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1. General methods; 

NMR spectra were recorded with tetramethylsilane as the internal standard. TLC was performed 

on glass-backed silica plates. Column chromatography was performed using silica gel (200-300 

mesh) eluting with ethyl acetate and petroleum ether. 1H NMR spectra were recorded at 400 MHz, 

and 13C NMR spectra were recorded at 50 MHz or 100 MHz (Bruker Avance). Chemical shifts are 

reported in ppm downfield from CDCl3 (δ = 7.27 ppm) for 1H NMR and relative to the central 

CDCl3 resonance (δ = 77.0 ppm) for 13C NMR spectroscopy. Coupling constants are given in Hz. 

Optical rotations were measured at 589 nm at 20 ºC. Enantiomeric excess was determined by 

HPLC analysis on Chiralpak IC, AD and Chiralcel OD columns. Commercial grade solvents were 

dried and purified by standard procedures as specified in Purification of Laboratory Chemicals, 

4th Ed (Armarego, W. L. F.; Perrin, D. D. Butterworth Heinemann: 1997). All other chemicals 

were used without purification as commercially available. N-Sulfonyl alkylimines were prepared 

according to the reported procedure.1 

 

2. Synthesis of new catalysts 

Bifunctional catalyst 1a and 1c have been previously reported, and 1b, 1d−1f were prepared via 

the same procedures.2  

 
A mixture of 1,1′-binaphthyl-2,2′-dihydroxy-3-carboxylic acid (127 mg, 0.38 mmol), 

9-amine-9-deoxyepicinchona alkaloid (0.38 mmol), EDCI (110 mg, 0.58 mmol), HOBt (63 mg, 

0.47 mmol) and Et3N (81 μL, 0.58 mmol) in DCM (4 mL) was stirred at room temperature for 12 

h. Then the reaction mixture was diluted with EtOAc, washed with saturated NaHCO3 and brine, 

dried over Na2SO4 and concentrated. The residue was purified by column chromatography on 

silica gel (petroleum ether/acetone = 3:1) to afford the pure amide as a yellow solid. 

 

1b 35% yield; yellow solid; [α]D
20 = -111.0 (c = 1.00 in CH2Cl2); 1H NMR 

(400 MHz, CDCl3): δ = 8.90 (d, J = 4.8 Hz, 1H), 8.48 (d, J = 8.4 Hz, 1H), 

8.32 (s, 1H), 8.12 (d, J = 8.4 Hz, 1H), 7.88-7.86 (m, 2H), 7.81 (d, J = 8.0 

Hz, 1H), 7.74-7.70 (m, 1H), 7.66 (t, J = 6.8 Hz, 1H), 7.51 (d, J = 4.4 Hz, 
OH
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1H), 7.34-7.24 (m, 4H), 7.17-7.13 (m, 1H), 7.11-7.09 (m, 1H), 6.99 (d, J = 8.4 Hz, 1H), 5.78-5.71 

(m, 1H), 5.61 (br s, 1H), 5.04-4.98 (m, 2H), 3.33-3.27 (m, 2H), 2.95 (br s, 1H), 2.81-2.76 (m, 3H), 

2.35 (s, 1H), 2.04 (s, 2H), 1.71 (d, J = 2.4 Hz, 4H), 1.45 (t, J = 1H), 1.08-1.02 (m, 1H) ppm; 13C 

NMR (50 MHz, CDCl3): δ = 169.5, 154.7, 151.8, 150.0, 148.5, 145.9, 140.8, 136.4, 133.5, 130.5, 

130.1, 129.6, 129.4, 129.2, 128.1, 127.2, 127.1, 126.5, 124.8, 124.7, 124.2, 123.3, 123.2, 119.4, 

118.0, 115.2, 115.0, 114.1, 60.0, 55.7, 41.0, 39.3, 29.7, 27.5, 27.2, 26.0, 22.6, 14.1 ppm; 

ESI-HRMS: calcd. for C40H36N3O3+H 606.2757, found 606.2785. 

 

1d 37% yield; yellow solid; [α]D
20 = +36.5 (c = 1.42 in CH2Cl2); 1H 

NMR (400 MHz, CDCl3): δ = 8.81 (d, J = 4.4 Hz, 1H), 8.38 (d, J = 8.8 

Hz, 2H), 8.14 (d, J = 8.4 Hz, 1H), 7.93 (d, J = 7.6 Hz, 1H), 7.88-7.83 (m, 

2H), 7.72 (t, J = 7.6 Hz, 1H), 7.59 (t, J = 8.0 Hz, 1H), 7.52 (d, J = 4.4 Hz, 

1H), 7.36-7.29 (m, 4H), 7.23-7.18 (m, 1H), 7.12-7.06 (m, 2H), 5.98-5.89 

(m, 1H), 5.64 (br s, 1H), 5.30-5.20 (m, 2H), 3.74 (s, 2H), 3.35 (br s, 1H), 3.12-3.03 (m, 4H), 2.58 

(br s, 1H), 2.43-2.36 (m, 1H), 2.19-2.18 (m, 1H), 1.65-1.49 (m, 3H), 1.44-1.39 (m, 1H) ppm; 13C 

NMR (50 MHz, CDCl3): δ = 169.7, 154.8, 151.9, 150.0, 139.4, 133.6, 130.5, 130.1, 129.7, 129.3, 

128.2, 127.0, 126.4, 124.8, 124.7, 124.3, 123.2, 123.0, 118.1, 115.6, 63.7, 49.3, 46.9, 38.6, 29.7, 

27.1, 26.1, 25.3 ppm; ESI-HRMS: calcd. for C40H36N3O3+H 606.2757, found 606.2789. 

 

1e 29% yield; yellow solid; [α]D
20 = +58.5 (c = 0.81 in CH2Cl2); 1H 

NMR (400 MHz, CDCl3): δ = 8.85 (d, J = 4.4, 1H), 8.47 (d, J = 7.6 Hz, 

1H), 8.20 (s, 1H), 8.03 (d, J = 7.6 Hz, 1H), 7.90 (d, J = 8.8 Hz, 1H), 

7.84-7.81 (m, 2H), 7.66-7.60 (m, 2H), 7.38 (d, J = 8.8 Hz, 2H), 7.32-7.27 

(m, 3H), 7.15 (t, J = 3.6 Hz, 1H), 7.09-7.07 (m, 1H), 6.97 (d, J = 8.4 Hz, 

1H), 5.98-5.89 (m, 1H), 5.59 (br s, 1H), 5.20-5.13 (m, 2H), 3.76-3.61 (m, 1H), 3.05 (br s, 1H), 

2.98-2.93 (m, 4H), 2.34-2.33 (m, 1H), 2.17 (s, 2H), 1.71 (s, 1H), 1.68-1.50 (m, 2H), 1.41-1.30 (m, 

1H), 1.08-1.04 (m, 1H) ppm; 13C NMR (50 MHz, CDCl3): δ = 166.7, 153.6, 152.2, 149.6, 146.3, 

146.1, 139.9, 136.2, 133.7, 130.2, 130.1, 129.8, 129.4, 129.1, 128.9, 128.1, 127.2, 127.0, 126.5, 

124.9, 124.8, 124.1, 123.3, 116.7, 116.3, 115.2, 113.6, 59.7, 49.2, 47.0, 30.0, 30.7, 27.2, 26.5, 25.6, 

22.6 ppm; ESI-HRMS: calcd. for C40H36N3O3+H 606.2757, found 606.2766. 

