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Experimental Section 
 
1.0  General Information 

Unless otherwise noted, material were purchased from commercial suppliers and used without further purification. 

Cyclohexanone and dichloromethane were freshly distilled from calcium hydride. n-Hexane, ethyl ether and 

tetrahydrofuran (THF) were distilled from sodium / benzophenone. Reactions were monitored by thin layer 

chromatography (TLC), and column chromatography purifications were performed using 200-300 mesh silica gel. 

 
1HNMR spectra were recorded on 400 MHz or 600 MHz spectrophotometers. Solvent for NMR is CDCl3, unless 

the otherwise noted. Chemical shifts are reported in delta (δ) units in parts per million (ppm) relative to the singlet 

(0 ppm) for tetramethylsilane (TMS). Data are reported as follows: chemical shift, multiplicity (s = single, d = 

doublet, t = triplet, q = quartet, br = broad, m = multiplet), coupling constants (Hz) and integration. 13CNMR 

spectra were recorded on 100 MHz or 150 MHz. Chemical shifts are reported in ppm relative to the central line of 

the heptalet at 77.0 ppm for CDCl3. The ee values determination was carried out using chiral high-performance 

liquid chromatography (HPLC) with Daicel Chiracel AD-H, OD-H and AS-H column and the dr values were 

determined by 400 MHz or 600 MHz 1H NMR. Organocatalys 3-6 were prepared according to the previous 

procedure1-2 from proline-derived amine and cinchona alkaloid-derived amines.3-4 

 
2.0  Characterization data of catalysts 3-6 

General Procedure for Preparing Bifunctional Organocatalysts 3-6. Preparation of 3a is typical. 

 
The pure (s)-2-amino-1-N-Boc-pyrrolidine 7 was obtained as a colorless oil according to the reported procedures.3a 

Carbon bisulfide (6.23 mL, 103.09 mmol) and N,N'-dicyclohexylcarbodiimide (DCC) (3.22 g, 10 mmol) were 

added to a solution of (s)-2-amino-1-N-Boc-pyrrolidine 7 (3.13 g, 15.62 mmol) in dry ether (50 mL) at 0 °C. The 

reaction mixture was allowed to warm slowly to room temperature over a period of 3 h and then was stirred for a 

further 12 h at room temperature. After separation of the precipitated thiourea by filtration, the solvent was 

removed under reduced pressure. The residue was purified through flash column chromatography on silica gel 

(eluent, petroleum ether / ethyl acetate = 20:1 to 5:1) to give the corresponding isothiocyanate 8 in 76% yield (2.89 

g).3b 1H NMR (400 MHz, CDCl3, TMS): δ 1.46 (s, 9H), 1.84-1.99 (m, 3H), 2.03-2.14 (m, 1H), 3.37-3.47 (m, 2H), 

3.61-3.89 (m, 2H), 3.96-3.97 (m, 1H). 13C NMR (100 MHz, CDCl3): δ 22.8, 23.6, 28.3, 28.6, 29.3, 46.6, 47.0, 47.1, 

47.8, 56.3, 79.7, 80.0, 131.0, 153.9, 154.4. 

To a solution of the above isothiocyanate 8 (2.23 g, 9.2 mmol) in dry dichloromethane (50 mL) was added 

cinchonidine-derived amine 9 (2.70 g, 9.2 mmol).4 The reaction mixture was stirred for 9 h at room temperature 
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and was concentrated in vacuo. After column chromatography on silica gel (eluent: ethyl acetate / methanol = 10:1 

to 5:1 (0.5% v/v Et3N)), the Boc-protected thiourea-amine 10 as a white solid was isolated in 88 % yield (4.32 g), 

which was used directly in the next step. The above Boc-protected thiourea-amine 10 was dissolved in a mixture of 

TFA/CH2Cl2 (12 mL/60 mL) and stirred for 12 h at room temperature. The mixture was basified with concentrated 

ammonia solution and extracted with CH2Cl2 (2×40 mL). After the removal of the solvent in vacuo, the residue 

was first purified through flash column chromatography on silica gel (eluent: methanol / TEA = 10:1), then second 

purification through a short pad of Na2SO4 (eluent: CH2Cl2) gave 3a as a white solid in 55% yield (1.93 g). 

 

Other thiourea-amine catalysts (3b-6) were synthesized according to the above procedures. 

