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General Methods: 1H and 13C NMR were recorded on Varian-500 or Avance III 

600 instruments.Chemical shifts were reported in ppm down field from internal 

Me4Si. Mass spectra were recorded using electrospray ionization (ESI) on LCQ 

Advanted MAX Mass instruments. HPLC analysis was measured using ChiralPak 

AS-H column.

Materials: Commercial reagents were used without purification except for 

otherwise explanation. Analytical thin layer chromatography was performed on 0.20 

mm silica gel plates and silica gel (200-300 mesh) was used for flash chromatography 

both purchased from Qingdao Haiyang Chem. Company, Ltd..

Preparation of catalysts:

1. Preparation of catalyst 1:

To a stirred solution of L-proline (10 g, 0.1 mol) in dioxane (200 ml) were added 

K2CO3 (16.4 g, 0.12 mol) and benzyl chloride (15 g, 0.12 mol). The mixture was 

refluxed for 3 hours, then concentrated in vacuo. The residure was dissolved in 200 

ml 2 M sodium hydroxide aqueous solution. Then it was extracted by CH2Cl2 (200 

ml*2).  The organic phase was dried by MgSO4 then purified by column 

chromatography (CH3OH:EA=1:10) to afford product 4 (18.1 g, 97.3%), 1H NMR 

(600 MHz, CDCl3) δ: 1.67-1.72 (2H, m), 1.80-1.86 (1H, m), 1.90-1.95 (1H, m), 2.27-

2.31 (1H, m), 2.71-2.75 (1H, m), 2.96-2.99 (1H, m), 3.35 (1H, d, J=12.6 Hz), 3.41-

3.44 (1H, m), 3.64-3.67 (1H, m), 3.87 (1H, d, J=13.2 Hz), 7.24-7.33 (5H, m).

To a stirred solution of 4 (11.64 g, 0.06 mol) in CH2Cl2 (150 ml) was added 

triethylamine (8.62 g, 0.085 mol), then the methylsufonyl chloride (9.73 g, 0.085 mol) 

was added dropwise under ice-bath cooling. The reaction mixture was stirred at room 

temperature for 2 hours and washed by  100 ml 2 M sodium hydroxide aqueous 

solution. The organic phase was dried by MgSO4, filtered, and evaporated to dryness 
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to afford product 5 (16.2 g, 98.8%). 

To a stirred solution of 5 (7.0 g, 0.026 mol) in CH3OH (100 ml) was added 

piperidine (11.0 g, 0.13 mol). The reaction mixture was refluxed for 12 hours, then 

concentrated in vacuo to remove CH3OH and remainder piperidine. The residure was 

dissolved in 200 ml 2 M sodium hydroxide aqueous solution. Then it was extracted by 

CH2Cl2 (200 ml). The organic phase was dried by MgSO4 then purified by column 

chromatography (CH3OH:EA=1:10) to afford product 6 (4.73 g, 70.6%). 1H NMR 

(600 MHz, CDCl3) δ: 1.22-1.26 (2H, m), 1.41 (2H, m), 1.51-1.74 (8H, m), 1.94-2.00 

(1H, m), 2.11-2.15 (1H, m), 2.27-2.31 (1H, m), 2.52-2.55 (1H, m), 2.60-2.65 (1H, m), 

2.88-2.92 (1H, m), 3.24 (1H, d, J=12.6 Hz), 3.69-3.73 (1H, q, J=7.2 Hz), 4.22 (1H, d, 

J=12.6 Hz), 7.21-7.23 (1H, m), 7.28-7.33 (4H, m).

To a solution of 6 (4.73 g, 0.018 mol) in CH3OH (50 ml) was added Pd/C (10%, 

2.5 g). The reaction mixture was stirred at 80 ℃, 1.0 MPa H2 atmosphere for 10 hours. 

