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1. General Information  

Unless otherwise noted, all reagents and solvents were purchased from commercial 

suppliers and used without further purification. NMR spectra were recorded on Bruker 

ADVANCE III (400 MHz) spectrometers for 1H NMR and 13C NMR. CDCl3 was the 

solvent used for the NMR analysis, with tetramethylsilane as the internal standard. 

Chemical shifts were reported upfield to TMS (0.00 ppm) for 1H NMR and relative to 

CDCl3 (77.3 ppm) for 
13C NMR. Optical rotation was determined using a Perkin Elmer 

343 polarimeter. HPLC analysis was conducted on an Agilent 1260 Series instrument. 

Column Chromatography was performed with silica gel Merck 60 (300-400 mesh). All 

new products were further characterized by HRMS. A positive ion mass spectrum of 

sample was acquired on a Thermo LTQ-FT mass spectrometer with an electrospray 

ionization source. 

 

2. General procedure for the synthesis of a-Substituted b-keto Sulfonamides 

 

Preparation of III according to the literature [1]: 

To a solution of amine (I, 10 mmol) dissolved in 20 mL of CH2Cl2 was added 

triethyl amine (1.01g, 10 mmol) at -20 ÁC. Then sulfonyl chloride (II, 15 mmol) was 

added slowly at -20 ÁC. After stirring for 6 h from -20 ÁC to room temperature, aqueous 

NH4Cl solution (3 mL) was added to reaction mixture. The solution was extracted with 

CH2Cl2 (3Ĭ10 mL) and the combined organic phase was washed with H2O (3Ĭ10 mL) 

and brine and dried over Na2SO4, filtered and concentrated under vacuum. The residue 

was purified by chromatography on silica gel using hexanes-ethyl acetate (10:1) as 

eluant to give the sulfonamide (III). 

 

1-(methylsulfonyl) piperidine:  

White solid, 2.6g, 75% yield; 1H NMR (400 MHz, CDCl3) ŭ 3.28 ï 3.11 (m, 4H), 2.77 

(s, 3H), 1.74 ï 1.66 (m, 4H), 1.63 ï 1.52 (m, 2H). 13C NMR (101 MHz, CDCl3) ŭ 46.77, 

34.31, 25.35, 23.68; ESI-HRMS Calculated for C6H14NO2S
+ ([M+H]+): 164.0740, 

found: 164.0737. 

 

 

1-(ethylsulfonyl) piperidine:  
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Colorless oil, 7.6g, 80% yield; 1H NMR (400 MHz, CDCl3) ŭ 3.18 (m, 4H), 2.94 ï 2.82 

(q, 2H), 1.65 ï 1.45 (m, 6H), 1.36 ï 1.24 (t, 3H). 13C NMR (101 MHz, CDCl3) ŭ 46.67, 

43.65, 25.73, 23.82, 7.84; ESI-HRMS Calculated for C7H16NO2S
+ ([M+H]+): 178.0896, 

found: 178.0898. 

 

 

4-(ethylsulfonyl) morpholine  

White solid, 1.4g, 70% yield; 1H NMR (400 MHz, CDCl3) ŭ 3.86 ï 3.68 (m, 4H), 3.29 

(m, 4H), 2.97 (q, J = 7.4 Hz, 2H), 1.40 (t, J = 7.4 Hz, 3H). 13C NMR (101 MHz, CDCl3) 

ŭ 66.67, 45.88, 43.46, 7.73; ESI-HRMS Calculated for C6H14NO3S
+ ([M+H]+): 

180.0689, found: 180.0692. 

 

 

1-(ethylsulfonyl) pyrrolidine:  

Colorless oil, 1.8g, 78% yield; 1H NMR (400 MHz, CDCl3) ŭ 3.37 (m, 4H), 3.02 (q, J 

= 7.4 Hz, 2H), 2.00 ï 1.89 (m, 4H), 1.38 (t, J = 7.4 Hz, 3H). 13C NMR (101 MHz, 

CDCl3) ŭ 47.77, 44.04, 25.92, 8.00; ESI-HRMS Calculated for C6H14NO2S
+ ([M+H]+): 

164.0740, found: 164.0735. 

 

 

N, N-dimethylethanesulfonamide 

Colorless oil, 1.5g, 76% yield; 1H NMR (400 MHz, CDCl3) ŭ 2.95 (q, J = 7.4 Hz, 

2H), 2.87 (s, 6H), 1.34 (t, J = 7.4 Hz, 3H); 13C NMR (101 MHz, CDCl3) ŭ 42.84, 

37.57, 7.82. 