Catalyst 3a 
1H NMR (400 MHz, CDCl3, TMS): δ 0.81 (s, 1H), 1.14-1.32 (m, 2H), 1.56-1.71 

(m, 5H), 2.05 (s, 2H), 2.31 (s, 1H), 2.69-2.91 (m, 4H), 3.15 (s, 1H), 3.25-3.59 (m, 

5H), 4.97 (t, J = 14.4 Hz, 2H), 5.69-5.75 (m, 1H), 6.08 (br s, 3H), 7.65 (t, J = 7.8 

Hz, 2H), 7.72 (t, J = 7.2 Hz, 1H), 8.10 (d, J = 8.4 Hz, 1H), 8.65 (s, 1H), 8.89 (d, J 

= 4.2 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 24.7, 25.4, 27.1, 27.3, 27.9, 39.0, 

41.4, 45.1, 45.8, 55.4, 58.9, 114.4, 124.4, 126.6, 127.1, 129.0, 129.8, 140.8, 148.2, 

150.0, 182.7; MS (EI) m/z 435 (rel intensity) (M+); Analysis calculated for C25H33N5S: C, 68.93, H, 7.64, N, 16.08. 

Found: C, 68.89; H, 7.61; N, 16.14. 

 

Catalyst 3b 
1H NMR (400 MHz, CDCl3, TMS): δ 0.75 (s, 1H), 1.09-1.51 (m, 5H), 1.65-1.69 

(m, 2H), 1.68-1.89 (m, 1H), 2.22 (q, J = 6.8, 14.8 Hz, 1H), 2.76-2.97 (m, 5H), 

3.21-3.79 (m, 4H), 5.15 (t, J = 6.8 Hz, 1H), 5.46 (br s, 2H), 5.80-5.89 (m, 1H), 

7.63-7.82 (m, 3H), 8.08 (d, J = 9.6 Hz, 1H), 8.60 (d, J = 8.4 Hz, 1H), 8.90 (d, J = 

4.4 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 24.4, 24.7, 25.6, 26.9, 28.3, 39.0, 

45.3, 45.9, 46.5, 47.3, 48.8, 59.5, 60.5, 114.9, 119.6, 124.3, 126.5, 127.2, 129.1, 

129.7, 147.7, 148.1, 150.0, 183.0; MS (EI) m/z 436 (rel intensity) (M++1); Analysis calculated for C25H33N5S: C, 

68.93, H, 7.64, N, 16.08. Found: C, 68.97; H, 7.69; N, 16.04. 

 

Catalyst 4a 
1H NMR (400 MHz, CDCl3, TMS): δ 0.74-0.79 (m, 1H), 1.27-1.41 (m, 1H), 

1.65-1.78 (m, 7H), 2.33 (s, 1H), 2.80-3.06 (m, 4H), 3.23-3.32 (m, 2H), 

3.55-3.87 (m, 4H), 4.03 (s, 3H), 4.90 (d, J = 10.4 Hz, 1H), 4.97 (d, J = 17.2 

Hz, 1H), 5.61-5.70 (m, 1H), 6.57 (br s, 3H), 7.37 (dd, J = 2.4, 9.2 Hz, 1H), 

7.60 (s, 1H), 7.95 (d, J = 9.2 Hz, 1H), 8.10 (s, 1H), 8.67 (d, J = 3.2 Hz, 1H); 
13C NMR (100 MHz, CDCl3): δ 24.0, 25.2, 26.9, 27.7, 38.6, 41.8, 45.0, 45.8, 

53.7, 55.2, 55.7, 59.1,60.1, 102.5, 114.8, 119.7, 122.0, 128.1, 131.0, 140.0, 144.4, 145.2, 147.5, 157.7, 182.5; MS 

(EI) m/z 465 (rel intensity) (M+); Analysis calculated for C26H35N5OS: C, 67.06, H, 7.58, N, 15.04. Found: C, 

67.09; H, 7.54; N, 15.09. 

 

Catalyst 4b 
1H NMR (400 MHz, CDCl3, TMS): δ 0.81-0.87 (m, 1H), 1.12-1.50 (m, 4H), 

1.62-1.79 (m, 2H), 1.86-1.96 (m, 1H), 2.21-2.26 (m, 1H), 2.72-2.95 (m, 5H), 

3.33-3.82 (m, 4H), 4.03 (s, 3H), 5.11 (d, J = 10.4 Hz, 1H), 5.19 (d, J = 17.2 
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Hz, 1H), 5.80-5.89 (m, 1H), 6.57 (br s, 1H), 7.34 (dd, J = 2.4, 9.2 Hz, 1H), 7.80 (s, 1H), 7.93 (d, J = 9.2 Hz, 1H), 

8.03 (s, 1H); 13C NMR (100 MHz, CDCl3): δ 23.8, 24.7, 25.2, 26.5, 27.8, 38.4, 44.8, 45.5, 47.0, 48.6, 52.9, 55.4, 

59.9, 102.1, 114.6, 119.6, 122.1, 128.0, 130.6, 139.5, 144.2, 145.5, 147.3, 157.5, 182.7; MS (EI) m/z 465 (rel 

intensity) (M+); Analysis calculated for C26H35N5OS: C, 67.06, H, 7.58, N, 15.04. Found: C, 67.10; H, 7.53; N, 

15.08. 

