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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 F254 were used 
for thin-layer chromatography (TLC) analysis.  1H and 13C NMR spectra were recorded on Bruker 
Avance 500, and tetramethylsilane (TMS) was used as a reference.  Data for 1H are reported as follows: 
chemical shift (ppm), and multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet).  
Data for 13C NMR are reported as ppm.  Mass Spectra were obtained from University of New Mexico 
mass spectral facility. 
 
General procedure for conjugate reaction of nitroalkanes to α, β-unsaturated aldehydes (Table 2) 
 

R H

O 20 mol% cat (S) IV
20% benzoic acid
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R
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A mixture of 3 (0.10 mmol), 4 (0.3 mmol), benzoic acid (0.02 mmol), and catalyst (S)-IV (0.02 
mmol) in EtOH (0.2 mL) was stirred at 0 ºC.  The crude product was purified by column chromatography 
on silica gel to give the desired product 2. 
 
Method of conversion of 2 to α,β-unsaturated ketones for HPLC analysis. 
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A mixture of 2 (1 eq.) and the Wittig reagent (1.5 eq.) in CH2Cl2 was stirred at rt for 5 h. The crude 
product was purified by column chromatography on silica gel to give the α, β-unsaturated ketones. 
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(S)-3-(4-Chloro-phenyl)-4-nitro-butyraldehyde (2a) (Table 2, entry 1) 

The title compound was prepared according to the general procedure, as described above in 75% 
yield. 1H NMR (500 MHz, CDCl3): 9.71 (s, 1H), 7.32 (d, 2H; J = 8.5 Hz), 7.18 (d, 2H; J = 8.0 Hz), 4.57-
4.69 (m, 2H), 4.05-4.08 (m, 1H), 2.94 (d, 2H; J = 7.0 Hz); 13C NMR (125 MHz, CDCl3): δ 198.2, 136.7, 
129.4, 128.8, 79.1, 46.3, 37.3; HPLC (Chiralpak AS-H, i-PrOH/hexanes = 30/70, flow rate = 0.5 mL/min, 
λ = 210 nm): tmajor = 31.64 min, tminor = 43.79 min, ee = 97%; [α]D

25 = -11.7 (c = 1.0 in CHCl3). 
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(R)-3-(4-Chloro-phenyl)-4-nitro-butyraldehyde (2b) (Table 2, entry 2) 

The title compound was prepared according to the general procedure, using (R)-IV as the catalyst, as 
described above in 73% yield. 1H NMR (500 MHz, CDCl3): 9.70 (s, 1H), 7.32 (d, 2H; J = 8.5 Hz), 7.18 
(d, 2H; J = 8.0 Hz), 4.57-4.69 (m, 2H), 4.05-4.07 (m, 1H), 2.94 (d, 2H; J = 6.5 Hz); HPLC (Chiralpak 
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AS-H, i-PrOH/hexanes = 30/70, flow rate = 0.5 mL/min, λ = 210 nm): tmajor = 40.09 min, tminor = 32.08 
min, ee = 96%; [α]D

25 = +11.5 (c = 1.0 in CHCl3). 
 

H

O

O2N

O2N

 
 
3-(4-Nitro-phenyl)-4-nitro-butyraldehyde (2c) (Table 2, entry 3) 

The title compound was prepared according to the general procedure, as described above in 72% 
yield. 1H NMR (500 MHz, CDCl3): 9.74 (s, 1H), 8.22 (d, 2H; J = 8.5 Hz), 7.45 (d, 2H; J = 8.5 Hz), 4.65-
4.79 (m, 2H), 4.21-4.23 (m, 1H), 3.04 (d, 2H; J = 7.0 Hz); 13C NMR (125 MHz, CDCl3): δ 197.5, 147.6, 
145.7, 128.6, 124.3, 78.4, 46.1, 37.5; [α]D

25 = +7.2 (c = 1.0 in CHCl3). 
 

O2N

O2N
O

 
HPLC (Chiralpak AS-H, i-PrOH/hexanes = 30/70, flow rate = 0.5 mL/min, λ = 254 nm): tmajor = 

83.68 min, tminor = not observed, ee = 99%. 
 

