
1

Supporting Information

Access to P-Chiral sec- and tert-Phosphine Oxides Enabled 
by Le-Phos-Catalyzed Asymmetric Kinetic Resolution

Haile Qiu, Qiang Dai, Jiafeng He, Wenbo Li and Junliang Zhang*

Shanghai Key Laboratory of Green Chemistry and Chemical Processes, School of Chemistry and 

Molecular Engineering, East China Normal University, 3663 N. Zhongshan Road, Shanghai 

200062, P. R. China;

 Department of Chemistry, Fudan University, 2005 Songhu Road, Shanghai 200438, P.R. China

Email: jlzhang@chem.ecnu.edu.cn; junliangzhang@fudan.edu.cn

1. General Information…………………………………………………………………………….S1

2. Optimization of reaction 

conditions…………………………………………………………….S2

3. General procedure for the synthesis of secondary phosphine oxides (SPOs)…………………. S4

4. General procedure for the synthesis of chiral SPOs and the corresponding tertiary phosphine 

oxides (TPOs)…………………………………………………………………………………... S14

5. Transformation of chiral SPOs and TPOs…………………………………………………….S50

6. The X-ray structure of compound (R)-1l……………………………………………………...S61

7. References…………………………………………………………………………………….S64

8. NMR spectra………………………………………………………………………………….S65

Electronic Supplementary Material (ESI) for Chemical Science.
This journal is © The Royal Society of Chemistry 2020

mailto:jlzhang@chem.ecnu.edu.cn
mailto:junliangzhang@fudan.edu.cn


S1

1. General Information:

Unless otherwise noted, all reactions were carried out under a argon atmosphere; 

materials obtained from commercial suppliers were used directly without further 

purification. The [±]D was recorded using PolAAr 3005 High Accuracy Polarimeter. 

1H NMR spectra, 13C NMR spectra, and 31P NMR spectra were recorded on a Bruker 

400 MHz spectrometer in CDCl3. NMR experiments are reported in δ units, parts per 

million (ppm), and were referenced to CDCl3 ( 7.26 or 77.0 ppm) as the internal 

standard. The data is being reported as (s = singlet, d = doublet, dd = doublet of 

doublet, t = triplet, m = multiplet or unresolved, br = broad signal, coupling constant(s) 

in Hz, integration). Trichloromethane (CHCl3), carbon tetrachlorid，dichloromethane, 

dichloroethane and acetonitrile were freshly distilled from CaH2; tetrahydrofuran 

(THF), toluene and ether were dried with sodium benzophenone and distilled before 

use; Reactions were monitored by thin layer chromatography (TLC) using silicycle 

pre-coated silica gel plates. Flash column chromatography was performed on silica 

gel 60 (particle size 300-400 mesh ASTM, purchased from Yantai, China) and eluted 

with petroleum ether/ethyl acetate.
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2. Optimization of reaction conditions:
2.1 Table S-1: Screening of catalysts.a

PPh

N
H
S
O

tBu
Et

Et

1a: 49% ee; 3': 29% ee

PPh

N
H

tBu
S
O

tBu

1a: 2% ee; 3': 2% ee

PPh

N
H
S
O

tBu
nBu

1a: 71% ee; 3': 56% ee

Me Me

PPh

N
H
S
O

tBu

1a: 28% ee; 3': 47% ee

Ph2P

N
H

O
CF3

CF3
1a: -13% ee; 3': -44% ee

Ph2P

N
H

S

N
H

Me

Me

CF3

CF3

1a: -16% ee; 3': -47% ee

Ph2P

N
H

O
CF3

CF3
PPh2

1a: -76% ee; 3': -48% ee

Ph2P

N
H

O

NHBoc

1a: -33% ee; 3': -21% ee

+ CO2Me
OBoc

rac-1a
2.0 equiv

Organocatalyst (10 mol%)
toluene, r.t.

P
O

H

Me

Me

Me

P
O

H

Me

Me

Me

(R)-1a

+ P
O
Me

Me

Me

CO2Me

3'

2.2 Table S-2: Screening of MBH carbonates.a

+ CO2R2
OR1

rac-1a
2.0 equiv

P5 (10 mol%)

toluene, r.t.

P
O

H

Me

Me

Me

P
O

H

Me

Me

Me

(R)-1a

+ P
O
Me

Me

Me

CO2R2

3

CO2tBu
OBoc

1a: 71% ee;
3': 53% ee

CO2Et
OBoc

1a: 76% ee;
3': 67% ee

CO2Et
OAc

CO2CHPh2
OAc

CO2Bn
OAc

CN
OAc

CO2Me
OAc

1a: 88% ee;
3': 75% ee

1a: 56% ee;
3': 78% ee

1a: 33% ee;
3': 79% ee

1a: 70% ee;
3': 72% ee

1a: 84% ee;
3': 76% ee

CO2Bn
OBoc

1a: 62% ee;
3': 63% ee

CO2Bn
OBz

CO2Bn
Br

1a: 27% ee;
3': 50% ee

1a: 81% ee;
3: 82% ee

2.3 Table S-3: Experimental comparison of several SPOs.a

**+ CO2Bn
OBz P5 (10 mol%)

tBuPh, 0 oC
2b

Ar1
P
H Ph

O

rac-SPO
2.1 equiv

CO2Bn
P

Ar1
Ph

O

Ar1
P
H Ph

O
+

P
H

O

P
H

O
P
H

OMe OMetBu

tBu

P
H

OiPr

iPr iPr
trace traceSPO: 10% ee

TPO: 10% ee
SPO: 39% ee
TPO: 66% ee

2.4 Table S-4: Experimental comparison of solvent.a
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+ CO2Bn
OBz

rac-1a

P5 (10 mol%)

solvent, temp.
P
O

H

Me

Me

Me

P
O

H

Me

Me

Me

(R)-1a

+ P
O
Me

Me

Me

CO2Bn

3ab
2b

0.1 mmol

Entry Solvent Temp. (℃) T（h

）

Recovery of 1a 3ab s factor

1 1,4-dioxane r.t. 12 41%, 72% ee 37%, 70% ee 12

2 Et2O r.t. 12 39%, 78% ee 40%, 76% ee 17.2

3 DCE r.t. 12 38%, 64% ee 37%, 58% ee 7.1

4 mesitylene r.t. 12 35%, 88% ee 38%, 78% ee 23.4

5 tBuPh r.t. 4 36%, 89% ee 44%, 75% ee 20.5

6 mesitylene 10 24 h trace

7b tBuPh 10 8 37%, 93% ee 44%, 86% ee 44.4

8b tBuPh 0 12 92% ee 88% ee 49

9c tBuPh 0 12 86% ee 92% ee 69

10d tBuPh 0 12 77% ee 95% ee 30
aAll yields are determined by 1H NMR analysis of the crude mixture. Enantiomeric excesses are 
determined by HPLC. C (calculated conversion) = eeSM/(eeSM + eePR), s (selectivity) = In[(1 - C)(1 
- eeSM)]/In[(1 - C)(1 + eeSM)] . brac-SPO (0.20 mol) was used. crac-SPO (0.21 mol) was used. 
drac-SPO (0.23 mol) was used.
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3. General procedure for the synthesis of secondary phosphine oxides (SPOs).
General procedure A1: 

PCl3

1) Ar1-M (1.0 equiv)
THF, -50 ºC to r.t.

2) EtOH (2.0 equiv)
pyrdine (1.0 equiv)
toluene, 0 ºC to r.t.

P
H

O

OEtAr1

Ar2-M (2.2 equiv)

THF, 0 ºC
P
H

O

Ar2Ar1

A 500 mL round-bottomed flask equipped with a magnetic stirrer under argon 

atmosphere was charged with phosphorus trichloride (17.5 mL, 200 mmol) in 100 mL 

THF and cooled to -50 °C, the appropriate organometallic reagent (1.0 equiv.) in THF 

was added dropwise at -50 °C over 30 mins. The reaction was sirred at -50 °C for 4 h 

and then warmed to room temperature for another 1 h, then concentrated in vacuo. A 

250 mL round-bottomed flask equipped with a magnetic stirrer under air atmosphere 

was charged with the crude residue in 100 mL toluene, a solution of EtOH (18.4 g, 

400 mmol) and pyridine (16.1 mL, 200 mmol) was added dropwise over 30 mins. The 

reaction was sirred at 0 °C for 0.5 h and then warmed to room temperature for 2 hour 

Water (100 mL) was then added and the aqueous phase was then extracted with 

EtOAc (3 × 50 mL). The combined organic fractions were dried over anhydrous 

Na2SO4, concentrated in vacuo, and the crude residue purified by column 

chromatography to afford phosphonate. 

A 50 mL round-bottomed flask equipped with a magnetic stirrer under argon 

atmosphere was charged with the appropriate organometallic reagent (2.2 equiv) in 

THF and cooled to 0 °C, ethyl phosphinate (10.0 mmol) in THF (20 mL) was added 

dropwise at 0 °C over 10 mins. The reaction was stirred at 0 °C for 4 h then quenched 

with sat. aq. NH4Cl solution. The aqueous phase was then extracted with EtOAc (3 × 

20 mL). The combined organic fractions were dried over anhydrous Na2SO4, 

concentrated in vacuo, and the crude residue purified by column chromatography to 

afford the desired secondary phosphine oxide. 

General procedure B1:
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PCl3

1) Ar1-M (1.0 equiv)
THF, -50 ºC to r.t.

1) Ar2-M (1.0 equiv)
THF, -50 ºC to r.t.
3) H2O

P
H

O

Ar2Ar1

A 250 mL round-bottomed flask equipped with a magnetic stirrer under argon 

atmosphere was charged with phosphorus trichloride (1.8 mL, 20 mmol) in 100 mL 

THF and cooled to -50 °C, the appropriate organometallic reagent (1.0 equiv.) in THF 

was added dropwise at -50 °C over 30 mins. The reaction was sirred at -50 °C for 4 h 

and then warmed to room temperature for another 1 h. Then the flask was placed at -

50 ℃. the appropriate organometallic reagent (1.0 equiv.) in THF was added dropwise 

at -50 °C over 30 mins. The reaction was sirred at -50 °C for 1 h and then warmed to 

room temperature for 4 h, then cooled to -50 °C. Deoxygenated water (10 mL) was 

added dropwise at 0 °C over 5 mins. The reaction was sirred at room temperature for 

1 h. Water (20 mL) was then added and the aqueous phase was then extracted with 

EtOAc (3 × 10 mL). The combined organic fractions were dried over anhydrous 

Na2SO4, concentrated in vacuo, and the crude residue purified by column 

chromatography to afford the desired secondary phosphine oxide.

3.1 mesityl(phenyl)phosphine oxide (1a)

Ph
P
H Mes

O

1a

1a was prepared as a white solid following general procedure A. 1H NMR (400 MHz, 

CDCl3) δ 8.55 (d, J = 483.0 Hz, 1H), 7.66 – 7.58 (m, 2H), 7.56 – 7.49 (m, 1H), 7.49 – 

7.42 (m, 2H), 6.91 (d, J = 3.9 Hz, 2H), 2.45 (s, 6H), 2.31 (s, 3H). 31P NMR (162 MHz, 

CDCl3) δ 9.86. 13C NMR (101 MHz, CDCl3) δ 142.78 (d, J = 2.3 Hz), 142.08 (d, J = 

10.0 Hz), 132.26 (d, J = 99.0 Hz), 131.87 (d, J = 2.9 Hz), 130.49 (d, J = 11.2 Hz), 

130.28 (d, J = 10.5 Hz), 128.77 (d, J = 12.6 Hz), 124.32 (d, J = 102.9 Hz), 21.44 (d, J 

= 8.5 Hz), 21.28 (d, J = 0.9 Hz). HRMS (ESI) calcd. For C15H17NaOP [M+Na]+: 

267.0909, found: 267.0917.
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3.2 (3-isopropylphenyl)(mesityl)phosphine oxide (1b).

P
H

O
iPr

Me

MeMe
1b

1b was prepared as a white solid following general procedure A. 1H NMR (400 MHz, 

CDCl3) δ 8.53 (d, J = 481.7 Hz, 1H), 7.63 (d, J = 13.8 Hz, 1H), 7.40 – 7.26 (m, 3H), 

6.90 (d, J = 3.7 Hz, 2H), 2.99 – 2.87 (m, 1H), 2.45 (s, 6H), 2.30 (s, 3H), 1.23 (d, J = 

7.0 Hz, 6H). 31P NMR (162 MHz, CDCl3) δ 10.35. 13C NMR (101 MHz, CDCl3) δ 

149.67 (d, J = 11.6 Hz), 142.62 (d, J = 2.4 Hz), 142.06 (d, J = 9.9 Hz), 132.15 (d, J = 

98.7 Hz), 130.24 (d, J = 10.5 Hz), 130.01 (d, J = 2.9 Hz), 128.95 (d, J = 10.4 Hz), 

128.73 (d, J = 13.5 Hz), 127.54 (d, J = 12.3 Hz), 124.54 (d, J = 102.4 Hz), 34.09, 

23.79 (d, J = 3.5 Hz), 21.44 (dd, J = 8.3, 2.5 Hz), 21.25 (d, J = 2.3 Hz). HRMS (ESI) 

calcd. For C18H23NaOP [M+Na]+: 309.1379, found: 309.1371.

3.3 mesityl(m-tolyl)phosphine oxide (1c). 

P
H

OMe

Me

Me

Me
1c

1c was prepared as a white solid following general procedure A. 1H NMR (500 MHz, 

CDCl3) δ 8.53 (d, J = 481.6 Hz, 1H), 7.52 (d, J = 13.6 Hz, 1H), 7.39 – 7.33 (m, 1H), 

7.33 – 7.30 (m, 2H), 6.90 (d, J = 3.9 Hz, 2H), 2.47 (s, 6H), 2.36 (s, 3H), 2.30 (s, 3H). 

31P NMR (202 MHz, CDCl3) δ 9.93. 13C NMR (126 MHz, CDCl3) δ 142.42 (d, J = 

2.3 Hz), 141.78 (d, J = 10.0 Hz), 138.44 (d, J = 12.4 Hz), 132.47 (d, J = 3.0 Hz), 

131.87 (d, J = 98.7 Hz), 130.73 (d, J = 10.8 Hz), 130.02 (d, J = 10.4 Hz), 128.43 (d, J 

= 13.4 Hz), 127.13 (d, J = 11.6 Hz), 124.23 (d, J = 102.5 Hz), 21.25, 21.14 (d, J = 

10.0 Hz), 21.03 (d, J = 0.7 Hz). HRMS (ESI) calcd. For C16H19NaOP [M+Na]+: 

281.1066, found: 281.1071.

3.4 mesityl(4-vinylphenyl)phosphine oxide (1d).
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P
H

OMe

MeMe
1d

1d was prepared as a white solid following general procedure B. 1H NMR (500 MHz, 

CDCl3) δ 8.49 (d, J = 483.3 Hz, 1H), 7.52 (dd, J = 13.0, 8.1 Hz, 2H), 7.40 (dd, J = 8.0, 

1.8 Hz, 2H), 6.83 (d, J = 3.6 Hz, 2H), 6.64 (dd, J = 17.6, 10.9 Hz, 1H), 5.76 (d, J = 

17.6 Hz, 1H), 5.28 (d, J = 10.9 Hz, 1H), 2.39 (s, 6H), 2.23 (s, 3H). 31P NMR (202 

MHz, CDCl3) δ 9.55. 13C NMR (126 MHz, CDCl3) δ 142.53 (d, J = 2.3 Hz), 141.75 

(d, J = 10.0 Hz), 140.74 (d, J = 2.9 Hz), 135.57 (d, J = 1.0 Hz), 130.52 (d, J = 11.4 

Hz), 130.04 (d, J = 10.4 Hz), 126.24 (d, J = 13.0 Hz), 124.05 (d, J = 102.9 Hz), 

116.21, 21.19 (d, J = 8.5 Hz), 21.02. HRMS (ESI) calcd. For C17H19NaOP [M+Na]+: 

293.1066, found: 293.1069.

3.5 mesityl(p-tolyl)phosphine oxide (1e).

P
H

OMe

MeMe Me
1e

1e was prepared as a white solid following general procedure A. 1H NMR (400 MHz, 

CDCl3) δ 8.53 (d, J = 482.1 Hz, 1H), 7.51 (dd, J = 13.1, 7.7 Hz, 2H), 7.26 (d, J = 7.4 

Hz, 2H), 6.90 (d, J = 3.2 Hz, 2H), 2.45 (s, 6H), 2.39 (s, 3H), 2.31 (s, 3H). 31P NMR 

(162 MHz, CDCl3) δ 10.10. 13C NMR (101 MHz, CDCl3) δ 142.56 (d, J = 2.4 Hz), 

142.35 (d, J = 3.0 Hz), 141.96 (d, J = 10.0 Hz), 130.44 (d, J = 11.6 Hz), 130.18 (d, J 

= 10.4 Hz), 129.47 (d, J = 13.0 Hz), 128.83 (d, J = 101.3 Hz), 125.33 (d, J = 69.7 Hz), 

123.97, 21.52 (d, J = 1.0 Hz), 21.36 (d, J = 8.4 Hz), 21.21 (d, J = 0.5 Hz). HRMS 

(ESI) calcd. For C16H19NaOP [M+Na]+: 281.2102, found: 281.2106.