 

1f 24% yield; yellow solid; [α]D
20 = -40.8 (c = 0.80 in CH2Cl2); 1H NMR (400 MHz, CDCl3): δ = 

8.81, (d, J = 4.4 Hz, 1H), 8.41 (d, J = 8.8 Hz, 1H), 8.34 (s, 1H), 8.14 (d, J = 8.4 Hz, 1H), 7.91-7.83 
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(m, 3H), 7.71 (t, J = 7.6 Hz, 1H), 7.58 (t, J = 7.2 Hz, 1H), 7.51 (d, J = 4.4 

Hz, 1H), 7.43-7.27 (m, 4H), 7.21 (t, J = 6.8 Hz, 1H), 7.14-7.06 (m, 2H), 

5.75-5.66 (m, 1H), 5.56 (br s, 1H), 5.02-4.95 (m, 2H), 3.37-3.31 (m, 2H), 

3.20 (br s, 1H), 2.88-2.78 (m, 4H), 2.64 (br s, 1H), 2.36 (s, 1H), 1.73-1.68 

(m, 3H), 1.50-1.42 (m, 1H), 1.07-1.02 (m, 1H) ppm; 13C NMR (50 MHz, 

CDCl3): δ = 189.6, 155.1, 152.3, 150.0, 146.5, 145.9, 140.5, 136.7, 133.6, 

130.5, 130.2, 129.8, 129.5, 129.3, 128.3, 127.3, 127.1, 126.6, 125.0, 124.7, 124.3, 123.3, 123.2, 

119.5, 116.5, 117.8, 115.8, 115.3, 114.4, 60.1, 55.7, 41.1, 39.2, 29.6, 27.5, 27.3, 25.9 ppm; 

ESI-HRMS: calcd. for C40H36N3O3+H 606.2757, found 606.2720. 

 

3. More screening studies 

3.1 Initial catalyst screenings 

 
3.2 More screening studies of the AVM reaction of α,α-dicyanoolefin and alkylimine 

 
entry R solvent yield (%) dr (4:5) ee (%) 

1 4-Me THF 93 27:73 <5/- 
2 4-Me DCM 88 57:43 87/- 
3 4-Me m-xylene 97 70:30 93/- 
4 4-Me C6H5F 81 73:27 92/- 
5 4-Me mesitylene 88  79:21 93/- 
6 4-MeO mesitylene 84 35:65 86/- 
7 2,4-Me2 mesitylene 75 86:14 93/- 
8 2,4,6-Me3 mesitylene / / / 
9a 2,4-Me2 mesitylene 73 15:85 -/−58 

a SBADC 1d was used. 
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4. General procedure for AVM of α,α-dicyanoolefins and alkylimines 

4.1 Asymmetric syn-stereoselective AVM reaction 

α,α-Dicyanoolefin 2 (0.1 mmol), alkylimine 3 (0.12 mmol), catalyst 1a or 1e (0.01 mmol) and 

4 Å MS (30 mg) in dry mesitylene (0.4 mL) were stirred at room temperature (25 °C). After 

completion, the reaction mixture was subjected to flash chromatography to give syn-adduct 4. 

 

4a 70% yield; Rf = 0.1 (petroleum ether/EtOAc = 20:1); [α]D
20 = +33.4 (c = 

0.50 in EtOH); 69:31 dr, 90% ee, determined by HPLC analysis [Daicel 

chiralcel OD, n-hexane/i-PrOH = 70/30, 1.0 mL/min, λ = 254 nm, t (major) = 

21.73 min, t (minor) = 8.74 min]; 1H NMR (400 MHz, CDCl3) (major isomer): 

δ = 7.75 (t, J = 7.6 Hz, 2H), 7.54 (t, J = 8.4 Hz, 1H), 7.43-7.37 (m, 1H), 

7.31-7.24 (m, 3H), 7.22-7.17 (m, 1H), 4.58 (d, J = 9.2 Hz, 1H), 3.74-3.62 (m, 1H), 3.60-3.43 (m, 

1H), 3.19 (dd, J = 3.6, 13.6 Hz, 1H), 3.09 (dd, J = 4.4, 14.0 Hz, 1H), 2.44 (s, 3H), 1.49-1.39 (m, 

1H), 1.12-0.85 (m, 3H), 0.63 (t, J = 6.8 Hz, 3H) ppm; 13C NMR (50 MHz, CDCl3): δ = 172.0, 

143.9, 137.9, 133.6, 133.5, 131.5, 130.1, 129.7, 127.4, 127.0, 126.8, 125.1, 125.0, 112.9, 53.2, 

45.7, 36.0, 28.0, 21.5, 18.2, 13.5 ppm; SI-HRMS: calcd. for C23H23N3O2S2+Na 460.1129, found 

460.1132. 

 

4b 98% yield; Rf = 0.1 (petroleum ether/EtOAc = 20:1); [α]D
20 = +204.5 (c = 

1.01 in EtOH); 81:19 dr, 97% ee, determined by HPLC analysis [Daicel 

chiralcel OD, n-hexane/i-PrOH = 80/20, 1.0 mL/min, λ = 254 nm, t (major) = 

15.88 min, t (minor) = 10.29 min]; 1H NMR (400 MHz, CDCl3): δ = 7.89-7.87 

(m, 1H), 7.74 (dd, J = 1.2, 8.0 Hz, 1H), 7.42-7.38 (m, 1H), 7.22-7.17 (m, 2H), 

7.13-7.11 (m, 2H), 4.55-4.52 (m, 1H), 3.65 (qd, J = 4.0, 9.2 Hz, 1H), 3.46-3.41 (m, 1H), 3.17 (dd, 

J = 4.0, 13.6 Hz, 1H), 2.94 (dd, J = 4.0, 13.6 Hz, 1H), 2.59 (s, 3H), 2.39 (s, 3H), 1.35-1.02 (m, 2H), 

0.91-0.83 (m, 2H), 0.65 (t, J = 6.8 Hz, 3H) ppm; 13C NMR (50 MHz, CDCl3): δ = 172.0, 143.8, 

138.4, 136.3, 136.0, 133.7, 133.2, 130.1, 129.6, 127.3, 126.9, 125.0, 124.8, 112.9, 112.7, 83.2, 

53.1, 45.3, 36.0, 28.1, 21.3, 20.5, 18.2, 13.4 ppm; ESI-HRMS: calcd. for C24H25N3O2S2+Na 

474.1286, found 474.1277.  

