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1. General Information

All chemicals were obtained from commercial sources and were used as received unless otherwise 

noted. All the reactions were carried out under argon atmosphere in a argon-filled glove box. The 1H 

NMR spectra were recorded on a 400 MHz or 600 MHz NMR spectrometer. The 13C NMR spectra were 

recorded at 101 MHz or 151 MHz. The 19F NMR spectra were recorded at 376 MHz or 565 MHz. The 
31P NMR spectra were recorded at 243 MHz. Chemical shifts were expressed in parts per million (δ) 

downfield from the internal standard tetramethylsilane, and were reported as s (singlet), d (doublet), t 

(triplet), dd (doublet of doublet), dt (doublet of triplet), m (multiplet), brs (broad single), etc. The 

residual solvent signals were used as references and the chemical shifts were converted to the TMS scale. 

High resolution mass spectra were obtained on an Agilent Q-TOF 6540 spectrometer. Column 

chromatography was performed on silica gel (300-400 mesh). Thin layer chromatography was 

performed on pre-coated glass back plates and visualized with UV light at 254 nm. Flash column 

chromatography was performed on silica gel. 

2. General Synthetic Procedures

2.1 General procedure: The procedure was conducted in an argon-filled glove box. (DME)NiCl2 (2.20 

mg, 0.01 mmol), L4 (3.33 mg, 0.01 mmol) and Mn (16.50 mg, 0.3 mmol, 3.0 eq) in DMA (1.0 mL) 

were charged sequentially into a 25 mL pressure tube under argon. The reaction mixture was stirred for 

30 min at room temperature. Then 1a (40.24 mg, 0.1 mmol) and 2a (36.20 mg, 0.3 mmol) were added to 

the reaction mixture. The reaction tube was sealed and stirred at 30 oC. After the reaction was completed 

(12 h), the reaction mixture was filtered through a pad of celite, eluted with ethyl acetate, concentrated, 

and purified by silica gel chromatography to give the indicated product 3a.
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2.2 Supplementary Table 1, Optimization of reaction conditions of 1a and 2aa.

+OTf Si
MeMe

Cl

Cat.Ni (10 mol%)

L (10 mol%)
Si
Me
Me

1a 2a 3a

Entry L Solvent T (°C) Isolated yield (%)
3a

Cat.Ni ee (%)
3a

NR

16

NR

NR

NR

NR

NR

65

83

16

NR

NR

89

9

97

25

17

63

88

96

99

95

98

98

99

99

99

55

NR

(DME)NiBr2

(DME)NiBr2

(DME)NiBr2

(DME)NiBr2

(DME)NiBr2

(DME)NiBr2

(DME)NiBr2

(DME)NiBr2

(DME)NiBr2

(DME)NiBr2

(DME)NiBr2

(DME)NiBr2

(DME)NiBr2

(DME)NiBr2

(DME)NiBr2

(DME)NiBr2

(DME)NiBr2

(DME)NiBr2

(DME)NiBr2

(DME)NiBr2

(DME)NiCl2

NiCl2

Ni(cod)2

Ni(acac)2

(DME)NiCl2

(DME)NiCl2

(DME)NiCl2

(DME)NiCl2

--

Toluene

Dioxane

THF

DMSO

DCE

CH3CN

EtOH

DMF

DMA

DMA

DMA

DMA

DMA

DMA

DMA

DMA

DMA

DMA

DMA

DMA

DMA

DMA

DMA

DMA

DMA

DMA

DMA

DMA

DMA

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

30

30

30

30

30

30

30

30

30

30

--

94

--

--

--

--

--

97

97

97

--

--

97

97

97

97

97

97

97

97

97

97

97

97

97

97

97

97

--

Mn (3 eq), Solvent

NN

PhPh

NN

L2 L4

Time (h)

60h

60h

60h

60h

60h

60h

60h

60h

60h

60h

60h

60h

60h

60h

60h

60h

60h

60h

60h

60h

60h

60h

60h

60h

24h

12h

3h

12h

60h

N N
N N

L7

tButBu

N N

CF3F3C

NN

L3
NN

L5

ClCl

L8

1

2

3

4

5

6

7

8

9

10b

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28c

29

L6

L1

L1

L1

L1

L1

L1

L1

L1

L1

L1

PPh3

BINAP

L2

L3

L4

L5

L6

L7

L8

L4

L4

L4

L4

L4

L4

L4

L4

L4

L4

N N

L1

a Reaction conditions: 1a (0.1 mmol), 2a (0.3 mmol), [Ni] (10 mol%), L (10 mol%), Mn (3.0 eq) in solvent (1.0 mL), argon. 

Determined by HPLC analysis.b Zn instead of Mn.c (DME)NiCl2 (5 mol%), L4 (5 mol%). 
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2.3 Synthesis of Substrates and characterization of products

The starting materials aryl trifluoromethanesulfonates 1a1, 1b-1c2, 1d-1l3, 1m4, 1n-1q5, 1r6, 1s7, 1t8 were 

synthesized according to the literature procedure.

1b, 88% ee 1c, 86% ee

OMe

1d, 99% ee

O

1e, 99% ee

O

1f, 99% ee

O

1g, 92% ee

O Ph

1h, 99% ee

O

1i, 99% ee 1j, 98% ee 1k, 98% ee

1l, 97% ee 1m, 98% ee

1q, 99% ee 1r, 97% ee

O O

O

Me

1a, 98% ee

1s, 99% ee

PPh2

OTf OTf OTf OTf OTf OTf

OTf OTf OTf OTf OTf

OTf OTf OTf
OMe

OTf
Cl

OTf

1n, 99% ee 1o, 99% ee 1p, 99% ee

OTf OTf OTf

1t, 98% ee

Ph

OTf
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The characterization data of axially chiral vinylsilanes are provided as follows:

3a

Si

3a, colorless oil. 33.85 mg, 99% yield, 97% ee, HPLC analysis on a Chiralcel OD-H column (hexane, 

flow rate 1.0 mL/min): tR = 8.6 min (minor), tR = 13.8 min (major). [α]D 19 = -22.9 (c 1.00, CHCl3). 1H 

NMR (400 MHz, CDCl3) δ 7.93 - 7.86 (m, 4H), 7.78 (d, J = 8.2 Hz, 1H), 7.56 - 7.52 (m, 1H), 7.42 (dd, J 

= 16.0, 6.8 Hz, 3H), 7.24 – 7.15 (m, 4H), 5.85 (dd, J = 20.0, 14.6 Hz, 1H), 5.68 (dd, J = 14.6, 3.8 Hz, 

1H), 5.39 (dd, J = 20.0, 3.8 Hz, 1H), -0.18 (s, 3H), -0.22 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 145.3, 

139.2, 138.8, 136.1, 134.1, 133.7, 133.4, 133.2, 131.2, 131.2, 128.8, 128.2, 128.1, 127.9, 127.1, 127.1, 

126.9, 126.4, 126.0, 125.9, 125.2, -1.8, -1.9. HRMS (ESI, m/z): calcd for C24H22NaSi+ [M + Na]+: 

361.1383, found 361.1386.

3b

Si

3b, colorless oil. 38.09 mg, 98% yield, 87% ee, HPLC analysis on a Chiralcel OD-H column 

(hexane/isopropanol = 99/1, flow rate 1.0 mL/min): tR = 4.4 min (major), tR = 5.3 min (minor). [α]D 20 = 

6.3 (c 1.00, CHCl3). 1H NMR (400 MHz, CDCl3) δ 8.78 (d, J = 8.2 Hz, 2H), 7.95 - 7.80 (m, 4H), 7.73 - 

7.68 (m, 2H), 7.65 - 7.59 (m, 2H), 7.45 - 7.41 (m, 1H), 7.35 - 7.31 (m, 1H), 7.27 -7.22 (m, 2H), 7.19-

7.15 (m, 1H), 5.88 (dd, J = 20.2, 14.6 Hz, 1H), 5.63 (dd, J = 14.6, 3.6 Hz, 1H), 5.34 (dd, J = 20.2, 3.6 

Hz, 1H), -0.12 (s, 3H), -0.20 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 145.3, 138.8, 137.8, 136.3, 133.8, 

133.4, 133.2, 131.5, 131.3, 131.2, 130.5, 130.2, 129.7, 128.8, 128.0, 127.9, 127.2, 127.0, 126.9, 126.7, 

126.6, 126.4, 126.1, 122.8, -1.6, -1.9. HRMS (ESI, m/z): calcd for C28H25Si+ [M + H]+: 389.1720, found 

389.1712.
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3c

Si

3c, colorless oil. 35.25 mg, 99% yield, 86% ee, HPLC analysis on a Chiralcel OD-H column (hexane, 

flow rate 1.0 mL/min): tR = 7.7 min (major), tR = 11.9 min (minor). [α]D 20 = 17.5 (c 1.00, CHCl3). 1H 

NMR (400 MHz, CDCl3) δ 8.07 (d, J = 8.6 Hz, 1H), 7.88 (dd, J = 13.0, 8.2 Hz, 2H), 7.77 (d, J = 8.2 Hz, 

1H), 7.49-7.38 (m, 3H), 7.28 (d, J = 7.0 Hz, 1H), 7.22-7.17 (m, 4H), 5.87 (dd, J = 20.0, 14.6 Hz, 1H), 

5.69 (dd, J = 14.6, 3.8 Hz, 1H), 5.41 (dd, J = 20.0, 3.8 Hz, 1H), 2.80 (s, 3H), -0.19 (s, 3H), -0.22 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 145.7, 139.0, 137.4, 136.2, 134.5, 134.2, 133.7, 133.4, 132.6, 131.3, 

131.2, 128.5, 127.9, 127.8, 127.2, 126.8, 126.3, 126.0, 125.9, 125.7, 125.6, 124.3, 19.8, -1.7, -1.8. 

HRMS (ESI, m/z): calcd for C25H24NaSi+ [M + Na]+: 375.1539, found 375.1548.

