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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. 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.  

 

(1S,2S)-1,2-diphenyl-N-tosyl-ethane-1,2-diamine 2a, (1R,2R)-1,2-diphenyl -N-tosyl- 

ethane-1,2-diamine 2b, (1R,2R)-1,2-diphenyl-N-mesyl-ethane-1,2-diamine 2c, were 

prepared by the reported synthetic methods. 1 The physical and spectroscopic data of 

2a, 2b and 2c are consistent with those reported in the literature.1 
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Synthesis of N-((1R,2R)-2-amino-1,2-diphenylethyl)-3,5-bis(trifluoromethyl) 

benzenesulfonamide (2d) 
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A solution of 3,5-bis(trifluoromethyl) benzenesulfonyl chloride (312.6 mg, 1 mmol) in anhydrous 

THF (5 mL) was added dropwise to (1R,2R)-1,2-diphenylethane-1,2-diamine (212.3mg, 1mmol), 

triethylamine (277 μL, 2 mmol) and anhydrous THF (10 mL) with ice-cooling. The reaction 

mixture was brought to room temperature and stirred over night. The result solution was diluted 

with ethyl acetate and washed with brine. The resulted organic phase was dried over Na2SO4 and 

concentrated in vacuo. The residue was purified by flash silica gel chromatography. The pure 

product was obtained as a white solid in 86% yield. 

Mp. 158-160 °C; [R]25
D +15.6 (c, 0.4, CHCl3); IR (KBr) ν 3436, 3355, 3298, 1352, 1278, 1265, 

1196, 1163, 1128 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 4.18 (d, J = 4.5 Hz, 1H), 4.52 (d, J 

= 4.5 Hz, 1H), 7.13 (s, 10H), 7.79 (s, 1H),7.86 (s, 2H); 13C NMR (CDCl3, TMS, 75 MHz) δ 

60.27, 63.68, 125.69, 126.42, 127.17, 127.32, 128.10, 128.18, 128.76, 132.17, 132.62, 138.27, 

141.15, 143.40; HRMS Calcd. for C22H19F6N2O2S : 489.1071, found: 489.1047； 
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Synthesis of (1R,2R)-2-isothiocyanato-N,N-dimethylcyclohexanamine (1) 

Thiophosgen (1.86 mL, 24.4 mmol) was added dropwise to a solution of (1R,2R)-N,N-dimethyl- 

cyclohexane-1,2-diamine (2.31 g, 16.3 mmol) and triethylamine (6.77 mL, 48.8 mmol) with 

ice-cooling. The reaction mixture was stirred for about 4h, and TLC analysis indicated completion 

of the reaction. Then the reaction mixture was concentrated in vacuo, and the residue was purified 

by flash silica gel chromatography to afford a brown oil in 91% yield. 

[α]25
D -99.0 (c 0.36, CHCl3); IR (KBr) ν 2935, 2860, 2827, 2780, 2185, 2095, 1618 cm-1; 1H 



NMR (CDCl3, TMS, 300 MHz) δ 1.16-1.25 (m, 4H), 1.69-1.84 (m, 3H), 2.15-2.19 (m, 1H), 2.34 

(s, 6H), 2.40-2.47 (m, 1H), 3.51-3.59 (m, 1H); 13C NMR (CDCl3, TMS, 75 MHz) δ 23.58, 24.32, 

24.45, 33.57, 40.41, 58.23, 67.22, 76.63, 77.06, 77.48; MS (EI) m/z 184 ([M]+·). 

 

General Procedure for the Synthesis of Organocatalysts (3a-3e) 

 

N
NCS

Ph

Ph

H2N

HN
N

N

S Ph

H
Ph+

N
H HN

SO2R SO2R

THF

1 2 3  

 

To a solution of corresponding sulfonamide 2 (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
N
H

S

N
H

Ph
Ph

HN
SO2CH3  

 

N-((1R,2R)-2-(3-((1R,2R)-2-(dimethylamino)cyclohexyl)thioureido)-1,2-diphenylethyl)meth 

anesulfonamide (3c) 

The pure product was obtained as a white solid in 97% yield. 