 

Catalyst 5 
1H NMR (400 MHz, CDCl3, TMS): δ 0.85-.89 (m, 1H), 1.31-1.47 (m, 2H), 

1.63-1.76 (m, 5H), 1.90-1.92 (m, 1H), 2.34 (s, 1H), 2.84-2.93 (m, 4H), 3.23-3.27 

(m, 1H), 3.54-3.75 (m, 5H), 4.93 (d, J = 6.8 Hz, 1H), 4.98 (d, J = 11.2 Hz, 1H),  

5.60-5.65 (m, 1H), 6.35 (br s, 3H), 7.65 (t, J = 5.2 Hz, 1H), 7.72 (t, J = 4.8 Hz, 

2H), 8.10 (d, J = 5.6 Hz, 1H), 8.64 (d, J = 5.2 Hz, 1H), 8.90 (d, J = 3.2 Hz, 1H); 
13C NMR (100 MHz, CDCl3): δ 23.9, 24.5, 24.9, 26.8, 27.8, 38.6, 41.3, 44.8, 45.4, 

45.9, 55.0, 59.2, 60.3, 114.5, 119.6, 124.2, 126.4, 127.0, 128.9, 129.6, 140.0, 147.2, 147.9, 149.9, 182.6; MS (EI) 

m/z 435 (rel intensity) (M+); Analysis calculated for C25H33N5S: C, 68.93, H, 7.64, N, 16.08. Found: C, 68.96; H, 

7.62; N, 16.03. 

 

Catalyst 6 
1H NMR (400 MHz, CDCl3, TMS): δ 0.78-0.82 (m, 1H), 1.09-1.20 (m, 2H), 

1.42-1.58 (m, 7H), 2.24-2.30 (m, 1H), 2.57-3.15 (m, 10H), 3.91 (br s, 1H), 5.16 

(dd, J = 6.0, 7.2 Hz, 2H), 5.84-5.93 (m, 1H), 7.48 (s, 1H), 7.63 (t, J = 7.6 Hz, 1H), 

7.72 (t, J = 8.0 Hz, 1H), 8.09 (d, J = 8.0 Hz, 1H), 8.53 (s, 1H), 8.82 (s, 1H); 13C 

NMR (100 MHz, CDCl3): δ 24.6, 25.8, 26.8, 28.1, 38.7, 45.4, 46.8, 48.5, 57.7, 

60.2, 114.4, 123.9, 126.1, 126.8, 128.7, 129.4, 139.6, 147.7, 149.6, 182.2; MS (EI) 

m/z 435 (rel intensity) (M+); Analysis calculated for C25H33N5S: C, 68.93, H, 7.64, N, 16.08. Found: C, 68.99; H, 

7.67; N, 16.04. 
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3.0  Characterization data of Michael products 13a-o 

Representative procedure for the Asymmetric Michael Reaction of Nitroolefin 12a with Cyclohexanone 11 

(Table 3, entry 1). 

 

 

The organocatalyst 3a (22.0 mg, 0.05 mmol), PhCO2H (6.1 mg, 0.05 mmol) and cyclohexanone 11 (0.53 mL, 5.0 

mmol) were stirred in 1 mL of n-hexane for 10 min at room temperature. trans-β-Styrene 12a (75.0 mg, 0.5 mmol) 

was then added and the reaction mixture was stirred for 5 h. After the complete consumption of 12a (as monitored 

by TLC). The reaction mixture was concentrated under reduced pressure, and the residue was purified by flash 

column chromatography on silica gel (petroleum ether / ethyl acetate (4:1 to 2:1)) to give the corresponding pure 

Michael product 13a (110.0 mg, 89%) as a white solid. Relative and absolute configurations of the products were 

determined by comparison of 1H NMR, 13C NMR spectra and HPLC data with the known literature. Compounds 

13a-o and 15 are known.1-2,5 

 

2-(2-nitro-1-phenylethyl)cyclohexanone (13a), (Table 3, entry 1). 

