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V.le Risorgimento 4, I-40136 Bologna, Italy

ballini@camserv.unicam.it

Received April 11, 2000

Introduction

â-Nitro alcohols are an important class of compounds
frequently used as key intermediates in the construction
of numerous natural products and other useful biologi-
cally active compounds.1 Moreover, they are versatile
building blocks in that the nitro group that can be readily
reduced with retention of configuration2 and the resulting
amino alcohols are useful intermediates in the elabora-
tion of pharmacologically important products and are also
widely used in the preparation of chiral auxiliaries.3 For
these reasons the stereoselective synthesis of â-nitro
alcohols continues to be an active area of research. The
nitroaldol (Henry) reaction is one of the classical method
by which diastereomeric mixtures of â-nitro alcohols are
formed upon treatment of primary or secondary nitro
alkanes and carbonyl derivatives with a base.4 Although
the Henry reaction has a remarkable ability to yield
â-nitro alcohols, the levels of the stereoselectivity are
usually low, and, to obtain better diastereoselectivity, it
is necessary to carefully control the basicity of the
reaction medium5 or to use complexes as catalysts.6
Furthermore, in these reactions syn-â-nitro alcohols are
often formed predominantly over anti-diastereomers.6,7

Thus, in continuation of our interest in the application
of nitro aliphatics in synthesis, we decided to investigate
the possible formation of â-nitro alcohols by stereoselec-
tive reduction of the corresponding R-nitro ketones,

readily available from different sources,8c,e such as nitro
alcohols,8b,f alkenes,8g carboxylic acid derivatives,8a,d and
ketones.8h,i

Results and Discussion

Studies performed in our laboratories have revealed
that the reduction of R-nitro ketones 1 (Scheme 1) at low
temperature (-78 °C) with borane-dimethyl sulfide
(BH3‚SMe2) in the presence of TiCl4 is good to excellent
anti selective (Table 1), and the sense of the stereocontrol
may be predicted by invoking the cyclic Cram chelate
model9 for hydride delivery to the carbonyl moiety. This
is clearly due to chelation by the titanium atom,10 which
creates a bridge between the oxygen atoms of the CdO
and NO2 groups. In the resulting six-membered cyclic
intermediate, the most populated conformation A is
preferentially attacked by the incoming hydride ion at
the less-hindered side opposite R1 (Scheme 2). It is
obvious that every increase in bulkiness of R1, shifting
the conformational equilibrium toward the A conforma-
tion, increases the anti/syn ratio. It is reasonable that
the addition should be performed at low temperature, i.e.,
under conditions where retro-nitroaldol reaction and
epimerization at the CHNO2 center are not effective.11 A
noncoordinating solvent like dichloromethane is crucial
for maximizing the effect of TiCl4; in fact, as previously
reported,12 a donor solvent like THF solvates this com-
pound and nullifies its effect.
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Although several types of amine boranes13 are available
for the reduction of R-alkyl-â-oxocarbonyl compounds,
better results have been obtained when this reduction
of R-nitro ketones was performed with borane-dimethyl
sulfide reagent. In fact the reduction of compound 1a,
under our experimental conditions but with borane-
pyridine as reducing agent, gives a high yield (98%), but
a lower diastereoselectivity (anti/syn ) 78/22). This is
in consequence, in our opinion, of easy epimerization at
the nitro-substituted C-atom due to the higher basicity
of the amine borane reagent in comparison to BH3‚SMe2.

In the literature the assignment for anti and syn
diastereomers is based on the coupling constant between
the R- and â-protons, which is usually larger for the syn
than for the anti isomer.14 To avoid confusion about the

diastereomeric purity determined by NMR analysis, we
have confirmed the assignment of configuration to our
products by chemical correlation. Stereospecific reduction2a