 

Preparation of V (1a-1o): 

 
A solution of sulfamide (10 mmol) in 20 ml of dry tetrahydrofuran at -78 ÁC was 

treated dropwise with 11 mmol n-BuLi (2.5 M) in hexanes. The reaction mixture was 

stirred in an ice bath for 1 h and then cooled again to -78 ÁC. Then 12 mmol benzoate 

was added dropwise and stirred at room temperature for 16h. The mixture was 

concentrated and the residue was treated with 1N HCl (until pH~3), diluted with 10 ml 

water, and extracted with ethyl acetate. The organic layer was washed with brine, dried 

over Na2SO4, and concentrated under vacuum. The residue was purified by 
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chromatography on silica gel using hexanes-ethyl acetate (8:1) as eluant to give the 

target compound.2 

 

 

Intermediate VI (1 eq.), VII (1.1 eq.) and p-TsOH (0.1 eq.) were dissolved in 

anhydrate CH3CN and stirred at 60 ÁC for 6 h. After the reaction was completed 

(monitored by TLC), 20 mL H2O was added. The solution was extracted with ethyl 

acetate (3Ĭ10 mL) and the combined organic phase was washed with H2O (3Ĭ10 mL) 

and brine and dried over Na2SO4, filtered and concentrated under vacuum. The residue 

was purified by chromatography on silica gel using hexanes-ethyl acetate (5:1) as eluant 

to give the product. 

 

 

2-bromo-1-phenylpropan-1-one (1 eq.) and PhSO2Na (1.2 eq.) were dissolved in 

DMF and heated at 40 ÁC. When TLC showed the reaction was completed, H2O and 

ethyl acetate were added and the reaction mixture was washed with H2O for three times 

and brine for one time. The organic layer was dried over Na2SO4, filtered and 

concentrated under vacuum. The residue was purified by chromatography on silica gel 

using hexanes-ethyl acetate (10:1) as eluant to give the product.3 

 

 

1-phenyl-2-(piperidin-1-ylsulfonyl) ethan-1-one:  

White solid, 3.2g, 78% yield; 1H NMR (400 MHz, CDCl3) ŭ 8.08 ï 8.00 (m, 2H), 7.68 

ï 7.60 (m, 1H), 7.51 (dd, J = 10.6, 4.8 Hz, 2H), 4.55 (s, 2H), 3.39 ï 3.22 (m, 4H), 1.60 

(m, 6H). 13C NMR (101 MHz, CDCl3) ŭ 189.50, 135.87, 134.35, 129.49, 128.89, 57.36, 

47.10, 25.66, 23.67; ESI-HRMS Calculated for C13H18NO3S
+ ([M+H]+): 268.1002, 

found: 268.1006. 
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1-phenyl-2-(piperidin-1-ylsulfonyl) propan-1-one (1a) 

White solid, 2.5g, 78% yield; 1H NMR (400 MHz, CDCl3) ŭ 8.11 ï 7.99 (m, 2H), 7.68 

ï 7.57 (m, 1H), 7.55 ï 7.46 (m, 2H), 5.13 (q, J = 6.9 Hz, 1H), 3.26 (m, J = 12.4 Hz, 4H), 

1.65 (d, J = 6.9 Hz, 3H), 1.55 (m, 6H). 13C NMR (101 MHz, CDCl3) ŭ 193.47, 136.21, 

134.03, 129.17, 128.82, 62.82, 47.94, 26.12, 23.77, 13.42; ESI-HRMS Calculated for 

C14H20NO3S
+ ([M+H]+): 282.1158, found: 282.1153. 

 

 

1-(4-methoxyphenyl)-2-(piperidin-1-ylsulfonyl) propan-1-one (1b) 

White solid, 0.48g, 72% yield; 1H NMR (400 MHz, CDCl3) ŭ 8.30 ï 7.88 (m, 2H), 7.17 

ï 6.77 (m, 2H), 5.07 (q, J = 6.9 Hz, 1H), 3.89 (s, 3H), 3.28 (m, 4H), 1.63 (d, J = 6.9 Hz, 

3H), 1.55 (m, 6H). 13C NMR (101 MHz, CDCl3) ŭ 191.60, 164.30, 131.71, 129.20, 

114.01, 62.74, 55.63, 47.97, 26.15, 23.81, 13.45. ESI-HRMS Calculated for 

C15H22NO4S
+ ([M+H]+): 312.1264, found: 312.1267. 

 

 

1-(4-fluorophenyl)-2-(piperidin-1-ylsulfonyl) propan-1-one (1c) 

White solid, 0.41g, 71% yield; 1H NMR (400 MHz, CDCl3) ŭ 8.18 ï 8.03 (m, 2H), 7.18 

(t, J = 8.6 Hz, 2H), 5.08 (q, J = 6.9 Hz, 1H), 3.28 (m, 4H), 1.64 (d, J = 6.9 Hz, 3H), 

1.57 (m, 6H). 13C NMR (101 MHz, CDCl3) ŭ 191.89, 167.55, 165.00, 132.65, 132.62, 

132.11, 132.02, 116.10, 115.89, 63.05, 48.03, 26.14, 23.76, 13.32; ESI-HRMS 

Calculated for C14H19FNO3S
+ ([M+H] +): 300.1064, found: 300.1059. 

