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1. General Methods 

The products were purified by column chromatography on Merck silica gel 60, particle size 

0.040-0.063 mm (230-240 mesh, flash). For thin-layer chromatography (TLC) analysis, SIL G-25 

UV254 from MACHEREY&NAGEL were used. Visualization of the developed TLC plates was 

performed with ultraviolet irradiation (254 nm). 1H- and 13C-NMR spectra were recorded at 

ambient temperature on Inova 400 or VNMRS 600 instruments with tetramethylsilane as an 

internal standard. Mass spectra and high resolution mass spectra were acquired on a Finnigan 

MAT 95 (EI/CI) or on a ThermoFisher Scientific LTQ Orbitrap XL (ESI). IR spectra were taken 

on a PerkinElmer Spectrum 100 FT-IR Spectrometer. Optical rotation values were measured on a 

Perkin-Elmer 241 polarimeter. Analytical HPLC was performed on a Hewlett-Packard 1100 Series 

instrument using chiral stationary phases (Chiralpak IA, IB, IC, AD, AS). 

2.  Materials 

All reactions were carried out under argon. Dry dichloromethane was purchased from Acros. All 

other chemicals were used without further purification. Triazolium salts A-F were prepared 

according to known literature procedures.[1] (E)-2-nitroallylic acetates were synthesized according 

to literature.[2] 

3. General procedure 

Enals (0.75 mmol), (E)-2-nitroallylic acetates (0.5 mmol), NHC pre-catalyst (10 mol%) and 

K3PO4 (0.5 mmol) in 2 mL CHCl3:EtOH (10:1) were stirred for 60 h at −10 oC under Argon. Flash 

Chromatography (pentane:ether = 30:1) afforded the desired products. 
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4.  Characterization Data 

 

 

The compound 3a was prepared according to the general procedure. The product was obtained as 

a colorless solid (89 mg, 52% yield); Melting point: 97-99 oC; Enantiomeric ratio was determined 

as 93:7 by HPLC [Chiralpak IA, elute: n-Heptane/EtOH = 97:3, detector: 214 nm, flow rate: 0.7 

mL/min), 30 oC, t1 = 12.30 min (minor), t2 = 14.08 min (major)]; [α]D
20= + 6.4 (c = 0.5, CHCl3); 

1H NMR (600 MHz, CDCl3) δ 7.25 – 7.18 (m, 6H), 7.16 – 7.14 (m, 2H), 7.12 – 7.10 (m, 2H), 5.18 

– 5.14 (m, 1H), 4.08 (q, J = 7.2 Hz, 2H), 3.88 (dd, J = 12.0 Hz, 7.8 Hz, 1H), 3.55 – 3.51 (m, 1H), 

3.46 – 3.41 (m, 1H), 2.86 – 2.80 (m, 1H), 2.77 – 2.72 (m, 1H), 1.11 (t, J = 7.2 Hz, 3H). 

13C NMR (150 MHz, CDCl3) δ 173.3, 138.6, 137.9, 128.9 (2C), 128.6 (2C), 127.8 (2C), 127.5 

(2C), 127.4 (2C), 91.1, 61.0, 58.9, 56.3, 49.9, 35.0, 14.0. 

IR (ATR): 3063, 3031, 2980, 2933, 1722, 1603, 1538, 1496, 1453, 1374, 1292, 1268, 1216, 1182, 

1095, 1024, 967, 910, 858, 834, 804, 759, 698, 661 cm-1; 

HRMS (ESI) m/z Calculated for C20H21NO4Na [M+Na]+ 362.1363, found 362.1380. 

 

 

The compound 3b was prepared according to the general procedure. The product was obtained as 

a colorless solid (110 mg, 53% yield); Melting point: 99-101 oC; Enantiomeric ratio was 

determined as 86:14 by HPLC [Chiralpak IA, elute: n-Heptan/i-PrOH = 97:3, detector: 230 nm, 

flow rate: 0.7 mL/min), 30 oC, t1 = 17.01 min (major), t2 = 18.36 min (minor)];  [α]D
20 = – 13.8 (c 

= 0.50, CHCl3);  

1H NMR (600 MHz, CDCl3) δ 7.37 – 7.35 (m, 2H), 7.28 – 7.22 (m, 3H), 7.10 – 7.08 (m, 2H), 7.03 

