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General Information: Commercial reagents were used as received, unless otherwise stated.  Merck 60 
silica gel was used for chromatography, and Whatman silica gel plates with fluorescence F254 indicator 
were used for thin-layer chromatography (TLC) analysis.  1H and 13C NMR spectra were recorded on 
Bruker Advance 500, and tetramethylsilane (TMS) was used as a reference.  Data for 1H are reported as 
follows: chemical shift (ppm), and multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = 
multiplet). 
 
Typical Procedure for Michael-type Addition Reaction of nitroalkanes: Catalyst I (7 mg, 0.02 
mmol) was added to a vial containing 2-nitro-propane (1 mL, 11.2 mmol) and trans-β-nitrostyrene (30 
mg, 0.20 mmol) at 0 ºC.  After 6d of stirring, TLC analysis indicated completion of the reaction.  The 
reaction mixture was concentrated in vacuo.  The residue was purified by flash silica gel 
chromatography (ethyl acetate/hexane=1:20 to 1:10) to afford 38 mg (79% yield) of the adduct as a 
clear oil. 
 

NO2

O2N

3a  
(2-Methyl-2-nitro-1-nitromethyl-propyl)-benzene (3a)[1] (Table 2, entry 1): The title compound was 
prepared according the typical procedure, as described above in 79% yield.  1H NMR (500 MHz, 
CDCl3, TMS): δ = 7.32-7.24 (m, 3H; Ar), 7.17-7.07 (m, 2H; Ar), 4.91 (dd, 3J(H,H) = 13.0 Hz, 3J(H,H) 
= 11.5 Hz, 1H; CH), 4.72 (dd, 3J(H,H) = 13.0 Hz, 2J(H,H) = 4.0 Hz, 1H; CH2), 4.07 (dd, 3J(H,H) = 
11.0 Hz, 2J(H,H) = 4.0 Hz, 1H; CH2), 1.52 (s, 3H; CH3), 1.51 (s, 3H; CH3); 13C NMR (125 MHz, 
CDCl3, TMS): δ = 133.6, 129.1, 129.0, 128.9, 89.4, 75.9, 51.6, 26.2, 23.0; HPLC (Chiralpak AS-H, i-
propanol/hexane = 30/70, flow rate 0.5 mL/min, λ = 254 nm): tminor = 18.5 min, tmajor = 19.2 min, ee = 
78%; [α]25

D (major) = +15.7 (c = 1.2 in CHCl3). 
 

NO2

O2N

F 3b  
1-Fluoro-4-(2-methyl-2-nitro-1-nitromethyl-propyl)-benzene (3b) (Table 2, entry 2): The title 
compound was prepared according the typical procedure, as described above in 76% yield.  1H NMR 
(500 MHz, CDCl3, TMS): δ = 7.24-7.12 (m, 2H; Ar), 7.11-7.02 (m, 2H; Ar), 4.92 (dd, 3J(H,H) = 13.5 
Hz, 3J(H,H) = 11.5 Hz, 1H; CH), 4.80 (dd, 3J(H,H) = 13.5 Hz, 2J(H,H) = 4.0 Hz, 1H; CH2), 4.11 (dd, 
3J(H,H) = 11.0 Hz, 2J(H,H) = 4.0 Hz, 1H; CH2), 1.62 (s, 3H; CH3), 1.58 (s, 3H; CH3); 13C NMR (125 
MHz, CDCl3, TMS): δ = 130.6, 130.5, 129.4, 116.3, 116.1, 89.6, 75.9, 50.9, 25.9, 23.2; HPLC 
(Chiralpak AS-H, i-propanol/hexane = 30/70, flow rate 0.5 mL/min, λ = 254 nm): tminor = 18.5 min, 
tmajor = 19.8 min, ee = 73%; [α]25

D (major) = +9.5 (c = 0.8 in CHCl3). 
 

