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Part I General information 

Unless otherwise indicated, all reactions were carried out under N2 atmosphere at 

room temperature with magnetic stirring. Anhydrous THF and toluene were distilled 

from sodium and benzophenone. Anhydrous CH2Cl2 was distilled from CaH2. Chiral 

triazolium salts 4-51, aldimines2 and -bromoenals3 were prepared according to 

literatures. Column chromatography was performed on silica gel 200~300 mesh. All 

1H NMR (300 and 400 MHz), 13C NMR (75 and 100 MHz) spectra were recorded on 

a Bruker-DMX 300 and Bruker Avance 400 spectrometer in CDCl3, with 

tetramethylsilane as an internal standard and reported in parts per million (ppm, δ). 1H 

NMR Spectroscopy splitting patterns were designated as singlet (s), doublet (d), 

triplet (t), quartet (q). Splitting patterns that could not be interpreted or easily 

visualized were designated as multiplet (m) or broad (br). Infrared spectra were 

recorded on a JASCO FT/IR-480 spectrophotometer and reported as wave number 

(cm-1). Optical rotations were measured on Perkin Elmer/Model-343 digital 

polarimeter operating at the sodium D line with a 100 mm path cell, and are reported 

as follows: [α]T 
D (concentration (g/100 mL), solvent). 
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Part II Experimental part 

1. NHC catalyzed [3+3] annulation of α-bromoenal 1 and aldimine 2  

 

To the solution of α-bromoenal 1 (0.6 mmol, 3 equiv.), NHC precursor 4 (0.04 

mmol, 16.8 mg, 0.2 equiv.), and Et3N (0.6 mmol, 60.6 mg, 3.0 equiv.) in THF (1 mL), 

was slowly added aldimine 2 (0.2 mmol, 1 equiv., 2 mL in THF) via a syringe pump 

in 6 h. The reaction mixture was stirred at room temperature until the full 

consumption of the aldimine 2 (typically, 12 h). The reaction mixture was 

concentrated under reduced pressure, and the residue was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 40:1-10:1) to furnish the 

corresponding product 3. 

Racemic samples for the chiral phase HPLC analysis were prepared using 

triazolium S1 as the NHC pre-catalyst under the same conditions. 

 

 

(R)-5-benzyl-4-phenyl-1-tosyl-3,4-dihydropyridin-2(1H)-one (GZH-281B) 

59.0 mg, 71% yield. White solid, mp. 148-149 oC; Rf = 0.2 (petroleum ether/ethyl 

acetate 5:1); [α] 25 
D  -148 (c 0.1, CH2Cl2); HPLC analysis: 95% ee [Daicel 

CHIRALPAK OD-H column, 20 oC, 254 nm, hexane/i-PrOH = 80:20, 1.0 mL /min, 
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254 nm, 11.3 min (minor), 23.3 min (major)]; 1H NMR (300 MHz, CDCl3) δ 7.87 (d, 

J = 8.3 Hz, 2H), 7.27 (d, J = 8.3 Hz, 2H), 7.20 (d, J = 6.8 Hz, 2H), 7.18 (t, J = 6.8 Hz, 

1H), 7.08-6.98 (m, 6H), 6.71 (d, J = 7.4 Hz, 2H), 3.38 (d, J = 15.2 Hz, 1H), 3.26 (dd, 

J = 7.7, 2.6 Hz, 1H), 3.10 (d, J = 15.2 Hz, 1H), 2.76 (dd, J = 15.6, 7.7 Hz, 1H), 

2.46-2.39 (m, 4H). 13C NMR (75 MHz, CDCl3) δ 167.0, 163.4, 160.9, 145.3, 139.6, 

138.3, 135.1, 129.5, 128.9, 128.8, 128.8, 128.7, 127.4, 127.0, 126.8, 124.6, 121.0, 

41.1, 40.1, 38.9, 21.7. IR (KBr) 2920, 1721, 1266, 1173; HRMS (ESI) calcd for 

C25H23NSO3Na [M+Na]+ 440.12909, found 440.12851. 

 
(R)-5-benzyl-4-(4-fluorophenyl)-1-tosyl-3,4-dihydropyridin-2(1H)-one 

(GZH-296A) 

60.4 mg, 69% yield. Colorless oil; Rf = 0.2 (petroleum ether/ethyl acetate 5:1); [α]25 
D  

= -72 (c 0.1, CH2Cl2); HPLC analysis: 98% ee [Daicel CHIRALPAK OD-H column, 

20 oC, 254 nm, hexane/i-PrOH = 90:10, 1.0 mL /min, 254 nm, 22.5 min (minor), 35.7 

min (major)]; 1H NMR (300 MHz, CDCl3) δ 7.94 (d, J = 8.3 Hz, 2H), 7.37-7.24 (m, 

5H), 7.12 (d, J = 6.8 Hz, 2H), 7.07 (s, 1H), 6.81-6.67 (m, 4H), 3.47 (d, J = 15.1 Hz, 

1H), 3.33 (dd, J = 7.6, 2.7 Hz, 1H), 3.18 (d, J = 15.1 Hz, 1H), 2.83 (dd, J = 15.6, 7.6 

Hz, 1H), 2.54-2.41 (m, 4H). 13C NMR (100 MHz) δ 166.7, 149.7, 145.6, 141.9, 138.2, 

135.2, 135.0, 130.4, 130.0, 129.9, 129.4, 129.0, 128.8, 128.7, 127.9, 127.8, 127.3, 

127.2, 127.0, 125.9, 125.6, 123.7, 121.8, 115.8, 41.4, 39.6, 39.2, 21.9. IR (KBr) 2919, 

1732, 1339, 1196; HRMS (ESI) calcd for C25H22NSO3FNa [M+Na]+ 448.11966, 

found 458.11914. 
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(R)-5-benzyl-4-(4-chlorophenyl)-1-tosyl-3,4-dihydropyridin-2(1H)-one 

