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1. General Information.  
All dry solvents were obtained from Kanto Kagaku Co., Ltd. Other chemicals used were of reagent grade and were 

obtained from Tokyo Kasei Kogyo Co., Ltd., Wako Pure Chemical Industries, Ltd., and Aldrich Chemical Co. 1H NMR 

and 13C NMR spectra were obtained on a JEOL ECA 500 at room temperature in CDCl3 as a solvent (500 MHz for 1H 

NMR and 125 MHz for 13C NMR). Chemical shifts () are expressed in parts per million and are internally referenced 

[0.00 ppm (tetramethylsilane) for 1H NMR and 77.0 ppm (CDCl3) for 13C NMR]. The pure product was obtained by 

preparative TLC or flash silicagel chromatography. Preparative thin-layer chromatography (TLC) was carried out on 

precoated plates of silica gel (MERCK, silica gel F-254, YMC-GEL (8 nm S-25m)). Flash column chromatography 

was performed with Silica Gel 60N (Kanto Chemical Co., Inc., 40−50 μm spherical, neutral). 

 
2. General Procedure 

Synthesis of (2S, 1’R)-2-[Hydroxy(4-bromophenyl)methyl]cyclohexan-1-one (3a) (Table 3, Entry 10): A mixture 

of 4-bromobenzylalcohol (1a, 0.3 mmol), anthraquinone-2-sodiumsulfonate monohydrate (0.03 mmol), cyclohex-

anone (1.5 mmol), trans-4-tert-butyldiphenylsiloxy (TBDPS)-L-proline (0.03 mmol) in H2O (3 mL) and AcOH (0.15 

mmol) as stirred under air (open) with irradiation of 23 W fluorescent lamp (Philips: mini Decorative T2 Twister 

EL/mdT2, 23W, 120 V, 60 Hz, 360 mA, 2700 K, Lumens: 1600) for 48 h. The reaction mixture was washed with brine 

(5 mL) extracted with EtOAc (20 mL × 3), dried over magnesium sulfate, and concentrated in vacuo. Purification of 

the crude product by preparative thin-layer chromatography (chloroform: methanol = 60: 1) provided (2S, 1’R)-2-

[Hydroxy(4-bromophenyl)methyl]cyclohexan-1-one (3a) (60.2 mg, 71%). 
 

(2S, 1’R)-2-[Hydroxy(4-bromophenyl)methyl]cyclohexan-1-one (3a) [1,2,3,4,5] (Table 4) 

 
HPLC analysis chiralpak AS-H (i-PrOH: hexane = 2: 98, 0.5 mL/ min, 217 nm) tmajor = 56.3 min and tminor = 60.9 min. 
1H NMR (500 MHz, CDCl3):  1.26-1.33 (m, 1H), 1.50-1.72 (m, 3H),1.79-1.82 (m, 1H), 2.07-2.11 (m, 1H), 2.32-2.36 

(m, 1H), 2.45-2.58 (m, 2H), 4.00 (d, J= 2.9 Hz, 1H), 4.74 (d, J= 2.9, 9.2 Hz, 1H), 7.19-7.21 (d, J= 8.0 Hz, 2H), 7.46-

7.49 (m, 2H). 13C NMR (125 Hz, CDCl3):  24.67, 27.69, 30.71, 42.64, 57.28, 74.16, 121.69, 128.71, 131.45, 139.93, 

215.33. 

