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Generel Methods  

Column chromatography was carried out with silica gel (200−300 mesh). Melting points were 

measured with a XT-4 melting point apparatus without correction. 1H NMR spectra were 

recorded with a Varian Mercury-plus 400 MHz spectrometer. Chemical shifts were reported in 

ppm with the internal TMS signal at 0.0 ppm as a standard. The data are reported as follows: 

chemical shift (ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = 

multiplet or unresolved, br s = broad singlet), coupling constant(s) in Hz, and integration. 13C 

NMR spectra were recorded at 100 MHz. Chemical shifts are reported in ppm with the 

internal chloroform signal at 77.0 ppm as a standard. Infrared spectra were obtained with a 

Perkin Elmer Spectrum One spectrometer. The ESI-MS spectra were obtained with a Bruker 

APEX IV mass spectrometer. Optical rotations were measured with Krüss P8000 or WZZ-3 

polarimeter at the indicated concentration with unit g/100 mL. The diastereomeric ratios and 

enantiomeric excesses of the products were determined by chiral HPLC using an Agilent 1200 

LC instrument with Daicel Chiralcel column (OD-H, OF) or Daicel Chiralpak columns (AS-H, 

IB, IA). The absolute configurations of the known adducts were assigned by HPLC and 

optical rotation comparisons with the reported data1, and those of other adducts were assigned 

by analogy.    

 

Materials 

Commercially available compounds were used without further purification, unless otherwise 

stated. Nitroalkanes were obtained from commercial sources and used with distillation. 

Nitroalkenes were prepared according to the literature procedures.2 Racemic samples of  

3a−3r and 6a−6b were prepared with 10 mol% Et3N as the catalyst. The squaramide 

organocatalysts I−IV3, V−VIII4, and IX−X5 were prepared following the reported procedures. 

 

General procedure for the direct asymmetric addition of nitroalkanes to nitroalkenes 

The mixture of nitroalkene 1 (0.2 mmol, 1.0 equiv) and catalyst IX (2 mol%) in 

dichloromethane (0.5 mL) was stirred at −20 oC for 30 min. Then nitroalkene 2 (1.0 mmol, 

5.0 equiv) was added. After stirring at −20 oC for 48−96 h, the reaction mixture was 

concentrated and directly purified by silica gel column chromatography to afford the mixture 

of the syn and anti diastereomer of chiral 1,3-dinitro compounds 3. The mixture was analyzed 
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to determine the diastereoselectivity and enantioselectivity of the reaction by chiral HPLC. 

Then the syn diastereoisomer was obtained by another column chromatography separation on 

silica gel, and used for characterization. 

 

NO2

NO2

3a  

[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3a) (Table 3, entry 1) 

The compound 3a (the mixture of the syn and anti diastereomer) was obtained according to 

the general procedure (42.2 mg, 94% yield). It was analyzed to determine the 

diastereoselectivity and enantioselectivity of the reaction (95:5 dr, 97% ee for the major 

syn-distereomer) by HPLC (Daicel Chiralpak AS-H column, n-hexane/2-propanol = 90:10, 

flow rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor = 29.6 min, tmajor = 31.3 

min; anti diastereomer: tR = 20.2, 21.8 min.  

The syn distereomer was purified by flash chromatography to afford a white solid, m.p. 78−80 
oC. [α]D

30 = −6.7 (c 0.42, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 7.35−7.32 (m, 3H), 

7.16−7.15 (m, 2H), 4.97−4.90 (m, 2H), 4.82 (dd, J1 = 13.6 Hz, J2 = 8.4 Hz, 1H), 4.05−4.00 (m, 

1H), 1.58 (d, J = 6.8 Hz, 3H). 

 

NO2

NO2

F
3b  

1-Fluoro-4-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3b) (Table 3, entry 2) 

The compound 3b (the mixture of the syn and anti diastereomer) was obtained according to 

the general procedure (47.2 mg, 98% yield). It was analyzed to determine the 

diastereoselectivity and enantioselectivity of the reaction (94:6 dr, 96% ee for the major 

syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 90:10, flow 

rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor = 20.5 min, tmajor = 23.4 min; 

anti diastereomer: tR = 15.4, 16.2 min.  

