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General Information 

All the reactions dealing with air- or moisture-sensitive compounds were carried out 

in a dry reaction vessel under a positive pressure of nitrogen or in the nitrogen-filled 

glovebox. 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 (77.0 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. 

General Procedure For the Synthesis of Compound 1a-1p 

The route for the synthesis of compound 1 was listed below. If not mentioned, the 

starting materials were purchased from commercial suppliers. 

 

Preparation of ketone I-p1 

 

A solution of ketone (15 g, 83 mmol) in conc. H2SO4 (75 mL) was stirred at 65 

oC for 46 h. After cooling to ambient temperature, the reaction mixture was poured on 

ice (300 g) and the mixture stirred at room temperature for 1 h. The precipitate was 

filtered off then, washed with water, and redissolved in NaOH (0.19 mol, 190mL of a 
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1 mol/L solution in water). The mixture was extracted with CH2Cl2 (80 mL). The 

aqueous layer was acidified (cooling with ice/water bath) with conc. HCl (30 mL), 

stirred for 1.5 h, and the precipitate filtered off to give corresponding phenol as a light 

brown solid (8.3g, 61% yield). 

A suspension of phenol (4.00 g, 24.1 mmol) and K2CO3 (4.77 g, 48.1 mmol) in 

DMF(20 mL) was heated at 100 oC for 30 min and then cooled to room temperature. 

Ethyl bromide (5.25 g, 48.1 mmol) was slowly added dropwise, and the reaction 

mixture heated at 100 oC for 6 h. After cooling to ambient temperature and removal of 

the solvent, the residue was dissolved in water (40 mL) and extracted with CH2Cl2 

(3×50 mL). The combined extracts were dried (MgSO4), filtered and concentrated. 

The crude product was recrystallized from 2-propanol (25 mL) to give the target 

ketone as fine colorless needles (4.09 g, 88% yield). 

 

Preparation of 12,3 

1 was synthesized as follows, the preparation of 1a was taken as an example. 

 

A solution of CuBr2 (3.35 g, 15 mmol) and acetophenone (1.2 g, 10 mmol) in 

ethanol (50 mL) was stirred at 60 oC. After completion of the reaction, as monitored 

by TLC, the mixture was cooled to room temperature and then filtered. The filtrate 

was evaporated in vacuo and recrystallized in petroleum ether to afford pure products 

2-bromo-1-phenylethan-1-one (white solid, 1.52 g, 77% yield). 

2-bromo-1-phenylethan-1-one (0.98 g, 5.0 mmol) was added in portions to a 

solution of NaSCH3 (842 mg, 6.0 mmol, 50%) in methanol (30 mL). Within a few 

minutes the color of the solution turned to orange. After the addition was completed, 

the mixture was stirred at room temperature for 15 min and water was then added to 



                                            S    4 

the mixture. The product was extracted with CH2Cl2 (3×30 mL), the organic layer was 

washed, dried over MgSO4, filtered and evaporated in vacuo, The residue was 

purified by flash chromatography (petroleum ether:CH2Cl2=5:1) to afford the 

2-bromo-1-phenylethan-1-one (light yellow oil, 0.63 g, 76% yield). 

A methanol solution of the 2-bromo-1-phenylethan-1-one (1.66 g, 10 mmol, 

1.0equiv.), hydroxylamine hydrochloride (1.04 g, 15 mmol, 1.5 equiv.), and NaOAc 

(2.05 g, 25 mmol, 2.5 equiv.) was stirred at ambient temperature for 12 h. Then 

diluted with water. The resultant layer was extracted with diethyl ether several times. 

The combined organic layer was dried over anhydrous Na2SO4 , filtered and 

concentrated under reduced pressure. The crude residue was purified by flash 

chromatography on silica gel (n-hexane/EtOAc = 5/1-2/1) to give oxime as a white 

solid (1.66 g, 90% yield). 

Acetic anhydride (1.53 g, 15 mmol, 3.0 equiv.) was added, in portions, to a 

solution of oxime (0.905 g, 5.0 mmol, 1.0 equiv.) obtained from above step in toluene 

(1.3 M) under a nitrogen atmosphere. Acetic acid (0.9 g, 15 mmol, 3.0 equiv.) was 

then added, followed by Fe powder (0.56 g, 10 mmol, 2.0 equiv.). The mixture was 

then heated to 70 °C overnight. The reaction was then cooled to room temperature and 

filtered through celite to remove solid residues, which were then washed with ethyl 

acetate. The combined filtrate was washed with brine. The organic phase was 

separated, dried by Na2SO4 and evaporated. The crude material was purified by flash 

chromatography (n-hexane/ ethyl acetate 5:1-2:1) to afford the product 1a as white 

solid (0.36 g, 35% yield). 

 

   

N-(2-(methylthio)-1-phenylvinyl)acetamide 1a 

White solid, 35% yield; mixture of Z& E isomers (ratio: 2:1). Major isomer: 1H NMR 

(400 MHz, CDCl3) δ 7.44-7.20 (m, 5H), 6.91 (brs, 1H), 6.21 (s, 1H), 2.38 (s, 3H), 

2.15 (s, 3H). Minor isomer: 1H NMR (400 MHz, CDCl3) δ 7.44-7.20 (m, 5H), 6.63 

(brs, 1H), 6.42 (s, 1H), 2.43 (s, 3H), 1.80 (s, 3H); 13C NMR (101 MHz, CDCl3) 

app:ds:ethyl
app:ds:acetate
app:ds:ethyl
app:ds:acetate
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mixture of isomers: δ 173.2, 168.3, 136.6, 132.5, 128.9, 128.4, 128.0, 127.7, 126.0, 

125.0, 124.7, 121.6, 23.4, 21.1, 17.3, 17.0; ESI-HRMS Calculated for C11H14NOS+ 

([M+H]+): 208.0791, found: 208.0789; C11H13NOSNa+ ([M+Na]+): 230.0610, found: 

230.0608. 