NO2

O2N

Cl
3c

 
1-Chloro-4-(2-methyl-2-nitro-1-nitromethyl-propyl)-benzene (3c) (Table 2, entry 3): The title 
compound was prepared according the typical procedure, as described above in 70% yield.  1H NMR 
(500 MHz, CDCl3, TMS): δ = 7.27 (d, 3J(H,H) = 8.0 Hz, 2H; Ar), 7.06 (d, 3J(H,H) = 8.0 Hz, 2H; Ar), 
4.86 (dd, 3J(H,H) = 13.5 Hz, 3J(H,H) = 11.5 Hz, 1H; CH), 4.74 (dd, 3J(H,H) = 13.5 Hz, 2J(H,H) = 4.0 
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Hz, 1H; CH2), 4.01 (dd, 3J(H,H) = 11.0 Hz, 2J(H,H) = 4.0 Hz, 1H; CH2), 1.54 (s, 3H; CH3), 1.50 (s, 
3H; CH3); 13C NMR (125 MHz, CDCl3, TMS): δ = 135.2, 132.1, 130.1, 129.4, 89.3, 75.7, 51.1, 26.0, 
23.2; HPLC (Chiralcel OD-H, i-propanol/hexane = 30/70, flow rate 0.5 mL/min, λ = 254 nm): tminor = 
19.6 min, tmajor = 20.5 min, ee = 83%; [α]25

D (major) = +18.4 (c = 1.1 in CHCl3). 
 

NO2

O2N

CF3
3d

 
1-(2-Methyl-2-nitro-1-nitromethyl-propyl)-2-trifluoromethyl-benzene (3d) (Table 2, entry 4): The 
title compound was prepared according the typical procedure, as described above in 78% yield.  1H 
NMR (500 MHz, CDCl3, TMS): δ = 7.67 (d, 3J(H,H) = 7.5 Hz, 1H; Ar), 7.55-7.48 (m, 1H; Ar), 7.46-
7.38 (m, 1H; Ar), 7.18 (d, 3J(H,H) = 7.5 Hz, 1H; Ar), 5.09 (dd, 3J(H,H) = 12.5 Hz, 2J(H,H) = 4.0 Hz, 
1H; CH2), 4.74 (dd, 3J(H,H) = 12.5 Hz, 3J(H,H) = 9.5 Hz, 1H; CH), 4.01 (dd, 3J(H,H) = 9.0 Hz, 
2J(H,H) = 4.0 Hz, 1H; CH2), 1.66 (s, 3H; CH3), 1.42 (s, 3H; CH3); 13C NMR (125 MHz, CDCl3, TMS): 
δ = 133.5, 132.7, 130.3, 130.6, 129.1, 127.7, 127.3, 124.9, 122.7, 89.7, 76.7, 46.3, 27.0, 23.8; HPLC 
(Chiralpak AS-H, i-propanol/hexane = 30/70, flow rate 0.5 mL/min, λ = 254 nm): tminor = 14.0 min, 
tmajor = 12.6 min, ee = 83 %; [α]25

D (major) = +20.3 (c = 0.8 in CHCl3). 
 

NO2

Cl

O2N

3e
 

1-Chloro-2-(2-methyl-2-nitro-1-nitromethyl-propyl)-benzene (3e) (Table 2, entry 5): The title 
compound was prepared according the typical procedure, as described above in 73% yield.  1H NMR 
(500 MHz, CDCl3, TMS): δ = 7.38 (dd, 3J(H,H) = 6.0 Hz, 4J(H,H) = 4.0 Hz, 1H; Ar), 7.27-7.18 (m, 
2H; Ar), 7.05 (dd, 3J(H,H) = 6.0 Hz, 4J(H,H) = 3.5 Hz, 1H; Ar), 4.94-4.86 (m, 2H; CH2, CH), 4.86-
4.78 (m, 1H; CH2), 1.66 (s, 3H; CH3), 1.49 (s, 3H; CH3); 13C NMR (125 MHz, CDCl3, TMS): δ = 
136.1, 132.2, 130.5, 130.0, 127.7, 127.3, 89.9, 76.1, 45.8, 26.3, 22.8; HPLC (Chiralpak AS-H, i-
propanol/hexane = 40/60, flow rate 0.5 mL/min, λ = 254 nm): tminor = 17.2 min, tmajor = 16.1 min, ee = 
81%; [α]25

D (major) = +18.8 (c = 1.6 in CHCl3). 
 