H

O
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3-(3-Fluoro-phenyl)-4-nitro-butyraldehyde (2d) (Table 2, entry 4) 

The title compound was prepared according to the general procedure, as described above in 80% 
yield. 1H NMR (500 MHz, CDCl3): 9.72 (d, 1H; J = 5.5 Hz), 7.26-7.34 (m, 1H), 6.94-7.03 (m, 3H), 4.60-
4.70 (m, 2H), 4.07-4.11 (m, 1H), 2.95 (d, 2H; J = 7.0 Hz); 13C NMR (125 MHz, CDCl3): δ 198.3, 164.0, 
162.0, 140.8, 140.7, 130.8, 130.7, 123.1, 115.2, 115.0, 114.6, 114.4, 79.0, 46.2, 37.5; HPLC (Chiralpak 
AS-H, i-PrOH/hexanes = 30/70, flow rate = 0.5 mL/min, λ = 210 nm): tmajor = 39.05 min, tminor = 60.55 
min, ee = 95%; [α]D

25 = -11.8 (c = 2.0 in CHCl3). 
 

H

O
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3-(2-Nitro-phenyl)-4-nitro-butyraldehyde (2e) (Table 2, entry 5) 
The title compound was prepared according to the general procedure, as described above in 65% yield. 1H 
NMR (500 MHz, CDCl3): 9.73 (s, 1H), 7.92 (d, 1H; J = 8.0 Hz), 7.61 (t, 1H; J = 7.5 Hz), 7.48 (t, 1H; J = 
7.5 Hz), 7.40 (d, 1H; J = 8.0 Hz), 4.83 (d, 2H; J = 6.5 Hz), 4.61-4.64 (m, 1H), 3.11 (d, 2H; J = 7.0 Hz); 
13C NMR (125 MHz, CDCl3): δ 198.0, 133.4, 129.0, 128.6, 125.4, 77.8, 45.8, 32.7; HPLC (Chiralpak AS-
H, i-PrOH/hexanes = 30/70, flow rate = 0.5 mL/min, λ = 210 nm): tmajor = 61.93 min, tminor = 81.56 min, 
ee = 97%; [α]D

25 = -1.8 (c = 1.0 in CHCl3). 
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3-(4-Methoxy-phenyl)-4-nitro-butyraldehyde (2f) (Table 2, entry 6) 

The title compound was prepared according to the general procedure, as described above in 70% 
yield. 1H NMR (500 MHz, CDCl3): 9.69 (s, 1H), 7.14 (d, 2H; J = 8.5 Hz), 6.87 (d, 2H; J = 8.5 Hz), 4.57-
4.66 (m, 2H), 4.01-4.04 (m, 1H), 3.78 (s, 3H), 2.91 (d, 2H; J = 7.0 Hz); 13C NMR (125 MHz, CDCl3): δ 
198.9, 159.3, 130.0, 128.4, 114.6, 79.7, 55.2, 46.5, 37.3; [α]D

25 = -11.2 (c = 1.0 in CHCl3). 
 

MeO

O2N
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HPLC (Chiralpak AS-H, i-PrOH/hexanes = 30/70, flow rate = 0.5 mL/min, λ = 254 nm): tmajor = 
115.34 min, tminor = not observed, ee = 99%. 
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3-(3-Methoxy-phenyl)-4-nitro-butyraldehyde (2g) (Table 2, entry 7) 

The title compound was prepared according to the general procedure, as described above in 76% 
yield.  1H NMR (500 MHz, CDCl3): 9.70 (d, 1H), 7.24-7.31 (m, 1H), 6.76-6.82 (m, 3H), 4.61-4.68 (m, 
2H), 4.04-4.06 (m, 1H), 3.83 (s, 3H), 2.91-2.98 (m, 2H); 13C NMR (125 MHz, CDCl3): δ 198.7, 160.1, 
139.7, 130.3, 119.4, 113.6, 113.0, 79.3, 55.2, 46.4, 38.0; HPLC (Chiralpak AS-H, i-PrOH/hexanes = 
30/70, flow rate = 0.5 mL/min, λ = 210 nm): tmajor = 51.50 min, tminor = 64.45 min, ee = 96%; [α]D

