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1. General Information: 

1H and 13C NMR spectra were recorded on a Bruker ARX-400 (400 and 100 MHz respectively). 

All NMR spectra were obtained with CDCl3. 

HPLC chromatograms of Michael adduct were obtained on a Shimadzu apparatus, LC-20AT 

Pump, SPD-M20A UV-Vis Detector, CBM-20A System Controller, using a Chiralcel OD-H (4,6 

mmØ x 250 mmL, particle size 5 µm), Chiralpak AD-H (4,6 mmØ x  250 mmL, particle size 5 

µm),  Chiralcel AS-H (4,6 mmØ x 250 mmL, particle size 5 µm) and Chiralpak IC (2,1 mmØ x 

150 mmL, particle size 5 µm).

Optical rotations were measured with a Schmidt + Haensch Polartronic H Polarimeter, at 589 

nm, 23 °C. Using a 1 mL cell with a 1 dm path length and reported as follows: [α]D
23(c in g per 

mL of solvent).All the compounds synthesized in the manuscript are known componds. Their 

relative and absolute configurations of the products were determined by comparison with the 

known 1H and 13C NMR, chiral HPLC analysis, and optical rotation values.  

Column chromatography was performed using Merck Silica Gel (230-400 mesh). Thin layer 

chromatography (TLC) was performed using Merck Silica Gel GF254, 0.25 mm thickness. For 

visualization, TLC plates were either placed under ultraviolet light, or stained with KMnO4 

solution.

2. General procedure for Michael Addition:

The aldehyde (0.6 mmol), nitroolefin (0.3 mmol) and the benzoic acid (0.015 mmol) were added 

to a solution of the catalyst (0.015 mmol) in PEG-400 (0.5 mL). The reaction mixture was stirred 

for 19 h and then was direct purified by flash column chromatography on silica gel using n-

hexane/EtOAc as the eluent. The enantiomeric excess was determined by chiral-stationary-phase 

HPLC analysis through comparison with the authentic racemic material. Assignment of the 

stereoisomers was performed by comparison with literature data.
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3- General procedure for PEG-400 recyclability experiments

After complete the reaction time, 0.25 mL of water was added to the PEG mixture (an emulsion 
appears) and the mixture PEG-aqueous solution were extracted sequentially with 1 mL of Ether 
for three times until light yellow color in PEG-aqueous solution disappear. The organic phase 
was then dried over anhydrous Na2SO4 and concentrated under reduced pressure. The resulting 
crude product was purified by flash column chromatography on silica gel using n-hexane/EtOAc 
as eluent. The PEG-aqueous solutions was concentrated under reduced pressure until the water 
was removed and the result PEG recovered was dried in high vacuum pump and further add the 
Michael reagents and run a new reaction in the solvent recycled.

4- Characterization of conjugate addition products

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

Analytical data for major diastereoisomer were in agreement with the published data.
1 H NMR (400 MHz,CDCl3, 25°C) δ = 9.72, 9.49 (2xd, J = 2.6 Hz, 1H; CHO), 7.36- 7.29 (m, 

3H; Ph), 7.19- 7.17 (m, 2H; Ph), 4.72 (dd, J = 5.0 Hz, 12.7 Hz, 1H; CH2NO2), 4.63 (dd, J = 9.6 

Hz, 12.7 Hz, 1H, CH2NO2), 3.79 (td, J = 5.0 Hz, 9.8 Hz, 1H; CHPh), 2.71- 2.65 (m, 1H; 

CHCHO), 1.54- 1.47 (m, 2H; CH2CH3), 0.83 (t, J = 0.83 Hz, 3H, CH3) ppm; 13C NMR (100 

MHz, CDCl3, 25°C) δ = 203.2, 136.8, 129.1, 128.1, 128.0, 78.5, 55.0, 42.7, 20.4, 10.7 ppm.