 

 

(2S, 1’R)-2-[Hydroxy(3-bromophenyl)methyl]cyclohexan-1-one (3b)[2] (Table 4) 

 
HPLC analysis chiralpak AD-H (i-PrOH: hexane = 10: 90, 0.5 mL/ min, 210 nm) tmajor = 27.9 min and tminor = 28.3 min. 
1H NMR (500 MHz, CDCl3):  1.26-1.39 (m, 1H), 1.52-1.75 (m, 3H),1.78-1.89 (m, 1H), 2.07-2.13 (m, 1H), 2.33-2.40 

(m, 1H), 2.42-2.51 (m, 1H), 2.55-2.60 (m, 1H), 4.02 (d, J= 2.9 Hz, 1H), 4.74 (d, J = 2.9, 9.2 Hz, 1H), 7.19-7.25 (m, 

2H), 7.42 (m, 1H), 7.49 (m, 1H). 13C NMR (125 Hz, CDCl3):  24.65, 27.70, 30.74, 42.65, 57.22, 74.21, 122.55, 

125.75, 129.87, 129.99, 130.97, 143.22, 215.30. 

 

 
(2S, 1’R)-2-[Hydroxy(4-chlorophenyl)methyl]cyclohexan-1-one (3c) [1,2,4,6] (Table 4) 

 
HPLC analysis chiralpak AD-H (i-PrOH: hexane = 10: 90, 0.5 mL/ min, 254 nm) tminor = 25.4 min and tmajor = 31.7 min. 
1H NMR (500 MHz, CDCl3):  1.24-1.33 (m, 1H), 1.50-1.70 (m, 3H), 1.78-1.82 (m, 1H), 2.06-2.12 (m, 1H), 2.32-2.39 

(m, 1H), 2.46-2.50 (m, 1H), 2.53-2.59 (m, 1H), 4.01 (d, J= 2.9 Hz, 1H), 4.76 (dd, J= 2.3, 8.6 Hz, 1H), 7.25 (m, 2H), 

7.31 (m, 2H). 13C NMR (125 Hz, CDCl3):  24.80, 27.82, 30.84, 42.77, 57.45, 74.22, 121.49, 128.63, 131.66, 139.55, 

215.49.  
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(2S, 1’R)-2-[Hydroxy(3-chlorophenyl)methyl]cyclohexan-1-one (3d) [2] (Table 4) 

 
HPLC analysis chiralpak AD-H (i-PrOH: hexane = 10: 90, 0.5 mL/ min, 210 nm) tmajor = 26.4 min and tminor = 29.0 min. 
1H NMR (500 MHz, CDCl3):  1.25-1.35 (m, 1H), 1.51-1.72 (m, 3H), 1.73-1.87 (m, 1H), 2.06-2.13 (m, 1H), 2.32-2.41 

(m, 1H), 2.45-2.50 (m, 1H), 2.55-2.61 (m, 1H), 4.04 (d, J= 2.3 Hz, 1H), 4.75 (d, J= 2.3, 10.9 Hz, 1H), 7.16-7.20 (m, 

1H), 7.25-7.27 (m, 2H), 7.33 (br-s, 1H). 13C NMR (125 Hz, CDCl3):  24.61, 27.67, 30.69, 42.60, 57.18, 74.17, 125.25, 

127.06, 127.98, 129.55, 134.24, 142.96, 215.24.  

 

  

(2S, 1’R)-2-[Hydroxy(4-trifluoromethylphenyl)methyl]cyclohexan-1-one (3e) [3,5,6] (Table 4) 

 
HPLC analysis chiralpak OD-H (i-PrOH: hexane = 20: 80, 0.5 mL/ min, 210 nm) tmajor = 12.4 min and tminor = 13.9 min. 
1H NMR (500 MHz, CDCl3):  1.33-1.38 (m, 1H), 1.51-1.72 (m, 3H), 1.80-1.83 (m, 1H), 2.09-2.13 (m, 1H), 2.33-2.40 

(m, 1H), 2.48-2.62 (m, 2H), 4.04 (d, J= 2.9 Hz, 1H), 4.84 (dd, J= 2.9, 8.6 Hz, 1H), 7.45 (d, J= 8.6 Hz, 2H), 7.61 (d, J= 

8.0 Hz, 2H). 13C NMR (125 Hz, CDCl3):  24.66, 27.68, 30.72, 42.65, 57.22, 74.23, 125.27, 125.30, 127.33, 130.02, 

144.90, 215.15. 