of compound 2j gave the corresponding amino alcohol
whose spectral data were all identical with that of an
authentic sample of racemic norephedrine. In analogy,
we assume that the other products (2a-i) also belong to
the anti series. These assignments are in contrast to the
assignments of the structures for compounds 2 made by
cross-relaxation rates measured with two-dimensional
NOE spectroscopy.15 It was assumed that a hydrogen
bond between the nitro group and the OH locks the
structure in a semirigid conformation.16 Indeed, no
concentration effects were observed either in the IR
absorptions or in the proton chemical shift values for the
OH signals. Compound 2a was submitted to a ROESY
analysis,17 but no interesting cross-peaks were detected
at room temperature. At -50 °C, besides the expected
ROE effects between the R-H-C and the â-H-C, inter-
esting cross-peaks appeared between the R-H-C and one
of the methylene hydrogen in the γ-position and between
â-H-C and the aromatic ring protons. Certainly, these
cross-peaks would be expected for a syn configuration.
Since these six-membered cyclic conformations are more
flexible than the corresponding cyclohexane derivatives,18

we believe that a rapid ring inversion would generate
an additional element of symmetry.19 This process would
render equivalent the axial and the equatorial hydrogen
atoms, and thus the NOE cross-peaks in the 2D rotating-
frame experiments are not indicative for the configura-
tion of â-nitro alcohols. To support and clarify this
interpretation of the results of ROESY analysis, com-
pound anti-2j, of known configuration, was also submit-
ted to a ROESY analysis at -50 °C, and the same kind
of cross-peaks (between the R-H-C and the â-H-C, the
R-H-C and CH3, and the â-H-C and the aromatic ring
protons), as for compound 2a, were detected.

Finally, it should be noted that when R in R-nitro
ketones 1 is an R-branched alkyl group such as cyclohexyl
or isopropyl, the reduction shows a low diastereoselec-
tivity (Table 1, entries 8 and 9). This demonstrates that
the destabilizing gauche pentane interactions20 reduce
the unfavorable steric interactions between the two
substituents in conformation D (Scheme 3).

In conclusion we have found efficient conditions for the
reduction of R-nitro ketones to give the corresponding
nitro alcohols. In some cases the diastereoselectivity was
very good (>90:10 anti/syn). The presence of the Lewis
acid was found to be pivotal in determining the stereo-
chemical outcome of these reactions. Strongly chelating
TiCl4 led largely to the anti diastereomer with BH3‚SMe2

as reducing agent. We are currently expanding the study
of this reducing methodology.
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Table 1. Stereoselective Reduction of r-Nitro Ketones
(1) to â-Nitro Alcohols (2)

entry R R1
nitro

ketone
overall

yield (%)c prod.a anti/synb

1 Ph CH3(CH2)4 1ad 95 2a >99/1
2 CH3(CH2)3 (CH3)2CH 1be 96 2b 91/9
3 p-NO2C6H4 CH3 1cf 81 2c 90/10
4 PhCH2CH2 CH3 1df > 99 2d 83/17
5 CH3(CH2)7 (CH3)2CHCH2 1ee 90 2e 75/25
6 CH3(CH2)10 CH3(CH2)4 1fe 98 2f 75/25
7 CH3CH2 PhCH2 1gd 95 2g 76/24
8 (CH3)2CH CH3CH2CH2 1he 89 2h 56/44
9 C6H11 CH3(CH2)3 1id > 99 2i 54/46

10 Ph CH3 1jg 93 2j 91/9

a By adding the BH3‚SMe2 complex to the CH2Cl2 solution of
1/TiCl4 complex at -78 °C. b Determined by 1H and 13C NMR
spectroscopy. c Calculated on the mixture of diastereomers isolated
by column chromatography. d Synthesized following the procedure
in ref 8b. e Synthesized following the procedure in ref 8f. f Syn-
thesized following the procedure in ref 8d. g Synthesized following
the procedure in ref 8g.

