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Abstract:  New conditions were used for the efficient reduction of
various nitroalkenes and two prochiral ketones by using NADH mimics.
The present procedure is very useful since it does not involve
magnesium perchlorate which is replaced by magnesium bromide in
THF. High conversions were observed. The new conditions were
checked in asymmetric reductions.

Much effort has been invested to develop NADH mimics that are able to
be used in chemoselective or enantioselective reductions.1 Among these
models, BNAH (1-benzyl-1,4-dihydronicotinamide, compound 1;
Scheme 1.) is probably the most popular one. It was shown that
reductions with such a reagent are, in general, performed in the presence
of divalent metal ions.2 It was established that the metal ion binds to the
substrate and to the 1,4-dihydronicotinamide moiety. The hydride
equivalent transfer is promoted through a ternary complex. In reductions
with NADH models, it is a common practice to use magnesium
perchlorate as a co-catalyst in acetonitrile as solvent.

However, magnesium perchlorate presents some drawbacks: 1) The
anhydrous form is rather expensive, 2) it can be hazardous to handle
(risk of explosion!).3

So, it could be of interest to test the possibility of using more useful
metal ions, with a view to developing more convenient procedures.

At this point, it must be mentioned that BNAH, or similar models, are
not stable towards side reactions caused by traces of water, which can
occur at the 5,6-enamine bond.4 To overcome this problem, our group
developed, a few years ago, new NADH mimics where the 5,6-double
bond was included in an electron rich homo or hetero aromatic ring.
This approach suppresses the side reactions and favours the hydride
equivalent departure through the electron donating effect of the aromatic
ring.

Two families of reagents in the quinoline series5 (compounds 2a and 2b,
Scheme 1) and in the pyrido[2,3-b]indole series6 (compounds 3a and
3b, Scheme 1) will be used in this paper in the reduction of nitroalkenes
and ketones under non-classical conditions i.e: no magnesium
perchlorate.

Scheme 1

A – Reduction of nitroolefines.

NADH models allow the chemoselective reduction of the double bond,
leading to nitroalkanes which are versatile intermediates in synthesis.7

1) Reduction of 1-(2-thienyl)-2-nitroethylene.

The results are outlined in Table 1.8

The main feature is that under soft conditions, reagents 2a and 2b are
efficient in the reduction of 4 in the presence of zinc bromide or
magnesium bromide in various solvents.

In the literature some reactions involving NADH models were
performed with zinc bromide especially in kinetic studies.10 On the
other hand, to our knowledge, magnesium bromide has never been used
and our results are the first report of the successful reduction of
nitroalkenes by NADH models under non-classical conditions.

However, zinc bromide is very much more hygroscopic than magnesium
bromide or magnesium perchlorate and the results are not reproducible.
Moreover, the reaction conditions with cheap magnesium bromide are
cleaner, easy to reproduce, and this salt can be handled in safety.

These good results were obtained under conditions where the reaction
mixture is not fluid: at the beginning of the reaction magnesium
bromide is partly suspended in the solvent. As the reaction progresses
the mixture becomes thicker and presents a gelatinous aspect. Under
good stirring this behaviour does not perturb the efficiency of the
reagent as shown by the obtained results.

So, it was decided to investigate the reduction of other substrates in the
presence of magnesium bromide in THF.

2) Reduction of other nitroolefines8

Two substrates were studied: 3-nitro-1,2-dihydronaphthalene 6 and (E)-
2-phenyl-2-(2-pyridyl)-1-nitroethylene 8. The ethylenic double bond in
these substrates is less reactive than in 4 (steric hindrance). So the
reductions were performed at the boiling point of the solvent, using a
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highly reactive model 3a previously studied in our laboratory in the
pyrido[2,3-b]indole series.6b

In the case of substrate 6, it can be observed that model 3a in the
pyrido[2,3-b]indole series was superior to model 2b in the quinoline
series during the reduction in the presence of magnesium bromide in
THF (entries 9 and 10). This result justifies the above choice of a model
in the indolopyridine series. Once again, the new conditions are more
efficient than standard conditions (entries 8 and 10). This behaviour is
confirmed in the reduction of substrate 8 (entries 11 and 12).

