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1. 1H NMR spectra of 2a-f 

 

2a1: 82 %, yellow solid,m.p. 59.8–61.2 °C. δH (300 MHz, CDCl3, Me4Si) 8.01–7.92 (m, 3 
H, Ar–H), 7.56–7.41 (m, 4 H, Ar–H), 7.34 (s, 1 H, C(OH)=CH–CO), 7.08–6.89 (m, 2 H, 
Ar–H). Anal. Calcd for C15H11FO2: C, 74.37; H, 4.58; O, 13.21. Found: C, 74.32; H,4.63; 
O, 13.08. Mass (MS): m/z 242.9 [M+H]+. 

 

2a2: 92 %, dark yellow solid, m.p. 85.5–86.4 °C. δH (300 MHz, CDCl3, Me4Si) 7.99 (d, J 
= 7.3 Hz, 2 H, Ar–H), 7.77 (d, J = 7.6 Hz, 1 H, Ar–H), 7.68 (d, J = 9.6 Hz, 1 H, Ar–H), 7.51 
(m, J = 13.7, 4 H, Ar–H), 7.24 (s, 1 H, Ar–H), 6.82 (t, J = 12.78 Hz, 1 H, C(OH)=CH–CO). 
Anal. Calcd for C15H11FO2: C, 74.37; H, 4.58; O, 13.21. Found: C, 74.29; H,4.62; O, 
13.12. Mass (MS): m/z 243.0 [M+H]+. 
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2a3: 92 %, white solid, m.p. 118.7–120.7 °C. δH (300 MHz, CDCl3, Me4Si) 8.03–7.96 (m, 4 
H, Ar–H), 7.61–7.44 (m, 3 H, Ar–H), 7.17 (t, J = 8.6 Hz, 2 H, Ar–H), 6.80 (t, J = 18.15 Hz, 1 
H, C(OH)=CH–CO). Anal. Calcd for C15H11FO2: C, 74.37; H, 4.58; O, 13.21. Found: C, 
74.35; H,4.63; O, 13.16. Mass (MS): m/z 243.1 [M+H]+. 

 

2b1: 88 %, red-brown solid, m.p. 57.2–58.4 °C. δH (300 MHz, CDCl3, Me4Si) 8.05–7.91 (m, 
3 H, Ar–H), 7.68 (dd, J = 7.2, 2.1 Hz, 1 H, Ar–H), 7.59–7.45 (m, 4 H, Ar–H), 7.44–7.32 (m, 1 
H, Ar–H), 6.81 (d, J = 36.6 Hz, 1 H, C(OH)=CH–CO). Anal. Calcd for C15H11ClO2: C, 69.64; 
H, 4.27; O, 12.37. Found: C, 69.53; H,4.23; O, 12.29. Mass (MS): m/z 259.1 [M+H]+. 
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2b2: 90% yield, brick-red solid,m.p. 69.3-70.4 °C. 1H NMR (300 MHz, CDCl3) δ 8.00 – 
7.92 (m, 3 H, Ar-H), 7.86 (d, J = 7.7 Hz, 1 H, Ar-H), 7.63 – 7.35 (m, 5 H, Ar-H), 6.90 – 
6.71 (m, 1 H, C(OH)=CH–CO). Anal. Calcd for C15H11ClO2: C, 69.64; H, 4.27; O, 12.37. 
Found: C, 69.61; H, 4.30; O, 12.35. Mass (MS): m/z 259.0 [M+H]+. 

 

2b3: 84 %, yellow solid, m.p. 86.9–87.6 °C. δH (300 MHz, CDCl3, Me4Si) 7.99 (d, J = 7.2 
Hz, 4 H, Ar–H), 7.58–7.47 (m, 5 H, Ar–H), 6.87 (s, 1 H, C(OH)=CH–CO). Anal. Calcd for 
C15H11ClO2: C, 69.64; H, 4.27; O, 12.37. Found: C, 69.57; H, 4.32; O, 12.38. Mass 
(MS): m/z 259.0 [M+H]+. 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013



 

2c1: 40 %, yellow solid, m.p 63–64 °C. δH (300 MHz, CDCl3, Me4Si) 8.00 (d, J = 7.1 Hz, 3 H, 
Ar–H), 7.58–7.47 (m, 6 H, Ar–H), 6.87 (s, 1 H, C(OH)=CH–CO). Anal. Calcd for C15H11BrO2: 
C, 59.43; H, 3.66; O, 10.56. Found: C, 59.38; H, 3.58; O, 10.47. Mass (MS): m/z 302.9 
[M+H]+. 