 

 

1-(4-chlorophenyl)-2-(piperidin-1-ylsulfonyl) propan-1-one (1d) 

White solid, 0.45g, 75% yield; 1H NMR (400 MHz, CDCl3) ŭ 7.99 (d, J = 8.6 Hz, 2H), 

7.48 (d, J = 8.6 Hz, 2H), 5.06 (q, J = 6.9 Hz, 1H), 3.29 (m, 4H), 1.64 (d, J = 6.9 Hz, 

3H), 1.57 (m, 6H). 13C NMR (101 MHz, CDCl3) ŭ 192.35, 140.70, 140.43, 134.51, 

130.66, 129.14, 63.13, 48.06, 26.14, 23.76, 13.28; ESI-HRMS Calculated for 

C14H19ClNO3S
+ ([M+H]+): 316.0769, found: 316.0766. 
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1-(4-bromophenyl)-2-(piperidin-1-ylsulfonyl) propan-1-one (1e) 

White solid, 0.4g, 72% yield; 1H NMR (400 MHz, CDCl3) ŭ 7.99 (d, J = 8.6 Hz, 2H), 

7.48 (d, J = 8.6 Hz, 2H), 5.06 (q, J = 6.9 Hz, 1H), 3.29 (m, 4H), 1.64 (d, J = 6.9 Hz, 

3H), 1.57 (m, 6H). 13C NMR (101 MHz, CDCl3) ŭ 192.57, 134.92, 132.14, 130.71, 

129.54, 63.12, 48.06, 26.14, 23.76, 13.27; ESI-HRMS Calculated for C14H19BrNO3S
+ 

([M+H]+): 360.0264, found: 360.0259. 

 

 

2-(piperidin-1-ylsulfonyl)-1-(4-(trifluoromethyl) phenyl) propan-1-one (1f) 

White solid, 0.43g, 76% yield; 1H NMR (400 MHz, CDCl3) ŭ 8.09 (dd, J = 8.9, 5.3 Hz, 

2H), 7.18 (t, J = 8.6 Hz, 2H), 5.07 (q, J = 6.9 Hz, 1H), 3.27 (m, 4H), 1.64 (d, J = 6.9 

Hz, 3H), 1.57 (m, 6H). 13C NMR (101 MHz, CDCl3) ŭ 191.89, 167.56, 165.00, 132.65, 

132.62, 132.11, 132.02, 116.11, 115.89, 77.39, 77.07, 76.75, 63.07, 48.03, 26.14, 23.76, 

13.32; ESI-HRMS Calculated for C15H19F3NO3S
+ ([M+H]+): 350.1032, found: 

350.1026. 

 

 

1-(3-chlorophenyl)-2-(piperidin-1-ylsulfonyl) propan-1-one (1g)  

White solid, 0.4g, 72% yield; 1H NMR (400 MHz, CDCl3) ŭ 7.62 ï 7.56 (m, 1H), 7.47 

ï 7.40 (m, 2H), 7.37 (ddd, J = 7.6, 6.0, 2.7 Hz, 1H), 5.02 (q, J = 6.9 Hz, 1H), 3.33 (m, 

4H), 1.68 (d, J = 6.9 Hz, 3H), 1.58 (m, 6H). 13C NMR (101 MHz, CDCl3) ŭ 196.63, 

138.82, 132.50, 130.76, 130.39, 130.31, 127.21, 66.49, 47.84, 26.12, 23.77; ESI-HRMS 

Calculated for C14H19ClNO3S
+ ([M+H]+): 316.0769, found: 316.0764. 

 

 

2-(piperidin-1-ylsulfonyl)-1-(thiophen-2-yl) propan-1-one (1h)  

White solid, 0.38g, 70%yield; 1H NMR (400 MHz, CDCl3) ŭ 7.89 (dd, J = 3.9, 1.0 Hz, 

1H), 7.76 (dd, J = 4.9, 1.1 Hz, 1H), 7.19 (dd, J = 4.9, 3.9 Hz, 1H), 4.88 (q, J = 7.0 Hz, 

1H), 3.30 (m, 4H), 1.66 (d, J = 7.0 Hz, 3H), 1.56 (m, 6H). 13C NMR (101 MHz, CDCl3) 

ŭ 185.70, 143.55, 135.93, 134.49, 128.71, 64.86, 47.96, 26.12, 23.76, 13.31; ESI-

HRMS Calculated for C12H18NO3S2
+ ([M+H]+): 288.0723, found: 288.0717. 
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1-(naphthalen-2-yl)-2-(piperidin-1-ylsulfonyl) propan-1-one (1i)  

White solid, 0.51g, 76% yield; 1H NMR (400 MHz, CDCl3) ŭ 8.59 (s, 1H), 8.11 ï 7.97 

(m, 2H), 7.91 (dd, J = 14.7, 8.4 Hz, 2H), 7.69 ï 7.54 (m, 2H), 5.30 (q, J = 6.9 Hz, 1H), 

3.29 (m, 4H), 1.71 (d, J = 6.9 Hz, 3H), 1.55 (m, 6H). 13C NMR (101 MHz, CDCl3) ŭ 

193.40, 193.38, 137.64, 135.94, 134.63, 133.51, 132.41, 131.66, 131.61, 130.01, 

129.73, 129.19, 128.88, 128.76, 127.80, 127.07, 127.03, 124.20, 121.53, 63.09, 48.04, 

26.16, 23.79, 13.57; ESI-HRMS Calculated for C18H22NO3S
+ ([M+H]+): 332.1315, 

found: 332.1308. 