 

4c 92 yield; Rf = 0.1 (petroleum ether/EtOAc = 20:1); [α]D
20 = +6.4 (c = 0.62 in 

EtOH); 51:49 dr, 89% ee, determined by HPLC analysis [Daicel chiralcel AD, 

n-hexane/i-PrOH = 90/10, 1.0 mL/min, λ = 254 nm, t (major) = 16.64 min, t 
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(minor) = 25.24 min]; 1H NMR (400 MHz, CDCl3): δ = 7.63-7.61 (m, 1H), 7.48-7.44 (m, 1H), 

7.38 (d, J = 8.4 Hz, 1H), 7.20 (d, J = 0.8 Hz, 1H), 7.06 (d, J = 1.2 Hz, 1H), 6.95-6.87 (m, 2H), 

4.63 (d, J = 10.0 Hz, 1H), 4.48 (dd, J = 1.6, 12.4 Hz, 1H), 4.17 (dd, J = 2.4, 12.8 Hz, 1H), 

3.68-3.54 (m, 1H), 3.04-3.01 (m, 1H), 2.62 (s, 3H), 2.43 (s, 3H), 1.87-1.79 (m, 1H), 1.67-1.59 (m, 

1H), 1.50-1.36 (m, 2H), 0.94 (t, J = 7.2 Hz, 3H) ppm; 13C NMR (50 MHz, CDCl3): δ = 165.4, 

156.0, 143.5, 136.6, 135.8, 133.5, 129.4, 128.9, 128.2, 127.5, 127.1, 121.6, 117.9, 113.9, 113.3, 

66.3, 54.0, 44.3, 35.7, 25.4, 21.3, 18.8, 17.5, 13.9 ppm; ESI-HRMS: calcd. for C24H25N3O3S+H 

436.1695, found 436.1667. 

 

4d 89% yield; Rf = 0.1 (petroleum ether/EtOAc = 15:1); [α]D
20 = +99.7 (c = 

1.00 in EtOH); 86:14 dr, 95% ee, determined by HPLC analysis [Daicel 

chiralpak IC, n-hexane/i-PrOH = 80/20, 1.0 mL/min, λ = 254 nm, t (major) = 

19.43 min, t (minor) = 12.58 min]; 1H NMR (400 MHz, CDCl3): δ = 7.79 (t, J = 

7.2 Hz, 2H), 7.51-7.47 (m, 1H), 7.31 (t, J = 3.2 Hz, 1H), 7.24 (d, J = 7.6 Hz, 

1H), 7.11 (d, J = 8.0 Hz, 2H), 4.51 (d, J = 10.0 Hz, 1H), 3.53-3.46 (m, 1H), 3.28-3.23 (m, 1H), 

3.02-2.94 (m, 1H), 2.69-2.63 (m, 1H), 2.51 (s, 3H), 2.39 (s, 3H), 1.98 (q, J = 6.0 Hz, 2H), 

1.28-1.20 (m, 2H), 0.89-0.84 (m, 2H), 0.64 (t, J = 7.2 Hz, 3H) ppm; 13C NMR (50 MHz, CDCl3): 

δ = 175.6, 143.8, 140.6, 136.4, 136.1, 133.6, 133.3, 129.5, 129.2, 129.0, 128.3, 126.9, 126.8, 126.6, 

113.3, 113.2, 81.7, 54.3, 47.0, 38.5, 25.3, 23.2, 21.3, 20.5, 16.3, 13.6 ppm; ESI-HRMS: calcd. for 

C25H27N3O2S+Na 456.1722, found 156.1709. 

 

4e 87% yield, 87:13 dr (by 1H NMR 

analysis); 1H NMR (400 MHz, CDCl3): δ = 

7.94 (d, J = 8.0 Hz, 1H), 7.88 (d, J = 7.2 Hz, 

1H), 7.57 (t, J = 7.6 Hz, 1H), 7.41-7.35 (m, 

1H), 7.23 (d, J = 8.0 Hz, 1H), 7.14-7.10 (m, 

1H), 6.96 (s, 1H), 4.52 (d, J = 5.6 Hz, 1H), 

4.03-3.97 (m, 1H), 3.45 (d, J = 8.0 Hz, 1H), 3.15 (dd, J = 7.6 Hz, 18.0 Hz, 1H), 2.97 (d, J = 18.0 

Hz, 1H), 2.65 (s, 3H), 2.34 (s, 3H), 1.93-1.84 (m, 1H), 1.73-1.64 (m, 1H), 1.55-1.38 (m, 2H), 1.01 

(t, J = 7.6 Hz, 3H) ppm.  

90% ee, determined by HPLC analysis after conversion to β-amino ketone derivative; [α]D
20 = 

-1.01 (c = 0.80 in EtOH); [Daicel chiralpak IC, n-hexane/i-PrOH = 60/40, 1.0 mL/min, λ = 254 nm, 

t (major) = 15.75 min, t (minor) = 27.30 min]; 1H NMR (400 MHz, CDCl3): δ = 7.89 (d, J = 8.0 

HN
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Hz, 1H), 7.65 (d, J = 7.6 Hz, 1H), 7.61-7.57 (m, 1H), 7.42 (d, J = 8.0 Hz, 1H), 7.36 (t, J = 7.6 Hz, 

1H), 7.09 (d, J = 8.0 Hz, 1H), 7.05 (s, 1H), 5.81 (d, J = 10.0 Hz, 1H), 3.63-3.56 (m, 1H), 3.13 (dd, 

J = 8.4, 18.0 Hz, 1H), 2.74 (dd, J = 4.0, 17.6 Hz, 1H), 2.62-2.58 (m, 4H), 2.35 (s, 3H), 1.50-1.41 

(m, 1H), 1.30-1.14 (m, 3H), 0.76 (t, J = 6.8 Hz, 3H) ppm; 13C NMR (50 MHz, CDCl3): δ = 208.3, 

153.6, 143.2, 137.1, 137.0, 136.1, 135.3, 133.2, 129.5, 127.6, 126.6, 126.5, 123.7, 54.8, 49.4, 32.8, 

30.1, 21.3, 20.1, 19.2, 13.5 ppm; ESI-HRMS: calcd. for C21H25NO3S+H 394.1453, found 

394.1459. 

 

4f 83% yield; Rf = 0.1 (petroleum ether/EtOAc = 20:1); [α]D
20 = +7.1 (c = 1.04 

in EtOH); 63% ee, determined by HPLC analysis [Daicel chiralcel AD, 

n-hexane/i-PrOH = 80/20, 1.0 mL/min, λ = 254 nm, t (major) = 9.59 min, t 

(minor) = 8.51 min]; 1H NMR (400 MHz, CDCl3): δ = 7.63 (d, J = 8.0 Hz, 1H), 

7.59-7.54 (m, 1H), 7.50-7.46 (m, 2H), 7.32-7.29 (m, 2H), 7.15 (s, 1H), 7.04 (d, 

J = 8.0 Hz, 1H), 4.48 (d, J = 8.4 Hz, 1H), 3.26-3.20 (m, 1H), 3.10-3.04 (m, 2H), 2.58 (s, 3H), 2.39 

(s, 3H), 1.32-1.17 (m, 3H), 1.06-0.97 (m, 1H), 0.61 (t, J = 7.2 Hz, 3H) ppm; 13C NMR (50 MHz, 

CDCl3): δ = 175.6, 143.7, 136.9, 135.1, 133.7, 133.4, 132.4, 129.7, 129.2, 127.8, 126.7, 112.6, 

112.3, 68.3, 52.5, 43.4, 37.2, 21.2, 20.3, 16.3, 13.1 ppm; ESI-HRMS: calcd. for C23H25N3O2S+Na 

421.1481, found 421.1475. 