(GZH-297B) 

62.4 mg, 69% yield. Colorless oil. Rf = 0.2 (petroleum ether/ethyl acetate 5:1); [α]25 
D  

-81 (c 0.1, CH2Cl2); HPLC analysis: 97% ee [Daicel CHIRALPAK OD-H column, 20 

oC, 254 nm, hexane/i-PrOH = 90:10, 1.0 mL /min, 254 nm, 25.4 min (minor), 37.3 

min (major)]; 1H NMR (300 MHz, CDCl3) δ 7.93 (d, J = 8.3 Hz, 2H), 7.37-7.24 (m, 

5H), 7.17-6.97 (m, 5H), 6.71 (d, J = 8.4 Hz, 2H), 3.47 (d, J = 15.2 Hz, 1H), 3.32 (dd, 

J = 7.6, 2.6 Hz, 1H), 3.17 (d, J = 15.2 Hz, 1H), 2.83 (dd, J = 15.6, 7.6 Hz, 1H), 

2.57-2.36 (m, 4H). 13C NMR (75 MHz, CDCl3) δ 166.7, 145.5, 138.0, 135.0, 133.2, 

129.5, 129.0, 128.3, 126.9, 124.3, 121.4, 41.0, 39.5, 39.0, 21.7. IR (KBr) 2919, 1722, 

1396, 1196; HRMS (ESI) calcd for C25H22NSO3ClNa [M+Na]+ 474.09011, found 

474.08946. 

 

(R)-5-benzyl-4-(4-bromophenyl)-1-tosyl-3,4-dihydropyridin-2(1H)-one 

(GZH-297A) 

70.3 mg, 78% yield. Colorless oil. Rf = 0.2 (petroleum ether/ethyl acetate 5:1); [α]25 
D  

-87 (c 0.1, CH2Cl2); HPLC analysis: 97% ee [Daicel CHIRALPAK OD-H column, 20 

oC, 254 nm, hexane/i-PrOH = 90:10, 1.0 mL /min, 254 nm, 26.9 min (minor), 39.3 

min (major)]; 1H NMR (300 MHz, CDCl3) δ 7.93 (d, J = 8.3 Hz, 2H), 7.37-7.23 (m, 

5H), 7.18 (d, J = 8.3 Hz, 2H), 7.12-7.07 (m, 3H), 6.65 (d, J = 8.3 Hz, 2H), 3.47 (d, J = 
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15.2 Hz, 1H), 3.30 (dd, J = 7.6, 2.6 Hz, 1H), 3.17 (d, J = 14.3 Hz, 1H), 2.82 (dd, J = 

15.2, 7.6 Hz, 1H), 2.56-2.38 (m, 4H). 13C NMR (75 MHz, CDCl3) δ 166.7, 145.5, 

138.6, 138.0, 135.0, 132.0, 129.5, 128.8, 128.7, 126.9, 124.2, 121.4, 121.2, 40.9, 39.5, 

39.0, 21.7. IR (KBr) 2919, 1722, 1361, 1173; HRMS (ESI) calcd for 

C25H22NSO3BrNa [M+Na]+
 518.03960, found 513.03884. 

(R)-5-benzyl-4-(3-chlorophenyl)-1-tosyl-3,4-dihydropyridin-2(1H)-one 

(GZH-391A) 

58.0 mg, 64% yield. White solid, mp. 92-93 oC. Rf = 0.2 (petroleum ether/ethyl 

acetate 5:1); [α]25 
D  -84 (c 0.1, CH2Cl2); HPLC analysis: 97% ee [Daicel CHIRALPAK 

OD-H column, 20 oC, 254 nm, hexane/i-PrOH/MeOH = 90:6:4, 1.0 mL /min, 254 nm, 

16.8 min (minor), 19.4 min (minor)]; 1H NMR (400 MHz, CDCl3) δ 7.93 (d, J = 8.2 

Hz, 2H), 7.34 (d, J = 8.2 Hz, 2H), 7.29 (t, J = 7.2 Hz, 2H), 7.23 (d, J = 5.6 Hz, 1H), 

7.11 (d, J = 7.0 Hz, 2H), 7.06 (s, 1H), 6.80 – 6.69 (m, 3H), 3.45 (d, J = 15.1 Hz, 1H), 

3.32 (dd, J = 7.6, 2.7 Hz, 1H), 3.16 (d, J = 15.1 Hz, 1H), 2.81 (dd, J = 15.6, 7.6 Hz, 

1H), 2.55–2.36 (m, 4H). 13C NMR (100 MHz, CDCl3) δ 166.7, 145.6, 141.9, 138.2 

135.0, 130.4, 130.0, 129.0, 129.0, 128.9, 128.7, 127.9, 127.2, 125.9, 115.9, 41.0, 40.0, 

39.2, 22.0. IR (KBr) 2919, 1722, 1362, 1173; HRMS (ESI) calcd for 

C25H22NSO3ClNa [M+Na]+ 474.09011, found 474.08953. 

