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1. General experimental information 

  All reactions were performed in an argon-filled glovebox. Anhydrous THF and 

toluene were distilled from sodium benzophenoneketyl. Anhydrous MeOH, EtOH and 

iPrOH were freshly distilled from magnesium. Hydrogen gas (99.999%), Mn(CO)5Br 

and other chemical reagents were purchased from commercial suppliers. 1H NMR (400 

MHz), 13C NMR (100 MHz), 19F NMR (376 MHz) and 31P NMR (162 MHz) spectra 

were recorded on a Bruker ADVANCE III instruments in CDCl3 with TMS as internal 

standard. 1H NMR chemical shifts were referenced to Deuterium chloroform signal 

(7.26 ppm), 13C NMR chemical shifts were referenced to the solvent resonance (77.00 

ppm, CDCl3). Optical rotations were determined using an AUTOPOL V polarimeter. 

HPLC analysis were performed using Agilent 1100 or Waters e2695 equipped with OJ-

H, OD-H, AD-H and IA-H. HRMS spectra were recorded on an Agilent 1200HPLC-

6210TOFMS using ESI as ion source. The conversion of starting materials was 

monitored by thin layer chromatography (TLC) using silica gel plates (silica gel 60 

F254 0.25 mm), and components were visualized by observation under UV light (254 

and 365 nm). 

 

2. General procedure for the preparation of ligands 

 

Under N2 atmosphere, a solution of (RC, SFC)-S1[1] (1 mmol) and aldehyde S2 or S3[2] 

(1.1 mmol) in dry MeOH (10 mL) was stirred at room temperature for 10-12 h. Then 

NaBH4 (3 mmol) was added and the mixture was stirred at room temperature for 4 h. 

The solvent was removed under vacuum, and the crude product was purified by column 

chromatography on silica gel to get L1-L6, 59-64% yield.  
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(Rc, Sp)-N-2-Picolyl-1-(2-diphenylphosphino)ferrocenylethylamine (L1) 

Orane solid, 63% yield, m.p. 109.3-111.4 ℃, [α]20
D = -121.0 (c = 0.5, CH2Cl2). 

1H 

NMR (400 MHz, CDCl3) δ 8.37 – 8.30 (m, 1H), 7.58 – 7.50 (m, 1H), 7.41 – 7.09 (m, 

10H), 7.02 – 6.92 (m, 1H), 6.55 (d, J = 7.6 Hz, 1H), 4.53 (s, 1H), 4.31 (s, 1H), 4.23 – 

4.16 (m, 1H), 4.02 (s, 5H), 3.81 (s, 1H), 3.63 (s, 2H), 1.55 (d, J = 6.4 Hz, 3H). 13C NMR 

(100 MHz, CDCl3) δ 159.8, 148.6, 140.0 (d, J = 9.7 Hz), 137.2 (d, J = 8.8 Hz), 136.0, 

134.92 (d, J = 21.0 Hz), 132.6 (d, J = 14.5 Hz), 129.0, 128.20 (d, J = 6.3 Hz), 128.0 (d, 

J = 8.1 Hz), 128.0, 121.4 (d, J = 19.3 Hz), 97.7 (d, J = 24.1 Hz), 75.0 (d, J = 7.5 Hz), 

71.2 (d, J = 4.2 Hz), 69.6, 69.4 (d, J = 4.1 Hz), 69.0, 52.2, 51.2 (d, J = 9.2 Hz), 19.4. 

31P NMR (162 MHz, CDCl3) δ-25.11. HRMS (ESI) calcd for C30H40FeN2P [M+H]+: 

515.2273, found: 515.2275. 

 

 

(Rc, Sp)-N-2-(6-Methyl-picolyl)-1-(2-diphenylphosphino)ferrocenylethylamine 

(L2) 

Orane solid, 60% yield, m.p. 96.8-99.4 ℃, [α]20
D = -132.6 (c = 0.5, CH2Cl2). 

1H NMR 

(400 MHz, CDCl3) δ 7.60 – 7.54 (m, 2H), 7.39 (s, 3H), 7.35 – 7.06 (m, 7H), 6.86 (d, J 

= 7.6 Hz, 1H), 6.35 (d, J = 8.0 Hz, 1H), 4.56 (s, 1H), 4.33 (s, 1H), 4.26 – 4.21 (m, 2H), 

4.04 (s, 5H), 3.84 (s, 1H), 3.64 (s, 2H), 2.43 (s, 3H), 1.58 (d, J = 6.4 Hz, 3H). 13C NMR 

(100 MHz, CDCl3) δ 159.1, 157.1, 140.0 (d, J = 9.7 Hz), 137.2 (d, J = 8.9 Hz), 136.3, 

134.9 (d, J = 21.0 Hz), 132.49 (d, J = 18.6 Hz), 129.0, 128.2 (d, J = 6.2 Hz), 128.1, 

128.0 (d, J = 3.7 Hz), 120.8, 118.2, 97.6 (d, J = 24.1 Hz), 75.0 (d, J = 7.6 Hz), 71.2 (d, 

J = 4.3 Hz), 69.6, 69.5 (d, J = 4.2 Hz), 69.0, 52.1, 51.18 (d, J = 9.1 Hz), 24.3, 19.3. 31P 

NMR (162 MHz, CDCl3) δ-25.11. HRMS (ESI) calcd for C31H42FeN2P [M+H]+: 

529.2430, found: 529.2431. 
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(Rc, Sp)-N-2-(3-Diphenylmethyl-picolyl)-1-(2-diphenylphosphino)ferrocenyl-

ethylamine (L3) 

Orane solid, 61% yield, m.p. 114.3-116.7 ℃, [α]20
D = +122.8 (c = 0.5, CH2Cl2). 

1H 

NMR (400 MHz, CDCl3) δ 8.06 (d, J = 4.8 Hz, 1H), 7.58 – 7.50 (m, 2H), 7.39 – 7.31 

(m, 3H), 7.30 – 7.09 (m, 9H), 7.07 – 6.88 (m, 9H), 5.64 (s, 1H), 4.48 (s, 1H), 4.29 (s, 

1H), 4.07 – 4.01 (m, 1H), 3.97 (s, 5H), 3.82 (s, 1H), 3.58 – 3.37 (m, 2H), 1.46 (d, J = 

6.4 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 157.1, 146.5, 142.4 (d, J = 13.9 Hz), 139.9 

(d, J = 9.3 Hz), 137.8 (d, J = 9.5 Hz), 136.9, 136.6, 135.2, 135.0, 132.6, 132.4, 129.5 

(d, J = 1.6 Hz), 129.0, 128.4, 128.1 (d, J = 3.2 Hz), 128.1 (d, J = 1.0 Hz), 127.7, 126.6 

(d, J = 1.9 Hz), 121.1, 98.5 (d, J = 24.9 Hz), 75.0 (d, J = 8.2 Hz), 71.0 (d, J = 4.0 Hz), 

69.6, 69.4 (d, J = 4.3 Hz), 69.1, 51.3, 51.2, 49.5, 20.8. 31P NMR (162 MHz, CDCl3) δ-

24.52. HRMS (ESI) calcd for C42H50FeN2P [M+H]+: 681.3056, found: 681.3054. 

 

 

(Rc, Sp)-N-((1H-Benzo[d]imidazol-2-yl)methyl)-1-(-2-diphenylphosphino)-

ferrocenylethylamine (L4) 

Orane solid, 59% yield, m.p. 96.8-99.4 ℃, [α]20
D = -155.8 (c = 0.5, CH2Cl2). 

1H NMR 

(400 MHz, CDCl3) δ 7.65 – 7.49 (m, 3H), 7.45 – 7.26 (m, 9H), 7.18 – 7.12 (m, 2H), 

4.50 (s, 1H), 4.33 (s, 1H), 4.31 – 4.25 (m, J = 1H), 4.03 – 3.88 (m, 8H), 1.52 (d, J = 6.4 

Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 154.2, 141.2 (d, J = 9.1 Hz), 137.4 (d, J = 7.5 

Hz), 135.1 (d, J = 21.4 Hz), 132.4 (d, J = 17.5 Hz), 131.6 (d, J = 9.1 Hz), 129.2, 128.3 

(d, J = 5.9 Hz), 128.1, 128.1, 96.9 (d, J = 24.1 Hz), 75.1 (d, J = 7.1 Hz), 71.7 (d, J = 

4.9 Hz), 69.6, 69.1, 69.0 (d, J = 4.4 Hz), 51.9 (d, J = 7.9 Hz), 44.6, 18.4. 31P NMR (162 

MHz, CDCl3) δ-23.87. HRMS (ESI) calcd for C32H41FeN3P [M+H]+: 554.2382, found: 

554.2384. 
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(Rc, Sp)-N-((1,2,5,6-Tetramethyl-1H-benzo[d]imidazol-2-yl)methyl)-1-(-2-

diphenylphosphino)-ferrocenylethylamine (L5) 

Orane solid, 64% yield, m.p. 161.4-164.5 ℃, [α]20
D = -167.2 (c = 0.5, CH2Cl2). 

1H 

NMR (400 MHz, CDCl3) δ 7.58 – 7.52 (m, 2H), 7.43 (s, 1H), 7.40 – 7.34 (m, 3H), 7.22 

(t, J = 6.8 Hz, 2H), 7.13 (t, J = 8.0 Hz, 2H), 7.10 – 7.04 (m, 1H), 6.93 (s, 1H), 4.51 (s, 

1H), 4.32 (s, 1H), 4.20 – 4.15 (m, 1H), 3.97 (s, 5H), 3.87 (s, 1H), 3.76 – 3.62 (m, 2H), 

3.24 (s, 3H), 2.36 (d, J = 4.4 Hz, 6H), 1.54 (d, J = 6.4 Hz, 3H). 13C NMR (100 MHz, 

CDCl3) δ 152.1, 140.7, 140.23 (d, J = 9.8 Hz), 137.5 (d, J = 8.8 Hz), 135.0 (d, J = 21.2 

Hz), 134.5, 132.4 (d, J = 18.2 Hz), 130.9, 130.1, 129.0, 128.1 (d, J = 6.0 Hz), 128.0 (d, 

J =8.1 Hz), 127.80, 119.4, 109.2, 97.8 (d, J = 25.1 Hz), 74.8 (d, J = 8.5 Hz), 71.17 (d, 

J = 4.4 Hz), 70.2, 69.6, 69.2, 69.1 (d, J = 4.3 Hz), 51.3 (d, J = 9.5 Hz), 43.8, 29.3, 20.5, 

20.14 (d, J = 9.9 Hz). 31P NMR (162 MHz, CDCl3) δ-24.83. HRMS (ESI) calcd for 

C30H40FeN2P [M+H]+: 596.2852, found: 596.2850. 

 

 

(Rc, Sp)-N-((1,2-Dimethyl-4-phenyl-1H-benzo[d]imidazol-2-yl)methyl)-1-(-2-

diphenylphosphino)-ferrocenylethylamine (L6) 

Orane solid, 61% yield, m.p. 170.5-173.6 ℃, [α]20
D = -162.2 (c = 0.5, CH2Cl2). 

1H 

NMR (400 MHz, CDCl3) δ 8.07 (d, J = 7.2 Hz, 2H), 7.61 – 7.59 (m, 2H), 7.39 (s, 5H), 

7.31 (t, J = 7.6 Hz, 1H), 7.23 – 7.05 (m, 6H), 4.55 (s, 1H), 4.38 – 4.27 (m, 2H), 4.02 (s, 

5H), 3.91 (s, 1H), 3.88 – 3.75 (m, 2H), 3.38 (s, 3H), 1.63 (d, J = 6.4 Hz, 3H). 13C NMR 

(100 MHz, CDCl3) δ 152.9, 140.21 (d, J = 9.5 Hz), 140.0, 138.7, 137.5 (d, J = 8.8 Hz), 

136.7, 135.0 (d, J = 21.6 Hz), 132.3, 132.1, 132.0, 129.1, 129.1 (d, J = 15.5 Hz), 128.3, 

128.0, 128.0, 128.0, 127.9, 127.7, 127.0, 122.1, 120.9, 108.0, 97.7 (d, J = 25.1 Hz), 

74.8 (d, J = 25.1 Hz), 71.2 (d, J = 8.6 Hz), 69.6, 69.2, 69.1 (d, J = 4.3 Hz), 51.2, 43.5, 
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29.5, 19.8. 31P NMR (162 MHz, CDCl3) δ-24.83. HRMS (ESI) calcd for C39H47FeN3P 

[M+H]+: 664.2852, found: 664.2851. 

3. General procedure for the preparation of substrates 

 

Under N2 atmosphere, a solution of S4 (5 mmol), potassium carbonate (15 mmol), 

and CH3I (15 mmol) in acetone (15 mL) was stirred in room temperature overnight. 

Filtered to remove solids and concentrated solution. 20 mL water and 15 mL DCM 

were added, organic layer was combined and dried by anhydrous sodium sulfate. The 

reaction mixture was filtered and concentrated to get the crude product 1. Crude product 

1 was purified by column chromatography on silica gel to get white solid. 