 

2c2: 80 %, pink solid, m.p 63–64 °C. δH (300 MHz, CDCl3, Me4Si) 8.11 (s, 1 H, Ar–H), 7.99 (d, 
J = 7.1 Hz, 2 H, Ar–H), 7.90 (d, J = 7.8 Hz, 1 H, Ar–H), 7.67 (d, J = 7.3 Hz, 1 H, Ar–H), 7.56 
–7.46 (m, 3 H, Ar–H), 7.36 (t, J = 7.9 Hz, 1 H, Ar–H), 6.81 (s, 1 H, C(OH)=CH–CO). Anal. 
Calcd for C15H11BrO2: C, 59.43; H, 3.66; O, 10.56.  Found: C, 59.32; H, 3.60; O, 10.41. Mass 
(MS): m/z 303.0 [M+H]+. 
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2c3: 86 %, dark yellow solid, m.p. 93.1–93.8 °C. δH (300 MHz, CDCl3, Me4Si) 7.98 (d, J=7.1 
Hz, 2 H, Ar–H), 7.85 (d, J=8.3 Hz, 2 H, Ar–H), 7.76–7.29 (m, 5 H, Ar–H), 6.81 (t, J = 7.1 Hz, 1 
H, C(OH)=CH–CO). Anal. Calcd for C15H11BrO2: C, 59.43; H, 3.66; O, 10.56.  Found: C, 
59.32; H, 3.60; O, 10.41. Mass (MS): m/z 302.9 [M+H]+. 

 

2d1: 70 %, pink oil. δH (300 MHz, CDCl3, Me4Si) 7.95 (d, J = 7.1 Hz, 2 H, Ar–H), 7.58–7.44 (m, 
4 H, Ar–H), 7.37 (t, J = 7.2 Hz, 1 H, Ar–H), 7.29–7.24 (m, 2 H, Ar–H), 6.53 (s, 1 H, 
C(OH)=CH–CO), 2.55 (s, 3 H, CH3). Anal. Calcd for C16H14O2: C, 80.65; H, 5.92; O, 13.43.  
Found: C, 80.49; H, 5.86; O, 13.38. Mass (MS): m/z 239.1 [M+H]+. 
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2d2: 83 %, brick-red oil. δH (300 MHz, CDCl3, Me4Si) 7.99 (d, J = 7.0 Hz, 2 H, Ar–H), 7.80 (s, 2 
H, Ar–H), 7.66–7.42 (m, 3 H, Ar–H), 7.37 (d, J = 4.8 Hz, 2 H, Ar–H), 6.85 (s, 1 H, 
C(OH)=CH–CO), 2.43 (s, 3 H, CH3). Anal. Calcd for C16H14O2: C, 80.65; H, 5.92; O, 13.43.  
Found: C, 80.58; H, 5.90; O, 13.34. Mass (MS): m/z 239.1 [M+H]+. 

 

2d3: 94 %, red-brown solid, m.p. 80–81.5 °C. δH (300 MHz, CDCl3, Me4Si) 7.98 (d, J = 7.3 
Hz, 2 H, Ar–H), 7.89 (d, J = 8.1 Hz, 2 H, Ar–H), 7.60-7.42 (m, 3 H, Ar–H), 7.29 (d, J = 8.0 
Hz, 2 H, Ar–H), 6.84 (s, 1 H, C(OH)=CH–CO), 2.43 (s, 3 H, CH3). Anal. Calcd for 
C16H14O2: C, 80.65; H, 5.92; O, 13.43.  Found: C, 80.59; H, 5.86; O, 13.44. Mass (MS): 
m/z 239.1 [M+H]+. 
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2e1: 84 %, red-brown oil. δH (300 MHz, CDCl3, Me4Si) 7.95 (t, J = 6.7 Hz, 3 H, Ar–H), 
7.53–7.44 (m, 4 H, Ar–H), 7.15 (s, 1 H, C(OH)=CH–CO), 7.08–6.98 (m, 2 H, Ar–H), 3.95 (s, 
3 H, OCH3). Anal. Calcd for C16H14O3: C, 75.57; H, 5.55; O, 18.88.  Found: C, 75.51; H, 
5.46; O, 18.84. Mass (MS): m/z 255.1 [M+H]+. 