Scheme 2
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Experimental Section

To a cold solution (-78 °C) of R-nitro ketone 1 (1.0 mmol) in
10 mL of dry CH2Cl2 was added TiCl4 (1.5 mmol) to give
immediately a clear yellow solution, which was stirred for 15
min at this temperature. The complex BH3‚SMe2 (1.5 mmol) in
5 mL of CH2Cl2 was then added. After 15 min, 25 mL of 1 N
HCl was added, and the reaction was warmed to room temper-
ature. The organic layer was separated, the aqueous layer was
washed with CH2Cl2, and the combined organics were concen-
trated in vacuo. The resulting residue was partitioned between
Et2O and H2O. The etheral layer was washed with water and
brine, dried over Na2SO4, and concentrated in vacuo. The crude
nitro alcohol 2, obtained as a diastereomeric mixture of syn and
anti product, was purified, if necessary, by flash cromatography
(EtOAc/hexane ) 2:8). The syn/anti ratios were determined by
NMR spectroscopy.

2-Nitro-1-phenylheptan-1-ol (2a). Anti diastereomer: IR
(neat) 3614, 3570, 1605, 1551, 1379 cm-1; 1H NMR (CDCl3) δ
0.74-0.93 (m, 3H), 1.1-1.4 (m, 6H), 1.72-1.91 (m, 1H), 2.01-
2.3 (m, 1H), 2.75 (bs, 1H), 4.6-4.72 (ddd, J ) 3.17, 4.84 and
10.86 Hz, 1H), 5.18 (d, J ) 4.8 Hz, 1H), 7.3-7.42 (m, 5H); 13C
NMR (CDCl3) δ 14.35, 22.74, 25.99, 28.17, 31.52, 74.74, 93.72,
126.65, 129.19, 129.25, 138.95; EI-MS m/z 190 (M - HNO2), 133,
107 (100), 105, 77. Anal. Calcd for C13H19NO3: C, 65.8; H, 8.07;
N, 5.9. Found: C, 65.4; H, 8.02; N, 6.02.

2-Methyl-3-nitrooctan-4-ol (2b). Anti diastereomer: IR
(neat) 3436, 1547, 1375 cm-1; 1H NMR (CDCl3) δ 0.89 (t, J )
7.2 Hz, 3H), 0.97-1.18 (m, 6H), 1.20-1.58 (m, 6H), 1.98 (s, 1H),
2.33-2.45 (m, 1H), 4.0-4.08 (m, 1H), 4.33 (dd, J ) 5.9 and 6.9
Hz, 1H); 13C NMR (CDCl3) δ 13.93, 18.35, 19.56, 22.41, 27.86,
28.36, 32.39, 70.44, 97.40; EI-MS m/z 142 (M - HNO2), 127, 100,
85, 69, 57, 56 (100). Anal. Calcd for C9H19NO3: C, 57.12; H,
10.12; N, 7.40. Found: C, 56.84; H, 10.26; N, 7.12. Syn
diastereomer: IR (neat) 3436, 1547, 1375 cm-1; 1H NMR
(CDCl3) δ 0.89 (t, J ) 7.2 Hz, 3H), 0.97-1.18 (m, 6H), 1.20-
1.58 (m, 6H), 1.98 (s, 1H), 2.33-2.45 (m, 1H), 4.0-4.08 (m, 1H),
4.17 (dd, J ) 4.15 and 9.12 Hz, 1H); 13C NMR (CDCl3) δ 13.93,
18.80, 18.97, 22.41, 27.85, 28.38, 32.45, 69.52, 98.2; EI-MS m/z
160, 143, 127, 100, 85, 69, 57, 56 (100). Anal. Calcd for C9H19-
NO3: C, 57.12; H, 10.12; N, 7.40. Found: C, 56.84; H, 10.26; N,
7.12.

2-Nitro-1-(4-nitrophenyl)propan-1-ol (2c). Anti diaste-
reomer: IR (Nujol) 3477, 1605, 1548, 1519, 1389, 1345 cm-1;
1H NMR (CDCl3) δ 1.5 (d, J ) 6.9 Hz, 3H), 2.9 (bs, 1H), 4.64-
4.8 (dq, J ) 3.2 and 6.9 Hz, 1H), 5.56 (d, J ) 3.2 Hz, 1H), 7.6 (d,
2H), 8.4 (d, 2H); 13C NMR (CDCl3) δ 11.86, 72.73, 86.78, 123.62,