 

 

1-(2-Bromophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-one (1a): 

White solid, 78% yield, m.p. 119.3-122.6 ℃. 1H NMR (400 MHz, CDCl3) δ 7.87 (d, J 

= 8.0 Hz, 2H), 7.76 – 7.70 (m, 2H), 7.61 – 7.54 (m, 3H), 7.42 (t, J = 7.2 Hz, 1H), 7.29 

(t, J = 7.6 Hz, 1H), 1.66 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 201.9, 141.5, 135.1, 

134.3, 123.7, 131.0, 130.9, 128.7, 127.4, 127.0, 117.5, 72.7, 21.2. HRMS (ESI) calcd 

for C16H16BrO3S [M+H]+: 366.9998, found: 368.9999. 

 

 

1-(2-Bromophenyl)-2-methyl-2-tosylpropan-1-one (1b): 

White solid,72% yield, m.p. 116.8-119.9 ℃. 1H NMR (400 MHz, CDCl3) δ 7.79 – 7.71 

(m, 3H), 7.55 (dd, J = 8.4, 0.8 Hz, 1H), 7.44 – 7.35 (m, 3H), 7.28 (td, J = 8.0, 1.6 Hz, 

1H), 2.47 (s, 3H), 1.65 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 202.1, 145.5, 141.4, 

132.6, 131.9, 130.9, 130.8, 129.4, 127.3, 127.0, 117.5, 21.8, 21.2. HRMS (ESI) calcd 

for C17H18BrO3S [M+H]+: 381.0155, found: 381.0156. 
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1-(2-Bromophenyl)-2-((4-(tert-butyl)phenyl)sulfonyl)-2-methylpropan-1-one (1c): 

White solid, 62% yield, m.p. 132.1-135.4 ℃. 1H NMR (400 MHz, CDCl3) δ 7.80 – 

7.76 (m, 2H), 7.72 (dd, J = 7.6, 1.6 Hz, 1H), 7.60 – 7.54 (m, 3H), 7.40 (td, J = 7.6, 0.8 

Hz, 1H), 7.28 (td, J = 8.0, 2.0 Hz, 1H), 1.66 (s, 6H), 1.37 (s, 9H). 13C NMR (100 MHz, 

CDCl3) δ 202.1, 158.2, 141.4, 132.5, 131.9, 130.7, 127.3, 126.9, 125.7, 117.4, 72.5, 

35.3, 31.1, 21.2. HRMS (ESI) calcd for C20H24BrO3S [M+H]+: 423.0624, found: 

423.0624. 

 

 

1-(2-Bromophenyl)-2-((4-methoxyphenyl)sulfonyl)-2-methyl-propan-1-one (1d): 

White solid, 73% yield, m.p. 85.4-88.1 ℃. 1H NMR (400 MHz, CDCl3) δ 7.80 – 7.75 

(m, 3H), 7.55 (d, J = 8.0 Hz, 1H), 7.41 (td, J = 7.6, 1.2 Hz, 1H), 7.28 (td, J = 8.0, 1.6f 

– 7.01 (m, 2H), 3.90 (s, 3H), 1.64 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 202.2, 164.3, 

141.5, 133.0, 132.6, 130.8, 127.3, 127.0, 126.3, 117.5, 114.0, 72.6, 55.7, 21.3. HRMS 

(ESI) calcd for C17H18BrO3S [M+H]+: 397.0104, found: 397.0102. 

 

 

1-(2-Bromophenyl)-2-((4-fluorophenyl)sulfonyl)-2-methylpropan-1-one (1e): 

White solid, 70% yield, m.p. 115.9-118.9 ℃. 1H NMR (400 MHz, CDCl3) δ 7.90 – 

7.85 (m, 2H), 7.74 (dd, J = 7.6, 1.6 Hz, 1H), 7.56 (d, J = 8.0 Hz, 1H), 7.42 (td, J = 7.6, 

0.8 Hz, 1H), 7.33 – 7.24 (m, 3H), 1.65 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 202.2, 

166.4 (d, J = 256 Hz), 141.2, 133.8 (d, J = 10 Hz), 132.7, 131.0, 130.9 (d, J = 3 Hz), 

127.4, 126.9, 117.4, 116.1 (d, J = 23 Hz), 72.7, 21.2. 19F NMR (376 MHz, CDCl3) δ-

102.50. HRMS (ESI) calcd for C16H15BrFO3S [M+H]+: 384.9904, found: 384.9906. 
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1-(2-Bromophenyl)-2-methyl-2-((4-(trifluoromethyl)phenyl)sulfonyl)propan-1-

one (1f): 

White solid, 69% yield, m.p. 126.4-129.0 ℃. 1H NMR (400 MHz, CDCl3) δ 8.00 (d, J 

= 8.0 Hz, 2H), 7.85 (d, J = 8.4 Hz, 2H), 7.73 (dd, J = 7.6, 1.6 Hz, 1H), 7.57 (dd, J = 

8.0, 0.8 Hz, 1H), 7.44 (td, J = 7.6, 1.2 Hz, 1H), 7.31 (td, J = 7.6, 1.6 Hz, 1H), 1.68 (s, 

6H). 13C NMR (100 MHz, CDCl3) δ 201.9, 141.1, 138.8, 135.8(q, J = 33.0 Hz), 132.7, 

131.6, 131.0, 127.4, 126.8, 125.7 (q, J = 3.7 Hz), 123.2 (d, J = 271.5 Hz), 73.0, 21.1. 

19F NMR (376 MHz, CDCl3) δ-62.22. HRMS (ESI) calcd for C17H15BrF3O3S [M+H]+: 

434.9872, found: 434.9870. 

 

 

1-(2-Bromophenyl)-2-methyl-2-((4-nitrophenyl)sulfonyl)propan-1-one (1g): 

White solid, 75% yield, m.p. 110.0-112.8 ℃. 1H NMR (400 MHz, CDCl3) δ 8.41 (dd, 

J = 9.2, 3.2 Hz, 2H), 8.09 – 8.03 (m, 2H), 7.73 – 7.68 (m, 1H), 7.60 – 7.54 (m, 1H), 

7.47 – 7.42 (m, 1H), 7.35 – 7.29 (m, 1H), 1.69 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 

202.0, 151.2, 141.0, 140.9, 132.8, 132.4, 131.2, 127.5, 126.8, 123.7, 117.3, 73.3, 21.2. 

HRMS (ESI) calcd for C16H15BrNO5S [M+H]+: 411.9849, found: 411.9050. 

 

 

1-(2-Bromophenyl)-2-((2-bromophenyl)sulfonyl)-2-methylpropan-1-one (1h): 

White solid, 71% yield, m.p. 77.8-81.1 ℃. 1H NMR (400 MHz, CDCl3) δ 8.03 (d, J = 

7.2 Hz, 1H), 7.89 (d, J = 7.6 Hz, 1H), 7.81 (d, J = 7.2 Hz, 1H), 7.61 – 7.46 (m, 3H), 

7.43 (t, J = 7.2 Hz, 1H), 7.30 (t, J = 7.6 Hz, 1H), 1.73 (s, 6H). 13C NMR (100 MHz, 

CDCl3) δ 201.3, 141.1, 136.4, 135.6, 135.1, 134.6, 132.7, 131.0, 127.6, 127.3, 127.1, 

123.2, 117.6, 74.4, 21.4. HRMS (ESI) calcd for C16H15Br2O3S [M+H]+: 446.9103, 

found: 446.9104.  
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1-(2-Bromophenyl)-2-((3-fluorophenyl)sulfonyl)-2-methylpropan-1-one (1i): 

White solid, 65% yield, m.p. 94.8-98.5 ℃. 1H NMR (400 MHz, CDCl3) δ 7.72 (dd, J 

= 7.6, 1.6 Hz, 1H), 7.67 (dt, J = 8.0, 1.2 Hz, 1H), 7.61 – 7.53 (m, 3H), 7.45 – 7.39 (m, 

2H), 7.30 (td, J = 8.0, 1.6 Hz, 1H), 1.67 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 201.7, 

162.1(d, J = 250.3 Hz), 141.2, 137.1 (d, J = 6.6 Hz), 132.7, 131.0, 130.3 (d, J = 7.5 Hz), 

127.4, 126.9, 126.8 (d, J = 3.3 Hz), 121.6 (d, J = 21.1 Hz), 118.2 (d, J = 24.4 Hz), 117.4, 

73.0, 21.2. 19F NMR (376 MHz, CDCl3) δ-109.89. HRMS (ESI) calcd for 

C16H15BrFO3S [M+H]+: 384.9904, found: 384.9905. 

 

 

1-(2-Bromophenyl)-2-methyl-2-(naphthalen-2-ylsulfonyl)propan-1-one (1j): 

White solid, 62% yield, m.p. 98.1-101.7 ℃. 1H NMR (400 MHz, CDCl3) δ 8.45 (s, 1H), 

8.01 (dd, J = 8.0, 2.4 Hz, 2H), 7.95 (d, J = 8.0 Hz, 1H), 7.87 – 7.81 (m, 2H), 7.71 – 

7.66 (m, 1H), 7.65 – 7.60 (m, 1H), 7.55 (d, J = 8.0 Hz, 1H), 7.44 (t, J = 7.2 Hz, 1H), 

7.30 (td, J = 8.0, 1.6 Hz, 1H), 1.70 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 202.0, 141.4, 

135.6, 133.1, 132.6, 132.1, 131.9, 130.9, 129.7, 129.6, 128.6, 128.0, 127.6, 127.4, 127.0, 

125.4, 117.5, 729, 21.4. HRMS (ESI) calcd for C20H18BrO3S [M+H]+: 417.0155, found: 

417.0154. 

 

 

1-(2-Bromophenyl)-2-methyl-2-(pyridin-3-ylsulfonyl)propan-1-one (1k): 

White solid, 60% yield, m.p. 84.1-86.3 ℃. 1H NMR (400 MHz, CDCl3) δ 9.04 (d, J = 

2.0 Hz, 1H), 8.90 (dd, J = 5.2, 1.6 Hz, 1H), 8.13 (dt, J = 8.0, 2.0 Hz, 1H), 7.70 (dd, J = 

7.6, 1.6 Hz, 1H), 7.57 – 7.51 (m, 2H), 7.43 (td, J = 7.6, 1.2 Hz, 1H), 7.30 (td, J = 7.6, 

1.6 Hz, 1H), 1.68 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 202.2, 154.5, 151.1, 140.0, 
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137.8, 132.7, 131.9, 131.1, 127.5, 126.9,123.4, 117.2, 72.9, 21.0. HRMS (ESI) calcd 

for C15H15BrNO3S [M+H]+: 367.9961, found: 369.9950. 

 

 

1-(2-Bromophenyl)-2-methyl-2-(thiophen-2-ylsulfonyl)propan-1-one (1l): 

White solid, 65% yield, m.p. 115.9-119.2 ℃. 1H NMR (400 MHz, CDCl3) δ 7.83 (dd, 

J = 5.2, 1.6 Hz, 1H), 7.69 (dd, J = 3.6, 1.2 Hz, 1H), 7.66 (dd, J = 7.6, 1.6 Hz, 1H), 7.55 

(dd, J = 8.0, 0.8 Hz, 1H), 7.40 (td, J = 7.6, 1.2 Hz, 1H), 7.28 (td, J = 7.6, 1.6 Hz, 1H), 

7.21 (dd, J = 4.8, 3.6 Hz, 1H), 1.71 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 201.6, 141.3, 

137.2, 135.6, 135.5, 132.6, 130.9, 127.8, 127.4, 127.0, 117.5, 73.2, 21.3. HRMS (ESI) 

calcd for C14H14BrO3S2 [M+H]+: 372.9562, found: 372.9566. 

 

 

1-(2-Bromophenyl)-2-methyl-2-(methylsulfonyl)propan-1-one (1m): 

White solid, 88% yield, m.p. 88.6-91.4 ℃. 1H NMR (400 MHz, CDCl3) δ 7.57 (t, J = 

8.4 Hz, 2H), 7.40 (t, J = 7.6 Hz, 1H), 7.31 (t, J = 7.6 Hz, 1H), 3.13 (s, 3H), 1.73 (s, 6H). 

13C NMR (100 MHz, CDCl3) δ 203.9, 141.1, 132.5, 131.0, 127.5, 127.0, 117.0,71.4, 

36.5, 20.2. HRMS (ESI) calcd for C11H14BrO3S [M+H]+: 304.9842, found: 304.9844. 

 

 

(2-Bromophenyl)(1-(phenylsulfonyl)cyclopentyl)methanone (1n): 

White solid, 42% yield, m.p. 152.8-156.5 ℃. 1H NMR (400 MHz, CDCl3) δ 8.03 (dd, 

J = 7.6, 1.2 Hz, 1H), 7.85 (d, J = 7.2 Hz, 2H), 7.70 (t, J = 7.6 Hz, 1H), 7.62 –7.53 (m, 

3H), 7.42 (t, J = 7.6 Hz, 1H), 7.30 (td, J = 8.0, 1.6 Hz, 1H), 2.65 –2.50 (m, 2H), 2.35 –

2.18 (m, 2H), 1.94 – 1.80 (m, 2H), 1.76 – 1.64 (m, 2H). 13C NMR (100 MHz, CDCl3) 

δ 201.9, 140.4, 135.8, 134.2, 133.2, 131.2, 130.7, 128.7, 127.5, 127.2, 118.9, 84.0, 34.4, 

25.9. HRMS (ESI) calcd for C18H18BrO3S [M+H]+: 393.0155, found: 393.0153. 
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1-(2-Bromophenyl)-2-(phenylsulfonyl)ethan-1-one (1o)
[3]

: 

White solid, m.p. 77.2-80.3 ℃. 1H NMR (400 MHz, CDCl3) δ 7.88 (d, J = 7.6 Hz, 2H), 

7.65 (t, J = 7.2 Hz, 1H), 7.58 – 7.43 (m, 4H), 7.40 – 7.30(m, 2H), 4.82 (s, 2H). 13C 

NMR (100 MHz, CDCl3) δ 190.9, 139.4, 138.8, 134.3, 133.9, 133.0, 130.4, 129.3, 128.5, 

127.8, 119.4, 60.0. HRMS (ESI) calcd for C14H12BrO3S [M+H]+: 338.9685, found: 

338.9687. 

