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Asymmetric transfer hydrogenation of unsymmetrical benzils

Hao Zhang, Haibo Sheng, Xuebing Ma’, Jinwei Wan, Dandan Feng, Qian Tang’

College of Chemistry and Chemical Engineering, Southwest University,
Chonggqing, 400715, P. R. China

1. 'H NMR spectra of 2a-f
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2a,: 82 %, yellow solid,m.p. 59.8-61.2 °C. & (300 MHz, CDCl;, Me,Si) 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 C1sH11FO,: C, 74.37; H, 4.58; O, 13.21. Found: C, 74.32; H,4.63;
0, 13.08. Mass (MS): m/z 242.9 [M+H]".
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2a,: 92 %, dark yellow solid, m.p. 85.5-86.4 °C. &y (300 MHz, CDCl5, Me,Si) 7.99 (d, J
=7.3Hz, 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 C15H11FO,: 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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2a;: 92 %, white solid, m.p. 118.7—120.7 °C. &y (300 MHz, CDCl5, Me,Si) 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 C4sH11FO,: 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]".
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2b: 88 %, red-brown solid, m.p. 57.2-58.4 °C. 6y (300 MHz, CDCl3, Me,4Si) 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 C45H1,CIO,: 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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2b,: 90% yield, brick-red solid,m.p. 69.3-70.4 °C. 'H NMR (300 MHz, CDCl3) & 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 C45H41CIO,: 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]".
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2bs: 84 %, yellow solid, m.p. 86.9-87.6 °C. 5y (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
C1sH11ClO,: 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+HJ".
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2c¢1: 40 %, yellow solid, m.p 63—-64 °C. &4 (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 C45H1BrO:
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]".
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2c,: 80 %, pink solid, m.p 63-64 °C. 64 (300 MHz, CDCl3, Me4Si) 8.11 (s, 1 H, Ar-H), 7.99 (d,
J=7.1Hz 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 C15H11BrO,: 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. &4 (300 MHz, CDCl3, Me,Si) 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 C15H1BrO,: 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]".
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2d4: 70 %, pink oil. 8y (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 C4sH140,: 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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2d,: 83 %, brick-red oil. 84 (300 MHz, CDCl3, Me,Si) 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, CHs). Anal. Calcd for C4sH140,: 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]".
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2d5: 94 %, red-brown solid, m.p. 80-81.5 °C. 5y (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, CHs). Anal. Calcd for
C1sH1402: 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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2e4: 84 %, red-brown oil. &y (300 MHz, CDCl3, Me,Si) 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 C15H1403: 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]".
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2e,: 88 %, yellow-brown solid, m.p. 59-60 °C. 5y (300 MHz, CDCl;, Me,Si) 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
C16H1403: 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. &4 (300 MHz, CDClI3, Me,Si) 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 C4¢H1403: 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]".

—4.5795

o] (o]

I MMR (300 MHz, CDCL) &7 94 (d, J= 72 Hz, 2H, AvH), 777 (d J =73 Ha, 1H, AcH), 762 -7 51
(i, 4H, Ar-H), 747 (4, J = 7.4 Hz, 2H, ArH), 649 (s, 1H, C(OH)=CH-CO).

3

0.9773
1.0000=—

240
230
220
210
200
190
-1380
170
160
-150
140
130
-120
110
100
90
80
70
60
50
40
30
20
10

10
20

o | 42172]
] 21021/

60 55 50 45 40 35 30 25 20 15 1.0
f1 (ppm)

2
)

7.0

2f4: 50 %, red-brown oil. 8y (300 MHz, CDCl3, Me,Si) 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 C15H11F30,: 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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2f,: 60 %, red oil. 5y (300 MHz, CDCls, 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 C1sH11F30,: 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][".
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2f5: 74 %, yellow solid. 84 (300 MHz, CDCl3, Me,Si) 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 C1sH+:F505: 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. '"H NMR spectra of 3a-f
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—7.55 (m, 2H, AvH), 7.49 (1, J = 7.6 Hz, 2H, Av-H), 7.11 (4, J = 7.5 Hz, 1H, ArH), 690 (d, J = 8.4 Hz,
1H, ArH) 100
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3a4: 78 %, yellow solid, m.p. 58-60°C. &y (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 C14HsFO,:
C, 73.68; H, 3.97; 0, 14.02. Found: C, 73.67; H, 3.82; O, 14.08. Mass (MS): m/z 229.1 [M+H]".
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F 70
60
H HMR (200 MHz, CDCL) & 798 (4, F=7.2 Hz, 3H, ArH), 7.71 (g, J= 7.47 Hz, 3H, Ar-H), 760 —
T3 (m, 3H, AcH), 737 (bd, =79, 23 Hz, LH, ArH)
150
L40
‘ [30
120
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#‘J i ,..‘L o ]
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Qe r~o 10
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90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

