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General Information: Optical rotations were measured on a JASCO P-2200. 
1
H NMR 

and 
13

C NMR spectra were recorded by a JEOL ECA 500 and a Bruker Avance III 600 

spectrometers at 25 °C with tetramethylsilane ( = 0.0 ppm) as an internal standard. The 

data are reported as follows: chemical shift in ppm (), multiplicity (s = singlet, d = 

doublet, t = triplet, q = quartet, m = multiplet), integration, and coupling constant (Hz). 

High resolution mass spectra were measured with a Thermo Scientific Exactive Plus 

Orbitrap. Analytical thin-layer chromatography (TLC) was performed on MERCK silica 

gel, grade 60 F254. The spots and bands were detected by UV light of irradiation (254 

nm) and/or by staining with 5% phosphomolybdic acid followed by heating. Column 

chromatography for isolation of the products was carried out on KANTO Sillica Gel 60 

(230-400 mesh). HPLC analyses were performed using Interigent UV/VIS Detector 

JASCO UV-2075 Plus and UV-4075. The chiral columns included CHIRALCEL OD-H, 

CHIRALPAK AD-H and AS-H (Daicel Chemical Industries, Ltd., 0.46 Φ × 25 cm). 

Commercially available compounds were used without further purification. 

2-(2-Nitroethenyl)naphthalene (2l) was prepared according to the literature procedures.
1
 

The bis(thiourea) (Rp)-1 was synthesized following the literature method.
2
 

 

Typical Procedure for Michael Reaction (Table 2, Entry 1). 

To a cooled (0 °C) stirred solution of (Rp)-1 (2.2 mg, 2.8 x 10
-3

 mmol, 5 mol%), 

trans--nitrostyrene (8.4 mg, 0.056 mmol) and nitroethane (0.10 mL, 1.4 mmol) in dry 

CH3CN (0.05 mL) was added Et3N (50 L, 0.056 M solution in CH3CN). After being 

stirred at 0 °C for 22 h, the mixture was concentrated under reduced pressure. The 

residue was purified by column chromatography on silica gel (EtOAc/hexane, 1:5) to 

provide 13.3 mg (>99%) of 3a (syn/anti = 96:4) as white solids.  

 

(2S,3S)-1,3-Dinitro-2-phenylbutane (3a) 

White solids (13.3 mg, >99%, syn/anti = 96:4); []
24

D –7.8 (c 0.34 in 

CHCl3); {lit. 3; []
30

D –6.7 (c 0.42 in CH2Cl2) for (2S,3S)-3a, 97% ee, 

syn/anti =95:5; lit. 4; []
20

D +4.9 (c 0.80 in CH2Cl2) for (2R,3R)-3a, 

81% ee, syn/anti =67:33; lit. 5; []
20

D +7.3 (c 0.11 in CH2Cl2) for 

(2R,3R)-3a, 96% ee, syn/anti =93:7; lit. 6; []
25

D +8.6 (c 0.39 in CH2Cl2) for (2R,3R)-3a, 

97% ee, syn/anti =98:2}; 
1
H NMR (500 MHz, CDCl3): 1.43 (d, 3H, J = 7.0 Hz) (anti), 

1.59 (d, 3H, J = 7.0 Hz) (syn), 4.02 (dt, 1H, J = 8.5, 6.0 Hz) (syn), 4.65 (dd, 1H, J = 

13.5, 4.5 Hz) (anti), 4.83 (dd, 1H, J = 14.0, 8.5 Hz) (syn), 4.93 (dd, 1H, J = 14.0, 6.0 

Hz) (syn), 4.96 (m, 1H) (syn), 7.13-7.18 (m, 2H) (syn), 7.32-7.38 (m, 3H) (syn); 
13

C 

NMR (150 MHz, acetone-d6):  17.7, 48.6, 77.3, 85.9, 129.1 (2C), 129.3, 129.7 (2C), 
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136.2; HPLC analysis: AS-H column;  = 208 nm; hexane/2-propanol = 95/5; flow rate 

1.0 mL/min; tR (min) = 21.5, 22.9 for anti-3a, tR (min) = 33.9 for minor syn-3a, tR (min) 

= 36.3 for major syn-3a. Compound syn-3a was determined to be 91% ee. 