3d

Si

OMe

3d, colorless oil. 36.81 mg, 99% yield, 98% ee, HPLC analysis on a Chiralcel OD-H column (hexane, 

flow rate 1.0 mL/min): tR = 10.3 min (minor), tR = 12.2 min (major). [α]D 19 = 8.4 (c 1.00, CHCl3). 1H 

NMR (400 MHz, CDCl3) δ 7.97 (d, J = 9.0 Hz, 1H), 7.92 – 7.79 (m, 4H), 7.44 - 7.40 (m, 1H), 7.36 (d, J 

= 9.0 Hz, 1H), 7.29 – 7.26 (m, 1H), 7.19 – 7.13 (m, 3H), 6.92 (d, J = 8.6 Hz, 1H), 5.80 (dd, J = 20.0, 

14.6 Hz, 1H), 5.65 (dd, J = 14.6, 4.0 Hz, 1H), 5.35 (dd, J = 20.0, 4.0 Hz, 1H), 3.72 (s, 3H), -0.19 (s, 3H), 

-0.20 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 155.0, 141.6, 138.7, 136.6, 135.3, 134.0, 133.1, 131.5, 

130.7, 129.7, 128.8, 128.0, 127.8, 126.7, 126.4, 126.4, 126.3, 126.0, 123.6, 123.5, 113.0, 55.8, -2.1, -2.2. 

HRMS (ESI, m/z): calcd for C25H24NaOSi+ [M + Na]+: 391.1489, found 391.1490.
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Si

O

3e

3e, colorless oil. 38.21 mg, 99% yield, 99% ee, HPLC analysis on a Chiralcel OD-H column (hexane, 

flow rate 1.0 mL/min): tR = 9.7 min (minor), tR = 11.5 min (major). [α]D 20 = 13.6 (c 1.00, CHCl3). 1H 

NMR (400 MHz, CDCl3) δ 7.86 – 7.69 (m, 5H), 7.35 – 7.31 (m, 1H), 7.25 (d, J = 9.0 Hz, 1H), 7.18 (t, J 

= 7.2 Hz, 1H), 7.10 – 7.08 (m, 2H), 7.05 (t, J = 7.4 Hz, 1H), 6.84 (d, J = 8.4 Hz, 1H), 5.74 (dd, J = 20.0, 

14.6 Hz, 1H), 5.57 (dd, J = 14.6, 3.8 Hz, 1H), 5.29 (dd, J = 20.0, 3.8 Hz, 1H), 3.91 (q, J = 7.0 Hz, 2H), 

0.96 (t, J = 7.0 Hz, 3H), -0.26 (s, 3H), -0.28 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 154.4, 141.8, 138.8, 

136.6, 135.4, 133.9, 133.1, 131.5, 130.7, 129.5, 128.8, 127.9, 127.7, 126.6, 126.5, 126.3, 126.2, 126.0, 

125.8, 124.1, 123.5, 114.4, 64.2, 15.1, -2.2, -2.2. HRMS (ESI, m/z): calcd for C26H26NaOSi+ [M + Na]+: 

405.1645, found 405.1646.

Si

O

3f

3f, colorless oil. 42.46 mg, 99% yield, 99% ee, HPLC analysis on a Chiralcel OD-H column (hexane, 

flow rate 1.0 mL/min): tR = 7.7 min (minor), tR = 8.1 min (major). [α]D 21 = 19.2 (c 1.00, CHCl3). 1H 

NMR (400 MHz, CDCl3) δ 7.94 – 7.76 (m, 5H), 7.43 – 7.39 (m, 1H), 7.33 (d, J = 9.0 Hz, 1H), 7.29 – 

7.25 (m, 1H), 7.18 – 7.13 (m, 3H), 6.98 (d, J = 8.4 Hz, 1H), 5.81 (dd, J = 20.0, 14.6 Hz, 1H), 5.65 (dd, J 

= 14.6, 4.0 Hz, 1H), 5.36 (dd, J = 20.0, 4.0 Hz, 1H), 3.96 – 3.82 (m, 2H), 1.42 – 1.34 (m, 2H), 1.00 - 

0.94 (m, 2H), 0.91 - 0.85 (m, 2H), 0.60 (t, J = 7.2 Hz, 3H), -0.18 (s, 3H), -0.21 (s, 3H). 13C NMR (101 

MHz, CDCl3) δ 154.7, 141.7, 138.8, 136.5, 135.3, 134.0, 133.2, 131.4, 130.7, 129.5, 128.8, 127.8, 127.7, 

126.5, 126.4, 126.2, 126.1, 126.0, 125.7, 124.4, 123.5, 114.6, 68.9, 29.1, 28.0, 22.2, 14.0, -2.1, -2.2. 

HRMS (ESI, m/z): calcd for C29H32NaOSi+ [M + Na]+: 447.2115, found 447.2119.
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Si

O

3g

3g, colorless oil. 46.67 mg, 99% yield, 91% ee, HPLC analysis on a Chiralcel OD-H column (hexane, 

flow rate 1.0 mL/min): tR = 8.1 min (minor), tR = 8.8 min (major). [α]D 21 = 15.5 (c 1.00, CHCl3). 1H 

NMR (600 MHz, CDCl3) δ 7.93 (d, J = 9.0 Hz, 1H), 7.87 (dd, J = 14.2, 8.2 Hz, 2H), 7.82 (d, J = 8.2 Hz, 

1H), 7.77 (d, J = 8.2 Hz, 1H), 7.42 – 7.39 (m, 1H), 7.33 (d, J = 9.0 Hz, 1H), 7.27 (t, J = 7.4 Hz, 1H), 

7.18 – 7.13 (m, 3H), 6.97 (d, J = 8.6 Hz, 1H), 5.81 (dd, J = 20.2, 14.6 Hz, 1H), 5.65 (dd, J = 14.6, 3.8 

Hz, 1H), 5.36 (dd, J = 20.2, 3.8 Hz, 1H), 3.95 – 3.83 (m, 2H), 1.40 – 1.34 (m, 2H), 1.22 – 1.18 (m, 2H), 

1.08 – 1.03 (m, 2H), 0.99 – 0.92 (m, 4H), 0.90 – 0.87 (m, 2H), 0.84 (t, J = 7.2 Hz, 3H), -0.18 (s, 3H), -

0.21 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 154.7, 141.8, 138.9, 136.6, 135.3, 134.0, 133.2, 131.4, 

130.7, 129.5, 128.9, 127.9, 127.8, 126.6, 126.5, 126.3, 126.1, 126.1, 125.7, 124.5, 123.5, 114.7, 68.9, 

31.8, 29.4, 29.2, 29.1, 25.7, 22.8, 14.2, -2.1, -2.1. HRMS (ESI, m/z): calcd for C32H38NaOSi+ [M + Na]+: 

489.2584, found 489.2592.

Si

O Ph

3h

3h, colorless oil. 44.46 mg, 99% yield, 99% ee, HPLC analysis on a Chiralcel OD-H column (hexane, 

flow rate 1.0 mL/min): tR = 22.1 min (minor), tR = 25.1 min (major). [α]D 21 = 0.9 (c 1.00, CHCl3). 1H 

NMR (400 MHz, CDCl3) δ 7.93 – 7.88 (m, 3H), 7.82 - 7.80 (m, 2H), 7.45 – 7.41 (m, 1H), 7.35 – 7.27 

(m, 2H), 7.23 – 7.12 (m, 6H), 7.03 – 7.00 (d, J = 8.4 Hz, 1H), 6.95 – 6.92 (m, 2H), 5.80 (dd, J = 20.0, 

14.6 Hz, 1H), 5.63 (dd, J = 14.6, 4.0 Hz, 1H), 5.34 (dd, J = 20.0, 4.0 Hz, 1H), 5.06 – 5.00 (m, 2H), -0.18 

(s, 6H). 13C NMR (101 MHz, CDCl3) δ 154.2, 141.5, 138.7, 137.7, 136.7, 135.3, 134.0, 133.1, 131.5, 

130.8, 129.6, 129.1, 128.3, 128.0, 127.8, 127.4, 126.7, 126.5, 126.4, 126.3, 126.1, 125.9, 124.8, 123.8, 
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115.0, 70.4, -2.1, -2.1. HRMS (ESI, m/z): calcd for C31H28NaOSi+ [M + Na]+: 467.1802, found 

467.1807.

Si

O

3i

3i, colorless oil. 40.86 mg, 98% yield, 99% ee, HPLC analysis on a Chiralcel OD-H column (hexane, 

flow rate 1.0 mL/min): tR = 11.7 min (minor), tR = 12.6 min (major). [α]D 21 = 25.2 (c 1.00, CHCl3). 1H 

NMR (400 MHz, CDCl3) δ 7.93 – 7.77 (m, 5H), 7.43 – 7.39 (m, 1H), 7.33 (d, J = 9.0 Hz, 1H), 7.29 – 

7.25 (m, 1H), 7.21 – 7.13 (m, 3H), 6.96 (d, J = 8.6 Hz, 1H), 5.83 (dd, J = 20.0, 14.6 Hz, 1H), 5.65 (dd, J 

= 14.6, 4.0 Hz, 1H), 5.37 (dd, J = 20.0, 4.0 Hz, 1H), 3.83 – 3.74 (m, 2H), 0.91 - 0.83 (m, 2H), 0.25 – 

0.17 (m, 2H), 0.08 – 0.13 (m, 1H), -0.17 (s, 3H), -0.20 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 154.5, 

141.7, 138.8, 136.6, 135.4, 134.0, 133.2, 131.4, 130.7, 129.4, 128.9, 127.9, 127.7, 126.6, 126.5, 126.3, 

126.1, 126.0, 125.8, 124.7, 123.6, 115.1, 72.6, 10.5, 2.8, 2.7, -2.1, -2.2. HRMS (ESI, m/z): calcd for 

C28H28NaOSi+ [M + Na]+: 431.1802, found 431.1804.