f1 (ppm)

3a,: 40 %, light yellow solid, m.p. 58—60°C. &y (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 C14HgFO,: 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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60
H MMR (300 MHz, CDCL) 5 212 — 7 96 (m, 4H, ArH), 768 (t, J = 74 Hz, 1H, AcH), 753 (t, /=76 50
Hz 2H, Ar-H), 7 20(t, J=8 A4 Hz, 2H, &Ar-H)
40
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-20
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3a;: 72 %, yellow solid, m.p. 62-63.5 °C. & (300 MHz, CDCl3, Me,Si) 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 C14HsFO,: 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]".
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i bl rallLir Bt el - . .

+130
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+80

H MMR (300 MHz, CDCL) & 805 —5 02 (m, 1H, ArH), 799 —7 96 (m, 1H, A H), 792 (dd J= 31, 70
16Hz, 1H, & H), 767 (b, J=72, 1 4 Hz, 1H, ArH), 7 57 —7 51 (, 3H, A H), 749 —7 41 (m, 2H,
ArH) 60
-50

L40

30
F20

F10

L10

65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
1 (ppm)

3b,: 75 %, light yellow oil. 5 (300 MHz, CDCl3, Me,Si) 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 C14HsCIO,: C, 68.72; H,
3.71; 0, 13.08. Found: C, 68.68; H, 3.69; O, 13.00. Mass (MS): m/z 245.0 [M+H]".
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H NIMR (300 MHz, CDCL) & 7.98 — 7 % (m, 3H, A H), 7.85 (d, /= 7.7 Hz, 1H, Ar-H), 771 — 7 61 (m, &)
2H, ArH), 7.56 —7.44 (mi, 4H, Ar-H)
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3b,: 84 %, yellow solid, m.p. 89-99 °C. &4 (300 MHz, CDCl3, Me,4Si) 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 C14H¢CIO,: 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]".
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£=]
£70
L60
L50
,h L40
£30

10

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)

3bs: 35 %, light yellow solid, m.p. 77.0-78.1 °C. 8, (300 MHz, CDCls, Me,Si) 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
C14HoClO,: C, 68.72; H, 3.71; O, 13.08. Found: C, 68.70; H, 3.68; O, 13.05. Mass (MS):
miz 245.1 [M+H]".
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3c4: 45 %, dark yellow solid; m.p. 40—41 °C. &4 (300 MHz, CDCl;, 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
C14HgBrO,: 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]".
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IH MR (300 MHz, CDCL) 58.13 (1, /= 1.5 Hz 1H, Ar-H), 799 = 795 (m, 3H, ArH), 789 (d, /=78 [60
Hz 1H, &rH), 779 (4, J= 73 Hz, 1H, ArH), 768 (g, J=7.2 Hz, 1H, ArH), 7.55 —7.49 (m, 2H, ArH),

744737 (m, IH, AzH).
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3c,: 90 %, dark yellow solid, m.p. 80-81 °C. &4 (300 MHz, CDCl3, Me,Si) 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 C14H¢BrO,: 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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'HNMR (300 MHz, CDCL) & 7.97 (d, J= 7.5 Hz, 2H, ArH), 735 (d, 7= 8.4 Hz, 2H, ArH), 767 (4, 7 rs0

=81 Hz, 3H, ArH), 7.53 (4, J= 7.6 Hz, 2H, &cH) a5
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85