 

 

2e2: 88 %, yellow-brown solid, m.p. 59–60 °C. δH (300 MHz, CDCl3, Me4Si) 7.99 (d, J = 7.1 
Hz, 2 H, Ar–H), 7.57-7.47 (m, 5 H, Ar–H), 7.39 (t, J=7.8 Hz, 1 H, Ar–H), 7.10 (dd, J=8.1, 2.4 
Hz, 1 H, Ar–H), 6.84 (s, 1 H, C(OH)=CH–CO), 3.89 (s, 3 H, OCH3). Anal. Calcd for 
C16H14O3: C, 75.57; H, 5.55; O, 18.88.  Found: C, 75.56; H, 5.51; O, 18.79. Mass (MS): m/z 
255.0 [M+H]+. 
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2e3: 89 %, light yellow solid, m.p. 130–131 °C. δH (300 MHz, CDCl3, Me4Si) 7.98 (d, J = 9.0 
Hz, 4 H, Ar–H), 7.54–7.45 (m, 3 H, Ar–H), 6.97 (d, J = 8.8 Hz, 2 H, Ar–H), 6.79 (s, 1 H, 
C(OH)=CH–CO), 3.87 (s, 3 H, OCH3). Anal. Calcd for C16H14O3: C, 75.57; H, 5.55; O, 18.88.  
Found: C, 75.49; H, 5.50; O, 18.82. Mass (MS): m/z 255.1 [M+H]+. 

 

2f1: 50 %, red-brown oil. δH (300 MHz, CDCl3, Me4Si) 7.94 (d, J = 7.2 Hz, 2 H, Ar–H), 7.77 
(d, J= 7.3 Hz, 1 H, Ar–H), 7.68–7.51 (m, 4 H, Ar–H), 7.47 (t, J = 7.4 Hz, 2 H, Ar–H), 6.49 (s, 1 
H, C(OH)=CH–CO). Anal. Calcd for C16H11F3O2: C, 65.76; H, 3.79; O, 10.95.  Found: C, 
65.65; H, 3.68; O, 10.84. Mass (MS): m/z 293.1 [M+H]+. 
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2f2: 60 %, red oil. δH (300 MHz, CDCl3, Me4Si) 8.23 (s, 1 H, Ar–H), 8.17 (d, J = 7.9 Hz, 1 H, 
Ar–H), 8.02 (d, J = 7.0 Hz, 2 H, Ar–H), 7.81 (d, J = 7.8 Hz, 1 H, Ar–H), 7.66–7.49 (m, 4 H, Ar–H), 
6.88 (s, 1 H, C(OH)=CH–CO). Anal. Calcd for C16H11F3O2: C, 65.76; H, 3.79; O, 10.95.  
Found: C, 65.62; H, 3.69; O, 10.94. Mass (MS): m/z 293.1 [M+H]+. 

 

2f3: 74 %, yellow solid. δH (300 MHz, CDCl3, Me4Si) 8.09 (d, J = 8.1 Hz, 2 H, Ar–H), 8.01 (d, J 
= 7.2 Hz, 2 H, Ar–H), 7.76 (t, J = 6.5 Hz, 2 H, Ar–H), 7.66–7.40 (m, 3 H, Ar–H), 6.88 (s, 1 H, 
C(OH)=CH–CO). Anal. Calcd for C16H11F3O2: C, 65.76; H, 3.79; O, 10.95.  Found: C, 65.66; 
H, 3.72; O, 10.89. Mass (MS): m/z 293.0 [M+H]+. 