25 = -5.9 
(c = 2.0 in CHCl3). 
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3-(2-Methoxy-phenyl)-4-nitro-butyraldehyde (2h) (Table 2, entry 8) 

The title compound was prepared according to the general procedure, as described above in 70% 
yield. 1H NMR (500 MHz, CDCl3): 9.69 (s, 1H), 7.25-7.28 (m, 1H), 7.15 (d, 1H; J = 6.5 Hz), 6.88-6.93 
(m, 2H), 4.70-4.76 (m, 2H), 4.28-4.30 (m, 1H), 3.86 (s, 3H), 3.00 (dd, 2H; J = 4.0 Hz); 13C NMR (125 
MHz, CDCl3): δ 199.6, 157.1, 129.3, 121.0, 111.1, 77.8, 55.3, 45.0, 34.7; HPLC (Chiralpak AS-H, i-
PrOH/hexanes = 30/70, flow rate = 0.5 mL/min, λ = 210 nm): tmajor = 43.61 min, tminor = 58.15 min, ee = 
97%; [α]D

25 = -3.9 (c = 1.0 in CHCl3). 
 
 

 
3-Phenyl-4-nitro-butyraldehyde (2i) (Table 2, entry 9)1 

H

O
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The title compound was prepared according to the general procedure, as described above in 82% 
yield. 1H NMR (500 MHz, CDCl3): 9.69 (s, 1H), 7.22-7.35 (m, 5H), 4.60-4.69 (m, 2H), 4.06-4.08 (m, 
1H), 2.94 (d, 2H; J = 3.5 Hz); 13C NMR (125 MHz, CDCl3): δ 198.8, 138.2, 129.2, 128.1, 127.4, 79.4, 
46.4, 37.9; HPLC (Chiralpak AS-H, i-PrOH/hexanes = 20/80, flow rate = 0.5 mL/min, λ = 210 nm): tmajor 
= 58.96 min, tminor = 64.05 min, ee = 97%; [α]D

25 = -7.8 (c = 2.0 in CHCl3). 
 

H

O
O2N

AcO
OMe  

 
3-(4-Acetoxy-3-methoxy-phenyl)-4-nitro-butyraldehyde (2j) (Table 2, entry 10) 

The title compound was prepared according to the general procedure, as described above in 65% 
yield. 1H NMR (500 MHz, CDCl3): 9.70 (s, 1H), 6.99 (d, 1H; J = 8.0 Hz), 6.78-6.82 (m, 2H), 4.60-4.68 
(m, 2H), 4.05-4.08 (m, 1H), 3.82 (s, 3H), 2.94 (dd, 2H; J = 5.0 Hz), 2.29 (s, 3H); 13C NMR (125 MHz, 
CDCl3): δ 198.6, 168.8, 151.5, 139.5, 137.1, 123.4, 119.1, 112.0, 79.1, 56.0, 46.5, 37.7, 20.6; HPLC 
(Chiralpak AS-H, i-PrOH/hexanes = 30/70, flow rate = 0.5 mL/min, λ = 210 nm): tmajor = 57.99 min, tminor 

= not observed, ee = 99%; [α]D
25 = +1.0 (c = 2.0 in CHCl3). 

 

H

O
O2N

O  
 
3-Furan-2-yl-4-nitro-butyraldehyde (2k) (Table 2, entry 11) 

The title compound was prepared according to the general procedure, as described above in 68% 
yield. 1H NMR (500 MHz, CDCl3): 9.97 (s, 1H), 7.57 (m, 1H), 6.52 (m, 1H), 6.39 (m, 1H), 4.89-4.91 (m, 
2H), 4.38-4.41 (m, 1H), 3.11-3.23 (m, 2H); 13C NMR (125 MHz, CDCl3): δ 198.4, 151.0, 142.5, 110.5, 
107.4, 43.9, 31.8; [α]D

25 = -6.2 (c = 2.0 in CHCl3). 
 