[α] D
25 = +25.21 (c 0.0046 g. mL-1, MeOH); lit = [α] D

20 = +32.3 (c 1.6, CHCl3)

O

Et

NO2
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HPLC: Chiracel OD-H column (n-hexane/i-PrOH 91:09, 25ºC) at 0.9 mL/min (97% ee)
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(2R,3S)-2-ethyl-3-(4-fluorophenyl)-4-nitrobutanal- (10a)

Analytical data for major diastereoisomer were in agreement with the published data

1H NMR (400 MHz,CDCl3, 25°C) δ = 9.74-9.51 (2xd, J = 2.4 Hz, 1H; CHO), 7.20- 7.17 (m, 2H; 

Ph), 7.08- 7.02 (m, 2H; Ph), 4.74 (dd, J = 4.8 Hz, 12.7 Hz, 1H; CH2NO2), 4.61 (dd, J = 9.9 Hz, 

12.7 Hz, 1H; CH2NO2), 3.84- 3.78 (m, 1H; CHPh), 2.71- 2.65 (m, 1H; CHCHO), 1.58–1.44 (m, 

2H; CH2CH3), 0.86 (t, J = 7.5 Hz, 3H; CH3) ppm; 13C NMR (100 MHz, CDCl3, 25°C) δ = 

203.0, 163.7, 132.7, 129.8, 129.7, 116.4, 116.2, 78.7, 55.0, 42.7, 20.4, 10.7ppm.

[α] D
25 = +9.75 (c 0.0041 g. mL-1, MeOH); lit. = [α] D

20 = +12.9 (c 0.7, CHCl3);

1H NMR
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13C NMR
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(2R,3S)-3-(4-chlorophenyl)-2-ethyl-4-nitrobutanal- (10b)

Analytical data for major diastereoisomer were in agreement

 with the published data.

1 H NMR (400 MHz,CDCl3, 25°C) δ = 9.74, 9.51 (2xd, J = 2.8 Hz, 1H; CHO), 7.36-7.28 (m, 

2H; Ph), 7.16-7.14 (m, 2H; Ph), 4.73 (dd, J = 4.8 Hz, 12.8 Hz, 1H; CH2NO2), 4.63 (dd, J = 9.9 

Hz, 12.8 Hz, 1H; CH2NO2), 3.80 (dt, J = 4.8 Hz, 10.0 Hz, 1H; CHPh), 2.72- 2.66 (m, 1H; 

CHCHO), 1.57- 1.47 (m, 2H; CH2CH3), 0.86 (t, J = 7.5 Hz, 3H; CH3) ppm; 13C NMR (100 

MHz, CDCl3, 25°C) δ = 202.8, 135.5, 134.2, 129.8, 129.5, 54.8, 42.2, 20.5, 10.7 ppm.

[α] D
25 = +7.5 (c 0.0020 g. mL-1, MeOH); lit. = [α] D

20 = +28.6 (c 1.1, CHCl3)

O

Et

NO2

Cl
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HPLC: Chiracel OD-H column (n-hexane/i-PrOH 95:5, 25ºC) at 1 mL/min (96% ee)
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(2R,3S)-3-(4-bromophenyl)-2-ethyl-4-nitrobutanal – (10c)

Analytical data for major diastereoisomer were in agreement with the published data.

1 H NMR (400 MHz,CDCl3, 25°C) δ =9.79, 9.49 (2xd, J = 2.3 Hz, 1H, CHO), 7.49- 7.45 (m, 2H, 

Ph), 7.07 (d, J = 8.3 Hz, 2H, Ph), 4.81-4.70 (m, 1H, CH2NO2), 4.62- 4.57 (m, 1H, CH2NO2), 

3.80- 3.74 (m, 1H, CHPh), 2.70- 2.64 (m, 1H, CHCHO), 1.55- 1.44 (m, 2H, CH2CH3), 0.84 (t, J 

= 7.5 Hz, 3H, CH3) ppm; 13C NMR (100 MHz, CDCl3, 25°C) δ = 202.8, 136.0, 132.5, 129.8, 

122.3, 78.4, 54.8, 42.2, 20.5, 10.7 ppm.