The syn distereomer was purified by flash chromatography to afford a white solid, m.p. 
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125−127 oC. [α]D
30 = −8.0 (c 0.40, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 7.16−7.14 (m, 

2H), 7.07−7.03 (m, 2H), 4.95−4.87 (m, 2H), 4.79 (dd, J1 = 13.6 Hz, J2 = 8.8 Hz, 1H), 

4.03−4.00 (m, 1H), 1.58 (d, J = 6.4 Hz, 3H). 

 

NO2

NO2

Cl
3c  

1-Chloro-4-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3c) (Table 3, entry 3) 

The compound 3c (the mixture of the syn and anti diastereomer) was obtained according to 

the general procedure (48.9 mg, 95% yield). It was analyzed to determine the 

diastereoselectivity and enantioselectivity of the reaction (92:8 dr, 96% ee for the major 

syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 90:10, flow 

rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor = 23.3 min, tmajor = 33.3 min; 

anti diastereomer: tR = 18.2 min.  

The syn distereomer was purified by flash chromatography to afford a white solid, m.p. 96−98 
oC. [α]D

30 = −7.2 (c 0.64, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 7.34 (d, J = 6.4 Hz, 2H), 

7.10 (d, J = 6.8 Hz, 2H), 4.94−4.88 (m, 2H), 4.79 (dd, J1 = 12.4 Hz, J2 = 8.4 Hz, 1H), 

4.02−3.99 (m, 1H), 1.59 (d, J = 4.8 Hz, 3H). 

 

NO2

NO2

Cl
3d  

1-Chloro-2-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3d) (Table 3, entry 4) 

The compound 3d (the mixture of the syn and anti diastereomer) was obtained according to 

the general procedure (42.8 mg, 83% yield). It was analysed to determine the 

diastereoselectivity and enantioselectivity of the reaction (88:12 dr, 95% ee for the major 

syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 90:10, flow 

rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor = 16.2 min, tmajor = 27.4 min; 

anti diastereomer: tR = 12.7 min.  

The syn distereomer was purified by flash chromatography to afford a pale yellow oil. [α]D
30 = 
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+10.1 (c 0.73, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 7.46−7.44 (m, 1H), 7.29−7.27 (m, 

2H), 7.21−7.13 (m, 1H), 5.18−5.14 (m, 1H), 4.95−4.85 (m, 2H), 4.76−4.70 (m, 1H), 1.62 (d, J 

= 6.4 Hz, 3H). 

 

NO2

NO2

Br
3e  

1-Bromo-4-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3e) (Table 3, entry 5) 

The compound 3e (the mixture of the syn and anti diastereomer) was obtained according to 

the general procedure (55.0 mg, 91% yield). It was analyzed to determine the 

diastereoselectivity and enantioselectivity of the reaction (94:6 dr, 96% ee for the major 

syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 85:15, flow 

rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor = 18.4 min, tmajor = 29.0 min; 

anti diastereomer: tR = 14.8, 16.0 min.  

The syn distereomer was purified by flash chromatography to afford a white solid, m.p. 77−79 
oC. [α]D

30 = −5.2 (c 0.85, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 7.53−7.48 (m, 2H), 

7.09−7.03 (m, 2H), 4.94−4.87 (m, 2H), 4.78 (dd, J1 = 13.6 Hz, J2 = 8.4 Hz, 1H), 4.01−3.96 (m, 

1H), 1.58 (d, J = 6.4 Hz, 3H). 

 

NO2

NO2

Me
3f  

1-Methyl-4-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3f) (Table 3, entry 6) 

The compound 3f (the mixture of the syn and anti diastereomer) was obtained according to 

the general procedure (43.5 mg, 91% yield). It was analyzed to determine the 

diastereoselectivity and enantioselectivity of the reaction (91:9 dr, 96% ee for the major 

syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 90:10, flow 

rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor = 17.2 min, tmajor = 40.7 min; 

anti diastereomer: tR = 12.9, 14.3 min.  

The syn distereomer was purified by flash chromatography to afford a white solid, m.p. 50−52 
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oC. [α]D
30 = −11.2 (c 0.86, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 7.14 (d, J = 7.2 Hz, 2H), 

7.03 (d, J = 7.2 Hz, 2H), 4.94−4.87 (m, 2H), 4.79 (dd, J1 = 13.6 Hz, J2 = 8.4 Hz, 1H), 

3.99−3.94 (m, 1H), 2.31 (s, 3H), 1.56 (d, J = 6.0 Hz, 3H). 