3.6 [1,1'-biphenyl]-4-yl(mesityl)phosphine oxide (1f).
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P
H

OMe

MeMe Ph
1f

1f was prepared as a white solid following general procedure B. 1H NMR (400 MHz, 

CDCl3) δ 8.61 (d, J = 483.3 Hz, 1H), 7.73 – 7.66 (m, 4H), 7.61 – 7.57 (m, 2H), 7.49 – 

7.43 (m, 2H), 7.41 – 7.36 (m, 1H), 6.93 (d, J = 3.9 Hz, 2H), 2.50 (s, 6H), 2.33 (s, 3H). 

31P NMR (162 MHz, CDCl3) δ 9.70. 13C NMR (101 MHz, CDCl3) δ 144.78 (d, J = 

3.0 Hz), 142.86 (d, J = 2.4 Hz), 142.16 (d, J = 10.0 Hz), 139.93 (d, J = 0.9 Hz), 

131.07 (d, J = 11.5 Hz), 130.37 (d, J = 10.4 Hz), 128.98, 128.18, 127.53 (d, J = 12.9 

Hz), 127.27, 124.43 (d, J = 102.8 Hz), 21.56 (d, J = 8.5 Hz), 21.36 (d, J = 0.6 Hz). 

HRMS (ESI) calcd. For C21H22OP [M+H]+: 321.1403, found: 321.1400.

3.7 4-(tert-butyl)phenyl)(mesityl)phosphine oxide (1g).

P
OMe

MeMe tBu
H

1g

1g was prepared as a white solid following general procedure B. 1H NMR (500 MHz, 

CDCl3) δ 8.54 (d, J = 481.8 Hz, 1H), 7.57 – 7.51 (m, 2H), 7.46 (m, 2H), 6.89 (d, J = 

2.9 Hz, 2H), 2.46 (s, 6H), 2.29 (s, 3H), 1.30 (s, 9H). 31P NMR (202 MHz, CDCl3) δ 

10.02. 13C NMR (126 MHz, CDCl3) δ 155.44 (d, J = 2.9 Hz), 142.56 (d, J = 2.3 Hz), 

142.03 (d, J = 9.9 Hz), 130.37 (d, J = 11.5 Hz), 130.23 (d, J = 10.4 Hz), 128.90 (d, J 

= 101.2 Hz), 125.79 (d, J = 12.8 Hz), 124.53 (d, J = 102.5 Hz), 34.97, 31.07, 21.44 (d, 

J = 8.4 Hz), 21.26 (d, J = 0.5 Hz). HRMS (ESI) calcd. For C19H25NaOP [M+Na]+: 

323.1535, found: 323.1539.

3.8 (3,5-di-tert-butylphenyl)(mesityl)phosphine oxide (1h).
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P
H

OMe

MeMe

tBu

tBu1h

1h was prepared as a white solid following general procedure B. H NMR (500 MHz, 

CDCl3) δ 8.53 (d, J = 480.2 Hz, 1H), 7.56 (d, J = 1.4 Hz, 1H), 7.47 (d, J = 1.8 Hz, 

1H), 7.44 (d, J = 1.7 Hz, 1H), 6.91 (d, J = 3.7 Hz, 2H), 2.48 (s, 6H), 2.32 (s, 3H), 1.28 

(s, 18H). 31P NMR (202 MHz, CDCl3) δ 11.91. 13C NMR (126 MHz, CDCl3) δ 

151.47 (d, J = 12.4 Hz), 142.44 (d, J = 2.4 Hz), 141.96 (d, J = 9.9 Hz), 131.29 (d, J = 

99.4 Hz), 130.21 (d, J = 10.4 Hz), 129.44, 126.07 (d, J = 2.8 Hz), 124.48 (d, J = 12.1 

Hz), 115.42, 35.00, 31.26, 21.51 (d, J = 8.2 Hz), 21.29. HRMS (ESI) calcd. For 

C23H33NaOP [M+Na]+: 379.2161, found: 379.2155.

3.9 (3,5-dimethylphenyl)(mesityl)phosphine oxide (1i).

P
H

O
Me

Me

MeMe
Me1i

1i was prepared as a white solid following general procedure B. 1H NMR (400 MHz, 

CDCl3) δ 8.50 (d, J = 481.2 Hz, 1H), 7.24 (d, J = 13.8 Hz, 2H), 7.13 (s, 1H), 6.90 (d, 

J = 3.6 Hz, 2H), 2.47 (s, 6H), 2.31 (s, 6H), 2.30 (s, 3H). 31P NMR (162 MHz, CDCl3) 

δ 10.25. 13C NMR (101 MHz, CDCl3) δ 142.34 (d, J = 2.3 Hz), 141.78 (d, J = 10.0 

Hz), 138.32 (d, J = 13.3 Hz), 133.44 (d, J = 2.9 Hz), 131.71 (d, J = 98.6 Hz), 130.01 

(d, J = 10.4 Hz), 127.71 (d, J = 11.2 Hz), 124.31 (d, J = 102.3 Hz), 21.23 (d, J = 8.4 

Hz), 21.02, 20.95. HRMS (ESI) calcd. For C17H21NaOP [M+Na]+: 295.1222, found: 

295.1229.

3.10 mesityl(3,4,5-trimethoxyphenyl)phosphine oxide (1j).
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P
H

O
OMe

Me

MeMe
OMe

OMe

1j

1j was prepared as a white solid following general procedure B. 1H NMR (400 MHz, 

CDCl3) δ 8.49 (d, J = 484.7 Hz, 1H), 6.90 (d, J = 3.8 Hz, 2H), 6.80 (d, J = 14.6 Hz, 

2H), 3.86 (s, 3H), 3.80 (s, 6H), 2.46 (s, 6H), 2.30 (s, 3H). 31P NMR (162 MHz, CDCl3) 

δ 10.10. 13C NMR (101 MHz, CDCl3) δ 153.67 (d, J = 18.2 Hz), 142.80 (d, J = 2.4 

Hz), 142.04 (d, J = 10.0 Hz), 141.00 (d, J = 2.8 Hz), 130.27 (d, J = 10.4 Hz), 126.83 

(d, J = 101.2 Hz), 124.09 (d, J = 103.2 Hz), 107.22 (d, J = 13.0 Hz), 60.86, 56.29 (d, J 

= 2.1 Hz), 29.19, 21.43 (dd, J = 8.4, 1.3 Hz), 21.27. HRMS (ESI) calcd. For 

C18H23NaO4P [M+Na]+: 295.1222, found: 295.1229.

3.11 (2,6-dimethylphenyl)(phenyl)phosphine oxide (1k).

P
H

OMe

Me
1k

1k was prepared as a white solid following general procedure B. 1H NMR (500 MHz, 

CDCl3) δ 8.57 (d, J = 484.6 Hz, 1H), 7.65 – 7.58 (m, 2H), 7.57 – 7.50 (m, 1H), 7.47 – 

7.43 (m, 2H), 7.32 (t, J = 7.6 Hz, 1H), 7.07 (dd, J = 7.6, 4.2 Hz, 2H), 2.48 (s, 6H). 31P 

NMR (202 MHz, CDCl3) δ 9.85. 13C NMR (126 MHz, CDCl3) δ 142.06 (d, J = 9.7 

Hz), 132.38 (d, J = 2.3 Hz), 132.00 (d, J = 3.0 Hz), 131.99 (d, J = 9.8 Hz), 130.42 (d, 

J = 11.3 Hz), 129.45 (d, J = 10.1 Hz), 128.82 (d, J = 12.6 Hz), 127.39 (d, J = 100.5 

Hz), 21.52 (d, J = 8.6 Hz). HRMS (ESI) calcd. For C14H15NaOP [M+Na]+: 253.0753, 

found: 253.0760.

3.12 (3,5-di-tert-butylphenyl)(2,6-dimethylphenyl)phosphine oxide (1l).

P
H

OMe

Me

tBu

tBu1l
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1l was prepared as a white solid following general procedure B. 1H NMR (400 MHz, 

CDCl3) δ 8.58 (d, J = 482.0 Hz, 1H), 7.57 (s, 1H), 7.45 (dd, J = 14.4, 1.6 Hz, 2H), 

7.31 (t, J = 7.6 Hz, 1H), 7.08 (dd, J = 7.4, 4.1 Hz, 2H), 2.52 (s, 6H), 1.27 (s, 18H). 31P 

NMR (162 MHz, CDCl3) δ 11.75. 13C NMR (101 MHz, CDCl3) δ 151.50 (d, J = 12.4 

Hz), 141.96 (d, J = 9.5 Hz), 132.13 (d, J = 2.2 Hz), 130.96 (d, J = 99.1 Hz), 129.35 (d, 

J = 10.0 Hz), 127.85 (d, J = 99.4 Hz), 126.15 (d, J = 2.9 Hz), 124.44 (d, J = 12.2 Hz), 

34.97, 31.21, 21.58 (d, J = 8.4 Hz). HRMS (ESI) calcd. For C22H31NaOP [M+Na]+: 

365.2002, found: 365.2005.

3.13 (4-isopropylphenyl)(mesityl)phosphine oxide (1m).

P
H

OMe

MeMe iPr
1m

1m was prepared as a white solid following general procedure B. 1H NMR (400 MHz, 

CDCl3) δ 8.53 (d, J = 482.1 Hz, 1H), 7.53 (dd, J = 13.2, 8.1 Hz, 2H), 7.29 (dd, J = 8.2, 

2.5 Hz, 2H), 6.89 (d, J = 3.8 Hz, 2H), 3.00 – 2.85 (m, 1H), 2.45 (s, 6H), 2.29 (s, 3H), 

1.23 (d, J = 6.9 Hz, 6H). 31P NMR (162 MHz, CDCl3) δ 10.11. 13C NMR (101 MHz, 

CDCl3) δ 153.14 (d, J = 2.9 Hz), 142.54 (d, J = 2.4 Hz), 141.98 (d, J = 9.9 Hz), 

130.56 (d, J = 11.5 Hz), 130.18 (d, J = 10.4 Hz), 129.19 (d, J = 101.1 Hz), 126.92 (d, 

J = 12.9 Hz), 124.47 (d, J = 102.5 Hz), 34.11, 23.62 (d, J = 2.1 Hz), 21.39 (d, J = 8.4 

Hz), 21.21 (d, J = 0.7 Hz). HRMS (ESI) calcd. For C18H23NaOP [M+Na]+: 309.2001, 

found: 309.2003.

3.14 (4-fluorophenyl)(mesityl)phosphine oxide (1n).

P
H

OMe

MeMe F
1n

1n was prepared as a white solid following general procedure B. 1H NMR (500 MHz, 

CDCl3) δ 9.18 – 7.91 (m, 1H), 7.75 – 7.55 (m, 2H), 7.22 – 7.09 (m, 2H), 6.90 (dd, J = 
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8.7, 3.2 Hz, 2H), 2.44 (dd, J = 8.0, 4.0 Hz, 6H), 2.30 (dd, J = 9.9, 4.9 Hz, 3H). 31P 

NMR (202 MHz, CDCl3) δ 8.69. 19F NMR (376 MHz, CDCl3) δ -106.68 (d, J = 1.6 

Hz). 13C NMR (126 MHz, CDCl3) δ 165.04 (d, J = 253.2 Hz), 142.99, 142.06 (d, J = 

10.0 Hz), 134.64 – 134.24 (m), 133.01 (dd, J = 12.6, 8.9 Hz), 130.39 (d, J = 10.5 Hz), 

128.58 (d, J = 2.3 Hz), 127.78 (d, J = 2.9 Hz), 124.10 (d, J = 103.5 Hz), 116.16 (dt, J 

= 21.6, 13.2 Hz), 21.39 (d, J = 8.5 Hz), 21.29. HRMS (ESI) calcd. For C15H16FNaOP 

[M+Na]+: 285.0834, found: 285.0831.

3.15 mesityl(4-methoxyphenyl)phosphine oxide (1o)

P
H

OMe

MeMe OMe
1o

1o was prepared as a white solid following general procedure B. 1H NMR (400 MHz, 

CDCl3) δ 8.53 (d, J = 483.4 Hz, 1H), 7.61 – 7.46 (m, 2H), 6.95 (d, J = 7.2 Hz, 2H), 

6.89 (s, 2H), 3.81 (s, 3H), 2.45 (s, 6H), 2.30 (s, 3H). 31P NMR (162 MHz, CDCl3) δ 

10.00. 13C NMR (101 MHz, CDCl3) δ 162.27 (d, J = 2.3 Hz), 142.34, 141.72 (d, J = 

9.8 Hz), 132.10 (d, J = 12.5 Hz), 130.01 (d, J = 10.2 Hz), 124.23 (d, J = 102.8 Hz), 

122.77 (d, J = 105.4 Hz), 114.16 (d, J = 13.6 Hz), 55.03 (d, J = 2.0 Hz), 21.09 (d, J = 

8.0 Hz), 20.99. HRMS (ESI) calcd. For C16H19NaO2P [M+Na]+: 297.1015, found: 

297.1015.

3.16 mesityl(naphthalen-2-yl)phosphine oxide (1p).

P
H

OMe

MeMe
1p

1p was prepared as a white solid following general procedure B. 1H NMR (500 MHz, 

CDCl3) δ 8.67 (d, J = 482.5 Hz, 1H), 8.31 (d, J = 14.9 Hz, 1H), 7.94 – 7.83 (m, 3H), 

7.62 – 7.53 (m, 2H), 7.53 – 7.46 (m, 1H), 6.92 (d, J = 3.2 Hz, 2H), 2.49 (s, 6H), 2.32 

(s, 3H). 31P NMR (202 MHz, CDCl3) δ 9.52. 13C NMR (126 MHz, CDCl3) δ 142.81 
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(d, J = 2.3 Hz), 142.11 (d, J = 10.0 Hz), 134.71 (d, J = 2.4 Hz), 132.62 (d, J = 13.7 

Hz), 132.58 (d, J = 9.8 Hz), 130.30 (d, J = 10.5 Hz), 129.34 (d, J = 99.1 Hz), 128.70, 

128.59, 128.07, 127.84, 126.92, 124.96 (d, J = 12.9 Hz), 124.42 (d, J = 102.9 Hz), 

21.48 (d, J = 8.4 Hz), 21.27 (d, J = 0.7 Hz). HRMS (ESI) calcd. For C19H19NaOP 

[M+Na]+: 317.1066, found: 317.1073.

3.17 (3-fluorophenyl)(mesityl)phosphine oxide (1q).

P
H

O
F

Me

MeMe
1q

1q was prepared as a white solid following general procedure B. 1H NMR (500 MHz, 

CDCl3) δ 8.55 (d, J = 486.6 Hz, 1H), 7.49 – 7.31 (m, 3H), 7.24 – 7.12 (m, 1H), 6.92 

(d, J = 4.0 Hz, 2H), 2.47 (s, 6H), 2.31 (s, 3H). 31P NMR (202 MHz, CDCl3) δ 8.07 (d, 

J = 5.7 Hz). 19F NMR (376 MHz, CDCl3) δ -110.83 (d, J = 5.8 Hz). 13C NMR (126 

MHz, CDCl3) δ 162.39 (dd, J = 250.6, 17.3 Hz), 142.84 (d, J = 2.4 Hz), 141.76 (d, J = 

10.1 Hz), 134.88 (dd, J = 97.1, 5.4 Hz), 130.52 (dd, J = 14.5, 7.4 Hz), 130.10 (d, J = 

10.6 Hz), 125.84 (dd, J = 10.7, 3.2 Hz), 123.49 (d, J = 103.8 Hz), 118.75 (dd, J = 21.2, 

2.5 Hz), 117.07 (dd, J = 22.2, 11.9 Hz), 21.08 (d, J = 8.6 Hz), 20.96 (d, J = 0.6 Hz). 

HRMS (ESI) calcd. For C15H16FNaOP [M+Na]+: 285.0815, found: 285.0819.

3.18 mesityl(thiophen-3-yl)phosphine oxide (1r).

P
H

OMe

MeMe S
1r

1r was prepared as a brown solid following general procedure B. 1H NMR (400 MHz, 

CDCl3) δ 8.55 (d, J = 490.7 Hz, 1H), 7.73 (dd, J = 8.1, 2.1 Hz, 1H), 7.41 – 7.34 (m, 

1H), 7.11 (dd, J = 6.7, 2.5 Hz, 1H), 6.86 (d, J = 3.8 Hz, 2H), 2.43 (s, 6H), 2.26 (s, 3H). 

