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General information: Commercial reagents were used as received, unless otherwise stated. 

Merck 60 silica gel was used for chromatography, and Whatman silica gel plates with 

fluorescence UV254 were used for thin-layer chromatography (TLC) analysis. 
1
H and 

13
C NMR 

spectra were recorded on the Bruker Avance 400. The high resolution mass spectra were 

analyzed by using ESI-TOF high-acc from the Scripps Research Institute. All the compounds 

synthesized (shown in Table 3) in the manuscript are known compounds.
1
 Their relative and 

absolute configurations of the products were determined by comparison with the known 
1
H and 

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

Synthesis of the catalyst1: 

 

Benzyl bromide (521mg, 3 mmol) was added dropwise to the solution of diarylprolinol silyl 

ether (670 mg, 1.5 mmol) in CH3CN (10 mL). After addition, the reaction mixture was continued 

to stirring overnight. The reaction mixture was concentrated and the crude product was washed 

with diethyl ether (5x10 mL) to give the product 1 as a solid (1.13g, 95% yield). [α]D
25

 = -4.8 (c 

= 0.5, MeOH). 
1
H NMR (400 MHz, MeOH) δ = 7.72-6.97 (m, 18H), 4.56-4.52 (dd, J = 18Hz, 

10Hz, 8H), 3.88-3.57 (m, 2H), 2.88-2.76 (m, 12H), 2.42-2.26 (m, 3H), 2.00-1.92 (m, 2H), 1.74-

1.72 (m, 1H), 1.32-1.17 (m, 1H), 0.66 (s, 1H), -0.01--0.27 (m, 9H). 
13

C NMR (100 MHz, MeOH) 

δ = 135.5, 135.4, 135.3, 135.2, 135.2, 134.3, 134.2, 132.8, 132.6, 132.3, 131.3, 131.2, 130.1, 

130.0, 129.6, 128.9, 86.9, 84.8, 84.4, 70.3, 69.8, 64.2, 56.8, 48.3, 31.1, 29.0, 26.5, 25.8, 3.2, 3.2, 
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1.8. HRMS (ESI-TOF high-acc) m/z calcd for C40H55N3OSi2
+
 (M-2Br

-
): 621.4103, found: 

621.4102. 

The general procedure for the Michael addition reactions of aldehydes to nitroolefines 

In a 5 mL flask was added the catalyst 1 (0.02 mmol), acid (0.12mmol), nitroolefin (0.4 mmol) 

water (0.5 mL) and aldehyde (0.8 mmol). The reaction mixture was stirred for the listed hours 

and extracted with Et2O:Hexane = 1:8 (v/v). The crude product was purified by flash column 

chromatography (eluent: hexane/ethyl acetate) to give the Michael Addition products shown in 

Table 2. 

 

Experimental procedure for catalyst 1 recycling on water 

n-Pentanal (0.0689g, 0.8 mmol) was added to a solution of catalyst 1 (15.6 mg, 0.02 mmol), 

trans-β-nitroolefins (59.7mg, 0.4 mmol) and IL-Benzoic acid (48.5 mg, 0.12mmol) on water (0.5 

mL) at room temperature for 18 h. The reaction mixture was extracted with a solvent mixture of 

ethyl ether-hexane (1:8, 2 x 3 mL). The organic phase was combined and concentrated in 

vacuum to give the crude product, which was purified by flash column chromatography (silica 

gel, hexane/AcOEt = 5/1) to afford the Michael adduct 2a (99%) with enantioselectivity (99% 

ee) and diastereoselectivity (syn/anti = 96/4). The recovered aqueous phase was used directly for 

the next cycle by addition of new reactants n-Pentanal (0.0689g, 0.8 mmol) and trans-β-

nitroolefins (59.7mg, 0.4 mmol). The reaction mixture was stirred for the listed time in Table 3. 
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 (R)-2-((S)-2-nitro-1-phenylethyl) pentanal 

Yield: 93.2mg, 99%. 
1
H NMR (400 MHz, CDCl3) δ = 9.70 (d, J = 2.8 Hz, 

1H), 7.38-7.15 (m, 5H), 4.73-4.62 (m, 2H), 3.78 (dt, J = 7.2 and 5.2 Hz, 1H), 

2.74-2.67 (m, 1H), 1.54-1.12 (m, 4H), 0.80 (t, J = 7.2 Hz, 3H); 
13

C NMR 

(100 MHz, CDCl3) δ = 203.3, 136.7, 128.8, 127.8, 127.83, 78.3, 53.5, 42.9, 

29.1, 19.5, 13.7. HPLC: Chiralcel OD-H column, 80:20 hexane:isopropanol, 

flow rate 1.0 mL/min, syn/anti= 96:4, 99% ee, Syn: tR= 11.0 min (minor), tR=14.6 min (major). 

