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A) General Information 

Experimental Methods 
1H NMR and 13C NMR spectra were recorded on Varian Mercury 300 spectrometer or 

Varian INOVA500NB spectrometer. Chemical shifts of protons are reported in parts 

per million downfield from tetramethylsilane and are referenced to residual protium in 

the NMR solvent (CHCl3: δ 7.26).  Chemical shifts of carbon are referenced to the 

carbon resonances of the solvent (CHCl3: δ 77.0 and CH3OH: δ 46.0).  Peaks are 

labeled as singlet (s), doublet (d), triplet (t), quartet (q) and multiplet (m).  Optical 
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rotations were measured on a Perkin Elmer digital polarimeter.  Melting points were 

measured on a WRS-2A melting point apparatus and are uncorrected.  The mass 

spectroscopic data were obtained at the Thermo DSQⅡ and Agilent 6120 mass 

spectrometer.  The high resolution mass spectroscopic data were obtained at the 

Thermo MAT 95XP mass spectrometer. Infrared (IR) spectra were recorded on a 

Bruker Tensor 37 spectrophotometer.  Data are represented as follows: frequency of 

absorption (cm-1), intensity of absorption (vs = very strong, s = strong, m = medium, 

w = weak).  Enantiomeric excesses were determined by HPLC using a Daicel 

Chiralcel AD-H, OD-H, column and eluting with a hexane/iPrOH solution. 

 

Materials. 

Flash chromatography was performed over silica gel (230-400 mesh), purchased from 

Qingdao Haiyang Chemical Co., Ltd.  Commercial reagents were used as received. 

Toluene was distilled over sodium and dichloromethane was distilled over calcium 

hydride.  The other solvents were used as received in analytical grade.  

 

B) Catalyst optimization 
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C) Effects of reaction solvents 
Entry Solvent T (h) Yield (%) ee (%) 

1 CH2Cl2 72 73 94 
2 CHCl3 108 61 98 
3 i-PrOH 100 71 93 
4 THF 168 51 97 
5 Et2O 91 46 98 
6 Hexane 168 69 97 
7 Toluene 156 38 97 

[a] The reactions were carried out with 20 mol% 1a at room temperature. 

 

D) General procedure for the preparation of sulfamides 1a-1f[1-2] 
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Reaction conditions: (a) pyridine, hexane, ice-bath, 1d; (b) Et3N, CH2Cl2; (c) dioxane, 
reflux, 2.5 h. 
 

A 100-mL round bottomed flask was charged with catechol (2.2 g, 0.02 mmol), 

pyridine (3.2 g, 0.04 mmol) and hexane (20 mL).  A solution of sulfuryl chloride 

(2.7 g, 0.02 mol) in 5 mL of hexane was then added dropwise over 1 h at -5 ℃.  The 

reaction mixture was stirred at 0 ℃ overnight and at ambient temperature for another 

12 h.  The upper layer of the reaction mixture was decanted.  The lower layer was 

diluted with 50 mL water and extracted with ethyl ether (4 × 30 mL).  The combined 

organic layer was washed with 2% NaOH (3 × 30 mL) and dried over sodium sulfate.  

After the evaporation of solvent under vacuum, catechol sulfate was obtained as a 

colorless oil (1.3 g, 38% yield), which was used in next step without further 

purification. 

To a solution of benzylamine (1.17 g, 10.0 mmol), triethylamine (1.2 g, 12.0 

mmol), DMF (20 mL) and anhydrous dichloromethane (10 mL) under an ice-bath, 
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was added dropwise a solution of catechol sulfate (1.72 g, 10.0 mmol) in 

dichloromethane (20 mL).  The reaction mixture was stirred for 24 h at room 

temperature and then diluted with dichloromethane (30 mL).  The reaction solution 

was washed with 1 M hydrochloric acid (2 × 20 ml), brine (2 × 20 ml) and dried over 

Na2SO4.  After the evaporation of solvent under vacuum, the crude product was 

purified by flash chromatography over silica gel (EtOAc/petroleum ether = 1/1) to 

give 2-Hydroxyphenyl N-Benzylsulfamate as a white solid (2.79 g, 100% yield). 

A solution of 2-hydroxyphenyl N-benzylsulfamate (279 mg, 1.0 mmol) and (R, R) 

-cyclohexane-1, 2-diamine (114 mg, 1.0 mmol) in dry dioxane (30 mL) was refluxed 

for 2.5 h.  After dioxane was removed under vacuum, the residue was dissolved in 

ethyl acetate (50 mL).  The solution was washed with water (1 × 20 mL), 2% NaOH 

(3 × 20 ml), brine (1 × 20 mL) and dried over Na2SO4.  After evaporation of the 

solvent under vacuum, the crude product was purified by flash chromatography over 

silica gel (MeOH / EtOAc = 1/10) to give N-benzyl-N’-(2-aminocyclohexyl) 

sulfamide (1a) as a white solid (139 mg, 49% yield). 