 

 
4-((R)-Hydroxy((S)-2-oxocyclohexyl)methyl)benzonitrile (3f) [1,3,4,5,6] (Table 4) 

 

HPLC analysis chiralpak AD-H (i-PrOH: hexane = 10: 90, 0.5 mL/ min, 254 nm) t minor= 48.0 min and tmajor = 61.7 min. 
1H NMR (500 MHz, CDCl3) δ 1.31-1.39 (m, 1H), 1.51-1.71 (m, 3H), 1.78-1.84 (m, 1H), 2.09-2.14 (m, 1H), 2.33-2.40 

(m, 1H), 2.48 (m, 1H), 2.50-2.59 (m, 1H), 4.09 (d, J= 2.9 Hz, 1H), 4.84 (dd, J= 2.9, 8.6 Hz, 1H), 7.45 (d, J= 8.0 Hz, 

2H), 7.64 (d, J= 8.0 Hz, 2H). 13C NMR (125 Hz, CDCl3) δ 24.57, 27.56, 30.62, 42.57, 57.02, 74.07, 111.53, 118.80, 

127.70, 132.09, 146.29, 214.81. 

 

 
Methyl 4-((R)-hydroxy((S)-2-oxocyclohexyl)methyl)benzoate (3g)[1,4] (Table 4) 

 
HPLC analysis chiralpak AS-H (i-PrOH: hexane = 20: 80, 0.5 mL/ min, 254 nm) tmajor = 32.5 min and tminor = 51.0 min. 
1H NMR (500 MHz, CDCl3):  1.30-1.37 (m, 1H), 1.51-1.71 (m, 3H), 1.79-1.81 (m, 1H), 2.08-2.12 (m, 1H), 2.34-2.37 

(m, 1H), 2.48-2.50 (m, 1H), 2.57-2.63 (m, 1H), 3.92 (s, 3H), 4.03 (d, J= 2.9 Hz, 1H), 4.84 (dd, J= 2.9, 8.6 Hz, 1H), 

7.40 (d, J= 8.0 Hz, 2H), 8.02 (d, J= 8.6 Hz, 2H). 13C NMR (125 Hz, CDCl3):  24.61, 27.65, 30.68, 42.60, 52.07, 57.20, 
74.28, 126.95, 129.42, 129.60, 145.98, 166.80, 215.13. 
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(2S, 1’R)-2-[Hydroxy(4-nitrophenyl)methyl]cyclohexan-1-one (3h)[1,2,3,4,5,6] (Table 4) 

 
HPLC analysis chiralpak OD-H (i-PrOH: hexane = 20: 80, 0.5 mL/ min, 254 nm) tmajor = 17.3 min and tminor = 21.6 min. 
1H NMR (500 MHz, CDCl3): 1.35-1.71 (m, 4H), 1.82-1.85 (m, 1H), 2.10-2.14 (m, 1H), 2.34-2.39 (m, 1H), 2.49-2.52 

(m, 1H), 2.56-2.62 (m, 1H), 4.08 (d, J= 2.9 Hz, 1H), 4.89 (dd, J= 2.9, 8.0 Hz, 1H), 7.51 (d, J= 8.6 Hz, 2H), 8.21 (d, J= 

8.6 Hz, 2H). 13C NMR (125 Hz, CDCl3): 24.62, 27.59, 30.69, 42.62, 57.11, 73.95, 125.52, 127.83, 147.52, 148.30, 

214.79. 

