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General 

1H and 13C NMR spectra were recorded on a Inova Unity 400 spectrometer in CDCl3, 

tetramethylsilane (TMS) served as an internal standard (δ=0) for 1H NMR and CDCl3 as an 

internal standard (δ=77.5) for 13C NMR. Optical rotations were measured at 589 nm with an 

Analytical Automatic Polarimeter made in Rudolph company. The enatiomeric excess was 

determined by HPLC analysis using a Chiralpak AD-H or Chiralcel OD-H column. HPLC analysis 

was performed on following apparatuses: Waters 1525 (pump), and waters 1996 detector. 

General procedure of the asymmetric hydrogen transfer reduction 1,2 

A suspension of [RuCl2(p-cymene)]2 (3.75 mg, 0.00625 mmol) and (S,S)-TsDPEN (4.58 mg, 

0.0125 mmol) in DMF (0.5 mL) was degassed three times, and then stirred at 80 °C for 1 h. After 

cooling to room temperature, 5:2 HCOOH/Et3N (0.2 mL) was added, and then β-keto sulfone (0.5 

mmol) was added. The reaction was stirred at 50 °C until completion according to TLC detection. 

5.0 mL water was added to the reaction, the mixture was then extracted with EtOAc (10 mL) three 

times, dried over Na2SO4 and concentrated. The desired product was purified by silica gel 

chromatography (EtOAc : petroleum = 1 : 2). The enantioselectivity of the asymmetric hydrogen 

transfer products were determined by HPLC analysis. 

The racemic samples of diastereomeric mixtures of 2a-2p for HPLC analysis were prepared 
following literature procedures.3 

 

OH

SO2Ph  (1R,2S)-1-phenyl-2-(phenylsulfonyl)propan-1-ol, 2a 

White solid; yield 95%; mp: 108–110 °C; 1H NMR (400 MHz, CDCl3) δ: 1.22 (d, J = 7.1 Hz, 3H, 

CHCH3), 3.24 (q, J = 7.1 Hz, 1H, CHCHCH3), 3.29 (s, 1H, OH), 5.54 (s, 1H, CHOH), 7.27–7.37 
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(m, 5H, Ar-H), 7.65 (t, J = 7.3 Hz, 2H, Ar-H), 7.74 (t, J = 7.5 Hz, 1H, Ar-H), 7.99 (d, J = 8.3 Hz, 

2H, Ar-H); 13C NMR (100 MHz, CDCl3) δ: 6.21, 66.08, 69.68, 125.98, 128.20, 128.90, 129.17, 

129.85, 134.57, 137.75, 140.23; HRMS (EI): m/z = 276.0820 (calcd for C15H16O3S = 276.0820); 

HPLC: Chiralpak AD-H (i-PrOH-hexane, 10 : 90, flow rate 1 mL min–1, λ = 210.5 nm): t1 = 

13.814 min, t2 = 18.318 min, t3 = 22.008 min, t4 = 23.733 min; [α]24
D = –12.86 (c = 1.0, acetone), dr 

= 97 : 3, ee = 98%. 

OH

SO2Ph
i-Pr  (1R,2S)-1-(4-isopropylphenyl)-2-(phenylsulfonyl)propan-1-ol, 2b 

Colorless oil; yield 85%; 1H NMR (400 MHz, CDCl3) δ: 1.21–1.23 (m, 9H, CH3 and CH(CH3)2), 

2.88 (heptet, J = 6.9 Hz, 1H, CH(CH3)2), 3.20–3.25 (m, 2H, OH, CHCH3), 5.51 (s, 1H, CHOH), 

7.18–7.21 (m, 4H, Ar-H), 7.62 (t, J = 7.7 Hz, 2H, Ar-H), 7.71 (t, J = 7.4 Hz, 1H, Ar-H), 7.97 (d, J 

= 7.4 Hz, 2H, Ar-H); 13C NMR (100 MHz, CDCl3) δ: 6.34, 24.37, 24.39, 34.20, 66.14, 69.62, 

125.97, 126.93, 129.16, 129.80, 134.49, 137.62, 137.84, 148.94; HRMS (EI): m/z = 318.1294 

(calcd for C18H22O3S = 318.1290); HPLC: Chiralpak AD-H (i-PrOH-hexane, 10 : 90, flow rate 1 

mL min–1, λ = 220.0 nm): t1 = 13.688 min, t2 = 21.074 min, t3 = 22.611 min, t4 = 26.930 min; [α]24
D 

= –10.85 (c = 1.0, acetone), dr = 86 : 14, ee = 99%. 