1S, 2S-N-benzyl-N’-(2-aminocyclohexyl) sulfamide (1a) 

N
H

S
N
H

H2N

O O

M.p.: 148-149 ℃; [ ]589
24α  ＝ - 8.0 (c 2.0, CH3OH);  1H NMR 

(300 MHz, CD3OD) δ: 7.39-7.25 (m, 5H, Ar-H), 4.17 (d, 3J(H,H) = 9.1 Hz, 2H, CH2), 

2.81-2.80 (m, 1H, CH), 2.41-2.33 (m, 1H, CH), 2.09-2.06 (m, 2H, CH2), 1.73-1.71 (m, 

2H, CH2), 1.30-1.22 (m, 4H, 2CH2);  13C NMR (75 MHz, CD3OD) δ: 136.6, 126.7, 

126.1, 112.5, 58.1, 53.1, 45.1, 32.0, 31.2, 23.8, 23.2;  IR (thin film) ν/cm-1: 3369 (m), 

3291 (m), 3033 (m), 2860 (m), 1610 (w), 1454 (m), 1306 (s), 1144 (s), 910 (m);  MS 

(FAB+): 284, 154, 149, 136, 115, 107, 91;  HRMS (FAB+) calcd. for C13H22O2N3S1 

(M + H+): 284.1427, found: 284.1425. 

 

N-(S-1-phenylethyl)-N’-(2-aminocyclohexyl) sulfamide (1b) 
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N
H

S
N
H

H2N

O O

 White solid (114 mg, 38.4% yield).  M.p.: 115-118℃， [ ]589
24α  

＝ - 32.2 (c 2.3, CH3OH);  1H NMR (300 MHz, CD3OD) δ: 7.38-7.22 (m, 5H, 

Ar-H), 4.48 (d, 3J(H,H) = 6.9 Hz, 1H, CH), 2.67-2.64 (m, 1H, CH), 2.28-2.27 (m, 1H, 

CH), 1.90-1.60 (m, 4H, 2CH2), 1.49 (d, 3J(H,H) = 6.9 Hz, 3H, CH3), 1.25-1.01 (m, 4H, 

2CH2);  13C NMR (75 MHz, CD3OD) δ: 144.6, 128.4, 127.0, 126.1, 59.8, 54.8, 53.6, 

33.6, 32.6, 25.3, 24.8, 24.1;  IR (thin film) ν/cm-1: 3369 (s), 3268 (s), 3062 (w), 

2921 (m), 2858 (m), 1601 (w), 1451 (vs), 1314 (vs), 1156 (vs), 1100 (s), 758 (m);  

MS (FAB+): 298, 280, 149, 136, 115, 105, 57;  HRMS (FAB+) calcd. for 

C14H24O2N3S1 (M + H+): 298.1584, found: 298.1558. 

N-(R-1-phenylethyl)-N’-(2-aminocyclohexyl) sulfamide (1c)   

N
H

S
N
H

H2N

O O

 White solid (90.0 mg, 30.3% yield).  M.p.: 110-111 ℃;  

[ ]589
29α  ＝ + 8.0 (c 2.5, CH3OH);  1H NMR (400 MHz, CD3OD) δ: 7.29-7.11 (m, 5H, 

Ar-H), 4.41-4.39 (q, 3J(H,H) = 6.8 Hz, 1H, CH), 2.62-2.56 (m, 1H, CH), 2.20-2.13 (m, 

1H, CH), 2.00-1.98 (m, 1H, CH2), 1.80-1.77 (m, 1H, CH2), 1.60-1.57 (m, 2H, CH2), 

1.38-1.36 (d, 3J(H,H) = 6.8 Hz, 3H, CH3), 1.15-0.97 (m, 4H, 2CH2);  13 C NMR: 

(100 MHz, CD3OD) δ: 146.0, 129.6, 128.2, 127.4, 61.3, 55.8, 54.7, 35.0, 34.1, 26.5, 

26.0, 25.0;  IR (thin film) ν/cm-1: 3415 (vs), 3236 (m), 3063 (w), 2932 (m), 2858 

(m), 1638 (m), 1618 (m), 1449 (m), 1308 (s), 1150 (s), 1105 (m), 627 (m);  MS (EI): 

297, 282, 113, 106, 96, 79;  HRMS (EI) calcd. for C14H23O2N3S1 (M+): 297.1505, 

found: 297.1501. 