 

58% yield, for pure 4g; Rf = 0.1 (petroleum ether/EtOAc = 20:1); [α]D
20 = +6.95 

(c = 0.70 in EtOH); 96% ee, determined by HPLC analysis [Daicel chiralpak IC, 

n-hexane/i-PrOH = 80/20, 1.0 mL/min, λ = 254 nm, t (major) = 10.92 min, t 

(minor) = 9.95 min]; 1H NMR (400 MHz, CDCl3): δ = 7.84-7.82 (m, 1H), 

7.15-7.12 (m, 2H), 4.32 (d, J = 9.6 Hz, 1H), 3.42-3.38 (m, 1H), 3.05-3.00 (m, 1H), 

2.60 (s, 3H), 2.55-2.47 (m, 2H), 2.39 (s, 3H), 1.27-1.18 (m, 5H), 1.15 (d, J = 6.8 Hz, 3H), 

1.06-0.89 (m, 2H), 0.72 (t, J = 6.8 Hz, 3H) ppm; 13C NMR (50 MHz, CDCl3): δ = 169.4, 143.6, 

136.3, 136.0, 133.3, 129.3, 127.0, 111.7, 111.5, 87.0, 57.0, 46.1, 36.7, 26.4, 21.3, 20.5, 16.4, 14.2, 

13.8, 13.6 ppm; ESI-HRMS: calcd. for C20H27N3O2S+H 374.1902, found 374.1885. 

 

4h 95% yield, 82:18 dr (by 1H NMR analysis); Rf = 0.1 (petroleum ether/EtOAc 

= 20:1); [α]D
20 = +65.9 (c = 0.43 in EtOH); 97% ee, determined by HPLC 

analysis [Daicel chiralcel OD, n-hexane/i-PrOH = 70/30, 1.0 mL/min, λ = 254 

nm, t (major) = 12.51 min, t (minor) = 8.84 min]; 1H NMR (400 MHz, CDCl3): 

NC CN
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δ = 7.88 (t, J = 4.4 Hz, 1H), 7.76-7.74 (m, 1H), 7.43-7.39 (m, 1H), 7.21-7.16 (m, 2H), 7.13 (s, 2H), 

4.48 (d, J = 9.6 Hz, 1H), 3.63 (qd, J = 4.8, 9.2 Hz, 1H), 3.45-3.40 (m, 1H), 3.20 (dd, J = 4.0, 13.6 

Hz, 1H), 2.97 (dd, J = 4.0, 13.6 Hz, 1H), 2.61 (s, 3H), 2.40 (s, 3H), 1.36-1.26 (m, 2H), 0.80 (t, J = 

7.6 Hz, 3H) ppm; 13C NMR (50 MHz, CDCl3): δ = 171.8, 143.9, 138.4, 136.3, 135.9, 133.7, 133.2, 

130.1, 129.7, 127.3, 127.0, 125.9, 125.0, 112.9, 112.7, 83.3, 54.4, 44.9, 28.1, 26.7, 21.3, 20.5, 9.4 

ppm; ESI-HRMS: calcd. for C23H23N3O2S2+Na 460.1129, found 460.1144. 

 

4i 92% yield; Rf = 0.1 (petroleum ether/EtOAc = 20:1); [α]D
20 = +86.5 (c 

= 1.04 in EtOH); 91:9 dr, 86% ee, determined by HPLC analysis [Daicel 

chiralcel OD, n-hexane/i-PrOH = 80/20, 1.0 mL/min, λ = 254 nm, t 

(major) = 13.11 min, t (minor) = 11.21 min]; 1H NMR (400 MHz, CDCl3): 

δ = 7.88-7.86 (m, 1H), 7.74 (dd, J = 1.2, 8.0 Hz, 1H), 7.42-7.35 (m, 1H), 

7.23-7.15 (m, 2H), 7.12 (d, J = 4.8 Hz, 2H), 4.53 (d, J = 9.6 Hz, 1H), 3.63 (qd, J = 4.0, 8.8 Hz, 

1H), 3.47-3.42 (m, 1H), 3.20 (dd, J = 4.0, 13.6 Hz, 1H), 3.06 (dd, J = 4.0, 13.6 Hz, 1H), 2.59 (s, 

3H), 2.38 (s, 3H), 1.35-1.24 (m, 2H), 1.17-1.04 (m, 2H), 1.00-0.90 (m, 3H), 0.89-0.83 (m, 3H), 

0.81 (t, J = 7.2 Hz, 3H) ppm; 13C NMR (50 MHz, CDCl3): δ = 171.9, 143.6, 138.4, 133.6, 133.2, 

131.2, 130.1, 129.6, 129.1, 127.3, 126.9, 126.0, 124.9, 112.7, 112.6, 53.4, 45.5, 33.7, 31.3, 26.5, 

26.0, 24.8, 22.3, 21.2, 20.5 13.9 ppm; ESI-HRMS: calcd. for C25H25N3O2S2+Na 516.1755, found 

516.1741. 

 

4j 97% yield; Rf = 0.1 (petroleum ether/EtOAc = 20:1); [α]D
20 = +263.3 (c = 

2.02 in EtOH); 84:16 dr, 97% ee, determined by HPLC analysis [Daicel 

chiralpak IC, n-hexane/i-PrOH = 80/20, 1.0 mL/min, λ = 254 nm, t (major) = 

31.32 min, t (minor) = 11.97 min]; 1H NMR (400 MHz, CDCl3): δ = 7.92 (d, J 

= 8.0 Hz, 1H), 7.74 (d, J = 8.0 Hz, 1H), 7.40 (t, J = 7.6 Hz, 1H), 7.24 (d, J = 8.0 

Hz, 1H), 7.21-7.14 (m, 2H), 7.12 (s, 1H), 4.50 (d, J = 8.8 Hz, 1H), 3.67-3.60 (m, 1H), 3.49-3.45 

(m, 1H), 3.16 (dd, J = 4.0, 13.6 Hz, 1H), 2.94 (dd, J = 4.4, 13.6 Hz, 1H), 2.59 (s, 3H), 2.38 (s, 3H), 

1.45-1.31 (m, 2H), 0.88-0.83 (m, 1H), 0.66 (d, J = 6.8 Hz, 3H), 0.32 (d, J = 6.4 Hz, 3H) ppm; 13C 

NMR (50 MHz, CDCl3): δ = 172.4, 143.8, 136.4, 136.3, 133.6, 133.2, 131.4, 130.2, 129.5, 127.3, 

126.6, 126.5, 126.2, 124.9, 112.9, 112.7, 63.1, 52.2, 46.0, 43.7, 26.1, 24.0, 23.2, 21.1, 20.7, 20.4 

ppm; ESI-HRMS: calcd. for C25H27N3O2S2+K 504.1182, found 504.1186. 

