.803
HR-MS (ESI): C34H27NaOP (calcd.: 505.1697), found:505.1692 ([M+Na]+)

 Viscous pale yellow liquid

Ph2
P

O

Cl

3u

1H-NMR: δ 0.689 (t, J = 7.6 Hz, 3H), 1.836-2.008 (m, 2H), 3.690 (d, J = 7.6 Hz, 2H), 6.767 (d, J 
= 8.0 Hz, 2H), 7.145-7.220 (m, 6H), 7.310-7.515 (m, 7H), 7.613-7.685 (m, 4H).
13C-NMR: δ 12.12, 12.14, 23.09, 23.15, 34.30, 34.38, 102.79, 103.78, 111.14, 111.28, 126.51, 
127.07, 127.09, 128.09, 128.19, 128.23, 128.27, 128.32, 128.35, 128.41, 129.27, 130.98, 
131.11, 131.36, 131.46, 131.53, 131.63, 131.82, 131.85, 131.88, 132.02, 132.14, 132.96, 
132.97, 133.75, 133.81, 138.40, 138.47, 209.82, 209.89.
31P-NMR: δ 32.796.
HR-MS (ESI): C30H27ClOP (calcd.: 469.1488), found:469.1483 ([M+H]+)

 Viscous pale yellow liquid

Ph2
P

O

Cl

3v
O2N

1H-NMR: δ 0.713 (t, J = 7.2 Hz, 3H), 1.099-2.094 (m, 2H), 3.806 (d, J = 8.0 Hz, 2H), 6.830 (d, J 
= 7.6 Hz, 2H), 7.200 (d, J = 7.2 Hz, 2H), 7.404-7.477 (m, 5H), 7.614-7.697 (m, 7H), 8.004 (d, J = 
13.2 Hz, 2H). 
 13C-NMR: δ 12.27, 23.19, 23.24, 29.75, 34.24, 34.32, 101.99, 102.99, 111.77, 111.90, 121.75, 
124.15, 127.04, 127.06, 128.43, 128.52, 128.55, 128.64, 128.73, 129.28, 131.35, 131.45, 
131.53, 131.62, 132.03, 132.06, 132.09, 132.19, 133.52, 135.63, 140.51, 140.57, 148.10, 
209.58, 209.643. 
31P-NMR: 30.030, 29.596.
HR-MS (ESI): C30H26ClNO3P (calcd.: 514.1339), found:514.1333 ([M+H]+)
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5. Selected Spectra of Substrates and Products
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15 #40-41 RT: 0.35-0.36 AV: 2 NL: 5.88E5
T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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367.12156
R=40261

z=1
C 23 H21 O Na P = 367.12222

-1.80727 ppm

711.25378
R=29593

z=1
C 30 H57 O 15 Na P = 711.33273

-110.99511 ppm

345.13965
R=41122

z=1
C 23 H22 O P = 345.14028

-1.82228 ppm 459.18394
R=37982

z=1
C 30 H29 O Na P = 459.18482

-1.93355 ppm

803.31617
R=27862

z=1

893.36271
R=26642

z=1

584.55997
R=33944

z=1

704.40378
R=30678

z=1

Ph2
P

O

3c

CH3
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20 #52 RT: 0.42 AV: 1 NL: 1.62E6
T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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367.12155
R=42800

z=1
C 23 H21 O Na P = 367.12222

-1.82914 ppm 711.25403
R=30700

z=1
C 28 H64 O 2 P 9 = 711.25394

0.12949 ppm

712.25708
R=30200

z=1
C 36 H55 O Na P 6 = 712.25708

-0.00207 ppm

345.13965
R=44000

z=1
C 23 H22 O P = 345.14028

-1.82512 ppm 368.12482
R=42100

z=1
C 21 H20 O 6 = 368.12544

-1.69210 ppm

803.31628
R=29000

z=1
C 35 H72 O 2 P 9 = 803.31654

-0.31405 ppm

274.27365
R=49400

z=1
C 17 H39 P = 274.27839

-17.27525 ppm

689.27209
R=30800

z=1
C 40 H42 O 9 Na = 689.27210

-0.01340 ppm

Ph2
P

O

3d
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10 #35-38 RT: 0.30-0.33 AV: 4 NL: 9.89E5
T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]

