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Abstract—Chromium alkoxycarbene complexes tethered to a triple bond react with a series of chiral dihydropyridines, among
which is N-methyl-1,2-dihydronicotine, to give enantioselectively, upon cascade insertion reactions, polycyclic butenolides. © 2001
Elsevier Science Ltd. All rights reserved.

The enantioselective formation of organic compounds
via non-chiral carbene fragments from Fischer carbene
complexes has only met, up to now, with very limited
transformations: indeed, only an early example in
which the metal bore, besides the carbene, a chiral
phosphine, described the synthesis of optically active
cyclopropanes upon its interaction with an olefin.1,2

Very recently, we discovered a new application of Fis-
cher carbene complexes for the synthesis of a broad
spectrum of butenolides 3 via the intramolecular incor-
poration of a triple bond and two CO ligands, induced
by the metal, and triggered by dihydropyridines
(Scheme 1).3–6 The key steps in these transformations
are a hydride transfer from N-methyldihydropyridines
to the carbene carbon of the various complexes 1
leading first to metal pyridinium alkylates 2, and a final

protonation at the ring junction, each operation leading
to a new stereocenter.

We felt that such a transformation was ideally suited
for attempts to an enantiomeric approach to buteno-
lides, on the one hand by the use of chiral reducing
agents, which would parallel the biomimetic reduction
of carbonyl compounds with NADPH and its mod-
els,11–13 on the second hand, by carrying out enantiose-
lective protonations.

The reasons behind our expectations were the follow-
ing: first, a wealth of chiral dihydropyridines are known
to reduce enantioselectively carbonyl compounds. Sec-
ond, the dihydronicotines 5 and 7, easily obtained from
(S)-(−)-nicotine 4 reacted like simple dihydropyridines
with alkoxycarbene complexes 8 to give, in the case of
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Scheme 1.

Typically, when a dichloromethane solution of complex
10a was subjected to (S)-(1-phenylethyl)-1,4-dihydropy-
ridine 14 at −40°C, then slowly heated to room temper-
ature over 12 h, the butenolide 11a was indeed obtained
as a single isomer, in 62% yield but, according to chiral
GC, as a racemic mixture. Moving to the isomeric
1,2-dihydropyridine 15 an encouraging enantioselection
(ee, 27%) was observed. Similarly, the use of the chiral
dihydronicotinamide 16, a close analog of the natural
dihydropyridines, led indeed to the expected butenolide
in 55% yield, but again with a disappointing 4% ee.
Since the best result was observed for a dihydropyridine
in which the chiral center is � with respect to the
transferable hydride, we attempted the reaction with
the chiral N-methyl-1,2-dihydronicotine 7: under simi-
lar conditions as for N-methyldihydropyridine, the
butenolide 11a could be isolated as a single isomer
with, according to chiral GC, an enantiomeric excess of
33%. This excess increased to 55% when 10c was used
instead. As can be seen, the same behavior was
observed for all the complexes examined so far.

It appears first that whereas the nature of the sub-
stituent on the triple bond is of no influence on the
enantiomeric excess, the nature of the substituent on
the carbene carbon is fundamental. Second, according
to these preliminary results (not optimized), the yields
of butenolides are lower in most of the cases, but for
10a, when compared to the yields observed for the same
reactions with N-methyldihydropyridine.2,7,10

A common feature for all the transformations depicted
herein is the creation of two new contiguous stereocen-
ters upon addition of a hydride and a proton as the
initiator and the terminator of the cascade insertions.
This leads, in the general case, stereospecifically to the
more stable products in which the heterocyclic ring
substituents are trans and in equatorial positions. In the
case of the chiral dihydropyridines, one can assume
that the enantiomeric differentiation is the result of the
formation of two diastereomeric intermediates upon
interaction of the carbene complexes and the dihy-
dropyridines prior to the hydride transfer. Such inter-
mediates would thus mimic the ternary complexes
ketone:dihydropyridine:Mg2+ which have been put to
the fore in the case of the enantiomeric reductions of
ketones by NADPH and its models.11–13 An important
point seems to arise from these preliminary results, the

5, upon transfer of a hydride, the expected, stable
dihydronicotinium ylid complexes 9.3

The purpose of this communication is thus to report on
the enantiodifferentiating reductions of a series of car-
bene complexes leading to optically active butenolides.

High diastereoselectivity for the reduction of carbene
complexes 10 with N-methyl dihydropyridines had
already been established.3 This was impressively confir-
med in the case of complexes 12a and 12b which led
diastereospecifically to 13a and 13b in 74 and 53% yield,
respectively. Compound 13a was fully characterized by
an X-ray structure analysis.7

These and previous results, urged us to carry out the
same transformations with the aforementioned chiral
dihydropyridines 7, but also with the dihydropyridines
14, 15 and 16 prepared according to the literature.8,9
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distance between the hydride to be transferred and the
chiral center since 1,2-dihydroprydines are more
efficient in terms of enantioselectivity than 1,4-dihy-
dropyridines. Such an observation had already been
made for the enantioselective reduction of carbonyl
compounds with NADH mimics, and confirms again
the parallel which exits between carbonyl compounds
and carbene complexes.

Modification of the structure of the reducing agents
(e.g. of dihydronicotine) or the use of related more
elaborate dihydropyridines along with attempts at car-
rying out enantioselective protonations are in progress
and might be ways to improve the encouraging enan-
tioselectivities already observed in these cascade
insertions.
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