The ee was determined by HPLC (Chiralpak AS column, hexane/i-PrOH 75:25, flow rate 1.0 

mL/min, λ = 210 nm, 20 oC). tR (minor) = 9.3 min; tR (major) = 13.3 min. syn/anti = 97/3, syn: 

ee = 96%. 1H NMR (400 MHz, CDCl3, TMS): δ 1.18-1.28 (m, 1H), 1.51-1.61 (m, 1H), 

1.66-1.81 (m, 3H), 2.05-2.11 (m, 1H), 2.35-2.43 (m, 1H), 2.45-2.50 (m, 1H), 2.65-2.72 (m, 

1H), 3.73-3.79 (m, 1H), 4.62 (dd, J = 10.0, 12.4 Hz, 1H), 4.95 (dd, J = 4.4, 12.4 Hz, 1H), 

7.16-7.18 (m, 2H), 7.24-7.34 (m, 3H); 13C NMR (100 MHz, CDCl3): δ 24.8, 28.3, 33.0, 42.5, 43.7, 52.2, 78.7, 

127.5, 127.9, 128.7, 137.5, 211.9. 

 

2-(2-nitro-1-(4-nitrophenyl)ethyl)cyclohexanone (13b), (Table 3, entry 2). 

The ee was determined by HPLC (Chiralpak AD column, hexane/i-PrOH 75:25, flow rate 1.0 

mL/min, λ = 254 nm, 20 oC). tR (minor) = 13.1 min; tR (major) = 28.9 min, syn/anti = 93/7, syn: 

ee = 94%. 1H NMR (600 MHz, CDCl3, TMS): δ 1.24-1.30 (m, 1H), 1.57-1.71 (m, 4H), 

1.81-1.84 (m, 1H), 2.11-2.13 (m, 1H), 2.36-2.42 (m, 1H), 2.48-2.50 (m, 1H), 2.70-2.75 (m, 

1H), 3.91-3.95 (m, 1H), 4.70 (dd, J = 10.8, 12.6 Hz, 1H), 5.00 (dd, J = 4.2, 13.2 Hz, 1H), 7.40 

(d, J = 8.4 Hz, 2H), 8.20 (d, J = 8.4 Hz, 2H); 13C NMR (100 MHz, CDCl3): δ 24.9, 28.1, 33.0, 

42.5, 43.6, 52.0, 77.9, 123.9, 129.2, 145.5, 147.2, 210.8. 

 

2-(2-nitro-1-(2-nitrophenyl)ethyl)cyclohexanone (13c) , (Table 3, entry 3). 

The ee was determined by HPLC (Chiralpak AS column, hexane/i-PrOH 80:20, flow rate 1.0 

mL/min, λ = 254 nm, 20 oC). tR (minor) = 23.2 min; tR (major) = 29.8 min, syn/anti = 98/2, syn: 

ee = 95%. 1H NMR (600 MHz, CDCl3, TMS): δ 1.45-1.51 (m, 1H), 1.60-1.73 (m, 2H), 

1.80-1.85 (m, 2H), 2.10-2.13 (m, 1H), 2.34-2.41 (m, 1H), 2.46-2.49 (m, 1H), 2.92-2.96 (m, 

1H), 4.31-3.35 (m, 1H), 4.92 (d, J = 6.6 Hz, 2H), 7.42-7.47 (m, 2H), 7.59 (t, J = 7.8 Hz, 1H), 

7.84 (d, J = 8.4 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 25.2, 28.2, 33.0, 41.8, 42.7, 52.1, 77.6, 124.7, 128.4, 

129.0, 132.7, 133.0, 150.7, 211.0. 
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2-(1-(4-fluorophenyl)-2-nitroethyl)cyclohexanone (13d) , (Table 3, entry 4). 

The ee was determined by HPLC (Chiralpak OD column, hexane/i-PrOH 95:5, flow rate 1.0 

mL/min, λ = 210 nm, 20 oC). tR (minor) = 18.8 min; tR (major) = 20.8 min, syn/anti = 97/3, syn: 

ee = 94%. 1H NMR (600 MHz, CDCl3, TMS): δ 1.20-1.26 (m, 1H), 1.55-1.73 (m, 2H), 

1.79-1.87 (m, 1H), 2.07-2.10 (m, 1H), 2.33-2.41 (m, 1H), 2.46-2.48 (m, 1H), 2.63-2.67 (m, 

1H), 3.75-3.79 (m, 1H), 4.60 (t, J = 10.8 Hz, 1H), 4.93 (dd, J = 4.2, 12.0 Hz, 1H), 7.01 (t, J = 

8.4 Hz, 2H), 7.14-7.16 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 24.9, 28.3, 33.0, 42.6, 43.1, 

52.4, 78.7, 115.6, 115.8, 129.6, 129.7, 133.4, 133.5, 160.7, 163.2, 211.6. 

 

2-(1-(4-bromophenyl)-2-nitroethyl)cyclohexanone (13e) , (Table 3, entry 5). 