 

  

N-(2-(methylthio)-1-(p-tolyl)vinyl)acetamide 1b 

White solid, 34% yield; mixture of Z& E isomers (ratio: 2:1); Major isomer: 1H NMR 

(400 MHz, CDCl3) δ 7.35 – 7.18 (m, 2H), 7.15-7.05 (m, 2H), 6.89 (brs, 1H), 6.14 (s, 

1H), 2.37 (s, 3H), 2.32 (s, 3H), 2.14 (s, 3H); Minor isomer: 1H NMR (400 MHz, 

CDCl3) δ 7.34 – 7.19 (m, 2H), 7.15-7.05 (m, 2H), 6.60 (brs, 1H), 6.35 (s, 1H), 2.41 (s, 

3H), 2.34 (s, 3H), 1.80 (s, 3H); 13C NMR (101 MHz, CDCl3) mixture of isomers: δ 

168.2, 138.1, 137.6, 134.3, 133.8, 133. 7, 132.8, 129.6, 129.2, 125.0, 124.6, 120.2, 

23.5, 21.2, 17.4, 17.0; ESI-HRMS Calculated for C12H16NOS+ ([M+H]+): 222.0947, 

found: 222.0944; C12H15NOSNa+ ([M+Na]+): 244.0767, found: 244.0763. 

  

N-(2-(methylthio)-1-(m-tolyl)vinyl)acetamide 1c 

White solid, 47% yield; mixture of Z& E isomers (ratio: 2:1); Major isomer:1H NMR 

(400 MHz, CDCl3) δ 7.25 – 7.02 (m, 4H), 6.84 (brs, 1H), 6.19 (s, 1H), 2.38 (s, 3H), 

2.34 (s, 3H), 2.16 (s, 3H); Minor isomer: 1H NMR (400 MHz, CDCl3) δ 7.25 – 6.97 

(m, 4H), 6.59 (brs, 1H), 6.40 (s, 1H), 2.42 (s, 3H), 2.34 (s, 3H), 1.81 (s, 3H); 13C 

NMR (101 MHz, CDCl3) mixture of isomers: δ 173.3, 168.3, 138.6, 137.9, 137.0, 

136.6, 132.3, 131.5, 128.8, 128.5, 128.3, 125.7, 125.3, 122.2, 121.7, 121.55, 23.33, 

21.5, 21.0, 17.30, 17.0; ESI-HRMS Calculated for C12H16NOS+ ([M+H]+): 222.0947, 

found: 222.0945; C12H15NOSNa+ ([M+Na]+): 244.0767, found: 244.0763. 
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N-(2-(methylthio)-1-(o-tolyl)vinyl)acetamide 1d 

White solid, 50% yield; mixture of Z& E isomers (ratio: 9:1); Major isomer: 1H NMR 

(400 MHz, CDCl3) δ 7.32 – 7.24 (m, 2H), 7.24 – 7.19 (m, 2H), 7.17 (s, 1H), 6.60 (brs, 

1H), 2.32 (s, 3H), 2.23 (s, 3H), 2.01 (s, 3H); Minor isomer: 1H NMR (400 MHz, 

CDCl3) δ7.32 – 7.24 (m, 2H), 7.24 – 7.19 (m, 2H), 6.60 (brs, 1H), 6.05 (s, 1H), 2.35 

(s, 3H), 2.02 (s, 3H); 13C NMR (101 MHz, CDCl3) mixture of isomers: δ 168.2, 136.6, 

136.0, 131.2, 130.6, 129.5, 129.1, 126.3, 115.3, 24.4, 19.10, 17.7; ESI-HRMS 

Calculated for C12H16NOS+ ([M+H]+): 222.0947, found: 222.0944. 

  

N-(1-(4-methoxyphenyl)-2-(methylthio)vinyl)acetamide 1e 

White solid, 46% yield; mixture of Z& E isomers (ratio: 2:1); Major isomer: 1H NMR 

(400 MHz, CDCl3) δ 7.44-7.19 (m, 2H), 6.91 (brs, 1H), 6.90-6.75 (m, 2H), 6.06 (s, 

1H), 3.80 (s, 3H), 2.36 (s, 3H), 2.14 (s, 3H); Minor isomer: 1H NMR (400 MHz, 

CDCl3) δ7.44 – 7.19 (m, 2H), 6.90-6.75 (m, 2H), 6.63 (brs, 1H), 6.24 (s, 1H), 3.80 (s, 

3H), 1.80 (s, 3H); 13C NMR (101 MHz, CDCl3) mixture of isomers: δ 173.3, 168.3, 

159.3, 132.6, 129.4, 126.4, 126.1, 123.2, 119.1, 114.3, 113.3, 55.3, 23.4, 21.07, 17.4, 

17.0; ESI-HRMS Calculated for C12H16NO2S
+ ([M+H]+): 238.0896, found: 238.0893; 

C12H15NO2SNa+ ([M+Na]+): 260.0716, found: 60.0712. 

 

 

N-(2-(methylthio)-1-(4-(trifluoromethyl)phenyl)vinyl)acetamide 1f 

White solid, 30% yield; mixture of Z& E isomers (ratio: 4.3:1); Major isomer: 1H 

NMR (400 MHz, CDCl3) δ 7.59-7.51 (m, 2H), 7.46-7.36 (m, 2H), 6.88 (brs, 1H), 6.30 

(s, 1H), 2.42 (s, 3H), 2.16 (s, 3H); Minor isomer: 1H NMR (400 MHz, CDCl3) δ 
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7.59-7.51 (m, 2H), 7.46-7.36 (m, 2H), 6.64 (s, 2H), 2.47 (s, 3H), 1.80 (s, 3H); 13C 

NMR (101 MHz, CDCl3) mixture of isomers: δ 168.9, 139.7, 130.3, 130.0, 129.1, 

128.5, 125.4, 125.0, 122.6, 121.1, 24.0, 23.2, 18.4, 17.2;  ESI-HRMS Calculated for 

C12H13F3NOS+ ([M+H]+): 276.0664, found: 276.0661. 