 

NO2

NO2

MeO

3g  

1-Methoxy-4-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3g) (Table 3, entry 7) 

The compound 3g (the mixture of the syn and anti diastereomer) was obtained according to 

the general procedure (46.0 mg, 90% yield). It was analyzed to determine the 

diastereoselectivity and enantioselectivity of the reaction (94:6 dr, 97% ee for the major 

syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 90:10, flow 

rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor = 23.1 min, tmajor = 37.6 min; 

anti diastereomer: tR = 17.4, 18.9 min.  

The syn distereomer was purified by flash chromatography to afford a white solid, m.p. 80−82 
oC. [α]D

30 = −12.0 (c 0.98, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 7.06 (d, J = 8.4 Hz, 2H), 

6.86 (d, J = 8.4 Hz, 2H), 4.93−4.86 (m, 2H), 4.78 (dd, J1 = 13.6 Hz, J2 = 8.4 Hz, 1H), 

3.97−3.92 (m, 1H), 3.77 (s, 3H), 1.56 (d, J = 6.8 Hz, 3H). 

 

NO2

NO2

OMe

3h   

1-Methoxy-2-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3h) (Table 3, entry 8) 

The compound 3h (the mixture of the syn and anti diastereomer) was obtained according to 

the general procedure (44.7 mg, 88% yield). It was analyzed to determine the 

diastereoselectivity and enantioselectivity of the reaction (94:6 dr, 97% ee for the major 

syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 90:10, flow 

rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor = 12.5 min, tmajor = 16.6 min; 
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anti diastereomer: tR = 9.0, 9.6 min.  

The syn distereomer was purified by flash chromatography to afford a white solid, m.p. 64−66 
oC. [α]D

30 = +4.5 (c 0.98, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 7.31−7.27 (m, 1H), 7.05 

(d, J = 7.2 Hz, 1H), 6.92−6.89 (m, 2H), 5.16 (dd, J1 = 14.0 Hz, J2 = 6.8 Hz, 1H), 4.88−4.86 

(m, 2H), 4.30 (dd, J1 = 14.0 Hz, J2 = 6.8 Hz, 1H), 3.85 (s, 3H), 1.58 (d, J = 6.8 Hz, 3H). 

 

NO2

NO2

MeO
OMe
3i  

1,2-Dimethoxy-4-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3i) (Table 3, entry 9) 

The compound 3i (the mixture of the syn and anti diastereomer) was obtained according to 

the general procedure (40.5 mg, 71% yield). It was analyzed to determine the 

diastereoselectivity and enantioselectivity of the reaction (88:12 dr, 96% ee for the major 

syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 90:10, flow 

rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor = 43.5 min, tmajor = 46.6 min; 

anti diastereomer: tR = 30.6 min.  

The syn distereomer was purified by flash chromatography to afford a white solid, m.p. 85−86 
oC. [α]D

30 = −15.0 (c 0.96, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 6.82 (d, J = 8.4 Hz, 1H), 

6.71−6.69 (m, 1H), 6.62 (s, 1H), 4.96−4.88 (m, 2H), 4.80 (dd, J1 = 13.2 Hz, J2 = 8.4 Hz, 1H), 

3.96−3.92 (m, 1H), 3.85 (s, 6H), 1.58 (d, J = 6.4 Hz, 3H). 

 

NO2

NO2

3j   

1-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]naphthalene (3j) (Table 3, entry 10) 

The compound 3j (the mixture of the syn and anti diastereomer) was obtained according to 

the general procedure (43.3 mg, 79% yield). It was analyzed to determine the 

diastereoselectivity and enantioselectivity of the reaction (92:8 dr, 95% ee for the major 
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syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 85:15, flow 

rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor = 21.2 min, tmajor = 78.8 min; 

anti diastereomer: tR = 14.1, 17.1 min.  