124.12, 126.99, 131.20; EI-MS m/z 151 (100), 150, 77. Anal. Calcd
for C9H10N2O5: C, 47.79; H, 4.46; N, 12.38. Found: C, 47.85; H,
4.40; N, 12.02. Syn diastereomer: IR (Nujol) 3477, 1605, 1548,
1519, 1389, 1345 cm-1; 1H NMR (CDCl3) δ 1.4 (d, J ) 6.9 Hz,
3H), 2.9 (bs, 1H), 4.26-4.34 (m, 1H), 5.2 (d, J ) 8.8 Hz, 1H), 7.6
(d, 2H), 8.4 (d, 2H); 13C NMR (CDCl3) δ 16.24, 74.91, 87.73,
123.62, 123.96, 127.88, 131.20; EI-MS m/z 151 (100), 150, 77.
Anal. Calcd for C9H10N2O5: C, 47.79; H, 4.46; N, 12.38. Found:
C, 47.85; H, 4.40; N, 12.02.

4-Nitro-1-phenylpentan-3-ol (2d). Anti diastereomer: IR
(neat) 3435, 1602, 1546, 1360 cm-1; 1H NMR (CDCl3) δ 1.55 (d,
J ) 6.76 Hz, 3H), 1.7-1.95 (m, 2H), 2.3 (bs, 1H), 2.64-3.0 (m,
2H), 3.85-3.96 (ddd, J ) 3.7, 6.96 and 8.99 Hz, 1H), 4.44-4.63
(dq, J ) 6.79 and 6.79 Hz, 1H), 7.18-7.4 (m, 5H); 13C NMR
(CDCl3) δ 16.24, 31.44, 34.69, 71.95, 87.77, 126.28, 128.45,
128.63, 40.86; EI-MS m/z 162 (M - HNO2), 145, 105, 91 (100),
57. Anal. Calcd for C11H15NO3: C, 63.14; H, 7.23; N, 6.69.
Found: C, 63.85; H, 7.40; N, 6.52. Syn diastereomer: IR (neat)
3435, 1602, 1546, 1360 cm-1; 1H NMR (CDCl3) δ 1.56 (d, J )
6.88 Hz, 3H), 1.7-1.95 (m, 2H), 2.3 (bs, 1H), 2.64-3.0 (m, 2H),
4.15-4.24 (dt, J ) 3.5 and 9.24 Hz, 1H), 4.44-4.63 (dq, J )
6.79 and 6.79 Hz, 1H), 7.18-7.4 (m, 5H); 13C NMR (CDCl3) δ
12.51, 31.92, 34.56, 71.03, 86.39, 126.28, 128.45, 128.63, 140.86;
EI-MS m/z 162 (M - HNO2), 145, 105, 91 (100), 57. Anal. Calcd
for C11H15NO3: C, 63.14; H, 7.23; N, 6.69. Found: C, 63.85; H,
7.40; N, 6.52.

2-Methyl-4-nitrotridecan-5-ol (2e). Anti diastereomer:
IR (neat) 3434, 1549 cm-1; 1H NMR (CDCl3) δ 0.92-0.95 (m,
3H), 0.95-1.0 (m, 6H), 1.2-1.38 (m, 10H), 1.4-1.61 (m, 4H),
2.0-2.4 (m, 3H), 3.94-4.02 (m, 1H), 4.51-4.58 (m, 1H); 13C NMR
(CDCl3) δ 14.09, 21.19, 22.64, 23.16, 25.8, 25.62, 29.18, 29.36,
31.80, 33.06, 36.60, 39.32, 72.52, 90.45; EI-MS m/z 213 (M -
NO2), 169, 141, 99, 57, 43 (100). Anal. Calcd for C14H29NO3: C,
64.83; H, 11.27; N, 5.4. Found: C, 63.95; H, 11.30; N, 5.32. Syn
diastereomer: IR (neat) 3434, 1549 cm-1; 1H NMR (CDCl3) δ
0.92-0.95 (m, 3H), 0.95-1.0 (m, 6H), 1.2-1.38 (m, 10H), 1.4-
1.61 (m, 4H), 2.0-2.4 (m, 3H), 3.78-3.83 (m, 1H), 4.48-4.51 (m,
1H); 13C NMR (CDCl3) δ 14.09, 21.31, 22.64, 23.01, 25.26, 25.62,
29.30, 29.40, 31.80, 33.65, 36.60, 39.32, 72.37, 91.14; EI-MS m/z
213 (M - NO2), 169, 141, 99, 57, 43 (100). Anal. Calcd for C14H29-
NO3: C, 64.83; H, 11.27; N, 5.4. Found: C, 63.95; H, 11.30; N,
5.32.