100 200 300 400 500 600 700 800 900 1000
m/z

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e 
A

bu
nd

an
ce

353.10587
R=41718

z=1
C 22 H19 O Na P = 353.10657

-2.00001 ppm

683.22253
R=30474

z=1
C 29 H41 O 15 Na P = 683.20753

21.96074 ppm

331.12401
R=42127

z=1
C 22 H20 O P = 331.12463

-1.87682 ppm

715.21228
R=29419

z=1

631.19139
R=31979

z=1
C 29 H37 O 12 Na P = 631.19148

-0.15655 ppm

387.11105
R=38707

z=1
C 22 H21 O 3 Na P = 387.11205

-2.58401 ppm

301.07474
R=44403

z=1
C 18 H15 O Na P = 301.07527

-1.77095 ppm
793.25918
R=28713

z=1

989.40204
R=24723

z=1

859.24558
R=28621

z=1

Ph2
P

O

3e
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17 #34-38 RT: 0.29-0.33 AV: 5 NL: 7.44E5
T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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431.01605
R=37685

z=1
C 22 H18 O Br Na P = 431.01709

-2.39775 ppm

841.04078
R=26125

z=1
C 25 H49 O 14 Br 3 P = 841.04046

0.38021 ppm

409.03406
R=37879

z=1
C 22 H19 O Br P = 409.03514

-2.63206 ppm

507.04713
R=35636

z=1
C 28 H22 O Br Na P = 507.04839

-2.48404 ppm318.29956
R=43624

z=1

274.27348
R=48105

z=1

819.05884
R=27075

z=1
C 28 H56 O 5 Br 4 P = 819.05934

-0.60267 ppm

128.95331
R=70335

z=?

Ph2
P

O

F 3g
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14 #47-48 RT: 0.39-0.40 AV: 2 NL: 1.15E6
T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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371.09628
R=40518

z=1
C 22 H18 O F Na P = 371.09715

-2.34682 ppm

719.20331
R=29352

z=1
C 30 H46 O 15 F Na P = 719.24506

-58.04694 ppm

349.11437
R=42295

z=1
C 22 H19 O F P = 349.11521

-2.40041 ppm
649.18154
R=30938

z=1
C 29 H36 O 12 F Na P = 649.18206

-0.80098 ppm

412.12270
R=39805

z=1
C 23 H22 O 4 F P = 412.12343

-1.76965 ppm

274.27355
R=46707

z=1

815.24035
R=27540

z=1
997.28875
R=25496

z=1

Ph2
P

O
O2N

3h
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13 #40-44 RT: 0.33-0.37 AV: 5 NL: 1.65E6
T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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398.09063
R=38112

z=1
C 22 H18 O 3 N Na P = 398.09165

-2.55475 ppm

773.19186
R=28364

z=1676.17571
R=30373

z=1
C 29 H36 O 14 N Na P = 676.17656

-1.26777 ppm 774.19505
R=28477

z=1

376.10868
R=39264

z=1
C 22 H19 O 3 N P = 376.10971

-2.73342 ppm
775.19840
R=28104

z=1

579.15976
R=33899

z=1
C 28 H31 O 9 N Na P = 579.16286

-5.35513 ppm

896.22368
R=25962

z=1

751.20993
R=28135

z=1

897.22693
R=26070

z=1

Ph2
P

O

3i
MeO
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5 #51 RT: 0.44 AV: 1 NL: 4.08E5
T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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411.14764
R=39900

z=1
C 25 H25 O 2 Na P = 411.14844

-1.93047 ppm

799.30566
R=28900

z=1

800.30914
R=28400

z=1

389.16568
R=40800

z=1
C 25 H26 O 2 P = 389.16649

-2.08947 ppm

128.95338
R=71500

z=?
H2 O 6 P = 128.95835

-38.51284 ppm

689.23303
R=30600

z=1
C 29 H47 O 15 Na P = 689.25448

-31.11572 ppm

801.31256
R=28300

z=1

451.14011
R=37300

z=1
C 27 H25 O 3 Na P = 451.14335

-7.19543 ppm

979.65356
R=23500

z=1

905.34912
R=23800

z=?

Ph2
P

O

3j
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6 #46 RT: 0.38 AV: 1 NL: 1.98E6
T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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381.13708
R=41500

z=?
C 24 H23 O Na P = 381.13787

-2.06784 ppm

739.28485
R=30200

z=1

740.28815
R=29600

z=1359.15515
R=43200

z=1
C 24 H24 O P = 359.15593

-2.16356 ppm

741.29132
R=29900

z=1717.30280
R=30500

z=1

274.27356
R=49500

z=1
C 17 H39 P = 274.27839

-17.60906 ppm

128.95337
R=70800

z=?
H2 O 6 P = 128.95835

-38.63117 ppm

421.12943
R=38300

z=1
C 26 H23 O 2 Na P = 421.13279

-7.98482 ppm

781.33154
R=28400

z=1

632.42145
R=30000

z=1
C 30 H58 O 10 Na P = 632.36598

87.70609 ppm

977.67346
R=22200

z=1

Ph2
P

O

3k

CH3
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19 #41 RT: 0.36 AV: 1 NL: 6.89E5
T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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435.18384
R=39400

z=?
C 28 H29 O Na P = 435.18482

-2.26428 ppm

847.37805
R=28200

z=1
C 10 H10 O 2 Br 8 Na P = 847.37776

0.34065 ppm

413.20193
R=39700

z=1
C 28 H30 O P = 413.20288

-2.28408 ppm
757.33148
R=29100

z=1
C 5 H3 O 2 Br 8 P = 757.33322

-2.29260 ppm

128.95332
R=72000

z=?
H2 O 6 P = 128.95835

-38.98617 ppm

475.17627
R=34700

z=1
C 26 H37 O Br P = 475.17599

0.58530 ppm

Ph2
P

O

3l



S40



S41

WL-3 #45-49 RT: 0.38-0.43 AV: 5 NL: 6.87E5
T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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421.16902
R=39025

z=1
C 27 H27 O Na P = 421.16917

-0.36911 ppm

819.34904
R=27406

z=1
C 33 H59 O15 P 4 = 819.27989

84.39569 ppm

399.18720
R=38892

z=1
C 27 H28 O P = 399.18723

-0.06623 ppm

260.09731
R=49039

z=2

797.36703
R=27886

z=1
C 34 H56 O15 P 3 = 797.28266

105.81660 ppm

437.14303
R=38430

z=1
C 30 H23 Na P = 437.14296

0.16811 ppm
280.61056
R=47163

z=2

252.10852
R=49654

z=2

128.95366
R=67361

z=?

540.53510
R=35073

z=2

859.34194
R=26690

z=1
C 34 H56 O15 P 5 = 859.23018

130.05883 ppm

Ph2
P

O

H

MeO

3m
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23 #45-47 RT: 0.39-0.42 AV: 3 NL: 2.68E5
T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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459.14760
R=36989

z=1
C 29 H25 O 2 Na P = 459.14844

-1.82260 ppm

437.16571
R=38658

z=1
C 29 H26 O 2 P = 437.16649

-1.80242 ppm

895.30599
R=26210

z=1
C 63 H43 O 6 = 895.30542

0.63733 ppm

274.27362
R=46541

z=1
C 17 H39 P = 274.27839

-17.39895 ppm
512.50288
R=35345

z=1
C 33 H69 O P = 512.50805

-10.08970 ppm

893.29027
R=26139

z=1
C 63 H41 O 6 = 893.28977

0.56342 ppm

Ph2
P

O

H

MeO

Br

3n
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24 #53-56 RT: 0.45-0.48 AV: 4 NL: 2.52E5
T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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537.05801
R=35005

z=1
C 29 H24 O 2 Br Na P = 537.05895

-1.74255 ppm

515.07608
R=35971

z=1
C 29 H25 O 2 Br P = 515.07701

-1.80504 ppm

540.05919
R=35000

z=1
C 32 H23 Br Na P = 540.06130

-3.90036 ppm 765.15168
R=28181

z=1
C 34 H49 O 6 Br 2 Na P = 765.15257

-1.16083 ppm

232.11177
R=51087

z=1
274.27354
R=46091

z=1

128.95343
R=69344

z=?

301.14045
R=44723

z=1

512.50284
R=35083

z=1

Ph2
P

O

CH3

F3C

3o
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7 #42-43 RT: 0.37-0.39 AV: 2 NL: 6.00E5
T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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511.14024
R=36220

z=1
C 30 H24 O F 3 Na P = 511.14091

-1.30859 ppm

999.29033
R=24664

z=?489.15818
R=37037

z=1
C 30 H25 O F 3 P = 489.15896

-1.60409 ppm

128.95343
R=68905

z=?
C 2 H O F 3 P = 128.97116

-137.48738 ppm

555.16625
R=32911

z=?
C 23 H31 O 10 F 3 P = 555.16014

10.99875 ppm

789.29108
R=27773

z=1

869.28770
R=26308

z=1

977.30878
R=25160

z=1

Ph2
P

O

CH3

F3C

F
3p
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8 #49 RT: 0.41 AV: 1 NL: 7.83E5
T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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529.13049
R=35400

z=1
C 30 H23 O F 4 Na P = 529.13149

-1.87615 ppm

507.14865
R=36400

z=1
C 30 H24 O F 4 P = 507.14954

-1.75510 ppm
570.15686
R=33800

z=1
C 29 H28 O 4 F 4 Na P = 570.15535

2.64052 ppm128.95338
R=71000

z=?

301.14053
R=46900

z=1
C 13 H22 O F 4 P = 301.13389

22.05710 ppm

807.28143
R=27800

z=1

398.34412
R=40100

z=1

808.28455
R=27600

z=1

920.40869
R=23200

z=1

Ph2
P

O

3q

H
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9 #48-50 RT: 0.40-0.42 AV: 3 NL: 1.40E6
T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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381.13707
R=40573

z=1
C 24 H23 O Na P = 381.13787

-2.10894 ppm

739.28511
R=28069

z=1

740.28820
R=28614

z=1

359.15513
R=40927

z=1
C 24 H24 O P = 359.15593

-2.21722 ppm

741.29152
R=27909

z=1

603.23724
R=32425

z=1
C 22 H45 O 15 Na P = 603.23883

-2.63466 ppm

785.25373
R=27701

z=1

540.53412
R=35084

z=2

893.36273
R=26390

z=1

Ph2
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O
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H3C
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2 #55 RT: 0.51 AV: 1 NL: 2.28E5
T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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373.17123
R=41800

z=1
C 25 H26 O P = 373.17158

-0.92276 ppm

767.31702
R=29400

z=1
C 34 H57 O 15 P 2 = 767.31672

0.38614 ppm
463.21817
R=37400

z=1
C 32 H32 O P = 463.21853

-0.77392 ppm

857.36383
R=27600

z=1
C 46 H59 O 12 Na P = 857.36363

0.22837 ppm

274.27386
R=48700

z=?
C 17 H39 P = 274.27839

-16.49637 ppm

Ph2
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3s

PhPh

MeO
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WL-4 #42-43 RT: 0.38-0.39 AV: 2 NL: 4.55E5
T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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535.17999
R=34255

z=1
C 35 H29 O2 Na P = 535.17974

0.47053 ppm

513.19807
R=34738

z=1
C 35 H30 O2 P = 513.19779

0.53401 ppm

317.10254
R=44039

z=2
540.53512
R=33619

z=1
274.27407
R=46443

z=1

317.60417
R=43719

z=2

128.95366
R=67804

z=?

225.02960
R=51469

z=1

437.12783
R=38892

z=?
C 35 H17 = 437.13248

-10.63443 ppm

484.47259
R=37048

z=1

788.76799
R=27776

z=2
C 35 H2 O6 Na P 8 = 788.76445

4.48829 ppm

949.31808
R=25404

z=1

641.14390
R=31362

z=1
C 35 H32 O6 P 3 = 641.14062

5.10989 ppm

Ph2
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3t
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WL-1 #47-48 RT: 0.41-0.42 AV: 2 NL: 4.54E5
T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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505.16863
R=35610

z=1
C 34 H27 O Na P = 505.16917

-1.08274 ppm

987.34766
R=25476

z=1

483.18684
R=36156

z=1
C 34 H28 O P = 483.18723

-0.79500 ppm

302.09687
R=43724

z=2

521.14270
R=33993

z=1
C 34 H28 Na P 2 = 521.15585

-25.22544 ppm
128.95350
R=69478

z=?
225.02930
R=50910

z=1

322.61005
R=43862

z=2

965.36601
R=25927

z=1

743.75109
R=28363

z=2
C 34 H3 Na P 10 = 743.75031

1.04897 ppm

911.31669
R=27016

z=1

398.85569
R=40252

z=2

Ph2
P

O

Cl

3u
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4 #49-50 RT: 0.45-0.47 AV: 2 NL: 2.41E5
T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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469.14797
R=37779

z=1
C 30 H27 O Cl P = 469.14826

-0.61015 ppm

937.28802
R=25482

z=1
C 48 H56 O 13 Cl P 2 = 937.28792

0.11246 ppm

263.02070
R=47149

z=1
C 8 H14 O 4 Cl Na P = 263.02104

-1.31939 ppm

731.16079
R=28760

z=1
C 38 H36 O 8 N Cl P 2 = 731.15992

1.19088 ppm

610.18358
R=32300

z=1
C 24 H42 O 10 Cl Na P 2 = 610.18339

0.30334 ppm

Ph2
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Cl

3v
O2N
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S60

3 #43-44 RT: 0.42-0.43 AV: 2 NL: 1.35E5
T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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514.13290
R=35763

z=1
C 30 H26 O 3 N Cl P = 514.13333

-0.84165 ppm

814.20015
R=26572

z=1
C 37 H43 O 14 N Cl Na P = 814.20019

-0.05210 ppm

610.18340
R=32144

z=1
C 36 H35 O 2 N Cl P 2 = 610.18261

1.30401 ppm

318.29994
R=43391

z=1
963.52038
R=26161

z=1

484.47247
R=41102

z=1