 

(2S,3S)-1,3-Dinitro-2-(2-methoxyphenyl)butane (3b) 

Colorless oil (18.0 mg, >99 %, syn/anti = 94:6); []
26

D –5.7 (c 0.25 

in CH2Cl2) ; {lit. 3; []
30

D +4.5 (c 0.98 in CH2Cl2) for (2S,3S)-3b, 

97% ee, syn/anti =94:6; lit. 5; []
20

D –10.0 (c 0.18 in CH2Cl2) for 

(2R,3R)-3b, 90% ee, syn/anti =71:29; lit. 7; []
20

D +9.3 (c 1.00 in 

CH2Cl2) for (2R,3R)-3b, 91% ee, syn/anti =85:15}; 
1
H NMR (600 MHz, CDCl3): 1.38 

(d, 3H, J = 6.6 Hz) (anti), 1.59 (d, 3H, J = 6.6 Hz) (syn), 3.86 (s, 3H) (syn), 3.88 (s, 3H) 

(anti), 4.31 (q, 1H, J = 7.2 Hz) (syn), 4.86 (dd, 1H, J = 13.8, 7.2 Hz) (syn), 4.89 (dd, 1H, 

J = 13.8, 7.2 Hz) (syn), 5.18 (m, 1H) (syn), 6.90 (d, 1H, J = 7.8 Hz) (syn), 6.91 (td, 1H, 

J = 7.8, 1.2 Hz) (syn), 7.05 (dd, 1H, J = 7.8, 1.8 Hz) (syn), 7.30 (dt, 1H, J = 7.8, 1.8 Hz) 

(syn); 
13

C NMR (150 MHz, acetone-d6):  17.5, 44.8, 56.0, 76.0, 84.4, 112.4, 121.5, 

123.8, 130.69, 130.73, 158.5; HPLC analysis: OD-H column;  = 235 nm; 

hexane/2-propanol = 90/10; flow rate 1.0 mL/min; tR (min) = 14.3, 16.6 for anti-3b, tR 

(min) = 24.7 for minor syn-3b, tR (min) = 40.0 for majot syn-3b. Compound syn-3b was 

determined to be 92% ee. 

 

(2S,3S)-1,3-Dinitro-2-(3-methoxyphenyl)butane (3c) 

Pale yellow solids (14.6 mg, >99%, syn/anti = 93:7); []
24

D –

3.1 (c 0.87 in CHCl3); {lit. 5; []
20

D +6.3 (c 0.49 in CH2Cl2) 

for (2R,3R)-3c, 97% ee, syn/anti =84:16; lit. 6; []
25

D +7.0 (c 

0.33 in CH2Cl2) for (2R,3R)-3c, 96% ee, syn/anti =93:7}; 
1
H 

NMR (600 MHz, CDCl3): 1.44 (d, 3H, J = 6.6 Hz) (anti), 1.59 (d, 3H, J = 6.6 Hz) 

(syn), 3.78 (s, 3H) (syn), 3.80 (s, 3H) (anti), 4.00 (dt, 1H, J = 8.4, 6.6 Hz) (syn), 4.63 (d, 

1H, J = 13.2, 4.8 Hz) (anti), 4.81 (dd, 1H, J = 13.8, 8.4 Hz) (syn), 4.91 (dd, 1H, J = 13.8, 

6.6 Hz) (syn), 4.95 (m, 1H) (syn), 6.68 (s, 1H) (syn), 6.73 (d, 1H, J = 7.8 Hz) (syn), 6.87 

(ddd, 1H, J = 7.8, 2.4, 0.6 Hz) (syn), 7.27 (t, 1H, J = 7.8 Hz) (syn); 
13

C NMR (125 MHz, 

CDCl3):  16.7, 47.3, 55.3, 76.0, 84.0, 114.1, 114.3, 119.9, 130.4, 135.0, 160.0; HPLC 

analysis: AS-H column;  = 235 nm; hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 

tR (min) = 33.5, 35.5 for anti-3c, tR (min) = 44.2 for minor syn-3c, tR (min) = 48.0 for 

major syn-3c. Compound syn-3c was determined to be 87% ee. 
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(2S,3S)-1,3-Dinitro-2-(4-methoxyphenyl)butane (3d) 

Pale yellow solids (12.1 mg, 85%, syn/anti = 92:8); []
24

D –

11.3 (c 0.40 in CHCl3); {lit. 3; []
30

D –12.0 (c 0.98 in CH2Cl2) 

for (2S,3S)-3d, 97% ee, syn/anti =94:6; lit. 4; []
20

D +16.8 (c 

0.67 in CH2Cl2) for (2R,3R)-3d, 84% ee, syn/anti =58:42; lit. 