The ee was determined by HPLC (Chiralpak AD column, hexane/i-PrOH 90:10, flow rate 1.0 

mL/min, λ = 210 nm, 20 oC). tR (minor) = 14.0 min; tR (major) = 22.9 min, syn/anti = 94/6, syn: 

ee = 94%. 1H NMR (600 MHz, CDCl3, TMS): δ 1.19-1.26 (m, 1H), 1.56-1.73 (m, 3H), 

1.78-1.81 (m, 1H), 2.07-2.10 (m, 1H), 2.34-2.40 (m, 1H), 2.46-2.48 (m, 1H), 2.62-2.67 (m, 

1H), 3.72-3.76 (m, 1H), 4.60 (dd, J = 10.2, 12.6 Hz, 1H), 4.93 (dd, J = 4.2, 12.6 Hz, 1H), 7.06 

(d, J = 8.4 Hz, 2H), 7.45 (d, J = 8.4 Hz, 2H); 13C NMR (100 MHz, CDCl3): δ 24.9, 28.3, 33.0, 

42.6, 43.3, 52.2, 78.4, 121.6, 129.8, 131.9, 136.7, 211.4. 

 

2-(1-(2-bromophenyl)-2-nitroethyl)cyclohexanone (13f) , (Table 3, entry 6).  

The ee was determined by HPLC (Chiralpak AD column, hexane/i-PrOH 85:15, flow rate 1.0 

mL/min, λ = 210 nm, 20 oC). tR (minor) = 8.9 min; tR (major) = 14.3 min, syn/anti = 98/2, syn: 

ee = 90%. 1H NMR (600 MHz, CDCl3, TMS): δ 1.37-1.39 (m, 1H), 1.61-1.76 (m, 3H), 

1.81-1.87 (m, 1H), 2.09-2.12 (m, 1H), 2.35-2.41 (m, 1H), 2.46-2.48 (m, 1H), 2.90 (s, 1H), 

4.30 (s, 1H), 4.86-4.94 (m, 2H), 7.13 (t, J = 7.2 Hz, 1H), 7.21 (d, J = 7.2 Hz, 1H), 7.29 (t, J = 

7.2 Hz, 1H), 7.57 (d, J = 7.8 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 25.0, 28.3, 32.7, 41.7, 42.5, 52.0, 77.2, 

127.8, 128.8, 133.3, 137.1, 211.3. 

 

2-(1-(4-chlorophenyl)-2-nitroethyl)cyclohexanone (13g) , (Table 3, entry 7). 
The ee was determined by HPLC (Chiralpak AD column, hexane/i-PrOH 90:10, flow rate 1.0 

mL/min, λ = 210 nm, 20 oC). tR (minor) = 13.2 min; tR (major) = 20.0 min, syn/anti = 93/7, syn: 

ee = 94%. 1H NMR (600 MHz, CDCl3, TMS): δ 1.19-1.26 (m, 1H), 1.53-1.59 (m, 1H), 

1.63-1.73 (m, 2H), 1.78-1.81 (m, 1H), 2.07-2.11 (m, 1H), 2.32-2.40 (m, 1H), 2.45-2.48 (m, 

1H), 2.62-2.67 (m, 1H), 3.74-3.78 (m, 1H), 4.60 (dd, J = 9.6, 12.0 Hz, 1H), 4.93 (dd, J = 4.2, 

12.6 Hz, 1H), 7.11 (d, J = 7.8 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H); 13C NMR (100 MHz, CDCl3): 

δ 24.9, 28.3, 33.0, 42.6, 43.2, 52.2, 78.5, 129.0, 129.4, 133.4, 136.2, 211.4. 

 

2-(1-(2-chlorophenyl)-2-nitroethyl)cyclohexanone (13h) , (Table 3, entry 8). 

The ee was determined by HPLC (Chiralpak AD column, hexane/i-PrOH 95:5, flow rate 1.0 

mL/min, λ = 210 nm, 20 oC). tR (minor) = 13.8 min; tR (major) = 24.3 min, syn/anti = 97/3, syn: 

ee = 94%. 1H NMR (600 MHz, CDCl3, TMS): δ 1.30-1.36 (m, 1H), 1.57-1.73 (m, 3H), 

1.80-1.87 (m, 1H), 2.08-2.11 (m, 1H), 2.32-2.41 (m, 1H), 2.46-2.48 (m, 1H), 2.91 (s, 1H), 

4.29 (d, J = 7.8 Hz, 1H), 4.89 (d, J = 6.6 Hz, 2H), 7.19-7.25 (m, 3H), 7.37 (d, J = 7.8 Hz, 1H); 
13C NMR (100 MHz, CDCl3): δ 25.0, 28.3, 32.7, 40.7, 42.5, 51.5, 77.1, 127.2, 128.6, 129.2, 130.0, 134.3, 135.3, 

211.5. 
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2-(1-(2,4-dichlorophenyl)-2-nitroethyl)cyclohexanone (13i) , (Table 3, entry 9). 