 

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

Yield: 68.7mg, 73%. 
1
H NMR (400 MHz, CDCl3) δ = 9.93 (d, J = 2.0 Hz, 

1H), 7.37-7.17 (m, 5H), 4.69-4.55 (m, 2H), 3.90 (dt, J = 10.4 and 4.4 Hz, 1H), 

2.80-2.74 (m, 1H), 1.76-1.68 (m, 1H), 1.10 (d, J = 7.2 Hz, 3H), 0.89(d, J = 

7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ = 204.3, 137.1, 129.1, 128.4, 

128.1, 127.9, 79.0, 58.8, 41.9, 27.9, 21.6, 17.0. HPLC: Chiralcel IC column, 

80:20 hexane:isopropanol, flow rate 0.8 mL/min, syn/anti= 98:2, 99% ee, Syn: tR= 17.3 min 

(minor), tR=18.2 min (major). 

 

(R)-2-((S)-2-nitro-1-phenylethyl)hexanal  

Yield: 98.7mg, 99%. 
1
H NMR (400 MHz, CDCl3) δ 9.70 (d, J = 2.8 Hz, 1H), 

7.37-7.15 (m, 5H), 4.73-4.61 (m, 2H), 3.77 (dt, J = 10.0 and 4.2 Hz, 1H), 

2.73-2.66 (m, 1H), 1.68-1.06 (m, 6H), 0.78 (t, J = 6.8 Hz, 3H); 
13

C NMR 

(100 MHz, CDCl3) δ = 203.3, 136.8, 129.1, 128.1, 128.0, 78.4, 53.8, 43.1, 

28.5, 27.0, 22.4, 13.6. HPLC: Chiralcel OD-H column, 80:20 hexane:isopropanol, flow rate 1.0 

mL/min, syn/anti= 98:2, 99% ee, Syn: tR= 10.2 min (minor), tR=12.8 min (major). 

(R)-2-((S)-2-nitro-1-phenylethyl)heptanal  

Yield: 103.2mg, 98%. 
1
H NMR (400 MHz, CDCl3) δ 9.69 (d, J = 2.4 Hz, 1H), 

7.36-7.15 (m, 5H), 4.73-4.60 (m, 2H), 3.78 (dt, J = 9.2 and 5.6 Hz, 1H), 2.74-
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2.66 (m, 1H), 1.52-1.04 (m, 8H), 0.80 (t, J = 6.8 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ = 

203.2, 136.8, 128.9, 128.0, 127.9, 78.4, 53.8, 43.0, 31.4, 27.2, 25.9, 22.1, 13.7. HPLC: Chiralcel 

OD-H column, 85:15 hexane:isopropanol, flow rate 1.0 mL/min, syn/anti= 98:2, 99% ee, Syn: 

tR= 11.4 min (minor), tR=14.9 min (major). 

 (R)-2-((S)-2-nitro-1-phenylethyl)nonanal 

Yield: 109.6mg, 94%. 
1
H NMR (400 MHz, CDCl3) δ 9.71 (d, J = 2.8 Hz, 1H), 

7.37-7.14 (m, 5H), 4.74-4.55 (m, 2H), 3.78 (dt, J = 9.6 and 5.2 Hz, 1H), 2.74-

2.66 (m, 1H), 1.64-1.04 (m, 12H), 0.84 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 

MHz, CDCl3) δ = 203.2, 136.7, 129.0, 128.0, 127.9, 78.4, 53.8, 43.0, 31.5, 

29.2, 28.7, 27.2, 26.2, 22.4, 14.0. HPLC: Chiralcel OD-H column, 90:10 hexane:isopropanol, 

flow rate 1.0 mL/min, syn/anti= 98:2, 99% ee, Syn: tR= 12.9 min (minor), tR=17.7 min (major). 