 

4k 84% yield; Rf = 0.1 (petroleum ether/EtOAc = 20:1); [α]D
20 = +45.9 (c = 0.70 in EtOH); 82:18 

dr, 96% ee, determined by HPLC analysis [Daicel chiralcel AD, n-hexane/i-PrOH = 80/20, 1.0 
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mL/min, λ = 254 nm, t (major) = 8.96 min, t (minor) = 15.54 min]; 1H NMR 

(400 MHz, CDCl3): δ = 7.92-7.90 (m, 1H), 7.67 (dd, J = 1.2, 8.4 Hz, 1H), 

7.40-7.36 (m, 1H), 7.20-7.11 (m, 7H), 6.84-6.82 (m, 2H), 4.69 (d, J = 9.2 Hz, 

1H), 3.68 (qd, J = 4.0, 9.2 Hz, 1H), 3.58-3.54 (m, 1H), 3.22 (dd, J = 4.0, 13.6 

Hz, 1H), 3.03 (dd, J = 4.0, 13.6 Hz, 1H), 2.63 (s, 3H), 2.55-2.48 (m, 1H), 2.39 

(s, 3H), 2.29-2.22 (m, 1H), 1.72-1.62 (m, 1H), 1.55-1.46 (m, 1H) ppm; 13C 

NMR (50 MHz, CDCl3): δ = 171.7, 143.9, 140.0, 138.2, 136.3, 138.2, 133.7, 133.3, 131.1, 130.0, 

129.6, 128.5, 128.2, 128.0, 127.2, 127.0, 126.2, 125.0, 112.8, 112.7, 83.1, 53.4, 44.9, 35.3, 31.3, 

28,1, 21.3, 20.5 ppm; ESI-HRMS: calcd. for C29H27N3O2S2+Na 536.1442, found 536.1415.  

 

4l 89% yield; Rf = 0.1 (petroleum ether/EtOAc = 20:1); [α]D
20 = +86.3 (c = 

0.96 in EtOH); 90:10 dr, 97% ee, determined by HPLC analysis [Daicel 

chiralpak IC, n-hexane/i-PrOH = 80/20, 1.0 mL/min, λ = 254 nm, t (major) = 

48.35 min, t (minor) = 42.14 min]; 1H NMR (400 MHz, CDCl3): δ = 7.80 (d, 

J = 8.0 Hz, 1H), 7.62 (d, J = 8.0 Hz, 1H), 7.39-7.32 (m, 4H), 7.29-7.26 (m, 

2H), 7.18 (d, J = 8.0 Hz, 1H), 7.12 (t, J = 7.6 Hz, 1H), 7.07-7.04 (m, 2H), 

5.83 (d, J = 9.2 Hz, 1H), 4.55 (d, J = 11.6 Hz, 1H), 4.41 (d, J = 11.6 Hz, 1H), 

3.76-3.72 (m, 1H), 3.61-3.52 (m, 3H), 3.23 (t, J = 2.4 Hz, 2H), 2.48 (s, 3H), 2.36 (s, 3H), 

1.66-1.60 (m, 2H) ppm; 13C NMR (50 MHz, CDCl3): δ = 172.1, 143.7, 136.6, 137.3, 136.7, 135.7, 

133.7, 133.2, 131.4, 129.7, 128.6, 128.2, 128.0, 127.0, 126.8, 125.5, 124.7, 112.8, 112.6, 83.6, 

73.5, 66.5, 51.5, 43.6, 31.8, 26.6, 21.3, 20.3 ppm; ESI-HRMS: calcd. for C30H30N3O3S2+H 

544.1729, found 544.1727. 

 

4m 86% yield, 88:12 dr (by 1H NMR analysis); Rf = 0.1 (petroleum 

ether/EtOAc = 15:1); [α]D
20 = +27.5 (c = 0.76 in EtOH); 94% ee, 

determined by HPLC analysis [Daicel chiralcel OD, n-hexane/i-PrOH = 

80/20, 1.0 mL/min, λ = 254 nm, t (minor) = 17.04 min, t (major) = 49.33 

min]; 1H NMR (400 MHz, CDCl3): δ = 7.89 (d, J = 7.6 Hz, 1H), 7.40-7.35 

(m, 2H), 7.29-7.22 (m, 3H), 7.17 (d, J = 8.0 Hz, 1H), 7.13-7.06 (m, 4H), 

7.03 (t, J = 8.0 Hz, 1H), 4.85 (d, J = 9.2 Hz, 1H), 3.77 (qd, J = 2.8, 9.6 Hz, 1H), 3.49-3.45 (m, 1H), 

3.19 (dd, J = 3.6, 13.6 Hz, 1H), 2.98 (dd, J = 3.6, 13.6 Hz, 1H), 2.78-2.72 (m, 1H), 2.59 (s, 3H), 

2.49-2.42 (m, 1H), 2.37 (s, 3H), 1.77-1.68 (m, 1H), 1.49-1.42 (m, 1H) ppm; 13C NMR (50 MHz, 

CDCl3): δ = 171.5, 144.6, 138.5, 136.7, 136.5, 135.4, 134.3, 133.8, 130.6, 130.4, 130.0, 129.5, 

127.6, 127.1, 125.5, 113.2, 113.1, 53.1, 45.2, 33.8, 30.1, 28.6, 21.8, 21.0 ppm; ESI-HRMS: calcd. 
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for C29H27N3O2S3+Na 568.1163, found 568.1162. 

 

4.2 Asymmetric anti-stereoselective AVM reaction. 

α,α-Dicyanoolefin 2 (0.1 mmol), alkylimine 3 (0.12 mmol), catalyst 1f or 1d (0.01 mmol) and 4 

Å MS (30 mg) in dry mesitylene (0.2 mL) were stirred at room temperature (25 °C). After 

completion, the reaction mixture was subjected to flash chromatography to give anti-adduct 5 or 6.  