Then the mixture was filtered to remove Pd/C, and purified by column 

chromatography (ammonia water: CH3OH=1:30) to afford product 7 (2.26 g, 73.4%). 
1H NMR (600 MHz, CDCl3) δ: 1.32-1.42 (3H, m), 1.50-1.64 (4H, m), 1.73-1.77 (2H, 

m), 1.87-1.90 (1H, m), 2.27-2.33 (4H, m), 2.42-2.58 (2H, m), 2.87-3.02 (2H, m), 

3.31-3.33 (1H, m). 

To a solution of 7 (1.0 g, 5.95 mmol) in CH2Cl2 (20 ml) was added activated 

resin (2.58 g, contain sulfonic acid group 4.96 mmol). The reaction mixture was 

stirred for 24 hours at room temperature and then filtered. The insoluble substance 

was washed by CH2Cl2 (10 ml*2) and dried at 40 ℃ for 2 hours to afford catalyst 1. 

Elemental analysis: C: 53.92%, H: 6.93%, N: 5.21%, S: 9.71%, organic catalyst 

loading: 1.861 mmol/g. 

2. Preparation of catalyst 2:

The product 8 was synthesized from 5 utilizing the similar procedure of 

synthesizing 6. The product 8 1H NMR (600 MHz, CDCl3) δ: 1.51-1.73 (2H, m), 

1.82-1.99 (2H, m), 2.27 (3H, s), 2.32-2.66 (11H, m), 2.78-2.79 (0.5H, m), 2.89-2.93 

(0.5H, m), 3.03-3.05 (0.5H, m), 3.26 (0.5H, d, J=13.2 Hz), 3.48-3.54 (1H, m), 3.67-

3.71 (1H, m), 7.21-7.33 (5H, m).

The product 9 was synthesized from 8 utilizing the similar procedure of 

synthesizing 7. The product 9 1H NMR (600 MHz, CDCl3) δ: 1.29-1.46 (2H,m), 1.69-

1.76 (2H, m), 2.26 (3H, s), 2.29-2.60 (10H, m), 2.81-2.86 (1H, m), 2.93-3.00 (1H, m), 

3.19-3.27 (1H, m).



 To a solution of 9 (1.0 g, 5.46 mmol) in CH2Cl2 (20 ml) was added activated 

resin (4.74 g, contain sulfonic acid group 9.11 mmol). The reaction mixture was 

stirred for 24 hours at room temperature and then filtered. The insoluble substance 

was washed by CH2Cl2 (10 ml*2) and dried at 40 ℃ for 2 hours to afford catalyst 2. 

Elemental analysis: C: 52.81%, H: 7.22%, N: 4.74%, S: 10.61%, organic catalyst 

loading: 1.129 mmol/g.

3. Preparation of catalyst 3:

The product 10 was synthesized from 5 utilizing the similar procedure of 

synthesizing 6. The product 10 1H NMR (600 MHz, CDCl3) δ: 1.56-1.71 (3H, m), 

1.85-1.98 (2H, m), 2.12-2.19 (1H, m), 2.31-2.36 (1H, m), 2.51-2.65 (12H, m), 2.89-

2.93 (1H, m), 3.25-3.28 (1H, m), 3.59-3.61 (2H, m), 7.23-7.33 (5H, m).

The product 11 was synthesized from 10 utilizing the similar procedure of 

synthesizing 5.

The product 12 was synthesized from 11 utilizing the similar procedure of 

synthesizing 6. The product 12 1H NMR (600 MHz, CDCl3) δ: 1.29 (6H, t, J=10.8 

Hz), 1.73-2.07 (4H, m), 2.41-2.46 (2H, m), 2.49-2.68 (8H, m), 2.78-2.91 (2H, m), 

2.93-3.14 (8H, m), 3.47-3.69 (1H, m), 4.26-4.43 (2H, m), 7.27-7.43 (5H, m).