The syn distereomer was purified by flash chromatography to afford pale yellow oil. [α]D
30 = 

+40.5 (c 0.82, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 8.17 (d, J = 7.2 Hz, 1H), 7.89 (d, J 

= 8.0 Hz, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.65−7.62 (m, 1H), 7.55 (t, J = 7.2 Hz, 1H), 7.43 (t, J 

= 7.2 Hz, 1H), 7.31 (d, J = 7.2 Hz, 1H), 5.15 (dd, J1 = 12.4 Hz, J2 = 6.4 Hz, 2H), 4.97 (d, J = 

6.8 Hz, 2H), 1.56 (d, J = 6.4 Hz, 3H). 

 

O

NO2

NO2

3k  
2-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]furan (3k) (Table 3, entry 11) 

The compound 3k (the mixture of the syn and anti diastereomer) was obtained according to 

the general procedure (27.4 mg, 64% yield). It was analyzed to determine the 

diastereoselectivity and enantioselectivity of the reaction (89:11 dr, 96% ee for the major 

syn-distereomer) by HPLC (Daicel Chiralcel OD H column, n-hexane/2-propanol = 95:5 flow 

rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor = 29.3 min, tmajor = 30.6 min; 

anti diastereomer: tR = 21.6, 23.5 min.  

The syn distereomer was purified by flash chromatography to afford yellow oil. [α]D
30 = −27.0 

(c 0.40, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 7.39 (d, J = 1.2 Hz, 1H), 6.34 (d, J = 1.2 

Hz, 1H), 6.27 (d, J = 2.0 Hz, 1H), 4.93−4.81 (m, 3H), 4.31−4.24 (m, 1H), 1.61 (d, J = 6.8 Hz, 

3H). 

 

S

NO2

NO2

3l  

2-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]thiophene (3l) (Table 3, entry 12) 

The compound 3l (the mixture of the syn and anti diastereomer) was obtained according to 
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the general procedure (29.0 mg, 63% yield). It was analyzed to determine the 

diastereoselectivity and enantioselectivity of the reaction (79:21 dr, 95% ee for the major 

syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 90:10, flow 

rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor = 19.6 min, tmajor = 29.7 min; 

anti diastereomer: tR = 16.5 min.  

The syn distereomer was purified by flash chromatography to afford a white solid, m.p. 66−68 
oC. [α]D

30 = −54.7 (c 0.34, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 7.29 (s, 1H), 6.89 (d, J 

= 1.6 Hz, 1H), 6.92 (d, J = 1.6 Hz, 1H), 4.97−4.94 (m, 2H), 4.85−4.80 (m, 1H), 4.34−4.32 (m, 

1H), 1.62 (d, J = 6.8 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ = 134.8, 127.4, 127.2, 126.2, 

83.9, 76.7, 42.6, 16.6. IR (KBr): ν 3110, 2918, 1551, 1432, 1377, 1361, 852, 708 cm-1. HRMS 

(ESI): m/z calcd. for C8H10N2NaO4S [M +Na]+  253.02535, found 253.02543. 

 

NO2

NO2

3m  
(3S,4S)-2-Methyl-4-nitro-3-(nitromethyl)pentane (3m) (Table 3, entry 13) 

The compound 3m (the mixture of the syn and anti diastereomer) was obtained according to 

the general procedure (6.1 mg, 16% yield). It was analyzed to determine the 

diastereoselectivity and enantioselectivity of the reaction (67:33 dr, 80% ee for the major 

syn-distereomer) by HPLC (Daicel Chiralcel OD H column, n-hexane/2-propanol = 95:5, 

flow rate 0.5 mL/min, detection at 210 nm), syn diastereomer: tmajor = 27.1 min, tminor = 28.8 

min; anti diastereomer: tR = 22.3 min.  

The syn distereomer was purified by flash chromatography to afford colorless oil. [α]D
30 = 

+4.0 (c 0.20, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 4.81−4.78 (m, 1H), 4.51−4.42 (m, 

2H), 2.98−2.87 (m, 1H), 1.89−1.86 (m, 1H), 1.56 (d, J = 5.2 Hz, 3H), 1.05 (d, J = 4.8 Hz, 3H), 

0.92 (d, J = 5.2 Hz, 3H). 