In the case of substrate 8, the β carbon in the nitroethylene group is
prochiral. The asymmetric reduction of this substrate was previously
studied in our laboratory by using another chiral NADH model 3b.11 In
the presence of magnesium bromide in THF the e.e. was low (entry 13).

As can be seen in the reduction of nitro-unsaturated substrates like 4, 6
and 8 the new conditions i.e. magnesium bromide in THF gave better
yields than magnesium perchlorate in acetonitrile. However the
asymmetric reduction of prochiral 8 with 3b gave a poor e.e.

3) Reduction of prochiral ketones8

In order to obtain more information concerning the behaviour of the
chiral reagent 3b in reactions promoted by magnesium bromide in THF
we studied two prochiral ketones: methylbenzoylformate 10 which is a
classical substrate in asymmetric reductions performed with NADH
models and 2-benzoylpyridine 12 which was recently involved in
asymmetric reductions performed under various conditions.12

As can be seen, the conversion was in all cases quantitative. On the other
hand the e.e. were higher by using magnesium perchlorate in
acetonitrile than with magnesium bromide in THF. The enantioselective
hydride equivalent transfer from the reagent to the substrate is directed
by the structure of the ternary complex constructed between the model,
the substrate and Mg2+ ions.14 The metal ion is hexacoordinated in this
complex and all the ligand-metal bonds ensure the positioning of the
partners during the reduction. It can be assumed that, in the case of
reductions performed with magnesium bromide in THF (a strongly
coordinating solvent) the structure of the ternary complex can be
modified by replacing some of the atoms of the reagent or of the
substrate involved in the hexa coordinated structure by solvent
molecules. As a consequence the positioning of the partners is less well

ensured leading to a decreasing of the stereodifferentiation during the
hydride equivalent transfer.

Acknowledgement: we thank Sanofi Chimie Co (Gentilly, France) for
financial support of this work.

References

(1) For reviews see a) Stout, D. M.; Meyers, A. I. Chem. Rev., 1982,
82, 223. b) Ohno, A.; Ushida, S. in Lecture notes in Bio-Organic
Chemistry. Mechanistic Models of Asymmetric Reductions;
Springer-Verlag: Berlin, Heidelberg, New York, Tokyo, 1986; p1-
105. c) Inouye, Y.; Oda, J.; Baba, N. in Asymmetric Synthesis:
Reductions with Chiral Dihydropyridine Reagents; Morrisson, J.
D., Ed.; Academic Press: New York, London, 1983, 2; p92-124. d)
Burgess, V.A. ; Davies, S.G. and Skerly, R.T. Tetrahedron:
Asymmetry, 1991, 2, 299.

(2) a) Ohno, A.; Kimura, T.; Yamamoto, H.; Kim, S.G.; Oka, S.;
Ohnishi, Y. Bull. Chem. Soc. Japan, 1977, 50, 1535. b) Ohno, A.;
Yamamoto , H.; Okamoto, T.; Oka, S.; Yamamoto, H. ; Okamoto,
T. ; Oka, S.; Ohnishi, Y. Bull. Chem. Soc. Japan, 1977, 50, 2385.
c) Hughes, M.; Prince, R.H. J. Inorg. Nucl. Chem., 1978, 40, 703.

(3) See for example The Sigma-Aldrich Library of Chemical Safety
Data, 2nd edition; Lenga, R. E., Ed; 1988 ; p2180.

(4) Cazin, J.; Trefouel, G.; Dupas, G.; Bourguignon, J.; Quéguiner, G.
Tetrahedron, 1988, 44, 1079.

