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General methods 

Reagents were purchased from commercial sources and were used as received unless 

otherwise mentioned. Reactions were monitored by TLC. 
1
H NMR spectra were 

recorded on Bruker 300 (300 MHz) spectrophotometers. Chemical shifts (δ) are 

reported from the solvent resonance as the internal standard (CDCl3: δ 7.26, DMSO-

d6: δ 2.50). Data are given as follow: s (singlet), d (doublet), t (triplet), q (quadruple) 

or m (multiples), coupling constants (Hz) and integration. 
13

C NMR spectra were 

recorded in ppm from tetramethylsilane (TMS) with the solvent resonance as the 

internal standard (CDCl3 at 77.20 ppm, DMSO-d6 at 39.51 ppm). Mass spectra were 

recorded on Bruker micrOTOF–Q II mass spectrometer. HPLC data was acquired 

using a Shimadzu LC-20A with Daicel AD-H, Daicel OD- H, Daicel IC column. 

1H-Pyrrole-2,3-diones (1a–s) were prepared according to the reported procedures 

[1,2]. All reactions have been carried out with distilled and degassed solvents in oven-

dried glassware. All the solvents were treated according to general methods. Column 

chromatography was performed using silica gel H. 

General procedure for synthesis of compounds 4 

A solution of compounds 1 (0.2 mmol), compounds 2 (2 mmol) and catalyst 3e (20 

mol %) in THF was stirred at 30 °C for the indicated time. Then the reaction mixture 

was directly charged onto a silica gel column and purified through flash 

chromatography to furnish the corresponding products 4. 

(S)-Ethyl 1-benzyl-4-hydroxy-4-(nitromethyl)-5-oxo-2-phenyl-4,5-

dihydro-1H-pyrrole-3-carboxylate (4a). Light yellow oil; 48.3 mg, 

61% yield; 61% ee; 
1
H NMR (300 MHz, CDCl3) δ 7.43-7.40 (m, 

1H), 7.33 (t, J = 7.6 Hz, 2H), 7.22-7.13 (m, 3H), 7.08 (d, J = 7.2 

Hz, 2H), 6.90-6.85 (m, 2H), 5.26 (d, J = 13.0 Hz, 1H), 5.09 (d, J = 13.0 Hz, 1H), 4.56 

(s, 2H), 4.18 (s, 1H), 4.01-3.92 (m, 2H), 0.91 (t, J = 7.1 Hz, 3H);
 13

C NMR (75 MHz, 

CDCl3) δ 175.5, 162.7, 159.8, 135.5, 130.0, 128.5, 128.4, 128.3, 127.9, 127.6, 127.4, 

107.4, 77.2, 74.0, 60.3, 44.6, 13.5; HPLC (Chiralpak OD-H column, EtOH/n-hexane 

= 10/90, flow rate 1.0 mL/min, λ = 254 nm, tmajor = 9.21 min, tminor = 8.06 min); [α]D
20

 

= +21.5 (c 2.195, CHCl3); HRMS (ESI-TOF) calcd for C21H20N2NaO6 [M + Na]
+
 

419.1214; found: 419.1206. 
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(S)-Ethyl 4-hydroxy-1-isopropyl-4-(nitromethyl)-5-oxo-2-phenyl-

4,5-dihydro-1H-pyrrole-3-carboxylate (4b). Light yellow oil; 48.0 

mg, 69% yield; 71% ee; 
1
H NMR (300 MHz, CDCl3) δ 7.49-7.45 

(m, 3H), 7.30 (d, J = 5.5 Hz, 1H), 7.23 (d, J = 6.1 Hz, 1H), 5.19 (d, 

J = 12.8 Hz, 1H), 4.99 (d, J = 12.8 Hz, 1H), 4.00 – 3.89 (m, 3H), 3.63-3.54 (m,1H), 

1.37 (d, J = 6.9 Hz, 3H), 1.33 (d, J = 6.9 Hz, 3H), 0.90 (t, J = 7.1 Hz, 3H);
 13

C NMR 

(75 MHz, CDCl3) δ 175.5, 162.7, 161.0, 130.0, 129.4, 128.5, 128.3, 128.3, 127.5, 

106.6, 77.5, 73.7, 60.2, 47.3, 19.9, 19.0, 13.5; HPLC (Chiralpak OD-H column, i-

PrOH/n-hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm, tmajor = 7.56 min, tminor = 

6.27 min); [α]D
20

 = +18.0 (c 2.200, CHCl3); HRMS (ESI-TOF) calcd for 

C17H20N2NaO6 [M + Na]
+
 371.1214; found: 371.1204.  