 (1R,2S)-1-(4-bromophenyl)-2-(phenylsulfonyl)propan-1-ol, 2d 

White solid; yield 96%; mp: 99–100 °C; 1H NMR (400 MHz, CDCl3) δ: 1.16 (d, J = 7.1 Hz, 3H, 

CHCH3), 3.16 (q, J = 7.1 Hz, 1H, CHCH3), 3.36 (d, J = 1.7 Hz, 1H, OH), 5.48 (s, 1H, CHOH), 

7.14 (d, J = 8.4 Hz, 2H, Ar-H), 7.45 (d, J = 8.4 Hz, 2H, Ar-H), 7.62 (t, J = 7.7 Hz, 2H, Ar-H), 7.72 

(t, J = 7.4 Hz, 1H, Ar-H), 7.95 (d, J = 7.4 Hz, 2H, Ar-H); 13C NMR (100 MHz, CDCl3) δ: 6.34, 

65.79, 69.17, 122.02, 127.77, 129.13, 129.87, 131.95, 134.66, 137.44, 139.37; HRMS (EI): m/z = 

353.9921 (calcd for C15H15BrO3S = 353.9925); HPLC: Chiralpak AD-H (i-PrOH-hexane, 10 : 90, 

flow rate 1 mL min–1, λ = 220.2 nm): t1 = 21.759 min, t2 = 25.532 min, t3 = 42.858 min, t4 = 

45.486 min; [α]24 = –14.23 (c = 1.0, acetone), dr = 90 : 10, ee = 97%. D
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 (1R,2S)-1-(4-chlorophenyl)-2-(phenylsulfonyl)propan-1-ol, 2e 

White solid; yield 95%; 1H NMR (400 MHz, CDCl3) δ: 1.17 (d, J = 7.1 Hz, 3H, CHCH3), 

3.14–3.19 (m, 1H, CHCHCH3), 3.37 (d, J = 1.6 Hz, 1H, OH), 5.51 (s, 1H, CHOH), 7.30 (d, J = 

8.4 Hz, 2H, Ar-H), 7.21 (d, J = 8.3 Hz, 2H, Ar-H), 7.63 (t, J = 7.6 Hz, 2H, Ar-H), 7.73 (t, J = 7.4 

Hz, 1H, Ar-H), 7.96 (d, J = 7.3 Hz, 2H, Ar-H); 13C NMR (100 MHz, CDCl3) δ: 6.31, 65.84, 69.13, 

127.41, 129.01, 129.13, 129.87, 133.88, 134.66, 137.46, 138.81; HRMS (EI): m/z = 310.0424 

(calcd for C15H15ClO3S = 310.0430); HPLC: Chiralcel OD-H (i-PrOH-hexane, 10 : 90, flow rate 1 

mL min–1, λ = 220.0 nm): t1 = 11.839 min, t2 = 13.646 min, t3 = 15.144 min, t4 = 22.406 min; [α]24
D 

= –14.59 (c = 1.0, acetone), dr = 98 : 2, ee = 90%. 

 (1R,2S)-1-(2-chlorophenyl)-2-(phenylsulfonyl)propan-1-ol, 2f 

Colorless oil; yield 88%; 1H NMR (400 MHz, CDCl3) δ: 0.95–1.30 (m, 3H, CHCH3), 3.42–3.54 
(m, 1H, CHCH3), 3.60, 4.50 (s, 1H, OH), 5.53–5.58 (m, 1H, CHOH), 7.21–8.03 (m, 9H, Ar-H); 
13C NMR (100 MHz, CDCl3) δ: 5.04, 12.22, 61.73, 66.53, 67.03, 69.76, 127.23, 127.79, 128.44, 
128.74, 129.14, 129.29, 129.34, 129.54, 129.61, 129.75, 129.83, 130.56, 130.96, 133.04, 134.45, 
134.48, 136.79, 136.98, 137.44, 137.51; HRMS (EI): m/z = 310.0428 (calcd for C15H15ClO3S = 
310.0430); HPLC: Chiralpak AD-H (i-PrOH-hexane, 10 : 90, flow rate 1 mL min–1, λ = 210.5 nm): 
t1 = 12.695 min, t2 = 18.255 min, t3 = 20.684 min, t4 = 25.249 min, dr = 51 : 49, ee = 57% and 
45%, respectively. 