 

(S)-5-benzyl-4-(2-methoxyphenyl)-1-tosyl-3,4-dihydropyridin-2(1H)-one 

(GZH-295A) 
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72.7 mg, 81% yield. White solid, mp. 95-96 oC. Rf = 0.3 (petroleum ether/ethyl 

acetate 5:1); [α]25 
D  -77 (c 0.1, CH2Cl2); HPLC analysis: 97% ee [Daicel CHIRALPAK 

OD-H column, 20 oC, 254 nm, hexane/i-PrOH = 90:10, 1.0 mL /min, 254 nm, 17.8 

min (minor), 29.3 min (major)]; 1H NMR (300 MHz, CDCl3) δ 7.86 (d, J = 8.3 Hz, 

2H), 7.26-7.13 (m, 5H), 7.09-7.04 (m, 3H), 6.99 (s, 1H), 6.70 (d, J = 8.2 Hz, 2H), 

6.62 (dd, J = 7.5, 1.6 Hz, 1H), 6.55 (t, J = 7.3 Hz, 1H), 3.65 (dd, J = 8.2, 2.2 Hz, 1H), 

3.54 (s, 3H), 3.33 (t, J = 15.0 Hz, 1H), 3.07 (d, J = 15.0 Hz, 1H), 2.68 (dd, J = 15.9, 

8.2 Hz, 1H), 2.49 (dd, J = 15.9, 2.4 Hz, 1H), 2.37 (s, 3H). 13C NMR (75 MHz, CDCl3) 

δ 167.6, 157.1, 145.1, 138.6, 135.4, 129.4, 128.8, 128.8, 128.6, 127.8, 127.2, 126.7, 

123.2, 121.4, 120.4, 110.8, 54.9, 39.1, 38.9, 34.8, 21.7. IR (KBr) 2920, 1716, 1361, 

1174; HRMS (ESI) calcd for C26H25NSO4Na [M+Na]+ 474.13965, found 470.13913.   

(S)-5-benzyl-4-(2-bromo-5-methoxyphenyl)-1-tosyl-3,4-dihydropyridin-2(1H)-on

e (GZH-295C) 

81.0 mg, 77% yield. White crystal, mp. 115-116 oC. Rf = 0.3 (petroleum ether/ethyl 

acetate 5:1); [α]25 
D  -115 (c 0.1, CH2Cl2); HPLC analysis: 95% ee [Daicel 

CHIRALPAK OD-H column, 20 oC, 254 nm, hexane/i-PrOH = 90:10, 1.0 mL /min, 

254 nm, 14.1 min (minor), 23.5 min (major)]; 1H NMR (300 MHz, CDCl3) δ 7.94 (d, 

J = 8.4 Hz, 2H), 7.38 (d, J = 8.7 Hz, 1H), 7.35-7.19 (m, 5H), 7.18 (s, 1H), 7.13 (d, J = 

6.8 Hz, 2H), 6.60 (dd, J = 8.8, 3.0 Hz, 1H), 6.48 (d, J = 3.0 Hz, 1H), 3.87 (dd, J = 8.0, 

2.5 Hz, 1H), 3.63 (s, 3H), 3.43 (d, J = 4.8 Hz, 1H), 3.18 (d, J = 14.8 Hz, 1H), 2.79 (dd, 

J = 15.9, 8.1 Hz, 1H), 2.58 (dd, J = 15.9, 2.5 Hz, 1H), 2.43 (s, 3H). 13C NMR (75 

MHz, CDCl3) δ 166.7, 159.4, 145.2, 138.7, 137.9, 135.2, 134.0, 129.6, 128.9, 128.8, 

128.7, 126.9, 123.4, 122.1, 114.5, 114.4, 114.0, 55.3, 39.5, 39.2, 39.1, 21.7. IR (KBr) 

2919, 1722, 1362, 1174; HRMS (ESI) calcd for C26H24NSO4BrNa [M+Na]+ 

550.04866, found 550.04738. 
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(R)-methyl 4-(5-benzyl-2-oxo-1-tosyl-1,2,3,4-tetrahydropyridin-4-yl)benzoate 

(GZH-392A) 

27.2 mg, 57% yield. Colorless oil. Rf = 0.3 (petroleum ether/ethyl acetate 5:1); [α]25 
D  

-94 (c 0.1, CH2Cl2); HPLC analysis: 92% ee [Daicel CHIRALPAK OD-H column, 20 

oC, 254 nm, hexane/i-PrOH/MeOH = 90:6:4, 1.0 mL /min, 254 nm, 25.2 min (minor), 

31.9 min (major)]; 1H NMR (400 MHz, CDCl3) δ 7.94 (d, J = 8.0 Hz, 2H), 7.72 (d, J 

= 8.0 Hz, 1H), 7.34 (d, J = 8.0 Hz, 1H), 7.32-7.26 (m, 3H), 7.13 – 7.11 (m, 2H), 6.82 

(d, J = 8.0 Hz, 1H), 3.92 (s, 3H), 3.50-3.39 (m, 2H), 3.17 (d, J = 15.1 Hz, 1H), 2.87 

(dd, J = 15.1, 7.7 Hz, 1H), 2.52-2.48 (m, 4H). 13C NMR (100 MHz, CDCl3) δ 166.6, 

166.5, 145.6, 144.7, 137.9, 134.9, 130.2, 129.6, 129.3, 128.8, 127.0, 127.0, 124.0, 

121.6, 52.2, 40.8, 40.0, 39.1, 21.7. IR (KBr) 2920, 1722, 1361, 751; HRMS (ESI) 

calcd for C27H25NSO5Na [M+Na]+ 498.13456, found 498.13464. 

 

(R)-5-benzyl-4-(4-(pyrrolidine-1-carbonyl)phenyl)-1-tosyl-3,4-dihydropyridin-

2(1H)-one (GZH-395C) 

71.8 mg, 70% yield. White solid, mp. 72-74 oC. Rf = 0.2 (petroleum ether/ethyl 

acetate 1:1); [α] 25 
D  -105 (c 0.1, CH2Cl2); HPLC analysis: 99% ee [Daicel 

CHIRALPAK OD-H column, 20 oC, 254 nm, hexane/i-PrOH/MeOH = 70:20:10, 1.0 

mL /min, 254 nm, 15.2 min (minor), 23.9 min (major)]; 13C NMR (100 MHz, CDCl3) 

δ 169.1, 166.8, 145.4, 141.5, 138.1, 136.4, 135.0, 129.5, 128.8, 128.7, 127.8, 126.9, 
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126.9, 124.0, 121.3, 49.6, 46.2, 40.8, 40.0, 38.9, 26.4, 24.4, 21.8. IR (KBr) 2920, 

1716, 1623, 1173; HRMS (ESI) calcd for C30H30N2SO4Na [M+Na]+ 537.18185, found 

537.18060.  

