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1. General Information and Materials  

All reactions were carried out under nitrogen atmosphere unless otherwise specified. 

Unless otherwise noted, commercialized reagents were used without further purifications. 

All solvents were purified and dried according to standard methods prior to use.  

1H NMR, 31P NMR, 19F NMR and 13C NMR data were recorded on a Bruker-

Ultrashield PLUS400 NMR or a 500 MHz Agilent spectrometer with CDCl3 or (CD3)2CO 

as the solvent. 1H chemical shifts were referenced to CDCl3 at 7.26 ppm. 13C chemical 

shifts were referenced to CDCl3 at 77 ppm and obtained with 1H decoupling. 31P chemical 

shifts were referenced to 85% H3PO4 in D2O at 0.0 ppm as external standard and obtained 

with 1H decoupling. Multiplicities are abbreviated as follows: singlet (s), doublet (d), 

triplet (t), quartet (q), doublet-doublet (dd), quintet (quint), sextet (sextet), septet (septet), 

multiplet (m), and broad (br). MS was measured on Agilent 5973N (EI) or Agilent 1100 

Series LC/MSD (ESI) or Shimadzu LCMS-2010EV or BRUKERDALTONICS APEX 

III (HR-ESI) or Waters GCT CA 176 (HR-EI) mass spectrometers. Column 

chromatography was performed with silica gel (200-300 mesh). 

2. General procedures for Asymmetric Alkylative Coupling Reaction  

In a glove box, Ni(COD)2 (2.8 mg, 0.01 mmol, 5 mol%) and L3 (4.0 mg, 0.012 mmol, 6 

mol%) were placed into a 10 mL oven-dried Schlenk tube and then sealed with a rubber 

septum. Toluene (1.4 mL) and ZnMe2 (0.6 mL, 0.6 mmol, 1.0 M in toluene) were added 

via syringe. The solution was stirred for 5 minutes and aldehyde (0.40 mmol) and alkyne 

(0.20 mmol) were added respectively. The resulting solution was stirred at ambient 

temperature for 16 h and quenched with saturated aqueous NH4Cl solution. The product 

was extracted with ethyl acetate (3 × 5 mL), and the extract was washed with brine, dried 

over anhydrous Na2SO4, and concentrated in vacuum. The residue was purified by 

column chromatography on silica gel with ethyl acetate/petroleum ether (1:20, v/v) to 

afford the product. Its enantiomeric excess was determined by chiral HPLC. 

3. Comparison of Other Ligands 
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4. Analytical Data of Chiral Allylic Alcohols 

 

 

 

 

 

Colorless oil, 90% ee, [α]D
25.5 -35.5 (c 0.35, CHCl3) ; [α]D

27.2 -24.4 (c 0.53, CH2Cl2). The 

absolute configuration was determined by comparison of its optical rotation to reported 

data (Y. Yun, S.-F. Zhu, C.-Y. Zhou, Q.-L. Zhou, J. Am. Chem. Soc. 2008, 130, 14052. 

[α]D
20 +21.9 (c 0.5, CH2Cl2)). 

HPLC condition: Chiralcel OD-H column, n-hexane/2-propanol = 98:2, 1.0 mL/min, 254 

nm UV detector, tR = 12.961 min (R) and tR = 21.126min (S). 
1H NMR (500 MHz, CDCl3) δ 7.48 – 7.41 (m, 2H), 7.39 – 7.34 (m, 2H), 7.34 – 7.30 (m, 

2H), 7.29 – 7.25 (m, 1H), 7.24 – 7.20 (m, 1H), 7.17 – 7.13 (m, 2H), 5.97 (d, J = 3.8 Hz, 

1H), 2.17 (d, J = 1.5 Hz, 3H), 1.98 (d, J = 4.2 Hz, 1H), 1.43 (d, J = 1.5 Hz, 3H).  
13C NMR (126 MHz, CDCl3) δ 144.7, 142.9, 134.2, 132.7, 128.4, 128.3, 128.2, 127.1, 

126.5, 125.7, 72.4, 21.0, 14.0. 

EI-MS: m/z 238.1. 

 

 

 

 

Colorless oil, 93% ee, [α]D
24.6 -33.4 (c 0.24, CHCl3). The absolute configuration was 

determined by comparison of its optical rotation to reported data (Y. Yun, S.-F. Zhu, C.-

Y. Zhou, Q.-L. Zhou, J. Am. Chem. Soc. 2008, 130, 14052. [α]D
20 +15.0 (c 0.5, CH2Cl2)). 

HPLC condition: Chiralcel OD-H column, n-hexane/2-propanol = 90:10, 1.0 mL/min, 

254 nm UV detector, tR = 6.750 min (S) and tR = 7.637 min (R). 
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1H NMR (500 MHz, CDCl3) δ 7.38 – 7.32 (m, 4H), 7.25 – 7.21(m, 1H), 7.18 – 7.13 (m, 

2H), 6.95 – 6.90 (m, 2H), 5.93 (s, 1H), 3.83 (s, 3H), 2.15 (d, J = 1.4 Hz, 3H), 1.91 (d, J = 

3.2 Hz, 1H), 1.46 (d, J = 1.2 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 158.8, 144.8, 135.0, 133.9, 132.9, 128.3, 128.2, 126.9, 

126.4, 113.9, 72.1, 55.4, 20.9, 14.0. 

EI-MS: m/z 268.1. 

