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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.. 

C NMR were recorded on Varian-500 instruments. Chemical shifts were reported 

in ppm down field from internal Me4Si. All the multiplet patterns assigned the first-order splitting patterns. 

Mass spectra were recorded using electrospray ionization (ESI) on LCQ Advanted MAX Mass instruments. 

Optical rotations were tested on a WZZ-3 polarimeter using 10mL cell with a 1 dm path length and Autopol II 

polarimete using 1mL cell with a 1 dm path length. HPLC analysis was measured using ChiralPak AS-H 

column. 
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Preparation of catalysts: 

1. Preparation of (S)-3-phenyl-2-((S)-pyrrolidin-2-ylmethylamino)propanoic acid (4a) 

 

To a stirred solution of N-Boc-L-prolinol 8[3] (20.1 g, 0.1mol) in dry CH2Cl2 (300 mL) were 

added pyridinium chlorochromate (30.0 g, 0.14mol) and 4 Å molecular sieves (30.0 g). Stirring 

was continued at room temperature until TLC (EtOAc : Petroleum ether 1:4) showed that 8 had 

disappeared. Et2O (300 mL) was added, the mixture was filtered through a Silica Gel G pad and 

concentrated to a residue that was The residue was chromatographed to afford pure 9[4] (15.2 g, 

76%), 1HNMR(500 MHz, CDCl3

   To a solution of 9 (2.0g,10.0mmol) in 20mL MeOH was added L-Phenylalanine methyl ester 

2.2g,12.1mmol) and 4 Å molecular sieves (2.0 g).After stirred 0.5hours, the Pd/C (wet,5%,0.2g) 

was added and the complex stirring was continued at room temperature under 1atm H

) δ: 1.37(5H, s), 1.42(4H, s), 1.76-2.15(4H, m), 3.44(2H, m)，

4.00-4.15(1H, m), 9.41(0.6H, d), 9.50(0.4H, br). 

2.TLC 

(EtOAc: Petroleum ether 1:1) showed that 9 had disappeared and intermediate 10 had generated[5]. 

The mixture was filtered to remove the catalyst, then concentrated in vacuo. The residue was 

purified by chromatograph to afford product 10. (3.4g, 80%), 1HNMR(500 MHz，CDCl3) δ: 1.42 

(9H, s), 1.71-1.78 (4H, m), 2.52-2.55 (3H, m), 2.89-2.93 (2H, m), 3.19-3.21 (1H, m), 3.24-3.29 

(2H, m), 3.46- 3.51(1 H, m), 3.60 (3H, s), 7.22-7.29 (5H, m), 

Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011



 3 / 38 
 

 

10 (3.4g, 9mmol) was dissolved in MeOH 20mL and NaOH aqueous solution (1M, 12mL) was 

added, the mixture stirred until TLC showed no remaining starting material. After removed the 

organic solvent in vacuo, the residue was dissolved in 5mL H2O. Then the aqueous solution was  

acidified to pH= 6 with 1M HCl, the compound 11 was precipitated. (2.8g, 90%), 1HNMR(500 

MHz，CD3OD) δ: 1.37 (9H, s), 1.62-1.67 (1H, m), 1.75-1.87 (2H, m), 2.08-2.13 (1H, m), 2.87 

-2.91(1H, m), 3.04-3.09 (1H, m), 3.39-3.44 ( 1H, m), 3.73-3.75 (1H, m), 3.92-3.94 (1H, m), 

7.26-7.34(5H, m). 13CNMR (125MHz, CD3

 11(2.8g,8mmol) was added to 20mL CH

OD) δ: 23.50, 27.43, 30.26, 37.05, 52.79, 55.43, 64.49, 

81.14, 127.456, 128.90, 129.37, 135.45, 157.29, 171.48. 

2Cl2

  [α]

 and the slurry chilled to 5℃, then was added 

10mL TFA. The mixture stirred until TLC showed the starting material disappeared. After 

removed the solvent in vacuo, the residue was dissolved in 30mL H2O. The aqueous solution 

was neutralized with NaHCO3 (PH=6), then poured into a column with cation exchange resin 

(30g). The target compound 4a was washed off by 2N aqueous ammonia then purified by 

chromatograph. ( 1.3g , 64%).  

D
rt= -50.1o

 

 (c=1.0, MeOH) 

1HNMR(500 MHz，CD3OD) δ：1.60-1.67(1H，m)，1.84-1.89(2H，m)，1.96-2.00(2H, m), 

2.72-2.79(3H，m)，3.06-3.11(2H, m)，3.15-3.23(1H，m)，3.39-3.42(1H，m)，3.50-3.55(1H，

m)，7.17-7.25( 5H,m). 