5; []
20

D +11.7 (c 0.06 in CH2Cl2) for (2R,3R)-3d, 93% ee, syn/anti =86:14; lit. 6; []
25

D 

+16.3 (c 0.41 in CH2Cl2) for (2R,3R)-3d, 94% ee, syn/anti =91:9}; 
1
H NMR (600 MHz, 

CDCl3): 1.42 (d, 3H, J = 6.6 Hz) (anti), 1.57 (d, 3H, J = 6.6 Hz) (syn), 3.79 (s, 3H) 

(syn), 3.80 (s, 3H) (anti), 3.95 (dt, 1H, J = 8.4, 6.0 Hz) (syn), 4.62 (d, 1H, J = 12.6, 4.8 

Hz) (anti), 4.79 (dd, 1H, J = 13.2, 8.4 Hz) (syn), 4.90 (dd, 1H, J = 13.2, 6.0 Hz) (syn), 

4.92 (m, 1H) (syn), 6.87 (d, 2H, J = 8.4 Hz) (syn), 6.90 (d, 2H, J = 9.0 Hz) (anti), 7.07 

(d, 2H, J = 8.4 Hz) (syn), 7.10 (d, 2H, J = 9.0 Hz) (anti); 
13

C NMR (150 MHz, 

acetone-d6):  17.6, 47.9, 55.4, 77.4, 85.9, 115.1 (2C), 127.7, 130.4 (2C), 160.6; HPLC 

analysis: AD-H column;  = 235 nm; hexane/2-propanol = 95/5; flow rate 0.4 mL/min; 

tR (min) = 56.0, 64.3 for anti-3d, tR (min) = 73.0 for minor syn-3d, tR (min) = 76.4 for 

major syn-3d. Compound syn-3d was determined to be 87% ee. 

 

(2S,3S)-1,3-Dinitro-2-(4-methyphenyl)butane (3e) 

Pale yellow solids (9.0 mg, 67%, syn/anti = 92:8); []
24

D –12.3 (c 

0.18 in CHCl3); {lit. 3; []
30

D –11.2 (c 0.86 in CH2Cl2) for 

(2S,3S)-3e, 96% ee, syn/anti =91:9; lit. 4; []
20

D +11.9 (c 1.27 in 

CH2Cl2) for (2R,3R)-3e, 82% ee, syn/anti =54:46; lit. 5; []
20

D 

+14.7 (c 0.15 in CH2Cl2) for (2R,3R)-3e, 96% ee, syn/anti =88:12; lit. 6; []
25

D +56.3 (c 

0.048 in CH2Cl2) for (2R,3R)-3e, 97% ee, syn/anti =92:8}; 
1
H NMR (600 MHz, CDCl3): 

1.42 (d, 3H, J = 7.2 Hz) (anti), 1.58 (d, 3H, J = 6.6 Hz) (syn), 2.32 (s, 3H) (syn), 2.34 

(s, 3H) (anti), 3.98 (dt, 1H, J = 8.4, 6.0 Hz) (syn), 4.62 (d, 1H, J = 13.2, 4.8 Hz) (anti), 

4.80 (dd, 1H, J = 13.2, 8.4 Hz) (syn), 4.92 (dd, 1H, J = 13.2, 6.0 Hz) (syn), 4.94 (m, 1H) 

(syn), 7.03 (d, 2H, J = 7.8 Hz) (syn), 7.07 (d, 2H, J = 8.4 Hz) (anti), 7.15 (d, 2H, J = 7.8 

Hz) (syn), 7.18 (d, 2H, J = 8.4 Hz) (anti); 
13

C NMR (150 MHz, acetone-d6):  17.6, 21.0, 

48.2, 77.4, 86.0, 129.0 (2C), 130.3 (2C), 133.1, 139.0; HPLC analysis: AS-H column;  