NO2

Cl

Cl
NO2

3f  
1,3-Dichloro-2-(2-methyl-2-nitro-1-nitromethyl-propyl)-benzene (3f) (Table 2, entry 6): The title 
compound was prepared according the typical procedure, as described above in 75% yield.  1H NMR 
(500 MHz, CDCl3, TMS): δ = 7.35 (dd, 3J(H,H) = 9.6 Hz, 4J(H,H) = 1.0 Hz, 1H; Ar), 7.25 (dd, 3J(H,H) 
= 9.6 Hz, 4J(H,H) = 1.0 Hz, 1H; Ar), 7.18-7.12 (m, 1H; Ar), 5.41 (dd, 3J(H,H) = 14.0 Hz, 3J(H,H) = 9.0 
Hz, 1H; CH), 4.74 (dd, 3J(H,H) = 9.0 Hz, 2J(H,H) = 4.5 Hz, 1H; CH2), 4.01 (dd, 3J(H,H) = 14.0 Hz, 
2J(H,H) = 4.5 Hz, 1H; CH2), 1.66 (s, 3H; CH3), 1.60 (s, 3H; CH3); 13C NMR (125 MHz, CDCl3, TMS): 
δ = 138.6, 134.9, 130.9, 130.8, 130.3, 129.4, 88.8, 74.0, 47.2, 27.2, 24.5; HPLC (Chiralpak AS-H, i-
propanol/hexane = 30/70, flow rate 0.5 mL/min, λ = 254 nm): tminor = 15.3 min, tmajor = 16.6 min, ee = 
80%; [α]25

D (major) = +15.9 (c = 1.2 in CHCl3). 
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NO2

O2N

H3CO 3g  
1-Methoxy-4-(2-methyl-2-nitro-1-nitromethyl-propyl)-benzene (3g) (Table 2, entry 7): The title 
compound was prepared according the typical procedure, as described above in 78% yield.  1H NMR 
(500 MHz, CDCl3, TMS): δ = 7.09 (d, 3J(H,H) = 9.0 Hz, 2H; Ar), 6.86 (d, 3J(H,H) = 8.5 Hz, 2H; Ar), 
4.93 (dd, 3J(H,H) = 13.0 Hz, 3J(H,H) = 11.5 Hz, 1H; CH), 4.70 (dd, 3J(H,H) = 13.5 Hz, 2J(H,H) = 4.0 
Hz, 1H; CH2), 4.02 (dd, 3J(H,H) = 11.0 Hz, 2J(H,H) = 4.0 Hz, 1H; CH2), 3.78 (s, 3H; OCH3), 1.62 (s, 
3H; CH3), 1.59 (s, 3H; CH3); 13C NMR (125 MHz, CDCl3, TMS): δ = 159.9, 129.9, 125.3, 114.4, 89.7, 
76.0, 55.2, 51.0, 26.0, 23.0; HPLC (Chiralpak AS-H, i-propanol/hexane = 30/70, flow rate 0.5 mL/min, 
λ = 254 nm): tminor = 27.6 min, tmajor = 25.5 min, ee = 67%; [α]25

D (major) = +13.3 (c = 1.6 in CHCl3). 
 

