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1. General information   

 

The 
1
H NMR and 

13
C NMR spectra were recorded in CDCl3 at 500 MHz and 125 

MHz, respectively, with TMS as the internal standard. GC-MS experiments were 

performed on a GC system with a mass selective detector. HRMS data were measured 

on a LC/TOF-MS with ESI source or GC/ TOF-MS with EI source. Column 

chromatography and flash chromatography experiments were performed on silica gel 

(200-300 mesh) eluting with ethyl ether and petroleum ether. TLC experiments were 

carried out on glass-backed silica plates. In each case, enantiomeric ratio was 

determined on a chiral column in comparison with authentic racemates by chiral 

HPLC. Chemicals were used without purification as commercially available. 
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2. NMR spectra of Michael products  
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3. HPLC spectra of Michael adducts  

 

5a 

Racimic adduct                                                                                       Asymmetric adduct 

                        

                                    

 

 

 

 

 

     
1 10.43 10.83 11.43 0.85 

2 13.69 14.12 14.69 0.85 

3 15.81 17.04 19.41 48.58 

4 24.50 25.55 27.14 49.73 

     
1 10.37 10.67 11.03 0.15 

2 13.39 13.91 14.55 5.33 

3 16.52 17.57 18.50 2.52 

4 24.30 25.28 26.92 92.00 
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5b 

Racimic adduct                                                                                       Asymmetric adduct 

                        

                                    

 

 

 

 

 

 

     
1 11.49 11.88 13.16 10.26 

2 15.76 16.40 17.33 36.41 

3 17.33 17.77 19.02 12.86 

4 20.55 21.37 23.18 40.47 

     
1 11.62 11.83 12.66 0.49 

2 15.79 16.49 17.70 2.25 

3 18.06 18.92 20.49 24.43 

4 20.89 21.98 24.13 72.82 
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5c 

Racimic adduct                                                                                       Asymmetric adduct 

                        

                                    

 

 

 

 

 

     
1 57.38 58.46 59.80 9.17 

2 59.80 60.68 62.90 16.68 

3 62.90 64.22 70.67 36.08 

4 70.67 71.92 79.59 38.07 

     
1 57.44 59.22 64.80 21.27 

2 65.63 68.57 70.90 1.13 

3 71.59 73.08 81.58 76.37 

4 82.13 83.49 96.57 1.23 
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5d 

Racimic adduct                                                                                       Asymmetric adduct 

                        

                                 

 

 

 

 

 

 

 

 

     
1 32.76 33.99 36.60 50.33 

2 40.21 41.32 43.05 1.19 

3 43.05 44.37 45.72 1.13 

4 59.92 64.96 78.46 47.36 

     
1 31.58 32.72 35.21 97.76 

2 58.67 62.78 68.73 2.24 
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5e 

Racimic adduct                                                                                       Asymmetric adduct 

                        

                                    

 

 

 

 

 

 

     
1 14.86 16.11 17.54 18.74 

2 23.39 26.10 29.60 30.89 

3 29.60 31.60 34.20 21.58 

4 51.46 54.51 58.79 28.79 

     
1 11.17 12.68 18.33 67.87 

2 21.17 21.96 23.033 2.69 

3 24.01 25.08 26.46 1.03 

4 47.44 50.18 56.26 28.41 
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5f 

Racimic adduct                                                                                       Asymmetric adduct 

                        

                                    

 

 

 

 

 

     
1 23.52 24.90 27.03 31.46 

2 27.03 29.24 31.39 18.44 

3 31.39 33.00 35.57 30.55 

4 52.97 56.05 59.36 28.58 

     
1 23.38 25.44 29.10 12.87 

2 29.22 30.46 32.21 0.05 

3 32.55 33.74 35.75 0.24 

4 50.41 54.83 69.31 86.84 
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5g 

Racimic adduct                                                                                       Asymmetric adduct 

                        

                                    
 

 

 

 

     
1 16.41 17.49 18.77 43.63 

2 18.77 19.64 22.70 44.84 

3 24.84 26.56 28.29 5.81 

4 31.06 32.66 34.86 5.72 

     
1 15.98 17.38 19.01 81.58 

2 19.12 19.81 21.18 2.63 

3 24.77 26.38 29.11 15.24 

4 31.56 32.42 33.63 0.55 
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5h 

Racimic adduct                                                                                       Asymmetric adduct 

                        

                                    

 

 

 

 

     
1 41.16 42.48 45.89 50.61 

2 45.89 47.62 50.97 49.39 

     
1 39.29 40.58 43.40 97.30 

2 44.93 46.09 47.56 2.70 
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5i 

Racimic adduct                                                                                       Asymmetric adduct 

                        

                                    

 

 

 

 

 

     
1 19.12 20.09 21.18 5.32 

2 21.57 22.59 24.03 45.14 

3 24.42 25.18 26.03 5.14 

4 38.38 41.96 47.81 44.40 

     
1 19.13 19.80 21.00 1.09 

2 21.00 21.93 24.17 85.62 

3 24.17 25.09 26.17 9.83 

4 39.06 40.81 42.68 3.46 
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5j 