 

 

 

 

Colorless oil, 94% ee, [α]D
25.4 -31.3 (c 0.33, CHCl3). The absolute configuration was 

determined by comparison of its optical rotation to reported data (Y. Yun, S.-F. Zhu, C.-

Y. Zhou, Q.-L. Zhou, J. Am. Chem. Soc. 2008, 130, 14052. [α]D
20 +19.7 (c 0.5, CH2Cl2)). 

HPLC condition: Chiralcel AD-H column, n-hexane/2-propanol = 90:10, 1.0 mL/min, 

254 nm UV detector, tR = 6.091 min (S) and tR = 6.576 min (R).  
1H NMR (500 MHz, CDCl3) δ 7.36 – 7.28(m, 4H), 7.24 – 7.20 (m, 1H), 7.19 – 7.12 (m, 4H), 5.93 

(d, J = 3.6 Hz, 1H), 2.35 (s, 3H), 2.15 (d, J = 1.4 Hz, 3H), 1.94 (d, J = 4.2 Hz, 1H), 1.44 (d, J = 

1.4 Hz, 3H).  

13C NMR (126 MHz, CDCl3) δ 144.7, 139.9, 136.7, 133.9, 132.8, 129.1, 128.3, 128.2, 126.4, 

125.7, 72.3, 21.2, 20.9, 13.97. 

EI-MS: m/z 252.2. 

 

 

 

 

 

Colorless oil, 91% ee, [α]D
25.3 -36.1 (c 1.48, CHCl3). The absolute configuration was 

assigned by analogy. 

HPLC condition: Chiralcel IC-H column, n-hexane/2-propanol = 98:2, 1.0 mL/min, 230 

nm UV detector, tR = 7.352 min (S) and tR = 9.542 min (R). 
1H NMR (500 MHz, CDCl3) δ 7.47 – 7.38 (m, 4H), 7.38 – 7.33 (m, 2H), 7.27 – 7.24 (m, 

1H), 7.22 – 7.15 (m, 2H), 5.97 (s, 1H), 2.18 (d, J = 0.9 Hz, 3H), 2.01 (s, 1H), 1.49 (s, 3H), 

1.37 (s, 9H). 
13C NMR (126 MHz, CDCl3) δ 150.0, 144.8, 139.8, 133.9, 132.8, 128.3, 128.2, 126.4, 

125.5, 125.4, 72.3, 34.6, 31.5, 20.9, 14.0. 

EI-MS: m/z 294. 

HRMS (EI) Calcd for C21H26O: 294.1984; Found 294.1983. 
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Colorless oil, 86% ee, [α]D
25.6 -20.8 (c 0.27, CHCl3). The absolute configuration was 

assigned by analogy. 

HPLC condition: Chiralcel OD-H column, n-hexane/2-propanol = 90:10, 1.0 mL/min, 

254 nm UV detector, tR =10.520 min (S) and tR = 11.542 min (R). 
1H NMR (500 MHz, CDCl3) δ 7.40 – 7.36 (m, 2H), 7.35 – 7.31 (m, 4H), 7.25 – 7.22 (m, 

1H), 7.16 – 7.11 (m, 2H), 5.94 (d, J = 3.2 Hz, 1H), 2.17 (d, J = 1.5 Hz, 3H), 1.93 (d, J = 

3.9 Hz, 1H), 1.40 (d, J = 1.5 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 144.4, 141.3, 134.6, 132.8, 132.4, 128.6, 128.4, 128.1, 

127.1, 126.6, 71.8, 21.0, 13.9. 

EI-MS: m/z 272.1 

HRMS (EI) Calcd for C17H17ClO: 272.0968; Found 272.0973. 

 

 

 

 

Colorless oil, 83% ee, [α]D
24.5 -35.9 (c 1.18, CHCl3). The absolute configuration was 

determined by comparison of its optical rotation to reported data (Y. Yun, S.-F. Zhu, C.-

Y. Zhou, Q.-L. Zhou, J. Am. Chem. Soc. 2008, 130, 14052. [α]D
20 +20.5 (c 0.5, CH2Cl2)). 

HPLC condition: Chiralcel OD-H column, n-hexane/2-propanol = 98:2, 1.0 mL/min, 254 

nm UV detector, tR =11.358 min (S) and tR = 12.447 min (R). 
1H NMR (500 MHz, CDCl3) δ 7.67 – 7.52 (m, 4H), 7.38 – 7.33 (m, 2H), 7.28 – 7.24 (m, 

1H), 7.20 – 7.10 (m, 2H), 6.03 (s, 1H), 2.21 (d, J = 1.4 Hz, 3H), 2.07 (s, 1H), 1.41 (d, J = 

1.0 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 146.9, 144.2, 135.1, 132.2, 130.4, 129.4 (d, J = 32.8Hz), 

128.2 (d, J = 47.9 Hz), 127.2 (d, J = 240.7 Hz), 126.7, 126.0, 125.4 (q, J = 3.8 Hz), 71.9, 

21.0, 13.9. 

EI-MS: m/z 306. 

HRMS (EI) Calcd for C18H17F3O: 306.1232; Found 306.1229. 