 

 

1-phenyl-2-(pyrrolidin-1-ylsulfonyl) propan-1-one (1j)  

White solid, 0.48g, 74% yield; 1H NMR (400 MHz, CDCl3) ŭ 8.08 ï 8.01 (m, 2H), 7.67 

ï 7.60 (m, 1H), 7.55 ï 7.48 (m, 2H), 5.17 (q, J = 6.9 Hz, 1H), 3.42 ï 3.33 (m, 4H), 1.87 

ï 1.78 (m, 4H), 1.70 (d, J = 6.9 Hz, 3H). 13C NMR (101 MHz, CDCl3) ŭ 193.61, 136.29, 

134.02, 129.07, 128.85, 63.02, 48.90, 47.77, 44.08, 25.93, 25.73, 13.52, 8.01; ESI-

HRMS Calculated for C13H18NO3S
+ ([M+H]+): 268.1002, found: 268.1006. 

 

 

2-(morpholinosulfonyl)-1-phenylpropan-1-one (1k)  

White solid, 0.48g, 744%yield; 1H NMR (400 MHz, CDCl3) ŭ 8.08 ï 8.00 (m, 2H), 

7.68 ï 7.60 (m, 1H), 7.57 ï 7.48 (m, 2H), 5.16 (q, J = 6.9 Hz, 1H), 3.73 ï 3.61 (m, 4H), 

3.44 ï 3.27 (m, 4H), 1.67 (d, J = 6.9 Hz, 3H). 13C NMR (101 MHz, CDCl3) ŭ 193.28, 

135.97, 134.29, 129.14, 128.95, 66.97, 62.90, 47.14, 13.52; ESI-HRMS Calculated for 

C13H18NO4S
+ ([M+H]+): 284.0951, found: 284.0956. 

 

 

N, N-dimethyl-1-oxo-1-phenylpropane-2-sulfonamide (1l) 

White solid, 0.45g, 87% yield; 1H NMR (400 MHz, CDCl3) ŭ 8.08 ï 8.01 (m, 2H), 7.63 

(t, J = 7.4 Hz, 1H), 7.52 (t, J = 7.7 Hz, 2H), 5.17 (q, J = 7.0 Hz, 1H), 2.89 (s, 6H). 13C 

NMR (101 MHz, CDCl3) ŭ 193.54, 136.13, 134.12, 129.13, 128.87, 62.92, 38.52, 13.62; 

ESI-HRMS Calculated for C11H16NO3S
+ ([M+H]+): 242.0845, found: 242.0847. 
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1-phenyl-2-(phenylsulfonyl) propan-1-one (1m)  

White solid, 0.39g, 93% yield; 1H NMR (400 MHz, CDCl3) ŭ 8.01 ï 7.93 (m, 2H), 7.84 

ï 7.76 (m, 2H), 7.63 (dt, J = 16.1, 7.4 Hz, 2H), 7.50 (dt, J = 17.3, 7.8 Hz, 4H), 5.18 (q, 

J = 6.9 Hz, 1H), 1.58 (d, J = 6.9 Hz, 3H); 13C NMR (101 MHz, CDCl3) ŭ 192.50, 136.16, 

135.97, 134.29, 134.16, 129.85, 129.19, 128.93, 128.81, 64.92, 13.23. 13C NMR (101 

MHz, CDCl3) ŭ 192.50, 136.16, 135.97, 134.29, 134.16, 129.85, 129.19, 128.93, 128.81, 

64.92, 13.23. 

 

 

2-bromo-1-phenyl-2-(piperidin-1-ylsulfonyl) ethan-1-one (1n)  

White solid, 0.54g, 85% yield; 1H NMR (400 MHz, CDCl3) ŭ 7.99 (d, J = 8.6 Hz, 2H), 

7.48 (d, J = 8.6 Hz, 2H), 5.06 (q, J = 6.9 Hz, 1H), 3.29 (m, 4H), 1.64 (d, J = 6.9 Hz, 

3H), 1.57 (m, 6H). 13C NMR (101 MHz, CDCl3) ŭ 187.66, 134.66, 134.23, 129.52, 

129.02, 58.22, 48.99, 26.12, 23.66; ESI-HRMS Calculated for C13H17BrNO3S
+ 

([M+H]+): 346.0107, found: 346.0103 

 

 

2-chloro-1-phenyl-2-(piperidin-1-ylsulfonyl) ethan-1-one (1o)  

White solid, 0.3g, 85% yield; 1H NMR (400 MHz, CDCl3) ŭ 8.04 (d, J = 7.6 Hz, 2H), 

7.66 (t, J = 7.4 Hz, 1H), 7.53 (t, J = 7.7 Hz, 2H), 6.23 (s, 1H), 3.46 (m, 4H), 1.62 (m, 

6H). 13C NMR (101 MHz, CDCl3) ŭ 187.38, 134.72, 134.51, 129.62, 128.96, 70.34, 

48.77, 26.07, 23.64; ESI-HRMS Calculated for C13H17ClNO3S
+ ([M+H]+): 302.0612, 

found: 302.0609. 