The product 13 was synthesized from 12 utilizing the similar procedure of 

synthesizing 7. The product 13 1H NMR (600 MHz, CDCl3) δ: 0.76 (6H, t, J=10.8 

Hz), 1.06-1.21 (2H, m), 1.47-1.73 (2H, m), 2.02-2.11 (2H, m), 2.21-2.33 (16H, m), 

2.56-2.74 (2H, m), 2.93-3.01 (1H, m). 13C NMR (150 MHz, CDCl3) δ: 11.59, 24.75, 

29.72, 45.79, 47.24, 49.12, 50.09, 53.54, 55.11, 56.59, 63.76.

To a solution of 13 (1.0 g, 3.73 mmol) in CH2Cl2 (20 ml) was added activated 

resin (4.86 g, contain sulfonic acid group 9.33 mmol). The reaction mixture was 

stirred for 24 hours at room temperature and then filtered. The insoluble substance 

was washed by CH2Cl2 (10 ml*2) and dried at 40 ℃ for 2 hours to afford catalyst 3. 

Elemental analysis: C: 52.27%, H: 6.95%, N: 4.95%, S: 12.08%, organic catalyst 

loading: 0.084 mmol/g.

General experimental procedure for the Michael addition of cyclohexanone 

to nitroalkene by catalyst 1, 2 and 3.

To a solution of cyclohexanone (10 mmol) and nitroalkene (1 mmol) was added 

resin-immobilized catalyst (contain 0.1 mmol organic catalyst). The mixture was 

stirred at room temperature for 48 hours. Then the mixture was filtered and washed by 

CH2Cl2 (10 ml*2), and the product was purified by flash chromatography on silica gel.



Other asymmetric Michael additions of ketones and aldehydes to nitroolefins 

utilized the similar procedure.

NMR data and HPLC data for Michael addition products of Table 4.

The product of entry 1:
1H NMR (500 MHz, CDCl3) δ: 1.10-1.22 (1H, m), 1.43-1.74 (4H, m), 1.96-2.04 

(1H, m), 2.27-2.45 (2H, m), 2.57-2.66 (1H, m), 3.67-3.74 (1H, m), 4.58 (1H, dd, 

J=12.5 Hz, 10.0 Hz), 4.89 (1H, dd, J=12.5Hz, 4.5 Hz), 7.10-7.28 (5H, m);
13C NMR (125 MHz, CDCl3) δ: 25.2, 28.6, 33.3, 42.7, 44.2, 52.4, 79.0, 127.8, 

128.3, 129.0, 137.7, 211.1

MS (ESI, m/z): 248.1 (M+H+)

The enantiomeric excess was determined by chiral HPLC with a Chiralpack AS-

H column at 254 nm (hexane:2-propanol=9:1), 1.0 ml/min; tr=15.4 min (minor), 23.8 

min (major).

The product of entry 2:
1H NMR (500 MHz, CDCl3) δ : 1.21-1.29 (1H, m), 1.58-1.83 (4H, m), 2.04-2.11 

(1H, m), 2.33 (3H, s), 2.36-2.43 (1H, m), 2.47-2.50 (1H, m), 2.66-2.70 (1H, m), 3.70-

3.75 (1H, m), 4.60-4.63 (1H, m), 4.91-4.94 (1H, m), 7.05 (2H, d, J=8.0 Hz) , 7.13 (2H, 

d, J=8.0 Hz). 
13C NMR (125 MHz, CDCl3) δ: 21.0, 24.8, 28.5, 33.2, 42.6, 43.5, 52.5, 79.1, 

127.9, 129.5, 134.5, 137.3, 211.8 

MS (ESI, m/z): 266.3 (M+H+)

The enantiomeric excess was determined by chiral HPLC with a Chiralpack AS-

H column at 254 nm (hexane:2-propanol=9:1), 1.0 ml/min; tr=10.8 min (minor), 19.8 

min (major).