(5) Reagents 2a and 2b are new NADH models which were
synthesized in five steps from previously described 6,7-
dimethoxyquinoline-3-carbonitrile (Charpentier, P.; Lobrégat, V.;
Levacher, V.; Dupas, G.; Quéguiner G.; Bourguignon J.
Tetrahedron Lett., 1998, in press) by following a classical way,
i.e.: 1) Conversion of the nitrile group into a carboxylic acid with
a 25 % aqueous solution of NaOH at reflux then H3O

+. 2) The
acid chloride was obtained with SOCl2. 3) The acid chloride was
treated with NH3 for 2a or with HNEt2 for 2b 4) Quaternization
with ICH3 in CH3CN  5) Subsequent regioselective reduction of
the pyridinium salt with Na2S2O4/OH-

(6) a) Levacher, V.; Boussad, N.; Dupas, G.; Bourguignon, J.;
Quéguiner, G. Tetrahedron, 1992, 48, 831. b) Berkous, R.; Dupas,
G.; Bourguignon, J.; Quéguiner, G. Bull. Soc. Chim. Fr., 1994,
632.

(7) a) Barett, A. G. M.: Nitroalkanes and Nitroalkenes in Synthesis.
Tetrahedron Symposia-in-print, Tetrahedron, 1990, 46, 7313. b)
Perekalin, V. V. in Conjugated Nitro Compounds; Lipina, E. S.;

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f P

itt
sb

ur
gh

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.



1146 LETTERS SYNLETT

Berestovitskay, V. M.; Efremov, D.A.; Eds; J. Wiley and Sons;
1994.

(8) Typical procedure for reduction of substrates 4, 6, 8, 10 and 12:
the metal salt was added under a nitrogen atmosphere to a solution
of reagent model in solvent (5 mL), in the dark (for further
information see footnotes in tables 1, 2 and 3 or in text). After
reaction, a few drops of water were added and the solution was
stirred for 15 min. Diethyl ether (5 mL) was added and the
mixture was stirred again for 15 min. The organic layer was
separated, dried over magnesium sulfate and concentrated under
reduced pressure. In the case of compounds 5, 7 and 9, the crude
product was analysed by 1H NMR spectroscopy. Compounds 11
and 13 were purified by flash chromatography on silica gel
(diethyl ether/cyclohexane 1/1 for 11 and ethyl acetate/
cyclohexane 1/4 for 13) before being submitted to 1H NMR
analysis.

(9) Kabalma, G. W.; Gundi, L. H. M.; Warma, R. S. Tetrahedron,
1990, 46, 7443.

(10) a) Creighton, D. J.; Hadju, J.; Sigman, D. S. J. Am. Chem. Soc.,
1976, 98, 4619. b) Shirai, M.; Chishina, T.; Tanaka, M. Bull.
Chem. Soc. Japan., 1975, 48, 1079.

(11) Levacher, V.; Valque, C.; Coupa, S.; Dupas, G.; Quéguiner, G.;
Bourguignon, J. J. Heterocyclic Chem., 1996, 33, 1211. The e.e.
was determined by HPLC on CHIRALCEL OD 10 µ, 250x4.6
mm, flow rate 1 mL/min, hexane/2-propanol 90/10. The
temperature was 22 °C at 65 psi and the retention times were
10.82 (minor enantiomer) and 17.35 min (major enantiomer).
Absolute configurations were not assigned.

(12) Corey, E. J., Helal, C. J., Tetrahedron Lett., 1996, 37, 5675.

(13) The e.e. in the reduction of 2-benzoylpyridine was determined by
HPLC on CHIRALCEL OD 10 µ, 250x4.6 mm, flow rate 1 mL/
min, hexane/2-propanol 95/5. The temperature was 19 °C at 65 psi
and the retention times were 15.18 (minor enantiomer) and 16.28
min (major enantiomer). Absolute configurations were not
assigned.

(14) Dupas, G.; Levacher, V.; Bourguignon, J.; Quéguiner, G.,
Heterocycles, 1994, 39, 405. 

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f P

itt
sb

ur
gh

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.