Si

3j

O

3j, colorless oil. 42.26 mg, 99% yield, 96% ee, HPLC analysis on a Chiralcel OD-H column (hexane, 

flow rate 1.0 mL/min): tR = 8.9 min (minor), tR = 9.7 min (major). [α]D 21 = 22.4 (c 1.00, CHCl3). 1H 

NMR (400 MHz, CDCl3) δ 7.94 (d, J = 9.0 Hz, 1H), 7.86 (dd, J = 18.2, 8.6 Hz, 3H), 7.77 (d, J = 8.4 Hz, 

1H), 7.43 – 7.39 (m, 1H), 7.34 – 7.26 (m, 2H), 7.19 – 7.15 (m, 3H), 7.02 (d, J = 8.4 Hz, 1H), 5.81 (dd, J 

= 20.0, 14.6 Hz, 1H), 5.65 (dd, J = 14.6, 4.0 Hz, 1H), 5.35 (dd, J = 20.0, 4.0 Hz, 1H), 3.91 - 3.87 (m, 

1H), 3.81 – 3.77 (m, 1H), 2.38 – 2.35 (m, 1H), 1.67 – 1.32 (m, 6H), -0.18 (s, 3H), -0.21 (s, 3H). 13C 

NMR (101 MHz, CDCl3) δ 154.7, 141.8, 138.8, 136.5, 135.3, 133.9, 133.2, 131.4, 130.7, 129.5, 128.9, 
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127.8, 127.7, 126.5, 126.4, 126.3, 126.1, 126.0, 125.7, 124.5, 123.5, 114.6, 72.1, 34.8, 24.1, 24.1, 18.2, -

2.1, -2.2. HRMS (ESI, m/z): calcd for C29H30NaOSi+ [M + Na]+: 445.1958, found 445.1962.

Si

3k

O

3k, colorless oil. 45.07 mg, 99% yield, 97% ee, HPLC analysis on a Chiralcel OD-H column (hexane, 

flow rate 1.0 mL/min): tR = 7.5 min (minor), tR = 8.2 min (major). [α]D 21 = 21.4 (c 1.00, CHCl3). 1H 

NMR (400 MHz, CDCl3) δ 7.93 – 7.76 (m, 5H), 7.42 – 7.38 (m, 1H), 7.32 – 7.25 (m, 2H), 7.19 – 7.13 

(m, 3H), 7.01 (d, J = 8.6 Hz, 1H), 5.81 (dd, J = 20.0, 14.6 Hz, 1H), 5.64 (dd, J = 14.6, 4.0 Hz, 1H), 5.35 

(dd, J = 20.0, 4.0 Hz, 1H), 3.74 – 3.63 (m, 2H), 1.43 – 1.41 (m, 1H), 1.36 – 1.22 (m, 4H), 0.99 – 0.85 (m, 

4H), 0.61 – 0.53 (m, 2H), -0.18 (s, 3H), -0.21 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 154.8, 141.7, 

138.8, 136.5, 135.2, 133.9, 133.2, 131.4, 130.7, 129.4, 128.8, 127.8, 127.7, 126.6, 126.4, 126.2, 126.1, 

125.7, 124.5, 123.5, 114.8, 74.4, 37.7, 29.6, 29.4, 26.5, 25.7, 25.7, -2.1, -2.1. HRMS (ESI, m/z): calcd 

for C31H34NaOSi+ [M + Na]+: 473.2271, found 473.2276.

Si

3l

O

3l, colorless oil. 41.06 mg, 99% yield, 94% ee, HPLC analysis on a Chiralcel OD-H column (hexane, 

flow rate 1.0 mL/min): tR = 8.2 min (minor), tR = 8.9 min (major). [α]D 21 = 20.0 (c 1.00, CHCl3). 1H 

NMR (400 MHz, CDCl3) δ 7.94 (d, J = 9.0 Hz, 1H), 7.89 – 7.82 (m, 3H), 7.77 (d, J = 8.2 Hz, 1H), 7.43 

– 7.39 (m, 1H), 7.33 – 7.26 (m, 2H), 7.20 – 7.14 (m, 3H), 7.01 (d, J = 8.4 Hz, 1H), 5.80 (dd, J = 20.0, 

14.6 Hz, 1H), 5.64 (dd, J = 14.6, 4.0 Hz, 1H), 5.35 (dd, J = 20.0, 4.0 Hz, 1H), 3.73 – 3.59 (m, 2H), 1.67 

– 1.61 (m, 1H), 0.53 – 0.49 (m, 6H), -0.19 (s, 3H), -0.21 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 154.7, 

141.8, 138.8, 136.5, 135.2, 133.9, 133.2, 131.3, 130.7, 129.5, 128.8, 127.8, 127.7, 126.5, 126.4, 126.2, 
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126.1, 126.0, 125.7, 124.4, 123.5, 114.5, 75.1, 28.4, 19.0, 18.9, -2.1, -2.2. HRMS (ESI, m/z): calcd for 

C28H30NaOSi+ [M + Na]+: 433.1958, found 433.1964.

Si

3m

3m, colorless oil. 41.46 mg, 99% yield, 98% ee, HPLC analysis on a Chiralcel OD-H column (hexane, 

flow rate 1.0 mL/min): tR = 16.0 min (minor), tR = 17.9 min (major). [α]D 21 = 61.9 (c 1.00, CHCl3). 1H 

NMR (600 MHz, CDCl3) δ 8.01 (d, J = 8.6 Hz, 1H), 7.91 (d, J = 8.2 Hz, 1H), 7.81 – 7.79 (m, 2H), 7.64 

(d, J = 8.6 Hz, 1H), 7.59 (d, J = 8.4 Hz, 1H), 7.44 – 7.37 (m, 2H), 7.26 – 7.18 (m, 3H), 7.14 (d, J = 8.4 

Hz, 1H), 7.05 – 7.03 (m, 2H), 7.01 – 6.96 (m, 3H), 5.64 – 5.59 (m, 2H), 5.30 – 5.24 (m, 1H), -0.30 (s, 

3H), -0.34 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 143.2, 141.6, 138.9, 138.3, 136.9, 136.8, 134.5, 

134.0, 133.3, 132.7, 131.4, 131.0, 129.6, 128.5, 128.3, 128.0, 127.9, 127.5, 127.2, 126.6, 126.5, 126.4, 

126.2, 125.8, -2.1, -2.2. HRMS (ESI, m/z): calcd for C30H26NaSi+ [M + Na]+: 437.1696, found 437.1703.

3n

Si

Me

3n, colorless oil. 42.86 mg, 99% yield, 99% ee, HPLC analysis on a Chiralcel MD-H column 

(hexane/isopropanol = 99/1, flow rate 1.0 mL/min): tR = 3.8 min (minor), tR = 4.2 min (major). [α]D 23 = 

57.6 (c 1.00, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.99 (d, J = 8.4 Hz, 1H), 7.90 (d, J = 8.2 Hz, 1H), 

7.80 (d, J = 8.4 Hz, 2H), 7.62 (t, J = 8.8 Hz, 2H), 7.43 – 7.36 (m, 2H), 7.27 – 7.17 (m, 3H), 7.11 (d, J = 

8.4 Hz, 1H), 6.94 (d, J = 8.2 Hz, 2H), 6.79 (d, J = 8.0 Hz, 2H), 5.68 – 5.58 (m, 2H), 5.32 – 5.24 (m, 1H), 

2.14 (s, 3H), -0.30 (s, 3H), -0.34 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 143.4, 138.9, 138.6, 138.3, 

136.9, 136.6, 136.1, 134.5, 133.9, 133.3, 132.5, 131.4, 131.0, 129.4, 128.6, 128.3, 128.2, 127.9, 127.8, 
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127.5, 127.2, 126.5, 126.3, 126.2, 125.7, 21.1, -2.1, -2.2. HRMS (ESI, m/z): calcd for C31H28NaSi+ [M + 

Na]+: 451.1852, found 451.1857.

3o

Si

OMe

3o, colorless oil. 44.40 mg, 99% yield, 99% ee, HPLC analysis on a Chiralcel MD-H column 

(hexane/isopropanol = 99.5/0.5, flow rate 1.0 mL/min): tR = 5.5 min (minor), tR = 5.8 min (major). [α]D 
23 = 63.1 (c 1.00, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.98 (d, J = 8.4 Hz, 1H), 7.90 (d, J = 8.2 Hz, 

1H), 7.82 – 7.80 (m, 2H), 7.63 – 7.60 (m, 2H), 7.43 – 7.37 (m, 2H), 7.27 – 7.19 (m, 3H), 7.10 (d, J = 8.4 

Hz, 1H), 6.97 (d, J = 8.6 Hz, 2H), 6.52 (d, J = 8.6 Hz, 2H), 5.67 – 5.60 (m, 2H), 5.32 – 5.25 (m, 1H), 

3.62 (s, 3H), -0.30 (s, 3H), -0.34 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 158.3, 143.5, 138.6, 138.4, 

136.9, 136.5, 134.6, 134.1, 134.0, 133.4, 132.5, 131.5, 131.0, 130.6, 128.6, 128.2, 128.0, 127.8, 127.4, 

127.2, 126.6, 126.3, 126.2, 126.2, 125.6, 113.1, 55.2, -2.1, -2.2. HRMS (ESI, m/z): calcd for 

C31H32NOSi+ [M + NH4]+: 462.2248, found 462.2250.

3p

Si

Cl

3p, colorless oil. 44.00 mg, 98% yield, 99% ee, HPLC analysis on a Chiralcel MD-H column 

(hexane/isopropanol = 99/1, flow rate 1.0 mL/min): tR = 3.9 min (minor), tR = 4.3 min (major). [α]D 24 = 

64.0 (c 1.00, CHCl3). 1H NMR (400 MHz, CDCl3) δ 8.01 (d, J = 8.6 Hz, 1H), 7.92 (d, J = 8.2 Hz, 1H), 

7.82 (d, J = 8.4 Hz, 2H), 7.62 - 7.57 (m 2H), 7.47 – 7.38 (m, 2H), 7.24 – 7.19 (m, 3H), 7.13 (d, J = 8.6 

Hz, 1H), 6.99 – 6.93 (m, 4H), 5.62 – 5.53 (m, 2H), 5.30 – 5.26 (m, 1H), -0.27 (s, 3H), -0.34 (s, 3H). 13C 

NMR (101 MHz, CDCl3) δ 142.8, 140.1, 138.0, 137.7, 137.0, 134.4, 133.8, 133.3, 132.7, 132.6, 131.4, 
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131.2, 130.8, 128.5, 128.1, 128.0, 127.9, 127.7, 127.5, 127.0, 126.8, 126.5, 126.4, 126.3, 126.1, -2.1, -

2.2. HRMS (ESI, m/z): calcd for C30H25ClKSi+ [M + K]+: 487.1046, found 487.1047.

3q

Si

3q, colorless oil. 46.46 mg, 99% yield, 99% ee, HPLC analysis on a Chiralcel MD-H column 