31P NMR (162 MHz, CDCl3) δ 2.44. 13C NMR (101 MHz, CDCl3) δ 142.59 (d, J = 

2.3 Hz), 141.67 (d, J = 10.3 Hz), 133.70 (d, J = 15.1 Hz), 133.60 (d, J = 102.0 Hz), 
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130.17 (d, J = 10.6 Hz), 128.04 (d, J = 16.9 Hz), 127.67 (d, J = 15.5 Hz), 124.51 (d, J 

= 104.8 Hz), 21.10, 21.03 (d, J = 2.7 Hz). For C13H15NaOPS [M+Na]+: 273.0381, 

found: 285.0386.

4. General procedure for the synthesis of chiral SPOs and the corresponding 
tertiary phosphine oxides (TPOs):

General procedure A:

+ CO2Bn
OBz (SP,R,S,RS)-Le-Phos P5 (10 mol%)

tBuPh, 0 oC, 10 hP
O

H

Me
R

Ar P
O

H

Me

Me

R

Ar

+
P
O
Me

Me

R

Ar

CO2BnMe
R = Me or H
2.05 equiv.

2b
0.1 mmol

PPh

N
H
S
O

tBu

P5

To a flame-dried glass tube with a magnetic stirring bar were added SPO (0.205 mmol) 

and (SP, R, S, RS)-P5 (3.6 mg, 0.01 mmol), followed by the addition of tBuPh (1.5 

mL). Then MBH carbonates 2b (29.6 mg, 0.10 mmol) was slowly added via syringe at 

0 ℃ under inert atmosphere. The reaction mixture was stirred for 10 h, and TLC show 

that the reaction was completed. Then H2O2 (1 drop, 30%) was added to the mixture. 

The mixture was directly purified by column chromatography on silica gel (petroleum 

ether/ethyl acetate = 1:1) to afford TPOs (yield was based on the amount of SPOs) 

and the corresponding chiral SPOs (yield of recovery was based on the amount of 

SPOs).

General procedure B:

+ CO2Bn
OBz (SP,R,S,RS)-Le-Phos P5 (10 mol%)

tBuPh, 0 oC, 10 hP
O

H

Me
R

Ar P
O

H

Me

Me

R

ArMe
R = Me or H
1.9 equiv.

2b

PPh

N
H
S
O

tBu

P5

To a flame-dried glass tube with a magnetic stirring bar were added SPO (0.19 mmol) 

and (SP, R, S, RS)-P5 (3.6 mg, 0.01 mmol), followed by the addition of tBuPh (1.5 

mL). Then MBH carbonates 2b (29.6 mg, 0.10 mmol) was slowly added via syringe at 

0 ℃ under inert atmosphere. The reaction mixture was stirred for 10 h, and TLC show 

that the reaction was completed. Then H2O2 (1 drop, 30%) was added to the mixture. 

The mixture was directly purified by column chromatography on silica gel (petroleum 
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ether/ethyl acetate = 1:1) to afford the corresponding chiral SPOs (yield of recovery 

was based on the amount of SPOs).

General procedure C:

+ CO2Bn
OBz (SP,R,S,RS)-LePhos P5 (10 mol%)

tBuPh, 0 oC, 10 hP
O

H

R
R

Ar
P
O
R

R

R

ArR
R = Me or iPr
2.5 equiv.

CO2Bn

2b
0.1 mmol

PPh

N
H
S
O

tBu

P5

To a flame-dried glass tube with a magnetic stirring bar were added SPO (0.25 mmol) 

and (SP, R, S, RS)-P5 (3.6 mg, 0.01 mmol), followed by the addition of tBuPh (1.5 

mL). Then MBH carbonates 2b (29.6 mg, 0.10 mmol) was slowly added via syringe at 

0 ℃ under inert atmosphere. The reaction mixture was stirred for 10 h, and TLC show 

that the reaction was completed. Then H2O2 (1 drop, 30%) was added to the mixture. 

The mixture was directly purified by column chromatography on silica gel (petroleum 

ether/ethyl acetate = 1:1) to afford TPOs (yield was based on the amount of 2b).

General procedure D:

+ CO2tBu
OAc (SP,R,S,RS)-LePhos P5 (10 mol%)

tBuPh, 0 oC, 24 hP
O

H

Me
Me

Alkyl

P
O
Me

Me

Me

AlkylMe
3.0 equiv.

CO2tBu

2c
0.1 mmol

PPh

N
H
S
O

tBu

P5

To a flame-dried glass tube with a magnetic stirring bar were added SPO (0.30 mmol) 

and (SP, R, S, RS)-P5 (3.6 mg, 0.01 mmol), followed by the addition of tBuPh (1.5 

mL). Then MBH carbonates 2c (29.6 mg, 0.10 mmol) was slowly added via syringe at 

0 ℃ under inert atmosphere. The reaction mixture was stirred for 24 h, and TLC show 

that the reaction was completed. Then H2O2 (1 drop, 30%) was added to the mixture. 

The mixture was directly purified by column chromatography on silica gel (petroleum 

ether/ethyl acetate = 1:1) to afford TPOs (yield was based on the amount of 2c).

4.1 (R)-mesityl(phenyl)phosphine oxide ((R)-1a)
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Mes
P
Ph

O

(R)-1a
H

(R)-1a (20.0 mg, 40%) was prepared following general procedure A. [α]20
D = 0.22 (c 

0.5, CHCl3); Enantiomeric excess: 89%, determined by HPLC (Chiralpak IC, 

hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 210 nm), first peak: tR = 27.9 

min, second peak: tR = 30.8 min. HRMS (ESI) calcd. For C15H17NaOP [M+Na]+: 

267.0909, found: 267.0917.

4.2 benzyl (S)-2-((mesityl(phenyl)phosphoryl)methyl)acrylate (3ab).

P
O
Me

Me

Me

CO2Bn

3ab

The general procedure A was followed using 1a (0.205 mmol) and 2b (0.1 mmol). 

After purification by column chromatography (PE/EtOAc = 1:1), 3ab (35.0 mg, 41%) 

was obtained. 1H NMR (400 MHz, CDCl3) δ 7.62 – 7.56 (m, 2H), 7.48 – 7.43 (m, 1H), 

7.41 – 7.35 (m, 2H), 7.35 – 7.29 (m, 3H), 7.25 – 7.21 (m, 2H), 6.83 (d, J = 3.3 Hz, 

2H), 6.41 (d, J = 4.7 Hz, 1H), 5.99 (d, J = 4.4 Hz, 1H), 4.95 (q, J = 12.4 Hz, 2H), 3.61 

(s, 1H), 3.57 (d, J = 4.2 Hz, 1H), 2.36 (s, 6H), 2.27 (s, 3H). 31P NMR (162 MHz, 

CDCl3) δ 33.69. 13C NMR (101 MHz, CDCl3) δ 166.13 (d, J = 4.0 Hz), 143.33 (d, J = 

10.4 Hz), 141.56 (d, J = 2.6 Hz), 136.33 (d, J = 98.2 Hz), 135.73, 131.24 (d, J = 2.8 

Hz), 131.13, 131.02 (d, J = 11.4 Hz), 129.93 (d, J = 7.5 Hz), 129.90 (d, J = 9.8 Hz), 

128.57 (d, J = 11.8 Hz), 128.41, 128.07, 127.92, 124.06 (d, J = 97.4 Hz), 66.67, 33.72, 
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33.06, 23.51 (d, J = 2.9 Hz), 20.96. [α]22
D = 0.23 (c 0.5, CHCl3); Enantiomeric excess: 

90%, determined by HPLC (Chiralpak IC, hexane/i-PrOH = 70/30; flow rate 0.8 

ml/min; 25 °C; 210 nm), first peak: tR = 43.7 min, second peak: tR = 50.7 min. HRMS 

(ESI) calcd. For C26H27NaO3P [M+Na]+: 441.1590, found: 441.1599.

4.3 (R)-(3-isopropylphenyl)(mesityl)phosphine oxide ((R)-1b).

P
O

iPr
Me

MeMe
(R)-1b

H

(R)-1b (22.9 mg, 39%) was prepared as a white solid following general procedure A. 

[α]20
D = 0.12 (c 0.5, CHCl3); Enantiomeric excess: 93%, determined by HPLC 

(Chiralpak IF, hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 254 nm), first 

peak: tR = 9.8 min, second peak: tR = 12.8 min. HRMS (ESI) calcd. For C18H23NaOP 

[M+Na]+: 309.1379, found: 309.1371.

 

4.4 benzyl (S)-2-(((3-isopropylphenyl)(mesityl)phosphoryl)methyl)acrylate (3bb).
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P
O
Me

Me

Me

CO2Bn

iPr 3bb

The general procedure A was followed using 1b (0.205 mmol) and 2b (0.1 mmol). 

After purification by column chromatography (PE/EtOAc = 1:1), 3bb (37.8 mg, 40%) 

was obtained. 1H NMR (400 MHz, CDCl3) δ 7.48 (d, J = 12.4 Hz, 1H), 7.38 – 7.29 

(m, 6H), 7.25 – 7.21 (m, 2H), 6.83 (d, J = 3.5 Hz, 2H), 6.40 (d, J = 4.7 Hz, 1H), 6.00 

(d, J = 3.8 Hz, 1H), 4.94 (q, J = 12.5 Hz, 2H), 3.60 (d, J = 4.0 Hz, 1H), 3.56 (d, J = 

7.0 Hz, 1H), 2.97 – 2.81 (m, 1H), 2.35 (s, 6H), 2.28 (s, 3H), 1.21 (d, J = 6.9 Hz, 6H). 

31P NMR (162 MHz, CDCl3) δ 34.07. 13C NMR (101 MHz, CDCl3) δ 166.21 (d, J = 

4.1 Hz), 149.28 (d, J = 11.1 Hz), 143.41 (d, J = 10.2 Hz), 141.47 (d, J = 2.8 Hz), 

135.76, 131.00 (d, J = 11.3 Hz), 129.32 (d, J = 2.7 Hz), 128.65 (d, J = 12.5 Hz), 

128.44, 128.22 (d, J = 9.5 Hz), 128.09, 127.93, 127.34 (d, J = 10.4 Hz), 66.68, 34.11, 

31.49, 30.11, 23.82 (d, J = 8.8 Hz), 23.55 (d, J = 3.6 Hz), 21.02 (d, J = 1.1 Hz). [α]22
D 

= 0.10 (c 0.5, CHCl3); Enantiomeric excess: 91%, determined by HPLC (Chiralpak IF, 

hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 210 nm), first peak: tR = 10.2 

min, second peak: tR = 15.2 min. HRMS (ESI) calcd. For C29H33NaO3P [M+Na]+: 

483.5511, found: 483.5510.

4.5 (R)-mesityl(m-tolyl)phosphine oxide ((R)-1c). 
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P
OMe

Me

Me

Me
(R)-1c

H

(R)-1c (20.1 mg, 38%) was prepared as a white solid following general procedure A. 

[α]20
D = 0.86 (c 0.5, CHCl3); Enantiomeric excess: 98%, determined by HPLC 

(Chiralpak IC, hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 210 nm), first 

peak: tR = 25.7 min, second peak: tR = 27.6 min. HRMS (ESI) calcd. For C16H19NaOP 

[M+Na]+: 281.1066, found: 281.1071.

4.6 benzyl (S)-2-((mesityl(m-tolyl)phosphoryl)methyl)acrylate (3cb).

P
O
Me

Me

Me

CO2Bn

Me 3cb

The general procedure A was followed using 1c (0.21 mmol) and 2b (0.1 mmol). 

After purification by column chromatography (PE/EtOAc = 1:1), 3cb (35.4 mg, 39%) 

was obtained. 1H NMR (400 MHz, CDCl3) δ 7.42 (d, J = 12.3 Hz, 1H), 7.39 – 7.29 

(m, 5H), 7.28 – 7.25 (m, 1H), 7.24 – 7.21 (m, 2H), 6.83 (d, J = 3.5 Hz, 2H), 6.40 (d, J 

= 4.4 Hz, 1H), 5.99 (d, J = 4.0 Hz, 1H), 5.02 – 4.77 (m, 2H), 3.70 – 3.45 (m, 2H), 

2.36 (s, 6H), 2.32 (s, 3H), 2.27 (s, 3H). 31P NMR (162 MHz, CDCl3) δ 33.83. 13C 

NMR (101 MHz, CDCl3) δ 166.14 (d, J = 4.1 Hz), 143.35 (d, J = 10.3 Hz), 141.45 (d, 

J = 2.7 Hz), 138.41 (d, J = 11.7 Hz), 136.64, 135.68 (d, J = 2.8 Hz), 132.59 (d, J = 2.8 

Hz), 132.42 (d, J = 9.5 Hz), 132.05 (d, J = 2.7 Hz), 131.15 (d, J = 8.2 Hz), 130.97 (d, 
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J = 11.4 Hz), 130.33 (d, J = 9.5 Hz), 129.88 (d, J = 8.0 Hz), 129.10 (d, J = 10.3 Hz), 

128.53, 128.39, 128.17 (d, J = 13.0 Hz), 128.05, 127.88, 126.80 (d, J = 10.0 Hz), 

123.99 (d, J = 97.1 Hz), 66.63, 33.16 (d, J = 65.6 Hz), 23.52 (d, J = 3.7 Hz), 21.39, 

20.98 (d, J = 1.1 Hz). [α]22
D = 0.34 (c 0.5, CHCl3); Enantiomeric excess: 87%, 

determined by HPLC (Chiralpak IF, hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 

°C; 210 nm), first peak: tR = 30.9 min, second peak: tR = 38.9 min. HRMS (ESI) calcd. 

For C27H29NaO3P [M+Na]+: 455.3201, found: 455.3200.

4.7 (R)-mesityl(4-vinylphenyl)phosphine oxide ((R)-1d).

P
OMe

MeMe
(R)-1d

H

(R)-1d (19.0 mg, 32%) was prepared as a white solid following general procedure A. 

[α]20
D = 0.36 (c 0.5, CHCl3); Enantiomeric excess: 90%, determined by HPLC 

(Chiralpak IF, hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 210 nm), first 

peak: tR = 14.0 min, second peak: tR = 15.0 min. HRMS (ESI) calcd. For C17H19NaOP 

[M+Na]+: 293.1066, found: 293.1069.
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4.8 benzyl (S)-2-((mesityl(4-vinylphenyl)phosphoryl)methyl)acrylate (3db).

P
O
Me

Me

Me

CO2Bn

3db

The general procedure A was followed using 1d (0.22 mmol) and 2b (0.1 mmol). 

After purification by column chromatography (PE/EtOAc = 1:1), 3db (30.1 mg, 33%) 

was obtained. 1H NMR (500 MHz, CDCl3) δ 8.07 (d, J = 7.5 Hz, 1H), 7.58 – 7.53 (m, 

2H), 7.44 – 7.38 (m, 2H), 7.34 – 7.27 (m, 2H), 7.22 (dd, J = 7.3, 1.9 Hz, 2H), 6.84 (d, 

J = 3.5 Hz, 2H), 6.70 (dd, J = 17.6, 10.9 Hz, 1H), 6.43 (d, J = 4.8 Hz, 1H), 6.05 (d, J 

= 4.5 Hz, 1H), 5.81 (d, J = 17.6 Hz, 1H), 5.34 (d, J = 10.9 Hz, 1H), 4.93 (q, J = 12.5 

Hz, 2H), 3.64 (d, J = 13.2 Hz, 2H), 2.37 (s, 6H), 2.27 (s, 3H). 31P NMR (202 MHz, 

CDCl3) δ 34.45 (d, J = 10.9 Hz). 13C NMR (126 MHz, CDCl3) δ 166.12 (d, J = 4.0 

Hz), 143.40 (d, J = 10.5 Hz), 141.74 (d, J = 2.5 Hz), 140.42 (d, J = 2.7 Hz), 135.93, 

135.69, 131.08 (d, J = 11.5 Hz), 130.31 (d, J = 10.1 Hz), 129.96, 128.42, 128.23 (d, J 

= 0.8 Hz), 128.09, 127.93, 126.34 (d, J = 12.2 Hz), 116.17, 66.70, 33.27 (d, J = 65.9 

Hz), 30.30, 23.60 (d, J = 3.7 Hz), 21.01 (d, J = 0.9 Hz). [α]22
D = 0.06 (c 0.5, CHCl3); 

Enantiomeric excess: 89%, determined by HPLC (Chiralpak IF, hexane/i-PrOH = 

70/30; flow rate 0.8 ml/min; 25 °C; 254 nm), first peak: tR = 22.7 min, second peak: tR 

= 26.7 min. HRMS (ESI) calcd. For C28H29NaO3P [M+Na]+: 467.1254, found: 

467.1254.

4.9 (R)-mesityl(p-tolyl)phosphine oxide ((R)-1e).
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P
OMe

MeMe Me
(R)-1e

H

(R)-1e (18.0 mg, 34%) was prepared as a white solid following general procedure A. 

[α]20
D = 0.60 (c 0.5, CHCl3); Enantiomeric excess: 84%, determined by HPLC 

(Chiralpak IF, hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 210 nm), first 

peak: tR = 13.3 min, second peak: tR = 14.5 min. HRMS (ESI) calcd. For C16H19NaOP 

[M+Na]+: 281.2102, found: 281.2106.