Mp. 108-110 °C; [α]25
D

 +9.4 (c 0.44, CHCl3); IR (KBr) ν 3356, 3062, 2931, 2858, 1545, 1320, 

1148 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 1.21-1.24 (m, 4H), 1.69-1.90 (m, 4H), 2.20 (m, 

1H), 2.41 (s, 6H), 2.47 (s, 3H), 3.70 (m, 1H), 4.79 (d, J = 10.2 Hz, 1H), 5.88 (s, 1H), 7.08-7.22 (m, 

10H); 13C NMR (CDCl3, TMS, 75 MHz) δ 22.65, 24.37, 24.52, 32.59, 39.86, 41.69, 55.24, 62.25, 

64.38, 66.34, 127.64, 127.76, 128.44, 128.54, 138.22, 139.15, 183.50; HRMS Calcd. for 

C24H35N4O2S2: 475.2201 , found: 475.2168; 
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1-((1R,2R)-2-(dimethylamino)cyclohexyl)-3-((1S,2S)-1,2-diphenyl-2-(tosylamino)ethyl)thiour

ea (3a) 

The pure product was obtained as a white solid in 95% yield. 

Mp. 110-113 °C; [α]25
D +18.5 (c 0.62, CHCl3); IR (KBr) ν 3357, 3062, 3030, 2932, 2858, 1536, 

1327, 1155 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 1.08-1.29 (m, 4H), 1.63-1.76 (m, 3H), 

1.95 (s, 6H), 2.20 (m, 1H), 2.25 (s, 3H), 2.42 (m, 1H), 3.58 (m, 1H), 4.70 (d, J = 10.2 Hz, 1H), 

5.68 (m, 1H), 6.86-7.13 (m, 12H), 7.41 (d, J = 8.1 Hz, 2H); 13C NMR (CDCl3, TMS, 75 MHz) δ 

21.59, 22.37, 24.79, 25.17, 33.41, 40.13, 56.67, 62.99, 63.84, 67.25, 127.10, 127.40, 128.03, 

128.13, 128.68, 129.18, 138.21, 138.50, 142.54, 183.00; HRMS Calcd. for C30H39N4O2S2: 

551.2514, found: 551.2494; 
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N-((1R,2R)-2-(3-((1R,2R)-2-(dimethylamino)cyclohexyl)thioureido)-1,2-diphenylethyl)-4-met

hylbenzenesulfonamide (3b) 

The pure product was obtained as a white solid in 80% yield. 

Mp. 128-130 °C; [α]25
D +3.5 (c 0.62, CHCl3); IR (KBr) ν 3355, 3061, 3030, 2932, 2859, 1538, 

1454, 1329, 1157 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 1.18-1.27 (m, 4H), 1.68-1.90 (m, 

3H), 2.30 (s, 1H), 2.35 (s, 6H), 2.20-2.43 (m, 2H), 3.47 (s, 1H), 4.72 (d, J = 10.8 Hz, 1H), 5.81 (m, 

1H), 6.86-7.21 (m, 12H), 7.40 (d, J = 10.8 Hz, 2H); 13C NMR (CDCl3, TMS, 75 MHz) δ 21.67, 

22.88, 24.76, 25.11, 32.89, 41.29, 56.85, 63.04, 64.79, 67.17, 126.99, 127.37, 127.95, 128.10, 



128.67, 129.28, 138.46, 142.62, 182.70; HRMS Calcd. for C30H39N4O2S2: 551.2514, found: 

551.2499; 
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N-((1R,2R)-2-(3-((1R,2R)-2-(dimethylamino)cyclohexyl)thioureido)-1,2-diphenylethyl)-3,5-bi

s(trifluoromethyl)benzenesulfonamide (3d) 

The pure product was obtained as a white solid in 99% yield. 