 

 

 

 

Colorless oil, 90% ee, [α]D
27.1 -28.2 (c 0.44, CHCl3). The absolute configuration was 

assigned by analogy. 
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HPLC condition: Chiralcel OD-H column, n-hexane/2-propanol = 98:2, 1.0 mL/min, 254 

nm UV detector, tR =30.747 min (S) and tR = 33.648 min (R). 
1H NMR (400 MHz, (CD3)2CO) δ 7.79 – 7.73 (m, 2H), 7.72 – 7.67 (m, 2H), 7.37 – 7.31 

(m, 2H), 7.26 – 7.20 (m, 1H), 7.19 – 7.14 (m, 2H), 6.06 (d, J = 3.8 Hz, 1H), 4.79 (d, J = 

3.9 Hz, 1H), 2.21 (d, J = 1.5 Hz, 3H), 1.33 (d, J = 1.5 Hz, 3H). 
13C NMR (101 MHz, (CD3)2CO) δ 150.9, 145.6, 134.6, 133.8, 132.8, 129.2, 128.9, 127.6, 

127.3, 119.7, 111.1, 71.6, 21.2, 14.2.  

EI-MS: m/z 263. 

HRMS (EI) Calcd for C18H17N O: 263.1310; Found 263.1313. 

 

 

 

 

Bright yellow oil, 83% ee, [α]D
27.1 -19.5 (c 0.62, CHCl3). The absolute configuration was 

assigned by analogy. 

HPLC condition: Chiralcel AD-H column, n-hexane/2-propanol = 97:3, 1.0 mL/min, 254 

nm UV detector, tR =25.385 min (S) and tR = 28.238 min (R). 
1H NMR (400 MHz, (CD3)2CO) δ 8.05 – 7.97 (m, 2H), 7.67 – 7.59 (m, 2H), 7.37 – 7.31 

(m, 2H), 7.26 – 7.20 (m, 1H), 7.19 – 7.13 (m, 2H), 6.05 (d, J = 3.8 Hz, 1H), 4.68 (d, J = 

3.9 Hz, 1H), 3.88 (s, 3H), 2.21 (d, J = 1.4 Hz, 3H), 1.35 (d, J = 1.4 Hz, 3H). 
13C NMR (101 MHz, (CD3)2CO) δ 167.3, 150.7, 145.7, 134.2, 134.1, 130.1, 129.5, 129.1, 

128.9, 127.2, 126.7, 71.7, 52.3, 21.2, 14.3.  

EI-MS: m/z 296. 

HRMS (EI) Calcd for C19H20O3: 296.1412; Found 296.1409. 

 

 

 

 

Colorless oil, 96% ee, [α]D
25.5 -36.2 (c 0.34, CHCl3). The absolute configuration was 

determined by comparison of its optical rotation to reported data (Y. Yun, S.-F. Zhu, C.-

Y. Zhou, Q.-L. Zhou, J. Am. Chem. Soc. 2008, 130, 14052. [α]D
20 +19.1 (c 0.5, CH2Cl2)). 

HPLC condition: Chiralcel AD-H column, n-hexane/2-propanol = 95:5, 1.0 mL/min, 254 

nm UV detector, tR = 13.322 min (R) and tR = 14.553 min (S). 
1H NMR (500 MHz, CDCl3) δ 7.35 – 7.30 (m, 2H), 7.30 – 7.26 (m, 1H), 7.25 – 7.20 (m, 

1H), 7.17 – 7.12 (m, 2H), 7.05 – 7.00 (m, 2H), 6.81 (dd, J = 8.1, 2.4 Hz, 1H), 5.94 (s, 

1H), 3.83 (s, 3H), 2.16 (d, J = 1.4 Hz, 3H), 1.99 (s, 1H), 1.43 (d, J = 1.4 Hz, 3H).  

13C NMR (126 MHz, CDCl3) δ 159.9, 144.7, 144.6, 134.2, 132.6, 129.5, 128.3, 128.2, 

126.5, 118.1, 112.4, 111.5, 72.3, 55.3, 21.0, 14.0. 
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EI-MS: m/z 268.1. 

 

 

 

 

Colorless oil, 93% ee, [α]D
25.4 -34.8 (c 0.32, CHCl3). The absolute configuration was 

assigned by analogy. 

HPLC condition: Chiralcel OD column, n-hexane/2-propanol = 90:10, 1.0 mL/min, 254 

nm UV detector, tR = 4.903 min (R) and tR = 6.017 min (S). 
1H NMR (500 MHz, CDCl3) δ 7.35 – 7.30 (m, 2H), 7.27 (s, 1H), 7.26 – 7.20 (m, 3H), 

7.18 – 7.13 (m, 2H), 7.11 – 7.06 (m, 1H), 5.94 (s, 1H), 2.38 (s, 3H), 2.17(d, J = 1.2 Hz, 

3H), 1.93 (d, J = 3.3 Hz, 1H), 1.44 (d, J = 1.1 Hz, 3H).  

13C NMR (126 MHz, CDCl3) δ 144.7, 142.8, 138.1, 134.1, 132.8, 128.34, 128.30, 128.2, 

127.9, 126.43, 126.38, 122.8, 72.4, 21.8, 21.0, 14.0. 

EI-MS: m/z 252.1. 

HRMS (EI) Calcd for C18H20O: 252.1514; Found 252.1512. 

 

 

 

 

Colorless oil, 90% ee, [α]D
24.9 -31.6 (c 0.44, CHCl3). The absolute configuration was 

assigned by analogy. 

HPLC condition: Chiralcel OD-H column, n-hexane/2-propanol = 90:10, 1.0 mL/min, 

254 nm UV detector, tR = 5.020 min (R) and tR = 8.161 min (S). 
1H NMR (500 MHz, CDCl3) δ 7.64 – 7.59 (m, 1H), 7.41 – 7.38 (m, 1H), 7.36 – 7.31 (m, 

3H), 7.25 – 7.21 (m, 2H), 7.16 – 7.12 (m, 2H), 5.93 (s, 1H), 2.17(d, J = 1.5 Hz, 3H), 2.03 

(s, 1H), 1.40 (d, J = 1.4 Hz, 3H).  