 

(R)-4-(5-benzyl-2-oxo-1-tosyl-1,2,3,4-tetrahydropyridin-4-yl)benzonitrile 

(GZH-395A) 

69.1 mg, 78% yield. White solid, mp. 56-57 oC. Rf = 0.3 (petroleum ether/ethyl 

acetate 5:1); [α]25 
D  -94 (c 0.1, CH2Cl2); HPLC analysis: 91% ee [Daicel CHIRALPAK 

OD-H column, 20 oC, 254 nm, hexane/i-PrOH/MeOH = 90:6:4, 1.0 mL /min, 254 nm, 

37.3 min (minor), 55.5 min (major)]; 1H NMR (400 MHz, CDCl3) δ 7.94 (d, J = 8.2 

Hz, 1H), 7.38-7.35 m, 3H), 7.31-7.22 (m, 4H), 7.15 (s, 1H), 7.10 (d, J = 7.1 Hz, 1H), 

6.89 (d, J = 8.1 Hz, 1H), 3.49 (d, J = 15.2 Hz, 1H), 3.40 (dd, J = 7.6, 2.4 Hz, 1H), 

3.18 (d, J = 15.2 Hz, 1H), 2.88 (dd, J = 15.7, 7.6 Hz, 1H), 2.54-2.43 (m, 4H). 13C 

NMR (100 MHz, CDCl3) δ 166.3, 145.7, 145.1, 137.6, 134.9, 132.7, 129.6, 128.8, 

128.7, 127.8, 127.1, 123.3, 121.9, 118.4, 111.4, 40.6, 40.1, 39.1, 21.8. IR (KBr) 2920, 

2850, 2228, 1717, 1633, 1173; HRMS (ESI) calcd for C26H22N2SO3Na [M+Na]+ 

465.12433, found 465.12404. 

 

(S)-5-benzyl-4-propyl-1-tosyl-3,4-dihydropyridin-2(1H)-one (GZH-296C) 

16.7 mg, 22% yield. Colorless oil. Rf = 0.6 (petroleum ether/ethyl acetate 5:1); [α]25 
D  

-6 (c 0.1, CH2Cl2); HPLC analysis: 90% ee [Daicel CHIRALPAK OD-H column, 20 

oC, 254 nm, hexane/i-PrOH = 90:10, 1.0 mL /min, 254 nm, 19.7 min (minor), 21.7 

min (major)]; 1H NMR (400 MHz, CDCl3) δ 7.89 (d, J = 8.0 Hz, 2H), 7.33-7.30 (m, 
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4H), 7.24-7.21 (m, 3H), 6.83 (s, 1H), 3.50 (d, J = 15.2 Hz, 1H), 3.34 (d, J = 15.2 Hz, 

1H), 2.50-2.43 (m, 4H), 2.32 (dd, J = 15.5, 2.0 Hz, 1H), 2.11 (m, 1H), 1.18-1.13 (m, 

2H), 1.00-0.98 (m, 2H), 0.72 (t, J = 6.3 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 

168.3, 145.1, 138.5, 135.3, 129.3, 128.7, 128.7, 128.6, 127.0, 126.8, 119.9, 39.4, 38.2, 

34.1, 33.4, 21.7, 19.4, 13.9. IR (KBr) 2922, 1722, 1362, 1174; HRMS (ESI) calcd for 

C22H25NSO3Na [M+Na]+ 406.14474, found 406.14450. 

 

(R)-5-methyl-4-phenyl-1-tosyl-3,4-dihydropyridin-2(1H)-one (GZH-292A) 

48.1 mg, 71% yield. Colorless oil. Rf = 0.2 (petroleum ether/ethyl acetate 10:1); [α]25 
D  

-143 (c 0.1, CH2Cl2); HPLC analysis: 97% ee [Daicel CHIRALPAK OD-H column, 

20 oC, 254 nm, hexane/i-PrOH = 90:10, 1.0 mL /min, 254 nm, 17.4 min (minor), 45.7 

min (major)]; 1H NMR (300 MHz, CDCl3) δ 7.93 (d, J = 8.4 Hz, 2H), 7.33 (d, J = 8.4 

Hz, 2H), 7.21-7.03 (m, 3H), 6.95 (d, J = 1.4 Hz, 1H), 6.91-6.80 (m, 2H), 3.39 (dd, J = 

7.6, 3.5 Hz, 1H), 2.96 (dd, J = 15.6, 7.6 Hz, 1H), 2.58 (dd, J = 15.6, 3.5 Hz, 1H), 2.45 

(s, 3H), 1.74 (d, J = 1.2 Hz, 3H). 13C NMR (75 MHz, CDCl3) δ 167.1, 145.2, 139.7, 

135.2, 129.4, 128.8, 128.7, 127.3, 126.9, 121.0, 119.6, 42.9, 40.8, 21.7, 19.0. IR (KBr) 

2920, 1716, 1355, 1170; HRMS (ESI) calcd for C19H19NSO3Na [M+Na]+ 364.09779, 

found 364.09732. 