 

 
(2S, 1’R)-2-[Hydroxy(3-nitrophenyl)methyl]cyclohexan-1-one (3i)[1,2,3,4,5,6] (Table 4) 

 
HPLC analysis chiralpak AD-H (i-PrOH: hexane = 5: 95, 0.8 mL/ min, 254 nm) tmajor = 37.9 min and tminor = 48.5 min. 
1H NMR (500 MHz, CDCl3):  1.36-1.44 (m, 1H), 1.55-1.74 (m, 3H), 1.81-1.85 (m, 1H), 2.10-2.15 (m, 1H), 2.37-2.42 

(m, 1H), 2.48-2.53 (m, 1H), 2.61-2.66 (m, 1H), 4.16 (d, J= 2.9 Hz, 1H), 4.90 (d, J= 2.9, 8.6 Hz, 1H), 7.54 (t, J= 8.0 Hz, 

1H), 7.67 (d, J= 7.5 Hz, 1H), 8.15-8.17 (m, 1H), 8.22 (t, J= 2.0 Hz, 1H). 13C NMR (125 Hz, CDCl3):  24.57, 27.56, 

30.65, 42.59, 57.04, 73.93, 121.94, 122.80, 129.25, 133.18, 143.17, 148.16, 214.89. 

 

 

(2S, 1’R)-2-[Hydroxy(4-chlorophenyl)methyl]cyclopentan-1-one (3p)[7,8] (Table 4) 

 
The result of HPLC analysis and  1H NMR data were referred to previous reports. 

HPLC analysis chiralpak AD-H (i-PrOH: hexane = 5: 95, 1 mL/ min, 254 nm) tmajor = 13.9 min and tminor = 15.6 min. 
1H NMR (500 MHz, CDCl3):  1.44-1.53 (m, 1H), 1.68-1.80 (m, 2H), 1.95-2.01 (m, 1H), 2.21-2.29 (m, 1H), 2.36-2.47 

(m, 2H), 2.44-2.50 (m, 1H), 4.63 (s, 1H), 4.69 (d, J= 9.2 Hz, 1H), 7.27-7.30 (m, 2H), 7.31-7.33 (m, 2H). 13C NMR 

(125 Hz, CDCl3):  20.36, 29.91, 38.68, 52.26, 74.60, 127.89, 128.60, 133.65, 139.93, 222.87. 

 

  

4-((R)-Hydroxy((S)-2-oxocyclopentyl)methyl)benzonitrile (3q)[7,8] (Table 4) 

 
The result of HPLC analysis and  1H NMR data were referred to previous reports. 

HPLC analysis chiralpak AD-H (i-PrOH: hexane = 5: 95, 1 mL/ min, 254 nm) tmajor = 45.7 min and tminor = 47.5 min. 
1H NMR (500 MHz, CDCl3):  1.67-1.78 (m, 2H), 1.92-2.07 (m, 2H), 2.12-2.37 (m, 2H), 2.40-2.51 (m, 1H), 4.75 (s, 

1H), 4.79 (d, J= 9.2 Hz, 1H), 7.46-7.49 (d, J= 8.6 Hz, 2H), 7.64-7.66 (d, J= 8.0 Hz, 2H). 13C NMR (125 Hz, CDCl3):  

20.34, 26.83, 38.59, 55.04, 74.63, 111.79, 118.69, 127.22, 132.32, 146.64, 222.37. 
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(2S, 1’R)-2-[Hydroxy(4-nitrophenyl)methyl]cyclopentan-1-one (3r)[1,2,3,5,6] (Table 4) 

 
HPLC analysis chiralpak AD-H (i-PrOH: hexane = 5: 95, 1 mL/ min, 265 nm) tmajor = 40.3 min and tminor = 43.0 min. 
1H NMR (500 MHz, CDCl3):  1.53-1.60 (m, 1H), 1.70-1.80 (m, 2H), 2.00-2.05 (m, 1H), 2.24-2.32 (m, 1H), 2.36-2.42 

(m, 1H), 2.44-2.50 (m, 1H), 4.79 (s, 1H), 4.85 (d, J= 8.6 Hz, 1H), 7.53-7.55 (d, J= 1.7, 8.6 Hz, 2H), 8.21-8.23 (m, 2H). 
13C NMR (125 Hz, CDCl3):  20.30, 26.75, 38.54, 55.00, 74.33, 123.65, 127.29, 147.52, 148.60, 222.24. 
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