13C NMR (126 MHz, CDCl3) δ 145.3, 144.3, 134.9, 132.2, 130.2, 130.0, 128.9, 128.4, 

128.1, 126.6, 124.3, 122.8, 71.7, 21.0, 13.9. 

EI-MS: m/z 361.1. 

HRMS (EI) Calcd for C17H17BrO: 316.0463; Found 316.0462. 

 

 

 

 

Colorless oil, 78% ee, [α]D
24.5 -33.5 (c 0.42, CHCl3). The absolute configuration was 

assigned by analogy. 
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HPLC condition: Chiralcel OD-H column, n-hexane/2-propanol = 90:10, 1.0 mL/min, 

254 nm UV detector, tR = 4.900 min (R) and tR = 7.457 min (S). 
1H NMR (500 MHz, CDCl3) δ 7.47 – 7.43 (m, 1H), 7.35 – 7.30 (m, 2H), 7.30 – 7.29 (m, 

1H), 7.27 – 7.17 (m, 3H), 7.16 – 7.12 (m, 2H), 5.93 (s, 1H), 2.17(d, J = 1.5 Hz, 3H), 2.05 

(s, 1H), 1.40 (d, J = 1.5 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 145.0, 144.3, 134.8, 134.5, 132.2, 129.7, 128.4, 128.1, 

127.3, 126.6, 126.0, 123.9, 71.8, 21.0, 13.9. 

EI-MS: m/z 272.0. 

HRMS (EI) Calcd for C17H17ClO: 272.0968; Found 272.0967. 

 

 

 

 

Colorless oil, 93% ee, [α]D
25.2 +3.40 (c 0.67, CHCl3). The absolute configuration was 

assigned by analogy. 

HPLC condition: Chiralcel IC-H column, n-hexane/2-propanol = 99.2:0.8, 1.0 mL/min, 

254 nm UV detector, tR = 19.486 min (R) and tR = 20.442 min (S). 
1H NMR (500 MHz, CDCl3) δ 7.41 (d, J = 7.5 Hz, 1H), 7.34 – 7.29 (m, 2H), 7.28 – 7.24 

(m, 1H), 7.23 – 7.20 (m, 1H), 7.18 – 7.13 (m, 2H), 7.00 – 6.95 (m, 1H), 6.92 – 6.88 (m, 

1H), 6.11 (s, 1H), 3,87 (s, 3H), 2.82 (s, 1H), 2.07 (s, 3H), 1.53 (s, 3H). 

13C NMR (126 MHz, CDCl3) δ 157.2, 145.1, 134.2, 131.1, 130.8, 128.4, 128.23, 128.19, 

127.2, 126.2, 120.7, 110.5, 69.2, 55.5, 20.8, 14.7. 

EI-MS: m/z 268. 

HRMS (EI) Calcd for C18H20O2: 268.1463; Found 268.1457. 

 

 

 

 

Light yellow oil, 93% ee, [α]D
24.9 +37.0 (c 0.32, CHCl3). The absolute configuration was 

assigned by analogy. 

HPLC condition: Chiralcel OD-H column, n-hexane/2-propanol = 90:10, 1.0 mL/min, 

254 nm UV detector, tR = 5.900 min (S) and tR = 7.620 min (R). 
1H NMR (500 MHz, CDCl3) δ 7.64 (d, J = 7.7 Hz, 1H), 7.34 – 7.28 (m, 2H), 7.27 – 7.21 

(m, 2H), 7.20 – 7.16 (m, 1H), 7.16 – 7.09 (m, 3H), 5.93 (s, 1H), 2.30 (s, 3H), 2.18 (d, J = 

1.5 Hz, 3H), 1.88 (s, 1H), 1.32 (d, J = 1.5 Hz, 3H).  

13C NMR (126 MHz, CDCl3) δ 144.7, 140.9, 135.4, 134.9, 131.3, 130.3, 128.3, 128.0, 

127.1, 126.5, 126.0, 125.8, 70.4, 20.7, 19.3, 15.0. 

EI-MS: m/z 252.1. 
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HRMS (EI) Calcd for C18H20O: 252.1514; Found 252.1513. 

 

 

 

 

Colorless oil, 90% ee, [α]D
24.4 +39.6 (c 0.33, CHCl3). The absolute configuration was 

assigned by analogy. 

HPLC condition: Chiralcel OD-H column, n-hexane/2-propanol = 90:10, 1.0 mL/min, 

254 nm UV detector, tR = 5.300 min (S) and tR = 5.787 min (R). 
1H NMR (500 MHz, CDCl3) δ 7.73 (d, J = 7.2 Hz, 1H), 7.40 – 7.35 (m, 1H), 7.35 – 7.30 

(m, 3H), 7.26 – 7.21 (m, 2H), 7.17 – 7.13 (m, 2H), 6.11 (s, 1H), 2.22 (d, J = 1.1 Hz, 3H), 

1.99 (s, 1H), 1.34 (d, J = 1.1 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 144.7, 140.3, 136.4, 132.2, 130.1, 129.5, 128.4, 128.3, 

128.1, 128.0, 126.8, 126.5, 70.4, 21.1, 14.7. 

EI-MS: m/z 272.0. 

HRMS (EI) Calcd for C17H17ClO: 272.0968; Found 272.0969. 