Mp. 168-170 °C; [α]25
D +43.6 (c 0.34, CHCl3); IR (KBr) ν 3423, 2936, 1541, 1539, 1279, 1162, 

1141 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 1.20 (m, 4H), 1.71-1.94 (m, 3H), 2.18 (m, 1H), 

2.42 (s, 6H), 2.44 (m, 1H), 3.35 (m, 1H), 4.81-4.86 (m, 1H), 5.87 (m, 1H), 6.86-7.12 (m, 10H), 

7.71 (s, 1H),7.83 (s, 2H); 13C NMR (CDCl3, TMS, 75 MHz) δ 24.65, 24.98, 24.76, 33.00, 41.77, 

60.34, 63.04, 63.98, 65.39, 67.79, 120.79, 124.41, 125.26, 125.59, 126.49, 127.20, 127.88, 128.03, 

128.25, 128.40, 128.73, 128.86, 131.89, 132.35, 136.97, 137.76, 144.45, 183.27; HRMS Calcd. 

for C31H35F6N4O2S2: 673.2106, found: 673.2058; 

 

Synthesis of N-((1R,2R)-2-(3-((1R,2R)-2-(dimethylamino)cyclohexyl)thioureido)-1,2- 

diphenylethyl)-N,4-dimethylbenzenesulfonamide (3e) 
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Synthesis of tert-butyl (1R,2R)-1,2-diphenyl-2-(tosylamino)ethylcarbamate (8) 
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A solution of Boc2O (94.3 mg, 0.432 mol) in anhydrous dichloromethane (10 mL) was added to 

(1R,2R)-1,2-diphenyl-N-tosylethane-1,2-diamine (144 mg, 0.393 mmol) and DIPEA (74.3 µL, 

0.432 mmol) in anhydrous dichloromethane (20 mL) with ice-cooling. After the addition, the 

reaction mixture was brought to room temperature and 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. The pure product was obtained as a white solid in 

90% yield. 

Mp. 167-170 °C; [α]25
D +13.0 (c 0.78, CHCl3); IR (KBr) ν 3390, 3312, 2928, 1686, 1514, 1158 

cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 1.45 (s, 9H), 2.30 (s, 3H), 4.56-4.61 (m, 1H), 

4.78-4.84 (m,1H), 5.33 (br, 1H), 6.22 (br, 1H), 6.78-6.81 (m, 2H), 6.96-7.02 (m, 7H), 7.14-7.15 

(m, 3H), 7.43 (d, J = 8.1 Hz, 2H); 13C NMR (CDCl3, TMS, 75 MHz) δ 21.62, 28.57, 60.23, 64.16, 

80.79, 127.11, 127.54, 12769, 128.03, 128.22, 128.72, 129.33, 138.08, 138.57, 142.88, 156.55; 

HRMS Calcd. for C26H30N2O4S+Na+: 489.1824, found: 489.1827. 

 

Synthesis of tert-butyl (1R,2R)-2-(N-methyl-N-tosylamino)-1,2-diphenylethylcarbamate (9) 

NH
N

S
O

O
Boc  

Methyl iodide (220 µL, 3.54 mmol) was added to a solution of tert-butyl (1R,2R)-1,2-diphenyl-2- 

(tosylamino)ethylcarbamate (165 mg, 0.35 mmol) and 1N NaOH (0.4 mL) in 1,4-dioxane (2 mL) 

at room temperature. TLC analysis indicated completion of the reaction after about 4h. The result 

solution was diluted with water and extracted with ethyl acetate. The resulted oil phase was 

washed with brine, dried with Na2SO4 and concentrated in vacuo. The residue was purified by 



flash silica gel chromatography. The pure product was obtained as a white solid in 81% yield.  

Mp. 67-69 °C; [α]25
D -30.4 (c 0.54, CHCl3); IR (KBr) ν 3428, 2975, 2928, 1711, 1599, 1508, 1384, 

1163 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 1.43 (s, 9H), 2.36 (s, 3H), 2.80 (s, 3H), 5.20 (m, 

1H), 5.32 (m, 1H), 5.45 (br, 1H), 6.94-7.20 (m, 12H), 7.58 (d, J = 6.0 Hz, 2H); 13C NMR (CDCl3, 

TMS, 75 MHz) δ 21.69, 28.59, 30.07, 54.18, 64.67, 80.00, 127.34, 127.64, 127.79, 128.28, 

128.37, 128.68, 129.33, 129.79, 134.73, 137.56, 140.20, 143.39, 155.81; HRMS Calcd. for 

C27H32N2O4S+Na+: 503.1980, found: 503.1926. 