 

N-(1-(4-fluorophenyl)-2-(methylthio)vinyl)acetamide 1g 

White solid, 34% yield; mixture of Z& E isomers (ratio: 3.3:1); Major isomer: 1H 

NMR (400 MHz, CDCl3) δ 7.43-7.22 (m, 2H), 7.02 (m, 2H), 6.94 (brs, 1H), 6.10 (s, 

1H), 2.38 (s, 3H), 2.14 (s, 3H); Minor isomer: 1H NMR (400 MHz, CDCl3) δ 7.44 – 

7.21 (m, 2H), 7.11 – 6.95 (m, 2H), 6.65 (brs, 1H), 6.35 (s, 1H), 2.42 (s, 3H), 1.80 (s, 

3H); 13C NMR (101 MHz, CDCl3) mixture of isomers: δ 168.4, 163.6, 161.1, 132.8, 

131.9, 126.7, 126.7, 126.4, 120.9, 116.0, 115.8, 115.4, 115.2, 31.0, 23.4, 21.1, 17.3; 

ESI-HRMS Calculated for C11H13FNOS+ ([M+H]+): 226.0696, found: 226.0693. 

 

 

N-(1-(4-chlorophenyl)-2-(methylthio)vinyl)acetamide 1h 

White solid, 50% yield; mixture of Z& E isomers (ratio: 2.7:1). Major isomer: 1H 

NMR (400 MHz, CDCl3) δ 7.50-7.13 (m, 4H), 6.84 (brs, 1H), 6.18 (s, 1H), 2.39 (s, 

3H), 2.15 (s, 3H).Minor isomer: 1H NMR (400 MHz, CDCl3) δ7.50 – 7.13 (m, 4H), 

6.57 (brs, 1H), 6.45 (s, 1H), 2.44 (s, 3H), 1.80 (s, 3H). 13C NMR (101 MHz, CDCl3) 

mixture of isomers: δ 168.4, 135.1, 133.3, 131.6, 129.1, 128.6, 126.2, 125.8, 122.1, 

23.4, 21.0, 17.3; ESI-HRMS Calculated for C11H13ClNOS+ ([M+H]+): 242.0401, 

found: 242.0397. 
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N-(1-(4-bromophenyl)-2-(methylthio)vinyl)acetamide 1i  

White solid, 50% yield; mixture of Z& E isomers (ratio: 3.1:1); Major isomer: 1H 

NMR (400 MHz, CDCl3) δ 7.55-7.29 (m, 2H), 7.24-7.12 (m, 2H), 6.96 (brs, 1H), 6.19 

(s, 1H), 2.38 (s, 3H), 2.13 (s, 3H); Minor isomer: 1H NMR (400 MHz, CDCl3) δ7.55 – 

7.29 (m, 2H), 7.24-7.12 (m, 2H), 6.65 (s, 1H), 6.47 (s, 1H), 2.43 (s, 1H), 1.79 (s, 1H); 

13C NMR (101 MHz, CDCl3) mixture of isomers: δ 168.4, 135.5, 132.1, 131.5, 126.5, 

126.1, 122.2, 121.5, 23.4, 17.3; ESI-HRMS Calculated for C11H13BrNOS+ ([M+H]+): 

285.9896, found: 285.9891. 

 

N-(1-(4-iodophenyl)-2-(methylthio)vinyl)acetamide 1j 

White solid, 46% yield; mixture of Z& E isomers (ratio: 2.5:1); Major isomer: 1H 

NMR (400 MHz, CDCl3) δ 7.76-7.54 (m, 2H), 7.20-7.00 (m, 2H), 6.78 (brs, 1H), 6.18 

(s, 1H), 2.39 (s, 3H), 2.15 (s, 3H); Minor isomer: 1H NMR (400 MHz, CDCl3) δ 

7.76-7.54 (m, 2H), 7.20-7.00 (m, 2H), 6.47 (s, 2H), 2.39 (s, 3H), 1.80 (s, 3H); 13C 

NMR (101 MHz, CDCl3) mixture of isomers: δ 168.5, 138.0, 137.4, 136.1, 131.5, 

130.2, 127.5, 126.7, 126.3, 122.5, 93.0, 23.3, 17.3; ESI-HRMS Calculated for 

C11H13INOS+ ([M+H]+): 333.9757, found: 333.9751. 

 

 

N-(1-(3-fluorophenyl)-2-(methylthio)vinyl)acetamide 1k 

White solid, 44% yield; mixture of Z& E isomers (ratio: 3:1); Major isomer: 1H NMR 

(400 MHz, CDCl3) δ 7.36 – 7.14 (m, 1H), 7.16-7.05 (m, 1H), 7.04 – 6.88 (m, 3H), 

6.28 (s, 1H), 2.39 (s, 3H), 2.13 (s, 3H); Minor isomer: 1H NMR (400 MHz, CDCl3) 

δ7.36 – 7.14 (m, 1H), 7.16-7.05 (m, 1H), 7.04 – 6.88 (m, 2H), 6.69 (brs, 1H), 6.53 (s, 

1H), 2.44 (s, 3H), 1.81 (s, 3H); 13C NMR (101 MHz, CDCl3) mixture of isomers: δ 

168.4, 138.0, 137.4, 136.1, 131.6, 127.5, 126.7, 126.3, 122.4, 93.1, 23.4, 21.0, 18.9, 
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17.3; ESI-HRMS Calculated for C11H13FNOS+ ([M+H]+): 226.0696, found: 226.0693. 

 

 

N-(1-(2-fluorophenyl)-2-(methylthio)vinyl)acetamide 1l 

White solid, 46% yield; mixture of Z& E isomers (ratio: 3.8:1); Major isomer: 1H 

NMR (400 MHz, CDCl3) δ 7.30 – 7.17 (m, 1H), 7.17-7.05 (m, 2H), 7.05-6.93 (m, 1H), 

6.70 (s, 1H), 6.20 (s, 1H), 2.36 (s, 3H), 2.07 (s, 3H); Minor isomer: 1H NMR (400 

MHz, CDCl3) δ7.30 – 7.17 (m, 1H), 7.17-7.05 (m, 2H), 7.05-6.93 (m, 1H), 2.42 (s, 

3H), 1.84 (s, 3H); 13C NMR (101 MHz, CDCl3) mixture of isomers: δ 168.2, 160.6, 

158.1, 129.0, 129.0, 128.7, 128.6, 127.8, 124.8, 124.7, 124.3, 124.3, 124.1, 124.1, 

115.8, 115.6, 23.2, 17.3; ESI-HRMS Calculated for C11H13FNOS+ ([M+H]+): 

226.0696, found: 226.0693. 