3c3: 40 %, yellow solid, m.p. 86-87 °C. &y (300 MHz, CDCl3, Me4Si) 7.97 (d, J = 7.5 Hz,
2H,Ar-H),7.85(d, J=8.4Hz, 2H, Ar-H), 7.67 (d, J=8.1 Hz,3H, Ar-H), 7.53 (t, /= 7.6
Hz, 2 H, Ar—H). Anal. Calcd for C44HgBrO;: 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]".
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'H NMR (300 MHz, CDCL) 5 7.98 (4, 7= 7.2 Hz, 3H, AcH), 7.66 (t, 7= 5.0 Hz, 2H, AcH), 7.50 (dd, J
= 144, 7.0 Hz 3H, Ac H), 735 (4, 7= 7.6 Ha 1H, AxH), 7.38 (dd, J=8.3, 6.6 Hz 1H, AcED, 271 (s,
3H, -CH). +300
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=
=
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o~

50 45 40 35 30 25 20 15 10 05 00 -05
1 (ppm)

3d;: 69 %, light yellow solid, m.p. 56-57 °C. &y (300 MHz, CDCl3, Me,Si) 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 C15H1205: 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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=71 Hz, LH, ArH), 7.50 (dd, =154, 7.6 Hz, 3H, Ar H), 741 (d, 7= 7.4 Hz, 1H, Ar H), 2.1 (s, 3H, -
CH)
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3d,: 82 %, yellow solid, m.p. 56-57 °C. & (300 MHz, CDCl3, Me,Si) 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 C15H120>:
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
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H NME (300 MHz, CDCL) & 7.96 (t, J=T4Hz 3H, Ar-H), 764(d, J=69 Hz, |H, Arv-H), 751 (8, J=
7.6 Hz, 2H, Ar-H), 608 (d, 7= 3.1 Hz, 2H, Ar-H), 339 (d, 7= 0.7 Hz, 3H, -CH;).
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3d3: 70 %, light yellow oil. 8,4 (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, CHs). Anal. Calcd for C4sH1,0,: 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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H NME (300 MHz, CDCL) § 803 (dd, S=78, 1.6 Hz, 1H, &cH), 793 (d, F= 73 Hz, 3H, AcH), 7564
—7.57 {m, 2H, ArH), 7500, = 7.6 Hz, 2H, A H), 7141, J= 75 Hz, 1H, ArH), 694(d, J= 84 Hz, [350
1H, ArH), 3.57 (s, 3H, -CH3).
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3e1: 75 %, red-brown solid, m.p. 71-72 °C. d4 (300 MHz, CDCI3, Me,4Si) 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, OCH»).
Anal. Calcd for C15sH1,03: 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]".
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IH MMER (300 MHz, CDCL) & 797 (d, J= 7.3 Ha, 2H ArH), 767 (4, J= 74 Hz 1H, A H), 751 L140
(dd, = 150,76 H, 4H, &r.H), 740 (4, J= 78 Hz 1H, ArH), 721 (dd, J=81,16 Hz 1H, Ar
H), 357 (s, 3H, -CH;).
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3e,: 87 %, yellow solid, m.p. 91-93°C. &4 (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 C1sH1203: 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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'H HME (300 MHz, ©DCL) & 797 (d, 7= 7.2 Ha, 2H, ArH), 787 (d, /= 82 Hz, 2H, AcH), 7.66 (1, 7=
7.4Hz, LH, &cH), 751 4, J= 7.6 Hz, 3H, AxH), 731 (d, J— 2.0 Hz, 2H, AcH), 244 (s, 3H, -CH)).
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3e3: 80 %, light yellow oil. 84 (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 C4sH1,03: 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]".
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(m, 4H, ArH), T.54(t, J=77 Hz, 2H ArH)
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3f,: 82 %, light yellow oil. 5,4 (300 MHz, CDCl3, Me,Si) 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 C45HgF30,: 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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'H NMR (300 MHz, CDCL) & 828 (s, 1H, Ar-H), 816 (d, /= 78 Hz, |H, ArH), 800 (d, J= 73 Hz,