 

Synthesis of (1R,2R)-N-methyl-1,2-diphenyl- N-tosylethane-1,2-diamine (7) 
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Tert-butyl (1R,2R)-2-(N-methyl-N- tosylamino)-1,2-diphenylethylcarbamate (60 mg, 0.125 mmol) 

was added to CF3COOH (0.43 mL) with ice-cooling. After the addition, the reaction mixture was 

brought to room temperature and stirred for 2h. TLC analysis indicated completion of the reaction. 

CF3COOH was removed in vacuo. The residue was washed with saturated NaHCO  and extracted 

with ethyl acetate. The combined organic phase was concentrated in vacuo. The residue was 

purified with silica gel chromatography. 

3

The pure product was obtained as a white solid in 67% 

yield.

Mp. 130-132 °C; [α]25
D +5.0 (c 0.7, CHCl3); IR (KBr) ν 3382, 1631, 1597, 1383, 1321, 1153, 938 

cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 2.35 (s, 3H), 2.84 (s, 3H), 4.44 (d, J = 10.2 Hz, 1H), 

5.25 (d, J = 10.2 Hz, 1H), 7.01-7.17 (m, 12H), 7.58(d, J = 7.2 Hz, 2H); 13C NMR (CDCl3, TMS, 

75 MHz) δ 21.68, 29.84, 55.79, 67.51, 127.57, 127.97, 128.23, 128.60, 129.24, 129.64, 135.87, 

137.10, 142.35, 143.35; HRMS Calcd. for C22H24N2O2S+Na+: 403.1456, found: 403.1445; 

 

Synthesis of 1-((1R,2R)-2-(N-methyl-N-tosylamino)-1,2-diphenylethyl)-3-((1R,2R)-2 

-(dimethylamino)cyclohexyl)thiourea (3e) 

http://dict.iciba.com/saturated/
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To a solution of (1R,2R)-N-methyl-1,2-diphenyl-N-tosylethane-1,2-diamine (64 mg, 0.168 mmol) 

in anhydrous THF (2 mL) was added (1R,2R)-2-isothiocyanato-N,N-dimethylcyclohexanamine 

(34 mg, 0.185 mmol) at room temperature. TLC indicated the completion of the reaction after 

about 4h. The reaction mixture was concentrated in vacuo and purified with silica gel 

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

Mp. 80-82 °C; [α]25
D -25.0 (c 0.24, CHCl3); IR (KBr) ν 3373, 3031, 2929, 2857, 1598, 1540, 

1326, 1160 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 1.08-1.44 (m, 4H), 1.69-1.91 (m, 3H), 

2.22-2.38 (m, 10H), 2.51 (m,1H), 2.87 (s, 3H), 3.87(m, 1H), 5.25 (d, J=11.7 Hz, 1H), 6.32-6.39 

(dd, J =11.1 and 8.1 Hz, 1H), 6.75 (br, 1H), 6.92-7.31 (m, 12H), 7.58(d, J = 8.1, 2H); 13C NMR 

(CDCl3, TMS, 75 MHz) δ 21.76, 24.67, 25.28, 29.92, 30.52, 32.94, 40.07, 54.89, 57.49, 64.97, 

66.70, 127.19, 127.62, 128.27, 128.40, 128.60, 129.47, 129.84, 134.22, 137.48, 139.73, 143.60, 

181.76; HRMS Calcd. for C31H41N4O2S2: 565.2671, found: 565.2582. 

 

General procedure for Micheal Addition of Acetylacetone to aryl nitroolefins 

The catalyst (1.0 mg, 0.0015 mmol) was added to a vial containing 2,4-pentanedione (30.5 μL, 

0.30 mmol) and nitroolefin (0.15 mmol) in Et2O (0.35 mL) at room temperature. TLC analysis 

indicated completion of the reaction after about 1-2h. Then the reaction mixture was concentrated 

in vacuo. The residue was purified by flash silica gel chromatography to afford the product. 