(hexane/isopropanol = 99/1, flow rate 1.0 mL/min): tR = 4.4 min (minor), tR = 5.1 min (major). [α]D 24 = 

82.3 (c 1.00, CHCl3). 1H NMR (600 MHz, CDCl3) δ 8.05 (d, J = 8.6 Hz, 1H), 7.95 (d, J = 8.2 Hz, 1H), 

7.81 – 7.71 (m, 3H), 7.61 (d, J = 7.6 Hz, 1H), 7.58 – 7.53 (m, 2H), 7.48 – 7.41 (m, 3H), 7.39 (t, J = 7.4 

Hz, 1H), 7.35 – 7.29 (m, 3H), 7.26 – 7.22 (m, 2H), 7.20 – 7.16 (m, 2H), 5.68 – 5.52 (m, 2H), 5.26 (dd, J 

= 19.4, 4.4 Hz, 1H), -0.27 (s, 3H), -0.34 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 143.1, 139.1, 138.9, 

138.2, 137.1, 137.0, 134.5, 133.9, 133.4, 132.9, 132.7, 131.9, 131.4, 131.1, 128.8, 128.7, 128.3, 128.1, 

128.0, 127.9, 127.7, 127.5, 127.4, 127.2, 126.9, 126.7, 126.4, 126.3, 126.2, 125.9, 125.8, 125.7, -2.0, -

2.1. HRMS (ESI, m/z): calcd for C34H28NaSi+ [M + Na]+: 487.1852, found 487.1859.

3r

Si

3r, colorless oil. 44.00 mg, 99% yield, 97% ee, HPLC analysis on a Chiralcel MD-H column 

(hexane/isopropanol = 99/1, flow rate 1.0 mL/min): tR = 4.3 min (minor), tR = 5.0 min (major). [α]D 15 = 

43.5 (c 1.00, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.97 (q, J = 8.8 Hz, 3H), 7.92 – 7.87 (m, 1H), 7.86 

– 7.82 (m, 1H), 7.45 – 7.36 (m, 2H), 7.20 – 7.09 (m, 10H), 7.01 (d, J = 8.4 Hz, 1H), 6.66 (d, J = 16.4 Hz, 

1H), 5.77 (dd, J = 20.0, 14.6 Hz, 1H), 5.62 (dd, J = 14.6, 3.8 Hz, 1H), 5.35 (dd, J = 20.0, 3.8 Hz, 1H), -

0.21 (s, 3H), -0.23 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 143.1, 138.2, 137.6, 137.6, 137.1, 134.7, 
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134.2, 133.8, 133.1, 132.9, 131.4, 131.1, 129.4, 128.6, 128.4, 127.9, 127.8, 127.7, 127.5, 127.0, 126.8, 

126.6, 126.5, 126.4, 126.3, 125.9, 122.5, -2.2. HRMS (ESI, m/z): calcd for C32H28NaSi+ [M + Na]+: 

463.1852, found 463.1860.

3s

Si

PPh2

3s, colorless oil. 23.30 mg, 45% yield, 99% ee, HPLC analysis on a Chiralcel AD-H column 

(hexane/isopropanol = 99.5/0.5, flow rate 1.0 mL/min): tR = 5.0 min (major), tR = 6.9 min (minor). [α]D 
25 = 6.4 (c 1.00, CHCl3). 1H NMR (600 MHz, CDCl3) δ 7.92 (d, J = 8.2 Hz, 1H), 7.90 – 7.87 (m, 2H), 

7.80 – 7.77 (m, 2H), 7.51 (dd, J = 8.6, 2.8 Hz, 1H), 7.47 -7.44 (m, 1H), 7.30 – 7.26 (m, 5H), 7.24 – 7.19 

(m, 3H), 7.14 – 7.12 (m, 1H), 7.05 – 7.03 (m, 2H), 6.95 – 6.92 (m, 2H), 6.74 – 6.71 (m, 1H), 6.65 (d, J = 

8.4 Hz, 1H), 5.73 (dd, J = 20.0, 14.6 Hz, 1H), 5.63 (dd, J = 14.6, 4.0 Hz, 1H), 5.37 (dd, J = 20.0, 4.0 Hz, 

1H), -0.26 (s, 3H), -0.28 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 146.7 (d, J = 33.8 Hz), 143.8 (d, J = 8.5 

Hz), 138.5, 138.1 (d, J = 14.3 Hz), 137.5 (d, J = 13.1 Hz), 136.5 (d, J = 2.3 Hz), 136.0 (d, J = 12.7 Hz), 

134.4 (d, J = 6.7 Hz), 134.2, 134.1, 133.8, 133.7, 133.5, 133.4, 133.2 (d, J = 3.0 Hz), 131.2, 131.1, 130.1 

(d, J = 1.5 Hz), 128.5, 128.4, 128.4, 128.3, 128.1, 128.0, 127.9, 127.8, 127.6 (d, J = 2.7), 127.6, 127.2, 

127.0, 126.8, 126.4, 126.0, 125.4, -1.9, -2.0. 31P NMR (243 MHz, CDCl3) δ -15.83 (s). HRMS (ESI, 

m/z): calcd for C36H32PSi+ [M + H]+: 523.2005, found 523.2004.

3t

Si

Ph

3t, colorless oil. 36.40 mg, 99% yield, 69% ee, HPLC analysis on a Chiralcel OD-H column 

(hexane/isopropanol = 99.5/0.5, flow rate 1.0 mL/min): tR = 4.8 min (minor), tR = 5.9 min (major ). [α]D 
26 = 16.7 (c 1.00, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 8.0 Hz, 2H), 7.61 (d, J = 8.4 Hz, 
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1H), 7.55 – 7.52 (m, 2H), 7.44 – 7.32 (m, 4H), 7.27 – 7.23 (m, 1H), 7.06 – 7.03 (m, 2H), 6.99 – 6.95 (m, 

3H), 5.95 (dd, J = 19.8, 14.6 Hz, 1H), 5.82 (dd, J = 14.6, 4.0 Hz, 1H), 5.53 (dd, J = 19.8, 4.0 Hz, 1H), -

0.00 (s, 3H), -0.01 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 146.1, 141.8, 141.1, 140.0, 138.9, 135.3, 

133.4, 132.7, 132.3, 131.5, 131.1, 130.1, 129.2, 128.3, 127.8, 127.6, 127.0, 126.9, 126.5, 126.4, 126.1, 

125.8, -1.6, -2.0. HRMS (ESI, m/z): calcd for C26H25Si+ [M + H]+: 365.1720, found 365.1719.

Si
Ph Ph

3v

3v, white solid, m.p. 71 - 72 ℃. 43.00 mg, 93% yield, 96% ee, HPLC analysis on a Chiralcel MD-H 

column (hexane, flow rate 1.0 mL/min): tR = 12.4 min (minor), tR = 19.7 min (major). [α]D 17 = 6.0 (c 

0.50, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.89 (t, J = 7.4 Hz, 2H), 7.76 (d, J = 8.2 Hz, 2H), 7.69 (d, J 

= 8.4 Hz, 1H), 7.47 – 7.43 (m, 1H), 7.35 – 7.32 (m, 1H), 7.27 – 7.12 (m, 16H), 5.50 (dd, J = 13.0, 5.0 

Hz, 1H), 5.27 – 5.11 (m, 2H). 13C NMR (101 MHz, CDCl3) δ 146.8, 138.9, 136.0, 135.7, 135.0, 134.9, 

134.0, 133.9, 133.4, 133.3, 133.2, 133.1, 132.9, 129.2, 129.1, 128.7, 128.2, 128.0, 127.6, 127.5, 127.3, 

127.0, 126.7, 126.8, 126.1, 125.9, 125.6, 125.1. HRMS (ESI, m/z): calcd for C34H27Si+ [M + H]+: 

463.1877, found 463.1863.

Si

3w

3w, colorless oil. 34.50 mg, 95% yield, 98% ee, HPLC analysis on a Chiralcel MD-H column (hexane, 

flow rate 1.0 mL/min): tR = 7.8 min (minor), tR = 12.6 min (major). [α]D 17 = -8.4 (c 1.00, CHCl3). 1H 

NMR (400 MHz, CDCl3) δ 7.93 – 7.87 (m, 4H), 7.80 (d, J = 8.4 Hz, 1H), 7.49 – 7.35 (m, 4H), 7.23 – 

7.19 (m, 3H), 7.14 (d, J = 8.4 Hz, 1H), 5.78 – 5.72 (m, 4H), 5.68 – 5.63 (m, 2H), 5.44 (dd, J = 19.6, 4.6 

Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 146.1, 139.3, 134.3, 134.2, 134.1, 133.9, 133.5, 133.3, 133.2, 
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132.0, 129.0, 128.2, 128.0, 127.9, 127.2, 127.1, 126.8, 126.6, 126.1, 126.0, 125.8, 125.0. HRMS (ESI, 

m/z): calcd for C26H22NaSi + [M + Na]+: 363.1383, found 363.1385.

Si
H

3x

3x, colorless oil. 31.24 mg, 99% yield, 96% ee, HPLC analysis on a Chiralcel OD-H column 

(hexane/isopropanol = 99.5/0.5, flow rate 1.0 mL/min): tR = 4.9 min (minor), tR = 5.5 min (major). [α]D 
26 = -35.6 (c 1.00, CHCl3). 1H NMR (400 MHz, CDCl3) δ 8.06 -7.98 (m, 4H), 7.87 (d, J = 8.2 Hz, 1H), 

7.69 – 7.65 (m, 1H), 7.54 – 7.51 (m, 3H), 7.36 – 7.26 (m, 4H), 4.06 - 4.02 (m, 1H), -0.01 (d, J = 3.8 Hz, 

3H), -0.03 (d, J = 3.8 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 145.6, 138.7, 135.3, 133.9, 133.7, 133.5, 

133.0, 131.0, 128.6, 128.2, 128.1, 128.0, 127.0, 127.0, 126.9, 126.4, 126.1, 126.0, 125.2, -2.9, -3.0. 