 

General procedure of the asymmetric hydrogen transfer reduction 

 

A suspension of ɓ-keto sulfamide (0.16 mmol), (S, S)-RuL*(0.0016 mmol), 5:2 

HCO2H/Et3N (0.2 mL) in anhydrous DMF (1 mL) were stirred under N2 at 60 ÁC for 

12 h until completion according to TLC detection. 5.0 mL water was added to the 

reaction, the mixture was then extracted with ethyl acetate (3Ĭ5mL) threetimes, dried 

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

chromatography (hexanes: ethyl acetate = 1:3). The enantioselectivity of the products 

was determined by HPLC analysis. The racemic samples of diastereomeric mixtures of 

2a-2p for HPLC analysis were prepared following literature procedures. 
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(1R, 2S)-1-phenyl-2-(piperidin-1-ylsulfonyl) propan-1-ol (2a)  

White solid, 21.8mg, 96% yield, 99% ee, dr= 20:1; [Ŭ]D 
20 = 11.6 (c = 1.00, CHCl3); 

The enantiomeric excess was determined by HPLC on Chiralpak AD-H column, hexane: 

isopropanol = 95: 5; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 22.26 min 

(minor), 31.65 min (major), 33.04 min (minor), 37.21 min (minor). 1H NMR (400 MHz, 

CDCl3) ŭ 7.37 ï 7.33 (m, 4H), 7.28 (m, J = 3.0, 2.0 Hz, 1H), 5.46 (s, 1H), 3.38 ï 3.33 

(m, 4H), 3.31 (d, J = 1.8 Hz, 1H), 3.18 (qd, J = 7.1, 1.4 Hz, 1H), 1.67 ï 1.61 (m, 6H), 

1.19 (d, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) ŭ 140.22, 128.46, 127.68, 125.65, 

70.65, 63.07, 47.06, 46.69, 43.70, 26.08, 25.75, 23.87, 23.85, 7.87, 6.81; ESI-HRMS 

Calculated for C14H22NO3S
+ ([M+H]+): 284.1315, found: 284.1311. 

 

 

(1R, 2S)-1-(4-methoxyphenyl)-2-(piperidin-1-ylsulfonyl) propan-1-ol (2b) 

White solid, 23.8 mg, 95% yield, 98% ee, dr= 20:1; [Ŭ]D 
20 = 6.8 (c = 1.00, CHCl3); 

The enantiomeric excess was determined by HPLC on Chiralpak AD-H column, hexane: 

isopropanol = 90: 10; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 21.31 min 

(minor), 27.08 min (major), 30.95 min (minor), 36.62 min (minor). 1H NMR (400 MHz, 

CDCl3) ŭ 7.19 (d, J = 8.6 Hz, 2H), 6.93 ï 6.72 (m, 2H), 4.76 (d, J = 9.1 Hz, 1H), 4.37 

(d, J = 1.0 Hz, 1H), 3.73 (s, 3H), 3.39 ï 3.26 (m, 4H), 3.17 (tt, J = 9.0, 5.8 Hz, 1H), 

1.69 ï 1.46 (m, 6H), 0.85 (d, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) ŭ 159.62, 

132.13, 128.28, 114.00, 73.67, 63.54, 55.32, 47.24, 26.09, 23.84, 12.82; ESI-HRMS 

Calculated for C15H24NO4S
+ ([M+H]+): 314.1421, found: 314.1425. 

 

 

(1R, 2S)-1-(4-fluorophenyl)-2-(piperidin-1-ylsulfonyl) propan-1-ol (2c)  

White solid, 23.1 mg, 95% yield, 99% ee, dr=20:1; [Ŭ]D 
20 = 1.2 (c = 1.00, CHCl3); The 

enantiomeric excess was determined by HPLC on Chiralpak AD-H column, hexane: 

isopropanol = 92: 8; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 17.07 min 

(minor), 20.75 min (major), 23.93 min (minor), 28.36 min (minor). 1H NMR (400 MHz, 

CDCl3) ŭ 7.39 ï 7.28 (m, 2H), 7.12 ï 6.99 (m, 2H), 5.45 (s, 1H), 3.35 (m, J = 5.9, 4.2 

Hz, 4H), 3.27 ï 3.19 (m, 1H), 3.13 (qd, J = 7.1, 1.3 Hz, 1H), 1.67 ï 1.61 (m, 6H), 1.17 

(d, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) ŭ 162.34, 159.89, 134.85, 134.82, 

126.32, 126.24, 114.41, 114.20, 69.14, 61.95, 46.03, 45.65, 42.68, 25.03, 24.71, 24.31, 
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22.80, 6.82, 5.70; ESI-HRMS Calculated for C14H21FNO3S
+ ([M+H]+): 302.1221, 

found: 302.1216. 