 

NO2

NO2

3n  
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[(1S,2S)-2-nitro-1-(nitromethyl)butyl]benzene (3n) (Table 3, entry 14) 

The compound 3n (the mixture of the syn and anti diastereomer) was obtained according to 

the general procedure (37.8 mg, 79% yield). It was analyzed to determine the 

diastereoselectivity and enantioselectivity of the reaction (88:12 dr, 92% ee for the major 

syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 90:10, flow 

rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor = 16.0 min, tmajor = 57.8 min; 

anti diastereomer: tR = 12.0 min.  

The syn distereomer was purified by flash chromatography to afford a white solid, m.p. 51−53 
oC. [α]D

30 = −9.8 (c 0.92, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 7.34 (s, 3H), 7.16 (s, 2H), 

4.90−4.86 (m, 1H), 4.79−4.74 (m, 2H), 4.06−4.03 (m, 1H), 2.03−1.99 (m, 1H), 1.89−1.87 (m, 

1H), 1.01 (t, J = 6.8 Hz, 3H). 

 

NO2

NO2

Cl
3o  

1-Chloro-4-[(1S,2S)-2-nitro-1-(nitromethyl)butyl]benzene (3o) (Table 3, entry15) 

The compound 3o (the mixture of the syn and anti diastereomer) was obtained according to 

the general procedure (48.0 mg, 88% yield). It was analyzed to determine the 

diastereoselectivity and enantioselectivity of the reaction (89:11 dr, 96% ee for the major 

syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 90:10, flow 

rate 0.5 mL/min, detection at 210 nm), syn diastereomer: tminor = 38.5 min, tmajor = 63.8 min; 

anti diastereomer: tR = 25.5, 27.4 min.  

The syn distereomer was purified by flash chromatography to afford a white solid, m.p. 97−98 
oC. [α]D

30 = −4.4 (c 0.50, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 7.33 (d, J = 7.2 Hz, 2H), 

7.10 (d, J = 7.6 Hz, 2H), 4.85 (dd, J1 = 13.2 Hz, J2 = 5.2 Hz, 1H), 4.76−4.70 (m, 2H), 

4.04−3.99 (m, 1H), 2.04−1.97 (m, 1H), 1.89−1.84 (m, 1H), 1.02 (t, J = 6.4 Hz, 3H). 
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NO2

NO2

Cl

3p   

1-Chloro-2-[(1S,2S)-2-nitro-1-(nitromethyl)butyl]benzene (3p) (Table 3, entry16) 

The compound 3p (the mixture of the syn and anti diastereomer) was obtained according to 

the general procedure (39.4 mg, 72% yield). It was analyzed to determine the 

diastereoselectivity and enantioselectivity of the reaction (81:19 dr, 96% ee for the major 

syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 90:10, flow 

rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor = 12.5 min, tmajor = 26.2 min; 

anti diastereomer: tR = 9.4, 9.9 min.  

The syn distereomer was purified by flash chromatography to afford a pale yellow oil. [α]D
30 = 

+11.6 (c 0.91, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 7.44 (d, J = 6.4 Hz, 1H), 7.28−7.25 

(m, 2H), 7.16 (d, J = 6.4 Hz, 1H), 5.15−4.95 (m, 1H), 4.92−4.82 (m, 2H), 4.67−4.63 (m, 1H), 

2.02−1.95 (m, 2H), 1.02 (t, J = 6.4 Hz, 3H). 

 

NO2

NO2

MeO

3q  

1-Methoxy-4-[(1S,2S)-2-nitro-1-(nitromethyl)butyl]benzene (3q) (Table 3, entry17) 

The compound 3q (the mixture of the syn and anti diastereomer) was obtained according to 

the general procedure (34.6 mg, 64% yield). It was analyzed to determine the 

diastereoselectivity and enantioselectivity of the reaction (92:8 dr, 97% ee for the major 

syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 90:10, flow 

rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor = 19.0 min, tmajor = 34.5 min; 

anti diastereomer: tR = 12.8 min.  

The syn distereomer was purified by flash chromatography to afford a white solid, m.p. 69−71 
oC. [α]D

30 = −11.2 (c 0.64, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 7.06 (d, J = 8.4 Hz, 2H), 

6.85 (d, J = 8.4 Hz, 2H), 4.84 (dd, J1 = 13.2 Hz, J2 = 6.0 Hz, 1H), 4.75−4.70 (m, 2H), 
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4.00−3.94 (m, 1H), 3.78 (s, 3H), 2.04−1.96 (m, 1H), 1.88−1.83 (m, 1H), 1.01 (t, J = 7.2 Hz, 

3H). 