The product of entry 3:
1H NMR (500 MHz, CDCl3) δ : 1.18-1.28 (1H, m), 1.56-1.82 (4H, m), 2.05-2.12 

(1H, m), 2.34-2.42 (1H, m), 2.46-2.51 (1H, m), 2.61-2.68 (1H, m), 3.68-3.74 (1H, m), 

3.79 (3H, s), 4.58-4.61 (1H, m), 4.90-4.93 (1H, m) , 6.85 (2H, d, J=8.5 Hz) , 7.05 (2H, 

d, J=8.5 Hz). 
13C NMR (125 MHz, CDCl3) δ: 24.8, 28.5, 33.1, 42.5, 43.1, 52.4, 55.1, 78.9, 

114.1, 129.1, 129.6, 158.8, 211.8. 

MS (ESI, m/z): 278.1 (M+H+)

The enantiomeric excess was determined by chiral HPLC with a Chiralpack AS-

H column at 254 nm (hexane:2-propanol=9:1), 1.0 ml/min; tr=33.0 min (minor), 47.8 



min (major).

The product of entry 4:
1H NMR (500 MHz, CDCl3) δ : 1.19-1.28 (1H, m), 1.56-1.83 (4H, m), 2.06-2.13 

(1H, m), 2.34-2.42 (1H, m), 2.46-2.52 (1H, m), 2.63-2.67 (1H, m), 3.74-3.78 (1H, m), 

4.59-4.63 (1H, m), 4.92-4.96 (1H, m) , 7.12-7.14 (2H, m) , 7.29-7.33 (2H, m). 
13C NMR (125 MHz, CDCl3) δ: 25.1, 28.4, 33.3, 42.6, 43.5, 52.3, 78.4, 129.1, 

129.5, 133.5, 136.2, 211.7.

MS (ESI, m/z): 282.0 (M+H+) 

The enantiomeric excess was determined by chiral HPLC with a Chiralpack AS-

H column at 254 nm (hexane:2-propanol=9:1), 1.0 ml/min; tr=16.3 min (minor), 29.0 

min (major).

The product of entry 5:
1H NMR (500 MHz, CDCl3) δ : 1.24-1.33 (1H, m), 1.57-1.84 (4H, m), 2.07-2.14 

(1H, m), 2.35-2.44 (1H, m), 2.46-2.51 (1H, m), 2.77-2.82 (1H, m), 3.89-3.93 (1H, m), 

4.85-4.96 (2H, m) , 7.15-7.37 (4H, m).
13C NMR (125 MHz, CDCl3) δ: 25.1, 28.5, 33.2, 41.8, 43.3, 51.8, 77.9, 129.0, 

129.8, 134.1, 136.1, 211.7.

MS (ESI, m/z): 282.0 (M+H+) 

The enantiomeric excess was determined by chiral HPLC with a Chiralpack AS-

H column at 254 nm (hexane:2-propanol=9:1), 1.0 ml/min; tr=16.3 min (minor), 31.0 

min (major).

The product of entry 6:
1H NMR (500 MHz, CDCl3) δ : 1.31-1.38 (1H, m), 1.59-1.83 (4H, m), 2.09-2.15 

(1H, m), 2.37-2.45 (1H, m), 2.47-2.51 (1H, m), 2.90-2.96 (1H, m), 4.27-4.33 (1H, m), 

4.87-4.94 (2H, m), 7.20-7.25 (3H, m) , 7.36-7.39 (1H, m). 
13C NMR (125 MHz, CDCl3) δ: 25.2, 28.5, 33.1, 41.1, 42.8, 51.5, 77.3, 128.8, 

130.4,134.7, 135.5, 211.8, 

MS (ESI, m/z): 282.1 (M+H+)

The enantiomeric excess was determined by chiral HPLC with a Chiralpack AS-

H column at 254 nm (hexane:2-propanol=9:1), 1.0 ml/min; tr=14.0 min (minor), 20.9 

min (major).