 

1S,2S-N-[3,3-dimethyl-1-(methylamino)-1-oxo-butan-2-yl]-N’-(2-aminocyclohexy

l) sulfamide (1d)[3] 

NH2

N
H

S
N
H

OOt-Bu

O

MeHN

 White solid (167 mg, 52.1% yield).  M.p.: 101-105 ℃;  
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[ ]589
29α  ＝ + 19.0 (c 1.0, CH3OH);  1H NMR (300 MHz, CD3OD) δ: 3.53 (d, 3J(H,H) 

= 1.2 Hz, 1H, CH), 2.95-2.87 (m, 1H, CH), 2.72 (dd, 3J(H,H) = 3.6 Hz, 3J(H,H) = 0.9 

Hz, 3H, CH3), 2.67-2.59 (m, 1H, CH), 2.03-1.98 (m, 2H, CH2), 1.75-1.73 (m, 2H, 

CH2), 1.29-1.21 (m, 4H, 2CH2), 0.97 (d, 4J(H,H) = 0.9 Hz, 6H, 2CH3), 0.95 (d, 
4J(H,H) = 0.9Hz, 3H, CH3);  13C NMR (125 MHz, CD3OD) δ: 170.9, 63.2, 54.4, 

53.2, 32.3, 30.4, 29.1, 24.2, 24.1, 23.1, 23.0, 22.1;  IR (thin film) ν/cm-1: 3276 (br), 

2940 (s), 2869 (s), 1654 (s), 1450 (m), 1367 (w), 1311 (m), 1155 (s), 1105 (m), 1036 

(m), 755 (m);  MS (FAB+): 321, 207, 165, 145, 115, 95, 69, 55;  HRMS (FAB+) 

calcd. for C13H29O3N4S1 (M + H+): 321.1955, found: 321.1969. 

 

1S, 2S-N-(naphthalen-1-ylmethyl)-N’-(2-aminocyclohexyl) sulfamide (1e) 

N
H

S
N
H

H2N

O O

 White solid (154 mg, 46.2% yield). M.p.: 150-152 ℃, [ ]589
24α  

＝ - 5.5 (c 2.0, CH3OH);  1H NMR (300 MHz, CD3OD) δ: 8.19-7.41 (m, 7H, Ar-H), 

4.64 (d, 3J(H,H) = 14.1 Hz, 2H, CH2), 2.84-2.81 (m, 1H, CH), 2.44-2.36 (m, 1H, CH), 

2.05-1.91 (m, 2H, CH2), 1.69-1.68 (m, 2H, CH2), 1.29-1.15 (m, 4H, 2CH2);  13C 

NMR (75 MHz, CD3OD) δ: 132.4, 131.6, 129.9, 127.0, 126.9, 126.7, 124.7, 124.6, 

124.1, 121.9, 57.8, 53.2, 43.2, 31.8, 31.2, 23.7, 23.1;  IR (thin film) ν/cm-1: 3037 (w), 

2931 (m), 2858 (m), 2360 (m), 1599 (w), 1489 (m), 1454 (m), 1306 (s), 1141 (s), 

1038 (m), 773 (s);  MS (FAB+): 334, 307, 279, 219, 205, 149, 136, 115, 107, 77, 57;  

HRMS (FAB+) calcd. for C17H24O2N3S1 (M + H+): 334.1584, found: 334.1580. 

 

1S, 2S-N-benzyl-N’-(2-acetamidocyclohexyl) sulfamide (1f) 

N
H

S
N
H

AcHN

O O

 White solid (235 mg, 72.3% yield).  M.p.: 181-182 ℃; [ ]589
24α  

＝ + 40.9 (c 2.2, CH3OH);  1H NMR (300 MHz, CD3OD) δ: 7.34-7.20 (m, 5H, 

Ar-H), 4.12 (d, 3J(H,H) = 2.4 Hz, 2H, CH2), 3.61-3.53 (m, 1H, CH), 3.06-3.98 (m, 1H, 

CH), 2.11-2.08 (m, 2H, CH2), 1.93 (s, 3H, CH3), 1.73-1.71 (m, 2H, CH2), 1.31-1.29 
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(m, 4H, 2CH2);  13C NMR (75 MHz, CD3OD) δ: 170.6, 136.5, 126.7, 126.1, 125.6, 

55.6, 51.4, 45.1, 31.9, 30.7, 23.3, 23.0, 20.3;  IR (thin film) ν/cm-1: 3368 (s), 3259 

(s), 3165 (m), 2941 (s), 2856 (s), 1638 (vs), 1556 (s), 1465 (m), 1323 (vs), 1087 (s), 

1053 (m), 732 (m);  MS (FAB+): 326, 279, 149, 136, 120, 91, 77, 57;  HRMS 

(FAB+) calcd. for C15H24O3N3S1 (M + H+): 326.1533, found: 326.1531. 

 

E) General procedure for the conjugate addition of aldehydes to nitroolefins. 

Representative method A:  trans-β-Nitrostyrene (45 mg, 0.3 mmol), 1a (17.0 

mg, 0.06 mmol), 4-Dimethylaminopyridine (7.3 mg, 0.06 mmol), isobutyraldehyde 

(100 μL, 1.1 mmol) and chloroform (0.4 mL) in a 5-mL flask was stirred at room 

temperature for 3 hr.  After evaporation of solvent under vacuum, the residue was 

separated by flash chromatography over silica gel (Petroleum ether / EtOAc = 10/1) to 

give 2, 2-dimethyl-4-nitro-3-phenyl-butanal as a colorless oil.  