 

5a 50% yield; Rf = 0.1 (petroleum ether/EtOAc = 20:1); [α]D
20 = +26.6 (c = 

0.60 in EtOH); 80:20 dr, 61% ee, determined by HPLC analysis [Daicel 

chiralcel OD, n-hexane/i-PrOH = 70/30, 1.0 mL/min, λ = 254 nm, t (major) = 

7.88 min, t (minor) = 12.78 min]; 1H NMR (400 MHz, CDCl3): δ = 7.55 (d, J 

= 8.4 Hz, 3H), 7.41-7.39 (m, 1H), 7.28 (d, J = 8.0 Hz, 2H), 7.21 (d, J = 7.6 Hz, 

1H), 7.11 (t, J = 7.6 Hz, 1H), 4.72 (t, J = 8.8 Hz, 1H), 3.69-3.62 (m, 1H), 3.51-3.47 (m, 1H), 3.41 

(dd, J = 3.6, 14.4 Hz, 1H), 2.94 (dd, J = 4.4, 14.0 Hz, 1H), 2.45 (s, 3H), 1.60-1.52 (m, 1H), 

1.49-1.42 (m, 1H), 1.33-1.25 (m, 1H), 1.20-1.13 (m, 1H), 0.81 (t, J = 7.2 Hz, 3H) ppm; 13C NMR 

(50 MHz, CDCl3): δ = 171.1, 143.7, 138.1, 137.4, 133.5, 131.5, 129.7, 127.1, 126.8, 126.3, 125.0, 

113.4, 83.6, 54.6, 44.8, 34.8, 28.3, 21.5, 17.6, 13.8 ppm; ESI-HRMS: calcd. for 

C23H23N3NaO2S2+Na 460.1129, found 460.1124. 

 

5b 73% yield; Rf = 0.1 (petroleum ether/EtOAc = 20:1); [α]D
20 = +65.7 (c = 

0.50 in EtOH); 85:15 dr, 58% ee, determined by HPLC analysis [Daicel 

chiralcel OD, n-hexane/i-PrOH = 80/20, 1.0 mL/min, λ = 254 nm, t (major) = 

7.76 min, t (minor) = 11.06 min]; 1H NMR (400 MHz, CDCl3): δ = 7.45 (d, J 

= 8.0 Hz, 1H), 7.36-7.32 (m, 1H), 7.29 (d, J = 8.0 Hz, 1H), 7.19-7.16 (m, 2H), 

7.01-6.96 (t, J = 8.4 Hz, 2H), 4.67 (d, J = 10.0 Hz, 1H), 3.70-3.62 (m, 1H), 3.47-3.38 (m, 2H), 

2.95 (dd, J = 4.0, 14.0 Hz, 1H), 2.59 (s, 3H), 2.42 (s, 3H), 1.72-1.65 (m, 1H), 1.57-1.48 (m, 1H), 

1.43-1.21 (m, 2H), 0.59 (t, J = 7.2 Hz, 3H) ppm; 13C NMR (50 MHz, CDCl3): δ = 171.1, 143.7, 

137.3, 136.6, 136.1, 133.4, 133.3, 131.1, 129.1, 127.3, 127.0, 125.7, 124.8, 113.4, 54.5, 44.0, 35.2, 

28.3, 21.3, 20.2, 17.2, 13.9 ppm; ESI-HRMS: calcd. for C24H25N3NaO2S2+Na 474.1286, found 

474.1278. 

 

5m 67% yield, 87:13 dr (by 1H NMR analysis); Rf = 0.1 (petroleum ether/EtOAc = 15:1); [α]D
20 = 

-67.9 (c = 0.81 in EtOH); 52% ee, determined by HPLC analysis [Daicel chiralcel AD, 
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n-hexane/i-PrOH = 60/40, 1.0 mL/min, λ = 254 nm, t (major) = 6.90 min, 

t (minor) = 8.11 min]; 1H NMR (400 MHz, CDCl3): δ = 7.51 (d, J = 8.0 

Hz, 1H), 7.38-7.33 (m, 2H), 7.32-7.29 (m, 2H), 7.27-7.21 (m, 3H), 7.18 

(dd, J = 0.8, 8.0 Hz, 2H), 7.03-6.97 (m, 2H), 4.79 (d, J = 10.4 Hz, 1H), 

3.81 (qd, J = 3.2, 10.0 Hz, 1H), 3.56-3.51 (m, 1H), 3.35 (dd, J = 3.6, 14.4 

Hz, 1H), 2.99-2.92 (m, 1H), 2.82-2.73 (m, 2H), 2.58 (s, 3H), 2.42 (s, 3H), 

2.08-2.00 (m, 1H), 1.81-1.72 (m, 1H) ppm; 13C NMR (50 MHz, CDCl3): δ = 169.8, 142.8, 136.3, 

135.4, 134.9, 134.0, 132.4, 130.1, 128.7, 128.1, 127.3, 126.2, 126.1, 125.6, 125.2, 124.0, 112.2, 

111.8, 82.5, 53.2, 44.2, 31.5, 28.4, 27.3, 20.3, 19.5 ppm; ESI-HRMS: calcd. for C29H27N3O2S3+H 

546.1344, found 546.1349. 

 

6a 70% yield, 84:16 dr (by 1H NMR analysis); Rf = 0.1 (petroleum 

ether/EtOAc = 15:1); [α]D
20 = -50.5 (c = 0.60 in EtOH); 83% ee, determined by 

HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 70/30, 1.0 mL/min, λ 

= 254 nm, t (major) = 15.93 min, t (minor) = 11.24 min]; 1H NMR (400 MHz, 

CDCl3): δ = 7.38 (s, 1H), 7.35 (s, 1H), 7.33-7.30 (m, 4H), 7.19-7.14 (m, 4H), 

6.96-6.93 (m, 1H), 4.68 (d, J = 9.6 Hz, 1H), 3.84-3.79 (m, 1H), 3.54-3.49 (m, 1H), 3.34 (dd, J = 

3.6, 14.0 Hz, 1H), 3.04-2.98 (m, 1H), 2.85-2.78 (m, 2H), 2.54 (s, 3H), 2.32 (s, 3H), 2.22 (s, 3H), 

2.12 (m, 1H), 1.83-1.74 (m, 1H) ppm; 13C NMR (50 MHz, CDCl3): δ = 170.8, 142.4, 137.3, 136.0, 

135.5, 134.6, 133.9, 133.2, 130.9, 130.6, 129.8, 127.3, 127.0, 125.5, 124.7, 124.5, 113.3, 112.9, 

83.0, 55.2, 43.2, 28.1, 25.8, 19.9, 19.7, 19.1, 8.0 ppm; ESI-HRMS: calcd. for C30H29N3O2S3+H 

560.1500, found 560.1493. 

 

6b 73% yield, 84:16 dr (by 1H NMR analysis); Rf = 0.1 (petroleum ether/EtOAc 

= 15:1); [α]D
20 = -157.1 (c = 1.05 in EtOH); 73% ee, determined by HPLC 

analysis [Daicel chiralcel OD, n-hexane/i-PrOH = 70/30, 1.0 mL/min, λ = 254 

nm, t (major) = 9.83 min, t (minor) = 6.68 min]; 1H NMR (400 MHz, CDCl3): δ 

= 7.34-7.30 (m, 2H), 7.19-7.15 (m, 3H), 6.91-6.87 (m, 1H), 4.59 (d, J = 10.4 Hz, 

1H), 3.66-3.63 (m, 1H), 3.44-3.37 (m, 2H), 2.94 (dd, J = 4.4, 14.4 Hz, 1H), 2.57 (s, 3H), 2.33 (s, 

3H), 2.18 (s, 3H), 1.95-1.88 (m, 1H), 1.68-1.61 (m, 1H), 1.00 (t, J = 7.2 Hz, 3H) ppm; 13C NMR 