 

(R)-5-ethyl-4-phenyl-1-tosyl-3,4-dihydropyridin-2(1H)-one (GZH-292C) 

57.1 mg, 80% yield. Colorless oil. Rf = 0.2 (petroleum ether/ethyl acetate 5:1); [α]25 
D  

-164 (c 0.1, CH2Cl2); HPLC analysis: 98% ee [Daicel CHIRALPAK OD-H column, 
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20 oC, 254 nm, hexane/i-PrOH = 90:10, 1.0 mL /min, 254 nm, 14.5 min (minor), 54.1 

min (major)]; 1H NMR (300 MHz, CDCl3) δ 7.93 (d, J = 8.3 Hz, 2H), 7.33 (d, J = 8.3 

Hz, 1H), 7.19-7.00 (m, 3H), 6.95 (s, 1H), 6.84 (d, J = 7.0 Hz, 2H), 3.46 (dd, J = 7.6, 

2.9 Hz, 1H), 2.94 (dd, J = 15.5, 7.6 Hz, 1H), 2.55 (dd, J = 15.5, 2.9 Hz, 1H), 2.45 (s, 

2H), 2.19-1.94 (m, 2H), 1.04 (t, J = 7.4 Hz, 3H). 13C NMR (75 MHz, CDCl3) δ 167.2, 

145.1, 140.0, 135.2, 129.4, 128.8, 128.7, 127.3, 126.9, 126.7, 119.0, 41.4, 41.2, 26.0, 

21.7, 12.4. IR (KBr) 2919, 1716, 1362, 1171; HRMS (ESI) calcd for C20H21NSO3Na 

[M+Na]+ 378.11344, found 378.11289. 

 

(R)-5-propyl-4-phenyl-1-tosyl-3,4-dihydropyridin-2(1H)-one (GZH-291A) 

44.7 mg, 61% yield. Colorless oil. Rf = 0.3 (petroleum ether/ethyl acetate 10:1); [α]25 
D  

-115 (c 0.1, CH2Cl2); HPLC analysis: 96% ee [Daicel CHIRALPAK OD-H column, 

20 oC, 254 nm, hexane/i-PrOH = 80:20, 1.0 mL /min, 254 nm, 8.4 min (minor), 26.9 

min (major)]; 1H NMR (400 MHz, CDCl3) δ 7.93 (d, J = 8.4 Hz, 2H), 7.33 (d, J = 8.4 

Hz, 2H), 7.16-7.12 (m, 3H), 6.96 (s, 1H), 6.83 (d, J = 7.2 Hz, 2H), 3.45 (dd, J = 7.2, 

2.8 Hz, 1H), 2.93 (dd, J = 15.6, 7.6 Hz, 1H), 2.54 (dd, J = 15.6, 2.8 Hz, 1H), 2.46 (s, 

3H), 2.03 (t, J = 7.2 H), 1.50-1.38 (m, 2H), 0.89 (t, J = 7.4 Hz, 3H). 13C NMR (100 

MHz, CDCl3) δ 167.2, 145.2, 139.9, 135.1, 129.4, 128.8, 128.7, 127.3, 126.9, 125.1, 

119.7, 41.3, 41.2, 35.0, 21.7, 21.0, 13.7. IR (KBr) 2920, 1722, 1362, 1172; HRMS 

(ESI) calcd for C21H23NSO3Na [M+Na]+ 392.12909, found 392.12842. 

 

(R)-5-butyl-4-phenyl-1-tosyl-3,4-dihydropyridin-2(1H)-one (GZH-293D) 
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51.0 mg, 67% yield. White solid, mp. 120-121 oC. Rf = 0.3 (petroleum ether/ethyl 

acetate 10:1); [α]25 
D  -85 (c 0.1, CH2Cl2); HPLC analysis: 98% ee [Daicel 

CHIRALPAK OD-H column, 20 oC, 254 nm, hexane/i-PrOH = 90:10, 1.0 mL /min, 

254 nm, 12.4 min (minor), 51.8 min (major)]; 1H NMR (300 MHz, CDCl3) δ 7.93 (d, 

J = 8.3 Hz, 2H), 7.32 (t, J = 7.7 Hz, 2H), 7.17-7.05 (m, 3H), 6.96 (s, 1H), 6.83 (d, J = 

7.2 Hz, 2H), 3.46 (dd, J = 7.5, 2.8 Hz, 1H), 2.93 (dd, J = 15.5, 7.6 Hz, 1H), 2.56 (dd, 

J = 15.5, 2.8 Hz, 1H), 2.46 (s, 3H), 2.13-1.94 (m, 2H), 1.52-1.08 (m, 4H), 0.87 (t, J = 

7.1 Hz, 3H). 
13C NMR (75 MHz, CDCl3) δ 167.2, 145.1, 139.9, 135.2, 129.4, 128.8, 

128.7, 127.3, 126.9, 125.3, 119.6, 41.3, 41.2, 32.6, 29.9, 22.3, 21.7, 13.8. IR (KBr) 

2920, 1716, 1362, 1195; HRMS (ESI) calcd for C22H25NSO3Na [M+Na]+ 406.14474, 

found 406.14423. 

 

(R)-5-pentyl-4-phenyl-1-tosyl-3,4-dihydropyridin-2(1H)-one (GZH-292E) 

57.1 mg, 72% yield. Colorless oil. Rf = 0.4 (petroleum ether/ethyl acetate 10:1); [α]25 
D  

-84 (c 0.1, CH2Cl2); HPLC analysis: 98% ee [Daicel CHIRALPAK OD-H column, 20 

oC, 254 nm, hexane/i-PrOH/MeOH = 90:6:4, 0.5 mL /min, 254 nm, 16.7 min (minor), 

39.0 min (major)]; 1H NMR (300 MHz, CDCl3) δ 7.93 (d, J = 8.3 Hz, 2H), 7.33 (d, J 

= 8.3 Hz, 2H), 7.10 (m, 3H), 6.95 (s, 1H), 6.88-6.75 (m, 2H), 3.45 (dd, J = 7.5, 2.9 Hz, 