13CNMR (125MHz, CD3

IR (KBr): 3312, 2934, 2394, 1670, 1582, 1392, 1120, 867, 750, 525 cm

OD) δ: 24.62, 27.66, 39.81, 45.26, 47.29, 59.82, 65.07, 126.23, 128.22, 

129.22, 139.21, 180.57. 

-1

HRMS (ESI) calcd for [M+H]

.  

+: C14H21N2O2

2. Preparation of (R)-3-phenyl-2-((S)-pyrrolidin-2-ylmethylamino)propanoic acid (4b) 

, m/z 249.1608, found 249.1603 
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 The catalyst 4b was synthesized from L-Phenylalanine methyl ester utilizing the similar 

procedure of 4a. 

[α]D
rt= +61.4o (c=1.0, MeOH) 

1HNMR(500 MHz，CD3OD) δ：1.53-1.60(1H，m)，1.91-1.99(3H，m)，2.32-2.37(1H, m), 

2.69(1H，dd, J1=14.0Hz, J2=9.5Hz)，2.88(1H, dd, J1=9.0Hz, J2=4.5Hz)，3.13-3.23(3H，m)，

3.44-3.46(1H，dd, J1=14.5Hz, J2=4.0Hz)，3.51-3.56(1H，m)，7.18-7.30( 5H,m). 

13CNMR(125 MHz，CD3

IR (KBr): 3320, 2927, 2389, 1586, 1532, 1400, 1020, 858, 723, 675, 543 cm

OD) δ：24.31，27.37，39.95，44.63，48.79，60.36，65.03, 126.35，

128.38, 129.06, 139.09, 180.49. 

-1

HRMS (ESI) calcd for [M+H]

. 

+: C14H21N2O2

3. Preparation of (S)-3-methyl-2-((S)-pyrrolidin-2-ylmethylamino)butanoic acid (5) 

, m/z 249.1608, found 249.1605 

 

The catalyst 5 was synthesized from L-Phenylalanine methyl ester utilizing the similar 

procedure of 4a.   

[α]D
rt= -11.4o (c=1.0, MeOH) 

1HNMR(500 MHz，CD3OD) δ：0.95(3H, d, J=7.0Hz), 0.99 (3H, d, J=7.0Hz), 1.75-1.79(1H, m), 

1.92-1.98 (2H, m), 2.06-2.11 (2H, m), 2.79 (2H, qd, J1=13.5Hz, J2=6.0Hz), 2.92 (1H, d, J=5.0Hz), 

3.19-3.29 (2H, m), 3.57-3.62 (1H, m). 

13CNMR(125 MHz，CD3

IR (KBr): 3380, 2937, 2479, 1676, 1390, 1220,798, 743, 645, 583 cm

OD) δ：17.83, 19.10, 24.50, 27.76, 31.65, 45.44, 48.35, 59.99, 70.08, 

180.76. 

-1

HRMS (ESI) calcd for [M+H]

. 

+: C10H21N2O2, m/z 201.1603, found 201.1597 
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4. Preparation of (S)-3-hydroxy-2-((S)-pyrrolidin-2-ylmethylamino)propanoic acid (6) 

 

The catalyst 6 was synthesized from L-Phenylalanine methyl ester utilizing the similar procedure 

of 4a. 

[α]D
rt= -17.4o (1.0, MeOH) 

1HNMR(500 MHz，CD3OD) δ：1.72-1.80 (1H, m), 1.88-2.00( 1H, m), 2.05-2.11 (2H, m), 

2.85-2.87 (2H, m), 3.24-3.29 (3H, m), 3.51 (1H, dd, J1= 10.5Hz, J2= 8.5Hz), 3.60-3.65 (1H, m), 

3.86 (1H, dd, J1= 11.0Hz, J2= 4.0Hz).  

13CNMR(125 MHz，CD3

IR(KBr): 3350, 2930, 1589, 1398, 1022, 776, 658cm

OD) δ：24.37, 27.98, 45.17, 48.86, 59.72, 63.34, 65.73, 178.45. 

-1

HRMS (ESI) calcd for [M+H]

. 

+: C8H17N2O3

5. Preparation  of (S)-2-(pyrrolidin-2-ylmethylamino)acetic acid (7) 

, m/z 189.1234, found 189.1229 

 

The catalyst 7 was synthesized from L-Phenylalanine methyl ester utilizing the similar procedure 

of 4a. 

