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General Remarks. 
 

1H NMR spectra were recorded on a VARIAN Mercury 300 MHz spectrometer in 

chloroform-d3. Chemical shifts are reported in ppm with the internal TMS signal at 0.0 

ppm as a standard. The data are reported as (s = singlet, d = doublet, t = triplet, q = quartet, 

m = multiplet or unresolved, brs = broad singlet, coupling constant(s) in Hz, integration). 
13C NMR spectra were recorded on a VARIAN Mercury 75 MHz spectrometer in 

chloroform-d3. Chemical shifts are reported in ppm with the internal chloroform signal at 

77.0 ppm as a standard. Commercially obtained reagents were used without further 

purification. All reactions were monitored by TLC with silica gel-coated plates. 

Diastereomeric ratios were determined from crude 1H NMR or HPLC analysis. 

Enantiomeric ratios were determined by HPLC, using a chiralpak AS-H column, a 

chiralpak AD-H column or a chiralcel OD-H column with hexane and i-PrOH as solvents. 

The absoluted configurations of the known products were assigned by HPLC and optical 

rotation comparisons with the reported data,1 and those of other adducts were deduced on 

the basis of those results. 

 

(1S,2S)-2-amino-1,2-diphenylethanol,2 (1R,2R)-2-amino-1,2-diphenylethanol2, and 

(1R,2S)-2- methoxy-1,2-diphenylethanamine,3 were prepared by the reported synthetic 

methods. All the physical and spectroscopic data are consistent with those reported in the 

literature.2,3 

 

General Procedure for the Synthesis of Organocatalysts II (A-G) 
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To a solution of corresponding 2-amino-1,2-diphenylethanol (1 mmol) in anhydrous THF 

(10 mL) was added (1R,2R)-2-isothiocyanato-N,N-dimethylcyclohexanamine (194 mg, 

1.05 mmol) at room temperature. The solution was stirred overnight. TLC analysis 

indicated completion of the reaction. The reaction mixture was concentrated in vacuo. The 

residue was purified by flash silica gel chromatography. 

 

N
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H

S
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H

Ph
Ph

OH  

1-((1R,2R)-2-(dimethylamino)cyclohexyl)-3-((1S,2S)-2-hydroxy-1,2-diphenylethyl)thi

ourea (II-A) 

The pure product was obtained as a white solid in 93% yield. 

Mp. 120-122°C; [α]25
D

 -11.3 (c 0.76, CHCl3); IR (KBr) ν 3322, 3220, 3074, 2961, 2941, 

2699, 2653, 1524 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 1.07 (m, 1H), 1.26-1.32 (m, 

3H), 1.66 (m, 1H), 1.79-1.84 (m, 1H), 1.89-1.93 (m, 1H), 2.10 (m, 1H), 2.86 (s, 6H), 

3.34-3.41 (m, 1H), 4.73-4.76 (m, 1H), 5.08 (d, J = 8.7 Hz, 1H), 5.70-5.76 (m, 1H), 

7.13-7.36 ( m, 10H), 7.68 (d, J = 9.6 Hz, 1H), 9.21 (br, 1H); 13C NMR (CDCl3, TMS, 75 

MHz) δ 8.50, 22.82, 23.80, 24.15, 32.48, 53.23, 65.55, 67.50, 78.16, 126.44, 126.97, 

127.28, 127.72, 127.92, 129.01, 139.02, 140.68, 182.60; HRMS Calcd. for C23H32N3OS: 

398.2266 , found: 398.2261. 
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OH  

1-((1R,2R)-2-(dimethylamino)cyclohexyl)-3-((1R,2R)-2-hydroxy-1,2-diphenylethyl)th

iourea (II-B) 



4 

The pure product was obtained as a white solid in 91% yield. 

Mp. 74-76 °C; [α]25
D +34.7 (c 1.04, CHCl3); IR (KBr) ν 3421, 3062, 2934, 2860, 1708, 

1524, 1384 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 1.27-1.35 (m, 4H), 1.66 (m, 1H), 

1.84-1.90 (m, 2H), 2.10 (m, 1H), 2.52 (s, 6H), 3.01-3.04 (m, 1H), 4.30 (m, 1H), 4.98 (d, J 

= 5.1 Hz, 1H), 5.67 (m, 1H), 7.21-7.32 (m, 10H); 13C NMR (CDCl3, TMS, 75 MHz) δ 

21.74, 24.27, 24.44, 32.71, 39.40, 39.84, 55.16, 63.83, 66.24, 125.81, 126.47, 127.28, 

127.51, 128.18, 128.33, 128.59, 140.93; HRMS Calcd. for C23H32N3OS: 398.2266 , found: 

398.2261. 

 

N
N
H

S

N
H

Ph
Ph

OH  

1-((1R,2R)-2-(dimethylamino)cyclohexyl)-3-((1S,2R)-2-hydroxy-1,2-diphenylethyl)th

iourea (II-C) 

The pure product was obtained as a white solid in 96% yield. 