HRMS (ESI, m/z): calcd for C22H21Si+ [M + H]+: 313.1407, found 313.1431.
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3. Synthetic Application 

3.1. Scale-up reaction.

+OTf Si
Cl

(DME)NiCl2 (10 mol%)

L4 (10 mol%), Mn (3.0 eq),

1d, 3.0 mmol
99% ee

DMA, 20 h, 30℃ Si

OMeOMe

3d,
99% yield, 97% ee

2a

This procedure was conducted in an argon-filled glove box. (DME)NiCl2 (65.92 mg, 0.3 mmol), L4 

(99.72 mg, 0.3 mmol) and Mn (494.5 mg, 9.0 mmol) in DMA (30 mL) were charged sequentially into a 

100 mL pressure tube under argon. The mixture was stirred for 30 min at room temperature. Then 1d 

(1.298 g, 3.0 mmol, 1.0 equiv.) and 2a (1.086 g, 9.0 mmol) were added to the reaction mixture. The 

reaction tube was sealed and stirred at 30 oC. After the reaction was completed (20 h), the reaction 

mixture was filtered through a pad of celite, eluted with ethyl acetate, concentrated, and purified by 

silica gel chromatography (PE:EA = 20:1) to give the indicated product 3d (1.103 g, 99% yield, 97% ee). 

HPLC analysis on a Chiralcel OD-H column (hexane, flow rate 1.0 mL/min): tR = 13.3 min (minor), tR = 

14.4 min (major). 1H NMR (600 MHz, CDCl3) δ 7.98 (d, J = 9.0 Hz, 1H), 7.90 (dd, J = 19.2, 8.2 Hz, 

2H), 7.84 (d, J = 8.2 Hz, 1H), 7.80 (d, J = 8.4 Hz, 1H), 7.44 – 7.41 (m, 1H), 7.38 (d, J = 9.0 Hz, 1H), 

7.30 – 7.27 (m, 1H), 7.22 – 7.14 (m, 3H), 6.92 (d, J = 8.6 Hz, 1H), 5.79 (dd, J = 20.2, 14.6 Hz, 1H), 5.65 

(dd, J = 14.6, 3.8 Hz, 1H), 5.35 (dd, J = 20.2, 3.8 Hz, 1H), 3.74 (s, 3H), -0.19 (s, 3H), -0.20 (s, 3H).
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3.2. Derivatization Reactions. 

Pd /C (10% wt), H2

DCM, rt, 22h

4
99% yield, 97% ee

3a
97% ee

Si Si

3a (67.71 mg, 0.2 mmol) and DCM (4.0 mL) were added to a flame dried schlenk tube under hydrogen, 

the Pd/C (21.20 mg, 10% wt) was added and stirred at room temperature. After stirred for 22 h, the 

reaction mixture was filtered through a pad of celite eluting with ethyl acetate. The crude mixture was 

concentrated and purified by silica gel chromatography (PE) to give the product 4 (68.10 mg, 99% yield, 

97% ee). HPLC analysis on a Chiralcel MD-H column (hexane, flow rate 1.0 mL/min): tR = 7.5 min 

(minor), tR = 12.6 min (major). [α]D 20 = -24.6 (c 1.00, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.94 – 

7.85 (m, 4H), 7.76 (d, J = 8.4 Hz, 1H), 7.54 (dd, J = 8.2, 7.0 Hz, 1H), 7.43 – 7.38 (m, 3H), 7.23 – 7.13 

(m, 4H), 0.74 (t, J = 7.8 Hz, 3H), 0.41 – 0.29 (m, 2H), -0.24 (s, 3H), -0.36 (s, 3H). 13C NMR (101 MHz, 

CDCl3) δ 145.2, 139.3, 136.7, 134.1, 133.6, 133.4, 133.3, 131.1, 128.6, 128.2, 128.1, 127.8, 127.1, 127.0, 

126.8, 126.2, 126.0, 126.0, 125.9, 125.2, 8.3, 7.7, -2.2, -2.3. HRMS (ESI, m/z): calcd for C24H25Si+ [M + 

H]+: 341.1720, found 341.1734.
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Si

3a
97% ee

Grubbs II (9 mo%l)

toluene

120 ℃ , 3 h

5
89% yield, 96% ee

SiPh
Ph

3a (33.86 mg, 0.1 mmol, 1.0 equiv) , styrene(104.15 mg, 1.0 mmol, 10.0 equiv), Grubbs II (7.64 mg, 0.9 

mol%) and toluene (0.5 mL) were added to a flame dried schlenk tube under argon, then stirred at 120℃. 

After stirred for 3 h, the reaction mixture was filtered through a pad of celite eluting with ethyl acetate. 

The crude mixture was concentrated and purified by silica gel chromatography (PE) to give the product 

5 (36.80 mg, 89% yield, 96% ee). HPLC analysis on a Chiralcel MD-H column (hexane, flow rate 1.0 

mL/min): tR = 15.1 min (minor), tR = 27.9 min (major). [α]D 21 = 8.4 (c 1.00, CHCl3). 1H NMR (400 

MHz, CDCl3) δ 7.94 – 7.81 (m, 5H), 7.54 – 7.50 (m, 1H), 7.43 -7.35 (m, 3H), 7.24 – 7.16 (m, 7H), 7.09 

– 7.07 (m, 2H), 6.50 (d, J = 19.1 Hz, 1H), 5.93 (d, J = 19.1 Hz, 1H), -0.00 (s, 3H), -0.03 (s, 3H). 13C 

NMR (101 MHz, CDCl3) δ 145.4, 143.6, 139.1, 138.2, 136.2, 134.1, 133.7, 133.5, 133.2, 131.2, 128.9, 

128.4, 128.4, 128.2, 128.0, 127.9, 127.1, 127.0, 126.9, 126.5, 126.4, 126.1, 126.0, 125.8, 125.1, -1.1, -

1.6. HRMS (ESI, m/z): calcd for C30H26NaSi+ [M + Na]+: 437.1696, found 437.1705.
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3.3. Application of chiral alkene ligands. 

[Rh(cod)2Cl] 2 (2.5 mol%)
L* (6 mol%), KOH (50 mol%)

6
48% yield, 11% ee L* = 3r

Si

Ph

F3C Tol

O

+ PhB(OH)2 F3C Tol

OPh

THF: H2O (10:1)

The procedure was conducted in an argon-filled glove box. [Rh(cod)2Cl]2 (2.47 mg) and 3r (5.3 mg) in 

THF (1.0 mL) were charged into a 25 mL pressure tube under argon. The mixture was stirred for 30 min 

at 60 oC. Then enone (42.84 mg, 0.2 mmol, 1.0 equiv), PhB(OH)2 (29.27 mg, 0.24 mmol, 1.2 equiv) and 

KOH (5.62 mg, 10 mol%) in H2O (0.1 mL) were added to the reaction mixture sequentially. The 

reaction tube was sealed and stirred at -30 oC. After the reaction was completed (48 h), the reaction 

mixture was filtered through a pad of celite, eluted with ethyl acetate, concentrated, and purified by 

silica gel chromatography (PE:DCM = 10:1) to give the indicated product 6 (28.1 mg, 48% yield, 11% 

ee), HPLC analysis on a Chiralcel OD-H column (hexane/isopropanol = 95/5, flow rate 1.0 mL/min), tR 

= 4.7 min (major), tR = 5.3 min (minor).1H NMR (400 MHz, CDCl3) δ 7.81 (d, J = 8.2 Hz, 2H), 7.38 (d, 

J = 7.2 Hz, 2H), 7.31 – 7.27 (m, 3H), 7.23 (d, J = 8.0 Hz, 2H), 4.29 – 4.19 (m, 1H), 3.69 – 3.53 (m, 2H), 

2.38 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 195.0, 144.6, 134.8, 134.0, 129.9, 129.5, 129.2, 128.8, 128.4, 

128.3, 127.2 (q, J = 279.5 Hz), 45.0 (q, J = 27.3 Hz), 38.2, 21.7. 19F NMR (376 MHz, CDCl3) δ -69.57 

(d, J = 9.7 Hz, 3F). HRMS (ESI, m/z): calcd for C17H16F3O+ [M + H]+: 293.1148, found 293.1150.
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[Pd(C3H5)Cl]2 (2 mol%)
L*(8 mol%), LiOAc (3 mol%)

7
63% yield, 69% ee

Ph Ph

L* = 3s

Si

PPh2

OAc

*

CO2MeMeO2C

Ph Ph

CH2(CO2Me)2

BSA (3.0 eq), toluene+

A mixture of [PdCl(C3H5)]2 (1.83 mg, 2.0 mol%), the chiral ligand 3s (11.50 mg, 8.0 mol%, 99% ee) in 

toluene (0.5 mL) was stirred at 30 oC for 30 min under nitrogen atmosphere. Then allylic substrate 

(63.10 mg, 0.25 mmol, 1.0 equiv) and toluene (0.5 mL) were added and stirred for another 30 minutes. 

Subsequently, CH2(CO2Me) (99.08 mg, 0.75 mmol, 3.0 equiv), bis(trimethylsllyl)acetamide (152.27 mg, 

0.75 mmol, 3.0 equiv ) and lithium acetate (0.50 mg, 3.0 mol%) were added. The mixture was stirred at 

60 oC for three hours. At the end of the reaction, the saturated ammonium chloride solution (two drops) 

was added to quench the reaction. The mixture was diluted with ethyl acetate, filtered, and concentrated 

under the reduced pressure. The crude residue was purified by flash column chromatography on silica 

gel using hexanes/ethyl acetate (20:1) as eluent to give the corresponding product 7 (51.0 mg, 63% yield, 

69% ee), HPLC analysis on a Chiralcel AD-H column (hexane/isopropanol = 95/5, flow rate 1.0 

mL/min): tR = 13.9 min (major), tR = 19.2 min (minor). [α]D 26 = 3.0 (c 0.50, CHCl3). 1H NMR (400 

MHz, CDCl3) δ 7.32 – 7.16 (m, 10H), 6.48 (d, J = 15.8 Hz, 1H), 6.33 (dd, J = 15.8, 8.6 Hz, 1H), 4.27 

(dd, J = 10.8, 8.6 Hz, 1H), 3.96 (d, J = 10.8 Hz, 1H), 3.68 (s, 3H), 3.49 (s, 3H). 13C NMR (101 MHz, 

CDCl3) δ 168.2, 167.8, 140.2, 136.9, 131.9, 129.2, 128.8, 128.5, 127.9, 127.6, 127.2, 126.4, 57.7, 52.7, 

52.5, 49.3. HRMS (ESI, m/z): calcd for C20H20O4Na+ [M + Na]+: 347.1254, found 347.1253.
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4. X-Ray Crystallographic Data
Crystal structure details for 3v (CCDC 2387787). Thermal ellipsoids are shown at 50 % probability 
level (two molecules in each unit). Single crystals suitable for X-ray diffraction were obtained by slow 
evaporation of CH2Cl2 solution of 3v.