[α]D
rt= 16.7o (0.9, MeOH) 

1HNMR(500 MHz，CD3OD) δ：1.65-1.72 (1H, m), 1.94-1.98(1H, m), 2.00-2.11 (2H, m), 

2.73(1H, dd, J1=13.5Hz, J2=8.5Hz), 2.94 (1H, dd, J1= 14.0Hz, J2= 9.0Hz), 3.24 (2H, t, J=7.0Hz), 

3.28 (1H, s), 3.60-3.66(1H, m). 

13CNMR(125 MHz，CD3OD) δ：24.40, 27.71, 45.09, 49.87, 52.02, 59.75, 178.17. 
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IR(KBr): 3357, 3030, 1619, 1378, 948, 814, 724, 598cm-1

HRMS (ESI) calcd for [M+H]

. 

+: C7H15N2O2

General experimental procedure for the Michael addition of cyclohexanone to 

nitroalkene by chiral catalyst 1, 2 and 3. 

, m/z 159.1128, found 159.1224 

To a solution of the amide catalyst (0.1 mmol), TFA (0.1mmol) and the nitroalkene (0.5 mmol) 

in Solvent (1 ml) was added cyclohexanone (5 mmol), and the solution was stirred at ambient 

temperature until TLC showed the nitroalkene disappeared. Ethyl acetate (10 volumes)was added 

and the solution was washed with water, 1N HCl, dried (Na2SO4) and concentrated to give the 

crude product which was purified by flash chromatography on silica gel. 

Relative and absolute configurations of the products were determined by comparison with the 

known 1H NMR, chiral HPLC analysis, and optical rotation values. 

General experimental procedure for the Michael addition of cyclohexanone to 

nitroalkene by chiral catalyst 4a, 4b, 5, 6 and 7. 

 To a solution of the catalyst (0.075mmol) in MeOH(0.5mL)was added cyclohexanone 

(2.5mmol) and the nitroalkene(0.5mmol), and the solution was stirred ambient temperature until 

TLC showed the nitroalkene disappeared. The mixture was concentrated and the residue diluted 

by 1mL mixture solvent (ethyl acetate-petroleum ether 1:1) to precipitate the catalyst. The 

catalyst was recovered by filter and washed with petroleum ether. The filtrate was concentrated 

to give crude product which was purified by chromatography on silica gel. Compounds 14a-k 

reported in Table 2 (entries 1-10) are known in literature and our spectroscopic data are in 

agreement with published data [5-8]

 

. 
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NMR data and HPLC data for Michael addition products 

14a 

1H NMR (500 MHz, CDCl3) δ: 1.10-1.23 (1H, m), 1.43-1.73 (4H, m), 1.97-2.05 (1H, m), 

2.26-2.45 (2H, m), 2.57-2.66 (1H, m), 3.65-3.73 (1H, m), 4.56 (1H, dd, J 12.5, 9.9 Hz), 4.87 (1H, 

dd, J 12.5, 4.5 Hz), 7.07-7.28 (5H, m); 
13C NMR (125MHz, CDCl3

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

) δ: 25.1, 28.4, 33.3, 42.7, 44.0, 52.3, 79.0, 127.7, 128.3, 129.0, 

137.6, 210.1 
+

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

238nm (hexane:2-propanol 90:10), 0.7 ml/min; t

) 

r

14b 

= 24.1min (minor), 36.8 min (major). 

1H NMR (500 MHz, CDCl3) δ : 1.20-1.28 (1H, m), 1.57-1.81 (4H, m), 2.03-2.11 (1H, m), 

2.32 (3H, s),  2.36-2.42 (1H, m), 2.46-2.50 (1H, m), 2.64-2.70 (1H, m), 3.70-3.75 (1H, m), 

4.59-4.63 (1H, m), 4.90-4.94 (1H, m) , 7.04 (2H, d, J=8.0 Hz) , 7.12 (2H, d, J=8.0 Hz). 
13

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

C NMR (125MHz, CDCl3) δ: 20.9, 24.9, 28.4, 33.0, 42.6, 43.4, 52.4, 78.9, 127.9, 129.4, 

134.5, 137.2, 211.9 
+

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

238nm (hexane:2-propanol 90:10), 0.7 ml/min; t

) 

r= 14.0min (minor), 27.7 min (major). 
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14c 
1H NMR (500 MHz, CDCl3) δ : 1.19-1.28 (1H, m), 1.57-1.82 (4H, m), 2.05-2.11 (1H, m), 