Mp. 65-67 °C; [α]25
D -45.3 (c 1.22, CHCl3); IR (KBr) ν 3366, 3058, 2941, 2862, 2714, 

1536, 1384, 706 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 1.27-1.43 (m, 4H), 1.77 (m, 

1H), 1.94 (m, 2H), 2.18 (m, 1H), 2.84 (m, 6H), 2.38 (m, 1H), 4.78 (m, 1H), 5.51 (m, 1H), 

5.80 (m, 1H), 7.14-7.15 (m, 10H), 7.90 (br, 1H), 8.18 (br, 1H); 13C NMR (CDCl3, TMS, 

75 MHz) δ 8.88, 23.34, 24.13, 24.51, 32.76, 46.09, 53.28, 64.65, 68.08, 126.50, 126.99, 

127.33, 127.74, 127.84, 129.17, 136.60, 141.27, 182.03; HRMS Calcd. for C23H32N3OS: 

398.2266 , found: 398.2261. 

 

N
N
H

S

N
H

Ph
Ph

OH  

1-((1R,2R)-2-(dimethylamino)cyclohexyl)-3-((1R,2S)-2-hydroxy-1,2-diphenylethyl)th

iourea (II-D) 

The pure product was obtained as a white solid in 98% yield. 



5 

Mp. 64-66 °C; [α]25
D +70.0 (c 0.26, CHCl3); IR (KBr) ν 3415, 3061, 3030, 2933, 2859, 

1540, 1384, 703 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 1.15-1.26 (m, 4H), 1.62 (m, 

1H), 1.80-1.83 (m, 2H), 2.18-2.20 (m, 1H), 2.24 (s, 6H), 2.31-2.34 (m, 1H), 3.70 (m, 1H), 

5.17 (m, 1H), 5.44 (m, 1H), 6.99-7.01 (m, 2H), 7.08 (m, 2H), 7.18-7.25 (m, 6H); 13C NMR 

(CDCl3, TMS, 75 MHz) δ 22.37, 22.90, 24.79, 25.17, 33.06, 40.61, 56.66, 64.25, 67.16, 

126.89, 127.22, 127.84, 127.94, 128.26, 128.43, 136.99, 140.16, 181.84; HRMS Calcd. 

for C23H32N3OS: 398.2266 , found: 398.2261. 

 

N
N
H

S

N
H

Ph
Ph

OMe  

1-((1R,2R)-2-(dimethylamino)cyclohexyl)-3-((1R,2S)-2-methoxy-1,2-diphenylethyl)th

iourea (II-E) 

The pure product was obtained as a white solid in 96% yield. 

Mp. 62-64 °C; [α]25
D +57.8 (c 1.02, CHCl3); IR (KBr) ν 3423, 3029, 2931, 2858, 2826, 

2787, 1533, 1384, 1103M 702 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 1.18-1.26 (m, 

4H), 1.60-1.64 (m, 1H), 1.77-1.87 (m, 2H), 2.14-2.22 (m, 1H), 2.31 (s, 6H), 2.35-2.38 (m, 

1H), 3.29 (s, 3H), 3.69 (m, 1H), 4.71 (m, 1H), 5.21 (m, 1H), 6.61 (m, 1H), 6.97-6.99 (m, 

4H), 7.16-7.31 (m, 6H), 7.50-7.52 (m, 1H); 13C NMR (CDCl3, TMS, 75 MHz) δ 22.41, 

24.72, 25.19, 33.02, 39.94, 40.62, 56.70, 57.51, 63.77, 67.27, 85.82, 127.63, 127.77, 

128.03, 128.23, 128.74, 129.02, 136.98, 182.1; HRMS Calcd. for C24H34N3OS: 412.2423 , 

found: 412.2417. 

 

 

N
N
H

S

N
H

Ph
* *1 2*

 
1-((1R,2R)-2-(dimethylamino)cyclohexyl)-3-((S)-1-phenylethyl)thiourea (II-F) 

[α]25
D +16.0 (c 1.18, CHCl3); IR (KBr) ν 3266, 3029, 2931, 2858, 2787, 1540, 1384, 1355, 

699 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 0.96-1.16 (m, 4H), 1.21-1.29 (m, 1H), 
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1.48 (d, J = 6.6 Hz, 3H), 1.63-1.75 (m, 2H), 1.83 (s, 6H), 2.21-2.27 (m, 1H), 2.72 (m, 1H), 

3.52 (m, 1H), 4.88 (m, 1H), 6.45 (m, 1H), 7.28-7.34 (m, 5H); 13C NMR (CDCl3, TMS, 75 

MHz) δ 21.78, 23.85, 24.66, 25.31, 32.93, 39.65, 53.89, 56.33, 66.97, 126.12, 127.69, 

129.04, 143.17, 181.86; HRMS Calcd. for C17H27N3S: 305.1926, found: 305.1921; 

 

N
N
H

S

N
H

Ph
* *1 2*

 
 
1-((1R,2R)-2-(dimethylamino)cyclohexyl)-3-((R)-1-phenylethyl)thiourea (II-G) 

Mp. 110 °C; [α]25
D -6.0 (c 0.2, CHCl3); IR (KBr) ν 3352, 3288, 2971, 2933, 2860, 2849, 

1631, 1535, 1489, 1497, 1384, 689 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 1.06-1.26 

(m, 4H), 1.49 (d, J = 6.6 Hz, 3H), 1.57-1.61 (m, 1H), 1.73-1.83 (m, 2H), 2.15 (m, 1H), 

2.21 (s, 6H), 2.35 (m, 1H), 3.55 (m, 1H), 5.09 (m, 1H), 6.30 (m, 1H), 7.24-7.32 (m, 5H); 
13C NMR (CDCl3, TMS, 75 MHz) δ 22.34, 22.86, 24.69, 25.08, 33.06, 40.51, 53.86, 

56.51, 67.48, 126.32, 127.63, 128.91, 143.17, 181.47; HRMS Calcd. for C17H27N3S: 

305.1926, found: 305.1928; 

 

N
N
H

S

N
H

Ph
Ph

HN
SO2

 

 

N-((1R,2R)-2-(3-((1R,2S)-2-(dimethylamino)cyclohexyl)thioureido)-1,2-diphenylethy

l)-4-methylbenzenesulfonamide (I-E) 

The pure product was obtained as a white solid in 78% yield. 