 

Representative method B: trans-β-Nitrostyrene (45 mg, 0.3 mmol), 1a (17.0 mg, 

0.06 mmol), imidazole (4.1 mg, 0.06 mmol), isobutyraldehyde (100 μL, 1.1 mmol) 

and dichloromethane (0.5 mL) in a 5-mL flask was stirred at room temperature.  The 

reaction was monitored by TLC until trans-β-Nitrostyrene was completely consumed.  

After evaporation of solvent under vacuum, the residue was separated by flash 

chromatography over silica gel (Petroleum ether / EtOAc = 10/1) to give 2, 

2-dimethyl-4-nitro-3-phenyl-butanal as a colorless oil.  

 

(R)-2, 2-dimethyl-4-nitro-3-phenyl-butanal (4a) 

H

PhO

NO 2

 The title compound was prepared from trans-β-nitrostyrene[4] and 

isobutyraldehyde according to Method A.  The enantiomeric excess was determined 

by HPLC with Chiralpak AD-H column at 208 nm (hexane / i-PrOH = 98/2, 0.5 

mL/min). tmajor = 24.0 min, tminor = 25.0 min); [ ]589
24α  = + 3.0 (c 1.0, CHCl3);  1H 

NMR (300 MHz, CDCl3) δ: 9.51 (s, 1H, CHO), 7.31-7.24 (m, 5H, Ar-H), 4.85 (dd, 
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2J(H,H) = 12.9 Hz, 3J(H,H) = 11.1 Hz, 1H, CH2), 4.68 (dd, 2J(H,H) = 12.9 Hz, 3J(H,H) 

= 4.2 Hz, 1H, CH2), 3.78 (dd, 3J(H,H) = 11.1 Hz, 3J(H,H) = 4.2 Hz, 1H, CH), 1.14 (s, 

3H, CH3), 1.01 (s, 3H, CH3);  13C NMR (75 MHz, CDCl3) δ: 204.0, 135.2, 129.0, 

128.6, 128.0, 76.3, 48.5, 48.2, 21.7, 19.0;  IR (thin film) ν/cm-1: 2925 (w), 1726 (m), 

1638 (m), 1556 (s), 1456 (w), 1380 (m), 705 (m);  MS (EI): 221, 187, 170, 159, 145, 

117, 105, 91, 77, 72. 

 

(R)-3-(4-methoxyphenyl)-2,2-dimethyl-4-nitrobutanal (4b) 

H

O

NO 2

OCH3

 The title compound was prepared from trans-1-methoxy-4-(2-nitro- 

vinyl) benzene [4] and isobutyraldehyde according to Method A.  The enantiomeric 

excess was determined by HPLC with Chiralpak OD-H column at 208 nm (hexane / 

i-PrOH = 75/25, 0.8 mL/min; tmajor = 14.4 min, tminor = 19.5 min);  [ ]589
29α  = - 5.0 (c 

1.0, CHCl3);  1H NMR (300 MHz, CDCl3) δ: 9.51 (s, 1H, CHO), 7.11 (d, 3J(H,H) = 

8.7 Hz, 2H, 3,5-Ar-H), 6.84 (d, 3J(H,H) = 8.7 Hz, 2H, 2,6-Ar-H), 4.81 (dd, 2J(H,H) = 

12.6 Hz, 3J(H,H) = 11.4 Hz, 1H, CH2), 4.66 (dd, 2J(H,H) = 12.6 Hz, 3J(H,H) = 4.2 Hz, 

1H, CH2), 3.79 (s, 3H, OCH3), 3.74 (dd, 3J(H,H) = 11.4 Hz, 3J(H,H) = 4.5 Hz, 1H, 

CH), 1.13 (s, 3H, CH3), 1.01 (s, 3H, CH3);  13C NMR (125 MHz, CDCl3) δ: 204.3, 

159.3, 130.1, 127.1, 114.1, 76.5, 55.2, 48.3, 47.9, 21.5, 18.9;  IR (thin film) ν/cm-1: 

2927 (w), 1725 (m), 1611 (w), 1556 (vs), 1514 (s), 1465 (w), 1380 (m), 1252 (m), 

1033 (w), 836 (w);  MS (EI): 251, 180, 135, 134, 121, 119, 91;  HRMS (EI) calcd. 

for C13H17O4N1 (M+): 251.1152, found: 251.1150. 