NO2
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(R)-3-(2-nitro-1-phenylethyl)pentane-2,4-dione (table 2, entry 1) : 

The title compound was prepared according to the general procedure as described above in 97% 

yield. 1H NMR (CDCl3, TMS, 300 MHz) δ 1.95 (s, 3H), 2.30 (s, 3H), 4.23-4.29 (m, 1H), 4.40 (d, 

J = 10.8 Hz, 1H), 4.63-4.65 (m, 2H) , 7.18-7.36 (m, 5H); HPLC (Chiralpak AS-H, 



i-propanol/hexane = 15/85, 1.0mL/min, λ = 210 nm): tminor = 16.7 min, tmajor = 26.4 min, 97% ee. 
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3-((R)-2-nitro-1-p-tolylethyl)pentane-2,4-dione (table 2, entry 2) 

The title compound was prepared according to the general procedure as described above in 95% 

yield. 1H NMR (CDCl3, TMS, 300 MHz) δ 1.95 (s, 3H), 2.30 (s, 6H), 4.21-4.24 (m, 1H), 4.36 (d, 

J = 11.1 Hz, 1H), 4.59-4.61 (m, 2H), 7.05-7.14 (m, 4H); 13C NMR (CDCl3, TMS, 75 MHz) δ 

21.33, 29.69, 30.68, 42.68, 71.08, 78.62, 128.00, 130.26, 133.00, 138.63, 201.40, 202.17; HPLC 

(Chiralpak AS-H, i-propanol/hexane = 15/85, 1.0 mL/min, λ = 210 nm): tminor = 12.1 min, tmajor = 

18.3 min, 95% ee. 
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3-((R)-2-nitro-1-o-tolylethyl)pentane-2,4-dione (table 2, entry 3) 

The title compound was prepared according to the general procedure, as described above in 95% 

yield. 1H NMR (CDCl3, TMS, 300 MHz) δ 1.91 (s, 3H), 2.31 (s, 3H), 2.42 (s, 3H), 4.41 (d, J = 

9.3 Hz, 1H), 4.55-4.64 (m, 3H), 7.08-7.18 (m, 4H); 13C NMR (CDCl3, TMS, 75 MHz) δ 19.80, 

30.45, 30.68, 37.90, 70.49, 78.02, 126.21, 127.04, 128.51, 131.88, 134.52, 136.94, 201.26, 201.92; 

HPLC (Chiralpak AS-H, i-propanol/hexane = 15/85, flow rate 1.0 mL/min ,λ = 210 nm): tminor = 

12.4 min,tmajor = 17.8 min, ee = 98%. 
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3-((R)-1-(4-methoxyphenyl)-2-nitroethyl)pentane-2,4-dione (table 2, entry 4)  



The title compound was prepared according to the general procedure, as described above in 93% 

yield.  1H NMR (CDCl3, TMS, 300 MHz) δ 1.94 (s, 3H), 2.30 (s, 3H), 3.78 (s, 3H), 4.19-4.23 (m, 

1H), 4.34 (d, J = 11.1 Hz, 1H), 4.58-4.60 (m, 2H) , 6.85 (d, J = 8.7 Hz, 2H), 7.10 (d, J = 8.7 Hz, 

2H); 13C NMR (CDCl3, TMS, 75 MHz) δ 29.81, 30.71, 43.00, 45.82, 70.95, 78.43, 128.17, 

128.82, 129.61, 136.18, 201.26, 202.03; HPLC (Chiralpak AD-H, i-propanol/hexane = 20/80, flow 

rate 1.0 mL/min ,λ = 210 nm) : tminor = 12.2 min, tmajor = 17.7 min, ee = 98%. 
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3-((R)-1-(3-methoxyphenyl)-2-nitroethyl)pentane-2,4-dione (table 2, entry 5) 

The title compound was prepared according to the general procedure, as described above in 96% 

yield. 1H NMR (CDCl3, TMS, 300 MHz) δ 1.97 (s, 3H), 2.30 (s, 3H), 3.78 (s, 3H), 4.21-4.25 (m, 

1H), 4.37 (d, J = 10.2 Hz, 1H), 4.61-4.63 (m, 2H) , 6.71-6.83 (m, 3H), 7.22 (s, 1H); 13C NMR 

(CDCl3, TMS, 75 MHz) δ 29.85, 30.73, 43.00, 55.48, 70.83, 78.39, 113.80, 114.36, 120.12, 