Table 1 Crystal data and structure refinement for 3v.

Identification code 3v

Empirical formula C34H26Si

Formula weight 462.64

Temperature/K 293(2)

Crystal system monoclinic

Space group P21

a/Å 14.5996(2)

b/Å 9.42640(10)

c/Å 18.8989(2)

α/° 90

β/° 94.4420(10)

γ/° 90

Volume/Å3 2593.09(5) 

Z 4

ρcalcg/cm3 1.185

μ/mm-1 0.932

F(000) 976.0

Crystal size/mm3 0.3 × 0.12 × 0.06

Radiation CuKα (λ = 1.54178)

2Θ range for data collection/° 7.382 to 133.176

Index ranges -15 ≤ h ≤ 17, -11 ≤ k ≤ 11, -22 ≤ l ≤ 22

Reflections collected 43685

Independent reflections 9145 [Rint = 0.1162, Rsigma = 0.0603]

Data/restraints/parameters 9145/1/631

Goodness-of-fit on F2 1.054

Final R indexes [I>=2σ (I)] R1 = 0.0583, wR2 = 0.1551

Final R indexes [all data] R1 = 0.0631, wR2 = 0.1596

Largest diff. peak/hole / e Å-3 0.53/-0.24

Flack parameter 0.03(3)
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6. NMR Spectra and HPLC Spectra

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1(ppm)

3.0
0

3.0
0

1.0
0

1.0
0

1.0
0

4.0
0

3.0
0

1.0
0

1.0
0

4.0
0

-0
.22

-0
.18

5.3
6

5.3
7

5.4
1

5.4
2

5.6
6

5.6
7

5.6
9

5.7
0

5.8
0

7.1
5

7.1
7

7.2
4

7.3
9

7.4
0

7.4
3

7.7
7

7.7
9

7.8
6

7.8
9

7.8
9

7.9
0

7.9
1

7.9
2

7.9
3

-100102030405060708090100110120130140150160
f1 (ppm)

-1.9
1

-1.7
5

76
.8

4
77.

16
77.

48

12
5.1

8
12

6.0
4

12
6.8

7
12

7.0
9

12
8.1

3
12

8.8
0

13
1.2
4

13
3.4

1
13

4.1
2

13
8.8

0

14
5.3

0

3a
1H NMR (400 MHz, CDCl3)

Si

3a
13C NMR (101 MHz, CDCl3)

Si



S35

0.01.02.03.04.05.06.07.08.09.010.0
f1 (ppm)

3.0
0

3.0
0

1.0
0

1.0
0

1.0
0

1.0
1

2.0
1

1.0
0

1.0
1

2.0
0

2.0
0

4.0
0

2.0
0

-0
.20

-0
.12

5.3
1

5.3
2

5.3
6

5.3
7

5.6
1

5.6
2

5.6
5

5.6
6

5.8
4

5.8
8

5.8
9

5.9
3

7.1
5

7.2
3

7.3
3

7.4
5

7.6
3

7.9
3

8.7
7

8.7
9

-100102030405060708090100110120130140150
f1 (ppm)

-1.
85

-1.
56

76
.84

77
.16

77
.48

12
2.8

3
12

6.4
2

12
6.6

9
12

7.0
1

12
7.9

4
12

8.8
0

13
0.2

1
13

1.2
5

13
1.4

5

13
8.8

2
14

5.2
8

3b
1H NMR (400 MHz, CDCl3)

Si

3b
13C NMR (101 MHz, CDCl3)

Si



S36

-0.50.51.52.53.54.55.56.57.58.59.510.511.512.5
f1 (ppm)

6.0
0

3.0
0

1.0
0

1.0
0

1.0
0

4.0
0

1.0
1

3.0
1

1.0
0

2.0
0

1.0
0

-0
.22

-0
.19

2.8
0

5.3
8

5.3
9

5.4
3

5.4
4

5.6
7

5.6
8

5.7
1

5.7
2

5.8
3

7.1
7

7.1
8

7.1
9

7.2
1

7.2
2

7.2
7

7.2
9

7.3
8

7.4
0

7.4
1

7.4
2

7.4
3

7.4
5

7.4
7

7.4
9

7.7
6

7.7
8

7.8
6

7.8
8

7.8
9

7.9
1

8.0
5

8.0
8

0102030405060708090100110120130140150
f1 (ppm)

-1.
82

-1.
70

19
.76

76
.84

77
.16

77
.48

12
4.2

7
12

5.6
8

12
5.9

7
12

6.7
7

12
7.7

8
12

8.5
2

13
1.2

5
13

3.4
0

13
4.1

8

13
9.0

0
14

5.6
7

3c
1H NMR (400 MHz, CDCl3)

Si

3c
13C NMR (101 MHz, CDCl3)

Si



S37

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.5
f1 (ppm)

3.0
0

3.0
0

3.0
0

1.0
0

1.0
0

1.0
0

1.0
0

3.0
0

1.0
0

1.0
0

1.0
0

4.0
0

1.0
0

-0.
20

-0.
19

3.7
2

5.3
2

5.3
3

5.3
7

5.3
8

5.6
3

5.6
6

5.7
5

5.8
0

6.9
1

7.1
7

7.2
6

7.3
5

7.4
4

7.7
9

7.8
1

7.8
2

7.8
4

7.8
6

7.8
8

7.9
0

7.9
2

7.9
6

7.9
8

-100102030405060708090100110120130140150160170
f1 (ppm)

-2
.23

-2
.17

55
.80

76
.84

77
.16

77
.48

11
3.0

3
12

3.5
4

12
6.2

9
12

6.4
3

12
7.7

8
12

8.8
2

13
0.7

4
13

3.0
8

13
8.7

1
15

5.0
0

3d
1H NMR (400 MHz, CDCl3)

Si
OMe

3d
13C NMR (101 MHz, CDCl3)

Si
OMe



S38

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
f1 (ppm)

3.0
0

3.0
0

3.0
0

2.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
1

2.0
1

1.0
0

1.0
0

1.0
1

5.0
0

-0
.28

-0
.26

0.9
4

0.9
6

0.9
7

3.8
9

3.9
0

3.9
2

3.9
4

5.2
6

5.3
1

5.5
5

5.5
8

5.6
9

5.7
4

6.8
3

7.0
7

7.1
6

7.2
6

7.3
3

7.6
9

7.7
1

7.7
2

7.7
4

7.7
7

7.8
0

7.8
2

7.8
4

7.8
6

-100102030405060708090100110120130140150160170
f1 (ppm)

-2
.1

9
-2

.1
7

15
.0

9

64
.2

2

76
.8

4
77

.1
6

77
.4

8

11
4.

38
12

3.
47

12
5.

80
12

6.
15

12
6.

50
12

7.
73

12
8.

79
13

0.
71

15
4.

44

3e
1H NMR (400 MHz, CDCl3)

Si
O

3e
13C NMR (101 MHz, CDCl3)

Si
O



S39

-1.00.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.5
f1 (ppm)

3.0
0

3.0
0

3.0
0

2.0
1

2.0
0

2.0
0

2.0
1

1.0
0

1.0
1

1.0
0

1.0
0

3.0
0

1.0
1

1.0
0

1.0
1

5.0
0

-0.
21

-0.
18

0.6
0

0.8
7

0.9
6

1.3
4

1.3
6

1.3
7

1.3
9

1.4
1

1.4
2

3.8
2

3.8
5

3.8
6

3.9
1

3.9
3

3.9
5

5.3
3

5.3
4

5.3
8

5.3
9

5.6
2

5.6
3

5.6
6

6.9
7

7.1
5

7.2
7

7.4
2

7.7
6

7.7
8

7.8
1

7.8
3

7.8
5

7.8
7

7.8
9

7.9
2

7.9
4

-100102030405060708090100110120130140150160170
f1 (ppm)

-2
.16

-2
.15

13
.96

22
.20

27
.98

29
.05

68
.85

76
.84

77
.16

77
.48

11
4.6

0

12
3.4

8
12

6.1
1

12
7.7

5
13

0.6
7

13
5.3

1

15
4.6

9

3f
1H NMR (400 MHz, CDCl3)

Si
O

3f
13C NMR (101 MHz, CDCl3)

Si
O



S40

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.5
f1(ppm)

3.0
0

3.0
0

3.0
1

2.0
0

4.0
1

2.0
0

2.0
1

2.0
0

2.0
1

1.0
1

1.0
0

1.0
0

1.0
1

3.0
0

1.0
1

1.0
0

1.0
0

1.0
0

1.0
0

2.0
0

1.0
0

-0.
21

-0.
18

0.8
3

0.8
6

0.9
0

0.9
3

0.9
5

0.9
7

0.9
9

1.0
4

1.0
8

1.2
1

3.8
3

3.8
4

3.8
4

3.8
5

3.8
5

3.8
6

3.9
1

3.9
2

3.9
4

5.3
4

5.3
4

5.3
7

5.3
8

5.6
3

5.6
6

5.7
8

5.8
2

6.9
7

7.1
6

7.1
8

7.3
2

7.4
0

7.7
6

7.7
8

7.8
1

7.8
3

7.8
5

7.8
6

7.8
7

7.8
8

7.9
2

7.9
4

-100102030405060708090100110120130140150160170
f1 (ppm)

-2.
14

-2.
12

14
.22

22
.78

25
.73

29
.13

29
.18

29
.44

31
.77

68
.91

76
.84

77
.16

77
.48

11
4.7

1
12

3.5
0

12
5.7

4
12

6.1
1

12
6.4

9
12

7.7
6

12
8.9

0
13

0.6
6

15
4.7

3

3g
1H NMR (600 MHz, CDCl3)

Si
O

3g
13C NMR (101 MHz, CDCl3)

Si
O



S41

-1.00.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
f1 (ppm)