 

NO2

NO2

OMe

3r   

1-Methoxy-2-[(1S,2S)-2-nitro-1-(nitromethyl)butyl]benzene (3r) (Table 3, entry18) 

The compound 3r (the mixture of the syn and anti diastereomer) was obtained according to 

the general procedure (31.4 mg, 58% yield). It was analyzed to determine the 

diastereoselectivity and enantioselectivity of the reaction (90:10 dr, 96% ee for the major 

syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 90:10, flow 

rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor = 10.4 min, tmajor = 14.7 min; 

anti diastereomer: tR = 7.7, 8.3 min.  

The syn distereomer was purified by flash chromatography to afford colorless oil. [α]D
30 = 

+9.2 (c 1.30, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 7.29 (t, J = 7.6 Hz, 1H), 7.04 (d, J = 

6.4 Hz, 1H), 6.91−6.89 (m, 2H), 5.03−4.98 (m, 1H), 4.90−4.82 (m, 2H), 4.28−4.23 (m, 1H), 

3.86 (s, 3H), 2.03−1.96 (m, 1H), 1.90−1.85 (m, 1H), 0.99 (t, J = 6.4 Hz, 3H). 

 

Further investigation of substrate scope 

NO2

R

NO2
NO2

NO2

+
2 mol% IX

CH2Cl2, -20 oC, 72 h

6a: R = H  46% yield, 81:19 dr, 87% ee
6b: R = OMe  53% yield, 76:24 dr, 90% ee

5 2a 6
R

 

The mixture of nitrodiene 5 (0.4 mmol, 1.0 equiv) and catalyst IX (2 mol%) in 

dichloromethane (1.0 mL) was stirred for 30 min. Then nitroethane 2a (72 μL, 2.0 mmol, 5.0 

equiv) was added. After stirring at −20 oC for 72 h, the reaction mixture was concentrated and 

directly purified by silica gel column chromatography to afford the mixture of the syn and anti 

diastereomer of chiral 1,3-dinitro compounds 6. The mixture was analyzed to determine the 

diastereoselectivity and enantioselectivity of the reaction by chiral HPLC. Then the syn 
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diastereoisomer was obtained by another column chromatography separation on silica gel, and 

used for characterization. 

 

NO2

NO2

6a  
[(1E,3S,4S)-4-nitro-3-(nitromethyl)-1-penten-1-yl]benzene (6a) 

 

The compound 6a (the mixture of the syn and anti diastereomer) was obtained according to 

the general procedure (46.4 mg, 46% yield). It was analyzed to determine the 

diastereoselectivity and enantioselectivity of the reaction (81:19 dr, 87% ee for the major 

syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 90:10, flow 

rate 1.0 mL/min, detection at 254 nm), syn diastereomer: tminor = 22.2 min, tmajor = 29.2 min; 

anti diastereomer: tR = 19.2, 26.1 min.  

The syn distereomer was purified by flash chromatography to afford a white solid, m.p. 57−59 
oC. [α]D

30 = −42.5 (c 0.71, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 7.33−7.30 (m, 5H), 6.62 

(d, J = 15.6 Hz, 1H), 5.90 (dd, J1 = 15.6 Hz, J2 = 10.0 Hz, 1H), 4.82−4.79 (m, 1H), 4.75−4.70 

(m, 1H), 4.60−4.55 (m, 1H), 3.52−3.45 (m, 1H), 1.62 (d, J = 4.8 Hz, 3H). 

 

NO2

NO2

MeO
6b  

1-Methoxy-4-[(1E,3S,4S)-4-nitro-3-(nitromethyl)-1-penten-1-yl]benzene (6b) 

The compound 6b (the mixture of the syn and anti diastereomer) was obtained according to 

the general procedure (59.3 mg, 53% yield). It was analyzed to determine the 

diastereoselectivity and enantioselectivity of the reaction (76:24 dr, 90% ee for the major 

syn-distereomer) by HPLC (Daicel Chiralpak IA column, n-hexane/2-propanol = 97:3, flow 

rate 1.0 mL/min, detection at 254 nm), syn diastereomer: tminor = 31.8 min, tmajor = 33.0 min; 

anti diastereomer: tR = 35.3, 37.6 min.  