– 7.02 (m, 2H), 5.16 – 5.12 (m, 1H), 4.08 (q, J = 7.2 Hz, 2H), 3.80 (dd, J =7.2 Hz, J =11.4Hz, 1H), 

3.50 – 3.47 (m, 1H), 3.42 – 3.37 (m, 1H), 2.84 – 2.80 (m, 1H), 2.76 – 2.70 (m, 1H), 1.13 (t, J = 7.2 

Hz, 3H); 

13C NMR (150 MHz, CDCl3) δ 172.9, 137.6, 137.5, 131.8 (2C) , 129.2 (2C), 129.0 (2C), 127.9, 

127.3 (2C), 121.3, 90.9, 61.1, 58.9, 55.7, 49.7, 34.9, 14.1; 

IR (ATR): 3031, 2965, 1720, 1598, 1544, 1490, 1452, 1376, 1293, 1259, 1216, 1184, 1080, 1014, 

798, 695 cm-1; 

HRMS (EI) m/z Calculated for C20H20BrNO4 417.0570, found 417.0576. 
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The compound 3c was prepared according to the general procedure. The product was obtained as a 

colorless solid (90 mg, 48% yield); Melting point: 92-94 oC; Enantiomeric ratio was determined as 

88:12 by HPLC [Chiralpak IA, elute: n-Heptan/i-PrOH = 9:1, detector: 230 nm, flow rate: 0.7 

mL/min), 30 oC, t1 = 10.09 min (major), t2 = 10.70 min (minor)];  [α]D
20 = – 22.7 (c = 0.50, 

CHCl3);  

1H NMR (600 MHz, CDCl3) δ 7.28 – 7.18 (m, 5H), 7.12 – 7.07 (m, 4H), 5.16 – 5.12 (m, 1H), 4.08 

(q, J = 7.2 Hz, 2H), 3.81 (dd, J = 12.0, 7.8 Hz, 1H), 3.53 – 3.48 (m, 1H), 3.42 – 3.37 (m, 1H), 2.84 

– 2.80 (m, 1H), 2.76 – 2.71 (m, 1H), 1.13 (t, J = 7.2 Hz, 3H); 

13C NMR (150 MHz, CDCl3) δ 173.0 , 137.6 , 137.0 , 133.2 , 129.0 (2C) , 128.9 (2C) , 128.8 (2C) , 

127.9, 127.3 (2C), 90.9 , 61.1 , 59.0 , 55.7 , 49.8 , 35.0 , 14.1 . 

IR (ATR): 3060, 3031, 2980, 1720, 1599, 1544, 1492, 1451, 1374, 1290, 1257, 1183, 1091, 1016, 

966, 912, 820, 756, 697 cm-1; 

HRMS (EI) m/z Calculated for C20H20ClNO4 373.1075, found 373.1076. 

 

 

The compound 3d was prepared according to the general procedure. The product was obtained as 

a colorless solid (80 mg, 46% yield); Melting point: 77-79 oC; Enantiomeric ratio was determined 

as  91.5:8.5 by HPLC [Chiralpak IC, elute: n-Heptan/i-PrOH = 97:3, detector: 230 nm, flow rate: 

0.7 mL/min), 30 oC, t1 = 9.20 min (minor), t2 = 10.96 min (major)]; [α]D
20 = + 12.8(c = 0.50, 

CHCl3);  

1H NMR (600 MHz, CDCl3) δ 7.32 – 7.28 (m, 2H), 7.27 – 7.24 (m, 1H), 7.21 – 7.18 (m, 2H), 7.12 

(dd, J = 5.4, 1.2 Hz, 1H), 6.84 (dd, J = 5.4, 3.6 Hz, 1H), 6.77 – 6.75 (m, 1H), 5.13 – 5.10 (m, 1H), 

4.16 (q, J = 7.2 Hz, 2H), 3.93 – 3.79 (m, 2H), 3.44 – 3.39 (m, 1H), 2.85 – 2.80 (m, 1H), 2.74 – 

2.68 (m, 1H), 1.20 (t, J = 7.2 Hz, 3H); 

13C NMR (150 MHz, CDCl3) δ 173.1, 141.9, 137.6, 128.9 (2C), 128.0, 127.5 (2C), 126.7, 125.1, 