2. 1H NMR spectra of 3a-f 
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3a1: 78 %, yellow solid, m.p. 58–60°C. δH (300 MHz, CDCl3, Me4Si) 8.04 (dd, J = 7.8, 1.6 Hz, 1 
H, Ar–H), 7.94 (d, J = 7.2 Hz, 2 H, Ar–H), 7.62–7.55 (m, 2 H, Ar–H), 7.49 (t, J = 7.6 Hz, 2 H, 
Ar–H), 7.11 (t, J = 7.5 Hz, 1 H, Ar–H), 6.90 (d, J = 8.4 Hz, 1 H, Ar–H). Anal. Calcd for C14H9FO2: 
C, 73.68; H, 3.97; O, 14.02.  Found: C, 73.67; H, 3.82; O, 14.08. Mass (MS): m/z 229.1 [M+H]+. 

 
3a2: 40 %, light yellow solid, m.p. 58–60°C. δH (300 MHz, CDCl3, Me4Si) 7.98 (d, J = 7.2 
Hz, 2 H, Ar–H), 7.71 (q, J = 7.47 Hz, 3 H, Ar–H), 7.60–7.43 (m, 3 H, Ar–H), 7.37 (m, 1 H, 
Ar–H). Anal. Calcd for C14H9FO2: C, 73.68; H, 3.97; O, 14.02. Found: C, 73.60; H, 3.87; O, 
13.97. Mass (MS): m/z 229.1 [M+H]+. 
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3a3: 72 %, yellow solid, m.p. 62–63.5 °C. δH (300 MHz, CDCl3, Me4Si) 8.12–7.96 (m, 4 H, 
Ar–H), 7.68 (t, J = 7.4 Hz, 1 H, Ar–H), 7.53 (t, J = 7.6 Hz, 2 H, Ar–H), 7.20 (m, 2 H, Ar–H). 
Anal. Calcd for C14H9FO2: C, 73.68; H, 3.97; O, 14.02.  Found: C, 73.62; H, 3.93; O, 13.99. 
Mass (MS): m/z 229.1 [M+H]+. 

 

3b1: 75 %, light yellow oil. δH (300 MHz, CDCl3, Me4Si) 8.05-8.02 (m, 1 H, Ar–H), 7.99-7.96 
(m, 1 H, Ar–H), 7.92 (dd, J = 8.1, 1.6 Hz, 1 H, Ar–H), 7.67 (td, J = 7.2, 1.4 Hz, 1 H, Ar–H), 
7.57-7.51 (m, 3 H, Ar–H), 7.49–7.41 (m, 2 H, Ar–H). Anal. Calcd for C14H9ClO2: C, 68.72; H, 
3.71; O, 13.08.  Found: C, 68.68; H, 3.69; O, 13.00. Mass (MS): m/z 245.0 [M+H]+. 
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3b2: 84 %, yellow solid, m.p. 89–99 °C. δH (300 MHz, CDCl3, Me4Si) 7.98–7.96 (m, 3 H, 
Ar–H), 7.85 (d, J = 7.7 Hz, 1 H, Ar–H), 7.71–7.61 (m, 2 H, Ar–H), 7.56–7.44 (m, 4 H, Ar–H). 
Anal. Calcd for C14H9ClO2: C, 68.72; H, 3.71; O, 13.08. Found: C, 68.65; H, 3.67; O, 13.01. 
Mass (MS): m/z 245.1 [M+H]+. 

 

3b3: 35 %, light yellow solid, m.p. 77.0–78.1 °C. δH (300 MHz, CDCl3, Me4Si) 7.98–7.90 
(m, 4 H, Ar–H), 7.68 (t, J = 7.4 Hz, 1 H, Ar–H), 7.55–7.49 (m, 4 H, Ar–H). Anal. Calcd for 
C14H9ClO2: C, 68.72; H, 3.71; O, 13.08.  Found: C, 68.70; H, 3.68; O, 13.05. Mass (MS): 
m/z 245.1 [M+H]+. 
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3c1: 45 %, dark yellow solid; m.p. 40–41 °C. δH (300 MHz, CDCl3, Me4Si) 7.97 (d, J = 7.2 Hz, 
3 H, Ar–H), 7.67 (t, J = 7.4 Hz, 2 H, Ar–H), 7.52 (t, J = 7.6 Hz, 4 H, Ar–H). Anal. Calcd for 
C14H9BrO2: C, 58.16; H, 3.14; O, 11.07. Found: C, 58.10; H, 3.08; O, 11.02. Mass (MS): m/z 
289.0 [M+H]+. 