(S)-Ethyl 4-hydroxy-1-methyl-4-(nitromethyl)-5-oxo-2-phenyl-4,5-

dihydro-1H-pyrrole-3-carboxylate (4c). Light yellow oil; 12.2 mg, 

19% yield; 57% ee; 
1
H NMR (300 MHz, CDCl3) δ 7.52-7.45 (m, 

3H), 7.33-7.30 (m, 2H), 5.17 (d, J = 12.8 Hz, 1H), 5.04 (d, J = 12.8 

Hz, 1H), 4.11-3.93 (m, 2H), 3.72 (s, 1H), 2.91 (s, 3H), 0.97 (t, J = 7.1 Hz, 3H); 
13

C 

NMR (75 MHz, CDCl3) δ 175.1, 162.8, 160.0, 130.5, 128.4, 128.4, 128.3, 106.5, 

77.8, 74.0, 60.4, 28.0, 13.6; HPLC (Chiralpak OJ-H column, i-PrOH/n-hexane = 

20/80, flow rate 1.0 mL/min, λ = 254 nm, tmajor = 10.79 min, tminor = 9.93 min); [α]D
20 

= +20.6 (c 0.990, CHCl3); HRMS (ESI-TOF) calcd for C15H16N2NaO6 [M + Na]
+
 

343.0901; found: 343.0897. 

(S)-Methyl 4-hydroxy-1-isopropyl-4-(nitromethyl)-5-oxo-2-

phenyl-4,5-dihydro-1H-pyrrole-3-carboxylate (4d). Light yellow 

oil; 36.7 mg, 55% yield; 65% ee; 
1
H NMR (300 MHz, CDCl3) δ 

7.52-7.47 (m, 3H), 7.30 (d, J = 3.6 Hz, 1H), 7.24 (d, J = 5.8 Hz, 

1H), 5.17 (d, J = 12.8 Hz, 1H), 4.99 (d, J = 12.8 Hz, 1H), 3.77 (s, 1H), 3.62-3.55 (m, 

1H), 3.52 (s, 3H), 1.38 (d, J = 6.9 Hz, 3H), 1.34 (d, J = 6.9 Hz, 3H).
13

C NMR (75 

MHz, CDCl3) δ 175.5, 163.0, 161.5, 130.2, 129.1, 128.7, 128.5, 128.2, 127.4, 106.2, 

77.6, 73.7, 51.3, 47.4, 19.9, 19.0; HPLC (Chiralpak AD-H column, i-PrOH/n-hexane 

= 10/90, flow rate 1.0 mL/min, λ = 254 nm, tmajor= 16.06 min, tminor= 14.68 min); 

[α]D
20

 = +21.5 (c 2.195, CHCl3); [α]D
20

 = +2.4 (c 2.150, CHCl3); HRMS (ESI-TOF) 

calcd for C16H18N2NaO6 [M + Na]
+
 357.1057; found: 357.1056.  
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(S)-Butyl 4-hydroxy-1-isopropyl-4-(nitromethyl)-5-oxo-2-phenyl-

4,5-dihydro-1H-pyrrole-3-carboxylate (4e). Colourless oil; 39.1 

mg, 52% yield; 70% ee; 
1
H NMR (300 MHz, DMSO) δ 7.52 (s, 

3H), 7.38 (s, 1H), 7.10 (s, 1H), 6.75 (s, 1H), 5.13 (d, J = 12.8 Hz, 

1H), 5.05 (d, J = 12.8 Hz, 1H), 3.80 (t, J = 6.1 Hz, 2H), 3.47-3.37 (m, 1H), 1.29 (d, J 

= 6.8 Hz, 3H), 1.22-1.14 (m, 5H), 0.99-0.89 (m, 2H), 0.72 (t, J = 7.1 Hz, 3H).
 13

C 

NMR (75 MHz, DMSO) δ 176.3, 161.8, 159.4, 130.0, 129.7, 128.6 (d, J = 6.6 Hz), 

127.8 (d, J = 10.1 Hz), 107.3, 77.7, 73.4, 62.9, 46.3, 29.9, 19.6, 19.0, 18.5, 13.5; 

HPLC (Chiralpak OD-H column, EtOH/n-hexane = 10/90, flow rate 1.0 mL/min, λ = 

254 nm, tmajor = 6.16 min, tminor= 5.22 min); [α]D
20

 = +11.3 (c 1.995, CHCl3); HRMS 

(ESI-TOF) calcd for C19H24N2NaO6 [M + Na]
+
 399.1527; found: 399.1521. 

(S)-Ethyl 2-(2-chlorophenyl)-4-hydroxy-1-isopropyl-4-

(nitromethyl)-5-oxo-4,5-dihydro-1H-pyrrole-3-carboxylate (4f). 

Light yellow oil; 40.5 mg, 53% yield; 54:46 dr, 73/60% ee; 
1
H 

NMR (300 MHz, CDCl3) δ 7.52-7.38 (m, 3H), 7.29-7.26 (m, 1H), 

5.12 (d, J = 12.3 Hz, 1H), 4.99 (d, J = 12.3 Hz, 1H), 3.98 (q, J = 7.1 Hz, 2H), 3.72 (s, 

1H), 3.49-3.39 (m, 1H), 1.47 (d, J = 6.9 Hz, 3H), 1.32 (d, J = 6.9 Hz, 3H), 0.91 (t, J = 

7.1 Hz, 3H).
 13

C NMR (75 MHz, CDCl3) δ 175.1, 162.3, 157.8, 133.2, 131.4, 129.8, 

129.4, 129.1, 126.8, 107.6, 77.4, 73.9, 60.3, 47.9, 20.0, 19.3, 13.6; HPLC (Chiralpak 

AD-H column, i-PrOH/n-hexane = 10/90, flow rate 1.0 mL/min, λ = 220 nm, tmajor = 

16.63 min, tminor = 15.88 min; tmajor = 13.63 min, tminor = 14.88 min); [α]D
20

 = +37.4 (c 

1.345, CHCl3); HRMS (ESI-TOF) calcd for C17H19ClN2NaO6 [M + Na]
+
 405.0824; 

found: 405.0819. 

(S)-Ethyl 4-hydroxy-1-isopropyl-2-(3-methoxyphenyl)-4-

(nitromethyl)-5-oxo-4,5-dihydro-1H-pyrrole-3-carboxylate 

(4g). Light yellow oil; 55.2 mg, 73% yield; 71% ee; 
1
H NMR 

(300 MHz, CDCl3) δ 7.42-7.35 (m, 1H), 7.04-7.00 (m, 1H), 

6.88-6.74 (m, 2H), 5.16 (d, J = 12.8 Hz, 1H), 4.98 (d, J = 12.8 Hz, 1H), 4.00-3.94 (m, 

2H), 3.83 (s, 3H), 3.72 (s, 1H), 3.64-3.55 (m, 1H), 1.38 (d, J = 6.9 Hz, 3H), 1.35 (d, J 

= 6.9 Hz, 3H), 0.95 (t, J = 7.1 Hz, 3H).
 13

C NMR (75 MHz, CDCl3) δ 175.4, 162.7, 

160.8, 159.5 (d, J = 8.2 Hz), 130.5, 129.7 (d, J = 11.3 Hz), 120.1 (d, J = 60.4 Hz), 

115.6 (d, J = 17.1 Hz), 113.5 (d, J = 40.7 Hz), 106.4, 77.6, 73.7, 60.2, 55.4, 47.4, 20.0, 
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19.1, 13.6.
 13

C NMR (100 MHz, DMSO, 60 
o
C) δ 176.6, 162.0, 159.7, 131.7, 130.4, 

130.4, 120.4, 115.6, 114.1, 108.0, 78.1, 73.9, 59.5, 55.8, 46.8, 20.0, 19.5, 14.0; HPLC 

(Chiralpak OD-H column, EtOH/n-hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm, 

tmajor = 7.87 min, tminor = 6.55 min); [α]D
20

 = +14.8 (c 2.510, CHCl3); HRMS (ESI-TOF) 

calcd for C18H22N2NaO7 [M + Na]
+
 401.1319; found: 401.1313. 

(S)-Ethyl 2-(3-chlorophenyl)-4-hydroxy-1-isopropyl-4-

(nitromethyl)-5-oxo-4,5-dihydro-1H-pyrrole-3-carboxylate
 
(4h). 

Light yellow oil; 35.9 mg, 47% yield; 71% ee; 
1
H NMR (300 

MHz, CDCl3) δ 7.51-7.43 (m, 2H), 7.30 (d, J = 22.4 Hz, 1H), 

7.17 (dd, J = 18.9, J =7.3 Hz, 1H), 5.17 (d, J = 12.9 Hz, 1H), 4.98 (d, J = 12.9 Hz, 

1H), 4.02-3.93 (m, 2H), 3.70 (d, J = 5.6 Hz, 1H), 3.62-3.53 (m, 1H), 1.39 (d, J = 6.9 

Hz, 3H), 1.36 (d, J = 6.9 Hz, 3H), 0.95 (t, J = 7.1 Hz, 3H).
 13

C NMR (75 MHz, 

CDCl3) δ 175.2, 162.5, 159.2, 134.7 (d, J = 13.7 Hz), 131.0 (d, J = 3.9 Hz), 130.3 (d, 

J = 1.9 Hz), 129.9 (d, J = 13.7 Hz), 128.2 (d, J = 58.4 Hz), 126.1 (d, J = 56.8 Hz), 

107.08, 77.5, 73.7, 60.4, 47.6, 20.0, 19.2 (d, J = 3.7 Hz), 13.6; HPLC (Chiralpak OD-

H column, EtOH/n-hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm, tmajor = 7.64 

min, tminor = 6.58 min); [α]D
20

 = +15.6 (c 1.985, CHCl3); HRMS (ESI-TOF) calcd for 

C17H19ClN2NaO6 [M + Na]
+
 405.0824; found: 405.0817. 

 

(S)-Ethyl 2-(3-bromophenyl)-4-hydroxy-1-isopropyl-4-

(nitromethyl)-5-oxo-4,5-dihydro-1H-pyrrole-3-carboxylate (4i). 

Light yellow oil; 37.5 mg, 44% yield; 70% ee; 
1
H NMR (300 

MHz, CDCl3) δ 7.64 (d, J = 8.1 Hz, 1H), 7.49 (s, 1H), 7.40-

7.33 (m, 1H), 7.21 (dd, J = 21.2, J = 7.7 Hz, 1H), 5.18 (d, J = 13.0 Hz, 1H), 4.98 (d, J 

= 13.0 Hz, 1H), 4.03-3.92 (m, 2H), 3.86 (s, 1H), 3.62- 3.53 (m, 1H) 1.39 (d, J = 6.9 

Hz, 3H), 1.35 (d, J = 6.9 Hz, 3H), 0.94 (t, J = 7.1 Hz, 3H).
 13

C NMR (75 MHz, 

CDCl3) δ 175.6, 162.3, 158.9, 133.0 (d, J = 4.2 Hz), 131.3 (d, J = 5.3 Hz), 130.9 (d, J 

= 33.3 Hz), 130.0 (d, J = 11.9 Hz), 126.4 (d, J = 35.5 Hz), 122.3 (d, J = 11.8 Hz), 

107.3, 77.2, 73.6, 60.2, 47.4, 19.8 (d, J = 5.0 Hz), 19.0 (d, J = 5.0 Hz), 13.4; HPLC 

(Chiralpak AD-H column, EtOH/n-hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm, 

tmajor = 8.24 min, tminor = 7.59 min); [α]D
20

 = +10.8 (c 1.845, CHCl3); HRMS (ESI-TOF) 

calcd for C17H19BrN2NaO6 [M + Na]
+
 449.0319; found: 449.0305. 
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(S)-Ethyl 4-hydroxy-1-isopropyl-2-(4-methoxyphenyl)-4-

(nitromethyl)-5-oxo-4,5-dihydro-1H-pyrrole-3-carboxylate 

(4j). Light yellow oil; 46.1 mg, 61% yield; 72% ee; 
1
H NMR 

(300 MHz, CDCl3) δ 7.26-7.18 (m, 2H), 6.99 (d, J = 8.2 Hz, 

2H), 5.14 (d, J = 12.6 Hz, 1H), 4.98 (d, J = 12.6 Hz, 1H), 

4.07-3.95 (m, 2H), 3.86 (s, 3H), 3.70- 3.61 (m, 2H), 1.39 (d, J = 6.9 Hz, 3H), 1.34 (d, 

J = 6.9 Hz, 3H), 1.00 (t, J = 7.1 Hz, 3H).
 13

C NMR (75 MHz, CDCl3) δ 175.4, 162.9, 

161.3, 161.0, 130.2, 129.1, 121.0, 113.9, 106.3, 77.8, 73.7, 60.2, 55.3, 47.2, 19.9, 19.0, 

13.8; HPLC (Chiralpak AD-H column, EtOH/n-hexane = 10/90, flow rate 1.0 mL/min, 

λ = 254 nm, tmajor= 10.51 min, tminor= 12.42 min); [α]D
20

 = +6.0 (c 2.250, CHCl3); 

HRMS (ESI-TOF) calcd for C18H22N2NaO7 [M + Na]
+
 401.1319; found: 401.1311. 

(S)-Ethyl 4-hydroxy-1-isopropyl-4-(nitromethyl)-5-oxo-2-(p-

tolyl)-4,5-dihydro-1H-pyrrole-3-carboxylate (4k). Colourless oil; 

46.3 mg, 64% yield; 69% ee; 
1
H NMR (300 MHz, CDCl3) δ 

7.29- 7.26 (m, 2H), 7.19-7.12 (m, 2H), 5.15 (d, J = 12.7 Hz, 1H), 

4.98 (d, J = 12.7 Hz, 1H), 4.05-3.94 (m, 2H), 3.66- 3.57 (m, 2H), 2.42 (s, 3H), 1.38 (d, 

J = 6.9 Hz, 3H), 1.34 (d, J = 6.9 Hz, 3H), 0.97 (t, J = 7.1 Hz, 3H).
 13

C NMR (75 MHz, 

CDCl3) δ 175.4, 162.8, 161.6, 140.4, 129.2, 129.1, 128.4, 127.4, 126.2, 106.3, 77.7, 

73.7, 60.2, 47.2, 21.5, 19.9, 19.0, 13.7; HPLC (Chiralpak OD-H column, i-PrOH/n-

hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm, tmajor = 6.89 min, tminor = 5.92 min); 

[α]D
20

 = +11.3 (c 2.595, CHCl3); HRMS (ESI-TOF) calcd for C18H22N2NaO6 [M + 

Na]
+
 385.1370; found: 385.1363. 

(S)-Ethyl 2-(4-fluorophenyl)-4-hydroxy-1-isopropyl-4-

(nitromethyl)-5-oxo-4,5-dihydro-1H-pyrrole-3-carboxylate (4l). 

Light yellow oil; 53.4 mg, 73% yield; 70% ee; 
1
H NMR (300 

MHz, CDCl3) δ 7.30-7.15 (m, 4H), 5.17 (d, J = 12.8 Hz, 1H), 

4.98 (d, J = 12.8 Hz, 1H), 4.04-3.93 (m, 2H), 3.78 (s, 1H), 3.60-3.54 (m, 1H), 1.38 (d, 

J = 6.9 Hz, 3H), 1.34 (d, J = 6.9 Hz, 3H), 0.96 (t, J = 7.1 Hz, 3H).
 13

C NMR (75 MHz, 

CDCl3) δ 175.35, 164.0 (d, J = 204.4 Hz), 162.0, 160.0, 130.7 (d, J = 8.5 Hz), 129.8 

(d, J = 8.6 Hz), 125.2 (d, J = 3.7 Hz), 116.0 (d, J = 9.7 Hz), 115.7 (d, J = 9.8 Hz), 

107.1, 77.6, 73.7, 60.3, 47.3, 20.0, 19.1, 13.6; HPLC (Chiralpak OD-H column, 

EtOH/n-hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm, tmajor= 6.24 min, tminor= 
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5.69 min); [α]D
20

 = +12.4 (c 1.320, CHCl3); HRMS (ESI-TOF) calcd for 

C17H19FN2NaO6 [M + Na]
+
 389.1119; found: 389.1114. 

(S)-Ethyl 4-hydroxy-1-isopropyl-4-(nitromethyl)-5-oxo-2-(thiophen-

2-yl)-4,5-dihydro-1H-pyrrole-3-carboxylate (4m). Light yellow oil; 

36.1 mg, 51% yield; 71% ee; 
1
H NMR (300 MHz, CDCl3) δ 7.59 

(dd, J = 4.2 Hz, J =2.1 Hz, 1H), 7.17-7.14 (m, 2H), 5.13 (d, J = 12.9 

Hz, 1H), 4.98 (d, J = 12.9 Hz, 1H), 4.09-4.00 (m, 2H), 3.77-3.70 (m, 1H), 3.52 (s, 1H), 

1.43 (d, J = 6.9 Hz, 3H), 1.39 (d, J = 6.9 Hz, 3H), 1.03 (t, J = 7.1 Hz, 3H).
 13

C NMR 

(75 MHz, CDCl3) δ 174.7, 162.6, 154.0, 130.3, 129.1 (d, J = 2.6 Hz), 127.7, 127.3 (d, 

J = 2.1 Hz), 109.5, 77.6, 73.8, 60.5, 47.5, 20.0, 19.1, 13.7; HPLC (Chiralpak AD-H 

column, EtOH/n-hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm, tmajor = 8.78 min, 

tminor = 8.03 min); [α]D
20

 = -3.9 (c 1.000, CHCl3); HRMS (ESI-TOF) calcd for 

C15H18N2NaO6S [M + Na]
+
 377.0778; found: 377.0772. 

(S)-Ethyl 4-hydroxy-1-isopropyl-2-(naphthalen-1-yl)-4-

(nitromethyl)-5-oxo-4,5-dihydro-1H-pyrrole-3-carboxylate (4n). 

Light yellow oil; 59.7 mg, 75% yield; 53:47 dr, 51/49% ee; 
1
H 

NMR (300 MHz, CDCl3) δ 8.00- 7.92 (m, 2H), 7.75-7.72 (m, 1H), 

7.58-7.53 (m, 3H), 7.37-7.35 (m, 1H), 5.25 (d, J = 12.9 Hz, 1H), 

5.07 (d, J = 12.9 Hz, 1H), 3.85 (s, 1H), 3.82-3.72 (m, 2H), 3.37-3.33 (m, 1H), 1.33 (d, 

J = 6.9 Hz, 3H), 1.29 (d, J = 6.9 Hz, 3H), 0.53 (t, J = 7.1 Hz, 3H).
 13

C NMR (75 MHz, 

CDCl3) δ 175.4, 162.8, 160.1, 133.1, 130.4, 130.3, 128.6, 127.4, 127.0, 126.7, 126.4, 

125.1, 124.1, 108.2, 77.5, 73.9, 60.0, 47.7, 20.0, 19.1, 13.1; HPLC (Chiralpak OD-H 

column, EtOH/n-hexane = 3/97, flow rate 1.0 mL/min, λ = 254 nm, tmajor = 14.89 min, 

tminor = 11.64 min; tmajor = 17.12 min, tminor = 13.33 min); [α]D
20

 = +6.0 (c 1.955, 

CHCl3); HRMS (ESI-TOF) calcd for C21H22N2NaO6 [M + Na]
+
 421.1370; found: 

421.1358. 

(S)-Methyl 4-hydroxy-4-(nitromethyl)-5-oxo-2-phenyl-4,5-

dihydro-1H-pyrrole-3-carboxylate (4o). Light yellow oil; 23.9 mg, 

41% yield; 48% ee; 
1
H NMR (300 MHz, CDCl3) δ 8.10 (s, 1H), 

7.56 -7.43 (m, 5H), 5.14 (d, J = 12.9 Hz, 1H), 4.98 (d, J = 12.9 Hz, 

1H), 3.94 (s, 1H), 3.67 (s, 3H).
 13

C NMR (75 MHz, CDCl3) δ 175.2, 163.3, 156.2, 

131.7, 128.6, 128.5, 128.4, 105.2, 77.5, 75.3, 51.6; HPLC (Chiralpak AD-H column, 
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i-PrOH/n-hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, tmajor = 10.15 min, tminor 

= 9.29 min); [α]D
20

 = +12.0 (c 1.135, CHCl3); HRMS (ESI-TOF) calcd for 

C13H12N2NaO6 [M + Na]
+
 315.0588; found: 315.0584. 

(S)-Ethyl 4-hydroxy-4-(nitromethyl)-5-oxo-1,2-diphenyl-4,5-

dihydro-1H-pyrrole-3-carboxylate (4p). Light yellow oil; 32.1 mg, 

42% yield; 29% ee; 
1
H NMR (300 MHz, CDCl3) δ 7.30-7.22 (m, 

6H), 7.18 -7.15 (m, 2H), 7.05-7.02 (m, 2H), 5.29 (d, J = 13.0 Hz, 

1H), 5.12 (d, J = 13.0 Hz, 1H), 4.09 (m, 2H), 3.76 (s, 1H), 1.03 (t, J = 7.1 Hz, 3H).
 

13
C NMR (75 MHz, CDCl3) δ 174.3, 163.1, 159.6, 133.1, 130.2, 129.2, 129.1, 128.4, 

128.2, 127.8, 127.7, 106.7, 78.0, 74.2, 60.7, 13.7; HPLC (Chiralpak OD-H column, 

EtOH/n-hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm, tmajor = 9.95 min, tminor = 

8.77 min); [α]D
20

 = +8.7 (c 1.645, CHCl3); HRMS (ESI-TOF) calcd for 

C20H18N2NaO6 [M + Na]
+
 405.1057; found: 405.1045. 

Ethyl 4-hydroxy-1-isopropyl-4-(1-nitroethyl)-5-oxo-2-phenyl-4,5-

dihydro-1H-pyrrole-3-carboxylate (4q). Light yellow oil; 16.7 mg, 

23% yield; 94:6 dr, 22% ee; 
1
H NMR (300 MHz, CDCl3) δ 7.50-

7.44 (m, 3H), 7.26 -7.20 (m, 2H), 5.37 (q, J = 7.0 Hz, 1H), 3.98-

3.91 (m, 2H), 3.80 (s, 1H), 3.60-3.50 (m, 1H), 1.87 (d, J = 7.0 Hz, 

3H), 1.36 (d, J = 0.9 Hz, 3H), 1.34 (d, J = 0.9 Hz, 3H), 0.88 (t, J = 7.1 Hz, 3H).
 13

C 

NMR (75 MHz, CDCl3) δ 174.1, 163.0, 160.2, 130.0, 129.4, 128.6, 128.5, 128.3, 

127.2, 106.7, 86.8, 75.2, 60.2, 47.2, 20.0, 19.0, 13.5, 12.6; HPLC (Chiralpak AD-H 

column, EtOH/n-hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm, tmajor = 7.74 min, 

tminor = 5.56 min); [α]D
20

 = -2.5 (c 1.470, CHCl3); HRMS (ESI-TOF) calcd for 

C18H22N2NaO6 [M + Na]
+
 385.1370; found: 385.1373. 

(S)-Methyl 4-hydroxy-1-isopropyl-2-(4-methoxyphenyl)-4-

(nitromethyl)-5-oxo-4,5-dihydro-1H-pyrrole-3-carboxylate 

(4r). Light yellow oil; 37.1 mg, 51% yield; 69% ee; 
1
H NMR 

(300 MHz, CDCl3) δ 7.26-7.17 (m, 2H), 6.99 (d, J = 8.4 Hz, 

2H), 5.14 (d, J = 12.7 Hz, 1H), 4.97 (d, J = 12.7 Hz, 1H), 3.86 

(s, 3H), 3.69 (s, 1H), 3.68-3.60 (m, 1H), 3.56 (s, 3H), 1.38 (d, J = 6.9 Hz, 3H), 1.34 (d, 

J = 6.9 Hz, 3H).
 13

C NMR (75 MHz, CDCl3) δ 175.5, 163.2, 161.7, 161.0, 130.1, 

129.1, 120.8, 114.0, 106.1, 77.7, 73.7, 55.3, 51.3, 47.2, 19.9, 19.0; HPLC (Chiralpak 
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AD-H column, EtOH/n-hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm, tmajor = 

10.22 min, tminor= 12.03 min); [α]D
20

 = +8.2 (c 1.780, CHCl3); HRMS (ESI-TOF) 

calcd for C17H20N2NaO7 [M + Na]
+
 387.1163; found: 387.1159. 

(S)-Methyl 4-hydroxy-1-isopropyl-2-(3-methoxyphenyl)-4-

(nitromethyl)-5-oxo-4,5-dihydro-1H-pyrrole-3-carboxylate 

(4s). Light yellow oil; 51.7 mg, 71% yield; 58% ee; 
1
H NMR 

(300 MHz, CDCl3) δ 7.40-7.37 (m, 1H), 7.05-7.01 (m, 1H), 

6.88-6.74 (m, 2H), 5.16 (d, J = 12.8 Hz, 1H), 4.98 (d, J = 12.8 Hz, 1H), 3.84 (s, 3H), 

3.67 (s, 1H), 3.62-3.53 (m, 4H), 1.36 (t, J = 7.6 Hz, 6H).
 13

C NMR (75 MHz, CDCl3) 

δ 175.4, 163.0, 161.2, 159.6 (d, J = 9.4 Hz), 130.3, 129.9 (d, J = 11.7 Hz), 120.0 (d, J 

= 57.2 Hz), 115.7 (d, J = 16.0 Hz), 113.4 (d, J = 36.5 Hz), 106.1, 77.6, 73.7, 55.4, 

51.4, 47.4, 19.9, 19.1
 13

C NMR (101 MHz, DMSO, 60 
o
C) δ 176.6, 162.4, 159.9, 

159.6, 131.5, 130.5, 120.4, 115.7, 114.0, 107.7, 78.2, 73.9, 55.8, 51.1, 46. 8, 20.0, 

19.5; HPLC (Chiralpak OD-H column, EtOH/n-hexane = 10/90, flow rate 1.0 mL/min, 

λ = 254 nm, tmajor= 7.86 min, tminor= 7.19 min); [α]D
20

 = +16.4 (c 1.340, CHCl3); 

HRMS (ESI-TOF) calcd for C17H20N2NaO7 [M + Na]
+
 387.1163; found: 387.1130. 

Crystal data for 4i 

 

 

Crystal data and structure refinement for 4i: (CDCC number: CCDC 1435541) 

Identification code mo_zm12_0m  

Empirical formula C17 H19 Br N2 O6  

Formula weight 427.25  

Temperature 100(2) K  

Wavelength 0.71073 A  

Crystal system, space group Triclinic, P 1  
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Unit cell dimensions a = 9.380(4) A alpha = 94.969(6) deg.  

 b = 9.756(4) A beta = 90.378(6) deg.  

 c = 10.518(5) A gamma = 103.743(6) deg.  

Volume 931.1(7) A^3  

Z, Calculated density 2, 1.524 Mg/m^3  

Absorption coefficient 2.243 mm^-1  

F(000) 436  

Crystal size 0.74 x 0.26 x 0.05 mm  

Theta range for data collection 1.94 to 28.35 deg.  

Limiting indices -12<=h<=12, -12<=k<=12, -13<=l<=14  

Reflections collected / unique 11667 / 8465 [R(int) = 0.0527]  

Completeness to theta = 28.35 98.4 %  

Absorption correction Semi-empirical from equivalents  

Max. and min. transmission 0.8961 and 0.2876  

Refinement method Full-matrix least-squares on F^2  

Data / restraints / parameters 8465 / 27 / 476  

Goodness-of-fit on F^2 1.004  

Final R indices [I>2sigma(I)] R1 = 0.0742, wR2 = 0.1870  

R indices (all data) R1 = 0.1035, wR2 = 0.2053  

Absolute structure parameter 0.054 (13)  

Largest diff. peak and hole 2.249 and -1.301 e.A^-3 
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Copies of NMR and HPLC Spectra for compounds 4 
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