130.66, 137.78, 160.30, 201.23, 202.03; HPLC(Chiralpak AD-H, i-propanol/hexane = 15/85, flow 

rate 1.0 mL/min ,λ = 210 nm) : tminor = 10.3 min, tmajor = 13.1 min, ee = 97%. 
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3-((R)-1-(2-methoxyphenyl)-2-nitroethyl)pentane-2,4-dione (table 2, entry 6)  

The title compound was prepared according to the general procedure, as described above in 97% 

yield. 1H NMR (CDCl3, TMS, 300 MHz) δ 1.94 (s, 3H), 2.28 (s, 3H), 3.89 (s, 3H), 4.49-4.61 (m, 

3H), 4.75-4.82 (m, 1H), 6.88-6.92 (m, 2H), 7.07-7.09 (m, 1H), 7.25-7.29 (m, 1H); 13C NMR 

(CDCl3, TMS, 75 MHz) δ 28.93, 29.95, 30.70, 39.03, 55.70, 69.28, 89.46, 111.45, 121.43, 

130.03, 130.47, 201.82, 202.61; HPLC (Chiralpak AD-H, i-propanol/hexane = 3/97, flow rate 0.5 

mL/min, λ = 210 nm): tminor = 38.3 min, tmajor = 41.7 min, ee = 95%. 
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3-((R)-1-(3-chlorophenyl)-2-nitroethyl)pentane-2,4-dione (table 2, entry 7)  

The title compound was prepared according to the general procedure, as described above in 87% 

yield. 1H NMR (CDCl3, TMS, 300 MHz) δ 2.01 (s, 3H), 2.31 (s, 3H), 4.24 (m, 1H), 4.35 (d, J = 

11.1 Hz, 1H), 4.62 (m, 2H), 7.08 (s, 1H), 7.20-7.29 (m, 3H); 13C NMR (CDCl3, TMS, 75 MHz) δ 

30.02, 30.77, 42.56, 70.58, 77.99, 126.36, 128.40, 129.13, 130.85, 135.44, 138.39, 200.71, 201.59; 

HPLC (Chiralpak AS-H, i-propanol/hexane = 25/75, flow rate 1 mL/min ,λ = 210 nm): tminor = 11.5 

min, tmajor = 20.2 min, ee = 98%. 
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3-((R)-1-(4-bromophenyl)-2-nitroethyl)pentane-2,4-dione (table 2, entry 8)  

The title compound was prepared according to the general procedure, as described above in 97% 

yield. 1H NMR (CDCl3, TMS, 300 MHz) δ 1.98 (s, 3H), 2.30 (s, 3H), 4.22-4.26 (m, 1H) , 4.34 (d, 

J = 11.1 Hz, 1H), 4.60-4.62 (m, 2H), 7.07 (d, J = 8.1 Hz, 2H), 7.47 (d, J = 8.1 Hz, 2H); 13C NMR 

(CDCl3, TMS, 75 MHz) δ 29.95, 30.73, 42.41, 70.66, 78.07, 122.94, 129.88, 132.78, 135.30, 

200.84, 201.64; HPLC (Chiralpak AS-H, i-propanol/hexane = 15/85, flow rate 1 mL/min, λ = 210 

nm) : tminor = 18.3min, tmajor = 32.2 min, ee = 95%. 

 

NO2

O O

Br

 

3-((R)-1-(3-bromophenyl)-2-nitroethyl)pentane-2,4-dione (table 2, entry 9)  



The title compound was prepared according to the general procedure, as described above in 96% 

yield. 1H NMR (CDCl3, TMS, 300 MHz) δ 2.01 (s, 3H), 2.31 (s, 3H), 4.21-4.25 (m, 1H) , 4.35 (d, 

J = 11.1 Hz, 1H), 4.59-4.64 (m, 2H), 7.11-7.26 (m, 2H), 7.36 (s, 1H), 7.44 (d, J = 7.2 Hz, 1H); 13C 

NMR (CDCl3, TMS, 75 MHz) δ 30.03, 30.77, 42.51, 70.58, 77.97, 123.57, 126.83, 131.11, 

131.28, 132.05, 138.66, 200.70, 201.58; HPLC (Chiralpak AS-H, i-propanol/hexane=15/85, flow 

rate 1mL/min, λ = 210 nm): tminor = 19.2 min, tmajor = 36.2 min, ee = 96%. 