= 235 nm; hexane/2-propanol = 90/10; flow rate 1.0 mL/min; tR (min) = 15.1 for anti-3e, 

tR (min) = 21.8 for minor syn-3e, tR (min) = 23.0 for major syn-3e. Compound syn-3e 

was determined to be 91% ee. 
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(2S,3S)-1,3-Dinitro-2-(2-chlorophenyl)butane (3f) 

Yellow oil (16.1 mg, >99%, syn/anti = 94:6); []
24

D +2.5 (c 0.31 in 

CHCl3); {lit. 3; []
30

D +10.1 (c 0.73 in CH2Cl2) for (2S,3S)-3f, 95% 

ee, syn/anti =88:12; lit. 4; []
20

D +12.0 (c 1.12 in CH2Cl2) for 

(2R,3R)-3f, 80% ee, syn/anti =55:45; lit. 5; []
20

D –11.1 (c 0.45 in 

CH2Cl2) for (2R,3R)-3f, 96% ee, syn/anti =85:15; lit. 6; []
20

D –13.2 (c 0.16 in CH2Cl2) 

for (2R,3R)-3f, 95% ee, syn/anti =93:7}; 
1
H NMR (600 MHz, CDCl3):  1.50 (d, 3H, J 

= 7.2 Hz) (anti), 1.63 (d, 3H, J = 7.2 Hz) (syn), 4.71 (m, 1H) (syn), 4.88 (dd, 1H, J = 

13.8, 7.2 Hz) (syn), 4.93 (dd, 1H, J = 13.8, 6.0 Hz) (syn), 5.16 (m, 1H) (syn), 7.14 (dd, 

1H, J = 7.2, 1.8 Hz) (syn), 7.25-7.32 (m, 2H) (syn), 7.45 (dd, 1H, J = 7.2, 1.8 Hz) (syn); 
13

C NMR (150 MHz, acetone-d6):  17.0, 44.1, 76.3, 84.9, 128.6, 129.4, 130.7, 131.1, 

134.0, 135.3; HPLC analysis: AD-H column;  = 208 nm; hexane/2-propanol = 98/2; 

flow rate 0.5 mL/min; tR (min) = 49.0, 52.2 for anti-3f, tR (min) = 57.1 for minor syn-3f, 

tR (min) = 60.3 for major syn-3f. Compound syn-3f was determined to be 84% ee. 

 

(2S,3S)-1,3-Dinitro-2-(3-chlorophenyl)butane (3g) 

White solids (14.2 mg, 98%, syn/anti = 90:10); []
24

D –3.9 (c 

0.51 in CHCl3); {lit. 4; []
20

D +8.0 (c 0.20 in CH2Cl2) for 

(2R,3R)-3g, 77% ee, syn/anti =62:38; lit. 5; []
20

D +8.3 (c 0.12 

in CH2Cl2) for (2R,3R)-3g, 97% ee, syn/anti =86:14; lit. 6; 

[]
25

D +13.6 (c 0.22 in CH2Cl2) for (2R,3R)-3g, 96% ee, syn/anti =88:12}; 
1
H NMR 

(600 MHz, acetone-d6): 1.46 (d, 3H, J = 6.6 Hz) (anti), 1.72 (d, 3H, J = 6.6 Hz) (syn), 

4.16 (m, 1H) (syn), 4.24 (m, 1H) (anti), 5.01 (d, 1H, J = 13.8, 4.8 Hz) (anti), 5.15 (dd, 

1H, J = 13.8, 10.2 Hz) (syn), 5.23 (dd, 1H, J = 13.8, 4.8 Hz) (syn), 5.26 (m, 1H) (syn), 

7.35 (dt, 1H, J = 7.2, 1.2 Hz) (syn), 7.37-7.42 (m, 2H) (syn), 7.47 (s, 1H) (syn); 
13

C 

NMR (150 MHz, acetone-d6):  17.6, 48.0, 76.9, 85.8, 123.1, 128.2, 131.6, 132.1, 132.4, 

139.1; HPLC analysis: AS-H column;  = 208 nm; hexane/2-propanol = 90/10; flow 

rate 1.0 mL/min; tR (min) = 21.5, 24.9 for anti-3g, tR (min) = 30.5 for minor syn-3g, tR 

(min) = 32.9 for major syn-3g. Compound syn-3g was determined to be 81% ee. 