[α] D
25 = +0.61 (c 0.0065 g. mL-1, MeOH); lit. = [α] D

20= +27.3 (c 1.3, CHCl3);

1 H NMR
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13C NMR

0102030405060708090100110120130140150160170180190200210
f1 (ppm)

10
.6

8

20
.4

9

42
.2

3

54
.7

9

76
.8

4
77

.1
6

77
.4

8
78

.3
9

12
2.

31

12
9.

84
13

2.
47

13
6.

04

20
2.

82

HPLC: Chiracel AD-H column (n-hexane/i-PrOH 95:05, 25ºC) at 0.8 mL/min (93% ee)
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(2R,3S)-2-ethyl-3-(4-methoxyphenyl)-4-nitrobutanal- (10d)

Analytical data for major diastereoisomer were in agreement with the published data.

1 H NMR (400 MHz,CDCl3, 25°C) δ = 9.71, 9.47 (2xd, J = 2.6 Hz, 1H, CHO), 7.09 (d, J = 8.6 

Hz, 2H, Ph), 6.88- 6.83 (m, 2H, Ph), 4.69 (dd, J = 4.9 Hz, 12.5 Hz, 1H, CH2NO2), 4.61- 4.55 (m, 

1H, CH2NO2), 3.79 (s, 3H, OMe), 3.75- 3.71 (m, 1H, CHPh), 2.66-2.60 (m, 1H, CHCHO), 1.56- 

1.45 (m, 2H, CH2CH3), 0.83 (t, J = 7.5 Hz, 3H, CH3) ppm; 13C NMR (100 MHz, CDCl3, 25°C) δ 

= 203.5, 159.4, 129.4, 129.2, 114.6, 78.9, 55.4, 55.3, 42.2, 20.5, 10.8 ppm.

[α] D
25 = +2.29 (c 0.0061 g. mL-1, MeOH); lit. = [α] D

20 =  +15.1 (c 0.7, CHCl3)

O

Et

NO2

OMe
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HPLC: Chiracel AD-H column (n-hexane/i-PrOH 95:05, 25ºC) at 0.8 mL/min (91% ee)
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(2R,3S)-2-ethyl-4-nitro-3-(3-nitrophenyl)butanal-(10e)

Analytical data for major diastereoisomer were in agreement with the published data

1 H NMR (400 MHz,CDCl3, 25°C) δ = 9.68, 9.48 (2xd, J = 2.8 Hz, 1H; CHO), 8.12-8.04 (m, 

2H; Ph), 7.56-7.47 (m, 2H; Ph), 4.74 (dd, J = 4.8 Hz, 12.8 Hz, 1H; CH2NO2), 4.63 (dd, J = 9.9 

Hz, 12.8 Hz, 1H; CH2NO2), 3.89 (dt, J = 4.8 Hz, 10.0 Hz, 1H; CHPh), 2.77-2.71 (m, 1H; 

CHCHO), 1.57-1.38 (m, 2H; CH2CH3), 0.80 (t, J = 7.5 Hz, 3H; CH3) ppm; 13C NMR (100 MHz, 

CDCl3, 25°C) δ = 202.2, 148.8, 139.5, 134.6, 130.3, 123.4, 123.0, 78.0, 54.4, 42.2, 20.5, 10.5 

ppm,

[α] D
25 = -1.90 (c 0.0042 g. mL-1, MeOH); lit. = [α] D

20 = +17.8 (c 0.45, CHCl3)
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13C NMR
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HPLC: Chiracel OD-H column (n-hexane/i-PrOH 90:10, 25ºC) at 1 mL/min (99% ee)
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(2R,3S)-2-ethyl-3-(2-methoxyphenyl)-4-nitrobutanal- (10f)

Analytical data for major diastereoisomer were in agreement with the published data.