6.0
1

2.0
0

1.0
0

1.0
0

1.0
0

2.0
0

1.0
0

6.0
0

2.0
1

1.0
0

2.0
0

3.0
0

-0.
18

4.9
9

5.0
2

5.0
3

5.0
6

5.3
1

5.6
1

5.6
5

5.7
6

5.8
1

6.9
2

7.1
2

7.1
7

7.2
3

7.3
0

7.4
4

7.8
0

7.8
1

7.8
2

7.8
8

7.8
9

7.9
1

7.9
3

-100102030405060708090110130150170
f1 (ppm)

-2.
12

-2.
11

70
.39

76
.84

77
.16

77
.48

11
5.0

0
12

3.7
9

12
5.9

4
12

6.2
7

12
6.5

3
12

7.4
2

12
7.9

8
12

9.0
6

13
8.7

0
15

4.1
8

3h
1H NMR (400 MHz, CDCl3)

Si
O Ph

3h
13C NMR (101 MHz, CDCl3)

Si
O Ph



S42

-3-2-10123456789101112
f1 (ppm)

3.0
0

3.0
0

1.0
0

2.0
0

2.0
0

2.0
0

1.0
1

1.0
1

1.0
0

1.0
0

3.0
1

1.0
0

1.0
0

1.0
1

5.0
1

-0.
20

-0.
17

-0.
13

-0.
11

-0.
11

-0.
10

-0.
10

-0.
09

-0.
08

0.1
7

0.1
9

0.2
1

0.8
3

0.8
4

0.8
6

0.8
7

0.8
9

3.7
4

3.7
6

3.7
7

3.7
8

3.8
0

3.8
1

3.8
2

5.3
4

5.3
9

5.6
3

5.6
6

5.7
8

6.9
5

7.1
7

7.2
5

7.4
3

7.7
7

7.7
9

7.8
1

7.8
3

7.8
5

7.8
7

7.8
8

7.9
0

7.9
1

7.9
3

-100102030405060708090100110120130140150160
f1 (ppm)

-2.
16

-2.
12

2.7
0

2.8
0

10
.47

72
.56

76
.84

77
.16

77
.48

11
5.1

4
12

3.5
8

12
5.7

5
12

6.1
4

12
6.5

1
12

7.7
4

12
8.9

0
13

0.7
3

13
8.8

2

15
4.4

5

3i
1H NMR (400 MHz, CDCl3)

Si
O

3i
13C NMR (101 MHz, CDCl3)

Si
O



S43

-0.50.51.52.53.54.55.56.57.58.59.510.5
f1 (ppm)

3.0
0

3.0
0

6.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

3.0
0

2.0
0

1.0
0

1.0
0

3.0
0

1.0
0

-0.
21

-0.
18

1.3
2

1.3
6

1.3
9

1.4
1

1.5
4

1.6
1

2.3
4

2.3
6

2.3
8

3.7
7

3.7
9

3.8
0

3.8
1

3.8
7

3.8
9

5.3
2

5.3
3

5.3
7

5.3
8

5.6
2

5.6
3

5.6
6

7.0
1

7.1
7

7.2
6

7.3
9

7.7
6

7.7
8

7.8
2

7.8
5

7.8
7

7.8
9

7.9
3

7.9
5

-100102030405060708090100110120130140150160170180
f1 (ppm)

-2.
16

-2.
12

18
.16

24
.12

24
.14

34
.78

72
.14

76
.84

77
.16

77
.48

11
4.5

8
12

3.4
8

12
5.7

1
12

6.0
9

12
6.4

1
12

7.7
7

12
8.8

5
13

0.6
8

15
4.6

8

3j
1H NMR (400 MHz, CDCl3)

Si

O

3j
13C NMR (101 MHz, CDCl3)

Si

O



S44

-2.0-1.00.01.02.03.04.05.06.07.08.09.010.011.0
f1 (ppm)

3.0
0

3.0
0

2.0
0

4.0
1

4.0
1

1.0
0

2.0
0

1.0
1

1.0
1

1.0
0

1.0
0

3.0
0

2.0
1

1.0
1

5.0
0

-0.
21

-0.
18

0.5
3

0.6
1

0.8
8

0.9
4

1.2
2

1.2
9

1.4
4

3.6
3

3.6
4

3.6
5

3.6
7

3.7
0

3.7
2

3.7
2

5.3
2

5.3
3

5.3
7

5.3
8

5.6
2

5.6
3

5.6
6

7.0
0

7.1
5

7.1
9

7.4
0

7.7
6

7.7
8

7.8
0

7.8
3

7.8
4

7.8
6

7.8
8

7.9
1

7.9
3

-100102030405060708090100110120130140150160170180
f1 (ppm)

-2.
14

-2.
11

25
.72

25
.74

26
.47

29
.40

29
.57

37
.70

74
.39

76
.84

77
.16

77
.48

11
4.7

9
12

3.4
7

12
5.6

8
12

6.2
2

12
6.5

8
12

7.7
9

12
9.4

3
13

1.3
5

13
8.8

4
15

4.8
2

3k
1H NMR (400 MHz, CDCl3)

Si

O

3k
13C NMR (101 MHz, CDCl3)

Si

O



S45

-0.50.51.52.53.54.55.56.57.58.59.510.511.5
f1 (ppm)

3.0
0

3.0
0

6.0
0

1.0
0

2.0
0

1.0
0

1.0
0

1.0
1

1.0
0

3.0
0

2.0
1

1.0
0

1.0
0

3.0
0

1.0
0

-0
.21

-0
.19

0.4
9

0.5
1

0.5
2

0.5
3

1.6
1

1.6
2

1.6
4

1.6
5

1.6
7

3.5
9

3.6
1

3.6
1

3.6
3

3.7
0

3.7
1

5.3
2

5.3
3

5.3
7

5.3
8

5.6
2

5.6
3

5.6
6

5.7
6

7.0
0

7.1
7

7.2
8

7.3
9

7.7
6

7.7
8

7.8
2

7.8
4

7.8
5

7.8
7

7.8
9

7.9
2

7.9
5

-100102030405060708090100110120130140150160170
f1 (ppm)

-2
.16

-2
.12

18
.90

18
.96

28
.35

75
.10

76
.84

77
.16

77
.48

11
4.4

8
12

3.4
7

12
5.7

1
12

6.1
0

12
6.4

1
12

7.7
6

12
8.8

3
13

0.6
7

13
8.8

1

15
4.6

7

3l
1H NMR (400 MHz, CDCl3)

Si

O

3l
13C NMR (101 MHz, CDCl3)

Si

O



S46

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.5
f1 (ppm)

3.0
0

3.0
0

1.0
0

2.0
0

3.0
0

2.0
0

1.0
0

3.0
0

2.0
0

1.0
0

1.0
0

2.0
0

1.0
0

1.0
1

-0.
34

-0.
30

5.2
4

5.2
5

5.2
7

5.2
8

5.2
9

5.3
0

5.5
9

5.5
9

5.6
1

6.9
6

6.9
7

6.9
8

6.9
9

7.0
1

7.0
3

7.0
5

7.1
3

7.1
5

7.1
8

7.1
9

7.2
1

7.2
2

7.2
5

7.2
6

7.3
7

7.3
8

7.4
0

7.4
2

7.8
0

-100102030405060708090100110120130140150160170180190200
f1 (ppm)

-2
.20

-2
.11

76
.84

77
.16

77
.48

12
5.8

4
12

6.2
1

12
6.3

7
12

6.5
0

12
6.6

2
12

7.2
1

12
7.5

3
12

7.8
5

12
8.0

2
12

8.2
9

12
8.4

7
12

9.5
5

13
1.0

4
13

1.3
9

13
2.6

5
13

3.3
4

13
4.0

0
13

4.4
9

13
6.8

7
13

6.9
4

13
8.2

9
13

8.9
8

14
1.5

9
14

3.1
9

3m
1H NMR (600 MHz, CDCl3)

Si

3m
13C NMR (101 MHz, CDCl3)

Si



S47

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.5
f1 (ppm)

3.0
0

3.0
0

3.0
0

1.0
0

2.0
0

2.0
0

2.0
1

1.0
0

3.0
0

2.0
0

2.0
1

2.0
0

1.0
1

1.0
0

-0.
34

-0.
30

2.1
4

5.2
4

5.2
6

5.2
8

5.3
0

5.3
2

5.5
8

5.6
0

5.6
2

6.7
8

6.8
0

6.9
3

6.9
5

7.1
0

7.1
2

7.1
7

7.1
9

7.2
1

7.2
2

7.2
5

7.2
7

7.3
6

7.3
8

7.4
0

7.4
0

7.4
1

7.6
2

-100102030405060708090100110120130140150
f1 (ppm)

-2.
22

-2.
14

21
.06

76
.84

77
.16

77
.48

12
5.6

9
12

6.2
8

12
7.2

3
12

7.8
1

12
8.2

2
12

8.5
9

13
1.0

0
13

2.5
1

13
3.9

5
13

6.0
5

13
8.6

4
14

3.3
9

3n
1H NMR (400 MHz, CDCl3)

Si
Me

3n
13C NMR (101 MHz, CDCl3)

Si
Me



S48

-1.00.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.5
f1 (ppm)

3.0
0

3.0
0

3.0
0

1.0
0

2.0
0

2.0
0

2.0
0

1.0
0

3.0
0

2.0
0

2.0
0

2.0
0

1.0
0

1.0
0

-0
.34

-0
.30

3.6
2

5.2
5

5.2
7

5.2
8

5.3
1

5.6
0

5.6
3

6.5
1

6.5
3

6.9
5

6.9
8

7.0
9

7.1
1

7.1
9

7.2
1

7.2
2

7.2
5

7.2
7

7.3
7

7.3
9

7.4
1

7.4
3

7.6
0

7.6
1

7.6
2

-100102030405060708090100110120130140150160170180
f1 (ppm)

-2.
20

-2.
12

55
.17

76
.84

77
.16

77
.48

11
3.1

0

12
5.6

3
12

6.5
7

12
8.0

4
13

0.9
9

13
8.3

5
14

3.4
8

15
8.2

8

3o
1H NMR (400 MHz, CDCl3)

Si
OMe

3o
13C NMR (101 MHz, CDCl3)

Si
OMe



S49

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
f1 (ppm)