 

 (R)-3-(4-chlorophenyl)-2,2-dimethyl-4-nitrobutanal (4c) 

H

O

NO 2

Cl

 The title compound was prepared from trans-1-chloro-4-(2-nitrovinyl) 

benzene[4] and isobutyraldehyde according to Method A.  The enantiomeric excess 
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was determined by HPLC with Chiralpak OD-H column at 208 nm (hexane / i-PrOH = 

75/25, 0.8 mL/min; tmajor = 13.2 min, tminor = 19.2 min); [ ]589
24α  = + 3.0 (c 1.0, CHCl3);  

1H NMR (300 MHz, CDCl3) δ: 9.48 (s, 1H, CHO), 7.32 (t, 3J(H,H) = 2.4 Hz, 1H, 

2-Ar-H), 7.29 (t, 3J(H,H) = 2.4 Hz, 1H, 6-Ar-H), 7.15 (t, 3J(H,H) = 2.4 Hz, 1H, 

3-Ar-H), 7.12 (t, 3J(H,H) = 2.4 Hz, 1H, 5-Ar-H), 4.82 (dd, 2J(H,H) = 13.2 Hz, 3J(H,H) 

= 11.4 Hz, 1H, CH2), 4.68 (dd, 2J(H,H) = 13.2 Hz, 3J(H,H) = 4.2 Hz, 1H, CH2), 3.77 

(dd, 3J(H,H) = 11.4 Hz, 3J(H,H) = 4.2 Hz, 1H, CH), 1.13 (s, 3H, CH3), 1.01 (s, 3H, 

CH3);  13C NMR (75 MHz, CDCl3) δ: 203.5, 134.0, 133.9, 130.3, 128.8, 76.1, 48.2, 

48.0, 21.8, 19.0;  IR (thin film) ν/cm-1: 2926 (w), 1728 (m), 1556 (s), 1494 (w), 

1378 (m), 1094 (w), 835 (w);  MS (EI): 255, 193, 184, 140, 138, 125, 103, 77, 72;  

HRMS (EI) calcd. for C12H14O3N1Cl (M+): 255.0657, found: 255.0658. 

 

(R)-2,2-dimethyl-4-nitro-3-(4-nitrophenyl)-butanal (4d) 

H

O

NO 2

NO2

 The title compound was prepared from trans-1-nitro-4-(2-nitrovinyl) 

benzene[4] and isobutyraldehyde according to Method A.  The enantiomeric excess 

was determined by HPLC with Chiralpak OD-H column at 208 nm (hexane / i-PrOH = 

80/20, 0.8 mL/min; tmajor = 25.6 min, tminor = 38.2 min); [ ]589
24α  = + 8.0 (c 1.0, CHCl3);  

1H NMR (300 MHz, CDCl3) δ: 9.48 (s, 1H, CHO), 8.21 (d, 3J(H,H) = 8.7 Hz, 2H, 3, 

5-Ar-H), 7.42 (d, 3J(H,H) = 8.7 Hz, 2H, 2, 6-Ar-H), 4.90 ( t, 2,3J(H,H) = 13.5 Hz, 1H, 

CH2), 4.77 (dd, 2J(H,H) = 13.5 Hz, 3J(H,H) = 3.9 Hz, 1H, CH2), 3.94 (dd, 3J(H,H) = 

13.5 Hz, 3J(H,H) = 3.9 Hz, 1H, CH), 1.17 (s, 3H, CH3), 1.06 (s, 3H, CH3);  13C 

NMR (75 MHz, CDCl3) δ: 203.3, 147.8, 143.5, 130.4, 124.1, 76.1, 48.6, 48.3, 22.3, 

19.4;  IR (thin film) ν/cm-1: 2923 (w), 1725 (m), 1604 (w), 1556 (s), 1522 (s), 1377 

(w), 1348 (s), 858 (m), 703 (w);  MS (EI): 267(M+1)+, 220, 204, 190, 177, 164, 149, 

129, 115, 103, 91, 77;  HRMS (EI) calcd. for C12H15O5N2 (M+1)+
: 267.0975, found: 

267.0973. 
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 (R)-E-2,2-dimethyl-3-(nitromethyl)-5-phenylpent-4-enal (4e) 

H

O

NO 2

Ph

  The title compound was prepared from (1E, 

2E)-4-nitrobuta-1,3-dienyl benzene[4] and isobutyraldehyde according to Method A.  

The enantiomeric excess was determined by HPLC with Chiralpak OD-H column at 

208 nm (hexane / i-PrOH = 80/20, 0.8 mL/min; tmajor = 15.4 min, tminor = 16.5 min); 

[ ]589
24α  = - 2.0 (c 1.0, CHCl3);  1H NMR (400 MHz, CDCl3) δ: 9.52 (s, 1H, CHO), 

7.35-7.26 (m, 5H, Ar-H), 6.53 (d, 3J(H,H) = 15.6 Hz, 1H, =CH), 6.02 (dd, 3J(H,H) = 