Mp. 75-76 °C; [α]25
D +57.0 (c 0.74, CHCl3); IR (KBr) ν 3360, 2932, 2859, 1540, 1454, 

1383, 1329, 1159, 1089, 702 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 1.11-1.35 (m, 

4H), 1.68-1.87 (m, 3H), 2.25 (s, 6H), 2.31 (s, 1H), 2.25-2.47 (m, 2H), 3.71 (s, 1H), 4.88 (s, 
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1H), 5.68 (s, 1H), 6.71 (d, J = 8.1 Hz, 2H), 6.81 (d, J = 7.2 Hz, 2H), 6.86-7.21 (m, 8H), 

7.40 (d, J = 8.1 Hz, 2H); 13C NMR (CDCl3, TMS, 75 MHz) δ 21.68, 22.56, 24.80, 25.28, 

32.94, 40.88, 56.66, 62.40, 62.72, 66.84, 127.36, 127.56, 127.70, 127.87, 128.11, 128.50, 

129.56, 136.46, 136.65, 137.10, 143.45, 181.96. 

 

General procedure for asymmetric Michael addition of α-substituted β-ketoesters 

and Nitroolefins catalyzed organocatalysts II-D 

The catalyst (5.0 mg, 0.0126 mmol) was added to a vial containing α-substituted 

β-ketoester (0.1258 mmol) and nitroolefin (0.252 mmol) in dichloromethane (0.2-0.6 mL) 

at -45oC, TLC analysis indicated completion of the reaction after about 12-20h. Then the 

reaction mixture was concentrated under vacuum to obtain the crude product. The crude 

product was purified by flash silica gel chromatography to afford the product. 

 

O O
O

NO2

Ph
H (3a)  

Methyl 1-(2-nitro-1-phenylethyl)-2-oxocyclopentanecarboxylate (table 3, entry 1): 

The title compound was prepared according to the general procedure as described above in 

98% yield. [α]25
D

 -34.8 (c 0.88, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 1.81-2.10 

(m, 4H), 2.32-2.42 (m, 2H), 3.77 (s, 3H), 4.10 (dd, J = 3.6 Hz and 10.2 Hz, 1H), 5.03 (dd, 

J = 10.8 and 13.8 Hz, 1H), 5.18 (dd, J = 4.5 and 14.1 Hz, 1H), 7.24-7.33 (m, 5H); 13C 

NMR (CDCl3, TMS, 75 MHz) δ 19.58, 31.35, 38.18, 46.38, 53.30, 62.68, 76.64, 128.59, 

129.09, 129.53, 135.45, 170.04, 212.51; dr = 98:2 (determined by integration of 1H NMR 

of the crude product); 99% ee (major diastereomer), HPLC (Chiralcel OD-H, 

i-propanol/hexane = 10/90, flow rate 1 mL/min, ? = 220 nm): tminor = 18.1 min, tmajor = 26.5 

min (major diastereomer); (minor diastereomers) 14.8, 24.1 min. 
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O O
O

NO2
H

(3b) 

Methyl 1-(2-nitro-1-o-tolylethyl)-2-oxocyclopentanecarboxylate (table 3, entry 3)  

The title compound was prepared according to the general procedure as described above in 

97% yield. [α]25
D

 +1.6 (c 0.78, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 1.95-2.05 

(m, 3H), 2.09-2.21 (m, 1H), 2.36-2.38 (m, 2H), 2.41 (s, 3H), 3.75 (s, 3H), 4.38 (dd, J = 3.6 

and 11.1 Hz, 1H), 4.96 (dd, J = 10.8 and 13.2 Hz, 1H), 5.27 (dd, J = 3.6 and 13.2 Hz, 1H), 

7.09-7.18 (m, 3H), 7.27-7.32 (m, 1H); 13C NMR (CDCl3, TMS, 75 MHz) δ 19.70, 20.37, 

32.04, 38.20, 39.93, 40.74, 53.29, 62.77, 126.80, 127.05, 128.26, 131.53, 134.87, 138.25, 

170.32, 212.57; HRMS Calcd. for C16H19NO5Na: 328.1161 , found: 328.1169; dr = 93:7 

(determined by integration of 1H NMR of the crude product); 99% ee (major 

diastereomer), HPLC (Chiralcel OD-H, i-propanol/hexane = 3/97, flow rate 1 mL/min, ? = 

220 nm): tminor = 35.0 min, tmajor = 46.0 min (major diastereomer); (minor diastereomers) 

24.4, 33.2 min. 