 

3c2: 90 %, dark yellow solid, m.p. 80–81 °C. δH (300 MHz, CDCl3, Me4Si) 8.13 (t, J = 1.5 
Hz, 1H, Ar–H), 7.99–7.95 (m, 2 H, Ar–H), 7.89 (d, J = 7.8 Hz, 1 H, Ar–H), 7.79 (d, J = 7.3 
Hz, 1 H, Ar–H), 7.68 (q, J = 7.2 Hz, 1 H, Ar–H), 7.55–7.49 (m, 2 H, Ar–H), 7.44–7.37 (m, 1 
H, Ar–H). Anal. Calcd for C14H9BrO2: C, 58.16; H, 3.14; O, 11.07.  Found: C, 58.13; H, 
3.10; O, 11.00. Mass (MS): m/z 288.9 [M+H]+. 
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3c3: 40 %, yellow solid, m.p. 86–87 °C. δH (300 MHz, CDCl3, Me4Si) 7.97 (d, J = 7.5 Hz, 
2 H, Ar–H), 7.85 (d, J = 8.4 Hz, 2 H, Ar-H), 7.67 (d, J = 8.1 Hz, 3 H, Ar–H), 7.53 (t, J = 7.6 
Hz, 2 H, Ar–H). Anal. Calcd for C14H9BrO2: C, 58.16; H, 3.14; O, 11.07.  Found: C, 
58.10; H, 3.08; O, 11.08. Mass (MS): m/z 288.9 [M+H]+. 

 

3d1: 69 %, light yellow solid, m.p. 56–57 °C. δH (300 MHz, CDCl3, Me4Si) 7.98 (d, J = 7.2 
Hz, 2 H, Ar–H), 7.66 (t, J = 8.0 Hz, 2 H, Ar–H), 7.51 (dd, J = 14.4, 7.0 Hz, 3 H, Ar–H), 7.35 
(d, J = 7.6 Hz, 1 H, Ar–H), 7.26 (dd, J = 8.3, 6.6 Hz, 1 H, Ar–H), 2.71 (s, 3 H, CH3). Anal. 
Calcd for C15H12O2: C, 80.34; H, 5.39; O, 14.27.  Found: C, 80.29; H, 5.31; O, 14.28. 
Mass (MS): m/z 225.1 [M+H]+. 
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3d2: 82 %, yellow solid, m.p. 56–57 °C. δH (300 MHz, CDCl3, Me4Si) 7.98 (d, J = 7.6 Hz, 2 H, 
Ar–H), 7.77 (d, J = 7.7 Hz, 2 H, Ar–H), 7.65 (d, J = 7.1 Hz, 1 H, Ar–H), 7.50 (dd, J = 15.4, 7.6 
Hz, 3 H, Ar–H), 7.41 (d, J = 7.4 Hz, 1 H, Ar–H), 2.41 (s, 3 H, CH3). Anal. Calcd for C15H12O2: 
C, 80.34; H, 5.39; O, 14.27.  Found: C, 80.32; H, 5.37; O, 14.30. Mass (MS): m/z 225.0 
[M+H]+. 

 

3d3: 70 %, light yellow oil. δH (300 MHz, CDCl3, Me4Si) 7.96 (t, J = 7.4 Hz, 3 H, Ar–H), 7.64 
(d, J = 6.9 Hz, 1 H, Ar–H), 7.51 (t, J = 7.6 Hz, 2 H, Ar–H), 6.98 (d, J = 8.1 Hz, 2 H, Ar–H), 
3.89 (d, J = 0.7 Hz, 3 H, CH3). Anal. Calcd for C15H12O2: C, 80.34; H, 5.39; O, 14.27.  
Found: C, 80.28; H, 5.27; O, 14.25. Mass (MS): m/z 225.1 [M+H]+. 
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3e1: 75 %, red-brown solid, m.p. 71–72 °C. δH (300 MHz, CDCl3, Me4Si) 8.03 (dd, J = 7.8, 1.6 
Hz, 1 H, Ar–H), 7.93 (d, J = 7.3 Hz, 2 H, Ar–H), 7.64–7.57 (m, 2 H, Ar–H), 7.50 (t, J = 7.6 Hz, 2 
H, Ar–H), 7.14 (t, J = 7.5 Hz, 1 H, Ar–H), 6.94 (d, J = 8.4 Hz, 1 H, Ar–H), 3.57 (s, 3 H, OCH3). 
Anal. Calcd for C15H12O3: C, 74.99; H, 5.03; O, 19.98.  Found: C, 74.91; H, 4.97; O, 19.75. 
Mass (MS): m/z 241.1 [M+H]+. 