2.36-2.42 (1H, m), 2.46-2.50 (1H, m), 2.62-2.68 (1H, m), 3.69-3.74 (1H, m), 3.79 (3H, s), 

4.57-4.61 (1H, m), 4.90-4.93 (1H, m) , 6.84 (2H, d, J=8.5 Hz) , 7.06 (2H, d, J=8.5 Hz). 
13C NMR (125MHz, CDCl3

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

) δ: 24.8, 28.4, 33.0, 42.5, 43.0, 52.5, 55.0, 78.9, 114.1, 129.0, 

129.4, 158.8, 211.9. 
+

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

at 238nm (hexane:2-propanol 90:10), 0.7 ml/min; t

) 

r

14d 

= 42.2min (minor), 68.6 min (major). 

1H NMR (500 MHz, CDCl3) δ : 1.19-1.28 (1H, m), 1.57-1.83 (4H, m), 2.08-2.13 (1H, m), 

2.35-2.42 (1H, m), 2.46-2.51 (1H, m), 2.63-2.68 (1H, m), 3.74-3.79 (1H, m), 4.59-4.63 (1H, m), 

4.92-4.96 (1H, m) , 7.11-7.14 (2H, m) , 7.29-7.32 (2H, m). 
13C NMR (125MHz, CDCl3

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

) δ: 211.6, 136.2, 133.6, 129.5, 129.1, 78.5, 52.3, 43.5, 42.7, 33.2, 

28.5, 25.1. 
+

 

) 

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

238nm (hexane:2-propanol 90:10), 0.7 ml/min; tr=22.7min (minor),37.9 min (major). 
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14e 

1H NMR (500 MHz, CDCl3) δ : 1.30-1.38 (1H, m), 1.59-1.85 (4H, m), 2.09-2.14 (1H, m), 

2.37-2.43 (1H, m), 2.47-2.51 (1H, m), 2.90-2.97 (1H, m), 4.27-4.31 (1H, m), 4.87-4.94 (2H, m), 

7.20-7.25 (3H, m) , 7.38-7.39 (1H, m). 
13C NMR (125MHz, CDCl3

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

) δ: 25.3, 28.5,  33.0, 41.0, 42.8, 51.7, 77.3, 128.9, 130.4,134.6, 

135.5, 211.7, 
+

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

238nm (hexane:2-propanol 90:10), 0.7 ml/min; t

) 

r

 

= 20.6min (minor), 28.6 min (major). 

14f 

1H NMR (500 MHz, CDCl3) δ : 1.30-1.38 (1H, m), 1.60-1.86 (4H, m), 2.10-2.15 (1H, m), 

2.35-2.42 (1H, m), 2.46-2.51 (1H, m), 2.84-2.92 (1H, m), 4.11-4.24 (1H, m), 4.86-4.92 (2H, m) , 

7.17 (1H, d, J=8.0 Hz) , 7.23 (1H, dd, J1=8.0 Hz, J2=2.0 Hz), 7.41 (1H, d, J=2.0 Hz). 
13C NMR (125MHz, CDCl3

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

) δ: 25.2, 27.0, 28.4, 32.9, 40.5, 42.7, 51.6, 77.4, 127.7, 130.0, 

133.9, 134.2, 135.2, 211.3. 
+

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

238nm (hexane:2-propanol 90:10), 0.7 ml/min; t

) 

r=16.4min (minor), 25.0min (major). 
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14g 
1H NMR (500 MHz, CDCl3) δ : 1.22–1.32 (1H, m), 1.56–1.77 (3H, m), 1.78–1.85 (1H, m), 

2.16–2.08 (1H, m), 2.44–2.35 (1H, m), 2.52–2.45 (1H, m), 2.78–2.69(1H, m), 3.94 (1H, td, J1 = 

10.0 J2=4.5 Hz,), 4.71 (1H, dd, J1 = 13.0 J2= 10.0 Hz,), 5.00 (1H, dd, J1 =13.0 , J2=4.5 Hz,), 

7.41 (2H, d, J = 8.5 Hz), 8.15 (2H, d, J =8.5 Hz,).  
13C NMR (125MHz, CDCl3

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

) δ: 24.9, 28.1, 33.0, 42.5, 43.6, 52.0, 77.9, 123.9, 129.2, 145.5, 

147.2, 210.8. 
+

The enantiomeric excess was determined by chiral HPLC with a Chiralpack OD-H column at 

238nm (hexane:2-propanol 80:20), 0.9 ml/min; t

) 

r

14h 

=47.4min (minor), 58.6 min (major). 