 

 

 

 

 

Colorless oil, 83% ee, [α]D
25.8 -26.8 (c 2.40, CHCl3). The absolute configuration was 

assigned by analogy. 

HPLC condition: Chiralcel IC-H column, n-hexane/2-propanol = 99.2:0.8, 1.0 mL/min, 

254 nm UV detector, tR = 6.413 (R) and tR = 7.219 min (S). 
1H NMR (500 MHz, CDCl3) δ 7.66 – 7.60 (m, 1H), 7.35 – 7.31 (m, 2H), 7.30 – 7.26 (m, 

1H), 7.25 – 7.21 (m, 1H), 7.20 – 7.17 (m, 1H), 7.16 – 7.12 (m, 2H), 7.08 – 7.03 (m, 1H), 

6.21 (s, 1H), 2.18 (s, 3H), 2.08 (s, 1H), 1.46 (d, J = 1.4 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 160.1 (d, J = 246.6 Hz), 144.8, 135.0, 130.7, 129.9 (d, J 

= 13.1 Hz), 128.7 (d, J = 8.2Hz), 128.2, 128.1, 127.7 (d, J = 4.2 Hz), 126.4, 124.0 (d, J = 

41.2Hz), 115.2 (d, J = 21.6Hz), 67.6, 20.7, 14.0. 

EI-MS: m/z 256. 

HRMS (EI) Calcd for C17H17OF: 255.1263; Found 256.1257. 

 

 

 

 



SI-10 

Colorless oil, 92% ee, [α]D
25.0 +119.2 (c 0.39, CHCl3). The absolute configuration was 

assigned by analogy. 

HPLC condition: Chiralcel OD-H column, n-hexane/2-propanol = 93:7, 1.0 mL/min, 254 

nm UV detector, tR = 17.322 min (S) and tR = 33.342 min (R). 
1H NMR (500 MHz, CDCl3) δ 8.04 – 8.00 (m, 1H), 7.90 – 7.85 (m, 1H), 7.82 – 7.76 (m, 

2H), 7.52 – 7.47 (m, 3H), 7.32 – 7.27 (m, 2H), 7.23 – 7.18 (m, 1H), 7.17 – 7.10 (m, 2H), 

6.46 (s, 1H), 2.30 (d, J = 1.5 Hz, 3H), 2.02 (s, 1H), 1.32 (d, J = 1.5 Hz, 3H).  

13C NMR (126 MHz, CDCl3) δ 144.5, 138.3, 135.3, 133.8, 132.7, 130.8, 129.0, 128.3, 

128.1, 128.0, 126.6, 126.1, 125.6, 125.5, 123.5, 123.2, 70.4, 20.9, 15.4. 

EI-MS: m/z 288.1. 

HRMS (EI) Calcd for C21H20O: 288.1514; Found 288.1516 

 

 

 

 

Colorless oil, 93% ee, [α]D
25.6-56.5 (c 0.50, CHCl3). The absolute configuration was 

determined by comparison of its optical rotation to reported data (Y. Yun, S.-F. Zhu, C.-

Y. Zhou, Q.-L. Zhou, J. Am. Chem. Soc. 2008, 130, 14052. [α]D
20 +35.0 (c 0.5, CH2Cl2)). 

HPLC condition: Chiralcel AD-H column, n-hexane/2-propanol = 90:10, 1.0 mL/min, 

254 nm UV detector, tR = 8.018 min (S) and tR = 9.271 min (R). 
1H NMR (500 MHz, CDCl3) δ 7.98 – 7.93 (m, 1H), 7.87 – 7.78 (m, 3H), 7.50 – 7.43 (m, 

3H), 7.34 – 7.29 (m, 2H), 7.24 – 7.19 (m, 1H), 7.19 – 7.14 (m, 2H), 6.11 (s, 1H), 2.22 (d, 

J = 1.5 Hz, 3H), 2.13 (s, 1H), 1.44 (d, J = 1.5 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 144.6, 140.4, 134.5, 133.5, 132.8, 132.6, 128.3, 128.17, 

128.15, 128.12, 127.7, 126.5, 126.2, 125.8, 124.2, 124.1, 72.5, 21.1, 14.0. 

EI-MS: m/z 288.1. 

 

 

Colorless oil, 88% ee, [α]D
24.9 +49.2 (c 0.49, CHCl3). The absolute configuration was 

assigned by analogy. 

HPLC condition: Chiralcel AD-H column, n-hexane/2-propanol = 94:6, 1.0 mL/min, 254 

nm UV detector, tR = 5.375 min (R) and tR = 6.92 min (S). 
1H NMR (500 MHz, CDCl3) δ 7.33 (t, J = 7.6 Hz, 2H), 7.25 – 7.18 (m, 1H), 7.12 (d, J = 

7.1 Hz, 2H), 4.71 (t, J = 7.2 Hz, 1H), 2.01 (d, J = 1.2 Hz, 3H), 1.78 – 1.69 (m, 1H), 1.66 

– 1.56 (m, 2H), 1.53 (d, J = 1.3 Hz, 3H), 0.97 (t, J = 7.5 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 145.2, 133.5, 132.6, 128.3, 128.1, 126.3, 72.7, 28.3, 20.5, 

13.2, 10.4. 
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EI-MS: m/z 190. 

HRMS (EI) Calcd for C13H18O:190.1358; Found 190.1361. 