124.2, 90.9, 61.3, 59.5, 50.9, 50.7, 34.7, 14.1; 

IR (ATR): 3066, 2958, 1719, 1603, 1544, 1498, 1449, 1372, 1296, 1265, 1192, 1095, 1023, 911, 

852, 757, 698 cm-1; 

HRMS (EI) m/z Calculated for C18H19NO4S 345.1029, found 345.1031. 
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The compound 3e was prepared according to the general procedure. The product was obtained as a 

colorless solid (91 mg, 55% yield); Melting point: 70-72 oC; Enantiomeric excess was determined 

as 92:8 by HPLC [Chiralpak AS, elute: n-Heptan/i-PrOH = 97:3, detector: 214 nm, flow rate: 0.7 

mL/min), 30oC, t1 = 13.87 min (major), t2 = 15.88 min (minor)]; [α]D
20 = + 8.8 (c = 0.50, CHCl3);  

1H NMR (400 MHz, CDCl3) δ 7.31 – 7.27 (m, 2H), 7.26 – 7.23 (m, 2H), 7.18 – 7.13 (m, 2H), 6.18 

(dd, J = 3.2, 2.0 Hz, 1H), 5.94 (d, J = 3.6 Hz, 1H), 5.13 – 5.07 (m, 1H), 4.15 (q, J = 7.2 Hz, 2H), 

3.97 (dd, J = 12.0, 8.4 Hz, 1H), 3.64 (dd, J = 11.6, 10.0 Hz, 1H), 3.47 – 3.41 (m, 1H), 2.82 – 2.75 

(m, 1H), 2.72 – 2.64 (m, 1H), 1.21 (t, J = 7.2 Hz, 3H); 

13C NMR (100 MHz, CDCl3) δ 173.2, 151.8, 142.1, 137.7, 128.9 (2C), 127.9, 127.3 (2C), 110.2, 

107.1, 90.5, 61.2, 56.0, 49.0, 47.4, 34.5, 14.1; 

IR (ATR): 3119, 2929, 1722, 1604, 1546, 1500, 1453, 1374, 1336, 1295, 1263, 1217, 1193, 1097, 

1074, 1017, 924, 865, 803, 734, 698 cm-1; 

HRMS (EI) m/z Calculated for C18H19NO5
 329.1258, found 329.1260. 

 

 

The compound 3f was prepared according to the general procedure. The product was obtained as a 

colorless solid (80 mg, 42% yield); Melting point: 68-70 oC; Enantiomeric ratio was determined as 

90:10 by HPLC [Chiralpak IC, elute: n-Heptan/i-PrOH = 97:3, detector: 214 nm, flow rate: 1.0  

mL/min), 30 oC, t1 = 12.52 min (minor), t2 = 15.81 min (major)]; [α]D
20 = –15.4 (c = 0.50, CHCl3);  

1H NMR (600 MHz, CDCl3) δ 7.27 – 7.23 (m, 2H), 7.21 – 7.17 (m, 1H), 7.16 – 7.14 (m, 2H), 6.67 

– 6.62 (m, 2H), 6.54 (dd, J = 7.8, 2.4 Hz, 1H), 5.89 (s, 2H), 5.10 – 5.06 (m, 1H), 4.07 (q, J = 7.2 

Hz, 2H), 3.78 (dd, J = 12.0, 7.8 Hz, 1H), 3.48 – 3.44 (m, 1H), 3.41 – 3.36 (m, 1H), 2.81 – 2.77 (m, 

1H), 2.73 – 2.68 (m, 1H), 1.11 (t, J = 7.2 Hz, 3H); 

13C NMR (150 MHz, CDCl3) δ 173.3, 148.1, 147.2, 138.5, 131.4, 128.7 (2C), 127.5 (2C), 127.4, 

121.1, 108.5, 107.3, 101.1, 91.2, 61.0, 58.8, 56.0, 49.8, 34.7, 14.0; 

IR (ATR): 2977, 2898, 2782, 2321, 2103, 1721, 1611, 1544, 1491, 1442, 1372, 1244, 1182, 1100, 

1032, 932, 864, 812, 759, 700 cm-1; 

HRMS (EI) m/z Calculated for C21H21NO6 383.1363, found 383.1360. 