NO2

O2N

OCH3
3h

 
1-Methoxy-2-(2-methyl-2-nitro-1-nitromethyl-propyl)-benzene (3h) (Table 2, entry 8): The title 
compound was prepared according the typical procedure, as described above in 73% yield.  1H NMR 
(500 MHz, CDCl3, TMS): δ = 7.27-7.18 (m, 1H; Ar), 7.02-6.97 (m, 1H; Ar), 6.90-6.81 (m, 2H; Ar), 
5.01-4.90 (m, 1H; CH), 4.81 (dd, 3J(H,H) = 13.5 Hz, 2J(H,H) = 4.0 Hz, 1H; CH2), 4.70-4.50 (m, 1H; 
CH2), 3.76 (s, 3H; OCH3), 1.57 (s, 3H; CH3), 1.45 (s, 3H; CH3); 13C NMR (125 MHz, CDCl3, TMS): δ 
= 157.8, 130.0, 122.5, 121.0, 111.5, 89.9, 75.7, 55.5, 26.3, 23.1; HPLC (Chiralpak AS-H, i-
propanol/hexane = 30/70, flow rate 0.5 mL/min, λ = 254 nm): tminor = 17.0 min, tmajor = 15.9 min, ee = 
84%; [α]25

D (major) = +19.2 (c = 1.5 in CHCl3). 
 

NO2

O2N

O
Bn 3i  

1-Benzyloxy-2-(2-methyl-2-nitro-1-nitromethyl-propyl)-benzene (3i) (Table 2, entry 9): The title 
compound was prepared according the typical procedure, as described above in 80% yield.  1H NMR 
(500 MHz, CDCl3, TMS): δ = 7.40-7.25 (m, 4H; Ar), 7.22-7.05 (m, 1H; Ar), 7.02-6.96 (m, 1H; Ar), 
6.91-6.80 (m, 2H; Ar), 5.08-4.88 (m, 1H; CH), 5.00 (s, 2H; OCH2), 4.77-4.70 (m, 2H; CH2), 1.52 (s, 
3H; CH3), 1.42 (s, 3H; CH3); 13C NMR (125 MHz, CDCl3, TMS): δ = 159.2, 136.5, 129.9, 128.6, 128.1, 
127.5, 125.6, 115.3, 89.7, 76.0, 70.1, 51.0, 26.1, 23.0; HPLC (Chiralpak AS-H, i-propanol/hexane = 
30/70, flow rate 0.5 mL/min, λ = 254 nm): tminor = 16.8 min, tmajor = 16.1 min, ee = 77 %; [α]25

D (major) 
= +17.5 (c = 1.5 in CHCl3).  
 

NO2

O2N

OCH3
OCH3 3j  

1,2-Dimethoxy-3-(2-methyl-2-nitro-1-nitromethyl-propyl)-benzene (3j) (Table 2, entry 10): The 
title compound was prepared according the typical procedure, as described above in 78% yield.  1H 
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NMR (500 MHz, CDCl3, TMS): δ = 7.01-6.92 (m, 1H; Ar), 6.95 (d, 3J(H,H) = 8.0 Hz, 1H; Ar), 6.59 (d, 
3J(H,H) = 8.0 Hz, 1H; Ar), 4.91 (dd, 3J(H,H) = 13.0 Hz, 3J(H,H) = 11.5 Hz, 1H; CH), 4.77 (dd, 3J(H,H) 
= 13.0 Hz, 2J(H,H) = 4.0 Hz, 1H; CH2), 4.72-4.61 (m, 1H; CH2), 1.56 (s, 3H; CH3), 1.43 (s, 3H; CH3); 
13C NMR (125 MHz, CDCl3, TMS): δ = 152.8, 148.0, 127.6, 124.3, 118.4, 112.6, 76.1, 60.8, 55.6, 
26.5, 22.5; HPLC (Chiralcel OD-H, i-propanol/hexane = 30/70, flow rate 0.5 mL/min, λ = 254 nm): 
tminor = 16.3 min, tmajor = 15.3 min, ee = 85%; [α]25

D (major) = +22.1 (c = 1.1 in CHCl3). 
 