1 H NMR (400 MHz,CDCl3, 25°C) δ = 9.70, 9.41 (2xd, J = 2.6 Hz, 1H, CHO), 7.29-7.25 (m, 1H, 

Ph), 7.11-7.09 (m, 1H, Ph), 6.93-6.87 (m, 2H, Ph), 4.87- 4.78 (m, 1H, CH2NO2), 4.67-4.64 (m, 

1H, CH2NO2), 4.05- 3.99 (m, 1H, CHPh), 3.84 (s, 3H, OCH3Ph), 2.96-2.90 (m, 1H, CHCHO), 

1.49-1.45 (m, 2H, CH2CH3), 0.81 (t, J = 7.5 Hz, CH3) ppm; 13C NMR (100 MHz, CDCl3, 25°C) 

δ = 203.8, 157.6, 130.6, 129.4, 124.6, 121.1, 111.3, 55.5, 53.6, 39.5, 20.6, 10.9 ppm.

[α] D
25 = +11.72 (c 0.00435 g. mL-1, MeOH)

O

Et

NO2
OMe
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HPLC: Chiracel OD-H column (n-hexane/i-PrOH 95:05, 25ºC) at 1 mL/min (96% ee)
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(2R,3S)-3-(2-bromophenyl)-2-ethyl-4-nitrobutanal – (10g)

Analytical data for major diastereoisomer were in agreement with the published data.

1 H NMR (400 MHz,CDCl3, 25°C) δ = 9.74, 9.60 (2xd, J = 2.4 Hz, 1H, CHO), 7.61 (dd, J = 1.1 

Hz, 8 Hz, 1H, Ph), 7.34- 7.30 (m, 1H, Ph), 7.21-7.15 (m, 2H, Ph), 4.89- 4.83 (m, 1H,CH2NO2), 

4.67 (dd, J = 4.6 Hz, 13 Hz, 1H, CH2NO2), 4.40- 4.31 (m, 1H, CHPh), 2.97- 2.91 (m, 1H, 

CHCHO), 1.67- 1.59 (m, 2H, CH2CH3), 0.88 (t, J = 0.9 Hz, 3H, CH3) ppm; 13C NMR (100 

MHz, CDCl3, 25°C) δ = 202.9, 136.2, 134.1, 129.8, 129.6, 128.1, 76.3, 54.4, 41.4, 20.6, 11.1 

ppm.

[α] D
25 = +2.98 (c 0.0057 g. mL-1, MeOH)
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S22

13C NMR

HPLC: Chiracel OD-H column (n-hexane/i-PrOH 95:05, 25ºC) at 1 mL/min (95% ee)
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(R)-2-((S)-2-nitro-1-phenylethyl)pentanal- (10h)

Analytical data for major diastereoisomer were in agreement with the published data

1H NMR (400 MHz,CDCl3, 25°C) δ = 9.63, 9.40 (2xd, J = 2.4 Hz, 1H; CHO), 7.29-7.19 (m, 

3H; Ph), 7.11- 7.09 (m, 2H; Ph), 4.60 (dd, J = 7.4 Hz, 11.7 Hz, 2H; CH2NO2), 3.71 (dt, J = 4.8 

Hz, 10.0 Hz, 1H; CHPh), 2.66-2.60 (m, 1H; CHCHO), 1.58–1.06 (m, 6H; 3xCH2), 0.73 (t, J = 

7.5 Hz, 3H; CH3) ppm;13C NMR (100 MHz, CDCl3, 25°C) δ = 203.4, 136.9, 129.2, 128.12, 

78.6, 53.9, 43.4, 29.6, 19.8, 14.0 ppm.

[α] D
25 = +23.94 (c 0.005075 g. mL-1, MeOH); lit.= [α] D

25 = -24.04 (c 8.9, CHCl3)- for the 

opposite isomer, (2S,3R).