 

 

The compound 3g was prepared according to the general procedure. The product was obtained as 

a colorless solid (65 mg, 40% yield); Melting point: 72-74 oC; Enantiomeric ratio was determined 

as 92.5:7.5 by HPLC (Chiralpak IA, elute: n-heptan/i-PrOH = 97:3, detector: 230 nm, flow rate: 

0.7mL/min), 30 oC, t1 = 13.04 min (minor), t2 = 13.78 min (major); [α]D
20 = + 37.2 (c =0.50, 

CHCl3);  
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1H NMR (400 MHz, CDCl3) δ 7.32 (dd, J = 1.6, 0.8 Hz, 1H), 7.30 – 7.16 (m, 5H), 6.19 (dd, J = 

3.2, 2.0 Hz, 1H), 5.96 (d, J = 3.2 Hz, 1H), 5.27 – 5.17 (m, 1H), 4.04 (q, J = 7.2 Hz, 2H), 4.00 – 

3.95 (m, 1H), 3.65 – 3.58 (m, 1H), 3.43 – 3.36 (m, 1H), 2.76 – 2.68 (m, 2H), 1.09 (t, J = 7.2 Hz, 

3H); 

13C NMR (100 MHz, CDCl3) δ 172.8, 150.7, 142.5, 138.5, 128.7 (2C), 127.5, 127.4 (2C), 110.4, 

107.8, 88.4, 61.0, 53.6, 52.1, 49.7, 34.9, 14.0; 

IR (ATR): 3031, 2971, 1721, 1600, 1548, 1493, 1451, 1372, 1261, 1184, 1088, 1016, 920, 799, 

742, 697 cm-1; 

HRMS (EI) m/z Calculated for C18H19NO5 329.1258, found 329.1247. 

 

 

The compound 3h was prepared according to the general procedure. The product was obtained as 

a yellowlish solid (107 mg, 51% yield); Melting point: 113-115oC; Enantiomeric ratio was 

determined as 93.5:6.5 by HPLC (Chiralpak IB, elute: n-Heptan:EtOH = 90/10, detector: 230 nm, 

flow rate: 0.5mL/min), 30 oC, t1 = 16.27 min (minor), t2 = 17.46 min (major); [α]D
20 = – 20.4 (c = 

0.50, CHCl3);  

1H NMR (600 MHz, CDCl3) δ 7.22 (d, J = 8.4 Hz, 2H), 7.11 – 7.06 (m, 2H), 6.66 (d, J = 7.8 Hz, 

1H), 6.61 (d, J = 1.8 Hz, 1H), 6.52 (dd, J = 8.4, 1.8 Hz, 1H), 5.91 (s, 2H), 5.08 – 5.04 (m, 1H), 

4.07 (q, J = 7.2 Hz, 2H), 3.71 (dd, J = 12.0, 7.8 Hz, 1H), 3.44 – 3.41 (m, 1H), 3.37 – 3.32 (m, 1H), 

2.81 - 2.76 (m, 1H), 2.72 – 2.67 (m, 1H), 1.13 (t, J = 7.2 Hz, 3H); 

13C NMR (150 MHz, CDCl3) δ 173.0, 148.2, 147.3, 137.0, 133.2, 131.0, 128.9 (2C), 128.8 (2C), 

121.1, 108.6, 107.2, 101.2, 91.0, 61.2, 58.9, 55.4, 49.6, 34.6, 14.1; 

IR (ATR): 2943, 2898, 1720, 1611, 1545, 1490, 1443, 1369, 1314, 1279, 1248, 1213, 1178, 1093, 

1040, 1014, 933, 844, 814, 721 cm-1; 

HRMS (EI) m/z Calculated for C21H20ClNO6 417.0974, found 417.0982. 

 

 

The compound 3i was prepared according to the general procedure. The product was obtained as a 

colorless solid (32 mg, 18% yield); Melting point: 106-108 oC; Enantiomeric ratio was determined 

as 98:2 by HPLC (Chiralpak ID, elute: n-Heptan:EtOH = 97:3, detector: 214 nm, flow rate: 0.7 

mL/min), 30 oC, t1 = 16.16 min (minor), t2 = 17.72 min (major); [α]D
20 = – 6.0 (c = 0.50, CHCl3);  
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1H NMR (600 MHz, CDCl3) δ 7.27 – 7.23 (m, 2H), 7.22 – 7.19 (m, 1H), 7.15 – 7.11 (m, 2H), 7.10 – 

7.06 (m, 2H), 6.97 – 6.91 (m, 2H), 5.13 - 5.09 (m, 1H), 4.07 (q, J = 7.2, 2H), 3.86 – 3.83 (m, 1H), 3.49 

-3.39 (m, 2H), 2.86 - 2.80 (m, 1H), 2.76 – 2.71 (m, 1H), 1.11 (t, J = 7.2 Hz, 3H). 