 

 

Colorless oil, 85% ee, [α]D
25.6 +33.6 (c 1.51, CHCl3). The absolute configuration was 

determined by comparison of its optical rotation to reported data (Y. Yun, S.-F. Zhu, C.-

Y. Zhou, Q.-L. Zhou, J. Am. Chem. Soc. 2008, 130, 14052. [α]D
20 -18.0 (c 0.5, CH2Cl2)). 

HPLC condition: Chiralcel AD-H column, n-hexane/2-propanol = 99.2:0.8, 1.0 mL/min, 

210 nm UV detector, tR = 13.805 min (R) and tR = 18.357 min (S). 
1H NMR (500 MHz, CDCl3) δ 7.33 (t, J = 7.5 Hz, 2H), 7.25 – 7.20 (m, 1H), 7.11 (d, J = 

7.4 Hz, 2H), 4.80 (t, J = 7.0 Hz, 1H), 2.00 (s, 3H), 1.73 – 1.66 (m, 1H), 1.57 – 1.53 (m, 

4H), 1.50 – 1.43 (m, 1H), 1.41 – 1.34 (m, 1H), 1.27 (s, 1H), 1.00 (t, J = 7.3 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 145.2, 133.1, 133.0, 128.3, 128.2, 126.3, 71.0, 37.6, 20.5, 

19.3, 14.3, 13.3. 

EI-MS: m/z 204. 

HRMS (EI) Calcd for C14H20O:204.1514; Found 204.1513. 

 

 

Light yellow oil, 84% ee, [α]D
25.7 +22.1(c 2.23, CHCl3). The absolute configuration was 

assigned by analogy. 

HPLC condition: Chiralcel OD-H column, n-hexane/2-propanol = 99.2:0.8, 1.0 mL/min, 

254 nm UV detector, tR = 9.399 min (S) and tR = 10.369 min (R). 
1H NMR (400 MHz, CDCl3) δ 7.37 – 7.29 (m, 2H), 7.25 – 7.19 (m, 1H), 7.11 (d, J = 7.0 

Hz, 2H), 4.78 (t, J = 7.0 Hz, 1H), 2.00 (d, J = 1.2 Hz, 3H), 1.73 – 1.67 (m, 1H), 1.65 – 

1.56 (m, 2H), 1.53 (d, J = 1.2 Hz, 3H), 1.37 – 1.29 (m, 8H), 0.93 – 0.89 (m, 3H). 
13C NMR (126 MHz, CDCl3) δ 145.2, 133.1, 133.0, 128.3, 128.1, 126.3, 71.2, 35.4, 32.0, 

29.5, 26.0, 22.8, 20.5, 14.2, 13.3. 

EI-MS: m/z 246. 

HRMS (EI) Calcd for C17H26O:246.1984; Found 246.1981. 
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Colorless oil, 87% ee, [α]D
25.7 +23.4 (c 2.75, CHCl3). The absolute configuration was 

assigned by analogy. 

HPLC condition: Chiralcel OD-H column, n-hexane/2-propanol = 99.2:0.8, 1.0 mL/min, 

210 nm UV detector, tR = 8.824 min (S) and tR = 9.696 min (R). 
1H NMR (500 MHz, (CD3)2CO) δ 7.37 – 7.30 (m, 2H), 7.25 – 7.19 (m, 1H), 7.12 (d, J = 

8.0 Hz, 2H), 4.78 – 4.71 (m, 1H), 3.63 (d, J = 4.0 Hz, 1H), 1.98 (s, 3H), 1.72 – 1.64 (m, 

1H), 1.55 – 1.50 (m, 4H), 1.43 – 1.26 (m, 10H), 0.94 – 0.88 (m, 3H). 
13C NMR (126 MHz, (CD3)2CO) δ 146.6, 135.4, 132.0, 129.14, 129.06, 127.0, 70.9, 36.5, 

32.8, 30.7, 30.3, 26.9, 23.5, 20.7, 14.6, 14.0. 

EI-MS: m/z 260. 

HRMS (EI) Calcd for C18H28O:260.2140; Found 260.2144. 

 

 

Colorless oil, 95% ee, [α]D
26.0 +84.0 (c 1.24, CHCl3). The absolute configuration was 

assigned by analogy. 

HPLC condition: Chiralcel IC-H column, n-hexane/2-propanol = 99.2:0.8, 1.0 mL/min, 

210 nm UV detector, tR = 7.556 min (R) and tR = 8.022 min (S). 
1H NMR (400 MHz, (CD3)2CO) δ 7.36 – 7.29 (m, 2H), 7.24 – 7.18 (m, 1H), 7.15 – 7.07 

(m, 2H), 4.29 (d, J = 9.2 Hz, 1H), 3.68 (s, 1H), 1.97 (d, J = 1.4 Hz, 3H), 1.86 – 1.75 (m, 

1H), 1.49 (d, J = 1.4 Hz, 3H), 1.09 (d, J = 6.5 Hz, 3H), 0.87 (d, J = 6.8 Hz, 3H). 
13C NMR (101 MHz, (CD3)2CO) δ 146.7, 134.5, 133.1, 129.1, 128.9, 127.0, 76.6, 33.3, 

21.0, 20.3, 19.3, 14.2.  

EI-MS: m/z 204. 

HRMS (EI) Calcd for C14H20O:204.1514; Found 204.1518. 

 

 

Colorless oil, 93% ee, [α]D
24.9 +68.0 (c 0.54, CHCl3). The absolute configuration was 

assigned by analogy. 