1H), 2.93 (dd, J = 15.5, 7.6 Hz, 1H), 2.55 (dd, J = 15.5, 2.9 Hz, 1H), 2.46 (s, 3H), 

2.11-1.94 (m, 2H), 1.53-1.09 (m, 6H), 0.86 (t, J =8.1 Hz, 3H). 13C NMR (75 MHz, 

CDCl3) δ 167.2, 145.1, 139.9, 135.2, 129.4, 128.8, 128.7, 127.3, 126.9, 125.3, 119.6, 

41.3, 41.2, 32.9, 31.4, 27.4, 22.4, 21.7, 14.0. IR (KBr) 2920, 1716, 1362, 1172; 

HRMS (ESI) calcd for C23H27NSO3Na [M+Na]+ 420.16039, found 420.15991. 
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(R)-5-hexyl-4-phenyl-1-tosyl-3,4-dihydropyridin-2(1H)-one (GZH-282C) 

52.6 mg, 64% yield. Colorless oil. Rf = 0.5 (petroleum ether/ethyl acetate 5:1); [α]25 
D  

-59 (c 0.1, CH2Cl2); HPLC analysis: 96% ee [Daicel CHIRALPAK OD-H column, 20 

oC, 254 nm, hexane/i-PrOH/MeOH = 90:6:4, 0.5 mL /min, 254 nm, 16.1 min (minor), 

36.7 min (major)]; 1H NMR (400 MHz, CDCl3) δ 7.93 (d, J = 8.3 Hz, 2H), 7.33 (d, J 

= 8.3 Hz, 2H), 7.14 (t, J = 7.3 Hz, 1H), 7.07 (t, J = 7.4 Hz, 2H), 6.95 (s, 1H), 6.82 (d, 

J = 7.2 Hz, 2H), 3.45 (dd, J = 7.5, 2.8 Hz, 1H), 2.93 (dd, J = 15.5, 7.6 Hz, 1H), 2.56 

(dd, J = 15.5, 2.8 Hz, 1H), 2.46 (s, 3H), 2.11-1.97 (m, 2H), 1.49-1.12 (m, 8H), 0.87 (t, 

J = 6.9 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 167.2, 145.1, 139.9, 135.2, 129.4, 

128.8, 128.7, 127.3, 126.9, 125.3, 119.6, 41.3, 41.2, 32.9, 31.5, 28.8, 27.7, 22.6, 21.7, 

14.1. IR (KBr) 2921, 1717, 1362, 1172; HRMS (ESI) calcd for C24H29NSO3Na 

[M+Na]+ 434.17604, found 434.17566. 

 

(R)-5-heptyl-4-phenyl-1-tosyl-3,4-dihydropyridin-2(1H)-one (GZH-391B) 

55.5 mg, 65% yield. Colorless oil. Rf = 0.5 (petroleum ether/ethyl acetate 5:1); [α]25 
D  

-46 (c 0.1, CH2Cl2); HPLC analysis: 98% ee [Daicel CHIRALPAK OD-H column, 20 

oC, 254 nm, hexane/i-PrOH/MeOH = 90:6:4, 0.5 mL /min, 254 nm, 15.6 min (minor), 

34.4 min (major)]; 1H NMR (300 MHz, CDCl3) δ 7.93 (d, J = 8.3 Hz, 2H), 7.33 (d, J 

= 8.3 Hz, 2H), 7.18-7.01 (m, 3H), 6.95 (s, 1H), 6.86-6.75 (m, 2H), 3.45 (dd, J = 7.5, 

2.9 Hz, 1H), 2.93 (dd, J = 15.5, 7.6 Hz, 1H), 2.56 (dd, J = 15.5, 2.9 Hz, 1H), 2.46 (s, 

3H), 2.11-1.96 (m, 2H), 1.52-1.12 (m, 10H), 0.88 (t, J = 6.8 Hz, 3H). 13C NMR (75 

MHz, CDCl3) δ 167.2, 145.1, 139.9, 135.2, 129.4, 128.8, 128.7, 127.2, 126.9, 125.3, 
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119.6, 41.3, 41.2, 32.9, 31.8, 29.1, 29.0, 27.7, 22.6, 21.7, 14.1. IR (KBr) 2921, 1717, 

1362, 1172; HRMS (ESI) calcd for C25H31NSO3Na [M+Na]+ 448.19169, found 

448.119125. 

 

(R)-5-octyl-4-phenyl-1-tosyl-3,4-dihydropyridin-2(1H)-one (GZH-294C) 

68.2 mg, 78% yield. Colorless oil. Rf = 0.5 (petroleum ether/ethyl acetate 5:1); [α]25 
D  

-112 (c 0.1, CH2Cl2); HPLC analysis: 98% ee [Daicel CHIRALPAK OD-H column, 

20 oC, 254 nm, hexane/i-PrOH = 90:10, 1.0 mL /min, 254 nm, 10.0 min (minor), 33.0 

min (major)]; 1H NMR (300 MHz, CDCl3) δ 7.93 (d, J = 8.3 Hz, 2H), 7.33 (d, J = 8.3 

Hz, 2H), 7.20-6.99 (m, 3H), 6.95 (s, 1H), 6.87-6.75 (m, 2H), 3.45 (dd, J = 7.5, 2.8 Hz, 

1H), 2.93 (dd, J = 15.5, 7.6 Hz, 1H), 2.56 (dd, J = 15.5, 2.9 Hz, 1H), 2.45 (s, 3H), 

2.04 (t, J = 7.7 Hz, 2H), 1.54-1.10 (m, 12H), 0.88 (t, J = 6.7 Hz, 3H). 13C NMR (75 

MHz, CDCl3) δ 167.2, 145.1, 139.9, 135.2, 129.4, 128.8, 128.7, 127.2, 126.9, 125.3, 

119.6, 41.3, 41.2, 32.9, 31.8, 29.3, 29.2, 29.2, 27.7, 22.7, 21.7, 14.1. IR (KBr) 2920, 

1716, 1362, 1173; HRMS (ESI) calcd for C26H33NSO3Na [M+Na]+ 462.20734, found 

462.20674. 