The ee was determined by HPLC (Chiralpak AD column, hexane/i-PrOH 90:10, flow rate 1.0 

mL/min, λ = 210 nm, 20 oC). tR (minor) = 10.1 min; tR (major) = 14.6 min, syn/anti = 95/5, syn: 

ee = 95%. 1H NMR (600 MHz, CDCl3, TMS): δ 1.30-1.36 (m, 1H), 1.59-1.75 (m, 3H), 

1.82-1.87 (m, 1H), 2.09-2.12 (m, 1H), 2.37-2.40 (m, 1H), 2.46-2.48 (m, 1H), 2.87 (s, 1H), 

4.24 (dd, J = 7.2, 15.6 Hz, 1H), 4.88 (d, J = 6.6 Hz, 2H), 7.18 (d, J = 8.4 Hz, 1H), 7.23 (d, J = 

8.4 Hz, 1H), 7.40 (s, 1H); 13C NMR (100 MHz, CDCl3): δ 25.2, 27.0, 28.4, 32.9, 40.5, 42.7, 

51.6, 77.4, 127.7, 130.0, 133.9, 134.2, 135.2, 211.3. 

 

2-(2-nitro-1-p-tolylethyl)cyclohexanone (13j) , (Table 3, entry 10). 

The ee was determined by HPLC (Chiralpak AS column, hexane/i-PrOH 90:10, flow rate 0.8 

mL/min; λ = 210 nm, 20 oC). tR (minor) = 15.9 min; tR (major) = 28.1 min, syn/anti = 94/6, syn: 

ee = 92%. 1H NMR (600 MHz, CDCl3, TMS): δ 1.19-1.26 (m, 1H), 1.53-1.59 (m, 1H), 

1.64-1.79 (m, 3H), 2.05-2.09 (m, 1H), 2.31 (s, 3H), 2.35-2.40 (m, 1H), 2.45-2.48 (m, 1H), 

2.64-2.68 (m, 1H), 3.69-3.73 (m, 1H), 4.60 (dd, J = 10.2, 12.0 Hz, 1H), 4.92 (dd, J = 4.8, 12.6 

Hz, 1H), 7.04 (d, J = 8.4 Hz, 2H), 7.12 (d, J = 7.8 Hz, 2H); 13C NMR (100 MHz, CDCl3): δ 

20.9, 24.9, 28.4, 33.0, 42.6, 43.4, 52.4, 78.9, 127.9, 129.4, 134.5, 137.2, 211.9. 

 

2-(1-(2-methoxyphenyl)-2-nitroethyl)cyclohexanone (13k) , (Table 3, entry 11). 

The ee was determined by HPLC (Chiralpak AS column, hexane/i-PrOH 90:10, flow rate 1.0 

mL/min, λ = 210 nm, 20 oC). tR (minor) = 15.3 min; tR (major) = 17.7 min, syn/anti = 95/5, syn: 

ee = 92%. 1H NMR (400 MHz, CDCl3, TMS): δ 1.15-1.25 (m, 1H), 1.51-1.52 (m, 1H), 

1.66-1.87 (m, 3H), 2.03-2.09 (m, 1H), 2.31-2.42 (m, 1H), 2.44-2.48 (m, 1H), 2.94-3.01 (m, 

1H), 3.84 (s, 3H), 3.93-3.99 (m, 1H), 4.82 (dd, J = 2.4, 5.2 Hz, 2H), 6.88 (t, J = 7.6 Hz, 2H), 

7.08 (dd, J = 1.6, 7.6 Hz, 1H), 7.22-7.26 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 24.9, 28.3, 33.1, 41.1, 42.5, 50.3, 

55.1, 110.8, 120.6, 125.1, 128.7, 130.7, 157.4, 212.3. 

 

2-(1-(naphthalen-1-yl)-2-nitroethyl)cyclohexanone (13l) , (Table 3, entry 12). 

The ee was determined by HPLC (Chiralpak AS column, hexane/i-PrOH 50:50, flow rate 0.7 

mL/min, λ = 254 nm, 20 oC). tR (minor) = 12.0 min; tR (major) = 17.2 min, syn/anti = 93/7, syn: 

ee = 92%. 1H NMR (400 MHz, CDCl3, TMS): δ 1.20-1.30 (m, 1H), 1.47-1.56 (m, 1H), 

1.62-1.71 (m, 3H), 2.06-2.11 (m, 1H), 2.38-2.53 (m, 1H), 2.85 (s, 1H), 4.77 (s, 1H), 4.91 (t, J 

= 10.0 Hz, 1H), 5.08 (dd, J = 4.4, 12.8 Hz, 1H), 7.37-7.58 (m, 4H), 7.78 (d, J = 8.4 Hz, 1H), 

7.86 (d, J = 8.0 Hz, 1H), 8.18 (d, J = 7.2 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 25.0, 28.5, 33.1, 36.6, 42.7, 

53.6, 78.6, 122.6, 123.4, 125.2, 125.7, 126.4, 127.9, 128.8, 132.3, 133.8, 134.5, 212.1. 