 

O O
O

NO2
H

(3c) 

Methyl 1-(2-nitro-1-m-tolylethyl)-2-oxocyclopentanecarboxylate (table 3, entry 4) 

The title compound was prepared according to the general procedure as described above in 

95% yield. [α]25
D

 -25.9 (c 0.82, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 1.71-2.10 

(m, 4H), 2.32 (s, 3H), 2.35-2.52 (m, 2H), 3.76 (s, 3H), 4.04 (d, J = 3.6 and 11.1 Hz, 1H), 

5.00 (d, J = 11.1 and 13.8 Hz, 1H), 5.16 (d, J = 3.9 and 13.2 Hz, 1H), 7.02-7.10 (m, 3H), 

7.16-7.27 (m, 1H); 13C NMR (CDCl3, TMS, 75 MHz) δ 19.60, 21.75, 31.31, 38.23, 46.30, 

53.29, 62.66, 76.69, 126.32, 128.93, 129.35, 130.34, 135.34, 138.72, 170.03, 212.62; 

HRMS Calcd. for C16H19NO5: 305.1263 , found: 305.1249; dr = 98:2 (determined by 
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integration of 1H NMR of the crude product); 99% ee (major diastereomer), HPLC 

(Chiralcel OD-H, i-propanol/hexane = 3/97, flow rate 1 mL/min, ? = 220 nm): tminor = 29.3 

min, tmajor = 41.6 min (major diastereomer); (minor diastereomers) 23.2, 34.0 min. 

 

 

O O
O

NO2
H

(3d) 

Methyl 1-(2-nitro-1-p-tolylethyl)-2-oxocyclopentanecarboxylate (table 3, entry 5)  

The title compound was prepared according to the general procedure as described above in 

91% yield. [α]25
D

 -48.1 (c 0.52, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 1.77-2.07 

(m, 4H), 2.30 (s, 3H), 2.34-2.52 (m, 2H), 3.76 (s, 3H), 4.07 (dd, J = 3.6 and 10.8 Hz, 1H), 

4.99 (dd, J = 11.1 and 13.2  Hz, 1H), 5.13 (d, J = 4.5 and 13.2 Hz, 1H), 7.08-7.14 (m, 4H); 

13C NMR (CDCl3, TMS, 75 MHz) δ 19.61, 21.29, 31.18, 38.26, 46.03, 53.31, 62.74, 

76.68, 129.35, 129.78, 132.20, 138.36, 170.074, 212.64; HRMS Calcd. for C16H19NO5: 

305.1263, found: 305.1269; dr = 98:2 (determined by integration of 1H NMR of the crude 

product); 99% ee (major diastereomer), HPLC (Chiralcel OD-H, i-propanol/hexane = 3/97, 

flow rate 1 mL/min, ? = 220 nm): tminor = 28.9 min, tmajor = 27.3 min (major diastereomer);

(minor diastereomers) 22.5, 32.4 min. 

 

O O
O

NO2
H

Cl

(3e) 

Methyl 1-(1-(2-chlorophenyl)-2-nitroethyl)-2-oxocyclopentanecarboxylate (table 3, 

entry 6)  

The title compound was prepared according to the general procedure as described above in 

95% yield. [α]25
D

 +8.2 (c 0.50, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 1.89-1.98 
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(m, 2H), 2.05-2.13 (m, 1H), 2.25-2.28 (m, 1H), 2.47-2.52 (m, 2H), 3.75 (s, 3H), 4.53 (dd, J 

= 3.6 and 11.1 Hz, 1H), 5.10 (dd, J = 10.8 and 13.8 Hz, 1H), 5.48 (dd, J = 3.9 and 14.7 Hz, 

1H), 7.20-7.29 (m, 2H), 7.37-7.41 (m, 1H), 7.50-7.52 (m, 1H); 13C NMR (CDCl3, TMS, 

75 MHz) δ 19.54, 33.06, 38.11, 41.14, 53.20, 62.39, 76.88, 112.63, 127.92, 129.06, 

129.64, 130.39, 134.81, 170.07, 212.86; HRMS Calcd. for C15H16ClNO5Na: 348.0615 , 

found: 348.0609; dr = 97:3 (determined by integration of 1H NMR of the crude product); 

99% ee (major diastereomer), HPLC (Chiralcel OD-H, i-propanol/hexane = 3/97, flow 

rate 1 mL/min, ? = 220 nm): tminor = 31.2 min, tmajor = 32.4 min (major diastereomer);

(minor diastereomers) 27.0, 52.3 min. 

 

O O
O

NO2
H

Cl (3f) 

Methyl 1-(1-(4-chlorophenyl)-2-nitroethyl)-2-oxocyclopentanecarboxylate (table 3, 

entry 7)  

The title compound was prepared according to the general procedure as described above in 

90% yield. [α]25
D

 -34.9 (c 0.50, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 1.82-1.99 

(m, 3H), 2.05-2.13 (m, 1H), 2.35-2.45 (m, 2H), 3.76 (s, 3H), 4.04 (dd, J = 3.9 and 10.8 Hz, 

1H), 4.94-5.02 (m, 1H), 5.15 (dd, J = 3.9 and 13.8 Hz, 1H), 7.22 (d, J = 7.8 Hz, 2H), 7.29 

(d, J = 7.8 Hz, 2H); 13C NMR (CDCl3, TMS, 75 MHz) δ 19.58, 31.56, 38.12, 45.78, 

53.40, 62.50, 76.45, 129.31, 130.95, 134.02, 134.64, 169.98, 212.38; HRMS Calcd. for 

C15H16ClNO5: 325.0717 , found: 325.0720;  dr = 98:2 (determined by integration of 1H 

NMR of the crude product); 99% ee (major diastereomer), HPLC (Chiralcel OD-H, 

i-propanol/hexane = 10/90, flow rate 1 mL/min, ? = 220 nm): tminor = 23.8 min, tmajor = 42.5 

min (major diastereomer); (minor diastereomers) 19.1, 32.5 min. 
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O O
O

NO2
H

Br

(3g) 

Methyl 1-(1-(2-bromophenyl)-2-nitroethyl)-2-oxocyclopentanecarboxylate (table 3, 

entry 8). 