 

(2S,3S)-1,3-Dinitro-2-(4-chlorophenyl)butane (3h) 

Yellow solids (15.7 mg, >99%, syn/anti = 89:11); []
26

D –3.4 (c 

0.24 in CH2Cl2); {lit. 3; []
30

D –7.2 (c 0.64 in CH2Cl2) for 

(2S,3S)-3h, 96% ee, syn/anti =92:8; lit. 4; []
20

D +10.2 (c 1.02 in 
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CH2Cl2) for (2R,3R)-3h, 82% ee, syn/anti =60:40}; 
1
H NMR (600 MHz, CDCl3): 1.43 

(d, 3H, J = 7.2 Hz) (anti), 1.60 (d, 3H, J = 6.6 Hz) (syn), 4.00 (dt, 1H, J = 8.4, 6.6 Hz) 

(syn), 4.65 (dd, 1H, J = 13.2, 4.8 Hz) (anti), 4.80 (dd, 1H, J = 13.8, 8.4 Hz) (syn), 4.90 

(dd, 1H, J = 13.8, 6.6 Hz) (syn), 4.94 (m, 1H) (syn), 7.10 (d, 2H, J = 8.4 Hz) (syn), 7.14 

(d, 2H, J = 8.4 Hz) (anti), 7.34 (d, 2H, J = 8.4 Hz) (syn), 7.37 (d, 2H, J = 8.4 Hz) (anti); 
13

C NMR (125 MHz, CDCl3):  16.8, 46.8, 76.0, 83.8, 129.3 (2C), 129.6 (2C), 131.9, 

135.2; HPLC analysis: AS-H column;  = 235 nm; hexane/2-propanol = 97/3; flow rate 

1.0 mL/min; tR (min) = 50.8, 57.2 for anti-3h, tR (min) = 71.7 for minor syn-3h, tR (min) 

= 75.1 for major syn-3h. Compound syn-3h was determined to be 83% ee. 

 

(2S,3S)-1,3-Dinitro-2-(2-bromophenyl)butane (3i) 

Pale yellow solids (18.5 mg, >99%, syn/anti = 93:7); []
24

D +3.6 (c 

0.36 in CHCl3); 
1
H NMR (600 MHz, CDCl3):  1.53 (d, J = 6.6 Hz, 

3H) (anti), 1.64 (d, 3H, J = 6.6 Hz) (syn), 4.73 (m, 1H) (syn), 4.87 

(dd, 1H, J = 13.8, 7.8 Hz) (syn), 4.93 (dd, 1H, J = 13.8, 6.0 Hz) (syn), 

5.15 (m, 1H) (syn), 7.13 (dd, 1H, J = 7.8, 1.8 Hz) (syn), 7.21 (td, 1H, J = 7.8, 1.8 Hz) 

(syn), 7.32 (td, 1H, J = 7.8, 1.2 Hz) (syn), 7.64 (dd, 1H, J = 7.8, 1.2 Hz) (syn); 
13

C NMR 

(150 MHz, acetone-d6):  16.9, 46.3, 76.3, 84.9, 129.2, 129.3, 131.0, 131.1, 134.6, 

135.7; HPLC analysis: AS-H column;  = 235 nm; hexane/2-propanol = 90/10; flow 

rate 1.0 mL/min; tR (min) = 18.1, 19.4 for anti-3i, tR (min) = 24.4 for minor syn-3i, tR 

(min) = 27.1 for major syn-3i. Compound syn-3i was determined to be 82% ee; HRMS 

(DART) calcd for C10H12BrN2O4 [M+H]
+
: 302.9975, found:302.9974. 

 

(2S,3S)-1,3-Dinitro-2-(3-bromophenyl)butane (3j) 

White solids (15.9 mg, 94%, syn/anti = 92:8); []
24

D –3.5 (c 

0.53 in CHCl3); {lit. 8; []
20

D +6.6 (c 1.0 in CHCl3) for 

(2R,3R)-3j, 97% ee, syn/anti =15:1}; 
1
H NMR (500 MHz, 

CDCl3):  1.45 (d, 3H, J = 6.5 Hz) (anti), 1.59 (d, 3H, J = 7.0 

Hz) (syn), 4.00 (dt, J = 8.5, 6.5 Hz) (syn), 4.65 (dd, 1H, J = 13.5, 4.5 Hz) (anti), 4.80 