6-Nitrooctadecan-7-ol (2f). Anti diastereomer: IR (neat)
3435, 1550, 1378 cm-1; 1H NMR (CDCl3) δ 0.83-0.9 (m, 6H),
1.2-1.35 (m, 24H), 1.4-1.58 (m, 3H), 1.68-1.72 (m, 1H), 1.98-
2.18 (m, 1H), 3.95-4.02 (m, 1H), 4.38-4.47 (m, 1H); 13C NMR
(CDCl3) δ 13.89, 14.12, 22.30, 22.68, 25.28, 25.36, 25.64, 27.88,
29.09, 29.30, 29.32, 29.45, 29.60, 31.08, 31.15, 33.18, 72.38, 92.35;
EI-MS m/z 269 (M - NO2), 183, 140, 113, 70, 55 (100). Anal.
Calcd for C18H37NO3: C, 68.53; H, 11.82; N, 4.44. Found: C,
68.75; H, 11.30; N, 4.46. Syn diastereomer: IR (neat) 3435,
1550, 1378 cm-1; 1H NMR (CDCl3) δ 0.83-0.9 (m, 6H), 1.2-
1.35 (m, 24H), 1.4-1.58 (m, 3H), 1.68-1.72 (m, 1H), 1.98-2.18
(m, 1H), 3.8-3.88 (m, 1H), 4.38-4.47 (m, 1H); 13C NMR (CDCl3)
δ 13.89, 14.12, 22.30, 22.68, 25.28, 25.36, 25.64, 27.88, 29.09,
29.30, 29.32, 29.45, 29.52, 30.45, 31.90, 33.62, 72.06, 92.88; EI-
MS m/z 269 (M - NO2), 183, 140, 113, 70, 55 (100). Anal. Calcd
for C18H37NO3: C, 68.53; H, 11.82; N, 4.44. Found: C, 68.75; H,
11.30; N, 4.46.

2-Nitro-1-phenylpentan-3-ol (2g). Anti diastereomer: IR
(neat) 3435, 1605, 1548, 1376 cm-1; 1H NMR (CDCl3) δ 1.0 (t,
J ) 7.35 Hz, 3H), 1.45-1.62 (m, 2H), 3.15-3.35 (m, 2H), 3.9-
3.98 (ddd, J ) 5.17, 5.17 and 10.38 Hz, 1H), 4.0 (bs, 1H), 4.6-
4.72 (m, 1H), 7.1-7.32 (m, 5H); 13C NMR (CDCl3) δ 10.00, 26.48,
34.60, 73.43, 93.63, 127.16, 128.74, 128.81, 136.2; EI-MS m/z
162 (M - HNO2), 145, 133, 105, 91 (100), 77, 57. Anal. Calcd for
C11H15NO3: C, 63.14; H, 7.23; N, 6.69. Found: C, 63.35; H, 7.30;
N, 6.56. Syn diastereomer: IR (neat) 3435, 1605, 1548, 1376
cm-1; 1H NMR (CDCl3) δ 1.0 (t, J ) 7.35 Hz, 3H), 1.45-1.62 (m,
2H), 3.15-3.35 (m, 2H), 3.75-3.86 (ddd, J ) 4.11, 5.94 and 10.25
Hz, 1H), 4.0 (bs, 1H), 4.6-4.72 (m, 1H), 7.1-7.32 (m, 5H); 13C
NMR (CDCl3) δ 9.74, 26.62, 36.37, 72.67, 93.68, 127.37, 128.74,
128.81, 135.4; EI-MS m/z 162 (M - HNO2), 145, 133, 105, 91
(100), 77, 57. Anal. Calcd for C11H15NO3: C, 63.14; H, 7.23; N,
6.69. Found: C, 63.35; H, 7.30; N, 6.56.