The title compound was prepared according to the general procedure as described above in 

94% yield. [α]25
D

 19.78 (c 0.84, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 1.91-2.15 

(m, 2H), 2.17-2.27 (m, 2H), 2.47-2.53 (m, 2H), 3.75 (s, 3H), 4.48-4.54 (dd, J = 3.6 and 

10.8 Hz, 1H), 5.03-5.11 (dd, J = 10.8 and 13.8 Hz, 1H), 5.46-5.52 (dd, J = 10.8 and 13.8 

Hz, 1H), 7.12-7.17 (m, 1H), 7.12-7.17 (m, 1H), 7.27-7.34 (m, 1H), 7.50-7.59 (m, 2H); 13C 

NMR (CDCl3, TMS, 75 MHz) δ 19.63, 33.19, 38.11, 44.03, 45.17, 53.23, 62.34, 127.01, 

128.58, 129.14, 129.93, 133.82, 136.62, 170.63, 212.86; HRMS Calcd. for 

C15H16BrNO5Na: 392.0110, found: 392.0104; dr = 97:3 (determined by integration of 1H 

NMR of the crude product); 99% ee (major diastereomer), HPLC (Chiralcel AD-H, 

i-propanol/hexane = 5/95, flow rate 1 mL/min, ? = 220 nm): tminor = 12.9 min, tmajor = 16.4 

min (major diastereomer); (minor diastereomers) 21.2, 22.3 min. 

 

O O
O

NO2
H

OMe (3h) 

Methyl 1-(1-(3-methoxyphenyl)-2-nitroethyl)-2-oxocyclopentanecarboxylate (table 3, 

entry 9)  

The title compound was prepared according to the general procedure as described above in 

94% yield. [α]25
D

 -29.0 (c 0.20, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 1.82-2.08 

(m, 4H), 2.33-2.41 (m, 2H), 3.76 (s, 3H), 3.78 (s, 3H), 4.05 (dd, J = 3.6 and 10.8 Hz, 1H), 

5.00 (dd, J = 11.1 and 13.2 Hz, 1H), 5.15 (dd, J = 3.6 and 14.1 Hz, 1H), 6.80-6.83 (m, 3H), 

7.20-7.25 (m, 1H); 13C NMR (CDCl3, TMS, 75 MHz) δ 17.04, 28.76, 35.67, 43.73, 50.78, 
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52.87, 60.03, 74.05, 111.06, 113.06, 119.02, 127.48, 134.40, 157.33, 167.47, 210.05; 

HRMS Calcd. for C16H19NO6: 321.1212 , found: 321.1213; dr = 96:4 (determined by 

integration of 1H NMR of the crude product); 98% ee (major diastereomer), HPLC 

(Chiralcel OD-H, i-propanol/hexane = 3/97, flow rate 1 mL/min, ? = 220 nm): tminor = 58.4 

min, tmajor = 76.0 min (major diastereomer); (minor diastereomers) 49.4, 52.8 min. 

 

O O
O

NO2
H

MeO (3i) 

Methyl 1-(1-(4-methoxyphenyl)-2-nitroethyl)-2-oxocyclopentanecarboxylate (table 3, 

entry 10) 

The title compound was prepared according to the general procedure as described above in 

91% yield. [α]25
D

 -13.0 (c 0.26, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 1.79-2.06 

(m, 4H), 2.32-2.43 (m, 2H), 3.75 (s, 3H), 3.77 (s, 3H), 4.06 (dd, J = 4.2 and 11.1 Hz, 1H), 

4.96 (dd, J = 11.1 and 13.2 Hz, 1H), 5.11 (dd, J = 4.2 and 13.2 Hz, 1H), 6.83 (d, J = 8.7 Hz, 

2H), 7.17 (d, J = 8.7 Hz, 2H); 13C NMR (CDCl3, TMS, 75 MHz) δ 17.07, 28.53, 35.70, 

43.12, 50.75, 52.87, 62.26, 74.17, 111.81, 124.47, 128.08, 157.01, 167.56, 210.16; HRMS 

Calcd. for C16H19NO6: 321.1212 , found: 321.1219; dr = 94:6 (determined by integration 

of 1H NMR of the crude product); 97% ee (major diastereomer), HPLC (Chiralcel AS-H, 

i-propanol/hexane = 10/90, flow rate 1 mL/min, ? = 220 nm): tminor = 42.6 min, tmajor = 30.8 

min (major diastereomer); (minor diastereomers) 26.6, 57.6 min. 