 

 

2-Methyl-1-phenyl-2-(phenylsulfonyl)propan-1-one (1p): 

White solid, 79% yield, m.p. 71.9-73.9 ℃. 1H NMR (400 MHz, CDCl3) δ 7.95 – 7.90 

(m, 2H), 7.82 – 7.77 (m, 2H), 7.66 (t, J = 7.6 Hz, 1H), 7.52 (t, J = 7.6 Hz, 3H), 7.43 (t, 

J = 7.6 Hz, 2H), 1.70 (s, 6H). 13C NMR (100 MHz, CDCl3)
 δ 199.2, 137.6, 135.1, 134.1, 

132.0, 130.4, 128.7, 128.6, 128.1, 73.3, 22.5. HRMS (ESI) calcd for C16H17O3S [M+H]+: 

289.3683, found: 289.3685. 

 

 

2-Methyl-2-(phenylsulfonyl)-1-(o-tolyl)propan-1-one (1q): 

White solid, 80% yield, m.p. 77.6-79.6 ℃. 1H NMR (400 MHz, CDCl3) δ 7.91 – 7.85 

(m, 2H), 7.75 – 7.66 (m, 2H), 7.60 – 7.54 (m, 2H), 7.31 (td, J = 7.6, 1.6 Hz, 1H), 7.26 

– 7.19 (m, 2H), 2.16 (s, 3H), 1.62 (s, 6H). 13C NMR (100 MHz, CDCl3)
 δ 203.7, 138.8, 

135.4, 134.4, 134.1, 130. 8, 130.8, 129.8, 128.5, 125.2, 125.2, 72.9, 22.0, 19.6. HRMS 

(ESI) calcd for C17H19O3S [M+H]+: 303.1049, found: 303.1048. 
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1-(2-Methoxyphenyl)-2-methyl-2-(phenylsulfonyl)propan-1-one (1r): 

White solid, 72% yield, m.p. 94.0-96.3 ℃. 1H NMR (400 MHz, CDCl3) δ 8.10 – 8.02 

(m, 2H), 7.80 – 7.73 (m, 2H), 7.66 – 7.60 (m, 1H), 7.53 – 7.46 (m, 2H), 6.97 – 6.88 (m, 

2H), 3.86 (s, 3H), 1.72 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 196.2, 163.0, 135.5, 

134.0, 132.1, 130.3, 129.8, 128.7, 113.4, 73.7, 55.5, 22.8. HRMS (ESI) calcd for 

C17H19O4S [M+H]+: 319.0999, found: 319.0997. 

 

 

2-Methyl-2-(phenylsulfonyl)-1-(2-(trifluoromethyl)phenyl)propan-1-one (1s): 

White solid, 73% yield, m.p. 133.0-135.9 ℃. 1H NMR (400 MHz, CDCl3) δ 8.03 (d, J 

= 8.0 Hz, 2H), 7.79 (dd, J = 8.0, 0.8 Hz, 2H), 7.73 – 7.66 (m, 3H), 7.55 (t, J = 8.0 Hz, 

2H), 1.68 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 198.8, 140.8, 134.9, 134.4, 133.4(q, 

J = 33 Hz), 130.5, 129.0, 128.8, 125.3(q, J = 3.6 Hz), 125.5(q, J = 271 Hz), 73.3, 22.4. 

19F NMR (376 MHz, CDCl3) δ-62.16. HRMS (ESI) calcd for C17H16F3O3S [M+H]+: 

357.0767, found: 357.0766. 

 

 

1-(2-Fluorophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-one (1t): 

White solid, 72% yield, m.p. 70.9-73.2 ℃. 1H NMR (400 MHz, CDCl3) δ 7.87 (d, J = 

7.6 Hz, 2H), 7.70 (t, J = 7.2 Hz, 1H), 7.63 – 7.53 (m, 3H), 7.46 - 7.38 (m, 1H), 7.21 (t, 

J = 7.6 Hz, 1H), 7.08 (t, J = 8.8 Hz, 1H), 1.64 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 

199.9, 158.1 (d, J = 246 Hz), 135.3, 134.3, 132.0 (d, J = 8 Hz), 130.8, 128.7, 128.0 (d, 

J = 3 Hz), 127.8 (d, J = 17 Hz), 124.2 (d, J = 3 Hz), 115.8 (d, J = 21 Hz), 73.2, 20.8. 

19F NMR (376 MHz, CDCl3) δ-114.30. HRMS (ESI) calcd for C16H16FO3S [M+H]+: 

307.0799, found: 307.0797. 
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2-Methyl-2-(phenylsulfonyl)-1-(m-tolyl)propan-1-one (1u): 

White solid, 67% yield, m.p. 80.4-82.7 ℃. 1H NMR (400 MHz, CDCl3) δ 7.82 – 7.76 

(m, 2H), 7.76 – 7.71 (m, 1H), 7.67 – 7.60 (m, 2H), 7.54 – 7.47 (m, 2H), 7.34 – 7.27 (m, 

2H), 2.37 (s, 3H), 1.69 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 199.5, 148.0, 137.9, 

135.4, 134.1, 132.7, 130.5, 129.2, 128.7, 128.0, 125.8, 73.4, 22.6, 21.4. HRMS (ESI) 

calcd for C17H19O3S [M+H]+: 303.1049, found: 303.1051. 

 

 

1-(3-Methoxyphenyl)-2-methyl-2-(phenylsulfonyl)propan-1-one (1v): 

White solid, 71% yield, m.p. 62.3-64.7 ℃. 1H NMR (400 MHz, CDCl3) δ 7.82 – 7.77 

(m, 2H), 7.69 – 7.63 (m, 1H), 7.55 – 7.49 (m, 3H), 7.44 (t, J = 2.0 Hz, 1H), 7.34 (t, J = 

8.0 Hz, 1H), 7.06 (dd, J = 8.4, 2.8 Hz, 1H), 3.83 (s, 3H), 1.69 (s, 6H). 13C NMR (100 

MHz, CDCl3) δ 199.1, 159.4, 139.0, 135.3, 134.1, 130.5, 129.3, 128.7, 121.1, 118.3, 

113.6, 73.5, 55.4, 22.6. HRMS (ESI) calcd for C17H19O4S [M+H]+: 319.0999, found: 

319.0998. 

 

 

1-(3-Bromophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-one (1w): 

White solid, 65% yield, m.p. 77.3-79.6 ℃. 1H NMR (400 MHz, CDCl3) δ 7.97 – 7.92 

(m, 2H), 7.81 – 7.76 (m, 2H), 7.70 – 7.63 (m, 2H), 7.57 – 7.51 (m, 2H), 7.32 (t, J = 8.0 

Hz, 1H), 1.68 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 198.0, 139.3, 135.0, 134.9, 134.3, 

131.6, 130.4, 129.7, 128.7, 127.2, 122.4, 73.3, 22.5. HRMS (ESI) calcd for 

C16H16BrO3S [M+H]+: 366.9998, found: 366.9996. 
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2-Methyl-2-(phenylsulfonyl)-1-(p-tolyl)propan-1-one (1x): 

White solid, 66% yield, m.p. 83.5-86.7 ℃. 1H NMR (400 MHz, CDCl3) δ 7.87 (dd, J 

= 8.0, 1.2 Hz, 2H), 7.80 – 7.75 (m, 2H), 7.67 – 7.62 (m, 1H), 7.53 – 7.48 (m, 2H), 7.25 

– 7.20 (m, 2H), 2.40 (s, 3H), 1.70 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 198.3, 142.9, 

135.5, 134.9, 134.1, 130.4, 129.3, 128.9, 128.7, 22.7, 21.5. HRMS (ESI) calcd for 

C17H19O3S [M+H]+: 303.1049, found: 303.1051. 

 

 

1-(4-Methoxyphenyl)-2-methyl-2-(phenylsulfonyl)propan-1-one (1y): 

White solid, 78% yield, m.p. 99.9-102.5 ℃. 1H NMR (400 MHz, CDCl3) δ 8.10 – 8.02 

(m, 2H), 7.80 – 7.73 (m, 2H), 7.66 – 7.60 (m, 1H), 7.53 – 7.46 (m, 2H), 6.97 – 6.88 (m, 

2H), 3.86 (s, 3H), 1.72 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 196.2, 163.0, 135.5, 

134.0, 132.1, 130.3, 129.8, 128.7, 113.4, 73.7, 55.5, 22.8. HRMS (ESI) calcd for 

C17H19O4S [M+H]+: 319.0999, found: 319.0997. 

 

 

1-(4-Fluorophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-one (1z): 

White solid, 75% yield, m.p. 108.2-111.5 ℃. 1H NMR (400 MHz, CDCl3) δ 8.06 – 

8.01 (m, 2H), 7.79 – 7.74 (m, 2H), 7.68 – 7.63 (m, 1H), 7.55 – 7.49 (m, 2H), 7.14 – 

8.01 (m, 2H), 1.68 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 197.2, 165.05 (d, J = 253 

Hz), 135.2, 134.2, 133.7 (d, J = 3 Hz), 132.0 (d, J = 9 Hz), 130.4, 128.7, 115.3 (d, J = 

22 Hz), 73.5, 22.7. 19F NMR (376 MHz, CDCl3) δ-105.91. HRMS (ESI) calcd for 

C16H16FO3S [M+H]+: 307.0799, found: 307.0801. 
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2-Methyl-2-(phenylsulfonyl)-1-(4-(trifluoromethyl)phenyl)propan-1-one (1aa): 

White solid, 73% yield, m.p. 108.2-111.5 ℃. 1H NMR (400 MHz, CDCl3) δ 8.03 (d, J 

= 8.0 Hz, 2H), 7.79 (dd, J = 8.0, 0.8 Hz, 2H), 7.73 – 7.66 (m, 3H), 7.55 (t, J = 8.0 Hz, 

2H), 1.68 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 198.8, 140.8, 134.9, 134.4, 133.4(q, 

J = 33 Hz), 130.5, 129.0, 128.8, 125.3(q, J = 3.6 Hz), 125.5(q, J = 271 Hz), 73.3, 22.4. 

19F NMR (376 MHz, CDCl3) δ-62.16. HRMS (ESI) calcd for C17H16F3O3S [M+H]+: 

357.0767, found: 357.0766. 

 

 

1-(4-Bromophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-one (1ab): 

White solid, 74% yield, m.p. 122.8-125.0 ℃. 1H NMR (400 MHz, CDCl3) δ 7.85 (d, J 

= 8.4 Hz, 2H), 7.77 (d, J = 7.2 Hz, 2H), 7.67 (t, J = 7.6 Hz, 1H), 7.58 (d, J = 8.4 Hz, 

2H), 7.53 (t, J = 8.0 Hz, 2H), 1.67 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 198.0, 136.3, 

135.1, 134.3, 131.5, 130.7, 130.4, 128.8, 127.3, 73.4, 22.6. HRMS (ESI) calcd for 

C16H16BrO3S [M+H]+: 366.9998, found: 367.0000. 

 

 

1-(3,4-Dimethoxyphenyl)-2-methyl-2-(phenylsulfonyl)propan-1-one (1ac): 

White solid, 67% yield, m.p. 138.0-140.6 ℃. 1H NMR (400 MHz, CDCl3) δ 7.86 – 

7.80 (m, 1H), 7.68 – 7.59 (m, 2H), 7.54 – 7.46 (m, 2H), 7.54 – 7.46 (m, 2H), 6.92 – 

6.87 (m, 1H), 3.92 (dd, J = 10.4, 2.0 Hz, 6H), 1.72 (s, 6H). 13C NMR (100 MHz, CDCl3) 

δ 195.9, 152.7, 148.3, 135.2, 134.0, 130.1, 129.5, 129.5, 128.6, 124.3, 112.5, 109.8, 

73.7, 55.9, 22.9. HRMS (ESI) calcd for C18H21O5S [M+H]+: 349.1104, found: 349.1106. 
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1-(2,4-Dichlorophenyl)-2-methyl-2-(phenylsulfonyl)-propan-1-one (1ad)： 

White solid, 62% yield, m.p. 95.8-99.5 ℃. 1H NMR (400 MHz, CDCl3) δ 7.87 – 7.82 

(m, 2H), 7.74 – 7.69 (m, 2H), 7.61 – 7.56 (m, 2H), 7.41 (d, J = 1.6 Hz, 1H), 7.35 (dd, 

J = 8.4, Hz, 1H), 1.61 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 200.6, 137.6, 136.2, 

134.9, 134.4, 130.9, 130.1, 129.5, 128.7, 127.9, 127.3, 72.9, 21.0. HRMS (ESI) calcd 

for C16H15Cl2O3S [M+H]+: 357.0113, found: 357.0110. 