O

Pr

NO2
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1H NMR
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HPLC: Chiracel OD-H column (n-hexane/i-PrOH 95:05, 25ºC) at 1 mL/min (96% ee)
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(2R,3S)-2-benzyl-4-nitro-3-phenylbutanal-(10i)

Analytical data for major diastereoisomer were in agreement with the 
published data

1H NMR (400 MHz,CDCl3, 25°C) δ = 9.61, 9.46 (2xd, J = 2.3 Hz, 1H; CHO), 7.31-7.10 (m, 9H; 

Ph), 6.93-6.95 (m, 1H; Ph), 4.62 (dd, J = 2.6 Hz, 7.3 Hz, 2H; CH2NO2), 3.77- 3.71 (m, 1H; 

CHPh), 3.05- 2.91 (m, 1H); 2.79-2.59 (m, 2H) ppm; 13C NMR (100 MHz, CDCl3, 25°C) δ = 

203.1, 137.3, 136.8, 129.4, 128.9, 128.6, 128.4, 128.2, 127.1, 78.4, 55.4, 43.6, 34.4 ppm.

[α] D
25 = -8.80 (c 0.0042 g. mL-1, MeOH)

1H NMR

O

Bn

NO2
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HPLC: Chiracel AD-H column (n-hexane/i-PrOH 99:01, 25ºC) at 1 mL/min (72% ee)
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(2R,3R)-2-ethyl-5-methyl-3-(nitromethyl)hexanal- (10j)

Analytical data for major diastereoisomer were in agreement with the published data

1H NMR (400 MHz,CDCl3, 25°C) δ =   ppm; 13C NMR (100 MHz, CDCl3, 25°C) δ = 9.72, 9.61 

(2xd, J = 1.8 Hz, 1H; CHO), 4.49- 4.40 (m, 2H, CH2NO2), 2.76- 2.70 (m, 1H; CH2CH3), 2.46- 

2.33 (m, 1H, CH2CH3), 1.84- 1.76 (m, 1H, CHCHO), 1.63- 1.52 (m, 1H, CH(CH3)2), 1.52- 1.46 

(m, 1H, CHCH2CH(CH3)2), 1.29- 1.18 (m, 2H, CH2CH(CH3)2), 1.03- 0.99 (m, 3H, CH3), 0.92- 

0.90 (m, 3H, CH3) ppm; 13C NMR (100 MHz, CDCl3, 25°C) δ = 203.1, 77.1, 54.1, 38.3, 34.7, 

25.2, 22.7, 22.1, 18.6, 12.2 ppm.

 [α] D
25 = -9.37 (c 0.0061 g. mL-1, MeOH)

O
NO2H
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S31

HPLC: Chiracel IC column (n-hexane/i-PrOH 90:10, 25ºC) at 0.2 mL/min (95% ee)
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(2R,3R)-2-ethyl-3-(nitromethyl)hexanal –(10k)

Analytical data for major diastereoisomer were in agreement with the published data

1H NMR (400 MHz,CDCl3, 25°C) δ = 9.71, 9.62 (2xd, J = 1.7 Hz, 1H; CHO), 4.45 (qd, J = 6.6 

Hz, 12.5 Hz, 2H, CH2NO2), 2.69- 2.64 (m, 1H; CH2CH3), 2.44- 2.40 (m, 1H, CH2CH3), 1.82- 

1.74 (m, 1H, CHCHO), 1.55- 1.51 (m, 1H, CH(CH2)2CH3), 1.40- 1.35 (m, 4H, (CH2)2CH3), 

1.03- 1.00 (m, 3H, CH3), 0.95- 0.90 (m, 3H, CH3) ppm; 13C NMR (100 MHz, CDCl3, 25°C) δ = 

200.4, 77.2, 53.9, 36.8, 31.3, 19.9, 18.6, 13.8, 11.9ppm.