 

O O
O

NO2
H

F (3j) 

Methyl 1-(1-(4-fluorophenyl)-2-nitroethyl)-2-oxocyclopentanecarboxylate (table 3, 

entry 11) 
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The title compound was prepared according to the general procedure as described above in 

89% yield. [α]25
D

 -19.2 (c 0.66, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 1.84-2.08 

(m, 4H), 2.35-2.41 (m, 2H), 3.76 (s, 3H), 4.07 (dd, J = 3.6 and 11.1 Hz, 1H), 4.98 (dd, J = 

11.1 and 13.8 Hz, 1H), 5.15 (dd, J = 3.6 and 13.2 Hz, 1H), 6.98-7.04 (m, 2H), 7.24-7.28 

(m, 2H); 13C NMR (CDCl3, TMS, 75 MHz) δ 19.60, 31.46, 38.17, 45.66, 53.40, 62.62, 

76.63, 116.08 (J = 21.8 Hz), 131.31 (J = 8.0 Hz), 161.07, 164.36, 170.04, 212.53; HRMS 

Calcd. for C15H16FNO5: 309.1013 , found: 309.1024; dr = 97:3 (determined by integration 

of 1H NMR of the crude product); 99% ee (major diastereomer), HPLC (Chiralcel OD-H, 

i-propanol/hexane = 10/90, flow rate 1 mL/min, ? = 220 nm): tminor = 20.2 min, tmajor = 39.7 

min (major diastereomer); (minor diastereomers) 26.2, 30.1 min. 

 

O O
O

NO2
H

(3k) 

Methyl 1-(1-nitroheptan-2-yl)-2-oxocyclopentanecarboxylate (table 3, entry 12) 

The title compound was prepared according to the general procedure as described above in 

89% yield. [α]25
D

 -43.4 (c 0.86, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 0.85-0.87 

(m, 3H), 1.27-1.45 (m, 9H), 1.91-2.08 (m, 2H), 2.25-2.49 (m, 2H), 2.57-2.63 (m, 1H), 

2.82-2.85 (m, 1H), 3.71 (s, 3H), 4.38 (dd, J = 6.0 and 14.7  Hz, 1H), 4.87 (dd, J = 4.8 and 

13.8 Hz, 1H); 13C NMR (CDCl3, TMS, 75 MHz) δ 14.15, 19.64, 22.60, 27.49, 30.37, 

31.18, 31.81, 38.50, 40.93, 53.03, 63.17, 76.57, 170.08, 213.58; HRMS Calcd. for 

C14H23NO5Na: 308.1474 , found: 308.1469; dr = 96:4 (determined by integration of 1H 

NMR of the crude product); 94% ee (major diastereomer), HPLC (Chiralcel OD-H, 

i-propanol/hexane = 5/95, flow rate 1 mL/min, ? = 215 nm): tminor = 12.1 min, tmajor = 16.8 

min (major diastereomer); (minor diastereomers) 13.5, 15.5 min. 
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O O
O

NO2
H

(3l) 

Methyl 1-(3-methyl-1-nitrobutan-2-yl)-2-oxocyclopentanecarboxylate (table 3, entry 

13) 

The title compound was prepared according to the general procedure as described above in 

93% yield. [α]25
D

 -17.0 (c 0.40, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 0.86 (d, J = 

6.6 Hz, 1H), 0.94 (d, J = 7.2 Hz, 1H), 1.94-2.04 (m, 4H), 2.40-2.45 (m, 2H), 2.70-2.72 (m, 

1H), 2.79-2.83 (m, 1H), 3.70 (s, 3H), 4.51 (dd, J = 6.6 and 15.3 Hz, 1H), 5.16 (dd, J = 3.6 

and 14.7 Hz, 1H); 13C NMR (CDCl3, TMS, 75 MHz) δ 18.06, 19.49, 22.75, 28.91, 32.42, 

38.12, 45.52, 53.02, 62.38, 73.38, 169.93, 212.99; HRMS Calcd. for C12H19NO5Na: 

280.1161 , found: 280.1156; dr = 97:3 (determined by integration of 1H NMR of the crude 

product); 90% ee (major diastereomer), HPLC (Chiralcel OD-H, i-propanol/hexane = 5/95, 

flow rate 1 mL/min, ? = 215 nm): tminor = 13.5 min, tmajor = 15.2 min (major diastereomer);

(minor diastereomers) 19.3, 36.1 min. 

 

O O
O

NO2
H

(3m) 

Methyl 1-(4-methyl-1-nitropentan-2-yl)-2-oxocyclopentanecarboxylate (table 3, entry 

14) 

The title compound was prepared according to the general procedure as described above in 

92% yield. [α]25
D

 -54.0 (c 0.16, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 0.91 (d, J = 

6.0 Hz, 3H), 0.95 (d, J = 6.6 Hz, 3H), 0.99-1.03 (m, 1H), 1.41-1.59 (m, 2H), 1.91-2.09 (m, 

3H), 2.27-2.49 (m, 2H), 2.58-2.64 (m, 1H), 2.91-2.95 (m, 1H), 3.71 (s, 3H), 4.33 (dd, J = 

4.2 and 14.7 Hz, 1H), 4.90 (dd, J = 5.7 and 14.4 Hz, 1H); 13C NMR (CDCl3, TMS, 75 

MHz) δ 19.62, 21.34, 23.97, 25.92, 31.27, 38.55, 38.62, 39.64, 53.00, 63.21, 68.19, 

170.14, 213.52; HRMS Calcd. for C13H21NO5Na: 294.1317 , found: 294.1312; dr = 97:3 

(determined by integration of 1H NMR of the crude product); 94% ee (major 
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diastereomer), HPLC (Chiralcel OD-H, i-propanol/hexane = 10/90, flow rate 1 mL/min, ? 

= 220 nm): tminor = 7.7 min, tmajor = 11.4 min (major diastereomer); (minor diastereomers) 

8.3, 9.7 min. 