 

 

3e2: 87 %, yellow solid, m.p. 91–93°C. δH (300 MHz, CDCl3, Me4Si) 7.97 (d, J = 7.3 Hz, 2 
H, Ar–H), 7.67 (t, J = 7.4 Hz, 1 H, Ar–H), 7.51 (dd, J = 15.0, 7.6 Hz, 4 H, Ar–H), 7.40 (t, J = 
7.8 Hz, 1 H, Ar–H), 7.21 (dd, J = 8.1, 1.6 Hz, 1 H, Ar–H), 3.87 (s, 3 H, OCH3). Anal. Calcd 
for C15H12O3: C, 74.99; H, 5.03; O, 19.98.  Found: C, 74.89; H, 4.89; O, 19.84. Mass 
(MS): m/z 241.1 [M+H]+. 
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3e3: 80 %, light yellow oil. δH (300 MHz, CDCl3, Me4Si) 7.97 (d, J = 7.2 Hz, 2 H, Ar–H), 7.87 
(d, J = 8.2 Hz, 2 H, Ar–H), 7.66 (t, J = 7.4 Hz, 1 H, Ar–H), 7.51 (t, J = 7.6 Hz, 2 H, Ar–H), 7.31 
(d, J = 8.0 Hz, 2 H, Ar–H), 2.44 (s, 3 H, CH3). Anal. Calcd for C15H12O3: C, 74.99; H, 5.03; O, 
19.98.  Found: C, 74.92; H, 4.93; O, 19.94. Mass (MS): m/z 241.1 [M+H]+. 

 

3f1: 82 %, light yellow oil. δH (300 MHz, CDCl3, Me4Si) 8.09 (d, J = 7.5 Hz, 2 H, Ar–H), 
7.81 (d, J = 6.5 Hz, 1 H, Ar–H), 7.75 –7.67 (m, 4 H, Ar–H), 7.54 (t, J = 7.7 Hz, 2 H, Ar–H). 
Anal. Calcd for C15H9F3O2: C, 64.75; H, 3.26; O, 11.50.  Found: C, 64.63; H, 3.19; O, 
11.49. Mass (MS): m/z 279.1 [M+H]+. 
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3f2: 50 %, yellow solid, m.p. 69-70 °C. δH (300 MHz, CDCl3, Me4Si) 8.28 (s, 1 H, Ar–H), 
8.16 (d, J = 7.8 Hz, 1 H, Ar–H), 8.00 (d, J = 7.3 Hz, 2 H, Ar–H), 7.92 (d, J = 7.8 Hz, 1 H, 
Ar–H), 7.69 (q, J = 7.9 Hz, 2 H, Ar–H), 7.55 (t, J = 7.7 Hz, 2 H, Ar–H). Anal. Calcd for 
C15H9F3O2: C, 64.75; H, 3.26; O, 11.50.  Found: C, 64.73; H, 3.21; O, 11.53. Mass 
(MS): m/z 279.1 [M+H]+. 