4.10 benzyl (S)-2-((mesityl(p-tolyl)phosphoryl)methyl)acrylate (3eb).

P
O
Me

Me

Me

CO2Bn

Me 3eb

The general procedure A was followed using 1e (0.205 mmol) and 2b (0.1 mmol). 

After purification by column chromatography (PE/EtOAc = 1:1), 3eb (35.1 mg, 39%) 

was obtained. 1H NMR (400 MHz, CDCl3) δ 7.47 (dd, J = 11.8, 8.1 Hz, 2H), 7.36 – 

7.30 (m, 3H), 7.25 – 7.21 (m, 2H), 7.19 (dd, J = 8.0, 2.3 Hz, 2H), 6.83 (d, J = 3.4 Hz, 

2H), 6.40 (d, J = 4.7 Hz, 1H), 6.00 – 5.97 (m, 1H), 5.02 – 4.86 (m, 2H), 3.65 – 3.49 

(m, 2H), 2.36 (s, 3H), 2.35 (s, 6H), 2.27 (s, 3H). 31P NMR (162 MHz, CDCl3) δ 33.67. 

13C NMR (101 MHz, CDCl3) δ 166.20 (d, J = 4.0 Hz), 143.35 (d, J = 10.3 Hz), 

141.64 (d, J = 2.7 Hz), 141.45 (d, J = 2.7 Hz), 135.74, 133.03 (d, J = 100.6 Hz), 

131.22 (d, J = 8.3 Hz), 130.99 (d, J = 11.4 Hz), 129.95, 129.94 (d, J = 10.2 Hz), 
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129.30 (d, J = 12.3 Hz), 128.42, 128.07, 127.91, 66.65, 33.35 (d, J = 65.8 Hz), 23.55 

(d, J = 3.6 Hz), 21.53 (d, J = 1.0 Hz), 20.99 (d, J = 1.3 Hz). [α]22
D = 0.12 (c 0.5, 

CHCl3); Enantiomeric excess: 92%, determined by HPLC (Chiralpak IF, hexane/i-

PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 210 nm), first peak: tR = 21.6 min, second 

peak: tR = 23.9 min. HRMS (ESI) calcd. For C27H29NaO3P [M+Na]+: 455.3122, found: 

455.3120.

4.11 (R)-[1,1'-biphenyl]-4-yl(mesityl)phosphine oxide ((R)-3f).

P
OMe

MeMe Ph
(R)-1f

H

(R)-1f (23.6 mg, 36%) was prepared as a white solid following general procedure A. 

[α]20
D = 0.84 (c 0.5, CHCl3); Enantiomeric excess: 84%, determined by HPLC 

(Chiralpak IC, hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 190 nm), first 

peak: tR = 46.9 min, second peak: tR = 52.8 min. HRMS (ESI) calcd. For C21H22OP 

[M+H]+: 321.1403, found: 321.1400.

4.12 benzyl (S)-2-(([1,1'-biphenyl]-4-yl(mesityl)phosphoryl)methyl)acrylate (3fb).
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P
O
Me

Me

Me

CO2Bn

3fbPh

The general procedure A was followed using 1f (0.205 mmol) and 2b (0.1 mmol). 

After purification by column chromatography (PE/EtOAc = 1:1), 3fb (40.4 mg, 40%) 

was obtained. 1H NMR (500 MHz, CDCl3) δ 7.66 (dd, J = 11.3, 8.3 Hz, 2H), 7.61 (dd, 

J = 8.3, 2.7 Hz, 2H), 7.59 – 7.56 (m, 2H), 7.45 (t, J = 7.6 Hz, 2H), 7.39 (d, J = 7.2 Hz, 

1H), 7.34 – 7.29 (m, 3H), 7.25 – 7.22 (m, 2H), 6.86 (d, J = 3.4 Hz, 2H), 6.43 (d, J = 

4.4 Hz, 1H), 6.02 (d, J = 4.1 Hz, 1H), 4.96 (q, J = 12.5 Hz, 2H), 3.62 (d, J = 13.1 Hz, 

2H), 2.40 (s, 6H), 2.29 (s, 3H). 31P NMR (162 MHz, CDCl3) δ 33.50. 13C NMR (126 

MHz, CDCl3) δ 166.19 (d, J = 4.0 Hz), 143.99 (d, J = 2.7 Hz), 143.38 (d, J = 10.4 Hz), 

141.63 (d, J = 2.6 Hz), 139.94, 135.72, 134.93 (d, J = 99.1 Hz), 131.18 (d, J = 8.4 Hz), 

131.08 (d, J = 11.4 Hz), 130.47 (d, J = 10.0 Hz), 130.05 (d, J = 8.0 Hz), 128.90, 

128.44, 128.10, 127.95, 127.65 (d, J = 92.7 Hz), 127.18, 124.08 (d, J = 97.5 Hz), 

66.72, 33.53 (d, J = 65.9 Hz), 23.62 (d, J = 3.6 Hz), 21.02 (d, J = 0.8 Hz). [α]22
D = 

0.16 (c 0.5, CHCl3); Enantiomeric excess: 94%, determined by HPLC (Chiralpak IF, 

hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 210 nm), first peak: tR = 26.1 

min, second peak: tR = 28.0 min. HRMS (ESI) calcd. For C32H31NaO3P [M+Na]+: 

517.5501, found: 517.5506.

4.13 (R)-4-(tert-butyl)phenyl)(mesityl)phosphine oxide ((R)-1g).
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P
OMe

MeMe tBu
H

(R)-1g

(R)-14 (16.0 mg, 28%) was prepared as a white solid following general procedure B. 

[α]20
D = 0.52 (c 0.5, CHCl3); Enantiomeric excess: 97%, determined by HPLC 

(Chiralpak IF, hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 190 nm), first 

peak: tR = 11.3 min, second peak: tR = 13.2 min. HRMS (ESI) calcd. For C19H25NaOP 

[M+Na]+: 323.1535, found: 323.1539.

4.14 benzyl (S)-2-(((4-(tert-butyl)phenyl)(mesityl)phosphoryl)methyl)acrylate 

(3gb).

P
O
Me

Me

Me

CO2Bn

tBu 3gb

The general procedure A was followed using 1g (0.21 mmol) and 2b (0.1 mmol). 

After purification by column chromatography (PE/EtOAc = 1:1), 3gb (29.9 mg, 30%) 

was obtained. 1H NMR (400 MHz, CDCl3) δ 7.54 – 7.47 (m, 2H), 7.42 – 7.37 (m, 2H), 

7.35 – 7.29 (m, 3H), 7.25 – 7.22 (m, 2H), 6.83 (d, J = 2.8 Hz, 2H), 6.41 (d, J = 4.4 Hz, 

1H), 6.00 (d, J = 3.9 Hz, 1H), 4.95 (q, J = 12.5 Hz, 2H), 3.57 (d, J = 12.8 Hz, 2H), 

2.37 (s, 6H), 2.27 (s, 3H), 1.29 (s, 9H). 31P NMR (162 MHz, CDCl3) δ 33.51. 13C 

NMR (101 MHz, CDCl3) δ 166.20 (d, J = 3.9 Hz), 154.69 (d, J = 2.5 Hz), 143.36 (d, J 

= 10.3 Hz), 141.41 (d, J = 2.6 Hz), 135.72, 132.99 (d, J = 100.3 Hz), 131.27 (d, J = 
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8.3 Hz), 130.97 (d, J = 11.4 Hz), 129.91 (d, J = 8.1 Hz), 129.75 (d, J = 10.1 Hz), 

128.41, 128.07, 127.91, 125.56 (d, J = 12.1 Hz), 66.64, 34.87, 33.36 (d, J = 65.9 Hz), 

31.06, 23.56, 20.99. [α]22
D = 0.11 (c 0.5, CHCl3); Enantiomeric excess: 94%, 

determined by HPLC (Chiralpak IF, hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 

°C; 254 nm), first peak: tR = 14.2 min, second peak: tR = 15.2 min. HRMS (ESI) calcd. 

For C30H35NaO3P [M+Na]+: 497.2216, found: 497.2218.

4.15 (R)-(3,5-di-tert-butylphenyl)(mesityl)phosphine oxide ((R)-1h).

P
OMe

MeMe

tBu

tBu(R)-1h

H

(R)-1h (30.0 mg, 41%) was prepared as a white solid following general procedure A. 

[α]20
D = 0.31 (c 0.5, CHCl3); Enantiomeric excess: 97%, determined by HPLC 

(Chiralpak IF, hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 254 nm), first 

peak: tR = 7.2 min, second peak: tR = 10.1 min. HRMS (ESI) calcd. For C23H33NaOP 

[M+Na]+: 379.2161, found: 379.2155.

4.16 benzyl (S)-2-(((3,5-di-tert-butylphenyl)(mesityl)phosphoryl)methyl)acrylate 

(3hb).
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P
O
Me

Me

Me

CO2Bn

tBu

tBu
3hb

The general procedure A was followed using 1h (0.205 mmol) and 2b (0.1 mmol). 

After purification by column chromatography (PE/EtOAc = 2:1), 3hb (44.4 mg, 41%) 

was obtained. 1H NMR (400 MHz, CDCl3) δ 7.51 (s, 1H), 7.42 (d, J = 12.7 Hz, 2H), 

7.35 – 7.29 (m, 3H), 7.25 – 7.20 (m, 2H), 6.83 (s, 2H), 6.40 (d, J = 3.8 Hz, 1H), 6.02 

(d, J = 3.0 Hz, 1H), 4.96 (q, J = 12.5 Hz, 2H), 3.57 (d, J = 13.1 Hz, 2H), 2.35 (s, 6H), 

2.27 (s, 3H), 1.27 (s, 18H). 31P NMR (162 MHz, CDCl3) δ 35.09. 13C NMR (101 

MHz, CDCl3) δ 166.27 (d, J = 3.9 Hz), 151.06 (d, J = 11.6 Hz), 143.41 (d, J = 10.3 

Hz), 141.25, 135.80, 130.92 (d, J = 11.2 Hz), 129.61 (d, J = 7.1 Hz), 128.41, 128.04, 

127.87, 125.35, 124.07 (d, J = 10.3 Hz), 66.64, 34.94, 31.26, 23.50, 20.99. [α]22
D = 

0.08 (c 0.5, CHCl3); Enantiomeric excess: 95%, determined by HPLC (Chiralpak IF, 

hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 190 nm), first peak: tR = 6.6 min, 

second peak: tR = 9.3 min. HRMS (ESI) calcd. For C34H43NaO3P [M+Na]+: 553.2911, 

found: 553.2910.

4.17 (R)-(3,5-dimethylphenyl)(mesityl)phosphine oxide ((R)-1i).

P
O

Me
Me

MeMe
Me(R)-1i

H
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(R)-1i (18.4 mg, 33%) was prepared as a white solid following general procedure A. 

[α]20
D = 1.34 (c 0.5, CHCl3); Enantiomeric excess: 92%, determined by HPLC 

(Chiralpak IF, hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 254 nm), first 

peak: tR = 12.7 min, second peak: tR = 21.7 min. HRMS (ESI) calcd. For C17H21NaOP 

[M+Na]+: 295.1222, found: 295.1229.

4.18 benzyl (S)-2-(((3,5-dimethylphenyl)(mesityl)phosphoryl)methyl)acrylate 

(3ib).

P
O
Me

Me

Me

CO2Bn

Me

Me
3ib

The general procedure was followed using 1i (0.22 mmol) and 2b (0.1 mmol). After 

purification by column chromatography (PE/EtOAc = 1:1), 3ib (37.0 mg, 38%) was 

obtained. 1H NMR (500 MHz, CDCl3) δ 7.36 – 7.30 (m, 3H), 7.23 – 7.20 (m, 3H), 

7.18 (s, 1H), 7.09 (s, 1H), 6.83 (d, J = 3.3 Hz, 2H), 6.40 (d, J = 4.6 Hz, 1H), 6.02 (s, 

1H), 4.93 (q, J = 12.5 Hz, 2H), 3.66 – 3.52 (m, 2H), 2.35 (s, 6H), 2.28 (s, 6H), 2.27 (s, 

3H). 31P NMR (202 MHz, CDCl3) δ 34.81 (d, J = 11.5 Hz). 13C NMR (126 MHz, 

CDCl3) δ 166.17 (d, J = 3.8 Hz), 143.48 (d, J = 10.4 Hz), 141.51, 138.34 (d, J = 12.5 

Hz), 135.73, 133.12, 131.00 (d, J = 11.6 Hz), 130.01 (d, J = 6.1 Hz), 128.41, 128.07, 

127.88, 127.38 (d, J = 9.7 Hz), 66.64, 23.55 (d, J = 3.5 Hz), 21.30, 21.01. [α]22
D = 

0.25 (c 0.5, CHCl3); Enantiomeric excess: 93%, determined by HPLC (Chiralpak 

ODH, hexane/i-PrOH = 90/10; flow rate 0.6 ml/min; 25 °C; 210 nm), first peak: tR = 
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13.9 min, second peak: tR = 18.5 min. HRMS (ESI) calcd. For C28H31NaO3P [M+Na]+: 

469.1903, found: 469.1896.

4.19 (R)-mesityl(3,4,5-trimethoxyphenyl)phosphine oxide ((R)-1j).

P
O

OMe
Me

MeMe
OMe

OMe

(R)-1j

H

(R)-1j (27.4 mg, 40%) was prepared as a white solid following general procedure A. 

[α]20
D = 0.06 (c 0.5, CHCl3); Enantiomeric excess: 96%, determined by HPLC 

(Chiralpak IF, hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 210 nm), first 

peak: tR = 18.3 min, second peak: tR = 24.1 min. HRMS (ESI) calcd. For 

C18H23NaO4P [M+Na]+: 357.1226, found: 357.1227.

4.20 benzyl (S)-2-((mesityl(3,4,5-trimethoxyphenyl)phosphoryl)methyl)acrylate 

(3jb).
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P
O
Me

Me

Me

CO2Bn

MeO

MeO

OMe
3jb

The general procedure was followed using 1j (0.21 mmol) and 2b (0.1 mmol). After 

purification by column chromatography (PE/EtOAc = 1:1), 3jb (41.9 mg, 41%) was 

obtained. 1H NMR (400 MHz, CDCl3) δ 7.36 – 7.29 (m, 3H), 7.25 – 7.19 (m, 2H), 

6.85 (d, J = 3.5 Hz, 2H), 6.80 (s, 1H), 6.77 (s, 1H), 6.41 (d, J = 4.8 Hz, 1H), 6.00 (d, J 

= 4.5 Hz, 1H), 4.99 – 4.91 (m, 2H), 3.85 (s, 3H), 3.76 (s, 6H), 3.64 – 3.45 (m, 2H), 

2.39 (s, 6H), 2.27 (s, 3H). 31P NMR (162 MHz, CDCl3) δ 34.31. 13C NMR (101 MHz, 

CDCl3) δ 166.16 (d, J = 4.0 Hz), 153.35 (d, J = 17.2 Hz), 143.26 (d, J = 10.3 Hz), 

141.61 (d, J = 2.7 Hz), 140.61 (d, J = 2.7 Hz), 135.59, 131.29 (d, J = 27.0 Hz), 131.03 

(d, J = 11.3 Hz), 130.43, 130.05 (d, J = 8.0 Hz), 128.42, 128.12, 127.89, 124.04 (d, J 

= 97.9 Hz), 107.14 (d, J = 11.5 Hz), 69.43, 66.75, 60.85 (d, J = 2.4 Hz), 56.22 (d, J = 

2.1 Hz), 53.73, 33.74 (d, J = 66.0 Hz), 29.20, 23.58 (d, J = 1.5 Hz), 20.98. [α]22
D = -

0.32 (c 0.5, CHCl3); Enantiomeric excess: 92%, determined by HPLC (Chiralpak IF, 

hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 190 nm), first peak: tR = 21.2 

min, second peak: tR = 38.1 min. HRMS (ESI) calcd. For C29H33NaO6P [M+Na]+: 

531.1907, found: 531.1907.

4.21 (R)-(2,6-dimethylphenyl)(phenyl)phosphine oxide ((R)-1k).
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P
OMe

Me
(R)-1k

H

(R)-1k (13.8 mg, 30%) was prepared as a white solid following general procedure B. 

[α]20
D = 0.33 (c 0.5, CHCl3); Enantiomeric excess: 93%, determined by HPLC 

(Chiralpak IF, hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 190 nm), first 

peak: tR = 11.6 min, second peak: tR = 12.2 min. HRMS (ESI) calcd. For C14H15NaOP 

[M+Na]+: 253.0753, found: 253.0760.

4.22 benzyl (S)-2-(((2,6-dimethylphenyl)(phenyl)phosphoryl)methyl)acrylate 

(3kb).

P
O
Me

Me

CO2Bn

3kb

The general procedure A was followed using 1k (0.205 mmol) and 2b (0.1 mmol). 