Racimic adduct                                                                                       Asymmetric adduct 

                        

                                    

 

 

 

 

 

     
1 9.90 10.23 10.62 44.06 

2 10.67 10.96 11.30 8.38 

3 11.37 11.71 12.05 40.17 

4 12.08 12.32 12.78 7.39 

     
1 9.78 10.16 10.54 14.62 

2 10.60 10.85 11.27 0.88 

3 11.48 12.08 13.17 84.50 
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5k 

Racimic adduct                                                                                       Asymmetric adduct 

                        

                                    

 

 

 

 

 

     
1 9.32 9.65 10.15 20.22 

2 12.89 13.35 14.03 22.67 

3 15.36 18.97 17.00 28.22 

4 17.50 18.18 19.38 28.90 

     
1 9.12 9.61 10.10 5.56 

2 12.81 13.33 14.21 59.92 

3 15.56 16.05 16.75 2.60 

4 17.65 18.29 19.36 31.81 
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5l 

Racimic adduct                                                                                       Asymmetric adduct 

                        

                                    

 

 

 

 

 

 

 

 

 

     
1 7.28 7.56 8.15 46.72 

2 9.01 9.48 10.12 48.14 

3 10.54 10.85 11.44 2.49 

4 13.42 13.85 14.35 2.66 

     
1 7.28 7.53 7.91 3.74 

2 8.95 9.47 10.29 59.04 

3 10.58 10.92 11.30 2.49 

4 13.05 13.59 14.32 34.73 
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5m 

Racimic adduct                                                                                       Asymmetric adduct 

                        

                                    

 

 

 

 

 

 

     
1 10.71 11.17 12.26 47.13 

2 12.67 13.23 14.10 47.13 

3 14.22 14.60 15.34 2.53 

4 15.46 16.00 16.69 2.91 

     
1 11.27 11.75 12.51 36.24 

2 12.64 12.87 13.40 1.48 

3 14.05 14.63 16.12 62.27 



 S35

 

5n 

Racimic adduct                                                                                       Asymmetric adduct 

                        

                                    

 

 

 

 

 

 

     
1 12.33 12.93 14.02 49.02 

2 16.75 17.44 18.52 50.98 

     
1 12.04 12.45 13.06 6.34 

2 15.69 16.41 17.21 93.66 



 S36

 

5o 

Racimic adduct                                                                                       Asymmetric adduct 

                        

                                    

 

 

 

 

 

 

 

     
1 10.22 10.71 11.56 50.30 

2 13.01 13.77 14.74 49.70 

     
1 10.48 10.92 11.30 3.30 

2 13.05 14.09 15.66 96.70 
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5pppp 

Racimic adduct                                                                                       Asymmetric adduct 

                        

                                    

 

 

 

 

 

     
1 44.17 44.54 46.78 40.65 

2 46.78 47.53 52.61 48.64 

3 52.66 54.34 56.99 5.45 

4 63.48 65.24 68.02 5.26 

     
1 47.87 49.84 52.93 92.42 

2 53.13 54.19 56.74 2.15 

3 58.45 60.18 63.97 5.08 

4 72.12 73.45 75.20 0.35 
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5qqqq 

Racimic adduct                                                                                       Asymmetric adduct 

                        

                                                 

 

 

 

 

 

     
1 9.49 9.99 10.83 4.91 

2 11.98 12.53 13.13 5.19 

3 13.35 14.21 16.33 43.31 

4 19.61 20.72 22.58 46.59 

     
1 9.20 9.67 10.31 0.75 

2 11.62 12.16 13.12 22.00 

3 13.31 13.97 14.96 1.84 

4 19.46 20.12 22.65 75.41 
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5r 

Racimic adduct                                                                                       Asymmetric adduct 

                        

                                    

 

 

 

 

          

                      

     
1 10.08 10.61 11.10 46.11 

2 11.19 11.40 11.69 1.36 

3 11.75 12.19 13.08 51.25 

4 14.31 14.79 15.65 1.27 

     
1 10.37 10.67 11.07 4.15 

2 11.07 11.40 11.71 2.71 

3 11.71 12.16 13.33 93.14 
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5s 

Racimic adduct                                                                                       Asymmetric adduct 

                        

                                    

 

 

 

         

     
1 12.61 13.91 15.50 52.28 

2 17.89 18.58 20.10 46.21 

3 28.37 29.21 30.03 0.74 

4 32.42 33.24 34.29 0.77 

     
1 12.75 13.76 15.44 89.64 

2 17.77 18.44 19.50 10.36 
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4. Crystal structure of the Michael adduct 5a 
1
 and  5b 

2
. 

 

 

Figure 1S  X-ray crystal structure of the Michael adduct 5a 

 

 

 

Figure 2S  X-ray crystal structure of the Michael adduct 5b 
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