10.2 Hz, 3J(H,H) = 15.6 Hz, 1H, =CH), 4.52 (dd, 3J(H,H) = 4.0 Hz, 2J(H,H) = 12.0 

Hz, 1H, CH2), 4.45 (dd, 3J(H,H) = 4.0 Hz, 2J(H,H) = 12.0 Hz, 1H, CH2), 3.28 (dt, 
3J(H,H) = 4.0 Hz, 3J(H,H) = 10.2 Hz, 1H, CH), 1.17 (s, 3H, CH3), 1.16 (s, 3H, CH3);  
13C NMR (100 MHz, CDCl3) δ: 203.8, 136.3, 136.0, 128.6, 128.2, 126.6, 122.9, 47.8, 

47.2, 21.0, 19.1;  IR (thin film) ν/cm-1: 2974 (w), 1723 (m), 1554 (s), 1450 (w), 

1380 (m), 972 (m), 887 (w), 749 (m);  MS (EI): 247, 200, 157, 129, 115, 104, 91, 77;  

HRMS (EI) calcd. for C14H17O3N1 (M)+
: 247.1203, found: 247.1206. 

 

(R)-3-(furan-2-yl)-2,2-dimethyl-4-nitrobutanal (4f) 

H

O

NO 2

O

 The title compound was prepared from trans-2-(2-nitrovinyl) furan[4] 

and isobutanal according to Method A.  The enantiomeric excess was determined by 

HPLC with Chiralpak OD-H column at 208 nm (hexane / i-PrOH = 75/25, 0.8 mL/min; 

tmajor = 9.7 min, tminor = 13.9 min);  [ ]589
29α = - 19.0 (c 1.0, CHCl3); 1H NMR (300 

MHz, CDCl3) δ: 9.50 (s, 1H, CHO), 7.36 (s, 1H, Ar-H), 6.30 (s, 1H, Ar-H), 6.21 (d, 
3J(H,H) = 3.0 Hz, 1H, Ar-H), 4.75 (dd, 2J(H,H) = 12.6 Hz, 3J(H,H) = 11.1 Hz, 1H, 

CH2), 4.57 (dd, 2J(H,H) = 12.6 Hz, 3J(H,H) = 3.6 Hz, 1H, CH2), 3.92 (dd, 3J(H,H) = 

11.1 Hz, 3J(H,H) = 3.6 Hz, 1H, CH), 1.18 (s, 3H, CH3), 1.05 (s, 3H, CH3);  13C 

NMR (75 MHz, CDCl3) δ: 203.7, 149.9, 142.9, 110.7, 109.9, 75.2, 48.5, 42.5, 21.5, 

19.4;  IR (thin film) ν/cm-1: 2925 (w), 1728 (m), 1557 (s), 1376 (m), 1148 (m), 740 
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(m);  MS (EI): 211, 181, 164, 149, 121, 94, 81. 

 

(R)-2,2-dimethyl-4-nitro-3-(thiophen-2-yl) butanal (4g) 

H

O

NO 2

S

 The title compound was prepared from trans-2-(2-nitrovinyl) 

thiophene[4] and isobutanal according to Method A.  The enantiomeric excess was 

determined by HPLC with Chiralpak OD-H column at 208 nm (hexane / i-PrOH = 

75/25, 0.8 mL/min; tmajor = 12.3 min, tminor = 18.7 min); [ ]589
29α  = + 11.0 (c 1.0, 

CHCl3);  1H NMR (300 MHz, CDCl3) δ: 9.52 (s, 1H, CHO), 7.23-7.22 (m, 1H, 

5-Ar-H), 6.95 (dd, 3J(H,H) = 5.1 Hz, 3J(H,H) = 3.6 Hz, 1H, 4-Ar-H), 6.91 (dd, 3J(H,H) 

= 3.6 Hz, 4J(H,H) = 0.9 Hz, 1H, 3-Ar-H), 4.76-4.62 (m, 2H, CH2), 4.14 (dd, 3J(H,H) = 

10.5 Hz, 3J(H,H) = 4.5 Hz, 1H, CH), 1.22 (s, 3H, CH3), 1.08 (s, 3H, CH3);  13C 

NMR (75 MHz, CDCl3) δ: 203.8, 138.0, 128.1, 127.2, 125.7, 78.1, 48.7, 44.3, 21.9, 

19.2;  IR (thin film) ν/cm-1: 2925 (w), 1725 (m), 1557 (s), 1433 (w), 1378 (m), 882 

(w), 704 (m);  MS (EI): 227, 207, 180, 165, 156, 110, 97, 84. 