(50 MHz, CDCl3): δ = 170.8, 142.4, 137.3, 136.0, 135.5, 134.6, 133.9, 133.2, 130.9, 129.9, 127.3, 

127.0, 124.5, 113.3, 112.9, 55.2, 43.2, 28.1, 25.8, 19.9, 19.6, 19.1, 8.0 ppm; ESI-HRMS: calcd. for 

C24H25N3O2S2+H 452.1466, found 452.1472. 
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6c 60% yield, 85:15 dr (by 1H NMR analysis); Rf = 0.1 (petroleum 

ether/EtOAc = 15:1); [α]D
20 = -17.5 (c = 0.59 in EtOH); 77% ee, determined by 

HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 70/30, 1.0 mL/min, λ 

= 254 nm, t (major) = 16.79 min, t (minor) = 10.57 min]; 1H NMR (400 MHz, 

CDCl3): δ = 7.45-7.39 (m, 1H), 7.33 (s, 1H), 7.23 (t, J = 7.2 Hz, 2H), 7.19 (s, 

1H), 7.08 (t, J = 7.2 Hz, 1H), 4.55 (d, J = 10.4 Hz, 1H), 3.46-3.38 (m, 1H), 3.34-3.29 (m, 1H), 

2.93-2.79 (m, 2H), 2.61 (s, 3H), 2.35 (s, 3H), 2.18 (s, 3H), 2.12-2.04 (m, 1H), 2.02-1.95 (m, 1H), 

1.93-1.84 (m, 1H), 1.64-1.53 (m, 1H), 1.01 (t, J = 7.2 Hz, 3H) ppm; 13C NMR (50 MHz, CDCl3): 

δ = 174.1, 139.5, 136.0, 135.5, 134.5, 134.0, 133.2, 129.9, 129.1, 128.9, 127,3, 126.6, 126.4, 100.8, 

56.1, 45.7, 25.9, 25.1, 24.9, 20.0, 19.6, 19.1, 8.1 ppm; ESI-HRMS: calcd. for C25H27N3O2S+H 

434.1902, found 434.1908. 

 

4.3. Synthetic transformations of the AVM adducts 

 

Synthesis of β-amino compound 7  
NC CN

NHSO2Ar

nPr

4d 95% ee, dr 86:14

KMnO4/MgSO4

acetone, rt
  10 min

O NHSO2Ar

nPr

7 95% ee, dr >99:1Ar = 2,4-Me2C6H3  
A flask equipped with a magnetic bar was charged with 4d (43 mg, 0.10 mmol), KMnO4 (0.25 

mmol) and anhydrous MgSO4 (0.20 mmol). Then acetone (1 mL) and water (one drop) was added 

and the mixture was stirred at room temperature for 10 min. The mixture was concentrated and 

flash chromatograph on silica gel (PE/AcOEt = 20:1) gave diastereomerically pure 7 as a white 

solid (29 mg, 76% yield). Rf = 0.1 (petroleum ether/EtOAc = 30:1); [α]D
20 = -11.2 (c = 0.90, 

EtOH); 95% ee, determined by HPLC analysis [Daicel chiralpak AD, n-hexane/i-PrOH = 70/30, 

1.0 mL/min, λ = 254 nm, t (major) = 10.62 min, t (minor) = 12.27 min]; 1H NMR (400 MHz, 

CDCl3): δ = 7.94 (d, J = 6.8 Hz, 1H), 7.86 (t, J = 4.0 Hz, 1H), 7.48-7.44 (m, 1H), 7.29 (t, J = 4.0 

Hz, 1H), 7.24 (d, J = 8.0 Hz, 1H), 7.07 (d, J = 3.2 Hz, 2H), 4.88 (d, J = 8.8 Hz, 1H), 3.71-3.64 (m, 

1H), 2.99-2.93 (m, 1H), 2.81-2.76 (m, 1H), 2.59 (s, 3H), 2.35 (s, 3H), 2.11-2.05 (m, 1H), 

2.02-1.92 (m, 1H), 1.55-1.51 (m, 1H), 1.42-1.33 (m, 1H), 1.26-1.03 (m, 2H), 0.72 (t, J = 7.2 Hz, 

3H) ppm; 13C NMR (50 MHz, CDCl3): δ = 198.7, 143.8, 143.2, 136.6, 135.8, 133.5, 133.1, 132.7, 

129.6, 128.7, 127.2, 126.7, 126.6, 54.6, 51.5, 35.4, 28.3, 25.7, 21.2, 20.4, 19.4, 13.5 ppm; 

ESI-HRMS: calcd. for C22H27NO3S+Na 408.1609, found 408.1610. 
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Synthesis of δ-amino compound 8  

Ar = 2,4-Me2C6H3

S

NC CN
NHSO2Ar

Et

Hantzsch ester

DCM/MeOH

S

NC CN
NHSO2Ar

Et

4h 97% ee, dr > 99:1 8 97% ee, dr > 99:1Ar = 2,4-Me2C6H3

S

NC CN
NHSO2Ar

Et

Hantzsch ester

DCM/MeOH

S

NC CN
NHSO2Ar

Et

4h 97% ee, dr > 99:1 8 98% ee, dr > 99:1  
Hantzsch ester (158 mg, 0.6 mmol) was added to a stirred solution of diastereomerically pure 

4h (44 mg, 0.1 mmol) in DCM/EtOH (1:1, 2 mL). The solution was stirred at 50 °C and monitor 

by TLC. After 48 h, the mixture was concentrated and purified by flash chromatography on silica 

gel (petroleum ether/AcOEt = 20:1) to give the reduced product 8 (42 mg, 95%) as a solid. Rf = 

0.1 (petroleum ether/EtOAc = 13:1); [α]D
20 = -6.6 (c = 0.28 in EtOH); 98% ee, determined by 

HPLC analysis [Daicel chiralcel OD, n-hexane/i-PrOH = 80/20, 1.0 mL/min, λ = 254 nm, t (major) 

= 34.54 min, t (minor) = 22.19 min]; 1H NMR (400 MHz, CDCl3): δ = 7.87 (d, J = 8.8 Hz, 1H), 

7.27-7.25 (m, 1H), 7.24-7.21 (m, 2H), 7.16-7.12 (m, 3H), 4.61 (d, J = 9.6 Hz, 1H), 4.55 (d, J = 7.2 

Hz, 1H), 3.68-3.60 (m, 1H), 3.44 (d, J = 7.2 Hz, 1H), 3.33 (dd, J = 4.0, 13.2 Hz, 1H), 2.96 (t, J = 

12.8 Hz, 1H), 2.59 (s, 3H), 2.39 (s, 3H), 2.27-2.21 (m, 1H), 1.58-1.48 (m, 1H), 1.45-1.37 (m, 1H), 

0.68 (t, J = 7.2 Hz, 3H) ppm; 13C NMR (100 MHz, CDCl3): δ = 144.1, 136.3, 134.0, 133.3, 132.6, 

132.0, 131.1, 130.1, 129.7, 129.6, 127.2, 127.1, 112.6, 111.5, 56.3, 43.4, 40.8, 25.9, 24.2, 22.4, 

21.2, 20.4, 8.5 ppm; ESI-HRMS: calcd. for C23H26N3O2S2+H 440.1466, found 440.1470. 