The product of entry 7:
1H NMR (500 MHz, CDCl3) δ : 1.31-1.38 (1H, m), 1.60-1.85 (4H, m), 2.11-2.15 

(1H, m), 2.35-2.42 (1H, m), 2.46-2.52 (1H, m), 2.84-2.94 (1H, m), 4.11-4.24 (1H, m), 



4.86-4.92 (2H, m) , 7.16 (1H, d, J=8.5 Hz) , 7.24 (1H, dd, J1=8.5 Hz, J2=2.0 Hz), 7.43 

(1H, d, J=2.0 Hz). 
13C NMR (125 MHz, CDCl3) δ: 25.1, 27.0, 28.3, 32.9, 40.4, 42.7, 51.5, 77.4, 

127.8, 130.0, 133.9, 134.4, 135.2, 211.5. 

MS (ESI, m/z): 316.2 (M+H+) 

The enantiomeric excess was determined by chiral HPLC with a Chiralpack AS-

H column at 254 nm (hexane:2-propanol=9:1), 1.0 ml/min; tr=11.1 min (minor), 20.1 

min (major).

The product of entry 8:
1H NMR (500 MHz, CDCl3) δ : 1.23-1.31 (1H, m), 1.55-1.84 (4H, m), 2.07-2.14 

(1H, m), 2.35-2.44 (1H, m), 2.48-2.54 (1H, m), 2.65-2.69 (1H, m), 3.75-3.81 (1H, m), 

4.59-4.63 (1H, m), 4.93-4.96 (1H, m) , 7.16-7.21 (2H, m) , 7.32-7.38 (2H, m). 
13C NMR (125 MHz, CDCl3) δ: 25.0, 28.3, 33.4, 42.5, 43.6, 52.2, 78.5, 129.2, 

129.6, 133.4, 140.2, 211.7.

MS (ESI, m/z): 326.0 (M+H+), 328.0 (M+H+)

The enantiomeric excess was determined by chiral HPLC with a Chiralpack AS-

H column at 254 nm (hexane:2-propanol=9:1), 1.0 ml/min; tr=16.9 min (minor), 30.3 

min (major).

The product of entry 9:
1H NMR (500 MHz, CDCl3) δ: 1.22-1.32 (1H, m), 1.56-1.77 (3H, m), 1.78-1.85  

(1H, m), 2.08-2.16 (1H, m), 2.44-2.35 (1H, m), 2.52-2.45 (1H, m), 2.78-2.69 (1H, m), 

3.91-4.01 (1H, m), 4.66-4.73 (1H, m), 4.97-5.05 (1H, m), 7.41 (2H, d, J=8.5 Hz), 8.15 

(2H, d, J=8.5 Hz).   
13C NMR (125MHz, CDCl3) δ: 24.9, 28.2, 33.0, 42.4, 43.6, 52.1, 77.9, 123.8, 

129.2, 145.5, 147.3, 210.9. 

MS (ESI, m/z): 315.1 (M+Na+)

The enantiomeric excess was determined by chiral HPLC with a Chiralpack AS-

H column at 254 nm (hexane:2-propanol=7:3), 1.0 ml/min; tr=30.0 min (major).

The product of entry 10:
1H NMR (500 MHz, CDCl3) δ : 1.19-1.29 (1H, m), 1.57-1.83 (4H, m), 2.05-2.11 

(1H, m), 2.36-2.44 (1H, m), 2.46-2.51 (1H, m), 2.62-2.68 (1H, m), 3.69-3.75 (1H, m), 

3.79 (3H, s), 4.57-4.61 (1H, m), 4.90-4.94 (1H, m) , 6.85 (2H, d, J=8.5 Hz) , 7.08 (2H, 

d, J=8.5 Hz). 
13C NMR (125 MHz, CDCl3) δ: 25.1, 28.1, 33.0, 41.9, 42.7, 52.1, 77.5, 124.7, 



128.4, 129.0, 132.8, 133.0, 150.7, 211.1. 