 
O O

O

NO2
H

(3n) 

Methyl 1-(1-cyclohexyl-2-nitroethyl)-2-oxocyclopentanecarboxylate (table 3, entry 15) 

The title compound was prepared according to the general procedure as described above in 

89% yield. [α]25
D

 -34.4 (c 0.82, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 0.98-1.20 

(m, 6H), 1.47-1.70 (m, 5H), 2.00-2.01 (m, 3H), 2.37-2.42 (m, 2H), 2.64-2.73 (m, 2H), 

3.66 (s, 3H), 4.53 (dd, J = 5.7 and 14.7  Hz, 1H), 5.06 (dd, J = 3.9 and 15.6 Hz, 1H); 13C 

NMR (CDCl3, TMS, 75 MHz) δ 19.48, 26.10, 26.73, 27.02, 28.80, 32.40, 33.00, 38.10, 

39.54, 45.30, 52.98, 62.29, 74.01, 170.18, 213.18; HRMS Calcd. for C15H23NO5Na: 

320.1474 , found: 320.1469; dr = 97:3 (determined by integration of 1H NMR of the crude 

product); 90% ee (major diastereomer), HPLC (Chiralcel OD-H, i-propanol/hexane = 5/95, 

flow rate 1 mL/min, ? = 215 nm): tminor = 12.0 min, tmajor = 12.6 min (major diastereomer);

(minor diastereomers) 10.1, 15.7 min. 

 
O

OEt

O

NO2Ph H  (3o) 

Ethyl 2-acetyl-2-methyl-4-nitro-3-phenylbutanoate 

The title compound was prepared according to the general procedure as described above in 

90% yield. [α]25
D

 -34.3 (c 0.60, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 1.19 (t, J = 

8.7 Hz, 3H), 1.44 (s, 3H), 2.12 (s, 3H), 4.04-4.15 (m, 2H), 4.25 (m, 1H), 4.96 (d, J = 6.6 

Hz, 2H), 7.14-7.22 (m, 2H), 7.28 (m, 3H); dr = 85:15 (determined by integration of 1H 

NMR of the crude product); 92% ee (major diastereomer), HPLC (Chiralcel OD-H, 

i-propanol/hexane = 10/90, flow rate 1 mL/min, ? = 220 nm): tminor = 13.7 min, tmajor = 19.8 
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min (major diastereomer); (minor diastereomers) 12.3, 31.3 min. 

 

O O

Ph

NO2H
(3p) 

2-Acetyl-2-(2-nitro-1-phenylethyl)cyclopentanone 

The title compound was prepared according to the general procedure as described above in 

96% yield. [α]25
D

 +41.8 (c 0.50, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 1.65-1.80 

(m, 3H), 1.93-2.03 (m, 1H), 2.15-2.28 (m, 1H), 2.34 (s, 3H), 2.56-2.61 (m, 1H), 4.40 (dd, J 

= 3.9 and 11.7 Hz, 1H), 4.50 (dd, J = 3.9 and 13.2 Hz, 1H), 4.87(t, J = 11.7 Hz, 1H), 

7.20-7.32 (m, 5H); dr = 96:4 (determined by integration of 1H NMR of the crude product); 

96% ee (major diastereomer), HPLC (Chiralcel OD-H, i-propanol/hexane = 20/80, flow 

rate 1 mL/min, ? = 220 nm): tminor = 15.7 min, tmajor = 69.6 min (major diastereomer); 

(minor diastereomers) 19.7, 31.3 min. 

 

O O
O

NO2
H

(3q) 

Ethyl 1-(4-methyl-1-nitropentan-2-yl)-2-oxocyclohexanecarboxylate 

The title compound was prepared according to the general procedure as described above in 

89% yield. [α]25
D

 +30.8 (c 0.32, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 0.88-1.00 

(m, 6H), 1.12-1.20 (m, 1H), 1.25-1.32 (m, 3H), 1.38-1.71 (m, 5H), 1.83 (m, 1H), 1.99 (m, 

1H), 2.46-2.56 (m, 3H), 2.90-2.92 (m, 1H), 4.22 (q, J = 7.2 Hz, 2H), 4.30 (dd, J = 5.1 and 

14.7 Hz, 1H), 4.53 (dd, J = 4.5 and 14.7  Hz, 1H); 13C NMR (CDCl3, TMS, 75 MHz) δ 

14.27, 21.45, 22.42, 23.98, 26.16, 27.37, 34.20, 39.05, 40.11, 41.38, 62.09, 64.60, 78.17; 

dr = 99:1 (determined by integration of 1H NMR of the crude product); 92% ee (major 

diastereomer), HPLC (Chiralcel OD-H, i-propanol/hexane = 10/90, flow rate 0.8 mL/min, 

? = 215 nm): tminor = 20.7 min, tmajor = 11.3. 
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O O

O
NO2

H

 (3r) 

Methyl 

1,2,3,4-tetrahydro-2-(2-nitro-1-phenylethyl)-1-oxonaphthalene-2-carboxylate 

The title compound was prepared according to the general procedure as described above in 

90% yield. [α]25
D

 +53.0 (c 0.88, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 1.99-2.08 

(m, 1H), 2.32-2.46 (m, 1H), 2.95-2.99 (m, 2H), 3.65 (s, 3H), 4.21 (dd, J = 3.6 and 10.2 Hz, 

1H), 5.06 (dd, J = 10.2 and 13.2 Hz, 1H), 5.16 (dd, J = 4.5d and 13.8 Hz, 1H), 7.20 (d, J = 

7.5 Hz, 1H), 7.28-7.38 (m, 6H), 7.52 (t, J = 7.2 Hz, 1H), 8.05 (d, J = 8.1 Hz, 1H);  13C 

NMR (CDCl3, TMS, 75 MHz) δ 25.77, 30.99, 47.35, 53.02, 59.95, 78.09, 127.32, 128.50, 

128.68, 128.89, 128.98, 129.59, 130.08, 134.34, 136.10, 142.72, 170.48, 194.45; dr = 98:2 

(determined by integration of 1H NMR of the crude product); 98% ee (major 

diastereomer), HPLC (Chiralcel OD-H, i-propanol/hexane = 10/90, flow rate 1 mL/min, ? 