 

(R)-1-(2-nitro-1-phenyl) cyclopentanecarbaldehyde (4h) 

H

O

NO 2

 The title compound was prepared from trans-ß-nitrostyrene and 

cyclopentanecarbaldehyde according to method B. The enantiomeric excess and 

diastereomeric ratio were determined by HPLC with Chiralpak AS-H column at 208 

nm (hexane / i-PrOH = 75/25, 0.8 mL/min; tmajor = 12.3 min, tminor = 16.3 min); [ ]589
24α  

= - 13.0 (c 1.0, CHCl3);  1H NMR (300 MHz, CDCl3) δ: 9.52 (s, 1H, CHO), 

7.36-7.22 (m, 5H, Ar-H), 4.99 (dd, 2J(H,H) = 13.2 Hz, 3J(H,H) = 11.4 Hz, 1H, CH2), 

4.72 (dd, 2J(H,H) = 13.2 Hz, 3J(H,H) = 3.6 Hz, 1H, CH2), 3.72 (dd, 3J(H,H) = 11.4 Hz, 
3J(H,H) = 3.6 Hz, 1H, CH), 2.09-1.88 (m, 2H, CH2), 1.69-1.54 (m, 6H, 3CH2);  13C 

NMR (75 MHz, CDCl3) δ: 204.3, 136.3, 128.7, 128.0, 77.3, 60.2, 49.2, 32.5, 31.4, 
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24.8, 24.6;  IR (thin film) ν/cm-1: 2957 (w), 2361 (w) , 1781 (w), 1710 (s), 1554 (m), 

1455 (w), 1229 (w), 702 (m);  MS (EI): 247, 199, 171, 129, 115, 105, 104, 91, 67. 

 

(2R/2S, 3R)-2-methyl-4-nitro-3-phenylbutanal (4i) 

H

O

NO2

 The title compound was prepared from trans-ß-nitrostyrene and 
propionaldehyde according to method B.  The enantiomeric excess and 

diastereomeric ratio were determined by HPLC with Chiralpak OD-H column at 208 

nm (hexane / i-PrOH = 80/20, 0.8 mL/min; tmajor = 16.9 min, tmin = 21.1 min); [ ]589
29α  

= + 19.0 (c 1.0, CHCl3);  1H NMR (300 MHz, CDCl3) Signals corresponding to the 

major Diastereomer δ: 9.69 (s, 1H, CHO), 7.32-7.13 (m, 5H, Ar-H), 4.82-4.63 (m, 2H, 

CH2), 3.86-3.76 (m, 1H, CH), 2.81-2.74 (m, 1H, CH), 1.21 (d, 3J(H,H) = 7.2 Hz, 3H, 

CH3);  Signals corresponding to the minor Diastereomer δ: 9.51 (s, 1H, CHO), 

7.32-7.13 (m, 5H, Ar-H), 4.82-4.63 (m, 2H, CH2), 3.86-3.76 (m, 1H, CH), 2.81-2.74 

(m, 1H, CH), 1.00 (d, 3J(H,H) = 7.2 Hz, 3H, CH3);  13C NMR (125 MHz, CDCl3) δ: 

202.3, 136.6, 130.9, 129.0, 128.0, 78.1, 48.7, 44.0, 12.0;  IR (thin film) ν/cm-1: 3032 

(w), 2973 (w), 2929 (w), 1724 (m), 1603 (w), 1555 (s), 1456 (m), 1377 (m), 702 (m);  

MS (EI): 207, 160, 145, 131, 117, 104, 91, 77. 

 

(2R/2S, 3R)-2-ethyl-4-nitro-3-phenylbutanal (4j) 

H

O

NO2

 The title compound was prepared from trans-ß-nitrostyrene and 

butyraldehyde according to method B.  The enantiomeric excess and diastereomeric 

ratio were determined by HPLC with Chiralpak OD-H column at 208 nm (hexane / 

i-PrOH = 80/20, 0.8 mL/min; tminor = 15.3 min, tmajor = 17.2 min); [ ]589
29α  = + 7.0 (c 

1.0, CHCl3);  1H NMR (300 MHz, CDCl3) Signals corresponding to the major 

Diastereomer δ: 9.70 (d, 1H, 3J(H,H) = 2.4 Hz, CHO), 7.33-7.14 (m, 5H, Ar-H), 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2008



 S13

4.79-4.58 (m, 2H, CH2), 3.82-3.77 (m, 1H, CH), 2.69-2.66 (m, 1H, CH), 0.86-0.81 (t, 
3J(H,H) = 7.5 Hz, 3H, CH3);  Signals corresponding to the minor Diastereomer δ: 

9.46(d, 1H, 3J(H,H) = 2.4 Hz, CHO), 7.33-7.14 (m, 5H, Ar-H), 4.79-4.58 (m, 2H, 

CH2), 3.82-3.77 (m, 1H, CH), 2.61-2.53 (m, 1H, CH), 1.02-0.97 (t, 3J(H,H) = 7.5 Hz, 

3H, CH3);  13C NMR (75 MHz, CDCl3) Signals corresponding to the major 

Diastereomer δ: 202.8, 136.7, 128.9, 128.1, 127.8, 78.5, 42.7 29.7, 20.4, 10.7;  

Signals corresponding to the minor Diastereomer δ: 202.9, 136.7, 128.9, 128.1, 127.9, 

77.8, 44.1, 29.7, 20.6, 11.5;  IR (thin film) ν/cm-1: 2956 (w), 2926 (m), 2360 (w), 

1718 (m), 1555 (s), 1496 (m), 1379 (m), 701 (m);  MS (EI): 221, 175, 145, 131, 117, 

105, 104, 91, 77. 