 

 

(1R, 2S)-1-(4-chlorophenyl)-2-(piperidin-1-ylsulfonyl) propan-1-ol (2d)  

White solid, 24.2 mg, 95% yield, 98% ee, dr=20:1; [Ŭ]D 
20 = 8.1 (c = 1.00, CHCl3); The 

enantiomeric excess was determined by HPLC on Chiralpak AD-H column, hexane: 

isopropanol = 90: 10; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 15.29 min 

(minor), 17.93 min (major), 21.69 min (minor), 27.00 min (minor). 1H NMR (400 MHz, 

CDCl3) ŭ 7.30 ï 7.21 (m, 4H), 5.38 (s, 1H), 3.35 ï 3.28 (m, 4H), 3.28 (m, 1H), 3.06 

(qd, J = 7.1, 1.3 Hz, 1H), 1.65 ï 1.56 (m, 6H), 1.11 (d, J = 7.1 Hz, 3H). 13C NMR (101 

MHz, CDCl3) ŭ 137.60, 132.38, 127.59, 126.04, 69.15, 61.82, 46.04, 25.03, 22.80, 5.73; 

ESI-HRMS Calculated for C14H21ClNO3S
+ ([M+H]+): 318.0925, found: 318.0919. 

 

 

(1R, 2S)-1-(4-bromophenyl)-2-(piperidin-1-ylsulfonyl) propan-1-ol (2e)  

White solid, 27.2 mg, 94% yield, 99% ee, dr = 20:1; [Ŭ]D 
20 = 9.5 (c = 1.00, CHCl3); 

The enantiomeric excess was determined by HPLC on Chiralpak AD-H column, hexane: 

isopropanol = 90: 10; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 16.54 min 

(minor), 19.40 min (major), 23.41 min (minor), 30.29 min (minor). 1H NMR (400 MHz, 

CDCl3) ŭ 7.42 (d, J = 8.5 Hz, 2H), 7.17 (d, J = 8.3 Hz, 2H), 5.30 (d, J = 51.2 Hz, 1H), 

3.29 (m, 4H), 3.28 (s, 1H), 3.06 (qd, J = 7.1, 1.3 Hz, 1H), 1.59 (dd, J = 9.8, 4.6 Hz, 6H), 

1.10 (d, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) ŭ 139.23, 131.58, 127.44, 121.54, 

70.24, 62.83, 47.09, 26.08, 25.37, 23.85, 6.79; ESI-HRMS Calculated for 

C14H21BrNO3S
+ ([M+H]+): 362.0420, found: 362.0414. 

 

 

(1R, 2S)-2-(piperidin-1-ylsulfonyl)-1-(4-(trifluoromethyl) phenyl) propan-1-ol (2f) 

White solid, 27.2 mg, 96% yield, 99% ee, dr=20:1; [Ŭ]D 
20 = 9.7 (c = 1.00, CHCl3); The 

enantiomeric excess was determined by HPLC on Chiralpak AD-H column, hexane: 

isopropanol = 95: 5; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 23.43 min 

(minor), 26.43 min (major), 33.70 min (minor), 46.38 min (minor). 1H NMR (400 MHz, 

CDCl3) ŭ 7.56 (d, J = 8.2 Hz, 2H), 7.42 (d, J = 8.5 Hz, 2H), 5.46 (s, 1H), 3.38 (d, J = 

1.7 Hz, 1H), 3.34 ï 3.25 (m, 4H), 3.11 (qd, J = 7.1, 1.3 Hz, 1H), 1.64 ï 1.55 (m, 6H), 

1.10 (d, J = 7.1 Hz, 3H).13C NMR (101 MHz, CDCl3) ŭ 144.24, 130.08, 129.76, 126.11, 
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125.48, 125.45, 125.41, 125.37, 122.69, 77.38, 77.27, 77.07, 76.75, 70.34, 62.78, 47.12, 

46.70, 26.07, 25.75, 25.35, 23.83, 6.84; ESI-HRMS Calculated for C15H21F3NO3S
+ 

([M+H]+): 352.1189, found: 352.1183. 

 

 

(1R, 2S)-1-(3-chlorophenyl)-2-(piperidin-1-ylsulfonyl) propan-1-ol (2g)  

White solid, 24.2 mg, 95% yield, 99% ee, dr=20:1; [Ŭ]D 20 = 11.3 (c = 1.00, CHCl3); 

The enantiomeric excess was determined by HPLC on Chiralpak IB column, hexane: 

isopropanol = 97: 3; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 19.20 min 

(major), 23.29 min (minor), 26.76 min (minor), 32.71 min (minor). 1H NMR (400 MHz, 

CDCl3) ŭ 7.29 ï 7.22 (m, 4H), 5.38 (s, 1H), 3.33 ï 3.28 (m, 4H), 3.28 (s, 1H), 3.06 (qd, 

J = 7.1, 1.3 Hz, 1H), 1.65 ï 1.56 (m, 6H), 1.11 (d, J = 7.1 Hz, 3H); 13C NMR (101 

MHz, CDCl3) ŭ 142.29, 134.51, 129.77, 127.88, 125.94, 123.84, 70.18, 62.82, 47.11, 

26.08, 23.85, 6.84; ESI-HRMS Calculated for C14H21ClNO3S
+ ([M+H] +): 318.0925, 

found: 318.0921. 