 

NO2

O O

Br  
3-((R)-1-(2-bromophenyl)-2-nitroethyl)pentane-2,4-dione (table 2, entry 10) . 

The title compound was prepared according to the general procedure, as described above in 97% 

yield. 1H NMR (CDCl3, TMS, 300 MHz) δ 2.05 (s, 3H), 2.30 (s, 3H), 4.59-4.87 (m, 4H) , 

7.12-7.20 (m, 2H), 7.26-7.32 (m, 1H), 7.63 (d, J = 7.2 Hz, 1H); 13C NMR (CDCl3, TMS, 75 MHz) 

δ 28.57, 31.28, 41.26, 69.37, 76.50, 128.54, 129.09, 130.26, 134.28, 135.22, 206.99; HPLC 

(Chiralpak AD-H, i-propanol/hexane = 3/97, flow rate 0.5 mL/min ,λ = 210 nm): tminor = 35.1 min, 

tmajor = 37.2 min, ee = 96%. 

 

NO2

O O

F  
3-((R)-1-(4-fluorophenyl)-2-nitroethyl)pentane-2,4-dione (table 2, entry 11)  

The title compound was prepared according to the general procedure, as described above in 96% 

yield. 1H NMR (CDCl3, TMS, 300 MHz) δ 1.95 (s, 3H), 2.28 (s, 3H), 4.22-4.34 (m, 2H), 

4.59-4.60 (m, 2H), 6.99-7.04 (m, 2H), 7.16 (m, 2H); 13C NMR (CDCl3, TMS, 75 MHz) δ 29.96, 

30.68, 42.28, 70.95, 78.39, 116.50, 116.80, 129.87, 129.98, 131.98, 200.99, 201.77; HPLC 

(Chiralcel OD-H, i-propanol/hexane = 10/90, flow rate 1 mL/min, λ = 210 nm): tminor = 30.3 min, 

tmajo r= 33.4 min, ee = 99%. 

 



General procedure for Micheal Addition Reaction of Acetylacetone to Alkyl nitroolefins 

The catalyst (5.1 mg, 0.0075 mmol) was added to a vial containing 2,4-pentanedione (30.5 μL, 

0.30 mmol) and alkyl nitroolefin (0.15 mmol) in Et2O (0.35 mL) at room temperature. After 

16-28h of stirring, TLC analysis indicated completion of the reaction. The reaction mixture was 

concentrated in vacuo. The residue was purified by flash silica gel chromatography to afford the 

corresponding product. 

 

NO2

O O

 

 

3-((S)-1-nitroheptan-2-yl)pentane-2,4-dione (table 2, entry 12) 

The title compound was prepared according to the general procedure, as described above in 85% 

yield. 

1H NMR (CDCl3, TMS, 300 MHz) δ 0.86-0.90 (t, J = 5.7 Hz, 3H), 1.27-1.44 (m, 8H), 2.27 (s, 

3H), 2.28 (s, 3H), 2.82-2.86 (m, 1H), 4.00 (d, J = 8.7 Hz, 1H), 4.46-4.57 (m, 2H); 13C NMR 

(CDCl3, TMS, 75 MHz) δ 14.15, 22.61, 26.54, 29.65, 30.08, 31.24, 31.63, 37.24, 69.61, 75.96, 

202.61, 203.05; HRMS Calcd. for C12H21NO4: 243.1471, found:243.1477; HPLC (Chiralpak 

AS-H, i-propanol/hexane = 5/95, flow rate 0.8 mL/min, λ = 210 nm): tminor = 9.5 min, tmajor = 21.5 

min, ee = 85%. 

 

NO2

OO

 

 

3-((S)-3-methyl-1-nitrobutan-2-yl)pentane-2,4-dione (table 2, entry 13) : 

The title compound was prepared according to the general procedure, as described above in 80% 

yield.  