 

(R)-5-nonyl-4-phenyl-1-tosyl-3,4-dihydropyridin-2(1H)-one (GZH-294E) 

73.3 mg, 81% yield. Colorless oil. Rf = 0.5 (petroleum ether/ethyl acetate 5:1); [α]25 
D  

-42 (c 0.1, CH2Cl2); HPLC analysis: 97% ee [Daicel CHIRALPAK OD-H column, 20 

oC, 254 nm, hexane/i-PrOH = 90:10, 1.0 mL /min, 254 nm, 9.6 min (minor), 33.6 min 

(major)]; 1H NMR (300 MHz, CDCl3) δ 7.93 (d, J = 8.3 Hz, 2H), 7.34 (t, J = 8.3 Hz, 
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2H), 7.15-7.04 (m, 3H), 6.95 (s, 1H), 6.82 (d, J = 7.0 Hz, 1H), 3.45 (dd, J = 7.5, 2.8 

Hz, 1H), 2.93 (dd, J = 15.5, 7.6 Hz, 1H), 2.56 (dd, J = 15.5, 2.9 Hz, 1H), 2.45 (s, 3H), 

2.04 (t, J = 7.7 Hz, 2H), 1.53-1.11 (m, 14H), 0.88 (t, J = 6.7 Hz, 3H). 13C NMR (75 

MHz, CDCl3) δ 167.2, 145.1, 139.9, 135.2, 129.4, 128.8, 128.7, 127.2, 126.9, 125.3, 

119.6, 41.3, 41.2, 32.9, 31.9, 29.5, 29.3, 29.3, 29.2, 27.7, 22.7, 21.7, 14.1. IR (KBr) 

2922, 1716, 1362, 1172; HRMS (ESI) calcd for C27H35NSO3Na [M+Na]+ 476.22299, 

found 476.22263. 

 

(R)-5-isopropyl-4-phenyl-1-tosyl-3,4-dihydropyridin-2(1H)-one (GZH-293A) 

54.9 mg, 74% yield. Colorless oil. Rf = 0.3 (petroleum ether/ethyl acetate 10:1); [α]25 
D  

-97 (c 0.1, CH2Cl2); HPLC analysis: 95% ee [Daicel CHIRALPAK OD-H column, 20 

oC, 254 nm, hexane/i-PrOH = 90:10, 1.0 mL /min, 254 nm, 12.6 min (minor), 63.0 

min (major)]; 1H NMR (300 MHz, CDCl3) δ 7.94 (d, J = 8.3 Hz, 2H), 7.33 (d, J = 8.3 

Hz, 2H), 7.17-6.96 (m, 4H), 6.88-6.76 (m, 2H), 3.54 (dd, J = 7.3, 2.2 Hz, 1H), 2.90 

(dd, J = 15.4, 7.3 Hz, 1H), 2.52 (dd, J = 15.4, 2.2 Hz, 1H), 2.45 (s, 3H), 2.34 (m, 1H), 

1.07 (d, J = 6.8 Hz, 3H), 1.01 (t, J = 6.8 Hz, 3H). 13C NMR (75 MHz, CDCl3) δ 167.2, 

145.1, 140.1, 135.2, 131.1, 129.4, 128.8, 128.7, 127.2, 126.8, 119.1, 41.9, 39.9, 31.8, 

22.0, 21.7, 21.5. IR (KBr) 2920, 1720, 1361, 1173; HRMS (ESI) calcd for 

C21H23NSO3Na [M+Na]+ 392.12909, found 392.12869. 

 

(S)-4-phenyl-1-tosyl-3,4-dihydropyridin-2(1H)-one (GZH-391C) 



S16 
 

55.4 mg, 57% yield. Colorless oil. Rf = 0.3 (petroleum ether/ethyl acetate 5:1); [α]25 
D  

-107 (c 0.1, CH2Cl2); HPLC analysis: 99% ee [Daicel CHIRALPAK OD-H column, 

20 oC, 254 nm, hexane/i-PrOH/MeOH = 90:6:4, 1.0 mL /min, 254 nm, 15.8 min 

(minor), 18.0 min (major)]; 1H NMR (300 MHz, CDCl3) δ 7.93 (d, J = 8.4 Hz, 2H), 

7.34 (d, J = 8.4 Hz, 2H), 7.24-7.17 (m, 2H), 7.15 (dd, J = 8.2, 1.7 Hz, 1H), 7.08-6.97 

(m, 2H), 5.48 (dd, J = 8.2, 4.2 Hz, 1H), 3.80-3.59 (m, 1H), 2.84 (dd, J = 15.7, 6.7 Hz, 

1H), 2.63 (dd, J = 15.7, 8.6 Hz, 1H), 2.45 (s, 3H). 13C NMR (75 MHz, CDCl3) δ 167.4, 

145.3, 141.1, 135.2, 129.5, 128.9, 128.7, 127.3, 126.8, 124.7, 112.6, 41.3, 37.8, 21.7. 

IR (KBr) 2920, 1730, 1362, 1172; HRMS (ESI) calcd for C18H17NSO3Na [M+Na]+ 

350.08214, found 350.08176. 

 

2. Chemical transformations of compound 3a 

 

To a stirred solution of 3a (208.5 mg, 0.5 mmol) in ethanol/ethyl acetate (1:1, 4 ml) 

was added Pd/C (10 mol%), H2 (30 atm). After stirring for 24 h, the solvent was 

removed in vacuo and the product re-dissolved in ethyl acetate. Then, the solvent was 

filtered through a plug of celite, evaporated, and purified by column chromatography 

to afford 6 (209 mg, 99%) as an inseparable cis (major) and trans (minor) mixture4 in 

99% ee (major isomer) and 4:1 dr.  