 

(2R/2S, 3R)-4-nitro-2,3-diphenylbutanal (4k) 

H

O

NO2

 The title compound was prepared from trans-ß-nitrostyrene and 

2-phenylacetylaldehyde according to method B.  The enantiomeric excess and 

diastereomeric ratio were determined by HPLC with Chiralpak OD-H column at 208 

nm (hexane / i-PrOH = 90/10, 0.8 mL/min; tmajor = 26.3 min, tminor = 29.6 min); [ ]589
29α  

= - 62.0 (c 1.0, CHCl3);  1H NMR (300 MHz, CDCl3) Signals corresponding to the 

major Diastereomer δ: 9.53 (d, 3J(H,H) = 1.6 Hz, 1H, CHO), 7.55-7.24 (m, 10H, 

Ar-H), 4.49-4.40 (m, 2H, CH2), 4.37-4.29 (m, 1H, CH), 4.08-4.05 (m, 1H, CH);  13C 

NMR (75 MHz, CDCl3) δ: 196.6, 136.9, 132.2, 129.6, 129.2, 128.9, 128.4, 128.1, 

128.0, 61.6, 44.4, 29.7;  IR (thin film) ν/cm-1: 3030 (w), 2925 (s), 2854 (m), 2360 

(w), 1715 (m), 1553 (s), 1455 (m), 1380 (m), 757 (m), 700 (s);  MS (EI): 269, 223, 

193, 178, 120, 104, 91, 77. 

 

F) Preparation of racemic samples[5] 

Racemic samples of the conjugate addition products were prepared using piperazine 
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or racemic organocatalyst 1a, which was synthesized from racemic cyclohexane-1, 

2-diamine and 2-hydroxyphenyl N-Benzylsulfamate. 
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G) HPLC Chromatograms of conjugate addition products 

H

PhO

NO 2

race mic -4a  Chiralpak AD-H, 98:2 hexane:iPrOH, 0.5mL/min, λ = 208nm 

 

 

H

PhO

NO 2

4a  
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H

O

NO 2

OCH3

racemic-4b     Chiralpak OD-H, 75:25 hexane:iPrOH, 0.8mL/min, λ = 208nm  

 

 

H

O

NO 2

OCH3

4b    
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H

O

NO 2

Cl

racemic-4c  Chiralpak OD-H, 75:25 hexane:iPrOH, 0.8mL/min, λ = 208nm 

 

 

H

O

NO 2

Cl

4c  
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H

O

NO 2

NO2

racemic-4d  Chiralpak OD-H, 75:25 hexane:iPrOH, 0.8mL/min, λ = 208nm 

 

 

H

O

NO 2

NO2

4d  
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H

O

NO 2

Ph

racemic-4e   Chiralpak OD-H, 80:20 hexane:iPrOH, 0.8mL/min, λ = 208nm 
 

 

 

H

O

NO 2

Ph

4e  
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H

O

NO 2

O

racemic-4f  Chiralpak OD-H, 75:25 hexane:iPrOH, 0.8mL/min, λ = 208nm 

 

 

H

O

NO 2

O

4f  
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H

O

NO 2

S

racemic-4g  Chiralpak OD-H, 75:25 hexane:iPrOH, 0.8mL/min, λ = 208nm 

 

 

H

O

NO2

S

4g  
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H

O

NO 2

racemic-4h  Chiralpak AS-H, 75:25 hexane:iPrOH, 0.8mL/min, λ = 208nm 

 

 

H

O

NO 2

4h  
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H

O

NO 2

racemic-4i  Chiralpak OD-H, 80:20 hexane:iPrOH, 0.8mL/min, λ = 208nm 

 

 

H

O

NO2

4i  
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H

O

NO 2

racemic-4j  Chiralpak OD-H, 80:20 hexane:iPrOH, 0.8mL/min, λ = 208nm 

 

 

H

O

NO 2

4j  
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H

O

NO 2

racemic-4k  Chiralpak OD-H, 90:10 hexane:iPrOH, 0.8mL/min, λ = 208nm 

 

 

H

O

NO 2

4k  
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H) References and Notes 
[1] G. E. Dubois, R. A. Stephenson, J. Org. Chem. 1980, 45, 5371-5373. 
[2] G. E. DuBois, J. Org. Chem. 1980, 45, 5373-5375. 
[3] For the synthesis of 2-amino-3,3,N-trimethyl-butyramide hydrochloride, see: D. 

E. Fuerst and E. N. Jacobsen, J. Am. Chem. Soc. 2005, 127, 8964-8965. 
[4] For the synthesis of nitroolefins, see: David E. Worrall, Org. Syn. 1929, 9, 66. 
[5] Racemic 4i was synthesized using piperazine as catalyst; other racemic 

conjugation products were prepared using racemic 1a. 
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