(dd, 1H, J = 13.5, 8.5 Hz) (syn), 4.90 (dd, 1H, J = 13.5, 6.5 Hz) (syn), 4.94 (m, 1H) 

(syn), 7.10 (d, 1H, J = 7.5 Hz) (syn), 7.24 (t, 1H, J = 8.0 Hz) (syn), 7.33 (t, 1H, J = 1.5 

Hz) (syn), 7.49 (dt, 1H, J = 8.0, 1.5 Hz) (syn); 
13

C NMR (150 MHz, acetone-d6):  17.6, 

48.1, 76.9, 85.8, 127.8, 129.2, 129.5, 131.4, 135.0, 138.8; HPLC analysis: AS-H 

column;  = 235 nm; hexane/2-propanol = 90/10; flow rate 1.0 mL/min; tR (min) = 27.1, 

30.6 for anti-3j, tR (min) = 37.4 for minor syn-3j, tR (min) = 40.6 for major syn-3j. 

Compound syn-3j was determined to be 80% ee. 
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(2S,3S)-1,3-Dinitro-2-(4-bromophenyl)butane (3k) 

White solids (16.0 mg, 94%, syn/anti = 89:11); []
24

D –9.7 (c 

0.62 in CHCl3); {lit. 3; []
30

D –5.2 (c 0.85 in CH2Cl2) for 

(2S,3S)-3k, 96% ee, syn/anti =94:6; lit. 4; []
20

D +8.5 (c 1.13 in 

CH2Cl2) for (2R,3R)-3k, 81% ee, syn/anti =60:40}; 
1
H NMR 

(600 MHz, CDCl3): 1.43 (d, 3H, J = 6.6 Hz) (anti), 1.59 (d, 3H, J = 6.6 Hz) (syn), 

3.99 (td, 1H, J = 8.4, 6.0 Hz) (syn), 4.65 (dd, 1H, J = 13.2, 4.8 Hz) (anti), 4.80 (dd, 1H, 

J = 13.8, 8.4 Hz) (syn), 4.90 (dd, 1H, J = 13.8, 6.0 Hz) (syn), 4.93 (m, 1H) (syn), 7.04 (d, 

2H, J = 8.4 Hz) (syn), 7.08 (d, 2H, J = 8.4 Hz) (anti), 7.49 (d, 2H, J = 8.4 Hz) (syn), 

7.53 (d, 2H, J = 8.4 Hz) (anti); 
13

C NMR (150 MHz, acetone-d6):  17.6, 48.0, 77.0, 

85.7, 122.9, 131.3 (2C), 132.7 (2C), 135.7; HPLC analysis: AS-H column;  = 235 nm; 

hexane/2-propanol = 90/10; flow rate 1.0 mL/min; tR (min) = 29.6, 32.3 for anti-3k, tR 

(min) = 36.7 for minor syn-3k, tR (min) = 39.6 for major syn-3k. Compound syn-3k was 

determined to be 86% ee. 

 

(2S,3S)-1,3-Dinitro-2-(2-naphthyl)butane (3l) 

Orange solids (14.7 mg, 96%, syn/anti = 91:9); []
26

D –13.2 (c 

0.21 in CH2Cl2); {lit. 5; []
20

D –38.8 (c 0.50 in CH2Cl2) for 

(2R,3R)-3l, 92% ee, syn/anti =92:8}; 
1
H NMR (500 MHz, 

acetone-d6):  1.45 (d, 3H, J = 6.5 Hz) (anti), 1.74 (d, 3H, J = 

7.0 Hz) (syn), 4.29 (m, 1H) (syn), 5.05 (dd, 1H, J = 14.0, 4.5 Hz) (anti), 5.22 (dd, 1H, J 

= 14.0, 10.0 Hz) (syn), 5.28 (dd, 1H, J = 14.0, 5.5 Hz) (syn), 5.35 (m, 1H) (syn), 

7.47-7.55 (m, 3H) (syn), 7.85-7.92 (m, 4H) (syn); 
13

C NMR (150 MHz, acetone-d6):  

17.7, 48.7, 77.3, 86.0, 126.4, 127.36, 127.37, 128.5, 128.65, 128.73, 129.8, 133.8, 134.1, 

134.2; HPLC analysis: AS-H column;  = 235 nm; hexane/2-propanol = 90/10; flow 

rate 1.0 mL/min; tR (min) = 31.8, 34.1 for anti-3l, tR (min) = 44.4 for minor syn-3l, tR 

(min) = 48.7 for major syn-3l. Compound syn-3l was determined to be 89% ee. 

