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Reduction of Nitrostyrenes to Nitroalkanes with a NADH Grafted Model
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Synopsis. Grafting of the 1,4-dihydronicotinamide struc-
ture on a Merrifield type resin is described. With this rea-
gent, arylnitroethanes have been obtained by regioselective
reduction of B-nitrostyrenes. The yields are good and no
dimeric compounds are formed. The role of magnesium
ions in these reductions is different from that observed with
classical NADH models.

Arylnitroethanes are compounds of special interest
since they are useful synthetic intermediates. The
nitro group can be converted to other functional
groups such as carbonyl, nitrile oxides, or amino
group.

A widely used method to obtain 2-aryl-1-nitroethanes
involves reduction of nitrostyrenes. Selective reduc-
tion of the ethylene double bound is rather difficult:
borohydride reduction under various conditions often
leads to contamination of the desired product by side
reactions: for example a dimeric compound can be
formed by Michael addition of the nitronate interme-
diate to the starting nitroalkene.!
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Recently some improvements to the usual procedure
led the authors to better results.?

Other reagents have been used to ensure selective
reduction of the ethylenic double bond of nitrosty-
renes, for example NADH models such as 1,4-
dihydronicotinamide derivatives or Hantzsch ester.
With this last reagent good results in the reduction of
various nitroolefins in the presence or silica gel have
been reported.?
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With 1,4-dihydronicotinamide derivatives there are
few examples of such reductions? and the yields are
rather poor. Moreover it was established that S-
nitrostyrene is not reduced in the absence of magne-
sium ions.*)

The work-up of reactions performed with BNAH is
not easy. It is rather difficult to isolate the desired
product from starting reagents or other products
formed during the reduction.

Grafting reagents on to an insoluble matrix can
constitute an elegant way of resolving the practical
problems encountered with free reagents.® A few
NADH grafted models have been studied.® In our
laboratory we have synthesized the first truly reactive
polymer-bound NADH model.” With this reagent
excellent results are obtained in the reduction of acti-
vated carbonyl compounds.”

In this publication we describe the optimisation of
the synthesis of the grafted reagent on a Merrifield type
resin and its use in the reduction of aryl nitro olefins.

Preparation of Grafted Reagent. The reagent is
obtained by reaction of the halomethylated copolymer
styrene and divinylbenzene resin with nicotinamide
(Scheme 1). The pyridinium salt is just filtered, not
dried, before being subjected to regioselective 1,4-
reduction with NayS,0,. If the polymer-bonded pyri-
dinium salt 1 is quite free of the solvent used during
the quaternarization (CH3;CN), wetting of the polymer
does not occur and reaction of Na,S,0, becomes
impossible.
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The reduction of 1 is complete as shown by the
absence of chlorine in the analysis of 2.

Reduction of Nitrostyrenes. With BNAH, reduc-
tion of a substrate in the presence of magnesium ions
usually occurs in acetonitrile as solvent. With the rea-
gent 2 we observed that in this solvent the polymer
matrix did not swell and consequently no reduction
occured. The access to the active site of the polymer
bonded reagent is probably impossible. A swelling
cosolvent is needed which also ensures the solubility of
Mg?* ions. Finally the best results were obtained in a
benzene-acetonitrile (1/1) mixture. In typical condi-
tions [grafted NADH model 1.2 milliequivalent,
Mg(ClOy); 1 mmol, nitrostyrene 1 mmol, solvents 14
ml, 5 d, 80°C] the results were as follows:
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ArCHzCHzNOz + 1
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Table 1. Reduction of B-Nitrostyrenes
Ar in starting nitrostyrene 3 Yield in 4  Ar in starting nitrostyrene 3 Yield in 4
Phenyl 3a 100 3,4-(Methylenedioxy)phenyl 3e 72
2-Naphtyl 3b 98 3-Pyridyl 3f 60
p-Methoxyphenyl 3c 77 2-Thienyl 3g 70
3,4-Dichlorophenyl 3d 90
ArCHz—CHz—N02 4
B a
Ar= NMR (Chemical shift)
4a Phenyl Oil (2b) 3.17 (t) CHz2B; 4.45 (t) CHaa; 6.93—7.4 (m) H arom.
4b 2-Naphthyl Oil 3.42 (t) CH2f; 4.65 (t) CHze; 7.50 (m) H arom.
C12H11NO2
4c p-Methoxyphenyl Oil (2b) 3.21 (t) CHzB; 4.53 (t) CHza; 3.75 (s) CH30; 6.84 and
7.12 H arom.
4d 3,4-Dichlorophenyl Oil 3.30 (t) CHzpB; 4.60 (t) CHze; 7.30 (m) H arom.
CsH7CI2NO2
4e 3,4-(Methylenedioxy)phenyl F=55 (2b) 3.20 (t) CH2B; 4.52 (t) CH2a; 6.56—6.80 (m) H arom.
4f 3-Pyridyl Oil 3.30 (t) CH2p; 4.60 (t) CHza; 7.10—7.60 (m) Hy and Hs
C7HsN202 arom.; 8.43 (m) Hz and Hg¢ arom.
4g 2-Thienyl Oil (3) 3.43 (1) CH2B; 4.50 (t) CHaa; 6.70—7.20 (m) H arom.