 

 

N-(2-(methylthio)-1-(naphthalen-2-yl)vinyl)acetamide 1m 

Brown solid, 26% yield; mixture of Z& E isomers (ratio: 2:1); Major isomer:1H NMR 

(400 MHz, CDCl3) δ 7.91-7.68 (m, 4H), 7.47 (m, 3H), 7.04 (brs, 1H), 6.35 (s, 1H), 

2.39 (s, 3H), 2.16 (s, 3H); Minor isomer: 1H NMR (400 MHz, CDCl3) δ 7.91 – 7.68 

(m, 4H), 7.58-7.37 (m, 3H), 6.73 (brs, 1H), 6.59 (s, 1H), 2.44 (s, 1H), 1.82 (s, 1H); 

13C NMR (101 MHz, CDCl3) mixture of isomers: δ 173.4, 168.4, 134.0, 133.4, 133.0, 

132.9, 132.3, 128.8, 128.2, 128.0, 127.8, 127.7, 127.6, 127.1, 126.8, 126.6, 126.5, 

126.3, 126.0, 125.6, 125.5, 123.6, 123.4, 123.2, 122.6, 118.2, 24.3, 23.4, 18.4, 17.4; 

ESI-HRMS Calculated for C15H16NOS+ ([M+H]+): 258.0947, found: 258.0943. 

  

 

N-(1-(furan-2-yl)-2-(methylthio)vinyl)acetamide 1n 
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White solid, 53% yield; mixture of Z& E isomers (ratio: 1.7:1); Major isomer: 1H 

NMR (400 MHz, CDCl3) δ 7.40-7.39 (m, , 1H), 6.89 (brs, 1H), 6.53 (s, 1H), 6.43-6.30 

(m, 1H), 6.26 – 6.12 (m, 1H), 2.38 (s, 3H), 2.15 (s, 3H); Minor isomer: 1H NMR (400 

MHz, CDCl3) δ 7.40-7.39 (m, 1H), 6.67 (s, 1H), 6.53 (brs, 1H), 6.43-6.30 (m, 1H), 

6.26 – 6.12 (m, 1H), 2.43 (s, 3H), 1.96 (s, 3H); 13C NMR (101 MHz, CDCl3) mixture 

of isomers: δ 173.3, 168.3, 150.9, 142.7, 142.1, 127.0, 123.1, 122.2, 111.6, 111.4, 

105.5, 105.2, 23.2, 19.9, 17.3, 16.9; ESI-HRMS Calculated for C9H12NO2S
+ 

([M+H]+): 198.0583, found: 198.0581. 

 

 

N-(2-(methylthio)-1-(thiophen-2-yl)vinyl)acetamide 1o 

White solid, 38% yield; mixture of Z& E isomers (ratio: 2:1); Major isomer: 1H NMR 

(400 MHz, CDCl3) δ 7.22 – 7.04 (m, 1H), 7.13 (brs, 1H), 7.01-6.86 (m, 2H), 6.35 (s, 

1H), 2.36 (s, 3H), 2.13 (s, 3H); Minor isomer: 1H NMR (400 MHz, CDCl3) δ7.22 – 

7.04 (m, 1H), 7.01-6.86 (m, 2H), 6.76 (brs, 1H), 6.48 (s, 1H), 2.42 (s, 3H), 1.94 (s, 

3H); 13C NMR (101 MHz, CDCl3) mixture of isomers: δ 173.2, 168.3, 141.4, 127.9, 

127.5, 126.6, 126.1, 124.9, 124.3, 123.0, 122.8, 23.2, 20.3, 17.3, 16.9; ESI-HRMS 

Calculated for C9H12NOS2
+ ([M+H]+): 214.0355, found: 214.0352. 

 

N-(3,3-dimethyl-1-(methylthio)but-1-en-2-yl)acetamide 1p 

White solid, 45% yield; mixture of Z& E isomers (ratio: 2:1); Major isomer:1H NMR 

(400 MHz, CDCl3) δ 6.51 (brs, 1H), 5.92 (s, 1H),  2.27 (s, 3H), 2.11 (s, 3H), 1.10 (s, 

9H);  Minor isomer: 1H NMR (400 MHz, CDCl3) δ 6.51 (brs, 1H), 5.95 (s, 1H),  

2.31 (s, 3H), 2.01 (s, 3H), 1.10 (s, 9H). 13C NMR (101 MHz, CDCl3) δ 173.17, 167.75, 

139.77, 138.47, 124.58, 121.60, 37.54, 36.95, 28.03, 27.96, 23.20, 19.79, 16.96, 

16.61. 

 

N-(1-(3-ethoxy-4-methoxyphenyl)-2-(methylthio)vinyl)acetamide 1q 

White solid, 30% yield; mixture of Z& E isomers (ratio: 2:1); Major isomer: 1H NMR 
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(400 MHz, CDCl3) δ 7.03-6.72 (m, 4H), 6.08 (s, 1H), 4.10 (q, J = 7.0 Hz, 2H), 3.88 (s, 

1H), 2.38 (s, 3H), 2.17 (s, 3H), 1.81 (s, 3H), 1.47 (t, J = 6.9 Hz, 3H); Minor: 1H NMR 

(400 MHz, CDCl3) δ 7.03 – 6.72 (m, 3H), 6.55 (brs, 1H), 6.21 (s, 1H), 2.17 (s, 3H), 

1.81 (s, 3H); 13C NMR (101 MHz, CDCl3) mixture of isomers: δ 173.3, 168.3, 149.3, 

148.5, 148.1, 132.6, 131.7, 129.7, 123.1, 119.5, 117.8, 117.6, 111.4, 111.2, 110.0, 

109.2, 64.4, 56.0, 23.5, 21.1, 17.3, 17.0, 14.8; ESI-HRMS Calculated for 

C14H20NO3S
+ ([M+H]+): 282.1158, found: 282.1156. 