M, ArH), 7924, J= T2 Ha, 18, ArH), 749 (q, /= 7.9 Hz, 2, Arl), 755t =77 Hz, 2, ArH)
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3f2: 50 %, yellow solid, m.p. 69-70 °C. &4 (300 MHz, CDCl3, Me,4Si) 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
CisHgF305: 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]".
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3f;: 70 %, light yellow solid, m.p. 69-70 °C . &4 (300 MHz, CDCl3, Me,4Si) 8.11 (d, J = 8.1 Hz,
2H,Ar-H),7.98(d,J=7.3Hz, 2H, 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 C1sHgF30,: 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. 'H NMR spectra of 6a-f
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4. '"H NMR spectra of reference materials 4e,, 5e, and their intermediates
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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,
-CH,-), 2.90 (dt, J = 14.3, 3.8 Hz, 2H, -CH,-), 2.23 — 2.09 (m, 1H, -CH,-),

S/j 80% vyield; colorless oil; "H NMR (300 MHz, CDCl3) 8 7.25 (dd, J = 9.7,
2.03-1.84 (m, 1H, -CH,-).
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78% yield; colorless solid; "H NMR (300 MHz, CDCl3) 5 7.47 (dd, J = 7.7, 1.2
s Hz, 2H, Ar-H), 7.39 — 7.28 (m, 3H, Ar-H), 5.17 (s, 1H, -CH-), 3.16 — 2.99 (m,
/j 2H, -CH,-), 2.90 (dt, J = 14.2, 3.7 Hz, 2H, -CH,-), 2.22 — 2.09 (m, 1H, -CH-),
s 2.01—1.83 (m, 1H, -CH>-).
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83% yield; colorless oil; '"H NMR (300 MHz, CDCl3) 8 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, -CH,-), 2.04 (s, 1H, -OH), 1.92 (dd,
J=10.7, 6.5 Hz, 2H, -CH,-).
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H), 6.80(dd, J=52 20 Hz, 1H, ArH), 592 (s, |H, -CH-OH), 375 (s, 2H, -OCH:)
F300
F250
F200
+150

-100

o7 00768b—
3.0000%
a
o

55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

88% yield; light yellow solid; '"H NMR (300 MHz, CDCl3) 8 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,
o O 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,
O I -CH-OH), 3.75 (s, 3H, -OCH3).
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SO HhO 0 = MO T (-3
EE8zE388 0 =
E3IFESSIFH = 9 P20
e et
I T,
OCH;
500
L MR (300 MHz, CDCL) & 7.46 cdd, 7= 8.4, 5.1 Hz, 2H, ArH), 7.34 — 731 (m, 4H, AcH), 7.30 (4, J
=731 Hz, 1H, Ar.H), 7.08 —7 27 (m, 1H, ArH), 7.06 (dd, /=82, 20 Hz, 1H, Ax-H), 593 (s, 1H, -CH-
OFY, 379 ¢s, 3H, -OCH
150
100
50
‘IUJ_ M o
‘ | -
w =
(=3 (=3
[—] (=3
(=1 (=13
5 = = o3
75 70 65 60 655 50 45 40 35 30 25 20 15 10 05 00 -05

1 (pprm)

78% yield; light yellow oil; "H NMR (300 MHz, CDCls) 57.46 (dd, J = 8.4, 5.1

9 O 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,

O o -CH-OH), 3.79 (s, 3H, -OCHs).

OCH,

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

7e2(R,S or S,R)
-

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

A mixture of 3e; (tg=39.945 min), 4e, [{rg=54.111 min (S) and 68.884 min (R)], 5e, [{r=65.063 min (S)
and 76.590 min (R)], 6e; [tr=47.257 min (R, R) and 57.126 min (S, S)] and 7e; [tgr=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™; UV detector: A=220.
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6. Dynamic kinetic study of 3e;

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

Entry T(h) 3e2(%)™ 4e; (%)™ 5e2(%)" 6e2(%)™
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
o 2.5 1.194 23.731 27.662 47.413
6 3 2.362 11.447 12.712 73.478
7 6 0.710 4772 6.616 87.9
8 9 0.319 453 7.453 87.697
9 12 0.231 2.43 3.579 93.76
10 15 0.309 1.239 2.224 96.228
" 18 0.142 1.018 1.59 97.251
12 21 0 0.43 0.995 98.575
13 24 0 0 0 100

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

7. Dynamic kinetic study of 4e,

Table S2. The contents of intermediates and products during the catalytic reaction

a

Entry

T(h)  4e(S)(%)™ 4ez(|'\’])(‘%a)[b 5e5(S)(%)”  5e2(R)(%)”  6e2(%)"

0w NOoO Ok~ WODN -

©

0
0.5
1
1.5
2
25
3
6
9

50
8.908
4.403
4.356
3.242
3.133
2.511
0.696

0

50
33.371
24.563
20.747
15.684
11.538

9.030
1.589
0

0
5.139
5.365
5.904
4.607
5.583
3.257
1.672

0

0
12.746
16.134
16.683
15.094
13.138
11.610
2372
0

¥ $/C=100:1, HCOOH:N(C,H5)3 molar ratio = 2:1, none solvent, 40°C, (R,R)-Ru a as a catalyst.