NO2

O2N

S 3k  
2-(2-Methyl-2-nitro-1-nitromethyl-propyl)-thiophene (3k) (Table 2, entry 11): The title compound 
was prepared according the typical procedure, as described above in 78% yield.  1H NMR (500 MHz, 
CDCl3, TMS): δ = 7.27-7.22 (m, 1H; Ar), 6.94-6.89 (m, 2H; Ar), 4.80 (dd, 3J(H,H) = 13.0 Hz, 3J(H,H) 
= 11.0 Hz, 1H; CH), 4.69 (dd, 3J(H,H) = 13.0 Hz, 2J(H,H) = 4.0 Hz, 1H; CH2), 4.46 (dd, 3J(H,H) = 
11.0 Hz, 2J(H,H) = 3.5 Hz, 1H; CH2), 1.61 (s, 3H; CH3), 1.57 (s, 3H; CH3); 13C NMR (125 MHz, 
CDCl3, TMS): δ = 135.5, 128.4, 127.2, 126.4, 89.6, 76.7, 47.2, 26.1, 23.0; HPLC (Chiralpak AS-H, i-
propanol/hexane = 30/70, flow rate 0.5 mL/min, λ = 254 nm): tminor = 19.7 min, tmajor = 20.6 min, ee = 
70%; [α]25

D (major) = +11.8 (c = 1.7 in CHCl3). 
 

NO2

O2N

Cl
3l  

1-Chloro-2-[2-nitro-1-(1-nitro-cyclopentyl)-ethyl]-benzene (3l) (Scheme 1): The title compound was 
prepared according the typical procedure, as described above in 61% yield.  1H NMR (500 MHz, 
CDCl3, TMS): δ = 7.40-7.34 (m, 1H; Ar), 7.25-7.15 (m, 2H; Ar), 7.02-6.95 (m, 1H; Ar), 5.02-4.87 (m, 
1H; CH2, CH), 4.72 (dd, 3J(H,H) = 10.0 Hz, 2J(H,H) = 4.0 Hz, 1H; CH2), 2.70-2.57 (m, 1H; CH2), 
2.42-2.30 (m, 1H; CH2), 2.08-1.87 (m, 2H; CH2), 1.85-1.53 (m, 4H; CH2); 13C NMR (125 MHz, 
CDCl3, TMS): δ = 135.3, 132.6, 130.4, 130.0, 127.7, 127.0, 102.2, 76.7, 45.3, 38.1, 33.5, 23.1, 22.8; 
HPLC (Chiralpak AS-H, ethanol/hexane = 40/60, flow rate 0.5 mL/min, λ = 254 nm): tminor = 37.1 min, 
tmajor = 17.2 min, ee = 84%; [α]25

D (major) = +33.5 (c = 1.3 in CHCl3). 
 

NO2

O2N

Cl
3m

 
1-Chloro-2-[2-nitro-1-(1-nitro-cyclohexyl)-ethyl]-benzene (3m) (Scheme 1): The title compound 
was prepared according the typical procedure, as described above in 80% yield.  1H NMR (500 MHz, 
CDCl3, TMS): δ = 7.42-7.34 (m, 1H; Ar), 7.28-7.17 (m, 2H; Ar), 7.00-6.91 (m, 1H; Ar), 4.96 (dd, 
3J(H,H) = 13.5 Hz, 2J(H,H) = 4.0 Hz, 1H; CH2), 4.74 (dd, 3J(H,H) = 13.5 Hz, 3J(H,H) = 11.0 Hz, 1H; 
CH), 4.62 (dd, 3J(H,H) = 11.0 Hz, 2J(H,H) = 4.0 Hz, 1H; CH2), 2.77-2.67 (m, 1H; CH2), 2.15-2.03 (m, 
1H; CH2), 1.75-1.50 (m, 5H; CH2), 1.35-1.05 (m, 3H; CH2); 13C NMR (125 MHz, CDCl3, TMS): δ = 
136.0, 131.9, 130.3, 129.9, 127.5, 127.4, 93.0, 75.6, 46.6, 34.2, 31.1, 24.1, 22.1, 21.8; HPLC 
(Chiralpak AS-H, ethanol/hexane = 40/60, flow rate 0.5 mL/min, λ = 254 nm): tminor = 41.6 min, tmajor = 
18.2 min, ee = 87%; [α]25