HPLC condition: Chiralcel IC-H column, n-hexane/2-propanol = 99.2:0.8, 1.0 mL/min, 

250 nm UV detector, tR = 9.195 min (S) and tR = 10.520 min (R). 
1H NMR (500 MHz, CDCl3) δ 7.36 – 7.29 (m, 2H), 7.25 – 7.19 (m, 1H), 7.15 – 7.08 (m, 

2H), 4.40 (d, J = 9.4 Hz, 1H), 2.17 (d, J = 12.8 Hz, 1H), 1.99 (d, J = 1.5 Hz, 3H), 1.84 – 
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1.68 (m, 3H), 1.64 – 1.59 (m, 1H), 1.54 – 1.52 (m, 1H), 1.51 (d, J = 1.5 Hz, 3H), 1.37 – 

1.10 (m, 4H), 1.10 – 1.01 (m, 1H), 0.98 – 0.90 (m, 1H). 
13C NMR (126 MHz, CDCl3) δ 145.3, 134.3, 131.9, 128.3, 128.1, 126.3, 75.8, 41.9, 30.3, 

29.1, 26.7, 26.4, 26.1, 20.8, 13.7.  

EI-MS: m/z 244. 

HRMS (EI) Calcd for C17H24O:244.1827; Found 244.1830. 

 

 

Light yellow oil, 95% ee, [α]D
26.5 +67.1 (c 0.76, CHCl3). The absolute configuration was 

assigned by analogy. 

HPLC condition: Chiralcel AD-H column, n-hexane/2-propanol = 99.2:0.8, 1.0 mL/min, 

210 nm UV detector, tR = 10.238 min (R) and tR = 13.711 min (S). 
1H NMR (400 MHz, (CD3)2CO) δ 7.37 – 7.29 (m, 2H), 7.24 – 7.18 (m, 1H), 7.16 – 7.08 

(m, 2H), 4.51 (d, J = 4.4 Hz, 1H), 3.73 (d, J = 4.4 Hz, 1H), 1.95 (d, J = 1.4 Hz, 3H), 1.53 

(d, J = 1.4 Hz, 3H), 1.02 (s, 9H). 
13C NMR (101 MHz, (CD3)2CO) δ 147.1, 134.5, 134.0, 129.3, 128.9, 126.9, 77.3, 38.0, 

27.7, 22.3, 16.4.  

EI-MS: m/z 218. 

 

 

 

 

Colorless oil, 90% ee, [α]D
25.5-32.5 (c 0.37, CHCl3). The absolute configuration was 

assigned by analogy. 

HPLC condition: Chiralcel OD-H column, n-hexane/2-propanol = 90:10, 1.0 mL/min, 

254 nm UV detector, tR = 5.113 min (R) and tR = 7.524 min (S). 
1H NMR (500 MHz, CDCl3) δ 7.52 – 7.44 (m, 2H), 7.39 – 7.30 (m, 4H), 7.28 – 7.22 (m, 

2H), 7.19 – 7.15 (m, 2H), 5.95 (s, 1H), 2.10 (s, 3H), 2.02 – 1.93 (m, 2H), 1.88 – 1.80 (m, 

1H), 0.67 (t, J = 7.5 Hz, 3H).  

13C NMR (126 MHz, CDCl3) δ 144.9, 143.3, 138.7, 135.6, 128.4, 128.1, 127.9, 127.0, 

126.4, 125.8, 72.9, 22.2, 21.7, 15.2. 

EI-MS: m/z 252.0. 

HRMS (EI) Calcd for C18H20O:252.1514; Found 252.1511. 
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Colorless oil, 90% ee, [α]D
25.5-28.3 (c 0.17, CHCl3). The absolute configuration was 

assigned by analogy. 

HPLC condition: Chiralcel OD-H column, n-hexane/2-propanol = 90:10, 1.0 mL/min, 

254 nm UV detector, tR = 10.520 min (S) and tR = 11.542 min (R). 
1H NMR (500 MHz, CDCl3) δ 7.53 – 7.46 (m, 2H), 7.41 – 7.37 (m, 2H), 7.37 – 7.33 (m, 

2H), 7.31 – 7.23 (m, 2H), 7.20 – 7.15 (m, 2H), 5.96 (s, 1H), 2.13 (s, 3H), 1.99 – 1.89 (m, 

2H), 1.82 – 1.76 (m, 1H), 1.39 – 1.09 (m, 2H), 0.96 – 0.92 (m, 2H), 0.58 (t, J = 7.2 Hz, 

3H). 
13C NMR (126 MHz, CDCl3) δ 144.9, 143.3, 137.7, 135.8, 128.4, 128.3, 127.9, 127.0, 

126.4, 125.8, 73.0, 32.7, 29.1, 23.1, 21.8, 13.6. 

EI-MS: m/z 280.3. 

HRMS (EI) Calcd for C20H24O:280.1827; Found 280.1829. 

 

 

Light yellow oil, 90 % ee, [α]D
25.9 -61.8 (c 1.38, CHCl3). The absolute configuration was 

assigned by analogy. 

HPLC condition: Chiralcel OD-H column, n-hexane/2-propanol = 95:5, 1.0 mL/min, 254 

nm UV detector, tR = 9.299 (S) and tR = 12.682 min (R). 
1H NMR (500 MHz, CDCl3) δ 7.38 – 7.31 (m, 3H), 7.28 – 7.23 (m, 2H), 7.20 – 7.15 (m, 

2H), 7.09 – 7.05 (m, 1H), 5.98 (s, 1H), 2.14 (s, 3H), 2.06 (s, 1H), 1.51 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 144.6, 144.5, 133.7, 132.5, 128.3, 128.1, 126.5, 126.1, 

126.0, 120.6, 70.5, 20.7, 14.0. 