3.0
0

3.0
0

1.0
0

2.0
0

4.0
0

1.0
1

3.0
1

2.0
1

2.0
0

2.0
1

1.0
0

1.0
0

-0.
34

-0.
27

5.2
6

5.2
7

5.2
8

5.3
0

5.5
3

5.5
7

5.5
9

5.6
1

6.9
4

6.9
6

6.9
6

6.9
9

7.1
2

7.1
4

7.2
0

7.2
1

7.2
3

7.3
9

7.4
0

7.4
1

7.4
2

7.4
4

7.4
6

7.5
7

7.8
1

0102030405060708090100110120130140150160
f1 (ppm)

-2
.15

-2
.10

76
.84

77
.16

77
.48

12
6.0

7
12

6.3
3

12
6.3

8
12

6.5
4

12
6.8

1
12

6.9
5

12
7.5

1
12

7.7
4

12
7.8

8
12

8.0
7

12
8.1

4
12

8.4
6

13
0.7

6
13

1.2
0

13
1.4

2
13

2.5
7

13
8.0

4

3p
1H NMR (400 MHz, CDCl3)

Si
Cl

3p
13C NMR (101 MHz, CDCl3)

Si
Cl



S50

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.5
f1 (ppm)

3.0
0

3.0
0

1.0
0

2.0
0

2.0
1

2.0
0

3.0
0

1.0
1

3.0
0

2.0
1

1.0
1

3.0
1

1.0
0

1.0
0

-0
.34

-0
.27

5.2
4

5.2
5

5.2
7

5.2
8

5.5
5

5.5
7

5.6
0

5.6
3

7.1
8

7.1
8

7.1
9

7.2
2

7.2
3

7.2
4

7.2
5

7.3
0

7.3
1

7.3
1

7.3
3

7.3
4

7.3
8

7.3
9

7.4
0

7.4
2

7.4
4

7.5
5

-100102030405060708090100110120130140150160
f1 (ppm)

-2
.14

-2
.09

76
.84

77
.16

77
.48

12
5.7

3
12

6.2
3

12
6.6

8
12

7.4
2

12
7.8

9
12

8.3
4

13
1.1

1
13

2.6
7

13
3.9

2

13
9.1

2
14

3.1
3

3q
1H NMR (600 MHz, CDCl3)

Si

3q
13C NMR (101 MHz, CDCl3)

Si



S51

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
f1 (ppm)

3.0
0

3.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

10
.00

2.0
1

1.0
1

1.0
1

3.0
0

-0.
23

-0.
21

5.3
2

5.3
3

5.3
7

5.3
8

5.5
9

5.6
0

5.6
3

5.6
4

5.7
3

5.7
6

5.7
8

5.8
1

6.6
3

7.0
0

7.1
5

7.3
7

7.8
2

7.8
4

7.8
5

7.8
7

7.9
0

7.9
2

7.9
4

7.9
6

7.9
8

8.0
0

-100102030405060708090100110120130140150160
f1 (ppm)

-2
.17

76
.84

77
.16

77
.48

12
2.5

2
12

6.3
5

12
6.5

6
12

6.8
4

12
7.5

5
12

7.8
5

12
8.3

7
12

9.4
2

13
1.4

2
13

3.1
4

13
8.2

4
14

3.0
8

3r
1H NMR (400 MHz, CDCl3)

Si

3r
13C NMR (101 MHz, CDCl3)

Si



S52

-2.0-1.00.01.02.03.04.05.06.07.08.09.010.0
f1 (ppm)

3.0
1

3.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

2.0
1

2.0
0

1.0
0

3.0
2

5.0
0

1.0
0

1.0
1

2.0
0

2.0
1

1.0
0

-0
.28

-0
.26

5.3
5

5.3
5

5.3
8

5.3
9

5.6
2

5.6
2

5.6
4

5.6
5

5.7
0

5.7
2

5.7
3

5.7
6

6.6
4

6.7
2

6.7
4

6.9
2

7.0
3

7.0
4

7.1
3

7.2
1

7.2
2

7.2
3

7.2
6

7.2
8

7.4
5

7.7
9

-100102030405060708090100110120130140150160
f1 (ppm)

-1
.98

-1
.94

76
.95

77
.16

77
.37

12
5.4

1
12

7.0
1

12
7.6

5
12

8.1
3

12
8.4

6
13

1.2
3

13
3.4

8
13

4.2
4

13
8.4

9
14

3.7
3

14
3.7

9
14

6.5
6

14
6.7

9

3s
1H NMR (600 MHz, CDCl3)

Si

PPh2

3s
13C NMR (151 MHz, CDCl3)

Si

PPh2



S53

-200-150-110-80-50-200306090130
f1 (ppm)

-1
5.8

3

-2.0-1.00.01.02.03.04.05.06.07.08.09.010.011.012.0
f1 (ppm)

3.0
0

3.0
0

1.0
1

1.0
0

1.0
0

3.0
0

2.0
0

1.0
1

4.0
2

2.0
1

1.0
0

2.0
0

-0
.0

1
-0

.0
0

5.
50

5.
51

5.
55

5.
56

5.
80

5.
81

5.
84

5.
85

5.
91

5.
94

5.
96

6.
95

6.
96

6.
98

6.
99

7.
03

7.
04

7.
06

7.
23

7.
27

7.
32

7.
35

7.
37

7.
40

7.
42

7.
43

7.
52

7.
53

3s
31P NMR (243 MHz, CDCl3)

Si

PPh2

3t
1H NMR (400 MHz, CDCl3)

Si

Ph



S54

-100102030405060708090110130150170190210
f1 (ppm)

-1
.9

8
-1

.5
5

76
.8

4
77

.1
6

77
.4

8

12
5.

84
12

6.
10

12
6.

44
12

6.
53

12
6.

88
12

7.
04

12
7.

58
12

7.
79

12
8.

34
12

9.
22

13
0.

14
13

1.
09

13
1.

47
13

2.
27

13
2.

73
13

3.
39

13
5.

29
13

8.
90

13
9.

96
14

1.
07

14
1.

77

-1.00.01.02.03.04.05.06.07.08.09.010.011.0
f1 (ppm)

2.0
0

1.0
0

16
.01

1.0
0

1.0
1

1.0
0

2.0
0

2.0
1

5.1
2

5.1
6

5.1
7

5.2
0

5.2
5

5.2
8

5.4
7

5.4
9

5.5
1

5.5
2

7.1
2

7.1
4

7.1
6

7.1
8

7.2
0

7.2
2

7.2
4

7.2
6

7.2
7

7.2
9

7.3
3

7.3
3

7.3
5

7.3
6

7.3
7

7.8
9

3v
1H NMR (400 MHz, CDCl3)

Si
Ph Ph

3t
13C NMR (101 MHz, CDCl3)

Si

Ph



S55

0102030405060708090100110120130140150160
f1 (ppm)

76
.84

77
.16

77
.48

12
5.0

5
12

6.1
2

12
6.9

8
12

7.6
1

12
8.7

2
13

2.9
5

13
3.3

2
13

3.9
9

13
5.6

8

14
6.8

3

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.5
f1 (ppm)

3.0
0

2.0
0

4.0
0

1.0
0

3.0
0

4.0
1

1.0
0

4.0
1

5.4
1

5.4
2

5.4
6

5.4
7

5.6
3

5.6
7

5.6
8

5.7
2

5.7
3

5.7
4

5.7
7

5.7
8

7.1
3

7.2
3

7.4
3

7.7
9

7.8
1

7.8
7

7.8
8

7.8
9

7.9
1

7.9
3

3w
1H NMR (400 MHz, CDCl3)

Si

3v
13C NMR (101 MHz, CDCl3)

Si
Ph Ph



S56

0102030405060708090100110120130140150160170
f1 (ppm)

76
.84

77
.16

77
.48

12
5.0

2
12

5.9
6

12
6.5

7
12

7.0
8

12
7.9

2
12

8.1
9

13
1.9

9

13
4.3

3
13

9.2
8

14
6.0

8

-2.0-1.00.01.02.03.04.05.06.07.08.09.010.011.0
f1 (ppm)

3.0
0

3.0
0

1.0
0

4.0
1

3.0
1

1.0
2

1.0
1

4.0
1

-0.
04

-0.
03

-0.
01

-0.
00

4.0
2

4.0
3

4.0
4

4.0
5

4.0
6

7.2
6

7.3
0

7.3
2

7.3
3

7.3
3

7.3
5

7.5
1

7.5
2

7.5
3

7.5
3

7.5
4

7.5
5

7.5
6

7.6
5

7.6
7

7.6
8

8.0
4

3w
13C NMR (101 MHz, CDCl3)

Si

Si H

3x
1H NMR (400 MHz, CDCl3)



S57

-100102030405060708090100110120130140150160170180190200
f1 (ppm)

-3
.01

-2
.86

76
.84

77
.16

77
.48

12
5.2

4
12

6.1
4

12
6.8

8
12

7.0
2

12
8.1

8
12

8.5
6

13
3.8

9
14

5.5
6

Si H

3x
13C NMR (101 MHz, CDCl3)



S58

OTf

1a



S59

3a

Si



S60

OTf

1b



S61

3b

Si



S62

OTf

1c



S63

3c

Si



S64

OTf
OMe

1d



S65

3d

Si

OMe



S66

OTf
O

1e



S67

3e

Si

O



S68

     

    

OTf
O

1f



S69

     

     

3f

Si

O



S70

              

                

OTf
O

1g



S71

               

               

3g

Si

O



S72

OTf
O Ph

1h



S73

3h

Si

O Ph



S74

OTf
O

1i



S75

3i

Si

O



S76

OTf
O

1j



S77

3j

Si

O



S78

OTf
O

1k



S79

        

3k

Si

O



S80

OTf
O

1l



S81

3l

Si

O



S82

OTf
Ph

1m



S83

3m

Si



S84

OTf

1n

Me



S85

 

3n

Si

Me



S86

1o

OTf
Me



S87

   

3o

Si

OMe



S88

1p

OTf
Cl



S89

3p

Si

Cl



S90

   

OTf

1q



S91

   

3q

Si



S92

OTf

1r



S93

3r

Si



S94

OTf

PPh2

1s



S95

Si

PPh2

3s



S96

          

1t

OTf

Ph



S97

3t

Si

Ph



S98

       

  

3v

Si
Ph Ph



S99

3w

Si



S100

 

   

Si H

3x