After purification by column chromatography (PE/EtOAc = 2:1), 3kb (31.9 mg, 39%) 

was obtained. 1H NMR (500 MHz, CDCl3) δ 7.62 – 7.57 (m, 2H), 7.47 (td, J = 7.3, 

1.3 Hz, 1H), 7.41 – 7.38 (m, 2H), 7.35 – 7.29 (m, 3H), 7.29 – 7.24 (m, 1H), 7.24 – 

7.19 (m, 2H), 7.01 (dd, J = 7.6, 3.8 Hz, 2H), 6.42 (d, J = 4.8 Hz, 1H), 6.00 (d, J = 4.2 

Hz, 1H), 4.94 (q, J = 12.4 Hz, 2H), 3.68 – 3.53 (m, 2H), 2.40 (s, 6H). 31P NMR (162 

MHz, CDCl3) δ 33.55. 13C NMR (126 MHz, CDCl3) δ 166.09 (d, J = 4.0 Hz), 143.39 

(d, J = 10.0 Hz), 136.49, 135.69 (d, J = 2.6 Hz), 131.45 (d, J = 2.6 Hz), 131.35 (d, J = 

2.7 Hz), 131.04 (d, J = 8.4 Hz), 130.16 (d, J = 10.9 Hz), 130.06, 129.88 (d, J = 9.8 
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Hz), 128.64 (d, J = 11.8 Hz), 128.44, 128.11, 127.99, 127.37 (d, J = 95.0 Hz), 66.71, 

33.30 (d, J = 65.6 Hz), 23.66 (d, J = 3.7 Hz). [α]22
D = 0.21 (c 0.5, CHCl3); 

Enantiomeric excess: 90%, determined by HPLC (Chiralpak IF, hexane/i-PrOH = 

80/20; flow rate 0.8 ml/min; 25 °C; 220 nm), first peak: tR = 26.2 min, second peak: tR 

= 37.9 min. HRMS (ESI) calcd. For C25H25NaO3P [M+Na]+: 427.1433, found: 

427.1431.

4.23 (R)-(3,5-di-tert-butylphenyl)(2,6-dimethylphenyl)phosphine oxide ((R)-1l).

P
OMe

Me

tBu

tBu(R)-1l

H

(R)-1l (26.0 mg, 37%) was prepared as a white solid following general procedure A. 

[α]20
D = 0.55 (c 0.5, CHCl3); Enantiomeric excess: 98%, determined by HPLC 

(Chiralpak IF, hexane/i-PrOH = 80/20; flow rate 0.8 ml/min; 25 °C; 210 nm), first 

peak: tR = 8.9 min, second peak: tR = 11.0 min. HRMS (ESI) calcd. For C22H31NaOP 

[M+Na]+: 365.2002, found: 365.2005.

4.24 benzyl (S)-2-(((3,5-di-tert-butylphenyl)(2,6-dimethylphenyl)phosphoryl) 

methyl)acrylate (3lb).
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O
Me

Me

CO2Bn

tBu

tBu
3lb

The general procedure A was followed using 1l (0.205 mmol) and 2b (0.1 mmol). 

After purification by column chromatography (PE/EtOAc = 2:1), 3lb (40.4 mg, 38%) 

was obtained. 1H NMR (400 MHz, CDCl3) δ 7.51 (d, J = 1.3 Hz, 1H), 7.43 (d, J = 1.8 

Hz, 1H), 7.39 (d, J = 1.8 Hz, 1H), 7.35 – 7.29 (m, 3H), 7.23 (td, J = 6.6, 1.5 Hz, 3H), 

7.01 (dd, J = 7.6, 3.7 Hz, 2H), 6.41 (d, J = 4.1 Hz, 1H), 6.03 (d, J = 3.8 Hz, 1H), 4.95 

(q, J = 12.5 Hz, 2H), 3.63 – 3.56 (m, 2H), 2.39 (s, 6H), 1.26 (s, 18H). 31P NMR (162 

MHz, CDCl3) δ 34.93. 13C NMR (101 MHz, CDCl3) δ 166.22 (d, J = 4.2 Hz), 151.11 

(d, J = 11.7 Hz), 143.48 (d, J = 9.9 Hz), 135.74, 134.87 (d, J = 98.8 Hz), 131.42 (d, J 

= 8.2 Hz), 131.26 (d, J = 2.4 Hz), 130.04 (d, J = 10.9 Hz), 129.78 (d, J = 7.8 Hz), 

128.43, 128.08, 127.93, 127.42 (d, J = 94.3 Hz), 125.43 (d, J = 2.6 Hz), 124.03 (d, J = 

10.6 Hz), 66.67, 34.95, 33.26 (d, J = 65.4 Hz), 31.24, 23.64 (t, J = 2.9 Hz). [α]22
D = -

0.11 (c 0.5, CHCl3); Enantiomeric excess: 91%, determined by HPLC (Chiralpak IF, 

hexane/i-PrOH = 80/20; flow rate 0.8 ml/min; 25 °C; 290 nm), first peak: tR = 8.2 min, 

second peak: tR = 10.3 min. HRMS (ESI) calcd. For C33H41NaO3P [M+Na]+: 

539.2686, found: 539.2692.

4.25 (R)-(4-isopropylphenyl)(mesityl)phosphine oxide ((R)-1m).
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P
OMe

MeMe iPr
(R)-1m

H

(R)-1m (18.5 mg, 33%) was prepared as a white solid following general procedure B. 

[α]20
D = 0.11 (c 0.5, CHCl3); Enantiomeric excess: 98%, determined by HPLC 

(Chiralpak IF, hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 210 nm), first 

peak: tR = 12.4 min, second peak: tR = 13.5 min. For C18H23NaOP [M+Na]+: 309.2001, 

found: 309.2003.

4.26 (R)-(4-fluorophenyl)(mesityl)phosphine oxide ((R)-1n).

P
OMe

MeMe F
(R)-1n

H

(R)-1n (14.6 mg, 29%) was prepared as a white solid following general procedure B. 

[α]20
D = 0.23 (c 0.5, CHCl3); Enantiomeric excess: 93%, determined by HPLC 

(Chiralpak IF, hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 210 nm), first 

peak: tR = 11.7 min, second peak: tR = 12.8 min. For C15H16FNaOP [M+Na]+: 

285.0834, found: 285.0831.
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4.27 (R)-mesityl(4-methoxyphenyl)phosphine oxide ((R)-1o)

P
OMe

MeMe OMe
(R)-1o

H

(R)-1o (16.1 mg, 31%) was prepared as a white solid following general procedure B. 

[α]20
D = 1.34 (c 0.5, CHCl3); Enantiomeric excess: 99%, determined by HPLC 

(Chiralpak IF, hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 210 nm), first 

peak: tR = 17.2 min, second peak: tR = 18.4 min. For C16H19NaO2P [M+Na]+: 

297.1015, found: 297.1015.

4.28 (R)-mesityl(naphthalen-2-yl)phosphine oxide ((R)-1p).

P
OMe

MeMe
(R)-1p

H

(R)-1p (16.7 mg, 30%) was prepared as a white solid following general procedure B. 

[α]20
D = 1.38 (c 0.5, CHCl3); Enantiomeric excess: 90%, determined by HPLC 

(Chiralpak IF, hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 254 nm), first 

peak: tR = 16.1 min, second peak: tR = 17.7 min. For C19H19NaOP [M+Na]+: 317.1066, 

found: 317.1073.
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4.29 (R)-(3-fluorophenyl)(mesityl)phosphine oxide ((R)-1q).

P
O

F
Me

MeMe
(R)-1q

H

(R)-1q (13.0 mg, 26%) was prepared as a white solid following general procedure B. 

[α]20
D = 0.24 (c 0.5, CHCl3); Enantiomeric excess: 91%, determined by HPLC 

(Chiralpak ID, hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 210 nm), first 

peak: tR = 14.0 min, second peak: tR = 15.0 min. For C15H16FNaOP [M+Na]+: 

285.0815, found: 285.0819.

4.30 (S)-mesityl(thiophen-3-yl)phosphine oxide ((S)-1r).

P
OMe

MeMe S
(S)-1r

H

(S)-1r was prepared as a brown solid following general procedure B. [α]20
D = 0.53 (c 

0.5, CHCl3); Enantiomeric excess: 91%, determined by HPLC (Chiralpak IF, 

hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 210 nm), first peak: tR = 12.8 
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min, second peak: tR = 14.2 min. For C13H15NaOPS [M+Na]+: 273.0381, found: 

285.0386.

4.31 benzyl (S)-2-(((4-isopropylphenyl)(mesityl)phosphoryl)methyl)acrylate 

(3mb).

P
O
Me

Me

Me

CO2Bn

iPr 3mb

The general procedure C was followed using 2b (0.1 mmol) and the corresponding 

SPO (0.25 mmol). After purification by column chromatography (PE/EtOAc = 1:1), 

3mb (40.0 mg, 88%) was obtained. 1H NMR (500 MHz, CDCl3) δ 7.50 (dd, J = 11.7, 

8.2 Hz, 2H), 7.36 – 7.27 (m, 3H), 7.25 – 7.20 (m, 4H), 6.83 (d, J = 3.3 Hz, 2H), 6.40 

(d, J = 4.6 Hz, 1H), 5.99 (d, J = 4.4 Hz, 1H), 4.95 (q, J = 12.5 Hz, 2H), 3.65 – 3.48 (m, 

2H), 2.97 – 2.86 (m, 1H), 2.36 (s, 6H), 2.27 (s, 3H), 1.23 (d, J = 6.9 Hz, 6H). 31P 

NMR (202 MHz, CDCl3) δ 33.52. 13C NMR (126 MHz, CDCl3) δ 166.22 (d, J = 4.1 

Hz), 152.47 (d, J = 2.6 Hz), 143.38 (d, J = 10.3 Hz), 141.42 (d, J = 2.6 Hz), 135.76, 

133.44 (d, J = 100.4 Hz), 131.91 (d, J = 11.8 Hz), 131.30 (d, J = 8.3 Hz), 130.99 (d, J 

= 11.4 Hz), 130.02 (d, J = 10.1 Hz), 129.89 (d, J = 7.9 Hz), 128.43, 128.08, 127.92, 

126.75 (d, J = 12.2 Hz), 124.23 (d, J = 97.2 Hz), 66.66, 34.10, 33.40 (d, J = 65.9 Hz), 

23.69, 23.55 (d, J = 3.6 Hz), 20.99 (d, J = 1.0 Hz). [α]22
D = 0.10 (c 0.5, CHCl3); 

Enantiomeric excess: 94%, determined by HPLC (Chiralpak IF, hexane/i-PrOH = 

70/30; flow rate 0.8 ml/min; 25 °C; 210 nm), first peak: tR = 14.3 min, second peak: tR 



S38

= 15.2 min. HRMS (ESI) calcd. For C29H33NaO3P [M+Na]+: 483.2217, found: 

483.2211.

4.32 benzyl (S)-2-(((4-fluorophenyl)(mesityl)phosphoryl)methyl)acrylate (3nb).

P
O
Me

Me

Me

CO2Bn

F 3nb

The general procedure C was followed using 2b (0.1 mmol) and the corresponding 

SPO (0.25 mmol). After purification by column chromatography (PE/EtOAc = 1:1), 

3nb (32.6 mg, 75%) was obtained. 1H NMR (500 MHz, CDCl3) δ 7.62 – 7.54 (m, 2H), 

7.38 – 7.30 (m, 3H), 7.25 – 7.21 (m, 2H), 7.10 – 7.03 (m, 2H), 6.85 (d, J = 3.5 Hz, 

2H), 6.42 (d, J = 4.8 Hz, 1H), 5.99 (d, J = 4.5 Hz, 1H), 5.01 – 4.93 (m, 2H), 3.57 (d, J 

= 13.2 Hz, 2H), 2.36 (s, 6H), 2.28 (s, 3H). 19F NMR (376 MHz, CDCl3) δ -105.95 (d, 

J = 1.8 Hz). 31P NMR (202 MHz, CDCl3) δ 32.78. 13C NMR (126 MHz, CDCl3) δ 

166.10 (d, J = 4.0 Hz), 164.48 (dd, J = 252.6, 3.1 Hz), 143.22 (d, J = 10.4 Hz), 141.81 

(d, J = 2.7 Hz), 135.65, 132.66 (d, J = 3.6 Hz), 132.47 (dd, J = 11.2, 8.6 Hz), 131.86 

(d, J = 3.5 Hz), 131.14 (d, J = 11.5 Hz), 130.99 (d, J = 8.5 Hz), 130.18 (d, J = 8.1 Hz), 

128.46, 128.16, 127.98, 123.97 (d, J = 98.2 Hz), 115.87 (dd, J = 21.3, 12.9 Hz), 66.77, 

33.80 (d, J = 66.2 Hz), 23.56 (d, J = 3.6 Hz), 20.99 (d, J = 0.9 Hz). [α]22
D = 0.08 (c 

0.5, CHCl3); Enantiomeric excess: 93%, determined by HPLC (Chiralpak IF, 

hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 210 nm), first peak: tR = 15.7 

min, second peak: tR = 19.9 min. HRMS (ESI) calcd. For C26H26NaFO3P [M+Na]+: 

459.1496, found: 459.1497.



S39

4.33 benzyl (S)-2-((mesityl(4-methoxyphenyl)phosphoryl)methyl)acrylate (3ob).

P
O
Me

Me

Me

CO2Bn

MeO 3ob

The general procedure C was followed using 2b (0.1 mmol) and the corresponding 

SPO (0.25 mmol). After purification by column chromatography (PE/EtOAc = 1:1), 

3ob (36.5 mg, 81%) was obtained. 1H NMR (400 MHz, CDCl3) δ 7.51 (dd, J = 10.8, 

8.7 Hz, 2H), 7.36 – 7.28 (m, 3H), 7.25 – 7.21 (m, 2H), 6.88 (d, J = 7.7 Hz, 2H), 6.83 

(s, 2H), 6.40 (d, J = 4.0 Hz, 1H), 5.98 (d, J = 3.0 Hz, 1H), 5.02 – 4.88 (m, 2H), 3.80 (s, 

3H), 3.55 (d, J = 13.3 Hz, 2H), 2.36 (s, 6H), 2.26 (s, 3H). 31P NMR (162 MHz, CDCl3) 

δ 33.04. 13C NMR (101 MHz, CDCl3) δ 166.18 (d, J = 3.5 Hz), 161.84, 143.26 (d, J = 

10.3 Hz), 141.36, 135.73, 131.80 (d, J = 11.0 Hz), 131.32 (d, J = 8.2 Hz), 130.98 (d, J 

= 11.2 Hz), 129.76 (d, J = 7.6 Hz), 128.37, 128.02, 127.87, 114.04 (d, J = 12.7 Hz), 

66.62, 55.19 (d, J = 3.1 Hz), 33.57 (d, J = 66.6 Hz), 23.50, 20.92 (d, J = 1.3 Hz). 

[α]22
D = 0.45 (c 0.5, CHCl3); Enantiomeric excess: 90%, determined by HPLC 

(Chiralpak IF, hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 210 nm), first 

peak: tR = 32.9 min, second peak: tR = 41.6 min. HRMS (ESI) calcd. For 

C27H29NaO4P [M+Na]+: 471.1696, found: 471.1696.



S40

4.34 benzyl (S)-2-((mesityl(o-tolyl)phosphoryl)methyl)acrylate (3pb).

P
O
Me

Me

Me

CO2Bn

3pb

The general procedure C was followed using 2b (0.1 mmol) and the corresponding 

SPO (0.25 mmol). After purification by column chromatography (PE/EtOAc = 1:1), 

3pb (33.0 mg, 71%) was obtained. 1H NMR (400 MHz, CDCl3) δ 8.17 (d, J = 13.4 Hz, 

1H), 7.84 (d, J = 8.4 Hz, 3H), 7.61 – 7.48 (m, 3H), 7.33 – 7.27 (m, 3H), 7.20 – 7.14 

(m, 2H), 6.86 (d, J = 3.1 Hz, 2H), 6.43 (d, J = 4.7 Hz, 1H), 6.02 (d, J = 4.3 Hz, 1H), 

4.85 (q, J = 31.6 Hz, 2H), 3.69 (d, J = 13.2 Hz, 2H), 2.39 (s, 6H), 2.29 (s, 3H). 31P 

NMR (162 MHz, CDCl3) δ 33.73. 13C NMR (101 MHz, CDCl3) δ 166.12 (d, J = 3.9 

Hz), 143.32 (d, J = 10.4 Hz), 141.65 (d, J = 2.5 Hz), 135.62, 134.34 (d, J = 2.0 Hz), 

133.36 (d, J = 98.3 Hz), 132.48 (d, J = 12.9 Hz), 131.28 (d, J = 9.3 Hz), 131.08 (d, J 

= 10.9 Hz), 131.08 (d, J = 10.9 Hz), 130.08 (d, J = 8.2 Hz), 128.82, 128.50, 128.38, 

127.94 (d, J = 22.9 Hz), 127.91, 127.76, 126.75, 125.44 (d, J = 10.5 Hz), 66.65, 33.65 

(d, J = 65.6 Hz), 23.65 (d, J = 1.5 Hz), 21.01. [α]22
D = 0.10 (c 0.5, CHCl3); 

Enantiomeric excess: 91%, determined by HPLC (Chiralpak IF, hexane/i-PrOH = 

70/30; flow rate 0.8 ml/min; 25 °C; 190 nm), first peak: tR = 21.0 min, second peak: tR 

= 35.8 min. HRMS (ESI) calcd. For C30H29NaO3P [M+Na]+: 491.1747, found: 

491.1741.