 

(2S,3S)-1,3-Dinitro-2-(2-furyl)butane (3m)  

Orange oil (9.3 mg, 78%, syn/anti = 87:13); []
24

D –10.1 (c 0.12 in 

CHCl3); {lit. 3; []
30

D –27.0 (c 0.40 in CH2Cl2) for (2S,3S)-3m, 96% 

ee, syn/anti =89:11; lit. 4; []
20

D +17.1 (c 0.87 in CH2Cl2) for 

(2R,3R)-3m, 80% ee, syn/anti =60:40; lit. 5; []
20

D +24.3 (c 0.28 in 

CH2Cl2) for (2R,3R)-3m, 86% ee, syn/anti =81:19; lit. 6; []
25

D +25.7 (c 0.27 in 

CH2Cl2) for (2R,3R)-3m, 92% ee, syn/anti =80:20}; 
1
H NMR (500 MHz, acetone-d6):  
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1.49 (d, 3H, J = 6.5 Hz) (anti), 1.65 (d, 3H, J = 6.5 Hz) (syn), 4.34 (m, 1H) (syn), 4.45 

(m, 1H) (anti), 5.07 (dd, 1H, J = 14.0, 9.0 Hz) (syn), 5.15 (dd, 1H, J = 14.0, 5.0 Hz) 

(syn), 5.16 (m, 1H) (syn), 6.38-6.40 (m, 2H) (syn), 7.53 (t, 1H, J = 1.5 Hz) (syn); 
13

C 

NMR (150 MHz, acetone-d6):  16.9, 42.1, 75.5, 83.9, 110.0, 111.4, 144.3, 149.4; 

HPLC analysis: AS-H column;  = 208 nm; hexane/2-propanol = 95/5; flow rate 1.0 

mL/min; tR (min) = 29.3, 30.6 for anti-3m, tR (min) = 43.2 for minor syn-3m, tR (min) = 

45.1 for major syn-3m. Compound syn-3m was determined to be 87% ee. 

 

(2S,3S)-1,3-Dinitro-2-(2-thienyl)butane (3n) 

Yellow solids (10.8 mg, 84%, syn/anti = 87:13); []
24

D –9.2 (c 0.52 in 

CHCl3); {lit. 3; []
30

D –54.7 (c 0.34 in CH2Cl2) for (2S,3S)-3n, 95% 

ee, syn/anti =79:21; lit. 4; []
20

D +20.2 (c 1.05 in CH2Cl2) for 

(2R,3R)-3n, 94% ee, syn/anti =60:40}; 
1
H NMR (600 MHz, CDCl3): 

 1.53 (d, 3H, J = 6.6 Hz) (anti), 1.63 (d, 3H, J = 6.6 Hz) (syn), 4.34 (dt, 1H, J = 7.8, 6.0 

Hz) (syn), 4.40 (m, 1H) (anti), 4.67 (dd, 1H, J = 13.2, 4.8 Hz) (anti), 4.77 (dd, 1H, J = 

13.2, 9.6 Hz) (anti), 4.83 (dd, 1H, J = 13.8, 7.8 Hz) (syn), 4.95 (m, 1H) (syn), 4.97 (dd, 

1H, 1H, J = 13.8, 6.0 Hz) (syn) 6.93 (d, 1H, J = 3.6 Hz) (syn), 6.99 (dd, 1H, J = 4.8, 3.6 

Hz) (syn), 7.30 (dd, J = 4.8, 1.2 Hz) (syn); 
13

C NMR (150 MHz, acetone-d6):  17.5, 

43.7, 78.1, 85.9, 126.9, 128.0, 128.1, 137.5; HPLC analysis: AS-H column;  = 208 nm; 

hexane/2-propanol =80/20; flow rate 1.0 mL/min; tR (min) = 20.3, 22.9 for anti-3n, tR 

(min) = 11.3 for major syn-3n, tR (min) = 15.5 for minor syn-3n. Compound syn-3n was 

determined to be 79% ee. 
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