 

General Procedure for Asymmetric Hydrogenation of compound 1 

 

A stock solution was made by mixing [Rh(NBD)2]BF4 with (Sc,Rp)-Duanphos in a 

1:1.1 molar ratio in CH2Cl2 at room temperature for 30 min in a nitrogen-filled 

glovebox. An aliquot of the catalyst solution (0.5mL, 0.0005 mmol) was transferred 

by syringe into the vials charged with different substrates (0.05 mmol for each) in 

anhydrous iPrOH (3 mL). The vials were subsequently transferred into an autoclave 

into which hydrogen gas was charged. The reaction was then stirred under H2 (80 atm) 

at room temperature for 24 h. The hydrogen gas was released slowly and carefully. 

The solution was concentrated and passed through a short column of silica gel (eluent: 

EtOAc) to yield the desired products. The ee values of compounds 2 were determined 

by HPLC analysis on a chiral stationary phase. 

 

 

N-(2-(methylthio)-1-phenylethyl)acetamide 2a 

White solid, 10.4 mg, 97% yield; 98% ee; [α]D
20 = -50.60 (c = 0.5, CHCl3); The 

enantiomeric excess was determined by HPLC on Chiralcel OD-H column, hexane: 



                                            S    12 

isopropanol = 95: 5; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 32.2 min 

(minor), 39.3 min (major); 1H NMR (400 MHz, CDCl3) δ 7.47 – 7.26 (m, 5H), 6.14 

(brs, 1H), 5.19 (dd, J = 14.2, 6.7 Hz, 1H), 2.92 (d, J = 6.6 Hz, 2H), 2.04 (s, 1H), 2.00 

(s, 3H); 13C NMR (101 MHz, CDCl3) δ 170.0, 140.7, 128.8, 127.8, 126.5, 52.1, 40.3, 

23.4, 16.0; ESI-HRMS Calculated for C11H16NOS+ ([M+H]+): 210.0947, found: 

210.0944. 

 

 

N-(2-(methylthio)-1-(p-tolyl)ethyl)acetamide 2b 

White solid, 11.4 mg, 93% yield; 97% ee; [α]D
20 = -56.60 (c = 0.5, CHCl3); The 

enantiomeric excess was determined by HPLC on Chiralcel OD-H column, hexane: 

isopropanol = 90: 10; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 10.7 min 

(minor), 11.7 min (major); 1H NMR (400 MHz, CDCl3) δ 7.22-7.13 (m, 4H), 6.06 (brs, 

1H), 5.15 (dd, J = 14.2, 6.8 Hz, 1H), 3.26 – 2.68 (m, 2H), 2.33 (s, 3H), 2.03 (s, 3H), 

2.02 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 169.5, 137.6, 137.5, 129.5, 126.4, 51.8, 

40.2, 23.5, 21.1, 16.0; ESI-HRMS Calculated for C12H18NOS+ ([M+H]+):  224.1104, 

found: 224.1100. 

 

 

N-(2-(methylthio)-1-(m-tolyl)ethyl)acetamide 2c 

White solid, 10.5 mg, 94% yield; 94% ee; [α]D
20 = -67.00 (c = 0.5, CHCl3); The 

enantiomeric excess was determined by HPLC on Chiralcel OD-H column, hexane: 

isopropanol = 90: 10; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 10.9 min 

(minor), 14.1 min (major); 1H NMR (400 MHz, CDCl3) δ 7.25-7.18 (m, 1H), 

7.14-7.04 (m, 3H), 6.08 (brs, 1H), 5.14 (dd, J = 14.2, 6.9 Hz, 1H), 2.91 (d, J = 6.8 Hz, 

1H), 2.35 (s, 3H), 2.03 (s, 3H), 2.02 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 169.6, 

140.6, 138.5, 128.7, 128.6, 127.3, 123.4, 52.1, 40.3, 23.4, 21.5, 16.0; ESI-HRMS 
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Calculated for C12H18NOS+ ([M+H]+): 224.1104, found: 224.1101. 

 

 

N-(2-(methylthio)-1-(o-tolyl)ethyl)acetamide 2d 

White solid, 11.0 mg, 99% yield; 86% ee; [α]D
20 = -28.20 (c = 0.5, CHCl3); The 

enantiomeric excess was determined by HPLC on Chiralcel OD-H column, hexane: 

isopropanol = 95: 5; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 22.5 min 

(minor), 30.8 min (major);1H NMR (400 MHz, CDCl3) δ 7.26 – 7.16 (m, 4H), 6.00 

(brs, 1H), 5.41 (dd, J = 14.3, 7.1 Hz, 1H), 2.99 – 2.62 (m, 2H), 2.42 (s, 3H), 2.05 (s, 

3H), 2.01 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 169.4, 138.95, 136.0, 130.9, 127.7, 

126.4, 125.1, 48.3, 39.3, 23.4, 19.4, 16.0; ESI-HRMS Calculated for C12H18NOS+ 

([M+H]+): 224.1104, found: 224.1102. 

 

 

N-(1-(4-methoxyphenyl)-2-(methylthio)ethyl)acetamide 2e 

White solid, 11.5 mg, 96% yield; 94% ee; [α]D
20 = -77.40 (c = 0.5, CHCl3); The 

enantiomeric excess was determined by HPLC on Chiralcel OJ-H column, hexane: 

isopropanol = 90: 10; flow rate = 1.0 mL/min; UV detection at 230 nm; tR = 30.5 min 

(minor), 43.0 min (major); 1H NMR (400 MHz, CDCl3) δ 7.26 – 7.20 (m, 2H), 

6.90-6.83 (m, 1H), 6.10 (brs, 1H), 5.13 (dd, J = 13.9, 6.8 Hz, 1H), 3.79 (s, 3H), 3.07 – 

2.79 (m, 2H), 2.02 (s, 6H); 13C NMR (101 MHz, CDCl3) δ 169.5, 159.1, 132.7, 127.7, 

114.1, 55.3, 51.6, 40.2, 23.5, 16.0; ESI-HRMS Calculated for C12H18NO2S
+ ([M+H]+): 

240.1053, found: 240.1049. 