= 254 nm): tminor = 40.3 min, tmajor = 83.0 min (major diastereomer);  (minor diastereomers) 

27.5, 48.2 min. 

 
O O

O
NO2

H

 (3s) 

Ethyl 1,2,3,4-tetrahydro-2-(2-nitro-1-phenylethyl)-1-oxonaphthalene-2-carboxylate 

The title compound was prepared according to the general procedure as described above in 

90% yield. [α]25
D

 +43.7 (c 0.72, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 1.10 (t, J = 

6.6 Hz, 3H), 2.04-2.05 (m, 1H), 2.38-2.42 (m, 1H), 2.94-2.99 (m, 2H), 4.10 (q, J = 6.6 Hz, 

1H), 4.19 (dd, J = 4.5 and 11.1 Hz, 1H), 5.08 (dd, J = 10.2 and 14.1 Hz, 1H), 5.15 (dd, J = 

3.9 and 14.0 Hz, 1H), 7.20 (d, J = 7.2 Hz, 1H), 7.28-7.37 (m, 6H), 7.46 (t, J = 7.2 Hz, 1H), 
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8.04 (d, J = 6.6 Hz, 1H); 13C NMR (CDCl3, TMS, 75 MHz) δ 14.06, 25.80, 31.16, 47.47, 

59.79, 62.22, 78.17, 127.26, 128.47, 128.56, 128.83, 128.93, 130.14, 132.02, 134.20, 

136.19, 142.59, 169.87, 194.68; HRMS Calcd. for C21H21NO5Na: 390.1317 , found: 

390.1312; dr = 99:1 (determined by integration of 1H NMR of the crude product); 98% ee 

(major diastereomer), HPLC (Chiralcel OD-H, i-propanol/hexane = 20/80, flow rate 1 

mL/min, ? = 254 nm): tminor = 10.0 min, tmajor = 21.5 min (major diastereomer); (minor 

diastereomers) 11.3, 24.7 min. 

 

O O
O

NO2
H

(3t) 

Methyl1,2,3,4-tetrahydro-2-(4-methyl-1-nitropentan-2-yl)-1-oxonaphthalene-2-carb

o-xylate 

The title compound was prepared according to the general procedure as described above in 

93% yield. [α]25
D

 +3.40 (c 0.34, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 0.86-0.98 

(m, 6H), 1.13-1.29 (m, 2H), 1.58-1.61 (m, 1H), 2.18-2.28 (m, 1H), 2.5 2-2.59 (m, 1H), 

2.93-3.06 (m, 2H), 3.22-3.24 (m, 1H), 3.66 (s, 3H), 4.39 (dd, J = 3.9 and 14.4 Hz, 1H), 

4.69 (dd, J = 4.8 and 14.7 Hz, 1H), 7.23 (m, 1H), 7.33 (m, 1H), 7.50 (m, 1H), 8.05 (d, J = 

7.8 Hz, 1H); 13C NMR (CDCl3, TMS, 75 MHz) δ 21.31, 24.11, 26.03, 26.22, 29.07, 38.63, 

40.40, 52.97, 61.09, 76.83, 127.29, 128.44, 128.99, 132.29, 134.15, 142.67, 171.28, 

194.44; HRMS Calcd. for C18H23NO5Na: 356.1474, found: 356.1469; dr = 96:4 

(determined by integration of 1H NMR of the crude product); 95% ee (major 

diastereomer), HPLC (Chiralcel OD-H, i-propanol/hexane = 10/90, flow rate 1 mL/min, ? 

= 254 nm): tminor = 9.7 min, tmajor = 14.1 min (major diastereomer);  (minor diastereomers) 

8.0, 12.7 min. 
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Catalyst: (1R,2R,1’R,2’R)-II-D 
 
-45 oC, 20 h, 98 yield, 98:2 (d.r.), 99%ee 
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Catalyst: (1R,2R,1’R,2’R)-II-E 
 
rt, 4 h, 96% yield, 92:8 (d.r.), 37%ee 
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Catalyst: (1R,2R,1’R,2’R)-II-E 
 
-45 oC, 20 h, 90% yield, 96:4 (d.r.), 29%ee 
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Catalyst: (1R,2R,R)-II-G 
 
-45 oC, 20 h, 88% yield, 96:4 (d.r.), 76%ee 
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Catalyst: (1R,2R,R)-II-G  
 
rt, 4 h, 92% yield, 92:8 (d.r.), 61%ee 
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Catalyst: (1R,2R,S)-II-F 
 
-45 oC, 20 h, 92% yield, 96:4 (d.r.), 76%ee 
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Catalyst: (1R,2R,S)-II-F 
 
rt, 4 h, 93% yield, 91:9 (d.r.), 51%ee  
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