 

 

(1S, 2S)-2-(piperidin-1-ylsulfonyl)-1-(thiophen-2-yl) propan-1-ol (2h) 

White solid, 21.5 mg, 93% yield, 99% ee, dr=20:1; [Ŭ]D 
20 = 14.3 (c = 1.00, CHCl3); 

The enantiomeric excess was determined by HPLC on Chiralpak IB column, hexane: 

isopropanol = 95: 5; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 14.82 min 

(major), 16.15 min (minor), 18.56 min (minor), 19.78 min (minor). 1H NMR (400 MHz, 

CDCl3) ŭ
1H NMR (400 MHz, CDCl3) ŭ 7.27 (m, J = 1.2 Hz, 1H), 7.26 (d, J = 1.2 Hz, 

1H), 7.05 ï 6.93 (m, 2H), 5.71 (s, 1H), 3.38 (m, 4H), 3.35 (s, 1H), 3.28 (qd, J = 7.1, 1.4 

Hz, 1H), 1.65 (m, 6H), 1.34 (d, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) ŭ 143.89, 

126.88, 124.69, 123.43, 68.44, 63.17, 47.07, 26.06, 23.85, 7.46; ESI-HRMS Calculated 

for C12H20NO3S2
+ ([M+H]+): 290.0879, found: 290.0873. 

 

 

(1R, 2S)-1-(naphthalen-2-yl)-2-(piperidin-1-ylsulfonyl) propan-1-ol (2i)  

White solid, 25.1 mg, 94% yield, 99% ee, dr=20:1; [Ŭ]D 
20 = 14.3 (c = 1.00, CHCl3); 

The enantiomeric excess was determined by HPLC on Chiralpak IB column, hexane: 

isopropanol = 90: 10; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 14.20 min 

(major), 15.11 min (minor), 18.21 min (minor), 23.56 min (minor). 1H NMR (400 MHz, 

CDCl3) ŭ 7.91 ï 7.82 (m, 4H), 7.53 ï 7.45 (m, 2H), 7.39 (dd, J = 8.5, 1.6 Hz, 1H), 5.65 
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(s, 1H), 3.43 (d, J = 1.7 Hz, 1H), 3.42 ï 3.36 (m, 4H), 3.30 (tt, J = 7.1, 3.5 Hz, 1H), 

1.74 ï 1.64 (m, 6H), 1.22 (d, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) ŭ 137.50, 

133.21, 132.86, 128.25, 128.07, 127.71, 126.39, 126.10, 124.69, 123.51, 70.80, 62.92, 

47.13, 46.71, 26.11, 25.76, 23.89, 6.88; ESI-HRMS Calculated for C18H24NO3S
+ 

([M+H]+): 334.1471, found: 334.1466. 

 

 

(1R, 2S)-1-phenyl-2-(pyrrolidin-1-ylsulfonyl) propan-1-ol (2j)  

White solid, 20.6 mg, 95% yield, 99% ee, dr=20:1; [Ŭ]D 
20 = 4.0 (c = 1.00, CHCl3); The 

enantiomeric excess was determined by HPLC on Chiralpak IB column, hexane: 

isopropanol = 95: 5; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 16.08 min 

(major), 19.34 min (minor), 20.76 min (minor), 24.66 min (minor). 1H NMR (400 MHz, 

CDCl3) ŭ 7.37 (d, J = 4.4 Hz, 4H), 7.33 ï 7.26 (m, 1H), 5.50 (s, 1H), 3.53 ï 3.43 (m, 

4H), 3.39 (m, J = 1.2 Hz, 1H), 3.28 (qd, J = 7.1, 1.3 Hz, 1H), 2.01 ï 1.96 (m, 4H), 1.24 

(d, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) ŭ 140.21, 128.46, 127.68, 125.66, 

70.63, 64.44, 63.14, 48.25, 26.08, 25.36, 6.72; ESI-HRMS Calculated for C13H20NO3S
+ 

([M+H]+): 270.1158, found: 270.1163. 

 

 

(1R, 2S)-2-(morpholinosulfonyl)-1-phenylpropan-1-ol (2k) 

White solid, 19.9 mg, 96% yield, 99% ee, dr=20:1; [Ŭ]D 
20 = 2.8 (c = 1.00, CHCl3); The 

enantiomeric excess was determined by HPLC on Chiralpak IB column, hexane: 

isopropanol = 95: 5; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 27.81 min 

(major), 31.88 min (minor), 34.27 min (minor), 39.55 min (minor). 1H NMR (400 MHz, 

CDCl3) ŭ 7.36 ï 7.22 (m, 5H), 5.43 (s, 1H), 3.70 (t, J = 4.7 Hz, 4H), 3.35 (m, 4H), 3.15 

(m, J = 7.0, 3.5 Hz, 1H), 3.05 (s, 1H), 1.14 (d, J = 6.1 Hz, 3H). 13C NMR (101 MHz, 

CDCl3) ŭ 140.03, 128.56, 127.88, 125.64, 70.68, 66.98, 63.57, 46.31, 25.37, 6.91; ESI-

HRMS Calculated for C13H20NO4S
+ ([M+H]+): 286.1108, found: 286.1111. 