MS (ESI, m/z): 293.2 (M+H+)

The enantiomeric excess was determined by chiral HPLC with a Chiralpack AS-

H column at 254 nm (hexane:2-propanol=7:3), 1.0 ml/min; tr=14.1 min (minor), 18.4 

min (major).

The product of entry 11:
1H NMR (500 MHz, CDCl3) δ: 2.52-2.57 (1H, m), 2.60-2.68 (1H, m), 2.85-2.90 

(1H, m), 3.26 (1H, dd, J1=20.0 Hz, J2=8.5 Hz), 3.64-3.86 (3H, m), 4.11-4.18 (1H, m), 

4.62-4.68 (1H, m), 4.94 (1H, dd, J1=12.5 Hz, J2=4.5 Hz), 7.18-7.35 (5H, m). 
13C NMR (125 MHz, CDCl3) δ: 41.3, 42.8, 53.4, 68.8, 71.5, 78.5, 127.7, 128.3, 

129.1, 136.3, 208.3.  

MS (ESI, m/z): 250.1(M+H+)

The enantiomeric excess was determined by chiral HPLC with a Chiralpack AS-

H column at 254 nm (hexane:2-propanol=9:1), 1.0 ml/min; tr=28.9 min (minor), 38.8 

min (major).

The product of entry 12:
1H NMR (500 MHz, CDCl3) δ: 2.14 (3H, s)，2.93 (2H, d, J=5.0 Hz)，3.99-4.04 

(1H, m), 4.58-4.63 (1H, m), 4.68-4.73 (1H, m), 7.21-7.55 (5H, m).
13C NMR (125 MHz, CDCl3) δ: 30.3, 39.0, 46.1, 55.4, 79.4, 127.2, 127.9, 129.1, 

138.8, 205.6.

MS (ESI, m/z): 208.0 (M+H+)

The enantiomeric excess was determined by chiral HPLC with a Chiralpack AS-

H column at 254 nm (hexane:2-propanol=9:1), 1.0 ml/min; tr=30.2 min (minor), 37.1 

min (major).

The product of entry 13:
1H NMR (500 MHz, CDCl3) δ: 0.98 (3H, d, J=7.5 Hz,), 1.08 (3H, t, J=7.5 Hz), 

2.34−2.44 (1H, m), 2.55–2.65 (1H, m), 2.93−3.02 (1H, m), 3.67−3.72 (1H, m), 4.58 

(1H, dd, J1=12.5 Hz, J2=4.5 Hz), 4.65 (1H, dd, J1=12.5 Hz, J2=9.0 Hz), 7.14−7.16 

(2H, m), 7.24−7.32 (3H, m).
13C NMR (125 MHz, CDCl3) δ: 7.1, 14.4, 35.5, 45.9, 49.0, 77.8, 128.8, 138.5, 

212.7.

MS (ESI, m/z): 236.2(M+H+)

The enantiomeric excess was determined by chiral HPLC with a Chiralpack AS-



H column at 254 nm (hexane:2-propanol=95:5), 1.0 ml/min; tr=11.8 min (minor), 16.7 

min (major).

The product of entry 14:
1H NMR (500MHz, CDCl3) δ: 1.56-1.78 (2H, m), 1.78-1.97 (2H, m), 2.04-2.54 

(3H, m), 3.66–3.73 (1H, m), 5.02 (1H, d, J=8.5 Hz), 7.15-7.35 (5H, m).
13C NMR (125 MHz, CDCl3): 20.1, 28.1, 38.5, 44.0, 50.3, 78.1, 127.7, 127.9, 

128.3, 137.3, 218.4. 

MS (ESI, m/z): 266.1 (M+H+)

The enantiomeric excess was determined by chiral HPLC with a Chiralpack AS-

H column at 254 nm (hexane:2-propanol=9:1), 1.0 ml/min; tr=16.5 min (minor), 28.7 

min (major).