 (R)-2-((S)-1-(4-methoxyphenyl)-2-nitroethyl)pentanal 

Yield: 92.3mg, 87%. 
1
H NMR (400 MHz, CDCl3) δ 9.70 (d, J = 2.8 Hz, 1H), 

7.08 (d, J = 8.8 Hz, 2H), 6.87 (d, J = 8.8 Hz, 2H), 4.69-4.56 (m, 2H), 3.79 (s, 

3H), 3.75-2.62 (m, 1H), 2.68-2.62 (m, 1H), 1.53-1.14 (m, 4H), 0.81 (t, J = 7.2 

Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ= 203.4, 159.1, 129.2, 129.0, 128.5, 

114.4, 78.6, 55.1, 53.9, 42.4, 29.3, 19.7, 13.9. HPLC: Chiralcel IC column, 80:20 

hexane:isopropanol, flow rate 0.8 mL/min, syn/anti= 94:6, 99% ee, Syn: tR= 24.2 min (minor), 

tR=27.6 min (major). 

 (R)-2-((S)-1-(3-methoxyphenyl)-2-nitroethyl)pentanal 

Yield: 101.9mg, 96%. 
1
H NMR (400 MHz, CDCl3) δ= 9.69 (d, J=2.8Hz, 1H), 

7.28-7.23 (m, 1H), 6.84-6.71 (m, 3H), 4.71-4.60 (m, 2H), 3.79 (s, 3H), 3.80-

3.70 (m, 1H), 2.72-2.65, (m, 1H), 1.56-1.10 (m, 4H), 0.81 (t, J = 7.2Hz, 3H); 
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13
C NMR (100 MHz, CDCl3) δ= 203.0, 159.9, 138.4, 130.1, 120.1, 114.2, 112.9, 78.2,  55.2, 

53.7, 43.1, 29.4, 19.7, 13.9. HPLC: Chiralcel OD-H column, 90:10 hexane:isopropanol, flow rate 

1.0 mL/min, syn/anti= 95:5, 99% ee, Syn: tR= 21.4 min (minor), tR=48.0 min (major). 

 (R)-2-((R)-1-(furan-2-yl)-2-nitroethyl)pentanal 

Yield: 89.2mg, 99%. 
1
H NMR (400 MHz, CDCl3) δ = 9.69 (d, J = 2.0Hz, 

1H), 7.36 (d, J = 2.4 Hz, 1H), 6.30 (d, J = 3.6 and 2.4 Hz, 1H), 6.19 (d, J = 

3.2Hz, 1H), 4.75-4.63 (m, 2H), 4.01 (dt, J = 8.8 and 5.2, 1H), 2.82-2.76 (m, 

1H), 1.58-1.16 (m, 4H), 0.87 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, 

CDCl3) δ = 202.3, 150.1, 142.5, 110.3, 108.6, 76.0, 52.0, 36.9, 28.9, 19.8, 13.9. HPLC: Chiralcel 

OD-H column, 90:10 hexane:isopropanol, flow rate 0.8 mL/min, syn/anti= 99:1, 99% ee, Syn: 

tR= 14.1 min (major), tR=30.3 min (minor). 

 

 (R)-2-((S)-1-(4-bromophenyl)-2-nitroethyl)pentanal 

Yield: 118.1mg, 94%. 
1
H NMR (400 MHz, CDCl3) δ = 9.68 (d, J = 2.4 Hz, 

1H), 7.48 (d, J = 8.0 Hz, 2H), 7.07 (d, J = 8.0 Hz, 2H), 4.73-4.58 (m, 2H), 

3.76 (dt, J = 9.6 and 4.8 Hz, 1H), 2.72-2.65 (m, 1H), 1.52-1.12 (m, 4H), 0.81 

(t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ = 202.8, 135.9, 132.2, 

129.6, 122.0, 78.0, 53.4, 42.4, 29.4, 19.6, 13.8. HPLC: Chiralcel IC column, 80:20 

hexane:isopropanol, flow rate 0.8 mL/min, syn/anti= 92:8, 99% ee, Syn: tR= 19.1 min (minor), 

tR=19.6 min (major). 

(2R, 3R)-2-benzyl-3-(nitromethyl)heptanal 

Yield: 79.0mg, 75%. 
1
H NMR (400 MHz, CDCl3) δ = 9.69 (d, J = 0.8 Hz, 

1H), 7.34-7.16 (m, 5H), 4.50-4.34 (m, 2H), 3.11-2.66 (m, 4H), 1.58-1.20 (m, 
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6H), 0.88 (t, J = 6.8 Hz, 3H); 
13

C NMR (100MHz, CDCl3) δ = 202.4, 138.2, 128.9, 128.8, 126.8, 

76.9, 54.1, 37.0, 31.5, 29.0, 28.9, 22.4, 13.8. HPLC: Chiralcel IC column, 90:10 

hexane:isopropanol, flow rate 1.0 mL/min, syn/anti= 96:4, 99% ee, Syn: tR= 11.5 min (minor), 

tR=16.2 min (major). 
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