EI-MS: m/z 244. 

HRMS (EI) Calcd for C15H16OS: 244.0922; Found 244.0927. 

 

 

Bright yellow oil, 93 % ee, [α]D
26.2 -53.2 (c 1.52, CHCl3). The absolute configuration was 

determined by comparison of its optical rotation to reported data (Y. Yun, S.-F. Zhu, C.-

Y. Zhou, Q.-L. Zhou, J. Am. Chem. Soc. 2008, 130, 14052. [α]D
20 +15.7 (c 0.5, CH2Cl2)). 
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HPLC condition: Chiralcel AD-H column, n-hexane/2-propanol = 95:5, 1.0 mL/min, 210 

nm UV detector, tR = 9.622 (S) and tR = 10.702 min (R). 
1H NMR (400 MHz, (CD3)2CO) δ 7.37 – 7.31 (m, 3H), 7.26 – 7.21 (m, 1H), 7.20 – 7.15 

(m, 2H), 7.03 – 6.96 (m, 2H), 6.12 (d, J = 4.6 Hz, 1H), 4.81 (d, J = 4.6 Hz, 1H), 2.10 (d, 

J = 1.4 Hz, 3H), 1.55 (d, J = 1.4 Hz, 3H). 
13C NMR (101 MHz, (CD3)2CO) δ 149.5, 145.6, 134.6, 133.0, 129.0, 128.8, 127.4, 127.1, 

124.7, 123.7, 69.7, 20.7, 14.3. 

EI-MS: m/z 244. 

HRMS (EI) Calcd for C15H16OS: 244.0922; Found 244.0927. 

 

 

Bright yellow oil, 84% ee, [α]D
26.0 -40.1 (c 0.68, CHCl3). The absolute configuration was 

assigned by analogy. 

l = 95:5, 1.0 mL/min, 210 nm UV detector, tR = 9.622 (S) and tR = 10.702 min (R). 
1H NMR (400 MHz, (CD3)2CO) δ 7.49 – 7.38 (m, 2H), 7.30 – 7.24 (m, 2H), 7.19 – 7.13 

(m, 1H), 7.13 – 7.05 (m, 2H), 6.37 (s, 1H), 5.79 (d, J = 3.2 Hz, 1H), 4.26 (d, J = 3.8 Hz, 

1H), 2.00 (s, 3H), 1.44 (s, 3H). 
13C NMR (101 MHz, (CD3)2CO) δ 145.8, 143.8, 140.1, 134.3, 132.4, 129.6, 129.0, 128.9, 

127.0, 110.1, 66.9, 20.6, 14.3. 

EI-MS: m/z 228. 

HRMS (EI) Calcd for C15H16O2: 228.1150; Found 228.1152. 

 

 

Yellow oil, 79% ee, [α]D
24.1 -22.3 (c 0.29, CHCl3). The absolute configuration was 

assigned by analogy. 

HPLC condition: Chiralcel AD-H column, n-hexane/2-propanol = 99.2:0.8, 1.0 mL/min, 

250 nm UV detector, tR = 33.258 (S) and tR = 42.687 min (R). 
1H NMR (400 MHz, (CD3)2CO) δ 7.49 – 7.46 (m, 1H), 7.37 – 7.32 (m, 2H), 7.25 – 7.20 

(m, 1H), 7.17 – 7.13 (m, 2H), 6.40 – 6.36 (m, 1H), 6.34 – 6.28 (m, 1H), 5.85 (d, J = 4.0 

Hz, 1H), 4.56 (d, J = 4.5 Hz, 1H), 2.05 (d, J = 1.4 Hz, 3H), 1.57 (d, J = 1.4 Hz, 3H). 
13C NMR (101 MHz, (CD3)2CO) δ 157.8, 145.7, 142.4, 133.7, 132.6, 129.0, 128.8, 127.1, 

110.9, 106.4, 67.9, 20.6, 14.8. 

EI-MS: m/z 228. 
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HRMS (EI) Calcd for C15H16O2: 228.1150; Found 228.1155. 

 

 

Colorless oil, 98% ee, [α]D
27.1 -4.1 (c 0.62, CHCl3). The absolute configuration was 

assigned by analogy. 

HPLC condition: Chiralcel AD-H column, n-hexane/2-propanol = 97:3, 1.0 mL/min, 254 

nm UV detector, tR = 15.933 (S) and tR = 20.016 min (R). 
1H NMR (400 MHz, (CD3)2CO) δ 7.33 – 7.27 (m, 2H), 7.26 – 7.15 (m, 2H), 7.11 – 7.05 

(m, 2H), 6.70 (d, J = 8.4 Hz, 2H), 6.20 – 6.13 (m, 1H), 4.57 – 4.47 (m, 1H), 3.88 (s, 6H), 

2.03 (s, 3H), 1.57 (s, 3H). 
13C NMR (101 MHz, (CD3)2CO) δ 159.1, 146.8, 135.1, 132.3, 129.2, 128.94, 128.86, 126.6, 

120.3, 105.5, 68.3, 56.2, 21.0, 15.5. 

EI-MS: m/z 298. 

HRMS (EI) Calcd for C19H22O3: 298.1569; Found 298.1570. 

5. NMR Spectra and HPLC Charts for the Chiral Allylic Alcohols 
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