D (major) = +27.3 (c = 0.6 in CHCl3). 
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NO2

O2N

Cl
3n  

1-Chloro-2-(2-nitro-1-nitromethyl-butyl)-benzene (3n) (Scheme 1): The title compound was 
prepared according to the typical procedure, as described above in 85% yield.  1H NMR (500 MHz, 
CDCl3, TMS) (major isomer): δ = 7.49-7.42 (m, 1H; Ar), 7.34-7.25 (m, 2H; Ar), 7.22-7.14 (m, 1H; 
Ar), 5.08-4.95 (m, 1H; CH2), 4.94-4.83 (m, 1H; CH2), 4.78-4.55 (m, 2H; CH), 2.07-1.93 (m, 2H; CH2), 
0.96 (t, 3J(H,H) = 7.5 Hz, 3H; CH3); 13C NMR (125 MHz, CDCl3, TMS): δ = 134.2, 131.9, 130.9, 
130.1, 127.9, 127.6, 89.8, 75.0, 25.4, 10.1; HPLC (Chiralcel OJ-H, i-propanol/hexane = 30/70, flow 
rate 0.5 mL/min, λ = 254 nm): (major isomer) tminor = 40.1 min, tmajor = 29.3 min, ee = 81%; (minor 
isomer) tminor = 61.2 min, tmajor = 41.23 min, ee = 74%; dr = 2:1. 
 

NO2

O2N

3o  
(2-Nitro-1-nitromethyl-propyl)-benzene (3o) (Scheme 1): The title compound was prepared 
according to the typical procedure, as described above in 84% yield.  1H NMR (500 MHz, CDCl3, 
TMS) (major isomer): δ = 7.40-7.25 (m, 3H; Ar), 7.22-7.10 (m 2H; Ar), 5.10-4.86 (m, 2H; CH, CH2), 
4.85-4.76 (m, 1H; CH), 4.10-3.97 (m, 1H; CH2), 1.58 (d, 3J(H,H) = 6.5 Hz, 3H; CH3); 13C NMR (125 
MHz, CDCl3, TMS) (major isomer): δ = 133.4, 129.2, 129.0, 127.9, 84.0, 76.0, 47.3, 16.7; HPLC 
(Chiralpak AS-H, i-propanol/hexane = 30/70, flow rate 0.5 mL/min, λ = 254 nm): tminor = 24.1 min, 
tmajor = 15.1 min, ee = 74%; [α]25

D (major) = +15.3 (c = 1.6 in CH2Cl2) (lit.[2]: [α]25
D = +21.6 (c = 1.12 

in CH2Cl2).  
 
Data for Minor isomer: 1H NMR (500 MHz, CDCl3, TMS) (minor isomer): δ = 7.45-7.27 (m, 3H; Ar), 
7.22-7.15 (m 2H; Ar), 4.91-4.70 (m, 2H; CH, CH2), 4.70-4.60 (m, 1H; CH), 4.10-3.97 (m, 1H; CH2), 
1.40 (d, 3J(H,H) = 7.0 Hz, 3H; CH3); 13C NMR (125 MHz, CDCl3, TMS) (minor isomer): δ = 133.7, 
129.5, 129.1, 128.0, 84.6, 76.7, 47.8, 17.9; HPLC (Chiralcel OJ-H, i-propanol/hexane = 30/70, flow 
rate 0.5 mL/min, λ = 254 nm): tminor = 39.5 min, tmajor = 31.4 min, ee = 65%; [α]25

D (major) = +10.1 (c = 
1.0 in CH2Cl2). 
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