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011



 S13

The syn distereomer was purified by flash chromatography to afford pale yellow oil. [α]D
30 = 

−62.1 (c 0.82, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ =7.27 (d, J = 7.2 Hz, 2H), 6.84 (d, J = 

6.8 Hz, 2H), 6.54 (d, J = 15.2 Hz, 1H), 5.74 (dd, J1 = 15.2 Hz, J2 = 9.6 Hz, 1H), 4.80−4.77 (m, 

1H), 4.73−4.96 (m, 1H), 4.58−4.53 (m, 1H), 3.80 (s, 3H), 3.47−3.42 (m, 1H), 1.59 (d, J = 6.0 

Hz, 3H). 13C NMR (100 MHz, CDCl3): δ = 159.9, 137.1, 128.0, 117.3, 114.0, 83.2, 76.4, 55.3, 

45.7, 16.6. IR (KBr): ν 2956, 2924, 2846, 1722, 1651, 1606, 1554, 1511, 1463, 1378, 1250, 

1176, 1029, 970, 814, 761 cm-1. HRMS (ESI): m/z calcd. for C13H17N2O5 [M + H]+  

281.11320, found 281.11331. 

 

The gram-scale preparation and transformation of 3a 

Ph
NO2 NO2

Ph
NO2

NO2

+ 1 mol% IX
CH2Cl2, -20 oC, 72 h

3a2a1a
1.49 g, 10.0 mmol 1.84 g, 8.2 mmol

82% yield, 94% ee and 92:8 dr
99% ee after a simple recrystallization  

The mixture of nitroalkene 1a (1.49 g, 10.0 mmol) and catalyst IX (72.5 mg, 0.1 mmol, 1 

mol%) in dichloromethane (25 mL) was stirred at −20 oC for 30 min. Then nitroalkene 2a (3.6 

mL, 50.0 mmol) was added. After stirring at −20 oC for 72 h, the reaction mixture was 

concentrated and directly purified by silica gel column chromatography to afford 183 mg of 

the anti-adduct (8% yield) and 1.654 g of the syn-adduct (74% yield) , respectively. 

Enantiomeric excess of the syn-adduct (94% ee, 99% ee after a simple recrystallization with 

ethyl acetate/petroleum ether ) was determined by HPLC with Chiralpak AS-H column. 

Ph
NO2

NO2

Ph
NH2

NH2

EtOH, r.t., 24 h
CS2

Ph
NH

H
N SPd(OH)2/C, H2

THF, 45 oC, 8 h

3a 7 8
2.35 g, 10.5 mmol
99% ee

1.13 g, 5.5 mmol
52% yield for two steps, 99% ee  

To a solution of the syn-adduct 3a (2.35 g, 10.5 mmol, 99% ee) in EtOH (100 mL) was added 

10 wt % Pd(OH)2/C (1.47 g, 10 mol%). The mixture was placed under an atmosphere of H2 in 

a rubber balloon and stirred for 24 h at room temperature. After filtration, the filtrate was 

concentrated in vacuo to afford the crude product (1,3-diamine compound 7) as colorless oil. 

The colorless oil was dissolved in THF (50 mL), and CS2 (1.60 g, 21.0 mmol) was added. 
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After stirring at 45 oC for 8 h, the reaction mixture was concentrated and directly purified by 

silica gel column chromatography to afford 1.13 g of the thiourea 8 (52% yield) as a white 

solid. m.p. 223−225 oC. Enantiomeric excess was determined by HPLC (Daicel Chiralcel OF 

column, n-hexane/2-propanol = 70:30, flow rate 1.0 mL/min, detection at 254 nm); major 

enantiomer tR = 29.8 min, minor enantiomer tR= 38.6 min; 99% ee; [α]D
25 = − 127.8 (c 0.52, 

CHCl3). 1H NMR (400 MHz, CDCl3): δ = 7.35 (t, J = 7.2 Hz, 2H), 7.30 (d, J = 7.6 Hz, 1H), 

7.16 (d, J = 7.2 Hz, 2H), 6.84 (br s, 1H), 6.72 (br s, 1H), 3.85−3.82 (m, 1H), 3.62 (dd, J1 = 6.0 