 

2-(1-(furan-2-yl)-2-nitroethyl)cyclohexanone (13m) , (Table 3, entry 13). 

The ee was determined by HPLC (Chiralpak AD column, hexane/i-PrOH 90:10, flow rate 1.0 

mL/min, λ = 210 nm, 20 oC). tR (major) = 11.1 min; tR (minor) = 13.5 min, syn/anti = 92/8, syn: 

ee = 85%. 1H NMR (600 MHz, CDCl3, TMS): δ 1.25-1.32 (m, 1H), 1.62-1.66 (m, 2H), 

1.74-1.77 (m, 1H), 1.83-1.85 (m, 1H), 2.09-2.11 (m, 1H), 2.34-2.39 (m, 1H), 2.45-2.47 (m, 

1H), 2.73-2.77 (m, 1H), 3.95-3.99 (m, 1H), 4.67 (dd, J = 9.6, 12.6 Hz, 1H), 4.79 (dd, J = 4.8, 12.6 Hz, 1H), 6.18 (d, 

J = 3.0 Hz, 1H), 6.28 (dd, J = 1.8, 3.0 Hz, 1H), 7.34 (s, 1H); 13C NMR (100 MHz, CDCl3): δ 24.9, 28.0, 32.3, 37.4, 

42.3, 50.9, 76.5, 108.7, 110.1, 142.1, 150.8, 210.8. 
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2-(1-(4-methoxyphenyl)-2-nitroethyl)cyclohexanone (13n) , (Table 3, entry 25). 

The ee was determined by HPLC (Chiralpak AD column, hexane/i-PrOH 75:25, flow rate 0.7 

mL/min, λ = 210 nm, 20 oC). tR (major) = 11.8 min; tR (minor) = 14.3 min, syn/anti = 89/11, 

syn: ee = -85%. 1H NMR (400 MHz, CDCl3, TMS): δ 1.17-1.18 (m, 1H), 1.51-1.58 (m, 1H), 

1.65-1.81 (m, 3H), 2.04-2.11 (m, 1H), 2.33-2.41 (m, 1H), 2.44-2.49 (m, 1H), 2.61-2.67 (m, 

1H), 3.68-3.74 (m, 1H), 3.77 (s, 3H), 4.58 (dd, J = 10.0, 12.4 Hz, 1H), 4.90 (dd, J = 4.4, 12.0 

Hz, 1H), 6.84 (d, J = 8.8 Hz, 2H), 7.08 (d, J = 8.4 Hz, 2H); 13C NMR (100 MHz, CDCl3): δ 

24.8, 28.4, 33.0, 42.5, 43.0, 52.5, 55.0, 78.9, 114.1, 129.0, 129.4, 158.8, 211.9. 

 

2-(2-nitro-1-(thiophen-2-yl)ethyl)cyclohexanone (13o) , (Table 3, entry 26). 

The ee was determined by HPLC (Chiralpak AS column, hexane/i-PrOH 90:10, flow rate 1.0 

mL/min, λ = 210 nm, 20 oC). tR (major) = 21.0 min; tR (minor) = 29.2 min, syn/anti = 85/15, 

syn: ee = -82%. 1H NMR (400 MHz, CDCl3, TMS): δ 1.27-1.43 (m, 1H), 1.60-1.73 (m, 2H), 

1.83-1.93 (m, 2H), 2.04-2.12 (m, 1H), 2.32-2.39 (m, 1H), 2.42-2.48 (m, 1H), 2.64-2.71 (m, 

1H), 4.10-4.16 (m, 1H), 4.65 (dd, J = 9.2, 12.4 Hz, 1H), 4.89 (dd, J = 4.8, 12.8 Hz, 1H), 6.87 

(d, J = 2.8 Hz, 1H), 6.93 (dd, J = 3.6, 5.2 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 24.9, 28.1, 32.6, 39.2, 42.4, 

53.1, 79.1, 124.8, 126.4, 126.7, 140.3, 211.1. 

 

(S)-2,2-dimethyl-4-nitro-3-phenylbutanal (15) , (Eq 1). 