The product of entry 15:
1H NMR (500 MHz, CDCl3) δ: 1.21-1.31 (1H, m), 1.42-1.83 (6H, m), 1.99-2.07 

(1H, m), 2.28-2.47 (2H, m), 2.58-2.69 (1H, m), 3.70-3.77 (1H, m), 4.61-4.64 (1H, m), 

4.89-4.93 (1H, m), 7.11-7.29 (5H, m).
13C NMR (125 MHz, CDCl3) δ: 24.9, 26.3, 28.5, 33.5, 43.1, 44.5, 52.7, 79.7, 

127.8, 128.5, 129.0, 138.5, 211.5

MS (ESI, m/z): 262.1 (M+H+)

The enantiomeric excess was determined by chiral HPLC with a Chiralpack AS-

H column at 254 nm (hexane:2-propanol=95:5), 1.0 ml/min; tr=15.6 min (minor), 26.0 

min (major).

The product of entry 16:
1H NMR (500 MHz, CDCl3) δ: 0.99 (3H, d, J=9.0 Hz), 2.71-2.83 (1H, m), 3.75-

3.80 (1H, m), 4.61-4.69 (1H, m), 4.72-4.78 (1H, m), 7.16-7.35 (5H, m), 9.72 (1H, d, 

J=2.0 Hz). 
13C NMR (125 MHz, CDCl3) δ: 12.2, 44.0, 48.5, 78.1, 128.0, 128.1, 129.1, 136.6, 

202.1.

MS (ESI, m/z): 208.2 (M+H+)

The enantiomeric excess was determined by chiral HPLC with a Chiralpack AS-

H column at 254 nm (hexane:2-propanol=8:2), 1.0 ml/min; tr=22.6 min (major), 32.1 

min (minor).

The product of entry 17:
1H NMR (500 MHz, CDCl3) δ: 0.81-0.92 (3H, m), 1.48-1.56 (2H, m), 2.66-2.72 

(1H, m), 3.77-3.83 (1H, m), 4.61-4.75 (2H, m), 7.18-7.21 (2H, m), 7.29-7.38 (2H, m), 



9.72 (1H, d, J=2.5 Hz). 
13C NMR (125 MHz, CDCl3) δ: 10.8. 20.5, 42.7, 55.0, 78.4, 128.0, 128.1, 129.1, 

136.7, 203.1.

MS (ESI, m/z): 222.3 (M+H+)

The enantiomeric excess was determined by chiral HPLC with a Chiralpack AS-

H column at 254 nm (hexane:2-propanol=9:1), 1.0 ml/min; tr=12.7 min (major), 26.1 

min (minor).

NMR of compound 13:



1H NMR

13C NMR
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HPLC analysis results:
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Table 4 Entry 1

Table 4 Entry 2



Table 4 Entry 3



Table 4 Entry 4



Table 4 Entry 5



Table 4 Entry 6



Table 4 Entry 7



Table 4 Entry 8



Table 4 Entry 9



Table 4 Entry 10



Table 4 Entry 11



Table 4 Entry 12



Table 4 Entry 13



Table 4 Entry 14



Table 4 Entry 15



Table 4 Entry 16



Table 4 Entry 17



HPLC analysis results of Fig. 3:



Column model: Agilent Prep-C18 Scalar PN440910-902;

Mobile phase: CH3OH:H2O=3:2; Flow rate: 0.7 mL/min; Injected volume: 10μL

Concentration: 0.1 mol/L

Concentration: 0.2 mol/L

Concentration: 0.3 mol/L



Concentration: 0.4 mol/L

Sample:



HPLC analysis results of Fig. 4:



Column model: Agilent Prep-C18 Scalar PN440910-902;

Mobile phase: CH3OH:H2O=3:2; Flow rate: 0.7 mL/min; Injected volume: 10μL

Concentration: 0.025 mol/L

Concentration: 0.05 mol/L

Concentration: 0.075 mol/L



Concentration: 0.10 mol/L

Sample:




