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Experimental Section 

General: 

Infrared (IR) spectra were recorded on a JASCO FT/IR 410 Fourier transform infrared 

spectrophotometer. NMR spectra were recorded on JEOL JNM-LA500 spectrometers, 

operating at 500 MHz for 1H NMR and 125.65 MHz for 13C NMR. Chemical shifts in 

CDCl3 were reported in the scale relative to CHCl3 (7.26 ppm for 1H NMR) for 1H 

NMR and CDCl3 (77.0 ppm for 13C NMR) as an internal reference. Column 

chromatography was performed with silica gel Merck 60 (230-400 mesh ASTM). 

Optical rotations were measured on a JASCO P-1010 polarimeter. ESI mass spectra 

were measured on a Waters ZQ4000 spectrometer (for LRMS), and JEOL 

JMS-T100LC AccuTOF spectrometer (for HRMS). The enantiomeric excess (ee) was 

determined by HPLC analysis. HPLC was performed on JASCO HPLC systems 

consisting of the following: pump, PU-2080 plus; detector, UV-2075 plus, measured at 

220 and 254 nm; column, DAICEL CHIRALPAK AS-H, AD-H and OD-H ; mobile 

phase, hexane-2-propanol. Dry ethyl acetate and toluene were purchased from Kanto. 

β-Keto esters[S1, S2] and nitroethylene[S3] were prepared by following the same procedures 

as described in literatures.  

References: 

[S1] C. Palomo, M. Oiarbide, J. M. García, P. Bañuelos, J. M. Odriozola, J. Razkin and 

A. Linden, Org. Lett. 2008, 10, 2637.  

[S2] T. B. Poulsen, L. Bernardi, M. Bell and K. A. Jørgensen, Angew. Chem., Int. Ed. 

2006, 45, 6551. 
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[S3] Y. Chi, L. Guo, N. A. Kopf and S. H. Gellman, J. Am. Chem. Soc. 2008, 130, 

5608. 

 

Preparation of Ni2-Schiff Base 1 Complex: 

   To a solution of (R,R)-Schiff base ligand 1 (400 mg, 0.76 mmol) in EtOH (7.6 mL), 

was added Ni(OAc)2•4H2O (378 mg, 1.52 mmol), and the mixture was stirred for 12 h 

under reflux. After cooling down to room temperature, H2O (1.0 mL) was added to the 

mixture. The precipitate (Ni2/Schiff base 1 complex) was collected by filtration. Then, 

the solid was washed with diethyl ether and EtOH. The solid was dried under reduced 

pressure at 50 ºC to afford the Ni2-Schiff base 1 complex (417 mg) as a dark yellow 

solid. The complex was used for the asymmetric reaction without further purification, 

and was stored under Ar at room temperature.  

 

General Procedure for Catalytic Asymmetric 1,4-Addition of β-Keto Esters to 

Nitroethylene Using a Ni2-Schiff Base 1 Catalyst: 

  To a stirred solution of the Ni2/Schiff base 1 catalyst (3.19 mg, 5 µmol) in ethyl 

acetate (912 µL) was added β-keto ester 2a (36.8 mg, 0.20 mmol). To the mixture at 

40 °C was added 0.24 mmol nitroethylene (stock solution in toluene [nitroethylene] = 

2.73 M), and the resulting solution was stirred for 5 h. The mixture was diluted with 

diethyl ether, and the precipitate was removed by filtration through a pad of celite. After 

the filtrate was concentrated under reduced pressure, the residue was purified by silica 

gel flash column chromatography (hexane/ethyl acetate = 20/1) to give 3a (47.7 mg, 

92% yield) as a colorless oil. 

 

(S)-tert-butyl 1-(2-nitroethyl)-2-oxocyclopentanecarboxylate (3a): 

colorless oil; IR (neat) ν 2977, 1748, 1721, 1555, 1370 cm-1; 1H 

NMR (CDCl3) δ 1.42 (s, 9H), 1.83-1.91 (m, 1H), 1.92-2.12 (m, 2H), 

2.23-2.36 (m, 2H), 2.38-2.50 (m, 3H), 4.46 (ddd, J = 5.8, 9.2, 15.0 

Hz, 1H), 4.69 (ddd, J = 6.1, 9.2, 15.0 Hz, 1H); 13C NMR (CDCl3) 

δ 19.7, 27.7, 30.4, 34.6, 37.6, 58.2, 71.6, 82.9, 169.7, 214.1; LRMS(ESI): m/z 280 

[M+Na]+; HRMS calcd. for C12H19NO5Na+ [M+Na]+: 280.1161, found: 280.1162, 

[α]D
21.7 −15.2 (c 2.05, CHCl3); HPLC (DAICEL CHIRALPAK AS-H, 

hexane/2-propanol = 20/1, flow 1.0 mL/min, detection at 220 nm) tR 11.3 min (minor) 
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and 12.5 min (major). 

 

(S)-tert-butyl 2-(2-nitroethyl)-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (3b):  

colorless oil; IR (neat) ν 3398, 2494, 1737, 1709, 1553, 1370 

cm-1; 1H NMR (CDCl3) δ 1.36 (s, 9H), 2.51-2.65 (m, 2H), 3.03 

(d, J = 17.1 Hz, 1H), 3.63 (d, J = 17.1 Hz, 1H), 4.62 (ddd, J = 

6.1, 9.2, 15.3 Hz, 1H), 4.71 (ddd, J = 6.1, 9.2, 15.3 Hz, 1H), 

7.42 (dd, J = 7.4, 7.8 Hz, 1H), 7.48 (d, J = 7.8 Hz, 1H), 7.64 (dd, J = 7.4, 7.8 Hz, 1H) , 

7.76 (d, J = 7.8 Hz, 1H); 13C NMR (CDCl3) 

δ 27.7, 31.4, 38.1, 58.5, 71.8, 82.9, 124.9, 126.3, 128.1, 134.6, 135.7, 152.2, 169.3, 201.

5; LRMS(ESI): m/z 328 [M+Na]+; HRMS calcd. for C16H19NO5Na+ [M+Na]+: 328.1161, 

found: 328.1164; [α]D
21.7 +35.7 (c 2.37, CHCl3), HPLC (DAICEL CHIRALPAK AD-H, 

hexane/2-propanol = 20/1, flow 1.0 mL/min, detection at 254 nm) tR 11.3 min (minor) 

and 12.4 min (major). 

 
(S)-tert-butyl 

5-methoxy-2-(2-nitroethyl)-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (3c):  

colorless oil; IR (neat) ν 3405, 2929, 1731, 1703, 1600, 

1369 cm-1; 1H NMR (CDCl3) δ 1.37 (s, 9H), 2.48-2.63 (m, 

2H), 2.95 (d, J = 17.4 Hz, 1H), 3.57 (d, J = 17.4 Hz, 1H), 

3.89 (s, 3H), 4.60 (ddd, J = 5.9, 9.2, 15.3 Hz, 1H), 4.66 (ddd, 

J = 6.1, 9.2, 15.3 Hz, 1H), 6.89 (s, 1H), 6.93 (d, J = 8.6 Hz, 1H), 7.68 (d, J = 8.6 Hz, 

1H); 13C NMR (CDCl3) 

δ 28.0, 31.9, 38.2, 56.0, 59.1, 72.1, 83.0, 109.7, 116.4, 126.9, 127.9, 155.6, 166.3, 169.7

, 199.7 ; ESI-MS m/z 358 [M+Na]+; HRMS calcd. for C17H21NO6Na [M+Na]+:358.1267, 

found 358.1265; [α]D
24.3 +64.8 (c 1.84, CHCl3); HPLC (DAICEL CHIRALPAK AD-H, 

hexane/2-propanol = 20/1, flow 1.0 mL/min, detection at 254 nm) tR 21.5 min (minor) 

and 29.3 min (major). 
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(S)-tert-butyl 

5,6-dimethoxy-2-(2-nitroethyl)-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (3d):  

colorless oil; IR (neat) ν 2977, 1730, 1698, 1554, 1369 

cm-1; 1H NMR (CDCl3) δ 1.38 (s, 9H), 2.50-2.64 (m, 2H), 

2.92 (d, J = 17.0 Hz, 1H), 3.52 (d, J = 17.0 Hz, 1H), 3.90 

(s, 3H), 3.97 (s, 3H), 4.55-4.63 (m, 1H), 4.63-4.72 (m, 

1H), 6.87 (s, 1H), 7.15 (s, 1H),; 13C NMR (CDCl3) 

δ 27.7, 31.7, 37.8, 56.1, 56.3, 58.9, 71.9, 82.7, 105.0, 107.1, 127.3, 147.9, 150.0, 156.3, 

169.6, 199.9; ESI-MS m/z 388 [M+Na]+; HRMS calcd. for C18H23NO7Na [M+Na]+: 

388.1372, found 388.1370; [α]D
24.1 +50.1 (c 3.20, CHCl3); HPLC (DAICEL 

CHIRALPAK AD-H, hexane/2-propanol = 20/1, flow 1.0 mL/min, detection at 254 nm) 

tR 32.5 min (minor) and 46.0 min (major). 

 

(S)-tert-butyl 1-(2-nitroethyl)-2-oxocyclohexanecarboxylate (3e):  

colorless oil; 1H NMR (CDCl3) δ 1.48 (s, 9H), 1.55-1.72 (m, 3H), 

1.73-1.84 (m, 1H), 2.00-2.12 (m, 1H), 2.26 (ddd, J = 5.9, 9.5, 14.4 

Hz ,1H), 2.39-2.63 (m, 4H), 4.34 (ddd, J = 5.5, 9.5, 14.9 Hz ,1H), 

4.62 (ddd, J = 5.9, 9.5, 14.9 Hz ,1H); 13C NMR (CDCl3) 

δ 22.2, 27.1, 27.6, 31.7, 36.8, 40.5, 59.6, 71.5, 83.2, 169.8, 207.0; ESI-MS m/z 294 

[M+Na]+; HRMS calcd. for C13H21NO5Na [M+Na]+: 294.1317, found 294.1322; [α]D
23.2 

−97.1 (c 0.92, CHCl3); HPLC (DAICEL CHIRALPAK AD-H, hexane/2-propanol = 

99/1, flow 1.0 mL/min, detection at 220 nm) tR 14.5 min (minor) and 16.9 min (major). 

 
(S)-tert-butyl 2-(2-nitroethyl)-1-oxo-1,2,3,4-tetrahydronaphthalene-2-carboxylate 

(3f): colorless oil; IR (neat) ν 2978, 1726, 1688, 1555, 1369 

cm-1; 1H NMR (CDCl3) δ 1.32 (s, 9H), 2.10 (ddd, J = 5.0, 11.0, 

16.0, 1H), 2.47-2.56 (m, 2H), 2.56-2.66 (m, 1H), 2.90-3.02 (m, 

1H), 3.03-3.15 (m, 1H), 4.54 (ddd, J = 5.5, 10.0, 15.0 Hz ,1H), 4.81 (ddd, J = 6.0, 9.5, 

15.0 Hz ,1H), 7.22 (d, J = 7.6 Hz, 1H), 7.32 (dd, J = 7.6, 7.6 Hz, 1H), 7.48 (dd, J = 7.6, 

7.6 Hz, 1H), 8.00 (d, J = 7.6 Hz, 1H); 13C NMR (CDCl3) 

δ 26.1, 27.8, 31.7, 32.8, 56.5, 72.2, 83.5, 127.1, 127.9, 128.8, 132.3, 133.8, 142.4, 170.2

, 195.4; ESI-MS m/z 342 [M+Na]+; HRMS calcd. for C17H21NO5Na [M+Na]+: 342.1317, 

found 342.1313; [α]D
20.8 −63.6 (c 1.09, CHCl3); HPLC (DAICEL CHIRALPAK AD-H, 
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hexane/2-propanol = 20/1, flow 1.0 mL/min, detection at 254 nm) tR 10.1 min (major) 

and 11.3 min (minor). 

 

(S)-tert-butyl 2-acetyl-2-ethyl-4-nitrobutanoate (3g):  

colorless oil; IR (neat) ν 2977, 1710, 1557, 1370 cm-1; 1H NMR 

(CDCl3) δ 0.84 (t, J = 7.8 Hz, 3H), 1.47 (s, 9H), 0.84 (q, J = 7.8 Hz, 

2H), 2.17 (s, 3H), 2.42 (ddd, J = 6.5, 10.0, 15.5 Hz, 1H), 2.54 (ddd, J 

= 5.5, 9.5, 15.5 Hz, 1H), 4.27-4.45 (m, 2H); 13C NMR (CDCl3) 

δ 8.1, 25.8, 26.5, 27.8, 28.2, 62.6, 71.8, 83.2, 170.2, 204.3; ESI-MS m/z 282 [M+Na]+; 

HRMS calcd. for C12H21NO5Na [M+Na]+: 282.1317, found 282.1313; [α]D
23.6 −23.0 (c 

0.77, CHCl3); HPLC (DAICEL CHIRALPAK AD-H, hexane/2-propanol = 99/1, flow 

0.5 mL/min, detection at 220 nm) tR 21.8 min (minor) and 23.0 min (major). 
 

(S)-tert-butyl 2-acetyl-2-benzyl-4-nitrobutanoate (3h):  

colorless oil; IR (neat) ν 2979, 1710, 1556, 1370 cm-1; 1H NMR 

(CDCl3) δ 1.48 (s, 9H), 2.23 (s, 3H), 2.32-2.50 (m, 2H), 3.19 (d, J = 

14.6 Hz, 1H), 3.22 (d, J = 14.6 Hz, 1H), 4.25-4.45 (m, 2H), 7.09 

(brd, J = 6.7 Hz, 2H), 7.24-7.31 (m, 3H); 13C NMR (CDCl3) 

δ 27.0, 27.5, 29.1, 38.9, 63.1, 71.4, 83.4, 100.3, 127.2, 128.4, 129.6, 134.6, 169.5, 203.7

; ESI-MS m/z 344 [M+Na]+; HRMS calcd. for C17H23NO5Na [M+Na]+: 344.1474, found 

344.1466; [α]D
24.4 -3.6 (c 0.645, CHCl3); HPLC (DAICEL CHIRALPAK OD-H, 

hexane/2-propanol = 99/1, flow 1.0 mL/min, detection at 220 nm) tR 26.6 min (minor) 

and 40.1 min (major). 

 

(R)-tert-butyl 3-methyl-3-(2-nitroethyl)-2-oxoindoline-1-carboxylate (3i):  

colorless oil; IR (neat) ν 2979, 1791, 1762, 1732, 1556, 1349 cm-1; 
1H NMR (CDCl3) δ 1.48 (s, 3H), 1.65 (s, 9H), 2.55 (ddd, J = 5.8, 

10.0, 15.8 Hz, 1H), 2.66 (ddd, J = 5.8, 10.0, 15.8 Hz, 1H), 4.12 

(ddd, J = 5.8, 10.0, 15.8 Hz, 1H), 4.29 (ddd, J = 5.8, 10.0, 15.8 Hz, 

1H), 7.18-7.24 (m, 2H), 7.30-7.38 (m, 1H), 7.86 (d, J = 8.2 Hz, 1H); 13C NMR (CDCl3) 

24.6, 28.1, 35.0, 46.5, 71.1, 84.9, 115.4, 122.4, 125.0, 129.0, 130.5, 138.8, 148.9, 177.5; 

ESI-MS m/z 343 [M+Na]+; HRMS calcd. for C18H20NO5Na [M+Na]+:343.1270, found 

343.1267; [α]D
21.4 −20.2 (c 1.28, CHCl3); HPLC (DAICEL CHIRALPAK AD-H, 
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hexane/2-propanol = 9/1, flow 1.0 mL/min, detection at 254 nm) tR 5.0 min (major) and 

5.4 min (minor). 

 

Tranformation of 1,4-Adducts (Scheme 1): 

O
CO2t-Bu

NHBoc

3c

Raney Ni
H2 (1 atm)

Boc2O
MeOH, rt

10 h
MeO 4c: 72% yield

O
CO2t-Bu

NO2

MeO  
(S)-tert-butyl 

2-(2-((tert-butoxycarbonyl)amino)ethyl)-5-methoxy-1-oxo-2,3-dihydro-1H-indene-2

-carboxylate (4c): To a solution of 3c (41.5 mg, 0.124 mmol) in methanol (0.62 mL) 

were added Raney-Ni (10 mg) and Boc2O (81.2 mg, 0.372 mmol). The reaction mixture 

was stirred at room temperature under hydrogen atmosphere (1 atm) for 10 h. The 

mixture was filtered through a pad of celite, and the Raney-Ni and the celite were 

washed with dichloromethane. The combined organic solvents were evaporated under 

reduced pressure, and the residue was purified by silica gel column chromatography 

(hexane/ethyl acetate = 5/1) to give 4c in 72% yield as a colorless solid (36.3 mg, 0.090 

mmol); IR (neat) ν 2977, 1704, 1600 cm-1; 1H NMR (CDCl3) δ 1.37 (s, 9H), 1.37 (s, 9H), 

1.94-2.06 (m, 1H), 2.18-2.32 (m, 1 H), 3.00-3.27 (m, 3H), 3.57 (d, J = 17.0 Hz, 1H), 

3.87 (s, 3 H), 4.67 (brs, 1H), 6.84-6.93 (m, 2 H), 7.65 (d, J = 8.0 Hz, 1H); 13C NMR 

(CDCl3) δ 28.0, 28.6, 34.6, 36.8, 37.2, 55.9, 60.5, 79.4, 82.1, 109.6, 116.1, 126.6, 128.4, 

155.9, 156.4, 166.0, 170.3; ESI-MS m/z 428 [M+Na]+; HRMS calcd. for C22H31NO6Na 

[M+Na]+:428.2049, found 428.2050; [α]D
23.4 +75.6 (c 2.29, CHCl3) 

 

N

CO2t-Bu

BocPd/C
H2 (1 atm)
MeOH, rt,14 h

2) Boc2O

1)

5a: 82% yield3a

O
CO2t-Bu

NO2

 
(3aS,6aR)-di-tert-butyl hexahydrocyclopenta[b]pyrrole-1,3a(2H)-dicarboxylate 

(5a): To a suspension of 3a (25.8 mg, 0.10 mmol) in methanol (0.5 mL) was added 

Pd/C (8.2 mg) at room temperature. The reaction mixture was stirred under hydrogen 

atmosphere (1 atm) for 14 h at room temperature. Then, Boc2O (32.7 mg, 0.15 mmol) 

was added and the mixture was stirred for another 1.5 h at room temperature. Then the 
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mixture was filtered through a pad of celite and washed with dichloromethane. The 

filtrate was concentrated under reduced pressure and purified by silica gel column 

chromatography (hexane/ethyl acetate = 20/1) to give 5a in 83% yield as a colorless oil 

(26.0 mg, 0.083 mmol) ; IR (neat) ν 2975, 1723, 1698 cm-1; 1H NMR (CDCl3 at 45 °C) δ 

1.44 (s, 9H), 1.45 (s, 9H), 1.59-1.85 (m, 5H), 1.90-2.02 (m, 1H), 2.03-2.14 (m, 1H), 

2.25 (brm, 1H), 3.28-3.40 (m, 1H), 3.56 (brm, 1H), 4.25 (brm, 1H); 13C NMR (CDCl3) δ 

25.4, 28.2, 28.8, 29.9, 34.8, 37.1, 46.5, 46.7, 66.5, 79.4, 80.9, 154.4, 175.5; ESI-MS m/z 

334 [M+Na]+; HRMS calcd. for C17H29NO4Na [M+Na]+:334.1994, found 334.1996; 

[α]D
23.1 –61.1 (c 1.29, CHCl3) 

 

Determination of Absolute Configuration: 

The absolute configuration of 3b was determined by comparing with the reported 

data[S4] after conversion 2b into corresponding γ2-amino ester 4b (in a similar conditions 

as Scheme 1). Those of others were assigned by analogy. 

O
CO2t-Bu

NHBoc

3b 4b
(known compound)

O
CO2t-Bu

NO2

 

[S4] T. A. Moss, B. Alonso, D. R. Fenwick and D. J. Dixon, Angew. Chem., Int. Ed., 

2010, 49, 568. 
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