 

 



                                            S    14 

N-(2-(methylthio)-1-(4-(trifluoromethyl)phenyl)ethyl)acetamide 2f 

White solid, 12.4mg, 93% yield; 89% ee; [α]D
20 = +21.80 (c = 0.5, CHCl3); The 

enantiomeric excess was determined by HPLC on Chiralcel OJ-H column, hexane: 

isopropanol = 90: 10; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 9.9 min 

(minor), 11.4 min (major); 1H NMR (400 MHz, CDCl3) δ 7.63-7.56 (m, 2H), 

7.47-7.40 (m, 2H), 6.25 (brs, 1H), 5.21 (q, J = 6.8 Hz, 1H), 3.05 – 2.79 (m, 2H), 2.06 

(s, 3H), 2.03 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 168.8, 143.9, 129.0, 128.7, 125.8, 

124.7, 124.7, 124.7, 124.6, 50.7, 39.1, 22.3, 14.9; ESI-HRMS Calculated for 

C12H15F3NOS+ ([M+H]+): 278.0821, found: 278.0819. 

 

 

N-(1-(4-fluorophenyl)-2-(methylthio)ethyl)acetamide 2g 

White solid, 10.0 mg, 88% yield; 98% ee; [α]D
20 = -40.20 (c = 0.5, CHCl3); The 

enantiomeric excess was determined by HPLC on Chiralcel OJ-H column, hexane: 

isopropanol = 90: 10; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 14.1 min 

(minor), 15.4 min (major); 1H NMR (400 MHz, CDCl3) δ 7.32 – 7.24 (m, 2H), 7.10 – 

6.98 (m, 2H), 6.14 (brs, 1H), 5.16 (dd, J = 13.9, 6.7 Hz, 1H), 2.90 (d, J = 6.5 Hz, 2H), 

2.04 (s, 3H), 2.01 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 168.6, 162.4, 159.9, 135.53, 

127.1, 127.1, 114.7, 114.5, 50.4, 39.2, 22.34, 15.0; ESI-HRMS Calculated for 

C11H15FNOS+ ([M+H]+): 228.0853, found: 228.0852. 

 

N-(1-(4-chlorophenyl)-2-(methylthio)ethyl)acetamide 2h 

White solid, 12.0 mg, 98% yield; 98% ee; [α]D
20 = -43.60 (c = 0.5, CHCl3); The 

enantiomeric excess was determined by HPLC on Chiralcel OJ-H column, hexane: 

isopropanol = 90: 10; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 28.5 min 

(minor), 34.9 min (major); 1H NMR (400 MHz, CDCl3) δ 7.34 – 7.29 (m, 2H), 7.26 – 
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7.21 (m, 2H), 6.13 (brs, 1H), 5.15 (dd, J = 13.8, 6.7 Hz, 1H), 2.89 (d, J = 6.5 Hz, 2H), 

2.04 (s, 3H), 2.02 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 169.7, 139.3, 133.5, 128.9, 

127.9, 51.5, 40.2, 23.4, 16.0; ESI-HRMS Calculated for C11H15ClNOS+ ([M+H]+): 

244.0557, found: 244.0555. 

 

 

N-(1-(4-bromophenyl)-2-(methylthio)ethyl)acetamide 2i 

White solid, 14.1 mg, 98% yield; 99% ee; [α]D
20 = -48.80 (c = 0.5, CHCl3); The 

enantiomeric excess was determined by HPLC on Chiralcel OJ-H column, hexane: 

isopropanol = 90: 10; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 16.6 min 

(minor), 22.6 min (major); 1H NMR (400 MHz, CDCl3) δ 7.51 – 7.42 (m, 2H), 

7.27-7.14 (m, 2H), 6.15 (brs, 1H), 5.13 (dd, J = 13.8, 6.7 Hz, 1H), 2.88 (d, J = 6.5 Hz, 

2H), 2.04 (s, 3H), 2.02 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 169.7, 139.9, 131.8, 

128.2, 121.6, 51.5, 40.1, 23.4, 16.0; ESI-HRMS Calculated for C11H15BrNOS+ 

([M+H]+): 288.0052, found: 288.0049. 

 

 

N-(1-(4-iodophenyl)-2-(methylthio)ethyl)acetamide 2j 

White solid, 16.3 mg, 98% yield; 97% ee; [α]D
20 = -48.80 (c = 0.5, 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 = 23.7 min 

(minor), 32.5 min (major); 1H NMR (400 MHz, CDCl3) δ 7.74 – 7.60 (m, 2H), 7.14 – 

6.98 (m, 2H), 6.15 (brs, 1H), 5.11 (dd, J = 13.8, 6.7 Hz, 1H), 2.87 (d, J = 6.5 Hz, 1H), 

2.04 (s, 3H), 2.02 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 169.6, 140.6, 137.8, 128.5, 

93.2, 51.62 40.06, 23.4, 16.0; ESI-HRMS Calculated for C11H15INOS+ ([M+H]+): 

335.9914, found: 335.9908. 
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N-(1-(3-fluorophenyl)-2-(methylthio)ethyl)acetamide 2k 

White solid, 11.0 mg, 96% yield; 94% ee; [α]D
20 = -47.20 (c = 0.5, CHCl3); The 

enantiomeric excess was determined by HPLC on Chiralcel OD-H column, hexane: 

isopropanol = 95: 5; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 25.8 min 

(minor), 28.1 min (major); 1H NMR (400 MHz, CDCl3) δ 7.35-7.28 (m, 1H), 

7.12-7.06 (m, 1H), 6.03-6.93 (m, 2H), 6.16 (brs, 1H), 5.18 (dd, J = 13.7, 6.8 Hz, 1H), 

2.97 – 2.78 (m, 2H), 2.06 (s, 3H), 2.02 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 169.7, 

164.2, 161.8, 143.5, 143.5, 130.3, 130.2, 122.2, 122.1, 114.7, 114.5, 113.5, 113.3, 51.6, 

40.2, 23.3, 16.0; ESI-HRMS Calculated for C11H15FNOS+ ([M+H]+): 228.0853, found: 

228.0851. 