 1-(2,4-dichlorophenyl)-2-(phenylsulfonyl)propan-1-ol, 2g 
White solid; yield 89%; mp: 94–95 °C; 1H NMR (400 MHz, CDCl3) δ: 0.97–1.28 (m, 3H, 
CHCH3), 3.37–3.48 (m, 1H, CHCH3), 3.62, 4.53 (s, 1H, OH), 5.31–5.50 (m, 1H, CHOH), 
7.27–8.02 (m, 8H, Ar-H); 13C NMR (100 MHz, CDCl3) δ: 5.15, 12.17, 61.63, 66.23, 66.75, 69.38, 
127.59, 128.16, 129.12, 129.26, 129.44, 129.58, 129.66, 129.74, 131.55, 133.60, 134.54, 134.87, 
135.77, 136.30, 136.74, 137.31; HRMS (EI): m/z = 344.0040 (calcd for C15H14Cl2O3S = 
344.0041); HPLC: Chiralpak AD-H (i-PrOH-hexane, 10 : 90, flow rate 1 mL min–1, λ = 210.5 nm): 
t1 = 15.696 min, t2 = 18.857 min, t3 = 22.865 min, t4 = 39.215 min, dr = 67 : 33, ee = 83%, 30%. 

 (R)-1-phenyl-2-(phenylsulfonyl)ethanol, 2i 

White solid; yield 96%; mp: 93–94oC; 1H NMR (400 MHz, CDCl3) δ: 3.36 (dd, J = 1.7 Hz, J = 
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14.4 Hz, 1H, CHH), 3.52 (dd, J = 10.1 Hz, J = 14.3 Hz, 1H, CHH), 3.67 (d, J = 2.1 Hz, 1H, OH), 

5.30 (d, J = 10.1 Hz, 1H, CH), 7.28–7.36 (m, 5H, Ar-H), 7.61 (t, J = 7.7 Hz, 2H, Ar-H), 7.71 (t, J 

= 7.4 Hz, 1H, Ar-H), 7.98 (d, J = 7.4 Hz, 2H, Ar-H); 13C NMR (100 MHz, CDCl3) δ: 64.30, 68.82, 

126.03, 128.35, 128.71, 129.13, 129.83, 134.48, 139.56, 141.05; HRMS (EI): m/z = 262.0669 

(calcd for C14H14O3S = 262.0664); HPLC: Chiralpak AD-H (i-PrOH-hexane, 10 : 90, flow rate 1 

mL min–1, λ = 210.5 nm): t1 = 26.681 min, t2 = 29.874 min; [α]24
D = –35.85 (c = 1.0, acetone), ee = 

99%. 

 (1R,2S)-1-(furan-2-yl)-2-(phenylsulfonyl)propan-1-ol, 2j 

Brown oil; yield 89%; 1H NMR (400 MHz, CDCl3) δ: 1.33 (d, J = 7.1 Hz, 3H, CHCH3), 3.22 (brs, 

1H, OH), 3.48 (q, J = 7.0 Hz, 1H, CHCH3), 5.49 (s, 1H, CHOH), 6.34 (s, 2H, furan-H), 7.31 (s, 

1H, furan-H), 7.61 (t, J = 7.5 Hz, 2H, Ar-H), 7.71 (t, J = 7.3 Hz, 1H, Ar-H), 7.95 (d, J = 7.8 Hz, 

2H, Ar-H); 13C NMR (100 MHz, CDCl3) δ: 7.54, 63.35, 65.89, 107.81, 110.90, 129.19, 129.78, 

134.54, 137.66, 142.50, 152.70; HRMS (EI): m/z = 266.0620 (calcd for C13H14O4S = 266.0613); 

HPLC: Chiralpak AD-H (i-PrOH-hexane, 10 : 90, flow rate 1 mL min–1, λ = 220.0 nm): t1 = 

18.244 min, t2 = 26.884 min, t3 = 31.300 min, t4 = 35.917 min, dr = 95 : 5, ee > 99%. 