1H NMR (500 MHz, CDCl3) δ : 1.19-1.28 (1H, m), 1.57-1.82 (4H, m), 2.05-2.11 (1H, m), 

2.36-2.42 (1H, m), 2.46-2.50 (1H, m), 2.62-2.68 (1H, m), 3.69-3.74 (1H, m), 3.79 (3H, s), 

4.57-4.61 (1H, m), 4.90-4.93 (1H, m) , 6.84 (2H, d, J=8.5 Hz) , 7.06 (2H, d, J=8.5 Hz). 
13C NMR (125MHz, CDCl3

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

) δ: 25.2, 28.2, 33.0, 41.8, 42.7, 52.1, 77.6, 124.7, 128.4, 129.0, 

132.7, 133.0, 150.7, 211.0. 
+

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

238nm (hexane:2-propanol 93:7), 0.7 ml/min; t

) 

r

14i 

=37.4min (minor), 78.6 min (major). 
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1H NMR (500 MHz, CDCl3): δ2.51-2.57 (1H, m), 2.60-2.69 (1H, m), 2.85-2.91 (1H, m), 

3.27 (dd, J1 = 20.0Hz, J2=8.5 Hz, 1H), 3.65-3.87 (3H, m), 4.10-4.18 (1H, m), 4.62-4.67 (1H, m), 

4.94 (1H, dd, J1 = 12.5, J2=4.5 Hz,), 7.17-7.36 (5H, m). 
13C NMR (125MHz, CDCl3

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

) δ: 41.26, 42.91, 53.20, 68.92, 71.52, 78.64, 127.87, 128.23, 

129.18, 136.21, 207.32.  
+

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

238nm (hexane:2-propanol 90:10), 0.7 ml/min; t

) 

r

14j 

=35.6min (minor), 43.6 min (major). 

1H NMR (500 MHz, CDCl3,): δ: 2.48 (1H , dd, J1=13.5 Hz,J2=9.5,) , 2.62–2.66 (1H, m,), 

2.82–2.95 (2H, m), 2.96–3.09 (3H, m), 4.03 (1H , dt, J1=10.0 Hz, J2= 4.4Hz,), 4.63 (1H, dd, 

J1=12.5 Hz, J2=10.0Hz,), 4.76 (dd, J1= 12.5 Hz, J2= 4.5Hz, 1H),7.22–7.42 (5H, m);  
13C NMR (125MHz, CDCl3

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

) δ: 31.6, 35.1, 44.5, 53.5, 55.0, 78.5, 128.1, 128.3, 129.3, 136.4, 

209.5. 
+

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

238nm (hexane:2-propanol 80:20), 0.9ml/min; t

) 

r

 14k 

= 20.5 min (minor), 28.7min (major). 

1H NMR (CDCl3, 500 MHz):  1.57-1.78 (2H, m), 1.78-1.95 ( 2H, m), 2.04-2.54 (3H, m), 

3.66–3.72 (1 H, m), 4.66–4.79 (1H, anti-isomer, m), 5.01 (1H, d, J = 8.5 Hz), 7.15-7.37 (5H, 

m).       13C NMR (CDCl3

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

, 125 MHz): 20.15, 28.19, 38.56, 44.06, 50.37, 78.19, 127.76, 

127.90, 128.36, 137.32, 218.48. 
+

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

) 
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238nm (hexane:2-propanol 80:20), 0.5ml/min; tr

 

= 18.6 min (minor), 32.3min (major). 

14l 

1H NMR (500 MHz, CDCl3) δ: 0.95 (3H, d, J = 7.1 Hz,), 1.05 (3H, t, J = 7.3 Hz), 

2.43−2.35 (m, 1H), 2.63–2.54 (m, 1H), 3.01−2.94 (m, 1H),  3.73−3.68 (m, 1H), 4.58 (1H, dd, 

J1 = 12.5Hz, J2= 4.5 Hz), 4.65 (1H, dd, J1 = 12.5Hz, J2=9.0 Hz),  7.33−7.25 (m, 3H), 7.15−7.14 

(m, 2H). 
13C NMR (125MHz, CDCl3

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

) δ: 7.2, 14.3, 35.7, 45.8, 49.0, 77.5, 128.8, 138.0, 212.5. 
+

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

238nm (hexane:2-propanol 90:10), 0.7 ml/min; t

) 

r

14m 

=13.0min (minor), 17.4 min (major). 