 

 

1-(4-Fluoro-2-iodophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-one (1ae) 

White solid, 65% yield, m.p. 102.9-105.8 ℃. 1H NMR (400 MHz, CDCl3) δ 7.87 – 

7.81 (m, 2H), 7.78 – 7.69 (m, 2H), 7.64 – 7.54 (m, 3H), 6.89 (td, J = 8.8, 2.8 Hz, 1H), 

1.69 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 201.4, 162.4 (d, J = 250 Hz), 147.1 (d, J 

= 7 Hz), 140.8 (d, J = 8 Hz), 134.7, 134.4, 130.9, 128.8, 118.6 (d, J = 22 Hz), 114.7 (d, 

J = 25 Hz), 83.5(d, J = 4 Hz), 72.4, 21.6. 19F NMR (376 MHz, CDCl3) δ-111.59. HRMS 

(ESI) calcd for C16H15FIO3S [M+H]+: 432.9765, found: 432.9766. 

 

 

2-Methyl-2-(phenylsulfonyl)-1-(pyridin-2-yl)propan-1-one (1af)： 

White solid, 68% yield, m.p. 81.3-83.9 ℃. 1H NMR (400 MHz, CDCl3) δ 8.40 (s, 1H), 

7.87 (d, J = 8.0 Hz, 2H), 7.81 (d, J = 8.0 Hz, 1H), 7.73 (t, J = 7.6 Hz, 1H), 7.56 (t, J = 

7.2 Hz, 1H), 7.44 (t, J = 7.6 Hz, 2H), 7.36 – 7.29 (m, 1H), 1.96 (s, 6H). 13C NMR (100 

MHz, CDCl3) δ 196.2, 153.6, 147.6, 136.7, 133.5, 130.6, 128.2, 126.5, 123.9, 74.5, 

20.9. HRMS (ESI) calcd for C15H16NO3S [M+H]+: 290.0845, found: 290.0844. 
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2-Methyl-2-(phenylsulfonyl)-1-(thiophen-2-yl)propan-1-one (1ag): 

White solid, 66% yield, m.p. 67.2-70.3 ℃. 1H NMR (400 MHz, CDCl3) δ 8.21 (s, 1H), 

7.74 – 7.58 (m, 4H), 7.47 (t, J = 7.6 Hz, 2H), 7.18 – 7.12 (m, 4H), 1.77 (s, 6H). 13C 

NMR (100 MHz, CDCl3) δ 187.9, 142.4, 135.2, 135.1, 134.9, 134.1, 129.9, 128.7, 128.4, 

73.5, 21.9. HRMS (ESI) calcd for C14H15O3S2 [M+H]+: 295.0457, found: 295.0455. 

 

 

2-Methyl-1-(naphthalen-1-yl)-2-(phenylsulfonyl)propan-1-one (1ah): 

White solid, 52% yield, m.p. 110.3-113.7 ℃. 1H NMR (400 MHz, CDCl3) δ 8.03 – 

7.82 (m, 5H), 7.70 (t, J = 7.7 Hz, 1H), 7.61 – 7.43 (m, 6H), 1.68 (s, 6H). 13C NMR (100 

MHz, CDCl3) δ 203.5, 136.5, 135.4, 134.1, 133.5, 130.8, 130.3, 129.6, 128.6, 127.3, 

126.3, 124.4, 124.4, 123.7, 73.3, 21.9. HRMS (ESI) calcd for C20H19O3S [M+H]+: 

339.1049, found: 339.1048. 

 

 

Phenyl(1-(phenylsulfonyl)cyclopentyl)methanone (1ai): 

White solid, 47% yield, m.p. 81.6-84.7 ℃. 1H NMR (400 MHz, CDCl3) δ 8.11 – 8.01 

(m, 2H), 7.74 – 7.66 (m, 2H), 7.66 – 7.60 (m, 1H), 7.57 – 7.52 (m, 1H), 7.52 – 7.40 (m, 

4H), 2.74 – 2.64 (m, 2H), 2.52 – 2.41 (m, 2H), 1.90 – 1.81 (m, 2H), 1.59 – 1.47 (m, 

2H). 13C NMR (100 MHz, CDCl3)
 δ 197.5, 136.1, 136.0, 133.9, 132.6, 130.2, 130.0, 

128.6, 128.0, 84.3, 34.4, 25.8. HRMS (ESI) calcd for C18H19O3S [M+H]+: 315.1049, 

found: 315.1049. 
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4. General procedure for the asymmetric hydrogenation of β-keto 

sulfones 

 

  Under argon atmosphere, Mn(CO)5Br (0.02 mmol), L1 (0.022 mmol), degassed 

toluene (2 mL) was added into tube and the mixture was heated to reflux for 10 h. The 

mixture was cooled to room temperature and concentrated to dryness, then 2 mL of 

degassed dried iPrOH was added to the crude Mn-L1 complex. Under an argon 

atmosphere, a vial was charged with a solution of Mn-L1 complex in iPrOH (0.4 mL, 

0.004 mmol), CH3COONa (0.02 mmol), 1 (0.2 mmol) and 1.1 mL of degassed dried 

iPrOH. The vial was placed in an alloy plate which was then placed into the autoclave. 

And the autoclave was purged five times with hydrogen, then pressurized to 4 MPa, 

stirred at 70 ℃ for 12 h. After slowly releasing the hydrogen pressure, the solvent was 

removed, and the mixture was purified by passing through a short column of silica gel 

to afford the corresponding alcohol. 

 

 

1-(2-Bromophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2a): 

White solid, 96% yield, 94% ee, m.p. 126.9-130.0 ℃; [α]20
D = +27.2 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 215 nm; tR1 

= 24.58 min (minor), tR2 = 30.75 min (major). 1H NMR (400 MHz, CDCl3) δ 7.99 (d, J 

= 7.6 Hz, 2H), 7.72 (t, J = 7.6 Hz, 1H), 7.67 – 7.57 (m, 3H), 7.45 (d, J = 8.0 Hz, 1H), 

7.34 (t, J = 7.6 Hz, 1H), 7.14 (t, J = 7.6 Hz, 1H), 5.70 (s, 1H), 4.19 (s, 1H), 1.53 (s, 3H), 

1.05 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 137.4, 134.4, 134.2, 132.8, 130.6, 129.7, 

129.6, 129.1, 127.5, 123.8, 71.8, 67.6, 20.3, 13.5. HRMS (ESI) calcd for C16H18BrO3S 

[M+H]+: 369.0155, found: 369.0153. 
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1-(2-Bromophenyl)-2-methyl-2-tosylpropan-1-ol (2b): 

White solid, 94% yield, 94% ee, m.p. 123.6-125.9 ℃; [α]20
D = +41.2 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 215 nm; tR1 

= 19.79 min (minor), tR2 = 27.41 min (major). 1H NMR (400 MHz, CDCl3) δ 7.86 (d, J 

= 8.4 Hz, 2H), 7.60 (dd, J = 7.6, 1.6 Hz, 1H), 7.46 (dd, J = 8.0, 1.2 Hz, 1H), 7.41 (d, J 

= 8.0 Hz, 2H), 7.36 – 7.30 (m, 1H), 7.13 (td, J = 7.6, 1.6 Hz, 1H), 5.72 (s, 1H), 4.23 (d, 

J = 1.2 Hz, 1H), 2.48 (s, 3H), 1.51 (s, 3H), 1.04 (s, 3H). 13C NMR (100 MHz, CDCl3) 

δ 145.3, 137.5, 132.7, 1314, 130.5, 129.7, 129.6, 129.6, 127.4, 123.8, 71.8, 67.4, 21.7, 

20.3, 13.6. HRMS (ESI) calcd for C17H20BrO3S [M+H]+: 383.0311, found: 383.0312. 

 

 

1-(2-Bromophenyl)-2-((4-(tert-butyl)phenyl)sulfonyl)-2-methylpropan-1-ol (2c): 

White solid, 94% yield, 94% ee, m.p. 153.0-156.0 ℃; [α]20
D = +42.4 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 

93:7; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 215 nm; tR1 = 

10.77 min (minor), tR2 = 12.32 min (major). 1H NMR (400 MHz, CDCl3) δ 7.93 – 7.88 

(m, 2H), 7.65 – 7.58 (m, 3H), 7.44 (dd, J = 8.4, 1.2 Hz, 1H), 7.36 – 7.30 (m, 1H), 7.13 

(td, J = 8.0, 1.6 Hz, 1H), 5.68 (s, 1H), 4.19 (s, 1H), 1.52 (s, 3H), 1.36 (s, 9H), 1.04 (s, 

3H). 13C NMR (100 MHz, CDCl3) δ 158.3, 137.6, 132.8, 131.1, 130.5, 129.7, 129.6, 

127.5, 126.1, 123.8, 71.8, 67.4, 35.3, 31.0, 20.4, 13.5. HRMS (ESI) calcd for 

C20H26BrO3S [M+H]+: 425.0781, found: 425.0780. 

 

 

1-(2-Bromophenyl)-2-((4-methoxyphenyl)sulfonyl)-2-methylpropan-1-ol (2d): 
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White solid, 95% yield, 96% ee, m.p. 132.8-135.2 ℃; [α]20
D = +50.0 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak OD-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 215 nm; tR1 

= 40.98 min (minor), tR2 = 53.02 min (major). 1H NMR (400 MHz, CDCl3) δ 7.90 (d, J 

= 9.2 Hz, 2H), 7.64 – 7.58 (m, 1H), 7.46 (d, J = 8.0 Hz, 1H), 7.34 (t, J = 7.6 Hz, 1H), 

7.16 – 7.11 (m, 1H), 7.11 – 7.05 (m, 2H), 5.71 (s, 1H), 4.25 (s, 1H), 3.91 (s, 3H), 1.51 

(s, 3H), 1.04 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 164.2, 137.6, 132.8, 132.7, 129.7, 

125.7, 123.9, 114.3, 71.9, 67.5, 55.7, 20.3, 13.7. HRMS (ESI) calcd for C17H20BrO3S 

[M+H]+: 339.0260, found: 339.0262. 

 

 

1-(2-Bromophenyl)-2-((4-fluorophenyl)sulfonyl)-2-methylpropan-1-ol (2e): 

White solid, 96% yield, 94% ee, m.p.103.6-106.7 ℃; [α]20
D = +28.0 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 215 nm; tR1 

= 16.86 min (minor), tR2 = 20.65 min (major). 1H NMR (400 MHz, CDCl3) δ 8.04 – 

7.97 (m, 2H), 7.59 (dd, J = 8.0, 2.0 Hz, 1H), 7.47 (dd, J = 8.4, 1.6 Hz, 1H), 7.36 – 7.28 

(m, 3H), 7.15 (td, J = 7.6, 1.6 Hz, 1H), 5.68 (s, 1H), 4.07 (d, J = 1.6 Hz, 1H), 1.52 (s, 

3H), 1.05 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 166.2 (d, J = 256 Hz), 137.3, 133.4 

(d, J = 9.6 Hz), 132.8, 130.6 (d, J = 3.2 Hz), 129.8, 129.6, 127.5, 123.8, 116.44 (d, J = 

22.4Hz), 71.9, 67.8, 20.3, 13.6. 19F NMR (376 MHz, CDCl3) δ-102.41. HRMS (ESI) 

calcd for C16H17BrFO3S [M+H]+: 387.0060, found: 387.0062. 

 

 

1-(2-Bromophenyl)-2-methyl-2-((4-(trifluoromethyl)phenyl)sulfonyl)propan-1-ol 

(2f):  

White solid, 96% yield, 94% ee, m.p.141.6-145.0 ℃; [α]20
D = +23.4 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak IA-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 215 nm; tR1 

= 10.28 min (major), tR2 = 13.67 min (minor). 1H NMR (400 MHz, CDCl3) δ 8.13 (d, J 
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= 8.4 Hz, 2H), 7.89 (d, J = 8.4 Hz, 2H), 7.57 (dd, J = 8.0, 2.0 Hz, 1H), 7.48 (dd, J = 

8.0, 1.2 Hz, 1H), 7.34 (td, J = 7.6, 1.2 Hz, 1H), 7.16 (td, J = 7.6, 1.6 Hz, 1H), 5.74 (d, 

J = 1.6 Hz, 1H), 3.88 (d, J = 2.0 Hz, 1H), 1.52 (s, 3H), 1.09 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ 138.8, 137.3, 135.8 (q, J = 32.6 Hz), 132.9, 131.3, 129.9, 129.6, 127.6, 

126.1 (d, J = 15.2 Hz), 123.8, 123.1 (d, J = 271.6 Hz), 71.9, 68.4, 20.2, 13.9. 19F NMR 

(376 MHz, CDCl3) δ-63.17. HRMS (ESI) calcd for C17H17BrF3O3S [M+H]+: 437.0028, 

found: 437.0029. 

 

 

1-(2-Bromophenyl)-2-methyl-2-((4-nitrophenyl)sulfonyl)-propan-1-ol (2g): 

White solid, 96% yield, 94% ee, m.p.172.5-175.3 ℃; [α]20
D = +31.2 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 215 nm; tR1 

= 48.31 min (minor), tR2 = 66.78 min (major). 1H NMR (400 MHz, CDCl3) δ 8.47 – 

8.40 (m, 2H), 8.23 – 8.18 (m, 2H), 7.55 (dd, J = 8.0, 1.6 Hz, 1H), 7.49 (dd, J = 8.0, 1.2 

Hz, 1H), 7.35 (td, J = 7.2, 1.2 Hz, 1H), 7.17 (td, J = 7.2, 1.6 Hz, 1H), 5.74 (d, J = 1.6 

Hz, 1H), 3.68 (d, J = 2.0 Hz, 1H), 1.52 (s, 3H), 1.12 (s, 3H). 13C NMR (100 MHz, 

CDCl3) δ 151., 141.5, 137.2, 133.0, 132.1, 130.0, 129.5, 127.7, 123.9, 123.8, 71.9, 68.9, 

20.1, 14.1. HRMS (ESI) calcd for C16H17BrNO5S [M+H]+: 414.0005, found: 414.0003. 

 

 

1-(2-Bromophenyl)-2-((2-bromophenyl)sulfonyl)-2-methylpropan-1-ol (2h): 

White solid, 94% yield, 95% ee, m.p.157.5-160.0 ℃; [α]20
D = +44.0 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 

90:10; flow rate = 0.8 mL/min; column temperature 25 ℃; UV detection at 215 nm; tR1 

= 30.83 min (minor), tR2 = 49.97 min (major). 1H NMR (400 MHz, CDCl3) δ 8.15 (dd, 

J = 7.6, 1.6 Hz, 1H), 7.86 (dd, J = 7.6, 0.8 Hz, 1H), 7.62 – 7.44 (m, 4H), 7.34 (t, J = 7.6 

Hz, 1H), 7.15 (td, J = 7.6, 1.6 Hz, 1H), 5.85 (d, J = 1.6 Hz, 1H), 4.09 (d, J = 1.6 Hz, 

1H), 1.59 (s, 3H), 1.12 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 137.5, 136.6, 135.3, 
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134.9, 1345, 132.8, 129.8, 129.5, 127.9, 127.6, 123.9, 123.3, 71.6, 707, 20.6, 13.9. 

HRMS (ESI) calcd for C16H17BrO3S [M+H]+: 448.9260, found: 448.9261. 

 

 

1-(2-Bromophenyl)-2-((3-fluorophenyl)sulfonyl)-2-methylpropan-1-ol (2i): 

White solid, 95% yield, 96% ee, m.p.137.7-141.6 ℃; [α]20
D = +23.6 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 215 nm; tR1 

= 21.06 min (minor), tR2 = 22.68 min (major). 1H NMR (400 MHz, CDCl3) δ 7.79 (d, J 

= 8.0 Hz, 1H), 7.70 (dt, J = 8.0, 2.0 Hz, 1H), 7.65 – 7.55 (m, 2H), 7.49 – 7.39 (m, 2H), 

7.34 (t, J = 7.5 Hz, 1H), 7.14 (td, J = 8.0, 1.6 Hz, 1H), 5.72 (s, 1H), 3.98 (d, J = 1.6 Hz, 

1H), 1.52 (s, 3H), 1.07 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 162.3 (d, J = 250.9 Hz), 

137.4, 137.0 (d, J = 6.4 Hz), 132.8, 130.8 (d, J = 7.6 Hz), 129.8, 129.6, 127.5, 126.5 (d, 

J = 3.4 Hz), 123.8, 121.41 (d, J = 21.2 Hz), 117.9 (d, J = 24.1 Hz), 71.8, 68.2, 20.3, 

13.8. 19F NMR (376 MHz, CDCl3) δ-109.23. HRMS (ESI) calcd for C16H17BrFO3S 

[M+H]+: 387.0060, found: 387.0060. 

 

 

1-(2-Bromophenyl)-2-methyl-2-(naphthalen-2-ylsulfonyl)propan-1-ol (2j): 

White solid, 77% yield, 95% ee, m.p.172.4-175.9 ℃; [α]20
D = +42.4 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 

97:3; flow rate = 0.8 mL/min; column temperature 25 ℃; UV detection at 215 nm; tR1 

= 74.71 min (minor), tR2 = 81.75 min (major). 1H NMR (400 MHz, CDCl3) δ 8.57 (d, J 

= 1.2 Hz, 1H), 8.08 – 8.02 (m, 2H), 7.99 – 7.94 (m, 2H), 7.74 – 7.60 (m, 3H), 7.43 (dd, 

J = 8.0, 1.6 Hz, 1H), 7.34 (td, J = 7.6, 1.2 Hz, 1H), 7.16 – 7.09 (m, 2H), 5.84 (s, 1H), 

4.26 (d, J = 1.2 Hz, 1H), 1.57 (s, 3H), 1.10 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 

137.5, 135.4, 132.8, 132.7, 129.7, 129.6, 129.6, 129.5, 129.1, 128.0, 127.8, 127.5, 124.9, 

123.9, 72.0, 68.0, 20.5, 13.9. HRMS (ESI) calcd for C20H20BrO3S [M+H]+: 419.0311, 

found: 419.0309. 
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1-(2-Bromophenyl)-2-methyl-2-(pyridin-3-ylsulfonyl)propan-1-ol (2k): 

White solid, 92% yield, 95% ee, m.p.143.7-146.4 ℃; [α]20
D = +22.0 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak OD-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 215 nm; tR1 

= 24.86 min (minor), tR2 = 32.19 min (major). 1H NMR (400 MHz, CDCl3) δ 9.09 (d, J 

= 1.6 Hz, 1H), 8.78 (dd, J = 5.2, 1.6 Hz, 1H), 8.25 (dt, J = 8.0, 2 Hz, 1H), 7.56 – 7.45 

(m, 2H), 7.50 – 7.45 (m, 1H), 7.32 (t, J = 7.2 Hz, 1H), 7.14 (td, J = 8.0, 1.6 Hz, 1H), 

5.78 (s, 1H), 4.44 (s, 1H), 1.47 (s, 3H), 1.14 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 

153.8, 150.9, 138.2, 138.0, 133.0, 132.8, 129.8, 129.6, 127.6, 123.7, 123.5, 71.8, 68.9, 

19.5, 14.3. HRMS (ESI) calcd for C15H17BrNO3S [M+H]+: 370.0107, found: 370.0106. 

 

 

1-(2-Bromophenyl)-2-methyl-2-(thiophen-2-ylsulfonyl)propan-1-ol (2l): 

White solid, 93% yield, 97% ee, m.p.129.6-133.1 ℃; [α]20
D = +36.6 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 

97:3; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 215 nm; tR1 = 

20.21 min (major), tR2 = 30.27 min (minor). 1H NMR (400 MHz, CDCl3) δ 7.85 (dd, J 

= 5.2, 1.6 Hz, 1H), 7.80 (dd, J = 3.6, 1.2 Hz, 1H), 7.60 (dd, J = 8.0, 1.6 Hz, 1H), 7.48 

(dd, J = 8.0, 1.2 Hz, 1H), 7.34 (td, J = 7.6, 1.2 Hz, 1H), 7.25 (dd, J = 4.8, 3.6 Hz, 1H), 

7.15 (td, J = 7.6, 1.6 Hz, 1H), 5.80 (s, 1H), 4.01 (s, 1H), 1.56 (s, 3H), 1.16 (s, 3H). 13C 

NMR (100 MHz, CDCl3) δ 137.5, 136.8, 135.5, 135.1, 132.8, 129.8, 129.5, 128.1, 127.5, 

123.8, 71.9, 68.4, 20.5, 13.7. HRMS (ESI) calcd for C14H16BrO3S2 [M+H]+: 374.7919, 

found: 374.7916. 

 

 

1-(2-Bromophenyl)-2-methyl-2-(methylsulfonyl)propan-1-ol (2m): 
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White solid, 97% yield, 94% ee, m.p.154.0-156.7 ℃; [α]20
D = +27.6 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 215 nm; tR1 

= 12.64 min (major), tR2 = 14.67 min (minor). 1H NMR (400 MHz, CDCl3) δ 7.61 – 

7.53 (m, 2H), 7.39 – 7.34 (m, 1H), 7.19 (td, J = 7.6, 1.6 Hz, 1H), 5.80 (d, J = 2.4 Hz, 

1H), 3.48 (d, J = 2.4 Hz, 1H), 3.08 (s, 3H), 1.46 (s, 3H), 1.20 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ 138.2, 132.9, 129.9, 129.6, 127.6, 123.9, 72.4, 67.2, 37.9, 18.6, 14.3. 

HRMS (ESI) calcd for C11H16BrO3S [M+H]+: 306.9998, found: 307.0001. 

 

 

(2-Bromophenyl)(1-(phenylsulfonyl)cyclopentyl)methanol (2n): 

White solid, 91% yield, 94% ee, m.p.121.6-125.8 ℃; [α]20
D = +33.8 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 215 nm; tR1 

= 29.69 min (minor), tR2 = 42.25 min (major). 1H NMR (400 MHz, CDCl3) δ 8.08 – 

7.02 (m, 3H), 7.75 – 7.69 (m, 1H), 7.68 – 7.60 (m, 3H), 7.41 (dd, J = 8.0, 1.6 Hz, 1H), 

7.32 (td, J = 7.6, 1.6 Hz, 1H), 7.13 (td, J = 8.0, 1.6 Hz, 1H), 5.60 (s, 1H), 4.34 (d, J = 

1.2 Hz, 1H), 2.62 – 2.54 (m, 2H), 2.12 – 2.01 (m, 1H), 1.62 – 1.42 (m, 4H), 0.62 – 0.51 

(m, 1H). 13C NMR (100 MHz, CDCl3) δ 137.6, 135.2, 134.1, 132.7, 130.6, 129.8, 129.6, 

129.2, 127.6, 124.0, 77.7, 71.7, 32.4, 263, 25.9, 25.8. HRMS (ESI) calcd for 

C18H20BrO3S [M+H]+: 395.0311, found: 395.0312. 

 

 

1-(2-Bromophenyl)-2-(phenylsulfonyl)ethan-1-ol (2o)： 

White solid, 94% yield, 60% ee, m.p.119.4-122.0 ℃; [α]20
D = +33.8 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 215 nm; tR1 

= 40.14 min (minor), tR2 = 51.64 min (major). 1H NMR (400 MHz, CDCl3) δ 8.06 – 

7.97 (m, 2H), 7.73 – 7.58 (m, 4H), 7.42 (dd, J = 8.4, 1.2 Hz, 1H), 7.37 – 7.30 (m, 1H), 

7.13 (td, J = 8.0, 1.6 Hz, 1H), 5.36 (d, J = 10.4 Hz, 1H), 4.04 (d, J = 2 Hz, 1H), 3.52 
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(dd, J = 14.8, 1.2 Hz, 1H), 3.26 (dd, J = 14.4, 10. Hz, 1H). 13C NMR (100 MHz, CDCl3) 

δ 139.2, 138.3, 124.2, 132.6, 129.6, 129.4, 128.3, 128.0, 127.5, 120.7, 67.6, 61.75. 

HRMS (ESI) calcd for C14H14BrO3S [M+H]+: 340.9842, found: 340.9841. 

 

 

2-Methyl-1-phenyl-2-(phenylsulfonyl)propan-1-ol (2p): 

White solid, 95% yield, 86% ee, m.p. 174.5-176.7 ℃; [α]20
D = +26.7 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 215 nm; tR1 

= 16.48 min (minor), tR2 = 24.67 min (major). 1H NMR (400 MHz, CDCl3) δ 7.99 – 

7.91 (m, 2H), 7.72 (t, J = 7.2 Hz, 1H), 7.61 (t, J = 7.6 Hz, 2H), 7.34 – 7.25 (m, 5H), 

5.19 (s, 1H), 4.24 (d, J = 0.8 Hz, 1H), 1.40 (s, 3H), 0.94 (s, 3H). 13C NMR (100 MHz, 

CDCl3) δ 137.8, 134.9, 134.2, 130.4, 129.0, 128.2, 127.9, 127.9, 74.6, 66.6, 21.5, 13.9. 

HRMS (ESI) calcd for C16H19O3S [M+H]+: 291.1049, found: 291.1048. 

 

 

2-Methyl-2-(phenylsulfonyl)-1-(o-tolyl)propan-1-ol (2q): 

White solid, 94% yield, 90% ee, m.p. 135.6-138.7 ℃; [α]20
D = +31.8 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 215 nm; tR1 

= 19.30 min (minor), tR2 = 25.58 min (major). 1H NMR (400 MHz, CDCl3) 8.01 – 7.95 

(m, 2H), 7.75 – 7.69 (m, 1H), 7.66 – 7.59 (m, 2H), 7.53 (dd, J = 7.6, 1.6 Hz, 1H), 7.24 

– 7.15 (m, 2H), 7.09 (dd, J = 7.6, 2.0 Hz, 1H), 5.65 (d, J = 1.6 Hz, 1H), 3.96 (d, J = 1.6 

Hz, 1H), 2.12 (s, 3H), 1.50 (s, 3H), 0.92 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 136.5, 

135.5, 134.8, 134.1, 130.5, 130.4, 129.0, 127.2, 127.5, 126.0, 68.8, 67.9, 20.2, 19.9, 

14.4. HRMS (ESI) calcd for C17H21O3S [M+H]+: 305.1206, found: 305.1204. 

 

 

1-(2-Methoxyphenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2r): 
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White solid, 94% yield, 88% ee, m.p. 145.5-148.0 ℃; [α]20
D = +17.2 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 215 nm; tR1 

= 48.78 min (minor), tR2 = 53.29 min (major). 1H NMR (400 MHz, CDCl3) δ 7.98 (d, J 

= 7.6 Hz, 2H), 7.71 (t, J = 7.2 Hz, 1H), 7.61 (t, J = 7.6 Hz, 2H), 7.52 – 7.47 (m, 1H), 

7.27 – 7.21 (m, 1H), 6.97 (t, J = 7.2 Hz, 1H), 6.78 (d, J = 8.4 Hz, 1H), 5.76 (d, J = 1.2 

Hz, 1H), 4.00 (d, J = 2.0 Hz, 1H), 3.59 (s, 3H), 1.45 (s, 3H), 0.95 (s, 3H). 13C NMR 

(100 MHz, CDCl3) δ 156.3, 135.3, 133.8, 130.5, 129.0, 128.7, 128.4, 126.6, 120.6, 

110.2, 67.5, 66.8, 55.0, 20.0, 13.9. HRMS (ESI) calcd for C17H21O4S [M+H]+: 

321.1155, found: 321.1155. 

 

 

2-Methyl-2-(phenylsulfonyl)-1-(2-(trifluoromethyl)phenyl)propan-1-ol (2s): 

White solid, 93% yield, 89% ee, m.p. 153.9-156.4 ℃; [α]20
D = +98.8 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 210 nm; tR1 

= 16.61 min (minor), tR2 = 18.36 min (major). 1H NMR (400 MHz, CDCl3) δ 7.99 – 

7.93 (m, 2H), 7.81 (d, J = 8.0 Hz, 1H), 7.77 – 7.72 (m, 2H), 7.66 – 7.56 (m, 4H), 7.40 

(t, J = 8.0 Hz, 1H), 5.59 (s, 1H), 4.22 (d, J = 1.2 Hz, 1H), 1.67 (s, 3H), 0.85 (s, 3H). 13C 

NMR (100 MHz, CDCl3) δ 134.3, 134.1, 131.9, 130.5, 129.4, 129.0, 128.5, 128.2 (q, J 

= 29.5 Hz),126.6 (q, J = 4.7 Hz), 125.97 (q, J = 5.9 Hz), 123.7 (q, J = 272.6 Hz), 68.34 

(q, J = 2.5 Hz), 67.3, 20.6 (q, J = 2.5 Hz), 13.8. 19F NMR (376 MHz, CDCl3) δ-56.62. 

HRMS (ESI) calcd for C17H18F3O3S [M+H]+: 359.0923, found: 359.0921. 

 

 

1-(2-Fluorophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2t): 

White solid, 94% yield, 87% ee, m.p. 142.0-144.6 ℃; [α]20
D = +58.8 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak IA-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 210 nm; tR1 

= 14.39 min (minor), tR2 = 18.10min (major). 1H NMR (400 MHz, CDCl3) δ 8.02 – 
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7.94 (m, 2H), 7.77 – 7.70 (m, 1H), 7.67 – 7.56 (m, 3H), 7.31 – 7.23 (m, 1H), 7.17 (td, 

J = 7.8, 1.2 Hz, 1H), 7.00 – 6.92 (m, 1H), 5.60 (s, 1H), 4.26 (d, J = 1.6 Hz, 1H), 1.44 

(s, 3H), 1.00 (d, J = 2.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 159.6 (d, J = 245 Hz), 

134.7, 134.2, 130.4, 129.7 (d, J = 8.4 Hz), 129.2 (d, J = 3.5 Hz), 129.0, 125.4 (d, J = 

12.3 Hz), 124.2 (d, J = 3.4 Hz), 115.0 (d, J = 22.3 Hz), 67.1 (d, J = 2.5 Hz), 66.8 (d, J 

= 1.1 Hz), 20.1 (d, J = 3.5 Hz), 13.7. 19F NMR (376 MHz, CDCl3) δ-114.61. HRMS 

(ESI) calcd for C16H18FO3S [M+H]+: 309.0955, found: 309.0954. 

 

 

2-Methyl-2-(phenylsulfonyl)-1-(m-tolyl)propan-1-ol (2u): 

White solid, 95% yield, 81% ee, m.p. 140.5-143.1 ℃; [α]20
D = +33.8 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak IA-H column, hexane: isopropanol = 

90:10; flow rate = A mL/min; column temperature 25 ℃; UV detection at 215 nm; tR1 

= 12.24 min (minor), tR2 = 14.87 min (major). 1H NMR (400 MHz, CDCl3) δ 7.99 – 

7.93 (m, 2H), 7.72 (t, J = 7.2 Hz, 1H), 7.61 (t, J = 8.0 Hz, 2H), 7.18 (t, J = 7.6 Hz, 1H), 

7.13 – 7.03 (m, 3H), 5.15 (s, 1H), 4.19 (s, 1H), 2.32 (s, 3H), 1.41 (s, 3H), 0.94 (s, 3H). 

13C NMR (100 MHz, CDCl3) δ 137.8, 137.6, 135.1, 134.1, 130.4, 129.0, 128.9, 128.5, 

127.7, 125.2, 74.7, 66.7, 21.6, 21.4, 13.0. HRMS (ESI) calcd for C17H21O3S [M+H]+: 

305.1206, found: 305.1208. 

 

 

1-(3-Methoxyphenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2v): 

White solid, 93% yield, 81% ee, m.p. 90.2-92.9 ℃; [α]20
D = +29.8 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak IA-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 215 nm; tR1 

= 16.61 min (minor), tR2 = 25.47 min (major). 1H NMR (400 MHz, CDCl3) δ 7.95 (dd, 

J = 8.4, 1.2 Hz, 2H), 7.72 (t, J = 7.6 Hz, 1H), 7.61 (t, J = 8.0 Hz, 2H), 7.21 (t, J = 7.8 

Hz, 1H), 6.88 – 6.80 (m, 3H), 5.16 (s, 1H), 4.20 (s, 1H), 3.78 (s, 3H), 1.41 (s, 3H), 0.95 

(s, 3H). 13C NMR (100 MHz, CDCl3) δ 159.2, 139.4, 134.9, 134.1, 130.4, 120.0, 128.8, 
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120.5, 113.8, 113.5, 74.5, 66.7, 55.2, 21.6, 14.0. HRMS (ESI) calcd for C17H21O4S 

[M+H]+: 321.1155, found: 321.1155. 

 

 

1-(3-Bromophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2w): 

White solid, 94% yield, 91% ee, m.p. 166.6-169.4 ℃; [α]20
D = +29.4 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak IA-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 215 nm; tR1 

= 14.24 min (minor), tR2 = 16.68 min (major). 1H NMR (400 MHz, CDCl3) δ 7.97 – 

7.92 (m, 2H), 7.76 – 7.70 (m, 1H), 766 – 7.59 (m, 2H), 7.46 (t, J = 2.0 Hz, 1H), 7.23 – 

7.14 (m, 2H), 5.14 (s, 1H), 4.31 (s, 1H), 1.38 (s, 3H), 0.95 (s, 3H). 13C NMR (100 MHz, 

CDCl3) δ 140.2, 134.7, 134.3, 131.4, 130.9, 130.4, 129.4, 129.1, 126.7, 122.2, 74.1, 

66.4, 21.5, 13.9. HRMS (ESI) calcd for C16H18BrO3S [M+H]+: 369.0155, found: 

369.0153. 

 

 

2-Methyl-2-(phenylsulfonyl)-1-(p-tolyl)propan-1-ol (2x): 

White solid, 94% yield, 88% ee, m.p. 105.4-107.9 ℃; [α]20
D = +32.8 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 215 nm; tR1 

= 22.85 min (major), tR2 = 26.42 min (minor). 1H NMR (400 MHz, CDCl3) δ 7.98 – 

7.92 (m, 2H), 7.74 – 7.68 (m, 1H), 7.64 – 7.57 (m, 2H), 7.17 (d, J = 8.0 Hz, 2H), 7.11 

(d, J = 8.0 Hz, 2H), 5.15 (s, 1H), 4.18 (s, 1H), 2.32 (s, 3H), 1.40 (s, 3H), 0.94 (s, 3H). 

13C NMR (100 MHz, CDCl3) δ 138.0, 135.1, 134.9, 134.0, 130.42, 128.9, 128.6, 127.8, 

74.53, 66.8, 21.5, 21.0, 13.9. HRMS (ESI) calcd for C17H21O3S [M+H]+: 305.1206, 

found: 305.1205. 
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1-(4-Methoxyphenyl)-2-methyl-2-(phenylsulfonyl)-propan-1-ol (2y): 

White solid, 92% yield, 86% ee, m.p. 115.6-118.2 ℃; [α]20
D = +31.8 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak IA-H column, hexane: isopropanol = 

93:7; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 215 nm; tR1 = 

35.01 min (minor), tR2 = 59.67 min (major). 1H NMR (400 MHz, CDCl3) δ 7.98 – 7.92 

(m, 2H), 7.73 – 7.68 (m, 1H), 7.63 – 7.57 (m, 2H), 7.23 – 7.17 (m, 2H), 6.86 – 6.79 (m, 

2H), 5.14 (s, 1H), 4.18 (s, 1H), 3.77 (s, 3H), 1.38 (s, 3H), 0.92 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ 159.5, 135.1, 134.0, 130.4, 130.0, 129.0, 128.9, 113.3, 74.3, 66.9, 55.2, 

21.5, 13.9. HRMS (ESI) calcd for C17H21O4S [M+H]+: 321.1155, found: 321.1154. 

 

 

1-(4-Fluorophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2z): 

White solid, 94% yield, 76% ee, m.p. 113.7-117.0 ℃; [α]20
D = +16.8 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 215 nm; tR1 

= 25.10 min (minor), tR2 = 34.96 min (major). 1H NMR (400 MHz, CDCl3) δ 7.95 (d, J 

= 7.6 Hz, 2H), 7.72 (t, J = 7.2 Hz, 1H), 7.61 (t, J = 7.6 Hz, 2H), 7.30 – 7.24 (m, 2H), 

7.00 (t, J = 8.4 Hz, 2H), 5.18 (s, 1H), 4.30 (d, J = 1.2 Hz, 1H), 1.37 (s, 3H), 0.92 (s, 

3H). 13C NMR (100 MHz, CDCl3) δ 162.6 (d, J = 245.4 Hz), 134.9, 134.2, 133.7 (d, J 

= 3.2 Hz), 130.4, 129.6 (d, J = 8.0 Hz), 129.0, 114.9 (d, J = 21.3 Hz), 74.1, 66.6, 21.5, 

13.9. 19F NMR (376 MHz, CDCl3) δ-113.65. HRMS (ESI) calcd for C16H18FO3S 

[M+H]+: 309.0955, found: 309.0954. 

 

 

2-Methyl-2-(phenylsulfonyl)-1-(4-(trifluoromethyl)phenyl)propan-1-ol (2aa): 

White solid, 92% yield, 75% ee, m.p. 133.7-137.4 ℃; [α]20
D = +42.6 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak IA-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 215 nm; tR1 

= 24.32 min (minor), tR2 = 29.79 min (major). 1H NMR (400 MHz, CDCl3) δ 7.95 (d, J 

= 8.0 Hz, 2H), 7.73 (t, J = 7.6 Hz, 1H), 7.65 – 7.56 (m, 4H), 7.43 (d, J = 8.0 Hz, 2H), 
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5.26 (s, 1H), 4.38 (s, 1H), 1.37 (s, 3H), 0.95 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 

142.0, 134.7, 134.3, 130.5 (q, J = 32.3 Hz), 130.5, 129.1, 128.4, 124.9 (q, J = 3.8 Hz), 

123.9 (q, J = 270.5 Hz),74.2, 66.3, 21.5, 14.0. 19F NMR (376 MHz, CDCl3) δ-62.60. 

HRMS (ESI) calcd for C17H18F3O3S [M+H]+: 359.0923, found: 359.0924. 

 

 

1-(4-Bromophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2ab): 

White solid, 93% yield, 81% ee, m.p. 131.2-135.4 ℃; [α]20
D = +22.6 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 210 nm; tR1 

= 25.92 min (minor), tR2 = 32.89 min (major). 1H NMR (400 MHz, CDCl3) δ 7.95 (d, J 

= 7.2 Hz, 2H), 7.73 (t, J = 7.6 Hz, 1H), 7.62 (t, J = 8.0 Hz, 2H), 7.44 (d, J = 8.4 Hz, 

2H), 7.18 (d, J = 8.4 Hz, 2H), 5.15 (s, 1H), 4.31 (s, 1H), 1.36 (s, 3H), 0.93 (s, 3H). 13C 

NMR (100 MHz, CDCl3) δ 136.9, 134.6, 134.3, 131.1, 130.4, 129.6, 129.1, 122.3, 74.1, 

66.3, 21.5, 13.9. HRMS (ESI) calcd for C16H18BrO3S [M+H]+: 369.0155, found: 

369.0156. 

 

 

1-(3,4-Dimethoxyphenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2ac): 

White solid, 92% yield, 86% ee, m.p. 148.5-151.5 ℃; [α]20
D = +26.0 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak IA-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 215 nm; tR1 

= 14.06 min (major), tR2 = 21.08 min (minor). 1H NMR (400 MHz, CDCl3) δ 7.94 (d, J 

= 7.6 Hz, 2H), 7.71 (t, J = 7.6 Hz, 1H), 7.60 (t, J = 8.0 Hz, 2H), 6.87 (s, 1H), 6.77 (s, 

2H), 5.16 (s, 1H), 4.19 (d, J = 1.2 Hz, 1H), 3.84 (d, J = 2.8 Hz, 6H), 1.39 (s, 3H), 0.93 

(s, 3H). 13C NMR (100 MHz, CDCl3) δ 148.9, 148.5, 135.0, 134.100, 128.9, 120.5, 

110.9, 110.3, 74.4, 66.8, 55.9, 55.8, 21.5, 14.1. HRMS (ESI) calcd for C18H23O5S 

[M+H]+: 351.1261, found: 351.1262. 
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1-(2,4-Dichlorophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2ad): 

White solid, 92% yield, 95% ee, m.p. 110.0-112.6 ℃; [α]20
D = +33.4 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak IA-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 215 nm; tR1 

= 15.17 min (major), tR2 = 45.01 min (minor). 1H NMR (400 MHz, CDCl3) δ 8.00 – 

7.94 (m, 2H), 7.75 – 7.70 (m, 1H), 7.66 – 7.60 (m, 1H), 7.56 (d, J = 8.4 Hz, 1H), 7.31 

– 7.26 (m, 2H), 5.72 (s, 1H), 4.21 (s, 1H), 1.46 (s, 3H), 1.01 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ 134.6, 134.6, 134.5, 134.3, 133.9, 130.5, 130.4, 129.1, 129.1, 127.3, 

69.2, 67.3, 20.1, 13.8. HRMS (ESI) calcd for C16H17Cl2O3S [M+H]+: 359.0270, found: 

359.0268. 

 

 

1-(4-Fluoro-2-iodophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2ae): 

White solid, 93% yield, 91% ee, m.p. 148.5-151.5 ℃; [α]20
D = +36.2 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 215 nm; tR1 

= 17.64 min (minor), tR2 = 30.23 min (major). 1H NMR (400 MHz, CDCl3) δ 8.05 – 

7.97 (m, 2H), 7.75 – 7.62 (m, 4H), 7.29 (dd, J = 10.0, 3.2 Hz, 1H), 6.80 – 6.74 (m, 1H), 

5.45 (s, 1H), 4.27 (d, J = 1.2 Hz,1H), 1.54 (s, 3H), 1.10 (s, 3H). 13C NMR (100 MHz, 

CDCl3) δ 164.2, 161.7, 142.8 (d, J = 6.9 Hz), 140.7 (d, J = 7.4 Hz), 134.3, 130.8, 129.3, 

117.7 (d, J = 21.7 Hz), 116.8 (d, J = 23.3 Hz), 92.4 (d, J = 3.2 Hz), 76.4, 67.8, 20.8, 

13.5. 19F NMR (376 MHz, CDCl3) δ-112.40. HRMS (ESI) calcd for C16H17FIO3S 

[M+H]+: 434.9922, found: 434.9924. 

 

2-Methyl-2-(phenylsulfonyl)-1-(pyridin-2-yl)propan-1-ol (2af): 
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White solid, 92% yield, 59% ee, m.p. 109.9-112.4 ℃; [α]20
D = -18.2 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 210 nm; tR1 

= 99.40 min (minor), tR2 = 110.00 min (major). 1H NMR (400 MHz, CDCl3) δ 8.48 (d, 

J = 4.4 Hz, 1H), 8.00 – 7.93 (m, 2H), 7.71 – 7.65 (m, 2H), 7.57 (t, J = 8.0 Hz, 2H), 7.46 

(d, J = 8.0 Hz, 1H), 7.24 – 7.19 (m, 1H), 5.17 (d, J = 4.0 Hz, 1H), 4.54 (d, J = 4.4 Hz, 

1H), 1.37 (s, 3H), 1.12 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 157.6, 148.2, 136.3, 

135.9, 133.9, 130.5, 128.8, 123.2, 123.2, 74.9, 67.2, 20.2, 15.1. HRMS (ESI) calcd for 

C15H18NO3S [M+H]+: 292.1002, found: 292.1003. 

 

 

2-Methyl-2-(phenylsulfonyl)-1-(thiophen-2-yl)propan-1-ol (2ag): 

White solid, 91% yield, 66% ee, m.p. 150.0-152.9 ℃; [α]20
D = -20.4 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 210 nm; tR1 

= 60.36 min (minor), tR2 = 65.85 min (major). 1H NMR (400 MHz, CDCl3) δ 7.98 – 

7.91 (m, 2H), 7.72 (t, J = 7.6 Hz, 1H), 7.61 (t, J = 7.6 Hz, 2H), 7.30 – 7.25 (d, J = 4.8 

Hz, 1H), 6.98 – 6.88 (m, 2H), 5.50 (s, 1H), 4.29 (d, J = 0.8 Hz, 1H), 1.49 (s, 3H), 1.03 

(s, 3H). 13C NMR (100 MHz, CDCl3) δ 140.9, 134.8, 134.3, 130.4, 129.0, 126.5, 126.1, 

125.6, 71.8, 66.5, 21.3, 14.2. HRMS (ESI) calcd for C14H17O3S2 [M+H]+: 297.0614, 

found: 297.0615. 

 

 

2-Methyl-1-(naphthalen-1-yl)-2-(phenylsulfonyl)propan-1-ol (2ah): 

White solid, 90% yield, 43% ee, m.p. 218.8-221.9 ℃; [α]20
D = -48.4 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 210 nm; tR1 

= 57.71 min (minor), tR2 = 71.18 min (major). 1H NMR (400 MHz, CDCl3) δ 8.05 – 

8.00 (m, 2H), 7.88 – 7.71 (m, 2H), 7.66 (t, J = 7.6 Hz, 2H), 7.51 (t, J = 8.0 Hz, 1H), 

7.46 – 7.37 (m, 2H), 6.41 (s, 1H), 4.07 (s, 1H), 1.52 (s, 3H), 0.83 (s, 3H). 13C NMR 
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(100 MHz, CDCl3) δ 135.0, 134.3, 134.2, 133.4, 131.5, 130.6, 129.1, 128.9, 128.8, 

126.1, 125.8, 125.4, 125.2, 68.0, 67.6, 21.6, 14.4. HRMS (ESI) calcd for C20H21O3S 

[M+H]+: 341.1206 found: 241.1208. 

 

 

Phenyl(1-(phenylsulfonyl)cyclopentyl)methanol (2ai): 

White solid, 91% yield, 80% ee, m.p. 88.2-90.8 ℃; [α]20
D = +18.4 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 210 nm; tR1 

= 22.08 min (minor), tR2 = 46.31 min (major). 1H NMR (400 MHz, CDCl3) δ 8.06 – 

7.97 (m, 2H), 7.77 – 7.69 (m, 1H), 7.67 – 7.58 (m, 2H), 7.26 (s, 5H), 5.11 (s, 1H), 4.50 

(s, 1H), 2.46 (t, J = 6.8 Hz, 2H), 2.09 – 1.96 (m, 1H), 1.55 – 1.47 (m, 1H), 1.38 – 1.28 

(m, 3H), 0.33 – 0.18 (m, 1H). 13C NMR (100 MHz, CDCl3) δ 137.9, 135.6, 134.1, 130.3, 

129.1, 128.3, 128.1, 127.9, 76.9, 74.2, 32.6, 26.1, 25.9, 25.5. HRMS (ESI) calcd for 

C18H21O3S [M+H]+: 317.1206, found: 317.1205. 

 

5. General procedure for gram-scale reaction and functional group 

transformations 

Gram-scale reaction 

 

Under argon atmosphere, Mn(CO)5Br (0.02 mmol), L1 (0.022 mmol), degassed 

toluene (2 mL) was added into a tube and the mixture was heated to reflux for 10 h. 

The mixture was cooled to room temperature and concentrated to dryness, then 2 mL 

of degassed dried iPrOH was added to the crude Mn-L1 complex. Under an argon 

atmosphere, a vial was charged with a solution of Mn-L1 complex in iPrOH (0.5 mL, 

0.005 mmol), CH3COONa (0.1 mmol), 1a (5 mmol) and 15 mL of degassed dried 

iPrOH. The vial was placed in an alloy plate which was then placed into the autoclave. 

And the autoclave was purged five times with hydrogen, then pressurized to 6 MPa, 
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stirred at 70 ℃ for 24 h. After slowly releasing the hydrogen pressure, the solvent was 

removed, and the mixture was purified by passing through a short column of silica gel 

to afford the corresponding alcohol 2a with 1.84 g, 90% yield in 93% ee. 

Functional group transformations 

(1) The synthesis of 3a 

 

Under N2 atmosphere, a solution of 2a (1 mmol), PhB(OH)2 (1.25 mmol), Pd(PPh3)4 

(0.05 mmol) and K2CO3 (2 mmol) in a mixture solvents of toluene: EtOH: H2O (10 mL: 

2 mL: 2 mL) was stirred at 110 ℃ for 6 h. The solvent was removed under vacuum and 

20 mL water and 15 mL DCM were added, organic layer was combined and dried by 

anhydrous sodium sulfate. The reaction mixture was filtered and concentrated to get 

the crude product 3a. The crude product 3a was purified by column chromatography 

on silica gel to get white solid, 87% yield, 93% ee. 

 

 

1-([1,1'-Biphenyl]-2-yl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (3a): 

White solid, 87% yield, 93% ee, m.p. 172.9-175.6 ℃; [α]20
D = +33.4 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 210 nm; tR1 

= 21.42 min (minor), tR2 = 45.66 min (major). 1H NMR (400 MHz, CDCl3) δ 7.74 (d, J 

= 7.6 Hz, 1H), 7.68 – 7.61 (m, 2H), 7.57 (t, J = 7.2 Hz, 1H), 7.45 – 7.36 (m, 3H), 7.34 

– 7.29 (m, 1H), 7.18 – 7.09 (m, 4H), 7.08 – 7.00 (m, 2H), 5.38 (s, 1H), 4.35 (s, 1H), 

1.56 (s, 3H), 0.58 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 142.0, 140.9, 135.1, 134.0, 

133.8, 130.1, 129.9, 129.0, 128.8, 128.1, 128.1, 128.0, 127.3, 126.8, 69.2, 67.9, 20.9, 

12.7. HRMS (ESI) calcd for C22H23O3S [M+H]+: 367.1362, found: 367.1358. 
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(2) The synthesis of 5a 

 

Under N2 atmosphere, NaH (2 mmol) was added to a solution of 2a (1 mmol) in 10 

mL dry THF at 0 ℃, then the mixture was stirred at room temperature for 1 h. Next, 

allyl bromide (2 mmol) was added at 0 ℃ and the mixture was stirred at room 

temperature for another 5 h. The solvent was removed under vacuum and 20 mL water 

and 15 mL DCM were added, organic layer was combined and dried by anhydrous 

sodium sulfate. The reaction mixture was filtered and concentrated to get the crude 

product 4a. The crude product 4a was purified by column chromatography on silica gel 

to get a white solid, 0.389 mg, 95% yield, 89% ee. 

Under N2 atmosphere, a solution of 4a (0.5 mmol), Pd(PPh3)4 (0.025 mmol), K2CO3 

(1 mmol) in MeCN was stirred at 80 ℃ for 6 h. The reaction mixture was filtered and 

concentrated to get the crude product 5a. The crude product 5a was purified by column 

chromatography on silica gel to get a white solid, 107 mg, 65% yield, 89% ee.  

 

 

1-(1-(Allyloxy)-2-methyl-2-(phenylsulfonyl)propyl)-2-bromobenzene (4a): 

White solid, 95% yield, 89% ee, m.p. 157.6-160.3 ℃; [α]20
D = +28.6 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak AD-H column, hexane: isopropanol = 

98:2; flow rate = 0.5 mL/min; column temperature 25 ℃; UV detection at 210 nm; tR1 

= 41.19 min (major), tR2 = 43.72 min (minor). 1H NMR (600 MHz, CDCl3) δ 7.98 – 

7.92 (m, 2H), 7.63 – 7.58 (m, 1H), 7.57 – 7.53 (m, 1H), 7.53 – 7.49 (m, 2H), 7.35 – 

7.32 (m, 1H), 7.31 – 7.27 (m, 1H), 7.18 – 7.14 (m, 1H), 5.60 – 5.49 (m, 2H), 5.00 – 

4.90 (m, 2H), 3.72 – 3.66 (m, 1H), 3.60 – 3.53 (m, 1H), 1.43 (d, J = 1.2 Hz, 1H), 1.25 

(d, J = 1.8 Hz, 1H). 13C NMR (150 MHz, CDCl3) δ 138.8, 136.8, 133.6, 133.1, 133.0, 

130.1, 129.8, 129.3, 128.4, 127.4, 125.6, 116.7, 79.2, 69.4, 19.0, 16.6. HRMS (ESI) 

calcd for C19H22BrO3S [M+H]+: 409.0468, found: 409.0467. 
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4-Methylene-1-(2-(phenylsulfonyl)propan-2-yl)isochromane (5a): 

White solid, 65% yield, 89% ee, m.p. 166.2-169.8 ℃; [α]20
D = +45.9 (c = 0.5, CH2Cl2). 

The ee was determined by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 210 nm; tR1 

= 18.40 min (major), tR2 = 21.83 min (minor). 1H NMR (400 MHz, CDCl3) δ 8.02 – 

7.95 (m, 2H), 7.65 – 7.60 (m, 1H), 7.56 – 7.49 (m, 3H), 7.34 – 7.24 (m, 2H), 7.15 (dd, 

J = 7.2, 1.2 Hz, 1H), 5.46 (s, 1H), 5.34 (s, 1H), 4.88 (s, 1H), 4.16 (s, 2H), 1.41 (s, 3H), 

1.09 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 139.1, 138.8, 134.4, 133.0, 132.1, 130.7, 

128.1, 127.9, 127.6, 127.4, 124.5, 108.2, 77.9, 70.8, 66.9, 20.7, 17.5. HRMS (ESI) calcd 

for C19H21O3S [M+H]+: 329.1206, found: 329.1201. 
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7. Copies of NMR spectra 

(Rc, Sp)-N-2-Picolyl-1-(2-diphenylphosphino)ferrocenylethylamine (L1) 
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(Rc, Sp)-N-2-(6-Methyl-picolyl)-1-(2-diphenylphosphino)ferrocenylethylamine 

(L2) 
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(Rc, Sp)-N-2-(3-Diphenylmethyl-picolyl)-1-(2-Diphenylphosphino)ferrocenyl-

ethylamine (L3) 
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(Rc, Sp)-N-((1H-Benzo[d]imidazol-2-yl)methyl)-1-(-2-diphenylphosphino)-

ferrocenylethylamine (L4) 
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 44 

(Rc, Sp)-N-((1,2,5,6-Tetramethyl-1H-benzo[d]imidazol-2-yl)methyl)-1-(-2-

diphenylphosphino)-ferrocenylethylamine (L5) 
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(Rc, Sp)-N-((1,2-Dimethyl-4-phenyl-1H-benzo[d]imidazol-2-yl)methyl)-1-(-2-

diphenylphosphino)-ferrocenylethylamine (L6) 

 

 

 

 

 



 47 

 

 

 

 

  



 48 

1-(2-Bromophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-one (1a): 
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1-(2-Bromophenyl)-2-methyl-2-tosylpropan-1-one (1b): 
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1-(2-Bromophenyl)-2-((4-(tert-butyl)phenyl)sulfonyl)-2-methylpropan-1-one (1c): 
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1-(2-Bromophenyl)-2-((4-methoxyphenyl)sulfonyl)-2-methyl-propan-1-one (1d): 
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1-(2-Bromophenyl)-2-((4-fluorophenyl)sulfonyl)-2-methylpropan-1-one (1e): 
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1-(2-Bromophenyl)-2-methyl-2-((4-(trifluoromethyl)phenyl)sulfonyl)propan-1-

one (1f): 
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1-(2-Bromophenyl)-2-methyl-2-((4-nitrophenyl)sulfonyl)propan-1-one (1g): 
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1-(2-Bromophenyl)-2-((2-bromophenyl)sulfonyl)-2-methylpropan-1-one (1h): 
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1-(2-Bromophenyl)-2-((3-fluorophenyl)sulfonyl)-2-methylpropan-1-one (1i): 

 

 

 

 



 59 

 

 

  



 60 

1-(2-Bromophenyl)-2-methyl-2-(naphthalen-2-ylsulfonyl)propan-1-one (1j): 
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1-(2-Bromophenyl)-2-methyl-2-(pyridin-3-ylsulfonyl)propan-1-one (1k): 
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1-(2-Bromophenyl)-2-methyl-2-(thiophen-2-ylsulfonyl)propan-1-one (1l): 
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1-(2-Bromophenyl)-2-methyl-2-(methylsulfonyl)propan-1-one (1m): 
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(2-Bromophenyl)(1-(phenylsulfonyl)cyclopentyl)methanone (1n): 
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1-(2-Bromophenyl)-2-(phenylsulfonyl)ethan-1-one (1o): 
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2-Methyl-1-phenyl-2-(phenylsulfonyl)propan-1-one (1p): 
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2-Methyl-2-(phenylsulfonyl)-1-(o-tolyl)propan-1-one (1q): 
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1-(2-Methoxyphenyl)-2-methyl-2-(phenylsulfonyl)propan-1-one (1r): 
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2-Methyl-2-(phenylsulfonyl)-1-(2-(trifluoromethyl)phenyl)propan-1-one (1s): 
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1-(2-Fluorophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-one (1t): 
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2-Methyl-2-(phenylsulfonyl)-1-(m-tolyl)propan-1-one (1u): 
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1-(3-Methoxyphenyl)-2-methyl-2-(phenylsulfonyl)propan-1-one (1v): 
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1-(3-Bromophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-one (1w): 
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2-Methyl-2-(phenylsulfonyl)-1-(p-tolyl)propan-1-one (1x): 
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1-(4-methoxyphenyl)-2-methyl-2-(phenylsulfonyl)propan-1-one (1y): 
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1-(4-Fluorophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-one (1z): 
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2-Methyl-2-(phenylsulfonyl)-1-(4-(trifluoromethyl)phenyl)propan-1-one (1aa): 
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1-(4-Bromophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-one (1ab): 
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1-(3,4-Dimethoxyphenyl)-2-methyl-2-(phenylsulfonyl)propan-1-one (1ac): 
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1-(2,4-Dichlorophenyl)-2-methyl-2-(phenylsulfonyl)-propan-1-one (1ad)： 

 

 

 

 

 

  



 85 

1-(4-Fluoro-2-iodophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-one (1ae) 
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2-Methyl-2-(phenylsulfonyl)-1-(pyridin-2-yl)propan-1-one (1af)： 
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2-Methyl-2-(phenylsulfonyl)-1-(thiophen-2-yl)propan-1-one (1ag): 
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2-Methyl-1-(naphthalen-1-yl)-2-(phenylsulfonyl)propan-1-one (1ah): 
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Phenyl(1-(phenylsulfonyl)cyclopentyl)methanone (1ai): 
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1-(2-Bromophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2a): 
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1-(2-Bromophenyl)-2-methyl-2-tosylpropan-1-ol (2b): 

 

 

 

 

 

 



 93 

1-(2-Bromophenyl)-2-((4-(tert-butyl)phenyl)sulfonyl)-2-methylpropan-1-ol (2c): 
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1-(2-Bromophenyl)-2-((4-methoxyphenyl)sulfonyl)-2-methylpropan-1-ol (2d): 
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1-(2-Bromophenyl)-2-((4-fluorophenyl)sulfonyl)-2-methylpropan-1-ol (2e): 
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1-(2-Bromophenyl)-2-methyl-2-((4-(trifluoromethyl)phenyl)sulfonyl)propan-1-ol 

(2f):  
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1-(2-Bromophenyl)-2-methyl-2-((4-nitrophenyl)sulfonyl)-propan-1-ol (2g): 
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1-(2-Bromophenyl)-2-((2-bromophenyl)sulfonyl)-2-methylpropan-1-ol (2h): 
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1-(2-Bromophenyl)-2-((3-fluorophenyl)sulfonyl)-2-methylpropan-1-ol (2i): 
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1-(2-Bromophenyl)-2-methyl-2-(naphthalen-2-ylsulfonyl)propan-1-ol (2j): 
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1-(2-Bromophenyl)-2-methyl-2-(pyridin-3-ylsulfonyl)propan-1-ol (2k): 
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1-(2-Bromophenyl)-2-methyl-2-(thiophen-2-ylsulfonyl)propan-1-ol (2l): 
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1-(2-Bromophenyl)-2-methyl-2-(methylsulfonyl)propan-1-ol (2m): 
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(2-Bromophenyl)(1-(phenylsulfonyl)cyclopentyl)methanol (2n): 
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1-(2-Bromophenyl)-2-(phenylsulfonyl)ethan-1-ol (2o)： 
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2-Methyl-1-phenyl-2-(phenylsulfonyl)propan-1-ol (2p): 
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2-Methyl-2-(phenylsulfonyl)-1-(o-tolyl)propan-1-ol (2q): 
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1-(2-Methoxyphenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2r): 
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2-Methyl-2-(phenylsulfonyl)-1-(2-(trifluoromethyl)phenyl)propan-1-ol (2s): 
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1-(2-Fluorophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2t): 

 

 

 

 

 

 



 115 

 

 

 

  



 116 

2-Methyl-2-(phenylsulfonyl)-1-(m-tolyl)propan-1-ol (2u): 
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1-(3-Methoxyphenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2v): 
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1-(3-Bromophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2w): 
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2-Methyl-2-(phenylsulfonyl)-1-(p-tolyl)propan-1-ol (2x): 
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1-(4-Methoxyphenyl)-2-methyl-2-(phenylsulfonyl)-propan-1-ol (2y): 
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1-(4-Fluorophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2z): 
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2-Methyl-2-(phenylsulfonyl)-1-(4-(trifluoromethyl)phenyl)propan-1-ol (2aa): 
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1-(4-Bromophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2ab): 
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1-(3,4-Dimethoxyphenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2ac): 
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1-(2,4-Dichlorophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2ad): 
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1-(4-Fluoro-2-iodophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2ae): 
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2-Methyl-2-(phenylsulfonyl)-1-(pyridin-2-yl)propan-1-ol (2af): 
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2-Methyl-2-(phenylsulfonyl)-1-(thiophen-2-yl)propan-1-ol (2ag): 

 

 

2-Methyl-1-(naphthalen-1-yl)-2-(phenylsulfonyl)propan-1-ol (2ah): 
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Phenyl(1-(phenylsulfonyl)cyclopentyl)methanol (2ai): 
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1-([1,1'-Biphenyl]-2-yl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (3a): 

 

 

 

 

 

 



 135 

 

1-(1-(Allyloxy)-2-methyl-2-(phenylsulfonyl)propyl)-2-bromobenzene (4a): 
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4-Methylene-1-(2-(phenylsulfonyl)propan-2-yl)isochromane (5a):
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8. Copies of HPLC charts 

1-(2-Bromophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2a): 

 

 

 

1-(2-Bromophenyl)-2-methyl-2-tosylpropan-1-ol (2b): 



 138 

 

 

 

 

 

 

 

1-(2-Bromophenyl)-2-((4-(tert-butyl)phenyl)sulfonyl)-2-methylpropan-1-ol (2c): 
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1-(2-Bromophenyl)-2-((4-methoxyphenyl)sulfonyl)-2-methylpropan-1-ol (2d): 
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1-(2-Bromophenyl)-2-((4-fluorophenyl)sulfonyl)-2-methylpropan-1-ol (2e): 
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1-(2-Bromophenyl)-2-methyl-2-((4-(trifluoromethyl)phenyl)sulfonyl)propan-1-ol 

(2f):  
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1-(2-Bromophenyl)-2-methyl-2-((4-nitrophenyl)sulfonyl)-propan-1-ol (2g): 
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1-(2-Bromophenyl)-2-((2-bromophenyl)sulfonyl)-2-methylpropan-1-ol (2h): 
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1-(2-Bromophenyl)-2-((3-fluorophenyl)sulfonyl)-2-methylpropan-1-ol (2i): 
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1-(2-Bromophenyl)-2-methyl-2-(naphthalen-2-ylsulfonyl)propan-1-ol (2j): 

 

 

 

 



 147 

1-(2-Bromophenyl)-2-methyl-2-(pyridin-3-ylsulfonyl)propan-1-ol (2k): 
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1-(2-Bromophenyl)-2-methyl-2-(thiophen-2-ylsulfonyl)propan-1-ol (2l): 
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1-(2-Bromophenyl)-2-methyl-2-(methylsulfonyl)propan-1-ol (2m): 
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(2-Bromophenyl)(1-(phenylsulfonyl)cyclopentyl)methanol (2n): 
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1-(2-Bromophenyl)-2-(phenylsulfonyl)ethan-1-ol (2o)： 

 

 

 

 

 

 



 152 

2-Methyl-1-phenyl-2-(phenylsulfonyl)propan-1-ol (2p): 
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2-Methyl-2-(phenylsulfonyl)-1-(o-tolyl)propan-1-ol (2q): 
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1-(2-Methoxyphenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2r): 
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2-Methyl-2-(phenylsulfonyl)-1-(2-(trifluoromethyl)phenyl)propan-1-ol (2s): 
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1-(2-Fluorophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2t): 
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2-Methyl-2-(phenylsulfonyl)-1-(m-tolyl)propan-1-ol (2u): 
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1-(3-Methoxyphenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2v): 
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1-(3-Bromophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2w): 
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2-Methyl-2-(phenylsulfonyl)-1-(p-tolyl)propan-1-ol (2x): 
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1-(4-Methoxyphenyl)-2-methyl-2-(phenylsulfonyl)-propan-1-ol (2y): 
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1-(4-Fluorophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2z): 
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2-Methyl-2-(phenylsulfonyl)-1-(4-(trifluoromethyl)phenyl)propan-1-ol (2aa): 

 

 

 

 



 164 

1-(4-Bromophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2ab): 
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1-(3,4-Dimethoxyphenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2ac): 
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1-(2,4-Dichlorophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2ad): 
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1-(4-Fluoro-2-iodophenyl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (2ae): 
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2-Methyl-2-(phenylsulfonyl)-1-(pyridin-2-yl)propan-1-ol (2af): 
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2-Methyl-2-(phenylsulfonyl)-1-(thiophen-2-yl)propan-1-ol (2ag): 
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2-Methyl-1-(naphthalen-1-yl)-2-(phenylsulfonyl)propan-1-ol (2ah): 
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Phenyl(1-(phenylsulfonyl)cyclopentyl)methanol (2ai): 
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1-([1,1'-Biphenyl]-2-yl)-2-methyl-2-(phenylsulfonyl)propan-1-ol (3a): 
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1-(1-(Allyloxy)-2-methyl-2-(phenylsulfonyl)propyl)-2-bromobenzene (4a): 
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4-Methylene-1-(2-(phenylsulfonyl)propan-2-yl)isochromane (5a): 

 

 

 

 

 