S41

4.35 benzyl (S)-2-(((3-fluorophenyl)(mesityl)phosphoryl)methyl)acrylate (3qb).

P
O
Me

Me

Me

CO2Bn

3qbF

The general procedure C was followed using 2b (0.1 mmol) and the corresponding 

SPO (0.25 mmol). After purification by column chromatography (PE/EtOAc = 1:1), 

3qb (33.9 mg, 78%) was obtained. 1H NMR (500 MHz, CDCl3) δ 7.44 – 7.36 (m, 2H), 

7.35 – 7.28 (m, 4H), 7.23 (dd, J = 7.3, 1.8 Hz, 2H), 7.17 – 7.12 (m, 1H), 6.85 (d, J = 

3.6 Hz, 2H), 6.43 (d, J = 4.9 Hz, 1H), 6.03 (d, J = 4.5 Hz, 1H), 4.96 (q, J = 12.4 Hz, 

2H), 3.73 – 3.52 (m, 2H), 2.37 (s, 6H), 2.28 (s, 3H). 31P NMR (202 MHz, CDCl3) δ 

33.33 (d, J = 5.1 Hz). 19F NMR (376 MHz, CDCl3) δ -111.04 (d, J = 5.3 Hz). 13C 

NMR (126 MHz, CDCl3) δ 166.03 (d, J = 4.0 Hz), 162.52 (dd, J = 250.1, 16.4 Hz),, 

143.34 (d, J = 10.5 Hz), 142.01 (d, J = 2.7 Hz), 138.77 (dd, J = 96.5, 5.2 Hz), 135.63, 

132.77, 131.17 (d, J = 11.6 Hz), 130.80 – 130.35 (m), 129.91, 128.45, 128.20, 128.15, 

127.97, 125.68 (dd, J = 9.2, 3.2 Hz), 123.26 (d, J = 98.8 Hz), 118.47 (dd, J = 21.2, 2.3 

Hz), 116.94 (dd, J = 22.2, 10.7 Hz), 66.77, 33.46 (d, J = 66.2 Hz), 23.52 (d, J = 3.8 

Hz), 21.02 (d, J = 1.1 Hz). [α]22
D = 0.12 (c 0.5, CHCl3); Enantiomeric excess: 91%, 

determined by HPLC (Chiralpak ID, hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 

°C; 210 nm), first peak: tR = 21.9 min, second peak: tR = 37.9 min. HRMS (ESI) calcd. 

For C26H26NaFO3P [M+Na]+: 459.1496, found: 459.1498.



S42

4.36 benzyl (R)-2-((mesityl(thiophen-3-yl)phosphoryl)methyl)acrylate (3rb).

P
O
Me

Me

CO2Bn

Me
S

3rb

The general procedure C was followed using 2b (0.1 mmol) and the corresponding 

SPO (0.25 mmol). After purification by column chromatography (PE/EtOAc = 1:1), 

3rb (33.6 mg, 79%) was obtained. 1H NMR (400 MHz, CDCl3) δ 7.71 (ddd, J = 7.3, 

2.7, 1.1 Hz, 1H), 7.38 – 7.30 (m, 4H), 7.26 – 7.22 (m, 2H), 7.22 – 7.17 (m, 1H), 6.84 

(d, J = 3.6 Hz, 2H), 6.44 (d, J = 4.9 Hz, 1H), 6.02 (d, J = 4.6 Hz, 1H), 4.99 (q, J = 

12.4 Hz, 2H), 3.65 – 3.52 (m, 2H), 2.37 (s, 6H), 2.27 (s, 3H). 31P NMR (162 MHz, 

CDCl3) δ 26.57. 13C NMR (101 MHz, CDCl3) δ 166.18 (d, J = 4.0 Hz), 143.21 (d, J = 

10.7 Hz), 141.66 (d, J = 2.8 Hz), 137.78, 136.78, 135.66, 132.23 (d, J = 14.0 Hz), 

131.10 (d, J = 11.6 Hz), 131.05 (d, J = 8.7 Hz), 130.18 (d, J = 8.3 Hz), 128.58, 128.45, 

128.15, 128.01, 127.14 (d, J = 14.6 Hz), 124.32 (d, J = 100.0 Hz), 66.78, 34.35 (d, J = 

67.8 Hz), 23.32 (d, J = 3.7 Hz), 20.98 (d, J = 1.2 Hz). [α]22
D = 0.11 (c 0.5, CHCl3); 

Enantiomeric excess: 90%, determined by HPLC (Chiralpak IF, hexane/i-PrOH = 

70/30; flow rate 0.8 ml/min; 25 °C; 210 nm), first peak: tR = 16.5 min, second peak: tR 

= 20.5 min. HRMS (ESI) calcd. For C24H25NaO3PS [M+Na]+: 447.1154, found: 

447.1162.



S43

4.37 benzyl (S)-2-((mesityl(o-tolyl)phosphoryl)methyl)acrylate (3sb).

P
O
Me

Me

Me

CO2Bn

Me
3sb

The general procedure C was followed using 2b (0.1 mmol) and the corresponding 

SPO (0.25 mmol). After purification by column chromatography (PE/EtOAc = 1:1), 

3sb (29.9 mg, 69%) was obtained. 1H NMR (500 MHz, CDCl3) δ 7.66 (dd, J = 12.6, 

7.6 Hz, 1H), 7.39 – 7.29 (m, 4H), 7.25 – 7.18 (m, 3H), 7.16 (dd, J = 7.4, 4.1 Hz, 1H), 

6.77 (d, J = 3.4 Hz, 2H), 6.39 (d, J = 5.0 Hz, 1H), 6.00 (d, J = 4.6 Hz, 1H), 4.87 (q, J 

= 32 Hz, 2H), 3.72 (dd, J = 13.9, 10.1 Hz, 1H), 3.53 (dd, J = 16.7, 14.2 Hz, 1H), 2.29 

(s, 6H), 2.24 (s, 3H), 2.23 (s, 3H). 31P NMR (202 MHz, CDCl3) δ 32.16. 13C NMR 

(126 MHz, CDCl3) δ 166.14 (d, J = 3.6 Hz), 142.68 (d, J = 10.5 Hz), 141.44 (d, J = 

7.8 Hz), 141.21 (d, J = 2.7 Hz), 135.75, 134.61 (d, J = 97.7 Hz), 131.69 (d, J = 10.2 

Hz), 131.32 (d, J = 2.5 Hz), 131.04 (d, J = 11.4 Hz), 130.87 (d, J = 7.9 Hz), 130.27 (d, 

J = 8.0 Hz), 129.93 (d, J = 10.7 Hz), 128.42, 128.07, 127.87, 125.55 (d, J = 11.8 Hz), 

66.60, 32.41 (d, J = 65.5 Hz), 23.33 (d, J = 3.6 Hz), 20.96 (d, J = 1.2 Hz), 20.60 (d, J 

= 5.1 Hz). [α]22
D = 1.1 (c 0.5, CHCl3); Enantiomeric excess: 86%, determined by 

HPLC (Chiralpak IF, hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 254 nm), 

first peak: tR = 15.3 min, second peak: tR = 33.2 min. HRMS (ESI) calcd. For 

C27H29NaO3P [M+Na]+: 455.1918, found: 455.1912.



S44

4.38 benzyl (S)-2-(([1,1'-biphenyl]-2-yl(mesityl)phosphoryl)methyl)acrylate (3tb).

P
O
Me

Me

Me

CO2Bn

Ph
3tb

The general procedure C was followed using 2b (0.1 mmol) and the corresponding 

SPO (0.25 mmol). After purification by column chromatography (PE/EtOAc = 1:1), 

3tb (29.9 mg, 70%) was obtained. 1H NMR (500 MHz, CDCl3) δ 7.83 – 7.76 (m, 1H), 

7.53 (t, J = 7.5 Hz, 1H), 7.48 – 7.40 (m, 1H), 7.36 – 7.26 (m, 6H), 7.20 – 7.13 (m, 5H), 

6.56 (d, J = 3.5 Hz, 2H), 6.28 (d, J = 5.1 Hz, 1H), 5.87 (d, J = 4.8 Hz, 1H), 4.81 (q, J 

= 30.0 Hz, 2H), 3.47 (dd, J = 14.0, 8.5 Hz, 1H), 3.19 (dd, J = 18.3, 14.1 Hz, 1H), 2.16 

(s, 3H), 2.09 (s, 6H). 31P NMR (202 MHz, CDCl3) δ 33.66. 13C NMR (126 MHz, 

CDCl3) δ 166.03 (d, J = 3.5 Hz), 145.50 (d, J = 8.4 Hz), 142.49 (d, J = 10.4 Hz), 

140.64 (d, J = 2.7 Hz), 140.35 (d, J = 4.1 Hz), 135.72, 134.76 (d, J = 97.0 Hz), 131.52 

(d, J = 9.7 Hz), 131.12 (d, J = 8.0 Hz), 130.90 (d, J = 2.4 Hz), 130.50 (d, J = 11.7 Hz), 

130.32 (d, J = 10.6 Hz), 129.85 (d, J = 8.3 Hz), 129.35, 128.33, 127.97, 127.76, 

127.25, 127.23, 124.25 (d, J = 98.1 Hz), 66.40, 32.86 (d, J = 65.9 Hz), 22.94 (d, J = 

3.7 Hz), 20.80 (d, J = 1.1 Hz). [α]22
D = 0.71 (c 0.5, CHCl3); Enantiomeric excess: 

91%, determined by HPLC (Chiralpak IF, hexane/i-PrOH = 70/30; flow rate 0.8 

ml/min; 25 °C; 210 nm), first peak: tR = 15.9 min, second peak: tR = 31.4 min. HRMS 

(ESI) calcd. For C32H31NaO3P [M+Na]+: 517.2009, found: 517.2002.



S45

4.39 benzyl (S)-2-((mesityl(naphthalen-1-yl)phosphoryl)methyl)acrylate (3ub).

P
O
Me

Me

Me

CO2Bn

3ub

The general procedure C was followed using 2b (0.1 mmol) and the corresponding 

SPO (0.25 mmol). After purification by column chromatography (PE/EtOAc = 1:1), 

3ub (28.6 mg, 60%) was obtained. 1H NMR (400 MHz, CDCl3) δ 8.28 (d, J = 8.5 Hz, 

1H), 7.97 (d, J = 8.2 Hz, 1H), 7.93 – 7.79 (m, 2H), 7.51 – 7.43 (m, 2H), 7.41 – 7.28 

(m, 4H), 7.24 – 7.18 (m, 2H), 6.78 (d, J = 3.5 Hz, 2H), 6.42 (d, J = 4.9 Hz, 1H), 6.02 

(d, J = 4.6 Hz, 1H), 4.89 – 4.77 (m, 2H), 3.87 – 3.62 (m, 2H), 2.33 (s, 6H), 2.23 (s, 

3H). 31P NMR (162 MHz, CDCl3) δ 32.69. 13C NMR (126 MHz, CDCl3) δ 166.07 (d, 

J = 3.4 Hz), 142.60 (d, J = 10.5 Hz), 141.27 (d, J = 2.4 Hz), 135.71, 133.69 (d, J = 8.8 

Hz), 133.03, 132.74 (d, J = 7.8 Hz), 132.48, 132.26, 131.20 (d, J = 11.5 Hz), 131.04 

(d, J = 7.9 Hz), 130.32 (d, J = 8.0 Hz), 129.77 (d, J = 10.1 Hz), 128.73, 128.39, 

128.05, 127.86, 127.05, 126.32, 126.05 (d, J = 6.0 Hz), 124.48 (d, J = 13.4 Hz), 66.57, 

65.81, 33.40 (d, J = 66.2 Hz), 23.62 (d, J = 3.2 Hz), 20.95, 15.24. [α]22
D = 0.41 (c 0.5, 

CHCl3); Enantiomeric excess: 90%, determined by HPLC (Chiralpak IF, hexane/i-

PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 254 nm), first peak: tR = 29.4 min, second 

peak: tR = 31.7 min. HRMS (ESI) calcd. For C30H29NaO3P [M+Na]+: 491.1747, found: 

491.1750.



S46

4.40 benzyl (S)-2-(((3,5-bis(trifluoromethyl)phenyl)(mesityl)phosphoryl)methyl) 

acrylate (3vb).

P
O
Me

Me

Me

CO2Bn

CF3

F3C

3vb

The general procedure C was followed using 2b (0.1 mmol) and the corresponding 

SPO (0.25 mmol). After purification by column chromatography (PE/EtOAc = 5:1), 

3vb (36.5 mg, 66%) was obtained. 1H NMR (400 MHz, CDCl3) δ 8.18 – 8.14 (m, 1H), 

8.04 (s, 1H), 7.96 (s, 1H), 7.35 – 7.30 (m, 3H), 7.23 – 7.20 (m, 2H), 6.90 (d, J = 3.8 

Hz, 2H), 6.48 (d, J = 5.2 Hz, 1H), 6.08 (d, J = 4.8 Hz, 1H), 4.94 (q, J = 30.8 Hz, 2H), 

3.76 – 3.60 (m, 2H), 2.37 (s, 6H), 2.31 (s, 3H). 31P NMR (162 MHz, CDCl3) δ 33.07. 

19F NMR (376 MHz, CDCl3) δ -62.87. 13C NMR (101 MHz, CDCl3) δ 165.83 (d, J = 

4.0 Hz), 143.22 (d, J = 10.8 Hz), 142.87 (d, J = 2.7 Hz), 135.43, 134.52, 133.36 (d, J 

= 2.4 Hz), 133.02, 131.52 (d, J = 11.8 Hz), 130.56, 130.06, 129.69, 128.72 (d, J = 

28.6 Hz), 128.42 (d, J = 12.6 Hz), 128.22, 128.20 (d, J = 10.4 Hz), 128.00, 66.95, 

66.68, 33.82 (d, J = 66.5 Hz), 23.65 (d, J = 3.8 Hz), 21.08 (d, J = 1.1 Hz). [α]22
D = 

0.832 (c 0.5, CHCl3); Enantiomeric excess: 91%, determined by HPLC (Chiralpak IF, 

hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 210 nm), first peak: tR = 6.6 min, 

second peak: tR = 7.2 min. For C28H25NaF6O3P [M+Na]+: 577.1431, found: 577.1437.



S47

4.41 benzyl (S)-2-(((4-methoxyphenyl)(2,4,6-triisopropylphenyl)phosphoryl) 

methyl)acrylate (3wb).

P
O
iPr

iPr

iPr

CO2Bn

MeO 3wb

The general procedure C was followed using 2b (0.1 mmol) and the corresponding 

SPO (0.25 mmol). After purification by column chromatography (PE/EtOAc = 1:1), 

3wb (33.3 mg, 63%) was obtained. 1H NMR (400 MHz, CDCl3) δ 7.54 (dd, J = 11.5, 

8.7 Hz, 2H), 7.36 – 7.27 (m, 5H), 7.09 (d, J = 3.7 Hz, 2H), 6.87 (dd, J = 8.8, 2.1 Hz, 

2H), 6.46 (d, J = 4.4 Hz, 1H), 5.89 (d, J = 4.1 Hz, 1H), 5.15 – 5.04 (m, 2H), 3.90 – 

3.80 (m, 3H), 3.79 (s, 3H), 3.34 (t, J = 13.8 Hz, 1H), 2.95 – 2.84 (m, 1H), 1.26 (d, J = 

6.9 Hz, 6H), 1.15 (d, J = 6.7 Hz, 6H), 0.96 (d, J = 6.6 Hz, 6H). 31P NMR (162 MHz, 

CDCl3) δ 33.51. 13C NMR (101 MHz, CDCl3) δ 166.35 (d, J = 4.1 Hz), 161.54 (d, J = 

2.7 Hz), 154.41 (d, J = 11.2 Hz), 152.18 (d, J = 2.6 Hz), 135.81, 131.85 (d, J = 11.3 

Hz), 131.82 (d, J = 8.4 Hz), 129.81, 129.73, 128.69, 128.39, 128.06, 128.02, 123.03 

(d, J = 97.9 Hz), 122.87 (d, J = 11.2 Hz), 113.78 (d, J = 12.9 Hz), 66.72, 55.19, 34.46 

(d, J = 66.9 Hz), 34.04, 29.99 (d, J = 4.3 Hz), 25.06, 24.25, 23.57 (d, J = 2.4 Hz). 

[α]22
D = 0.38 (c 0.5, CHCl3); Enantiomeric excess: 86%, determined by HPLC 

(Chiralpak IF, hexane/i-PrOH = 60/40; flow rate 0.8 ml/min; 25 °C; 234 nm), first 

peak: tR = 23.3 min, second peak: tR = 44.6 min. HRMS (ESI) calcd. For 

C33H41NaO4P [M+Na]+: 555.2713, found: 555.2710.



S48

4.42 tert-butyl (R)-2-((mesityl(propyl)phosphoryl)methyl)acrylate (3xc).

P
O
Me

Me

Me

nPr

CO2tBu

3xc

The general procedure D was followed using 2c (0.1 mmol) and the corresponding 

SPO (0.30 mmol). After purification by column chromatography (PE/EtOAc = 1:2), 

3xc (21.5 mg, 62%) was obtained. 1H NMR (500 MHz, CDCl3) δ 6.86 (s, 2H), 6.25 (s, 

1H), 5.85 (s, 1H), 3.24 (t, J = 12.0 Hz, 1H), 3.04 (t, J = 13.2 Hz, 1H), 2.59 (s, 6H), 

2.25 (s, 3H), 2.06 (dd, J = 47.0, 12.6 Hz, 2H), 1.68 (d, J = 12.6 Hz, 1H), 1.44 (d, J = 

7.6 Hz, 1H), 1.39 (s, 9H), 0.97 (t, J = 6.7 Hz, 3H). 31P NMR (202 MHz, CDCl3) δ 

44.10. 13C NMR (126 MHz, CDCl3) δ 165.72, 142.60, 141.16, 132.36 (d, J = 8.2 Hz), 

131.14 (d, J = 10.7 Hz), 128.86 (d, J = 6.0 Hz), 124.16 (d, J = 60.5 Hz), 119.00 (d, J 

= 1.7 Hz), 81.00, 34.63 (d, J = 43.0 Hz), 29.64, 27.79, 23.52, 20.84, 15.62 (d, J = 21.6 

Hz). [α]22
D = -0.06 (c 0.5, CHCl3); Enantiomeric excess: 82%, determined by HPLC 

(Chiralpak IC, hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 254 nm), first 

peak: tR = 9.4 min, second peak: tR = 12.0 min. HRMS (ESI) calcd. For C20H31NaO3P 

[M+Na]+: 373.1903, found: 373.1913.



S49

4.43 tert-butyl (R)-2-((isobutyl(mesityl)phosphoryl)methyl)acrylate (3yc).

P
O
Me

Me

Me

sBu

CO2tBu

3yc

The general procedure D was followed using 2c (0.1 mmol) and the corresponding 

SPO (0.30 mmol). After purification by column chromatography (PE/EtOAc = 1:2), 

3yc (21.5 mg, 62%) was obtained. 1H NMR (500 MHz, CDCl3) δ 6.85 (s, 2H), 6.24 (s, 

1H), 5.86 (s, 1H), 3.12 (dt, J = 27.8, 13.6 Hz, 2H), 2.59 (s, 6H), 2.25 (s, 3H), 2.13 – 

1.98 (m, 2H), 1.95 – 1.85 (m, 1H), 1.38 (s, 9H), 1.03 (d, J = 6.1 Hz, 3H), 0.88 (d, J = 

6.1 Hz, 3H). 31P NMR (202 MHz, CDCl3) δ 42.86. 13C NMR (126 MHz, CDCl3) δ 

165.77, 142.51 (d, J = 10.1 Hz), 141.06, 132.40 (d, J = 9.0 Hz), 131.18 (d, J = 11.1 

Hz), 128.79 (d, J = 7.5 Hz), 125.10 (d, J = 88.6 Hz), 124.16 (d, J = 61.5 Hz), 80.92, 

40.45 (d, J = 66.0 Hz), 35.33 (d, J = 60.4 Hz), 27.81, 24.59 (d, J = 11.2 Hz), 24.14 (d, 

J = 6.7 Hz), 23.91 (d, J = 3.3 Hz), 23.47, 20.84. [α]22
D = 0.11 (c 0.5, CHCl3); 

Enantiomeric excess: 87%, determined by HPLC (Chiralpak IC, hexane/i-PrOH = 

70/30; flow rate 0.8 ml/min; 25 °C; 210 nm), first peak: tR = 7.5 min, second peak: tR 

= 9.8 min. HRMS (ESI) calcd. For C21H33NaO3P [M+Na]+: 387.2216, found: 

387.2212.

4.44 benzhydryl (S)-2-((mesityl(phenyl)phosphoryl)methyl)acrylate (3ae).

P
O
Me

Me

Me

Ph

CO2CHPh2

3ae
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The general procedure A was followed using 1a (0.21 mmol) and 2e (0.1 mmol). 

After purification by column chromatography (PE/EtOAc = 1:1), 3ae (40.4 mg, 39%) 

was obtained. 1H NMR (500 MHz, CDCl3) δ 7.60 – 7.55 (m, 2H), 7.45 – 7.40 (m, 1H), 

7.36 – 7.26 (m, 10H), 7.21 – 7.17 (m, 2H), 6.79 (d, J = 3.4 Hz, 2H), 6.68 (s, 1H), 6.56 

(d, J = 4.6 Hz, 1H), 6.17 (d, J = 4.0 Hz, 1H), 3.70 – 3.54 (m, 2H), 2.36 (s, 6H), 2.24 (s, 

3H). 31P NMR (202 MHz, CDCl3) δ 33.82. 13C NMR (126 MHz, CDCl3) δ 165.26 (d, 

J = 4.4 Hz), 143.29 (d, J = 10.3 Hz), 141.54 (d, J = 2.7 Hz), 139.92 (d, J = 2.2 Hz), 

136.64, 135.86, 131.23 (d, J = 2.6 Hz), 131.14 (d, J = 8.1 Hz), 131.04 (d, J = 11.4 Hz), 

130.26 (d, J = 7.8 Hz), 129.81 (d, J = 9.8 Hz), 128.58 (d, J = 11.8 Hz), 128.38 (d, J = 

13.0 Hz), 127.80 (d, J = 20.8 Hz), 126.96 (d, J = 33.2 Hz), 123.81 (d, J = 97.6 Hz), 

77.49, 32.94 (d, J = 65.8 Hz), 23.49 (d, J = 3.7 Hz), 20.97 (d, J = 1.0 Hz). [α]22
D = 

0.55 (c 0.5, CHCl3); Enantiomeric excess: 92%, determined by HPLC (Chiralpak IB, 

hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 210 nm), first peak: tR = 7.0 min, 

second peak: tR = 8.3 min. HRMS (ESI) calcd. For C32H31NaO3P [M+Na]+: 517.2711, 

found: 517.2718.

4.45 2-(trifluoromethyl)benzyl (S)-2-((mesityl(phenyl)phosphoryl)methyl) 

acrylate (3af).

P
O

Ph

O

3af

Mes
O

F3C

The general procedure A was followed using 1a (0.21 mmol) and 2f (0.1 mmol). 

After purification by column chromatography (PE/acetone = 5:1), 3af (31.7 mg, 32%) 

was obtained. 1H NMR (300 MHz, CDCl3) δ 7.68 – 7.50 (m, 4H), 7.46 – 7.35 (m, 5H), 
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6.84 (d, J = 3.5 Hz, 2H), 6.43 (d, J = 5.0 Hz, 1H), 6.03 (d, J = 4.5 Hz, 1H), 5.14 (s, 

2H), 3.68 – 3.55 (m, 2H), 2.36 (s, 6H), 2.26 (s, 3H). 31P NMR (122 MHz, CDCl3) δ 

33.96. 13C NMR (126 MHz, CDCl3) δ 165.85 (d, J = 4.0 Hz), 143.36 (d, J = 10.4 Hz), 

141.68 (d, J = 2.7 Hz), 136.70, 135.92, 134.09, 131.99, 131.31 (d, J = 2.7 Hz), 131.10, 

131.01, 130.26 (d, J = 8.0 Hz), 129.91 (d, J = 9.8 Hz), 128.63 (d, J = 11.8 Hz), 128.07, 

126.00 (d, J = 5.6 Hz), 63.02 (d, J = 2.8 Hz), 33.40 (d, J = 65.6 Hz), 23.53 (d, J = 3.7 

Hz), 20.96 (d, J = 1.2 Hz). [α]22
D = 0.72 (c 0.5, CHCl3); Enantiomeric excess: 89%, 

determined by HPLC (Chiralpak IE+IE, hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 

25 °C; 210 nm), first peak: tR = 42.3 min, second peak: tR = 49.9 min. HRMS (ESI) 

calcd. For C27H26NaF3O3P [M+Na]+: 509.1634, found: 509.1630.
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5. Transformation of chiral SPOs and TPOs.

5.1 Allylic alkylation reaction of chiral SPO 1l.

P
OMe

Me

tBu

tBu

H + CO2Bn
OBz

(R)-1l, 0.1 mmol
2b, 0.12 mmol

Ph2PMe (20 mol%)

tBuPh, r.t., 12 h

O
P

Me

Me

tBu

tBu

CO2Bn

ent-3lb, 86%, 96% ee

To a flame-dried glass tube with a magnetic stirring bar were added a neat mixture of 

SPO (R)-1l (34.2 mg, 0.1 mmol, 97% ee), and Ph2PMe (4.0 mg, 0.02 mmol), followed 

by the addition of tBuPh (1.0 mL). Then MBH carbonates 2b (35.5 mg, 0.12 mmol) 

was slowly added via syringe at room temperature under inert atmosphere.The 

mixture was stirred at room temperature for 12 h, and TLC show that the reaction was 

completed. The mixture was directly purified by column chromatography on silica gel 

(petroleum ether/ethyl acetate = 2:1) to afford the corresponding TPO ent-3lb (86%, 

96% ee). [α]22
D = 0.09 (c 0.5, CHCl3).

5.2 Arylation of chiral SPO 1l.2

P
OMe

Me

tBu

tBu

H

(R)-1l, 97% ee
0.1 mmol

+
S I

Pd2dba3 (2.5 mol%),
XantPhos (5 mol%)

Et3N, 1,4–dioxane

P
OMe

Me

tBu

tBu

S

1.2 equiv.
4, 84%, 96% ee

To a flame-dried glass tube with a magnetic stirring bar were added a neat mixture of 

SPO (R)-1l (34.2 mg, 0.1 mmol, 97% ee), 2-iodothiophene (25.2 mg, 0.12 mmol, 1.20 

equiv.) and triethylamine (12.2 mg, 0.12 mmol, 1.2 equiv.), followed by the addition 

of dioxane (1.0 mL). In a separate flame-dried glass tube, Pd2dba3 (2.3 mg, 2.5 µmol, 

2.5 mol%) and Xantphos (2.9 mg, 5.0 μmol, 5.0 mol%) was dissolved in dioxane (0.5 

mL). During this time, the catalyst solution changed color from dark purple to brown. 

The catalyst solution was transferred to the vial containing the SPO and 

iodothiophene reagents.The reaction mixture was stirred for 12 h and TLC show that 

the reaction was completed. Then dioxane was removed under reduced pressure. The 

residue was purified by column chromatography on silica gel (petroleum ether/ethyl 
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acetate = 1:1) to afford 4 (84%, 96% ee). [α]22
D = 1.65 (c 0.5, CHCl3); 1H NMR (400 

MHz, CDCl3) δ 7.70 (t, J = 4.3 Hz, 1H), 7.56 – 7.53 (m, 2H), 7.51 (d, J = 1.7 Hz, 1H), 

7.44 – 7.40 (m, 1H), 7.31 – 7.26 (m, 1H), 7.18 – 7.14 (m, 1H), 7.05 (dd, J = 7.6, 4.0 

Hz, 2H), 2.22 (s, 6H), 1.27 (s, 18H). 31P NMR (162 MHz, CDCl3) δ 24.09. 13C NMR 

(101 MHz, CDCl3) δ 151.21 (d, J = 12.5 Hz), 143.50 (d, J = 10.1 Hz), 137.17 (d, J = 

107.6 Hz), 135.82 (d, J = 10.0 Hz), 134.62 (d, J = 108.6 Hz), 133.15 (d, J = 4.7 Hz), 

131.53 (d, J = 2.6 Hz), 130.15 (d, J = 11.2 Hz), 129.40 (d, J = 104.5 Hz), 128.07 (d, J 

= 13.6 Hz), 125.68 (d, J = 2.8 Hz), 125.36 (d, J = 11.6 Hz), 34.99, 31.23, 23.62 (d, J = 

4.5 Hz). Enantiomeric excess: 96%, determined by HPLC (Chiralpak IF, hexane/i-

PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 254 nm), first peak: tR = 6.6 min, second 

peak: tR = 7.1 min. HRMS (ESI) calcd. For C26H33NaOPS [M+Na]+: 447.2057, found: 

447.2051.

5.3 Base-promoted alkylation of chiral SPO 1l.3

OMeCl

+
KOH (1.5 equiv.)

DMSO

5, 1.5 equiv.

P
OMe

Me

tBu

tBu

H

(R)-1l, 97% ee
0.2 mmol

P
OMe

Me

tBu

tBu
6, 82%, 87% ee

OMe

To the mixture of (R)-1l (68.4 mg, 0.2 mmol, 97% ee) and potassium hydroxide (17.0 

mg, 0.3 mmol), DMSO (1.0 mL) was added, followed by the addition of benzyl 

chloride 5 (47.0 mg, 0.3 mmol). The mixture was stirred at room temperature for 24 h, 

and monitored with TLC. After the reaction was completed, brine (5 mL) was added. 

The mixture was extracted with DCM (3 × 5 mL), washed with water, dried over 

anhydrous Na2SO4. After removing the solvent in vacuo, the residue was purified with 
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column chromatography on silica gel (petroleum ether/ethyl acetate = 2/1) to afford 

desired product 6 (82%, 87% ee). [α]22
D = 0.08 (c 0.5, CHCl3); 1H NMR (500 MHz, 

CDCl3) δ 7.54 – 7.49 (m, 1H), 7.47 (d, J = 1.1 Hz, 1H), 7.33 (dd, J = 12.6, 1.8 Hz, 

2H), 7.22 – 7.14 (m, 2H), 6.96 (dd, J = 7.5, 3.6 Hz, 2H), 6.91 (t, J = 7.4 Hz, 1H), 6.64 

(d, J = 8.2 Hz, 1H), 3.92 – 3.77 (m, 2H), 3.32 (s, 3H), 2.27 (s, 6H), 1.24 (s, 18H). 31P 

NMR (202 MHz, CDCl3) δ 35.31. 13C NMR (126 MHz, CDCl3) δ 157.04 (d, J = 5.4 

Hz), 150.71 (d, J = 11.5 Hz), 143.54 (d, J = 9.7 Hz), 135.56 (d, J = 97.4 Hz), 132.36 

(d, J = 4.5 Hz), 130.75 (d, J = 2.6 Hz), 129.60 (d, J = 10.8 Hz), 128.74 (d, J = 93.0 

Hz), 127.91 (d, J = 3.0 Hz), 125.00 (d, J = 2.6 Hz), 124.13 (d, J = 10.3 Hz), 120.61 (d, 

J = 8.0 Hz), 120.44 (d, J = 2.8 Hz), 109.98 (d, J = 2.4 Hz), 54.74, 34.91, 32.03 (d, J = 

64.9 Hz), 31.27, 23.51 (d, J = 3.6 Hz). Enantiomeric excess: 87%, determined by 

HPLC (Chiralpak IC, hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 210 nm), 

first peak: tR = 7.4 min, second peak: tR = 7.9 min. HRMS (ESI) calcd. For 

C30H39NaO2P [M+Na]+: 485.2057, found: 485.2051.

 

5.4 Demethylation of TPO 6.4

P
O
Me

Me
t-Bu

t-Bu

MeO

6

BBr3 (3.0 equiv.)

DCM, r.t.
4 h

P
O
Me

Me
t-Bu

t-Bu

HO

7, 63%, 88% ee

To a solution of 6 (46.2 mg, 0.1 mmol) in CH2Cl2 (1.0 mL) was added BBr3 (75 mg, 

0.3 mmol) at 0 °C. The reaction mixture was warmed to ambient temperature and 

stirred for 16 hours, then monitored with TLC, after which reaction was quenched by 
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addition of H2O (0.5mL). The pH of the aqueous layer was adjusted to pH 8 using sat. 

NaHCO3 (0.5 mL). The mixture was extracted with CH2Cl2 (3 × 5 mL), washed with 

sat. NaHCO3, then brine, dried over anhydrous Na2SO4. After removing the solvent in 

vacuo, the residue was purified with column chromatography on silica gel (petroleum 

ether/ethyl acetate = 1/2) to afford desired product 7 as a white solid (63%, 88% ee). 