1H NMR (500 MHz, CDCl3) δ：2.13（3H, s），2.92（2H, d, J=5Hz），3.99-4.04（1H, m），

4.59-4.63（1H, dd, J1=12.5Hz, J2=8.0Hz）4.68-4.72（1H, dd, J1=12.5Hz, J2=6.5Hz）, 7.21-7.53

（5H, m） 
13C NMR (125MHz, CDCl3

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

) δ: 30.4, 39.0, 46.1, 55.5, 79.4, 127.3, 127.9, 129.0, 138.8, 205.4. 
+

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

238nm (hexane:2-propanol 90:10), 0.7 ml/min; t

) 

r

14n 

=27.9min (minor), 34.9 min (major). 

1H NMR (500 MHz, CDCl3) δ : 0.97 (3H, d, J= 7.5Hz), 2.22 (3H, s), 2.94-3.00 (1H, m), 3.68 

(1H, dt, J1= 9.0Hz, J2=5.0Hz), 4.60-4.68 (2H, m), 7.15-7.35 (5H, m). 
13C NMR (125MHz, CDCl3) δ: 14.2, 29.4, 45.7, 49.7, 77.5, 127.8, 127.9, 128.9, 137.9, 209.8. 
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MS (ESI, m/z): 222.1(M+H+

 

) 

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

238nm (hexane:2-propanol 90:10), 0.5 ml/min; tr

14o 

=30.8min (minor), 37.7 min (major). 

1H NMR (500 MHz, CDCl3) δ : 0.82-0.91 (3H, m), 1.48-1.55 (2H, m), 2.66-2.72 (1H, 

m),3.77-3.82 (1H, m), 4.61-4.75 (2H, m), 7.18-7.22 (2H, m), 7.29-7.37 (2H, m), 9.73 (1H, d, 

J=2.5 Hz). 
13C NMR (125MHz, CDCl3

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

) δ: 10.7. 20.4, 42.7, 55.0, 78.5, 128.0, 128.1, 129.1, 136.7, 

203.2, 
+

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

238nm (hexane:2-propanol 99:1), 2.0 ml/min; t

) 

r

14p 

=28.6min (minor), 30.8 min (major). 

  1 H NMR (500`MHz, CDCl3)  δ : 0.99 ( 3H, d, J = 7.3 Hz) , 2.71-2.83 (1H, m), 3.78 (1H, 

td, J1 = , 5.5 Hz, J2= 9.5Hz), 4.65 (1H, dd, J1 =9.5Hz, J2= 12.5Hz),  4.76 (1H, dd, J1 = 13.0Hz, 

J2= 5.5 Hz), 7.16-7.35 (5H, m), 9.72 (1H, d, J = 1.8 Hz). 
13

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

C NMR (125MHz, CDCl3) δ: 12.1, 44.0, 48.4, 78.1, 128.0, 128.1, 129.1, 136.5, 202.2.  
+

The enantiomeric excess was determined by chiral HPLC with a Chiralpack OD column at 

238nm (hexane:2-propanol 80:20), 1.0 ml/min; t

)  

r

 

=23.6min (minor), 29.8 min (major). 
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 14q 

  1 H NMR (500`MHz, CDCl3)  δ : 1.01 (3H, s), 1.13( 3H, s), 3.78( 1H, dd, J1=11.5Hz, 

J2=4.5Hz), 4.69 (1H, dd, J1=13.0Hz, J2=4.5Hz), 4.85(1H, dd, J1=13.0Hz, J2=4.5Hz), 

7.18-7.35(5H, m), 9.52 (1H, s). 

13C NMR (125MHz, CDCl3

MS (ESI, m/z): 222.1(M+H

) δ: 204.4, 135.5, 129.3, 128.9, 128.4, 48.7, 48.4, 21.8, 19.1. 

+

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

238nm (hexane:2-propanol 80:20), 0.5 ml/min; t

) 

r

 

=36.2min (minor), 39.8 min (major). 
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NMR Spectra for New Catalysts 

1HNMR of 4a 

 

13CNMR of 4a 
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1HNMR of 4b 

 

13CNMR of 4a 
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1HNMR of 4b 

 

13CNMR of 4b 
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1HNMR of 5 
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13CNMR of 5 

 

1HNMR of 6 
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13CNMR of 6 

 

1HNMR of 7 
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13CNMR of 7 
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HPLC Spectra for Michael products 
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