 

 

(1R, 2S)-1-hydroxy-N, N-dimethyl-1-phenylpropane-2-sulfonamide (2l) 

White solid, 19.0 mg, 97% yield, 99% ee, dr=20:1; [Ŭ]D 
20 = 3.3 (c = 1.00, CHCl3); The 

enantiomeric excess was determined by HPLC on Chiralpak IB column, hexane: 

isopropanol = 95: 5; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 17.18 min 

(major), 21.09 min (minor), 23.06 min (minor), 28.65 min (minor). 1H NMR (400 MHz, 
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CDCl3) ŭ 7.38 (d, J = 4.4 Hz, 4H), 7.30 (dd, J = 8.8, 4.5 Hz, 1H), 5.49 (s, 1H), 3.28 (qd, 

J = 7.1, 1.1 Hz, 1H), 3.24 (d, J = 1.7 Hz, 1H), 2.99 (d, J = 5.6 Hz, 6H), 1.21 (d, J = 7.1 

Hz, 3H). 13C NMR (101 MHz, CDCl3) ŭ 140.06, 128.50, 127.76, 125.68, 70.69, 62.86, 

37.82, 6.85; ESI-HRMS Calculated for C11H16NO3S
+ ([M+H]+): 242.0845, found: 

242.0841. 

 

 

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

White solid, 21.1 mg, 95% yield, 99% ee, dr=20:1; [Ŭ]D 
20 = -11.5 (c = 1.00, acetone); 

The enantiomeric excess was determined by HPLC on Chiralpak AD-H column, hexane: 

isopropanol = 90: 10; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 18.19 min 

(minor), 25.32 min (major), 31.53 min (minor), 34.37 min (minor). 1H NMR (400 MHz, 

CDCl3) ŭ 8.07 ï 7.90 (m, 2H), 7.73 (t, J = 7.4 Hz, 1H), 7.64 (t, J = 7.6 Hz, 2H), 7.34 

(dd, J = 10.4, 4.4 Hz, 2H), 7.28 (s, 3H), 5.54 (s, 1H), 3.31 (d, J = 1.9 Hz, 1H), 3.23 (qd, 

J = 7.1, 1.1 Hz, 1H), 1.22 (d, J = 7.1 Hz, 3H).13C NMR (101 MHz, CDCl3) ŭ 139.81, 

137.29, 134.18, 129.45, 128.76, 128.49, 127.80, 125.57, 69.24, 65.66, 64.48, 25.38, 

5.80. 

 

 

(1R, 2S)-2-bromo-1-phenyl-2-(piperidin-1-ylsulfonyl) ethan-1-ol (2n)  

White solid, 25.2 mg, 90% yield, 99% ee, dr=10:1; [Ŭ]D 
20 = -28.2 (c = 1.00, CHCl3); 

The enantiomeric excess was determined by HPLC on Chiralpak AD-H column, hexane: 

isopropanol = 90: 10; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 23.11 min 

(major), 24.45 min (minor), 26.74 min (minor), 28.73 min (minor). 1H NMR (400 MHz, 

CDCl3) ŭ 7.43 ï 7.32 (m, 5H), 5.31 (m, 1H), 3.69 (s, 1H), 3.26 (m, 4H), 3.12 (dd, J = 

14.0, 2.0 Hz, 1H), 1.65 (m, 6H). 13C NMR (101 MHz, CDCl3) ŭ 141.09, 128.84, 128.46, 

128.33, 126.11, 125.68, 68.80, 57.07, 46.63, 25.56, 23.69; ESI-HRMS Calculated for 

C13H19BrNO3S
+ ([M+H]+): 348.0264, found: 348.0267. 

 

 

(1R, 2S)-2-chloro-1-phenyl-2-(piperidin-1-ylsulfonyl) ethan-1-ol (2o)  

White solid, 22.3 mg, 92% yield, 99% ee, dr=20:1; [Ŭ]D 
20 = 6.4 (c = 1.00, CHCl3); The 

enantiomeric excess was determined by HPLC on Chiralpak IA column, hexane: 

isopropanol = 95: 5; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 24.88 min 

(minor), 30.27 min (major), 37.74 min (minor), 46.31 min (minor). 1H NMR (400 MHz, 



{14 
 

CDCl3) ŭ 7.47 ï 7.32 (m, 5H), 5.65 (s, 1H), 4.80 (d, J = 1.2 Hz, 1H), 3.56 ï 3.41 (m, 

4H), 3.39 (s, 1H), 1.71 ï 1.60 (m, 6H). 13C NMR (101 MHz, CDCl3) ŭ 138.29, 128.50, 

126.26, 71.16, 47.88, 25.90, 23.67. ESI-HRMS Calculated for C13H19ClNO3S
+ 

([M+H]+): 304.0769, found: 304.0772. 

 

3. NMR spectra  
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NMR spectra of 1b 
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