(4S,5S)-5-benzyl-4-phenyl-1-tosylpiperidin-2-one (GZH-393A) 

209 mg, 99% yield. White solid, mp. > 250 oC. Rf = 0.1 (petroleum ether/ethyl 

acetate 5:1); [α] 25 
D  = -8 (c 0.1, CH2Cl2); HPLC analysis: 99% ee [Daicel 

CHIRALPAK IC column, 20 oC, 254 nm, hexane/i-PrOH/MeOH = 60:30:10, 1.0 mL 

/min, 254 nm, 13.0 min (minor), 21.3 min (major)]; 1H NMR (400 MHz, CDCl3) δ 

7.88 (d, J = 8.3 Hz, 2H), 7.33-7.25 (m, 8H), 7.09 (t, J = 8.2 Hz, 4H), 4.02 (dd, J = 

12.6, 4.1 Hz, 1H), 3.61-3.47 (m, 1H), 2.89-2.77 (m, 1H), 2.74-2.68 (m, 2H), 2.66-2.59 
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(m, 1H), 2.44-2.32 (m, 5H). 13C NMR (101 MHz, CDCl3) δ 169.8, 144.9, 141.8, 138.4, 

135.8, 129.4, 129.3, 129.1, 128.8, 128.7, 127.4, 127.2, 126.7, 49.5, 44.0, 42.3, 41.0, 

37.9, 21.7. IR (KBr) 2921, 1635, 1454; 1169. HRMS (ESI) calcd for C25H25NSO3Na 

[M+Na]+ 442.14474, found 442.14398. 

 

To a stirred solution of 3a (41.7 mg, 0.1 mmol) in THF (1.0 mL) at 0 oC, under N2 

atmosphere, was dropwise added LiAlH4 (300 μL, 1 M in THF, 0.3 mmol, 3 equiv.). 

The reaction was stirred at 0 oC for 1 h. Then the solution was quenched with 0.1 M 

HCl solution. The aqueous phase was extracted three times with DCM. The combined 

organic phases were dried over Na2SO4, filtered, and concentrated under reduced 

pressure. The residue was purified via silica gel flash chromatography (petroleum 

ether/ethyl acetate 8:1-3:1) to afford 7 (41.5 mg, 99%) as a white solid. 

(R,Z)-N-(2-benzyl-5-hydroxy-3-phenylpent-1-enyl)-4-methylbenzenesulfonamide 

(GZH-S230A) 

41.5 mg, 99% yield. White solid, 106-107 oC. Rf = 0.1 (petroleum ether/ethyl 

acetate 5:1); [α] 25 
D  = -39 (c 0.1, CH2Cl2); HPLC analysis: 99% ee [Daicel 

CHIRALPAK IA column, 20 oC, 254 nm, hexane/i-PrOH = 90:10, 1.0 mL /min, 254 

nm, 13.8 min (minor), 15.3 min (major)]; 1H NMR (400 MHz, CDCl3) δ 8.17 (d, J = 

9.1 Hz, 1H), 7.72 (d, J = 8.1 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.17-7.12 (m, 5H), 

6.87 (d, J = 6.6 Hz, 2H), 6.72 (m, 2H), 5.96 (d, J = 9.3 Hz, 1H), 3.90 (dd, J = 12.0, 

3.7 Hz, 1H), 3.61 (m, 1H), 3.40-3.13 (m, 1H), 2.86 (d, J = 15.2 Hz, 1H), 2.77 (d, J = 

15.2 Hz, 1H), 2.48 (s, 3H), 2.14 (brs, 1H), 1.98-1.81 (m, 1H), 1.48 (t, J = 13.0 Hz, 

1H). 13C NMR (100 MHz, CDCl3) δ 143.4, 141.6, 139.2, 137.3, 129.7, 129.0, 128.2, 

128.2, 128.0, 127.3, 127.0, 126.5, 126.3, 122.1, 59.4, 39.4, 37.1, 31.9, 21.6. IR (KBr) 

3446, 2922, 2851, 1633, 1162. HRMS (ESI) calcd for C25H27NSO3Na [M+Na]+ 

444.15970, found 444.16039. 
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3. X-ray structure of compound 3g 

The crystal of compound 3g was prepared from its solution in petroleum ether/CH2Cl2 

by slow evaporation. The structure of compound 3g was established by the X-ray 

analysis of its crystal (Figure S1). 

             

Figure S1. X-ray structure of 3g. 

 

4. References 

1 (a) M. He, J. R. Struble and J. W. Bode, J. Am. Chem. Soc., 2006, 128, 8418; (b) Y.-R. Zhang, L. He, 

X. Wu, P.-L. Shao and S. Ye, Org. Lett., 2008, 10, 277; (c) H.-M. Zhang, Z.-H. Gao and S. Ye, Org. 

Lett., 2014, 16, 3079. 

2 Z. Cui, H.-J. Yu, R.-F. Yang, W.-Y. Gao, C.-G. Feng and G.-Q. Lin, J. Am. Chem. Soc., 2011, 133, 

12394. 

3 (a) F.-G. Sun, L.-H. Sun and S. Ye, Adv. Synth. Catal., 2011, 353, 3134; (b) Y.-H. Wu, W.-J. Yao, L.-J. 

Pan, Y.-P. Zhang and C. Ma, Org. Lett., 2010, 12, 640. 

4 H. Rao, P. Surya and B. Bharathi, J. Chem. Res. Syn., 1994, 3, 87. 

 

  



S19 
 

Part III NMR Spectra 
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