O2N

O
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HPLC (Chiralpak AS-H, i-PrOH/hexanes = 20/80, flow rate = 0.5 mL/min, λ = 254 nm): tmajor = 
42.71 min, tminor = 39.33 min, ee = 96%. 
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3-Naphthalen-1-yl-4-nitro-butyraldehyde (2l) (Table 2, entry 12) 

The title compound was prepared according to the general procedure, as described above in 70% 
yield.  1H NMR (500 MHz, CDCl3): 9.71 (s, 1H), 8.15 (d, 1H; J = 8.5 Hz), 7.89 (d, 1H; J = 8.5 Hz), 7.80 
(d, 1H; J = 8.0 Hz), 7.62 (t, 1H; J = 7.0 Hz), 7.54 (t, 1H; J = 7.5 Hz), 7.42 (t, 1H; J = 8.0 Hz), 7.33 (d, 
1H; J = 7.0 Hz), 4.98-5.00 (m, 1H), 4.72-4.82 (m, 2H), 3.12 (d, 2H; J = 6.5 Hz); 13C NMR (125 MHz, 
CDCl3): δ 198.8, 134.2, 133.9, 130.8, 129.4, 128.8, 127.1, 126.2, 125.3, 123.9, 122.0, 78.9, 46.3, 32.5; 
[α]D

25 = +22.1 (c = 2.0 in CHCl3). 
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HPLC (Chiralpak AS-H, i-PrOH/hexanes = 30/70, flow rate = 0.5 mL/min, λ = 254 nm): tmajor = 
45.27 min, tminor = 53.56 min, ee = 96%. 
 

CHO

NO2  
 
syn-4-Nitro-3-phenyl-pentanal (2m) (Table 2, entry 13) 

The title compound was prepared according to the general procedure, at RT instead of 0 °C, as 
described above in 92% yield (total yield with syn and anti). Spectroscopic data are in agreement with the 
literature reported data.2, 3  1H NMR (500 MHz, CDCl3): 9.57 (s, 1H), 7.20-7.37 (m, 5H), 4.76-4.79 (m, 
1H), 3.73-3.78 (m, 1H), 2.94-2.99 (m, 1H), 2.74-2.78 (m, 1H), 1.34 (d, 3H; J = 6.5 Hz ); 13C NMR (125 
MHz, CDCl3): δ 198.6, 137.5, 129.2, 128.1, 128.0, 87.0, 46.3, 44.2, 17.7; [α]D

25 = -4.2 (c = 2.0 in CHCl3). 
 

NO2

Ph

O

 
 

HPLC (Chiralpak AS-H, i-PrOH/hexanes = 20/80, flow rate = 0.5 mL/min, λ = 254 nm): tmajor = 
20.29 min, tminor = 21.69 min, ee = 87%. 
 

CHO

NO2  
 
anti-4-Nitro-3-phenyl-pentanal (2m’) (Table 2, entry 13) 

The title compound was prepared according to the general procedure, at rt instead of 0 ºC, as 
described above in 92% yield (total yield with syn and anti). Spectroscopic data are in agreement with the 
literature reported data.2, 3  1H NMR (500 MHz, CDCl3): 9.67 (s, 1H), 7.17-7.34 (m, 5H), 4.85-4.88 (m, 
1H), 3.81-3.83 (m, 1H), 2.95-3.00 (m, 2H), 1.52 (d, 3H; J = 7.0 Hz ); 13C NMR (125 MHz, CDCl3): δ 
199.1, 137.5, 128.9, 128.7, 128.2, 128.1, 128.0, 86.3, 44.7, 43.5, 16.6; HPLC (Chiralpak AS-H, i-
PrOH/hexanes = 30/70, flow rate = 0.5 mL/min, λ = 210 nm): tmajor = 25.65 min, tminor = not observed, ee 
= 99%; [α]D

25 = -30.0 (c = 2.0 in CHCl3). 
 