13C NMR (150 MHz, CDCl3) δ 173.3 , 162.2 (d, J = 244.5 Hz) , 138.3 , 133.4 (d, J = 4.5 Hz), 129.0 (d, 

J = 7.5 Hz, 2H), 128.7 (2C), 127.5 , 127.4 (2C) , 115.87 (d, J = 20 Hz, 2H) , 90.9 , 61.1 , 58.3 , 56.2 , 

49.7 , 34.7 , 14.0 ; 

IR (ATR): 3433, 2930, 2293, 2092, 1899, 1719, 1533, 1372, 1200, 1032, 803 cm-1; 

HRMS (ESI) m/z Calculated for C20H20FNO4Na[M+Na] 380.1269, found 380.1261. 
 

 

The compound 3j was prepared according to the general procedure. The product was obtained as a 

colorless solid (65 mg, 35% yield); Melting point: 64-66 oC; Enantiomeric ratio was determined as 

93.5:6.5 by HPLC (Chiralpak IC, elute: n-Heptan:EtOH = 9:1, detector: 214 nm, flow rate: 0.5 

mL/min), 30 oC, t1 = 7.52 min (minor), t2 = 8.53 min (major); [α]D
20 = – 8.4 (c = 0.50, CHCl3);  

1H NMR (600 MHz, CDCl3) δ 7.27 – 7.22 (m, 2H), 7.21 – 7.14 (m, 4H), 6.76 – 6.70 (m, 2H), 6.64 – 

6.60 (m, 1H), 5.17 – 5.13 (m, 1H), 4.07 (q, J = 7.2 Hz, 2H), 3.87 - 3.81 (m, 1H), 3.71 (s, 3H), 3.54 

-3.50 (m, 1H), 3.44 – 3.40 (m, 1H), 2.84 – 2.78 (m, 1H), 2.76 – 2.70 (m, 1H), 1.11 (t, J = 7.2 Hz, 3H); 

13CNMR (150 MHz, CDCl3) δ 173.2 , 159.8 , 139.5 , 138.5 , 129.9 , 128.6 (2C) , 127.5 (2C) , 127.4 , 

119.5 , 113.4 , 112.9 , 91.0 , 61.0 , 58.8 , 56.1 , 55.1 , 49.9 , 35.0 , 14.1; 

IR (ATR): 3444, 2940, 2286, 2076, 1921, 1723, 1552, 1462, 1366, 1188, 1044, 865, 767, 695 

cm-1; 

HRMS (ESI) m/z Calculated for C21H23NO5Na [M+Na] 392.1468, found 392.1457. 
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6. Copies of NMR spectra and HPLC measurements of the products 3 
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HPLC of 3a (racemate) 
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Enantioenriched 3a 
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1H NMR of 3b 
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HPLC of 3b (racemate) 
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Enantioenriched 3b 
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1H NMR of 3c 
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HPLC of 3c (racemate) 
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Enantioenriched 3c 
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1H NMR of 3d 
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HPLC of 3d 
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Enantioenriched 3d 
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1H NMR of 3e 
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HPLC of 3e (racemate) 
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Enantioenriched 3e 
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1H NMR 3f 
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HPLC of 3f (racemate) 
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Enantioenriched 3f 

 
 

 

 

 

 



S26 
 

1H NMR of 3g 
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HPLC of 3g (racemate) 
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Enantioenriched 3g 
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1H NMR of 3h 
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HPLC of 3h (racemate) 
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Enantioenriched 3h 
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1H NMR of 3i 
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HPLC of 3i(racemate) 
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Enantioenriched 3i 
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1H NMR of 3j 

 

 

13C NMR of 3j 
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HPLC of 3j(racemate) 
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Enantioenriched 3j 

 