 

3f3: 70 %, light yellow solid, m.p. 69-70 °C . δH (300 MHz, CDCl3, Me4Si) 8.11 (d, J = 8.1 Hz, 
2 H, Ar–H), 7.98 (d, J = 7.3 Hz, 2 H, Ar–H), 7.78 (d, J = 8.2 Hz, 2 H, Ar–H), 7.69 (t, J = 7.4 Hz, 
1 H, Ar–H), 7.54 (t, J = 7.6 Hz, 2 H, Ar–H). Anal. Calcd for C15H9F3O2: C, 64.75; H, 3.26; O, 
11.50.  Found: C, 64.68; H, 3.23; O, 11.45. Mass (MS): m/z 279.1 [M+H]+. 
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3. 1H NMR spectra of 6a-f 
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4. 1H NMR spectra of reference materials 4e2, 5e2 and their intermediates 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
80% yield; colorless oil; 1H NMR (300 MHz, CDCl3) δ 7.25 (dd, J = 9.7, 
6.0 Hz, 1H, Ar-H), 7.10 – 6.97 (m, 2H, Ar-H), 6.84 (dd, J = 7.9, 2.1 Hz, 
1H, Ar-H), 5.14 (s, 1H, -CH-), 3.81 (s, 3H, -OCH3), 3.14 – 2.97 (m, 2H, 
-CH2-), 2.90 (dt, J = 14.3, 3.8 Hz, 2H, -CH2-), 2.23 – 2.09 (m, 1H, -CH2-), 
2.03 – 1.84 (m, 1H, -CH2-). 
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78% yield; colorless solid; 1H NMR (300 MHz, CDCl3) δ 7.47 (dd, J = 7.7, 1.2 
Hz, 2H, Ar-H), 7.39 – 7.28 (m, 3H, Ar-H), 5.17 (s, 1H, -CH-), 3.16 – 2.99 (m, 
2H, -CH2-), 2.90 (dt, J = 14.2, 3.7 Hz, 2H, -CH2-), 2.22 – 2.09 (m, 1H, -CH2-), 
2.01 – 1.83 (m, 1H, -CH2-). 

 

 
83% yield; colorless oil; 1H NMR (300 MHz, CDCl3) δ 7.33 (d, J = 7.9 Hz, 
1H, Ar-H), 7.18 (dt, J = 14.5, 7.7 Hz, 5H, Ar-H), 6.90 (d, J = 7.2 Hz, 2H, 
Ar-H), 6.82 (dd, J = 8.0, 1.9 Hz, 1H, Ar-H), 4.95 (s, 1H, -CH-OH), 3.67 (s, 
3H, -OCH3), 2.70 (t, J = 11.6 Hz, 4H, -CH2-), 2.04 (s, 1H, -OH), 1.92 (dd, 
J = 10.7, 6.5 Hz, 2H, -CH2-). 
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86% yield; colorless oil; 1H NMR (300 MHz, CDCl3) δ 7.70 (dd, J = 7.8, 
1.6 Hz, 2H, Ar-H), 7.36 – 7.27 (m, 3H, Ar-H), 7.05 (t, J = 7.9 Hz, 1H, 
Ar-H), 6.75 (dd, J = 8.1, 2.2 Hz, 1H, Ar-H), 6.53 (d, J = 7.6 Hz, 1H, Ar-H), 
6.28 (s, 1H, Ar-H), 4.98 (s, 1H, -CH-OH), 3.56 (s, 3H, -CH3), 2.72 – 2.62 
(m, 4H, -CH2-), 1.93 – 1.88 (m, J = 6.9, 2H, -CH2-). 

 

 

88% yield; light yellow solid; 1H NMR (300 MHz, CDCl3) δ 7.92 (d, J = 
7.2 Hz, 2H, Ar-H), 7.52 (t, J = 7.4 Hz, 1H, Ar-H), 7.40 (t, J = 7.6 Hz, 2H, 
Ar-H), 7.22 (d, J = 7.9 Hz, 1H, Ar-H), 6.93 (d, J = 7.6 Hz, 1H, Ar-H), 6.88 
– 6.84 (m, 1H, Ar-H), 6.80 (dd, J = 8.2, 2.0 Hz, 1H, Ar-H), 5.92 (s, 1H, 
-CH-OH), 3.75 (s, 3H, -OCH3). 
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78% yield; light yellow oil; 1H NMR (300 MHz, CDCl3) δ7.46 (dd, J = 8.4, 5.1 
Hz, 2H, Ar-H), 7.34 – 7.31 (m, 4H, Ar-H), 7.30 (d, J = 3.1 Hz, 1H, Ar-H), 7.28 
– 7.27 (m, 1H, Ar-H), 7.06 (dd, J = 8.2, 2.0 Hz, 1H, Ar-H), 5.93 (s, 1H, 
-CH-OH), 3.79 (s, 3H, -OCH3). 