CHO

NO2
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syn-4-Nitro-3-(2-nitro-phenyl)pentanal (2n) (Table 2, entry 14) 
The title compound was prepared according to the general procedure, at RT instead of 0 ºC, as 

described above in 87% yield (total yield with syn and anti). 1H NMR (500 MHz, CDCl3): 9.59 (s, 1H), 
7.89 (d, 1H; J = 8.0 Hz), 7.61 (t, 1H; J = 7.0 Hz), 7.47 (t, 1H; J = 7.0 Hz), 7.32 (d, 1H; J = 7.5 Hz), 5.00-
5.03 (m, 1H), 4.39-4.42 (m, 1H), 2.97-3.08 (m, 2H), 1.51 (d, 3H; J = 6.5 Hz); 13C NMR (125 MHz, 
CDCl3): δ 197.8, 150.5, 133.3, 132.8, 128.9, 128.6, 125.1, 86.5, 45.4, 37.7, 17.9; HPLC (Chiralpak AS-H, 
i-PrOH/hexanes = 30/70, flow rate = 0.5 mL/min, λ = 210 nm): tmajor = 31.12 min, tminor = 44.59 min, ee = 
92%; [α]D

25 = -250.6 (c = 2.0 in CHCl3). 
 

CHO

NO2

O2N

 
 
anti-4-Nitro-3-(2-nitro-phenyl)pentanal (2n’) (Table 2, entry 14) 

The title compound was prepared according to the general procedure, at RT instead of 0 ºC, as 
described above in 87% yield (total yield with syn and anti). 1H NMR (500 MHz, CDCl3): 9.71 (s, 1H), 
7.86 (d, 1H; J = 8.0 Hz), 7.58 (t, 1H; J = 8.0 Hz), 7.45 (t, 1H; J = 8.0 Hz), 7.39 (d, 1H; J = 8.0 Hz), 5.14-
5.16 (m, 1H), 4.49-4.52 (m, 1H), 3.12-3.16 (m, 1H), 2.96-3.01 (m, 1H), 1.58 (d, 3H; J = 6.5 Hz); 13C 
NMR (125 MHz, CDCl3): δ 198.3, 133.2, 129.0, 128.9, 125.2, 85.1, 45.0, 37.8, 17.1; HPLC (Chiralpak 
AS-H, i-PrOH/hexanes = 30/70, flow rate = 0.5 mL/min, λ = 210 nm): tmajor = 45.62 min, tminor = 52.21 
min, ee = 94%; [α]D

25 = +99.4 (c = 2.0 in CHCl3). 
 

CHO

NO2

O2N

 
 
syn-4-Nitro-3-(2-nitro-phenyl)hexanal (2o) (Table 2, entry 15) 
The title compound was prepared according to the general procedure, at RT instead of 0 ºC, as described 
above in 90% yield (total yield with syn and anti). Spectroscopic data are in agreement with the literature 
reported data.3 1H NMR (500 MHz, CDCl3): 9.58 (s, 1H), 7.88 (d, 1H; J = 7.0 Hz), 7.60 (t, 1H; J = 7.0 
Hz), 7.46 (t, 1H; J = 7.0 Hz), 7.31 (d, 1H; J = 7.5 Hz), 4.81-4.85 (m, 1H), 4.40-4.44 (m, 1H), 2.95-3.10 
(m, 2H), 2.04-2.09 (m, 1H), 1.60-1.64 (m, 1H), 0.93 (t, 3H; J = 7.0 Hz); 13C NMR (125 MHz, CDCl3): δ 
197.9, 150.4, 133.3, 132.9, 128.8, 128.5, 125.1, 93.5, 45.3, 36.8, 25.4, 10.3; HPLC (Chiralpak AS-H, i-
PrOH/hexanes = 30/70, flow rate = 0.5 mL/min, λ = 210 nm): tmajor = 24.10 min, tminor = 30.31 min, ee = 
92%; [α]D

25 = -191.5 (c = 3.0 in CHCl3). 
 