[α]22
D = 0.03 (c 0.5, CHCl3); 1H NMR (400 MHz, CDCl3) δ 10.36 (s, 1H), 7.54 (dd, J 

= 2.9, 1.7 Hz, 1H), 7.33 (d, J = 1.8 Hz, 1H), 7.31 – 7.27 (m, 2H), 7.15 – 7.08 (m, 1H), 

7.06 (dd, J = 7.6, 3.9 Hz, 2H), 7.02 (d, J = 7.9 Hz, 1H), 6.70 – 6.64 (m, 2H), 3.85 

(ddd, J = 41.8, 14.5, 12.4 Hz, 2H), 2.43 (s, 6H), 1.22 (s, 18H). 31P NMR (162 MHz, 

CDCl3) δ 45.90. 13C NMR (101 MHz, CDCl3) δ 156.68 (d, J = 3.8 Hz), 151.34 (d, J = 

11.7 Hz), 143.17 (d, J = 9.8 Hz), 132.83 (d, J = 97.6 Hz), 131.77 (d, J = 2.6 Hz), 

131.41 (d, J = 6.0 Hz), 130.22 (d, J = 10.9 Hz), 128.76 (d, J = 2.8 Hz), 126.07 (d, J = 

2.7 Hz), 125.79 (d, J = 94.5 Hz), 123.98 (d, J = 10.6 Hz), 120.34 (dd, J = 5.2, 3.2 Hz), 

119.40 (d, J = 2.6 Hz), 36.76 (d, J = 65.2 Hz), 34.91, 31.15, 23.63 (d, J = 3.9 Hz). 

Enantiomeric excess: 88%, determined by HPLC (Chiralpak OD-H, hexane/i-PrOH = 

85/15; flow rate 0.8 ml/min; 25 °C; 254 nm), first peak: tR = 5.6 min, second peak: tR 

= 6.2 min. HRMS (ESI) calcd. For C29H37NaO2P [M+Na]+: 471.2516, found: 

471.2511.

5.5 Synthesis of chiral pincer-type ligand via chiral SPO 1a.

P
O

H

Me

Me

Me

N
Br Br+

NaH (2.5 equiv.)

THF, r.t.

(R)-1a
2.1 equiv.

N

P

P

O
Ph

O

Mes

Ph

Mes
8, 47%, 81% ee
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To a solution of (R)-1a (153.8 mg, 0.63 mmol) in THF (2 mL) was added NaH (30 

mg, 0.75 mmol of a 60% w/w dispersion in oil) in portions at 0 °C. The reaction 

mixture was warmed to ambient temperature and after 60 minutes was cooled to 0 °C 

before 2,6-bis(bromomethyl)pyridine (79.2 mg, 0.3 mmol) was added and the mixture 

was then warmed to room temperature and stirred for a further 2 hour. The reaction 

mixture was then quenched with water and extracted with EtOAc (3 × 10 mL). The 

combined organic extracts were washed with brine and dried with sodium sulfate. 

After removing the solvent in vacuo, the residue was purified with column 

chromatography on silica gel (petroleum ether/ethyl acetate = 1/2) to afford desired 

product 8 (47%, 81% ee). [α]22
D = 0.13 (c 0.5, CHCl3); 1H NMR (500 MHz, CDCl3) δ 

7.66 – 7.57 (m, 2H), 7.46 – 7.42 (m, 4H), 7.39 – 7.35 (m, 4H), 7.28 (s, 1H), 4.01 (dt, J 

= 26.7, 14.1 Hz, 4H), 2.36 (s, 12H), 2.27 (s, 6H). 31P NMR (202 MHz, CDCl3) δ 

34.99. 13C NMR (126 MHz, CDCl3) δ 157.68 (d, J = 1.6 Hz), 152.41 (d, J = 7.0 Hz), 

143.17 (d, J = 10.2 Hz), 141.46 (d, J = 2.6 Hz), 136.42 (d, J = 98.4 Hz), 136.34 (d, J 

= 2.1 Hz), 131.18 (d, J = 2.7 Hz), 130.91 (d, J = 11.5 Hz), 130.12 (d, J = 9.9 Hz), 

128.49 (d, J = 11.9 Hz), 122.00 (d, J = 3.7 Hz), 121.09 (d, J = 2.5 Hz), 42.20 (d, J = 

63.0 Hz), 24.16, 23.59 (d, J = 3.7 Hz), 20.97 (d, J = 1.2 Hz). Enantiomeric excess: 

81%, determined by HPLC (Chiralpak IF, hexane/i-PrOH = 70/30; flow rate 0.8 

ml/min; 25 °C; 210 nm), first peak: tR = 16.2 min, second peak: tR = 24.9 min. HRMS 

(ESI) calcd. For C37H39NNaO2P2 [M+Na]+: 614.2533, found: 614.2532.

5.6 Cyclopropanantion of enantiopure TPO 3ab.5
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3ab, 1.0 mmol, 89% ee

1.0 equiv.

NaH (1 equiv.),
DMSO, r.t.

P
O
Me

Me

Me

Ph

CO2Bn

S
O

Me
Me Me

I-

9, 52%, 88% ee

P
O
Me

Me

Me

Ph

CO2Bn

To a flame-dried glass tube with a magnetic stirring bar were added a neat mixture of 

sodium hydride (60%, 44 mg) and trimethylsulfoxonium iodide salt (220 mg, 1.0 

mmol) was added, followed by dry DMSO (1 mL). The suspension was stirred for 1 h 

until evolution of hydrogen ceased. A solution of the chiral TPO 3ab in dry DMSO (1 

mL) was slowly added at 0 °C. The reaction mixture was warmed to ambient 

temperature and stirred for 4 hours.The mixture was poured into ice water and 

extracted with Et2O (3 × 10 mL). The combined organic extracts were washed with 

water (2 × 10 mL) and dried with sodium sulfate. After removing the solvent in vacuo, 

the residue was purified with column chromatography on silica gel (petroleum 

ether/ethyl acetate = 2/1) to afford desired product 9 (52%, 88% ee). [α]22
D = -0.16 (c 

0.5, CHCl3); 1H NMR (500 MHz, CDCl3) δ 7.59 (dd, J = 11.7, 7.3 Hz, 2H), 7.44 (t, J 

= 7.0 Hz, 1H), 7.39 – 7.33 (m, 2H), 7.32 – 7.28 (m, 3H), 7.22 – 7.18 (m, 2H), 6.85 (d, 

J = 3.0 Hz, 2H), 4.92 (d, J = 12.4 Hz, 1H), 4.79 (d, J = 12.4 Hz, 1H), 3.03 (dd, J = 

15.2, 11.0 Hz, 1H), 2.68 (dd, J = 15.3, 8.0 Hz, 1H), 2.36 (s, 6H), 2.28 (s, 3H), 1.45 – 

1.37 (m, 2H), 1.20 – 1.08 (m, 2H). 31P NMR (202 MHz, CDCl3) δ 35.31. 13C NMR 

(126 MHz, CDCl3) δ 173.86 (d, J = 1.3 Hz), 143.09 (d, J = 10.2 Hz), 141.33 (d, J = 

2.6 Hz), 137.04 (d, J = 97.0 Hz), 135.90, 131.06 (d, J = 2.6 Hz), 131.05 (d, J = 11.1 

Hz), 129.88 (d, J = 9.8 Hz), 128.53 (d, J = 11.6 Hz), 128.36, 128.03, 127.98, 125.28 

(d, J = 95.3 Hz), 66.56, 34.62 (d, J = 70.5 Hz), 23.45 (d, J = 3.6 Hz), 20.98, 19.26 (d, 

J = 4.4 Hz), 16.39 (d, J = 6.3 Hz), 15.81 (d, J = 5.8 Hz). Enantiomeric excess: 88%, 

determined by HPLC (Chiralpak IC, hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 

°C; 220 nm), first peak: tR = 32.2 min, second peak: tR = 44.1 min. HRMS (ESI) calcd. 

For C27H29NaO3P [M+Na]+: 455.1747, found: 455.1752.
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5.7 Reduction of TPO 9.3,6,7

9, 52%, 88% ee

1) MeOTf (1.5 equiv.),
50 oC, 24 h

2) LiAlH4 (1.5 equiv.),
-60 oC, 12 h

10, 62%, 85% ee

P
O
Me

Me

Me

Ph

CO2Bn P

Me

Me

Me

Ph

CO2Bn

To a stirred solution of alkylating agent MeOTf (1.2 mmol) in DME (1.0 mL), 

TPO 9 (0.1 mmol) disolved in DME (1.0 mL) was added dropwise at room 

temperature under a nitrogen atmosphere. The reaction mixture was warmed to 50 °C 

and stirred for 24 h. The flask was then immersed in a -60 ºC bath. A solution of 

lithium aluminum hydride in tetrahydrofuran (1.0 M, 0.25 mmol, 2.5 equiv) cooled to 

-60 °C was transferred to the reaction flask.the mixture was stirred for 12 h at -60 ºC. 

The reaction wasthen allowed to warm to 0 ºC over 2 h. The reaction mixture was 

washed with deionised water (5 mL),and the isolated organic layer was dried over 

anhydrous Na2SO4. The drying agent was removed by filtration, and the solvent was 

removed in vacuo to give colourless oil. The residue was purified by column 

chromatography on silica gel (petroleum ether/ethyl acetate = 10:1) to afford 10 (62%, 

85% ee). [α]22
D = 0.26 (c 0.5, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.35 – 7.27 (m, 

5H), 7.24 – 7.17 (m, 4H), 7.16 – 7.12 (m, 1H), 6.87 (d, J = 1.9 Hz, 2H), 5.13 (d, J = 

12.5 Hz, 1H), 5.02 (d, J = 12.5 Hz, 1H), 2.83 (d, J = 15.2 Hz, 1H), 2.34 – 2.29 (m, 

1H), 2.28 (s, 9H), 1.35 (d, J = 2.5 Hz, 1H), 0.96 – 0.91 (m, 1H), 0.91 – 0.85 (m, 1H), 

0.77 – 0.73 (m, 1H). 31P NMR (162 MHz, CDCl3) δ -28.55. 13C NMR (101 MHz, 

CDCl3) δ 174.85 (d, J = 1.3 Hz), 144.82 (d, J = 15.9 Hz), 141.60 (d, J = 15.3 Hz), 

139.51 (d, J = 1.4 Hz), 136.05, 129.65 (d, J = 4.4 Hz), 128.90 (d, J = 15.4 Hz), 128.41, 

128.21 (d, J = 33.0 Hz), 128.17 (d, J = 3.6 Hz), 127.97, 127.95, 126.11 (d, J = 1.6 Hz), 
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66.48, 32.28 (d, J = 15.7 Hz), 23.43 (d, J = 17.9 Hz), 23.06, 21.05, 16.97 (d, J = 11.0 

Hz), 15.97 (d, J = 10.4 Hz). Enantiomeric excess: 85%, determined by HPLC 

(Chiralpak ID, hexane/i-PrOH = 95/5; flow rate 0.8 ml/min; 25 °C; 210 nm), first 

peak: tR = 6.6 min, second peak: tR = 8.0 min. HRMS (ESI) calcd. For C27H29NaO2P 

[M+Na]+: 439.1973, found: 439.1973.

5.8 Base-promoted alkylation of chiral SPO 1a.3

Mes
P
Ph

O

H

OMeCl

+
KOH (1.5 equiv.)

DMSO P
Mes

Ph

O

(R)-1a
0.2 mmol

5, 1.5 equiv. 11, 89%, 88% ee

MeO

The experimental procedure was the same as 5.2. The pure compound 11 was 

obtained as a white solid (89%, 88% ee) from flash chromatography (silica gel, 

petroleum ether/ethyl acetate = 1/1 as eluent). [α]22
D = -0.09 (c 0.5, CHCl3); 1H NMR 

(400 MHz, CDCl3) δ 7.57 – 7.51 (m, 2H), 7.49 – 7.39 (m, 2H), 7.38 – 7.32 (m, 2H), 

7.20 – 7.11 (m, 1H), 6.89 (t, J = 7.4 Hz, 1H), 6.78 (d, J = 3.4 Hz, 2H), 6.62 (d, J = 8.2 

Hz, 1H), 3.97 – 3.72 (m, 2H), 3.32 (s, 3H), 2.24 (s, 3H), 2.23 (s, 6H). 31P NMR (162 

MHz, CDCl3) δ 34.32. 13C NMR (101 MHz, CDCl3) δ 157.02 (d, J = 5.4 Hz), 143.42 

(d, J = 10.2 Hz), 140.91 (d, J = 2.7 Hz), 137.17 (d, J = 96.7 Hz), 132.23 (d, J = 4.7 

Hz), 130.79 (d, J = 2.6 Hz), 130.50 (d, J = 11.3 Hz), 129.86 (d, J = 9.5 Hz), 128.24 (d, 

J = 11.6 Hz), 127.91 (d, J = 3.1 Hz), 124.95 (d, J = 96.2 Hz), 120.29 (d, J = 2.9 Hz), 

120.20 (d, J = 8.2 Hz), 109.88 (d, J = 2.5 Hz), 54.61, 31.71 (d, J = 65.4 Hz), 23.28 (d, 

J = 3.6 Hz), 20.85 (d, J = 1.1 Hz). Enantiomeric excess: 88%, determined by HPLC 

(Chiralpak IC, hexane/i-PrOH = 70/30; flow rate 0.8 ml/min; 25 °C; 210 nm), first 
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peak: tR = 44.3 min, second peak: tR = 49.7 min. HRMS (ESI) calcd. For 

C23H25NaO2P [M+Na]+: 387.1506, found: 387.1509.
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6. The X-ray structure of compound (R)-1l (CCDC 1985770).

P
OMe

Me

tBu

tBu

H

(R)-1l

Miller array info: 

D:\FRAMES\exp_923\struct\olex2_exp_923\exp_923.hkl:Iobs,SigIobs

Observation type: xray.intensity

Type of data: double, size=48625

Type of sigmas: double, size=48625

Number of Miller indices: 48625

Anomalous flag: True

Unit cell: (11.2099, 17.2004, 21.3573, 90, 98.838, 90)

Space group: C 1 2 1 (No. 5)

Systematic absences: 0

Centric reflections: 2061

Resolution range: 10.5519 0.799934

use_set_completion: True

solvent_radius: 1.20

shrink_truncation_radius: 1.20

van der Waals radii:

    C     H     O     P

 1.70  1.09  1.52  1.80

Total solvent accessible volume / cell = 83.2 Ang^3 [2.0%]
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Total electron count / cell = 2.4

gridding: (60,90,108)

Void #Grid points Vol/A^3 Vol/%  Centre of mass (frac)   Eigenvectors (frac)

   1         2301    16.1   0.4  ( 0.024, 0.420, 0.311)  1  ( 0.975, 0.217, 

0.045)

                                                   2  (-0.174, 0.627, 

0.759)

                                                   3  (-0.136, 0.748, -

0.650)

   2         2301    16.1   0.4  (-0.024, 0.420, 0.689)  1  ( 0.975,-0.217, 

0.045)

                                                    2  (-0.174,-0.627, 

0.759)

                                                    3  ( 0.136, 0.748, 

0.650)

   3         1361     9.5   0.2  (-0.000, 0.411, 0.500)  1  ( 1.000, 0.000, -

0.016)

                                                    2  ( 0.000, 1.000, 

0.000)

                                                    3  ( 0.016, 0.000, 

1.000)

   4         2301    16.1   0.4  ( 0.476, 0.920, 0.689)  1  ( 0.975,-0.217, 

0.045)

                                                   2  (-0.174,-0.627, 

0.759)

                                                   3  ( 0.136, 0.748, 

0.650)

   5         1361     9.5   0.2  ( 0.500, 0.911, 0.500)  1  ( 1.000, 0.000, -

0.016)
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                                                   2  ( 0.000, 1.000, 

0.000)

                                                   3  ( 0.016, 0.000, 

1.000)

   6         2301    16.1   0.4  ( 0.524, 0.920, 0.311)  1  ( 0.975, 0.217, 

0.045)

                                                   2  (-0.174, 0.627, 

0.759)

                                                   3  (-0.136, 0.748, -

0.650)

Void  Vol/Ang^3  #Electrons

   1       16.1          0.4

   2       16.1          0.4

   3        9.5          0.4

   4       16.1          0.4

   5        9.5          0.4

   6       16.1          0.4



S64

7. References:

1. Q. Dai, W. Li, Z. Li, J. Zhang, J. Am. Chem. Soc. 2019, 141, 20556.

2. A. J. Bloomfield, S. B. Herzon, Org. Lett. 2012, 14, 4371.

3. S.-Z. Nie, Z.-Y. Zhou, J.-P. Wang, H. Yan, J.-H. Wen, J.-J. Ye, Y.-Y. Cui, C.-Q. 

Zhao, J. Org. Chem. 2017, 82, 9425.

4. H. R. Beddoe, G. K. Andrews, V. Magné, D. J. Cuthbertson, J. Saska, L. A. 

Shannon-Little, E. S. Shanahan, F. H. Sneddon, M. R. Denton, Science 2019, 365, 

910.

5. T. N. Tzvetkov, T. Arndtb, J. Mattay, Tetrahedron 2007, 63, 10497.

6. K. V. Rajendran, D. G. Gilheany, Chem. Commun. 2012, 48, 817.

7. X.-T. Liu, Y.-Q. Zhang, X.-Y. Han, S.-P. Sun, Q.-W. Zhang, J. Am. Chem. Soc. 

2019, 141, 16584.



S65

8. NMR spectra:

Ph
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