 
5. The HPLC diagram of a mixture of 3e2, 4e2, 5e2, 6e2 and 7e2 

 
Fig.S1 The isolation of 3e2, 4e2, 5e2, 6e2 and 7e2 by using HPLC 

A mixture of 3e2 (tR=39.945 min), 4e2 [tR=54.111 min (S) and 68.884 min (R)], 5e2 [tR=65.063 min (S) 
and 76.590 min (R)], 6e2 [tR=47.257 min (R, R) and 57.126 min (S, S)] and 7e2 [tR=61.603 min (R, S) and 
62.851 min (S, R)] was completely isolated and identified by HPLC on a chiral stationary phase using an OJ-H 
column; eluent: n-hexane/i-PrOH (90:10); flow rate: 1.0 mL min-1; UV detector: λ=220. 
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6. Dynamic kinetic study of 3e2 

Table S1. The contents of intermediates and products during the catalytic reactiona 

Entry T(h) 3e2(%)[b] 4e2(%)[b] 5e2(%)[b] 6e2(%)[b] 

1 0.5 56.747 16.049 23.477 3.728 
2 1 19.215 26.997 36.376 13.685 
3 1.5 4.04 29.836 36.741 29.383 
4 2 0.994 26.144 29.534 43.328 
5 2.5 1.194 23.731 27.662 47.413 
6 3 2.362 11.447 12.712 73.478 
7 6 0.710 4.772 6.616 87.9 
8 9 0.319 4.53 7.453 87.697 
9 12 0.231 2.43 3.579 93.76 

10 15 0.309 1.239 2.224 96.228 
11 18 0.142 1.018 1.59 97.251 
12 21 0 0.43 0.995 98.575 
13 24 0 0 0 100 

[a] S/C=100:1, HCOOH:N(C2H5)3 molar ratio = 2:1, none solvent, 40℃, (R, R)-Ru a as the catalyst. 
[b] Determined by HPLC using an OJ-H column based on peak areas. 

7. Dynamic kinetic study of 4e2 

Table S2. The contents of intermediates and products during the catalytic reactiona 
Entry T(h) 4e2(S)(%)[b] 4e2(R)(%)[b

] 
5e2(S)(%)[b] 5e2(R)(%)[b] 6e2(%)[b] 

1 0 50 50 0 0 0 
2 0.5 8.908 33.371 5.139 12.746 39.837 
3 1 4.403 24.563 5.365 16.134 49.535 
4 1.5 4.356 20.747 5.904 16.683 52.31 
5 2 3.242 15.684 4.607 15.094 61.374 
6 2.5 3.133 11.538 5.583 13.138 66.609 
7 3 2.511 9.030 3.257 11.610 73.56 
8 6 0.696 1.589 1.672 2.372 93.672 
9 9 0 0 0 0 100 

[a] S/C=100:1, HCOOH:N(C2H5)3 molar ratio = 2:1, none solvent, 40℃, (R,R)-Ru a as a catalyst. 
[b] Determined by HPLC using an OJ-H column based on peak areas. 

8. Dynamic kinetic study of 5e2 

Table S2. The contents of intermediates and products during the catalytic reactiona 
Entry T(h) 4e2(S)(%)[b] 4e2(R)(%)[b] 5e2(S)(%)[b] 5e2(R)(%)[b] 6e2(%)[b] 

1 0 0 0 50 50 0 

2 1 1.766 7.623 4.422 40.418 45.771 

3 2 2.389 8.643 4.304 28.890 55.773 

4 3 1.722 6.653 3.129 15.172 73.323 

5 4 1.437 4.374 2.534 8.374 83.281 
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6 5 0.895 2.924 1.757 4.856 89.568 

7 6 0.534 1.335 1.413 2.273 94.446 

8 9 0 0 0 0 100 
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Fig.S2 The reactivity profiles of racemic α-hydroxy ketones 4e2 plotted versus time within 9 h 

 
9. HPLC spectra of products 6a-f 
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