1H NMR (CDCl3, TMS, 300 MHz) δ 0.91 (d, J = 6.6 Hz, 3H), 0.98 (d, J = 6.6 Hz, 3H), 1.72-1.81 

(m, 1H), 2.24 (s, 3H), 2.31 (s, 3H), 2.81-2.84 (m, 1H), 4.12 (d, J = 6.6 Hz, 1H), 4.40-4.46 (m, 1H), 



4.55-4.62 (m, 1H); 13C NMR (CDCl3, TMS, 75 MHz) δ 18.77, 21.03, 21.83, 29.78, 31.03, 42.86, 

68.30, 74.92; HPLC (Chiralpak AD-H, i-propanol/hexane = 5/95, flow rate 1 mL/min, λ = 210 

nm): tmajor = 11.0 min, tmino r= 11.9 min, ee = 81%.  

 

NO2

O O

 

3-((S)-4-methyl-1-nitropentan-2-yl)pentane-2,4-dione (table 2, entry 15) : 

The title compound was prepared according to the general procedure, as described above in 83% 

yield. 

1H NMR (CDCl3, TMS, 300 MHz) δ 0.89-1.03 (m, 6H), 1.32-1.40 (m, 1H), 1.70 (s, 1H), 

2.21-2.34 (m, 6H), 2.90 (m, 1H), 3.98 (d, J = 8.1 Hz, 1H), 4.51 (m, 2H); 13C NMR (CDCl3, TMS, 

75 MHz) δ 21.08, 22.98, 24.74, 29.69, 30.96, 34.62, 38.22, 69.16, 75.67, 202.25, 202.78; HRMS 

Calcd. for C11H19NO4: 229.1314, found:229.1318; HPLC (Chiralpak AS-H, i-propanol/hexane = 

10/90, flow rate 1 mL/min, λ = 210 nm): tminor = 7.2 min, tmajor = 13.3 min, ee = 82%.  

 

NO2

PhPh

O O

 

2-((R)-2-nitro-1-phenylethyl)-1,3-diphenylpropane-1,3-dione 

The title compound was prepared according to the general procedure, as described above in 95% 

yield. 

1H NMR (CDCl3, TMS, 300 MHz) δ 4.61-4.64 (m, 1H), 5.00 (d, J = 7.2 Hz, 2H), 5.84 (d, J = 8.1 

Hz, 1H), 7.19-7.23 (m, 5H), 7.34-7.40 (m, 4H), 7.49-7.55 (m, 2H), 7.79 (d, J = 7.2 Hz, 1H), 7.87 

(d, J = 8.1 Hz, 1H); 13C NMR (CDCl3, TMS, 75 MHz) δ 44.23, 60.04, 77.51, 127.42, 128.48, 

128.85, 129.03, 129.08, 129.22, 132.74, 134.08, 134.35, 135.98, 136.35, 136.97, 193.84, 194.47; 

HPLC (Chiralpak AS-H, i-propanol/hexane = 20/80, flow rate 1 mL/min, λ = 254 nm): 

tminor=20.97 min, tmajor=29.07 min, ee = 85%. 



O O

Ph
NO2H

 
2-acetyl-2-(3-nitro-2-phenylpropyl)cyclopentanone 

The catalyst (5.0mg, 0.0075mmol) was added to a vial containing nitroolefin (0.15 mmol) in 

dichloromethane (0.25 mL) at -50 °C, and then 2-acetylcyclopentanone (0.15 mmol) was added. 

TLC analysis indicated completion of the reaction after about 10h. The reaction mixture was then 

passed through a plug of silica gel for the removal of the catalyst. The plug was eluted with ethyl 

acetate (3-4 mL). The combined filtrate was concentrated in vacuo and the diastereoselectivity of 

the crude product was determined as 85:15 according to the crude 1H NMR. The residue was 

purified by flash silica gel chromatography to afford the product in 92% yield.  

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

11.7 Hz, 1H), 7.20-7.32 (m, 5H); HPLC (Chiralcel OD-H, i-propanol/hexane = 20/80, flow rate 1 

mL/min, λ = 220 nm): tminor = 16.06 min, tmajor = 72.09 min, ee = 96% (major diastereomer). 
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