OH

SO2Ph  (1R,2S)-1-(naphthalen-2-yl)-2-(phenylsulfonyl)propan-1-ol, 2k 

Brown oil; yield 95%; 1H NMR (400 MHz, CDCl3) δ: 1.22 (d, J = 7.1 Hz, 3H, CHCH3); 3.34 (q, J 

= 7.0 Hz, 1H, CHCH3); 3.42 (s, 1H, OH); 5.71 (s, 1H, CHOH); 7.48–8.03 (m, 12H, Ar-H); 13C 

NMR (100 MHz, CDCl3) δ: 6.41, 65.97, 69.84, 123.74, 125.14, 126.58, 126.83, 128.11, 128.46, 

128.71, 129.22, 129.88, 133.30, 133.59, 134.61, 137.63, 137.74; HRMS (EI): m/z = 326.0981 

(calcd for C19H18O3S = 326.0977); HPLC: Chiralpak AD-H (i-PrOH-hexane, 10 : 90, flow rate 1 

mL min–1, λ = 220.0 nm): t1 = 25.887 min, t2 = 30.241 min, t3 = 36.355 min, t4 = 44.550 min; [α]24
D 

= –15.81 (c = 1.0, acetone), dr = 87 : 13, ee = 98%. 

OH

SO2Et  (1R,2S)-2-(ethylsulfonyl)-1-phenylpropan-1-ol, 2l 

Colorless oil; yield 94%; 1H NMR (400 MHz, CDCl3) δ: 1.32 (d, J = 7.2 Hz, 3H, CHCH3), 1.45 (t, 
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J = 7.5 Hz, 3H, CH2CH3), 3.03 (brs, 1H, OH), 3.11–3.20 (m, 3H, CH2CH3,CHCH3), 5.63 (s, 1H, 

CHOH), 7.30~7.42 (m, 5H, Ar-H); 13C NMR (100 MHz, CDCl3) δ: 6.03, 6.58, 45.53, 64.10, 70.13, 

125.99, 128.27, 128.93, 140.69; HRMS (EI): m/z = 228.0830 (calcd for C11H16O3S = 228.0820); 

HPLC: Chiralpak AD-H (i-PrOH-hexane, 5 : 95, flow rate 1 mL min–1, λ = 210.5 nm): t1 = 16.222 

min, t2 = 18.783 min, t3 = 24.743 min; [α]24 = –24.40 (c = 1.0, acetone), dr = 90 : 10, ee > 99%. D

 (1R,2S henylsulfonyl)cyclopentanol, 2m )-2-(p

Brown oil; yield 90%; H NMR (400 MHz, CDCl3) δ: 1.64–3.31 (m, 7H, alicyclic), ,3.46 (s, 1H, 

OH), 4.43 (s, 1H, CHOH), 7.59 (t, J = 7.6 Hz, 2H, Ar-H), 7.68 (t, J = 7.4 Hz, 1H, Ar-H), 7.95 (d, J 

= 7.3 Hz, 2H, Ar-H); C NMR (100 MHz, CDCl3) δ: 21.41, 23.64, 34.43, 68.11, 72.63, 128.24, 

129.54, 134.10, 139.74; HRMS (EI): m/z = 226.0661 (calcd for C11H14O3S = 226.0664); HPLC: 

Chiralpak AD-H (i-PrOH-hexane, 10 : 90, flow rate 1 mL min , λ = 220.0 nm): t1 = 16

1

13

–1 .803 min, t2 

= 26.374 min, t3 = 32.728 min; [α]24
D = –14.19 (c = 1.2, acetone), dr = 99 : 1, ee = 84%. 

 (1R,2S)-2-(phenylsulfonyl)cyclohexanol, 2n 

White solid; yield 87%; mp: 70–72 °C; 1H NMR (400 MHz, CDCl3) δ: 1.17-2.11  
 (m, 2H, CH2), 1.31–1.47 (m, 1H, CHH

1 min, t2 = 31.039 min, t3 
= 42.995 min; [α]24

D = –16.80 (c = 1.0, acetone), dr = 98 : 2, ee = 65%. 

), 1.71–1.79 (m, 1H, CHH), 1.88–2.11 (m, 8H, alicyclic 
CH2CH2CH2CH2), ), 2.90–2.94 (m, 1H, CHCHOH), 3.34 (s, 1H,OH), 4.32 (s, 1H,CHOH), 7.60 (t, 
J = 7.7 Hz, 2H, Ar-H), 7.70 (t, J = 7.4 Hz, 1H, Ar-H), 7.91 (d, J = 7.8 Hz, 2H, Ar-H); 13C NMR 
(100 MHz, CDCl3) δ: 18.91, 19.55, 25.30, 32.67, 63.86, 66.58, 128.96, 129.65, 134.34, 137.84; 
HRMS (EI): m/z = 240.0827 (calcd for C12H16O3S = 240.0820); HPLC: Chiralpak AD-H 
(i-PrOH-hexane, 10 : 90, flow rate 1 mL min–1, λ = 220.0 nm): t1 = 23.89

OH
SO2Ph

 (1R,2S)-2-(phenylsulfonyl)-2,3-dihydro-1H-inden-1-ol, 2o 

White solid; yield 90%; mp: 112–114 °C; H NMR (400 MHz, CDCl3) δ: 3.19(dd, J = 8.1 Hz, J = 

16.1 Hz, 2H, C 2), 3.70 (dd, J = 8.9 Hz, J = 16.1 Hz, 1H, CHOH), 3.97 (dt, J = 5.8 Hz, J = 8.5 Hz, 

1H, CHCHCH2), 5.31 (d, J = 5.7 Hz, 1H, OH), 7.25–7.40 (m, 4H, Ar-H), 7.59 (t, J = 7.6 Hz, 2H, 

Ar-H), 7.68 (t, J = 7.4 Hz, 1H, Ar-H), 8.02–8.05 (m, 2H, Ar-H); C NMR (100 MHz, CDCl3) δ: 

31.81, 67.33, 75.06, 125.33, 125.46, 128.27, 128.98  129.68, 129.97, 134.37, 139.67, 140.12, 

1

H

13

,
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142.19; HRMS (EI): m/z = 274.0662 (calcd for C15H14O3S = 274.0664); HPLC: Chiralpak AD-H 

(i-PrOH-hexane, 10 : 90, flow rate 1 mL min–1, λ = 220.0 nm): t1 = 27.837 min, t2 = 35.290 min; 

[α]24
D = –8.46 (c = 0.65, acetone), dr > 99 : 1, ee = 99%. 

OH
SO2Ph

 (1R,2S)-2-(phenylsulfonyl)-1,2,3,4-tetrahydronaphthalen-1-ol, 2p 

Brown oil; yield 92%; 1H NMR (400 MHz, CDCl3) δ: 2.22-3.31 (m, 6H, alicyclic), 5.07 (s, 1H, 

OH), 7.12–7.27 (m, 4H, Ar-H), 7.62 (t, J = 7.6 Hz, 2H, Ar-H), 7.72 (t, J = 7.4 Hz, 1H, Ar-H), 8.00 

(d, J = 7.6 Hz, 2H, Ar-H); 13C NMR (100 MHz, CDCl3) δ: 16.82, 28.58, 65.42, 66.18, 127.00, 

129.22, 129.35, 129.45, 129.75, 130.39, 134.52, 135.47, 135.94, 138.25; HRMS (EI): m/z = 

270.0709 (calcd for C16H16O3S – H2O = 270.0715); HPLC: Chiralpak AD-H (i-PrOH-hexane, 20 : 

80, flow rate 1 mL min–1, λ = 210.5 nm): t1 = 18.741 min, t2 = 26.386 min; [α]24
D = –67.33 (c = 0.30, 

 : 1, ee > 99%. 

2. A. Magriz, H. Dietrich, J. M. Lassaletta and R. Fernάndez, Tetrahedron, 2007, 63, 

. W. E. Truce and T. C. Klingler, J. Org. Chem., 1970, 35, 1834. 

 

acetone), dr > 99
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SUDA-GCT-EI+-080623
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