™ Determined by HPLC using an OJ-H column based on peak areas.

8. Dynamic kinetic study of 5e;

0
39.837
49.535

52.31
61.374
66.609

73.56
93.672

100

Table S2. The contents of intermediates and products during the catalytic reaction®

Entry — T(h)  4ex(S)(%)”  4ex(R)(%)”  5ex(S)(%)”  5e2(R)(%)”  6ex(%)”
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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5 0.895 2.924 1.757 4.856 89.568
6 0.534 1.335 1.413 2.273 94.446
9 0 0 0 0 100
1104
1OOT
90+
80—_
70+ —a—4e2(S)
60_- —0—462(R)
] —a—5e2(S)
32 90 P —v—5e2(R)
40- —4—6e2
30
20+
10+
01
‘10 — 71 T T ' 1 ' T T T T T T 1T " T T 1
O 1h 2h 3h 4h 5h 6h oh

T(h)

Fig.S2 The reactivity profiles of racemic a-hydroxy ketones 4e, plotted versus time within 9 h

9. HPLC spectra of products 6a-f

DAD1 B, Sig=220.4 Re=360,100 (ZHANGHAQZ013-2-26-2.0)

400~

Z
Entry  Time Area Height Width Syf':gtn;”y Area %
1 3288 7610 174 1.0754 0.956 4037
2 39911 87260.2 91949 1.5803 0.256 46.285
3 44096 HE260.1 6721 21391 02 45,754
4 53327 73983 BE.7 1.8456 0573 3825

OH
LT
F

T T
50 B0 min




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

DADT B, Sig=220,4 Ref=360,100 ZHANGHAD'Z013 2 25 1.0)
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Entry  Time Area Height Width yf;"CT; Y Area %
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3 45168 2B562.7 2787 1.4001 0.303 44640
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t
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7 oH
SDD; E
] i
100 &g b
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- 3
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; : . : ; T
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I DAD1 B, Sige220.4 Refs360 100 13-1.14.04.D)
| T—
1 § . mime!
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1] 3% 228715 518 0813 067 | @213
w0 [2] _3m 5591 35 ns7es 1193 _| 222
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4 | 38 4163 65 10735 0854 | 1677

5

10

a0
DAL B, 8ig=220,4 Ref=360,100 (ZHANG HADZ015-1-15-24.0)
madl | o
300 - 2
q Symmatry .
Entry  Time Area Height Width factor ©~ Area % 5
d 1 21115 21328 29 11609 1.402 23948 i3
250 | 2 26742 21373 2458 13702 121 2956 Lol
q 3 31081 24346.6 260.8 14449 0.356 45.068
1 4 34782 25405.3 2261 1.873 031 47.028

min
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DADT B, 5ig=220,4 ReF360,100 (ZHANGHADNZ013-1-18-25.1)
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i |
00|
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DAD1 B, Sig=220.4 Ref=380,100 (ZHANGHADI2013-1-18.3.0)

3 . S et)
oo Entry  Time Area Height Width rf:g‘m Y Area %
1 [ ] 2230 1050, 52 6362 659 313
BN 4550 a1 9383 | 0514 L9768
32897 2474 521 7925 658 163
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400
300
200
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100 % 8

o 5 10 15 ol 26 20 35 0 a5 min

DAD1 B, $ig=220 4 Ret=360,100 (ZHAHGHADI2013-1-15-9.07
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S i
Entry  Time Area Height Width Yf?g?;r Y Awea %
& 1 20624 6477 1.3 09043 1.236 2.060
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DADT B, $ig=220.4 Ref=380,100 ZHANGHADZ013-2-25-9.0)
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