 

Synthesis of γ-amino compound 9 

O

NC CN
HN

nPr

SO2Ar
Hantzsch ester

DCM/MeOH 
2 d

4c 89% ee, dr 1:1
O

N

nPr

O SO2Ar

m-CPBA, Cs2CO3

MeOH, -20 ℃
   overnight

9 90% ee, dr > 99:1
O

NC CN
HN

nPr

SO2Ar

 
Compound 4c was reduced via the same procedure as above. Then the intermediate was directly 

used in the next step. m-CPBA (23 mg, 0.15 mmol) and Cs2CO3 (34 mg, 0.105 mmol) were added 

to a solution of the obtained intermediate (44 mg, 0.1 mmol) in methanol (1.5 mL) at -20 °C for 8 

h. Then the solvent was concentrated and flash chromatograph on silica gel (PE/AcoEt = 30:1) 

gave the product 9 (15 mg, 37% yield for steps). Rf = 0.1 (petroleum ether/EtOAc = 30:1); [α]D
20 = 

-3.7 (c = 0.70, EtOH); 90% ee, determined by HPLC analysis [Daicel chiralcel OD, 

n-hexane/i-PrOH = 80/20, 1.0 mL/min, λ = 254 nm, t (major) = 7.36 min, t (minor) = 7.96 min]; 
1H NMR (400 MHz, CDCl3): δ = 7.95 (d, J = 8.4 Hz, 1H), 7.39 (d, J = 6.8 Hz, 1H), 7.19-7.15 (m, 

2H), 7.10 (s, 1H), 6.93 (td, J =1.2, 7.6 Hz, 1H), 6.84 (dd, J = 0.8, 8.0 Hz, 1H), 4.55-4.50 (m, 1H), 

4.32 (dd, J = 4.0, 11.6 Hz, 1H), 3.89 (dd, J = 8.8, 12.0 Hz, 1H), 3.61 (d, J = 8.0 Hz, 1H), 2.99-2.92 
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(m, 1H), 2.60 (s, 3H), 2.37 (s, 3H), 1.65-1.49 (m, 4H), 1.02 (t, J = 7.2 Hz, 3H) ppm; 13C NMR (75 

MHz, CDCl3): δ = 172.6, 154.2, 144.8, 137.6, 134.4, 133.2, 131.3, 130.5, 128.8, 127.0, 121.5, 

116.8, 115.8, 63.0, 61.5, 42.0, 32.7, 32.0, 21.4, 20.3, 19.3, 14.2, 14.0 ppm; ESI-HRMS: calcd. for 

C22H25NO4S+K 438.1141, found 438.1148. 

 

Reference: 

1. T. Ooi, Y. Uematsu and K. Maruoka, J. Am. Chem. Soc., 2006, 128, 2548. 
2. H.-L. Cui, J. Peng, X. Feng, W. Du, K. Jiang and Y.-C. Chen, Chem.−Eur. J. 2009, 15, 1574. 
 
5. Crystal data for syn-4m and anti-5m  
 
Crystal data and structure refinement for syn-4m  
   

      

S

HN
SO2

NC CN

S

 4m 
       

Identification code                syn-4m  
   
      Empirical formula                 C29 H27 N3 O2 S3  
   
      Formula weight                    545.72  
   
      Temperature                       113(2) K  
   
      Wavelength                        0.71070 A  
   
      Crystal system, space group        Monoclinic,  P 1 21 1  
   
      Unit cell dimensions              a = 7.2498(8) A   alpha = 90 deg.  
                                     b = 13.0008(15) A    beta = 90.274(3) deg.  
                                     c = 14.4114(18) A   gamma = 90 deg.  
   
      Volume                         1358.3(3) A^3  
   
      Z, Calculated density             2,  1.334 Mg/m^3  
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      Absorption coefficient            0.305 mm^-1  
   
      F(000)                            572  
   
      Crystal size                      0.14 x 0.12 x 0.10 mm  
   
      Theta range for data collection      3.13 to 27.48 deg.  
   
      Limiting indices                  -9<=h<=9, -15<=k<=16, -18<=l<=18  
   
      Reflections collected / unique       16640 / 6100 [R(int) = 0.0516]  
   
      Completeness to theta = 27.48       99.7 %  
   
      Absorption correction             Semi-empirical from equivalents  
   
      Max. and min. transmission        0.970 and 0.942  
   
      Refinement method                 Full-matrix least-squares on F^2  
   
      Data / restraints / parameters        6100 / 1 / 340  
   
      Goodness-of-fit on F^2            1.031  
   
      Final R indices [I>2sigma(I)]       R1 = 0.0389, wR2 = 0.0863  
   
      R indices (all data)               R1 = 0.0471, wR2 = 0.0909  
   
      Absolute structure parameter       0.00(5)  
   
      Largest diff. peak and hole         0.194 and -0.305 e.A^-3 
 
 
Crystal data and structure refinement for anti-5m 

  

S

HN
SO2

NC CN

S

  5m 
 

Identification code                  anti-5m 
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       Empirical formula                 C29 H27 N3 O2 S3 
  
      Formula weight                    545.72 
  
      Temperature                       93(2) K 
  
      Wavelength                        0.71073 A 
  
      Crystal system, space group       Orthorhombic,  P2(1)2(1)2(1) 
  
      Unit cell dimensions              a = 9.2353(10) A   alpha = 90 deg. 
                                     b = 16.2177(18) A    beta = 90 deg. 
                                     c = 17.641(2) A   gamma = 90 deg. 
  
      Volume                         2642.2(5) A^3 
  
      Z, Calculated density             4,  1.372 Mg/m^3 
  
      Absorption coefficient            0.313 mm^-1 
  
      F(000)                            1144 
  
      Crystal size                      0.40 x 0.40 x 0.27 mm 
  
      Theta range for data collection     3.19 to 27.48 deg. 
  
      Limiting indices                  -11<=h<=11, -21<=k<=16, -22<=l<=22 
  
      Reflections collected / unique     21830 / 6032 [R(int) = 0.0302] 
  
      Completeness to theta = 27.48      99.7 % 
  
      Absorption correction             Empirical 
  
      Max. and min. transmission        0.9210 and 0.8849 
  
      Refinement method                 Full-matrix least-squares on F^2 
  
      Data / restraints / parameters        6032 / 0 / 340 
  
      Goodness-of-fit on F^2            1.000 
  
      Final R indices [I>2sigma(I)]      R1 = 0.0305, wR2 = 0.0716 
  
      R indices (all data)               R1 = 0.0319, wR2 = 0.0726 
  
      Absolute structure parameter      -0.03(4) 
  
      Largest diff. peak and hole        0.280 and -0.249 e.A^-3 
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6. NMR spectra and HPLC chromatograms 
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