 

N-(1-(2-fluorophenyl)-2-(methylthio)ethyl)acetamide 2l 

White solid, 10.6 mg, 94% yield; 96% ee; [α]D
20 = -24.40 (c = 0.5, CHCl3); The 

enantiomeric excess was determined by HPLC on Chiralcel OD-H column, hexane: 

isopropanol = 90: 10; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 9.0 min 

(minor), 10.2 min (major); 1H NMR (400 MHz, CDCl3) δ 7.34 – 7.25 (m, 2H), 

7.35-7.24 (m, 1H), 6.19 (brs, 1H), 5.36 (dd, J = 15.3, 6.9 Hz, 1H), 3.03 – 2.80 (m, 2H), 

2.05 (s, 3H), 2.02 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 169.5, 129.5, 129.5, 129.0, 

128.9, 127.7, 127.5, 124.4, 124.4, 116.0, 115.8, 48.7, 39.1, 23.4, 15.7; ESI-HRMS 

Calculated for C11H15FNOS+ ([M+H]+): 228.0853, found: 228.0851. 

 

 

N-(2-(methylthio)-1-(naphthalen-2-yl)ethyl)acetamide 2m 

White solid, 9.8 mg, 76% yield (80% conv.); 92% ee; [α]D
20 = +2.00 (c = 0.5, CHCl3); 
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The enantiomeric excess was determined by HPLC on Chiralcel OD-H column, 

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

20.6 min (minor), 29.0 min (major); 1H NMR (400 MHz, CDCl3) δ 7.89 – 7.78 (m, 

3H), 7.78-7.73 (m, 1H), 7.53 – 7.43 (m, 2H), 7.41 (m, 1H), 6.23 (brs, 1H), 5.36 (dd, J 

= 14.1, 6.8 Hz, 1H), 3.01 (d, J = 6.5 Hz, 2H), 2.06 (s, 3H), 2.02 (s, 3H); 13C NMR 

(101 MHz, CDCl3) δ 168.7, 137.0, 132.2, 131.8, 127.6, 126.9, 126.6, 125.3, 125.0, 

124.3, 123.5, 51.1, 39.1, 22.4, 15.0; ESI-HRMS Calculated for C15H18NOS+ 

([M+H]+): 260.1104, found: 260.1101. 

 

 

N-(1-(furan-2-yl)-2-(methylthio)ethyl)acetamide 2n 

White solid, 10.0 mg, 99% yield; 99% ee; [α]D
20 = -58.60 (c = 0.5, CHCl3); The 

enantiomeric excess was determined by HPLC on Chiralcel OJ-H column, hexane: 

isopropanol = 95: 5; flow rate = 1.0 mL/min; UV detection at 220 nm; tR = 60.1 min 

(minor), 60.8 min (major); 1H NMR (400 MHz, CDCl3) δ 7.37 (m, 1H), 6.34 (m, 1H), 

6.25 (m, 1H), 6.09 (brs, 1H), 5.33 (dd, J = 8.5, 6.2 Hz, 1H), 2.99 (dd, J = 13.8, 5.8 Hz, 

1H), 2.90 (dd, J = 13.8, 6.7 Hz, 1H), 2.04 (s, 3H), 1.98 (s, 3H); 13C NMR (101 MHz, 

CDCl3) δ 168.4, 151.7, 141.0, 109.54, 106.0, 45.5, 37.0, 22.3, 14.8; ESI-HRMS 

Calculated for C9H14NO2S
+ ([M+H]+): 200.0740, found: 200.0738. 

 

 

N-(2-(methylthio)-1-(thiophen-2-yl)ethyl)acetamide 2o 

White solid, 11.0 mg, 99% yield; 97% ee; [α]D
20 = -89.60 (c = 0.5, CHCl3); The 

enantiomeric excess was determined by HPLC on Chiralcel OD-H column, hexane: 

isopropanol = 90: 10; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 15.5 min 

(minor), 17.3 min (major); 1H NMR (400 MHz, CDCl3) δ 7.26-7.18 (m, 1H), 7.06 – 

6.92 (m, 2H), 6.11 (brs, 1H), 5.51 (dd, J = 14.6, 6.3 Hz, 1H), 2.99 (d, J = 6.3 Hz, 2H), 

2.08 (s, 3H), 2.04 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 169.5, 144.3, 127.0, 124.80, 
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124.7, 48.1, 40.7, 23.3, 16.2; ESI-HRMS Calculated for C9H14NOS2
+ ([M+H]+): 

216.0511, found: 216.0509. 

 

N-(1-(3-ethoxy-4-methoxyphenyl)-2-(methylthio)ethyl)acetamide 2q 

White solid, 14.0 mg, 99% yield; 96% ee; The enantiomeric excess was determined 

by HPLC on Chiralcel OJ-H column, hexane: isopropanol = 90: 10; flow rate = 1.0 

mL/min; UV detection at 210 nm; tR = 21.5 min (major), 25.3 min (minor); 1H NMR 

(400 MHz, CDCl3) δ 6.96 – 6.77 (m, 3H), 5.99 (brs, 1H), 5.12 (dd, J = 14.2, 6.7 Hz, 

1H), 4.10 (q, J = 7.0 Hz, 2H), 3.86 (s, 3H), 3.04 – 2.72 (m, 2H), 2.04 (s, 3H), 2.02 (s, 

3H), 1.47 (t, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 168.5, 147.8, 147.4, 

132.1, 117.4, 110.6, 110.4, 63.4, 54.9, 50.9, 39.1, 22.4, 15.0, 13.8; ESI-HRMS 

Calculated for C14H22NO3S
+ ([M+H]+): 284.1315, found: 284.1313. 

General Procedure for Asymmetric Hydrogenation of compound 1o 

 

A stock solution was made by mixing [Rh(NBD)2]BF4 (7.5 mg) with 

(Sc,Rp)-Duanphos (8.4 mg) in a 1:1.1 molar ratio in CH2Cl2 (1 mL) at room 

temperature for 5-10 min in a nitrogen-filled glovebox. The catalyst solution was 

transferred by syringe into the vials charged with 1o (0.213 g, 1mmol) in anhydrous 

iPrOH (60 mL). The vials were subsequently transferred into an autoclave into which 

hydrogen gas was charged. The reaction was then stirred under H2 (80 atm) at room 

temperature for 24 h. The hydrogen gas was released slowly and carefully. The 

solution was concentrated and passed through a short column of silica gel (eluent: 

PE/EtOAc=2/1) to yield the desired products. The ee values of compounds 2o were 

determined by HPLC analysis on a chiral stationary phase. 
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General Procedure for Oxidation of compound 2a and 2q.4 

A mixture of sulfide 2a or 2q (1.0 mmol), tantalumchloride (7.1 mg, 0.02 mmol), and 

30% hydrogen peroxide (0.5 mL, 5 mmol) in MeOH (2 mL) was stirred at 45 oC. 