The ee was determined by HPLC (Chiralpak OD column, hexane/i-PrOH 80:20, flow rate 0.8 

mL/min, λ = 210 nm, 20 oC). tR (major) = 17.6 min; tR (minor) = 25.8 min, ee = 85%. 1H 

NMR (600 MHz, CDCl3, TMS): δ 1.01 (s, 3H), 1.14 (s, 3H), 3.78 (dd, J = 3.0, 10.8 Hz, 1H), 

4.69 (dd, J = 3.6, 13.2 Hz, 1H), 4.85 (t, J = 12.6 Hz, 1H), 7.20 (d, J = 7.2 Hz, 2H), 7.29-7.34 

(m, 3H), 9.53 (s, 1H); 13C NMR (100 MHz, CDCl3): δ 18.5, 21.4, 48.1, 76.1, 127.9, 128.5, 128.9, 135.1, 204.2. 
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5.0  NMR Spectra 

Catalyst NMR Spectra 

1H NMR (400 MHz, CDCl3) spectrum of isothiocyanate 8 

 
13C NMR spectrum (100 MHz, CDCl3) of isothiocyanate 8 
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1H NMR (600 MHz, CDCl3) spectrum of catalyst 3a 

 
 

13C NMR spectrum (100 MHz, CDCl3) of catalyst 3a 
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1H NMR (400 MHz, CDCl3) spectrum of catalyst 3b 

 

 

13C NMR spectrum (100 MHz, CDCl3) of catalyst 3b 

 

 



 

S13 

1H NMR (400 MHz, CDCl3) spectrum of catalyst 4a 

 

 

13C NMR spectrum (100 MHz, CDCl3) of catalyst 4a 
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1H NMR (400 MHz, CDCl3) spectrum of catalyst 4b 

 

 

13C NMR spectrum (100 MHz, CDCl3) of catalyst 4b 
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1H NMR (400 MHz, CDCl3) spectrum of catalyst 5 

 

 

13C NMR spectrum (100 MHz, CDCl3) of catalyst 5 
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1H NMR (400 MHz, CDCl3) spectrum of catalyst 6 

 

 

13C NMR spectrum (100 MHz, CDCl3) of catalyst 6 

 



 

S17 

Michael product NMR Spectra 

1H NMR (400 MHz, CDCl3) spectrum of Michael product 13a 

 

 
13C NMR spectrum (100 MHz, CDCl3) of Michael product 13a 
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1H NMR (600 MHz, CDCl3) spectrum of Michael product 13b 

 

 

13C NMR spectrum (100 MHz, CDCl3) of Michael product 13b 
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1H NMR (600 MHz, CDCl3) spectrum of Michael product 13c 

 

 

13C NMR spectrum (100 MHz, CDCl3) of Michael product 13c 
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1H NMR (600 MHz, CDCl3) spectrum of Michael product 13d 

 

 

13C NMR spectrum (100 MHz, CDCl3) of Michael product 13d 
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1H NMR (600 MHz, CDCl3) spectrum of Michael product 13e 

 

 

13C NMR spectrum (100 MHz, CDCl3) of Michael product 13e 
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1H NMR (600 MHz, CDCl3) spectrum of Michael product 13f 

 

 

13C NMR spectrum (100 MHz, CDCl3) of Michael product 13f 
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1H NMR (600 MHz, CDCl3) spectrum of Michael product 13g 

 

 

13C NMR spectrum (100 MHz, CDCl3) of Michael product 13g 
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1H NMR (600 MHz, CDCl3) spectrum of Michael product 13h 

 

 

13C NMR spectrum (100 MHz, CDCl3) of Michael product 13h 
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1H NMR (600 MHz, CDCl3) spectrum of Michael product 13i 

 

 

13C NMR spectrum (100 MHz, CDCl3) of Michael product 13i 
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1H NMR (600 MHz, CDCl3) spectrum of Michael product 13j 

 

 

13C NMR spectrum (100 MHz, CDCl3) of Michael product 13j 
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1H NMR (400 MHz, CDCl3) spectrum of Michael product 13k 

 

 

13C NMR spectrum (100 MHz, CDCl3) of Michael product 13k 
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1H NMR (400 MHz, CDCl3) spectrum of Michael product 13l 

 

 

13C NMR spectrum (100 MHz, CDCl3) of Michael product 13l 
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1H NMR (600 MHz, CDCl3) spectrum of Michael product 13m 

 

 

13C NMR spectrum (100 MHz, CDCl3) of Michael product 13m 
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1H NMR (400 MHz, CDCl3) spectrum of Michael product 13n 

 

 

13C NMR spectrum (100 MHz, CDCl3) of Michael product 13n 
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1H NMR (400 MHz, CDCl3) spectrum of Michael product 13o 

 

 

13C NMR spectrum (100 MHz, CDCl3) of Michael product 13o 
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1H NMR (400 MHz, CDCl3) spectrum of Michael product 15 

 

 

13C NMR spectrum (100 MHz, CDCl3) of Michael product 15 
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6.0   HPLC Chromatograms 
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