 [α] D
23 = -2.5 (c 0.00326 g. mL-1, MeOH)

1H NMR
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13C NMR
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HPLC: Chiracel IC column (n-hexane/i-PrOH 99:01, 25ºC) at 0.2 mL/min (80% ee)



S34

(S)-4-nitro-3-phenylbutanal-(10 l)

Analytical data for major diastereoisomer were in agreement with the published data.

1 H NMR (400 MHz, CDCl3, 25°C) δ = 9.62 (s, 1H; CHO), 7.29- 7.21 (m, 3H; Ph), 7.17-7.15 

(m, 2H; Ph), 4.57 (qd, J = 7.4 Hz, 12.5 Hz; 2H,CH2NO2), 4.0 (p, J = 7.2 Hz, 1H; CHPh), 2.93- 

2.82 (m, 2H; CH2CHO) ppm; 13C NMR (100 MHz, CDCl3, 25°C) δ = 198.8, 138.2, 129.2, 

128.1, 127.4, 79.4, 46.4, 37.9 ppm.

[α] D
25 = -0.85 (c 0.0047 g. mL-1, MeOH); lit. = [α] D

24 = -8.3 (c 1.0, CHCl3)

O
NO2
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1H NMR 
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S36

HPLC: Chiracel AS-H column (n-hexane/i-PrOH 70:30, 25ºC) at 1 mL/min (93% ee)



S37

(S)-3-(4-chlorophenyl)-4-nitrobutanal-(10m)

Analytical data for major diastereoisomer were in agreement with the published data.
1 H NMR (400 MHz,CDCl3, 25°C) δ = 9.70 (s, 1H; CHO), 7.34-7.30 (m, 2H; Ph), 7.19-7.16 (m, 

2H; Ph), 4.70-4.65 (m, 1H; CH2NO2), 4.59 (dd, J = 7.9 Hz, 12.6 Hz, 1H; CH2NO2), 4.10-4.02 

(m, 1H; CHPh), 2.94 (dd, J = 0.7 Hz, 7.1 Hz, 2H; CH2CHO) ppm; 13C NMR (100 MHz, CDCl3, 

25°C) δ = 198.5, 136.8, 134.2, 129.5, 128.9, 79.2, 46.4, 37.4 ppm.

[α] D
25 = -8.67 (c 0.0128 g. mL-1, MeOH); lit. = [α] D

24 = -20.5 (c 1, CHCl3)

1H NMR 
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13C NMR 
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HPLC: Chiracel AS-H column (n-hexane/i-PrOH 70:30, 25ºC) at 1 mL/min (94% ee)
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(R)-5-methyl-3-(nitromethyl)hexanal- (10 n)

Analytical data for major diastereoisomer were in agreement with the published data

1H NMR (400 MHz,CDCl3, 25°C) δ = 9.79 (s, 1H, CHO), 4.49- 4.40 (m, 2H, CH2NO2), 2.81- 

2.75 (m, 1H, CHCH2CH(CH3)2, 2.63 (ddd, J = 6.2 Hz, 18.4 Hz, 24.1 Hz, 2H, CH2CHO ), 1.67- 

1.61 (m, 1H, CH(CH3)2), 1.28 (td, J = 2.3 Hz, 7.2 Hz, 2H, CH2CH(CH3)2) 0.93 (dd, J = 6.5 Hz, 

12.2 Hz, 6H, (CH3)2)  ppm; 13C NMR (100 MHz, CDCl3, 25°C) δ = 199.9, 78.5, 45.5, 40.7, 

29.9, 25.1, 22.3 ppm.

[α] D
25 = -15.38 (c 0.0195 g. mL-1, MeOH); lit.= [α] D

25 = -5.2 (c 0.85, CHCl3)

O
NO2H
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1H NMR
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HPLC: Chiracel AS-H column (n-hexane/i-PrOH 99:01, 25ºC) at 0.2 mL/min (80% ee)
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