When 2a or 2q disappeared from the TLC, saturated aqueous sodium thiosulfate (15 

mL) is added to the reaction mixture, followed by extraction with ethyl acetate (3×20 

mL). The combined organic phase is washed with brine, dried over anhydrous 

magnesium sulfate, and evaporated. Chromatography on silica gel gave pure products 

3a or 3q. 

 

  

(S)-N-(2-(methylsulfonyl)-1-phenylethyl)acetamide 3a 

White solid, 78% yield; 96% ee; [α]D
20 = 18.0 (c = 0.3, CH2Cl2); The enantiomeric 

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

85: 15; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 14.7 min (minor), 18.2 

min (major); 1H NMR (400 MHz, CDCl3) δ 7.43-7.33 (m, 5H), 6.86 (d, J = 8.0, 1H), 

5.61 (q, J = 7.2 Hz, 1H), 3.67 (dd, J = 7.2, 15.2 Hz, 1H), 3.47 (dd, J = 4.8, 14.8 Hz, 1H), 

2.63 (s, 3H), 2.07 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 169.9, 138.4, 129.2, 128.5, 

126.5, 59.4, 49.0, 41.9, 23.3.  

 

(S)-N-(1-(3-ethoxy-4-methoxyphenyl)-2-(methylsulfonyl)ethyl)acetamide 3q 

White solid, 50% yield; 94% ee; The enantiomeric excess was determined by HPLC 

on Chiralpak AD-H column, hexane: isopropanol = 85: 15; flow rate = 1.0 mL/min; 

UV detection at 210 nm; tR = 18.0 min (minor), 19.3 min (major);1H NMR (400 MHz, 

CDCl3) δ 6.95 – 6.70 (m, 3H), 6.61 (brs, 1H), 5.51 (dd, J = 13.4, 6.4 Hz, 1H), 4.10 (q, 

J = 7.0 Hz, 2H), 3.87 (s, 3H), 3.64 (dd, J = 14.9, 6.5 Hz, 1H), 3.45 (dd, J = 14.9, 5.0 

Hz, 1H), 2.62 (s, 3H), 2.06 (s, 3H), 1.48 (t, J = 7.0 Hz, 3H); 13C NMR (101 MHz, 
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CDCl3) δ 168.9, 148.3, 147.7, 129.7, 117.5, 110.6, 110.3, 63.6, 58.4, 55.0, 47.9, 40.9, 

22.3, 13.4. 

The investigation of the influence of Z/E ratio to enantioselectivity. 

In order to investigate the effect of Z/E ratio to the enantioselectivity, we added 

some experiments to elucidate their relationship. 

 

(1) Hydrogenation of 1a with different Z/E ratio 

 

(2)Control experiment for asymmetric hydrogenation of 1o 

 

Entry H2 (atm) Time (h) 
Conv. (%)a 

Ee (%) 
Zb,c Eb,c 

1 10 24 63(94) 30(89) 97 

2 10 12 52(79) 19(57) 97 

3 5 24 42(63) 8(25) 97 

4 80 24 67(100) 33(100) 97 
a The conversion is calculated by 1H NMR. b the conversion is based on the mixture of 

1o. b the conversion in parentheses is based on the corresponding isomer of 1o. 

 

These experiment results clearly identified that the Z/E ratio have no influence 

on the enantioselectivity for this reaction. 
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NMR and HPLC of 1, 2 and 3. 

1H NMR and 13C NMR of 1a 
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1H NMR and 13C NMR of 1b 
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1H NMR and 13C NMR of 1c 
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1H NMR and 13C NMR of 1d 
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1H NMR and 13C NMR of 1e 
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1H NMR and 13C NMR of 1f 
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1H NMR and 13C NMR of 1g 
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1H NMR and 13C NMR of 1h 
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1H NMR and 13C NMR of 1i 
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1H NMR and 13C NMR of 1j 
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1H NMR and 13C NMR of 1k 
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1H NMR and 13C NMR of 1l 
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1H NMR and 13C NMR of 1m 
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1H NMR and 13C NMR of 1n 
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1H NMR and 13C NMR of 1o 
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1H NMR and 13C NMR of 1p 
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1H NMR and 13C NMR of 1q 
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1H NMR and 13C NMR of 2a 
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1H NMR and 13C NMR of 2b 
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1H NMR and 13C NMR of 2c 
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1H NMR and 13C NMR of 2d 
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1H NMR and 13C NMR of 2e 
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1H NMR and 13C NMR of 2f 

 

 

 

 

 



                                            S    46 

1H NMR and 13C NMR of 2g 
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1H NMR and 13C NMR of 2h 
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1H NMR and 13C NMR of 2i 
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1H NMR and 13C NMR of 2j 
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1H NMR and 13C NMR of 2k 
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1H NMR and 13C NMR of 2l 
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1H NMR and 13C NMR of 2m 
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1H NMR and 13C NMR of 2n 
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1H NMR and 13C NMR of 2o 
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1H NMR and 13C NMR of 2p 
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1H NMR and 13C NMR of 3a 
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1H NMR and 13C NMR of 3p 

 

 

 

 



                                            S    58 

 

 

HPLC of rac-2a 
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HPLC of cat-2a 
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HPLC of rac-2b 
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HPLC of cat-2b 
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HPLC of rac-2c 
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HPLC of cat-2c 
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HPLC of rac-2d 
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HPLC of cat-2d 
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HPLC of rac-2e 
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HPLC of cat-2e 
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HPLC of rac-2f 

 

 

 



                                            S    69 

 

HPLC of cat-2f 
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HPLC of rac-2g 
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HPLC of cat-2g 
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