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Reduction of a,$-Unsaturated Nitroalkenes with Trial-
kylborohydrides; A Synthesis of Ketones

M. Scubei MOURAD, Rajender S. Varuma, George W. KaBaLKA*

Department of Chemistry, University of Tennessee, Knoxville, Ten-
nessee 37996-1600, U.S.A.

We recently described a novel preparation of N-substituted
hydroxylamines (3) which involves the reduction of «,f-
unsaturated nitroalkenes (1) by borane-tetrahydrofuran in
the presence of a catalytic amount of sodium borohydride'.
The reaction presumably proceeds via a 1,4-addition of
borohydride to the nitroalkene producing the corresponding
nitronate (2). which is subsequently reduced by borane-
tetrahydrofuran to afford hydroxylamines after hydrolysis.
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We reasoned that the hydrolysis of intermediate 2 would pro-
duce the corresponding carbonyl compound (a modified Nef
reaction?) if it could be intercepted before a complete reduc-
tion occurred. We investigated the use of trialkylborohydrides
for the formation of intermediatz 2 via the reduction of con-
jugated nitroalkenes because they had been successfully ut-
ilized in conjugate additions to o,f-unsaturated carbonyl
compounds®. We found that lithium triethylborohydride*
and lithium tri-sec-butylborohydride® cleanly reduce a con-
jugated nitroalkene to the desired nitronate (4) which is then
readily hydrolyzed® to the corresponding ketone (5).

To avoid the formation of a pyrophoric by-product (trieth-
ylborane) and to employ a comparatively mild nucleophile,
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Table. Ketones (5) from Nitroalkenes (1) via Reduction and Hydrolysis®

Substrate 1 Product 5 Reaction Yield® b.p. [*C]/torr
Time [%]
[min] found reported
a (e (Oro 30 81 58-60°/20 47°/1513
~ > @—c C—cH 30 80 [187-189°] [186-187°19]¢
b CH=C~CH H,—C— -
s ’ S (80% cthanol)]
NO, 0 ;
¢ B p-cr=t-c, B~ )-0H—C-cH, 30 82 70-72°/0.1¢ 1107031
ag = I . ; y
d G HO— )-CH=C—CH, CoHs0—~\ —CH,—~C—CH, 30 83¢ 110-113°/0.1¢  125-130°/0.28'*
CoH:0 C,H:0
NG, 0 _
e (¢ -ch=t-ch, CHp—C~CHy 90 81 93-97°/0.1 121-126°/0.77
\A/ \_/

* Reduction with lithium tri-sec-butylborohydride and hydrolysis
with 4 normal sulfuric acid.

" Yield of pure, isolated product.

¢ m.p. of semicarbazone.
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we confined the study to the use of lithium tri-sec-
butylborohydride for the conjugate reduction. The results
demonstrate that the reaction can be used to reduce a variety
of conjugated nitroalkenes (1) to the corresponding ketones
(5). Interestingly, the reduction of S-nitrostyrene derivatives
produced white precipitates* upon reaction with borohy-
dride solution. Acid hydrolysis of the reaction mixtures
yielded saturated nitroalkanes predominantly; only traces
of aldehydes were obtained.

The abstraction of hydrogen from a secondary nitroal-
kane*® would also generate intermediate 4 which could then
be hydrolysed to a ketone. In a related experiment, nitrocy-
clohexane was added to lithium triethylborohydride and the
resultant intermediate (4) was subjected to acid hydrolysis:
cyclohexanone was obtained in > 90 % yield.

Several modifications of the Nef reaction? have been report-
ed [e.g. reduction of nitro compounds with titanium (I1I)
chloride®, ozonolysis® and permanganate oxidation® of
nitronates, reverse addition of lithium aluminium hydride to
nitroalkenes'®, and reduction of nitroalkenes with
iron/hydrochloric acid'']. However, the trialkylborohy-
dride method has the advantages of simplicity, shorter reac-
tion time, and higher vields.

All glassware was thoroughly flame-dried and cooled under dry
nitrogen just before use. Tetrahydrofuran was dried with calcium
hydride, distilled from lithium aluminium hydride, and stored under
nitrogen. Air- and moisture-sensitive borohydride solutions were

¢ Kugelrohr distillation.

¢ 'H.N.M.R. (CDCl,/TMS,_); 0 = 6.8-6.74 (m. 3H,,,,); 4.06 (q.
4H,20CH,); 3.6 (s, 2H, CH,); 2.12 (s. 3H. CO—CH.); 1.43 ppm
(1, 6H, 2CHs,).

tranferred  using  oven-dried  hypodermic  syringes.  1-
Nitrocyclohexene and the trialkylborohydrides were used as ob-
tained from Aldrich Chemical Co. (L-Selectride®, 1.0 molar in tetra-
hydrofuran; Superhydride®, 1.0 molar in tetrahydrofuran). All other
nitroalkenes were prepared as described earlier'.

The products were characterized by their physical properties and
spectral characteristics (*H-N.M.R., '3C-N.M.R., etc.). The
N.M.R. spectra were recorded on a JEOL-FX 90 Q spectrometer.

Phenylacetone (Sb) from 2-Nitro-1-phenylpropene (1b); Typical
Procedure:

Lithium tri-sec-butylborohydride (11 ml of a 1.0 molar solution in
tetrahydrofuran; 11 mmol) is placed in a flame-dried, nitrogen-
flushed, 100 ml flask equipped with a septum inlet and a magnetic
stirring bar. A solution of 2-nitro-1-phenylpropene (1b; 1.63 g,
10 mmol) in tetrahydrofuran (10 ml) is added dropwise to the stirred
solution of the trialkylborohydride at room temperature. A mildly
exothermic reaction ensues with the disappearance of yellow color-
ation (nitroalkene). The mixture is stirred for 30 min and then
poured onto cold (—10°C) 4 normal sulfuric acid (50 ml). [ce/water
(100 ml) is carefully added to the mixture which is stirred for 10 min.
The product is extracted with ether (3 x 50 ml). The combined ether
extracts are washed with water (2 x 50 ml), dried with magnesium
sulfate, and evaporated under reduced pressure. The crude product
is purified by column chromatography (silica gel; 4%
ether/petroleum ether eluant) to give Shas an oil; yield: 1.1 g (80 %):
m.p. of 5b semicarbazone: 187-188°C (Ref.'®. m.p. 186-187°C).
"H-N.M.R. (acetone-d,/TMS, ): d = 7.24 (m. 5H,,...): 3.71 (s, 2 H,
CH.,); 2.08 ppm (s, 3H, CO—CH;). [The '*C-N.M.R. data agree
with the literature data'?].
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