CHO

NO2

O2N

 
 
anti-4-Nitro-3-(2-nitro-phenyl)hexanal (2o’) (Table 2, entry 15) 

The title compound was prepared according to the general procedure, at RT instead of 0 ºC, as 
described above in 90% yield (total yield with syn and anti). Spectroscopic data are in agreement with the 
literature reported data.3  1H NMR (500 MHz, CDCl3): 9.71 (s, 1H), 7.44-7.85 (m, 4H), 4.97 (m, 1H), 
4.48 (m, 1H), 3.11-3.15 (m, 1H), 2.92-2.96 (m, 1H), 1.91 (m, 2H), 0.96 (t, 3H; J = 6.5 Hz); 13C NMR 
(125 MHz, CDCl3): δ 198.4, 150.1, 133.1, 132.5, 129.3, 128.9, 125.1, 92.2, 45.5, 37.3, 24.8, 10.2; HPLC 
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(Chiralpak AS-H, i-PrOH/hexanes = 30/70, flow rate = 0.5 mL/min, λ = 210 nm): tmajor = 73.7 min, tminor 

= not observed, ee = 99%; [α]D
25 = +197.4 (c = 2.0 in CHCl3). 

 
Synthesis of (R)-Baclofen (1a) (Scheme 2). 

H3C NO2
H

O

Cl

20 mol%
20% benzoic acid

EtOH, 0 oC

+ H

O

Cl

O2N

OH

O

Cl

O2N

OH

O

Cl

H2N

H2, Ra-Ni

H2O2/
KH2PO4
NaClO2

80% yield(R)-Baclofen HCl salt
86% yield

73% yield

N
H

Ph

OTMS
Ph

H2 (5 atm)HCl

 
 

OH
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(R)-3-(4-Chloro-phenyl)-4-nitro-butyric acid (5b) 

The title compound was prepared according to the similar procedure4 in 80% yield.  A solution of 
(R)-3-(4-chloro-phenyl)-4-nitro-butyraldehyde (1.1 g, 4.83 mmol) in CH3CN (25 mL) was cooled to 0 ºC, 
then KH2PO4 (500 mg) in H2O (12.5 mL) and H2O2 (30%, 650 µL) were added with rigorous stirring. 
After addition of a solution of NaClO2 (1.25 g) in H2O (25 mL), the resulting mixture was stirred from 
0℃ to RT for 2 h. The reaction was quenched with aqueous Na2S2O3, acidified with aqueous KHSO4, 
extracted with CH2Cl2, dried over MgSO4.  1H NMR (500 MHz, CDCl3): 7.32 (d, 2H; J = 8.0 Hz), 7.17 (d, 
2H; J = 8.5 Hz), 4.58-4.72 (m, 2H), 3.94-3.97 (m, 1H), 2.79-2.82 (m, 2H); 13C NMR (125 MHz, CDCl3): 
δ 175.8, 136.4, 134.2, 129.4, 128.7, 79.0, 39.2, 37.1; [α]D

25 = +10.4 (c = 1.0 in CHCl3), and this value is 
in agreement with the literature reported data.5 
 

OH

O

Cl

H2N

HCl  
(R)-3-(4-chloro-phenyl)-4-amino-butyric acid hydrochloride 
The title compound was prepared according to the literature procedure5 in 86% yield. 1H NMR (500 MHz, 
DMSO):8.13 (m, 3H), 7.33-7.38 (m, 4H), 3.38 (m, 1H), 3.09 (m, 1H), 2.94 (m, 1H), 2.86 (dd, 1H; J = 4.5 
Hz), 2.55 (dd, 1H; J = 9.5 Hz); 13C NMR (125 MHz, DMSO): δ 172.1, 139.2, 131.7, 129.8, 128.4, 43.0, 
39.0, 37.7; HRMS: calculated for [M+H]+ of C10H12ClNO2 214.0635, found 214.0640; [α]D

27 = -3.6 (c = 
1.0 in H2O). The spectra data and optical rotation data are in agreement with the literature reported data.5 
 

OH

O

Cl

O2N
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(S)-3-(4-Chloro-phenyl)-4-nitro-butyric acid (5a) 
The title compound was prepared according to the same procedure in 90% yield.  The optical value is 

in agreement with the that of its R enantiomer; [α]D
25 = -11.1 (c = 1.0 in CHCl3), and this value and sign 

is in agreement with the literature reported data.5 
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