The most interesting features of these reductions are:
(1) Yields are good to quantitative. (ii) The work-up is
easy; filtration followed by evaporation of the solvents
gives the pure arylnitroethanes. Some of them (3b, 3d,
and 3f) are new compounds. They have been identi-
fied by the usual spectroscopic methods. (iii) No
dimeric compound was detected in the final product
[absence of signals near § 5.0 in the 'H NMR spectra®].

Role of Magnesium Ions. The role of magnesium
ions in BNAH reduction is to ensure an interaction
between the substrate and the model through a ternary
complex.?’ In the case of free models in the absence of
Mg?*, generally no reaction occurs. However the
reduction of (a-methylbenzylidene)malonitrile with a
BNAH derivative affords different product depending
upon the presence or not of Mg?* (9). We have per-
formed the reduction of 3a in the typical conditions
described above but without the magnesium ion. A
large quantity of polymeric compounds is obtained
but after chromatographic purification we could iso-
late 10% of 4a. To our knowledge it is the first partial
reduction of 1-phenyl-2-nitroethene observed with a
1,4-dihydronicotinamide reagent in the absence of
magnesium ions. We think that a “polymer effect”
occurs: the redox potential of the reactants are
changed and the transition state becomes different to
that ocurring with a free model. The medium used
(CH3CN-CgHg) is less polar and the polymeric matrix
contains numerous phenyl rings. The micro envi-
ronment in the neighbourhood of the active site is less
favorable to solvatation of the dihydronicotinamide by

CH3;CN. So the interaction between the reagent and
the substrate is forced. This phenomenon could be
sufficient to induce a partial reduction.

Experimental

Nitrostyrenes derivatives were prepared according to the
literature.!® Merrifield resin was purchased from Merck
(Art. 818178). NMR spectra were recorded with a Varian EM
360 L spectrometer (solvent CDCI;, internal reference
HMDS). Analyses have been performed with a Carlo Erba
1106 apparatus).

Grafted Reagent. Merrifield resin (50 g) nicotinamide (20
g) in 300 ml of dry acetonitrile were stirred at 90 °C during 6
d. The pyridinium derivative 1 was filtered, washed with
acetonitrile then with hot water. The product was suitable
for the next step.

Analysis of a dried sample gave the following typical
values. C: 79.9; H: 7.0; N: 3.6; Cl: 5.0%.

The wet quaternarized resin (about 20 g) was treated with
a mixture of Na,CO;-10H,0O (20 g) and NayS,04 (40 g) in
200 ml of water. The mixture was stirred for 6 h at room
temperature. The color of the resin turned from red-orange
to yellow. After filtration the resin was dried for 2 d
(40°C/0.5 Torr (1 Torr=133.322 Pa)). The grafted NADH
model was storred under argon in the refrigerator.

Typical analysis is as follows. C: 83.5; H: 3.5; N: 3.8%
(absence of chlorine).

This corresponds to 1.3 meq of the 1,4-dihydronicotin-
amide moiety pergram (based on N percentage).

Reduction of Nitrostyrenes. In a dry glass tube 1.2 meq
of grafted reagent 2, 250 mg of Mg(C10y), (1 mmol), 1 mmol
of nitrostyrene, 7 ml of hyperdry benzene and 7 ml of
hyperdry acetonitrile were introduced under an argon
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atmosphere. The tube was sealed, then heated at 80 °C for 5
d. After cooling the tube was broken. The resin is discarded,
washed with acetonitrile, and water (1 ml) was added. The
solvents were evaporated. The residue was extracted with
water, then extrated with chloroform. After evaporation of
the solvent the pure arylnitroethanes were recovered.

The aryl-2-nitroalkanes have the characteristics given on
the precedent page.
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