2-Methyl-4-nitroheptan-3-ol (2h). Anti diastereomer: IR
(neat) 3468, 1551, 1377 cm-1; 1H NMR (CDCl3) δ 0.94 (t, J )

Scheme 3
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6.7 Hz, 3H), 1.0 (d, J ) 6.7 Hz, 6H), 1.28-1.42 (m, 2H), 1.62-
1.82 (m, 2H), 2.0 (bs, 1H), 1.88-2.18 (m, 1H), 3.6 (dd, J ) 5.4
and 6.6 Hz, 1H), 4.52-4.64 (m, 1H); 13C NMR (CDCl3) δ 13.39,
16.25, 19.16, 19.68, 29.95, 32.55, 77.12, 90.74; EI-MS m/z 146
(M - Et), 132 (M - iPr), 128 (M - HNO2), 99, 86, 85, 71, 57, 43
(100). Anal. Calcd for C8H17NO3: C, 54.84; H, 9.78; N, 7.99.
Found: C, 54.90; H, 9.30; N, 7.66. Syn diastereomer: IR (neat)
3468, 1551, 1377 cm-1; 1H NMR (CDCl3) δ 0.94 (t, J ) 6.7 Hz,
3H), 0.94 (d, J ) 6.7 Hz, 6H), 1.28-1.42 (m, 2H), 1.62-1.82 (m,
2H), 2.0 (bs, 1H), 1.88-2.18 (m, 1H), 3.73 (dd, J ) 4.57 and 6.4
Hz, 1H), 4.52-4.64 (m, 1H); 13C NMR (CDCl3) δ 13.47, 17.48,
19.01, 19.26, 30.44, 30.52, 76.54, 90.05; EI-MS m/z 146 (M -
Et), 132 (M - iPr), 128 (M - HNO2), 99, 86, 85, 71, 57, 43 (100).
Anal. Calcd for C8H17NO3: C, 54.84; H, 9.78; N, 7.99. Found:
C, 54.90; H, 9.30; N, 7.66.

1-Cyclohexyl-2-nitrohexan-1-ol (2i). Anti diastere-
omer: IR (neat) 3436, 1548, 1368 cm-1; 1H NMR (CDCl3) δ 0.8-
1.0 (m, 3H), 1.05-1.45 (m, 10H), 1.5-1.9 (m, 6H), 1.9-2.3 (m,
1H), 3.6 (bs, 1H), 3.58 (t, J ) 5.84 Hz, 1H), 4.52-4.71 (m, 1H);
13C NMR (CDCl3) δ 14.23, 22.58, 26.15, 26.49, 26.58, 28.29,
28.60, 30.30, 30.86, 40.82, 70.57, 90.49; EI-MS m/z 212 (M -

OH), 182 (M - HNO2), 165, 111, 99, 83, 55 (100). Anal. Calcd
for C12H23NO3: C, 62.85; H, 10.11; N, 6.11. Found: C, 61.90; H,
10.30; N, 6.64. Syn diastereomer: IR (neat) 3436, 1548, 1368
cm-1; 1H NMR (CDCl3) δ 0.8-1.0 (m, 3H), 1.05-1.45 (m, 10H),
1.5-1.9 (m, 6H), 1.9-2.3 (m, 1H), 3.6 (bs, 1H), 3.78 (dd, J )
4.28 and 6.64 Hz, 1H), 4.52-4.71 (m, 1H); 13C NMR (CDCl3) δ
14.23, 22.68, 26.24, 26.39, 27.45, 27.92, 28.54, 29.76, 30.86, 40.62,
76.57, 90.80; EI-MS m/z 212 (M - OH), 182 (M - HNO2), 165,
111, 99, 83, 55 (100). Anal. Calcd for C12H23NO3: C, 62.85; H,
10.11; N, 6.11. Found: C, 61.90; H, 10.30; N, 6.64.
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