Hz, J2 = 2.4 Hz, 2H), 3.24 (dd, J1 = 10.8 Hz, J2 = 6.0 Hz, 1H), 1.00 (d, J = 6.4 Hz, 3H). 
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Copies of HPLC profiles of Michael addition products 

 

[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3a) (Table 3, entry 1) 

 
(racemic) 

 

 
 

 
 

 

 

 

 

NO2

NO2

3a
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1-Fluoro-4-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3b) (Table 3, entry 2) 

 
(racemic) 

 

 

 

 

 

NO2

NO2

F
3b
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1-Chloro-4-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3c) (Table 3, entry 3) 

 
(racemic) 

 

 
 

 

 

 

 

NO2

NO2

Cl
3c

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011



 S20

1-Chloro-2-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3d) (Table 3, entry 4) 

 
(racemic) 

 

 
 

 

 

 

NO2

NO2

Cl
3d
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1-Bromo-4-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3e) (Table 3, entry 5) 

 
(racemic) 

 

 

 

 

 

NO2

NO2

Br
3e
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1-Methyl-4-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3f) (Table 3, entry 6) 

 

(racemic) 

 

 

 

 

 
 

NO2

NO2

Me
3f
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1-Methoxy-4-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3g) (Table 3, entry 7) 

 

(racemic) 

 
 

 

 

 

 

NO2

NO2

MeO

3g
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1-Methoxy-2-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3h) (Table 3, entry 8) 

 

(racemic) 

 

 
 

 
 

 

NO2

NO2

OMe

3h
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1,2-Dimethoxy-4-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3i) (Table 3, entry 9) 

 
(racemic) 

 

 
 

 

 

 
 
 

NO2

NO2

MeO
OMe
3i
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1-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]naphthalene (3j) (Table 3, entry 10) 

 
(racemic) 

 

 
 

 
 

 

NO2

NO2

3j
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2-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]furan (3k) (Table 3, entry 11) 

 
(racemic) 

 
 

 
 

 
 

 

O

NO2

NO2

3k
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2-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]thiophene (3l) (Table 3, entry 12) 

 

(racemic) 

 

 
 

 
 

 
 
 

S

NO2

NO2

3l
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(3S,4S)-2-Methyl-4-nitro-3-(nitromethyl)pentane (3m) (Table 3, entry 13) 

 

(racemic) 

 

 
  

 

 

 
 
 

NO2

NO2

3m
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[(1S,2S)-2-nitro-1-(nitromethyl)butyl]benzene (3n) (Table 3, entry 14) 

 

(racemic) 

 

 
 

 
 

 

NO2

NO2

3n
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1-Chloro-4-[(1S,2S)-2-nitro-1-(nitromethyl)butyl]benzene (3o) (Table 3, entry15) 

 
(racemic) 

 

 
 
 

 
 

 

 

NO2

NO2

Cl
3o
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1-Chloro-2-[(1S,2S)-2-nitro-1-(nitromethyl)butyl]benzene (3p) (Table 3, entry16) 

 
(racemic) 

 

 
 

 
 

 
 
 

NO2

NO2

Cl

3p
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1-Methoxy-4-[(1S,2S)-2-nitro-1-(nitromethyl)butyl]benzene (3q) (Table 3, entry17) 

 
(racemic) 

 

 
 
 

 

 

 
 
 

NO2

NO2

MeO

3q
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1-Methoxy-2-[(1S,2S)-2-nitro-1-(nitromethyl)butyl]benzene (3r) (Table 3, entry18) 

 

(racemic) 

 

 

 

 

 

NO2

NO2

OMe

3r
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[(1E,3S,4S)-4-nitro-3-(nitromethyl)-1-penten-1-yl]benzene (6a) 

 

(racemic) 

 

 
 

 
 

 

 

NO2

NO2

6a
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1-Methoxy-4-[(1E,3S,4S)-4-nitro-3-(nitromethyl)-1-penten-1-yl]benzene (6b) 

 
(racemic) 

 

 
 

 
 

 

 
 

NO2

NO2

MeO
6b
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(4R,5R)-tetrahydro-4-methyl-5-phenyl-2(1H)-pyrimidinethione (8) 

 

 (racemic) 

 

 
 
 

 
 

 

 

Ph
NH

H
N S

8
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