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Summary: The carbene carbon of 1,4-alkene and -alkyne
carbene complexes of chromium and tungsten (1 and 2)
reacts with nucleophiles such as hydrides originating
from dihydropyridine and methyllithium to give upon
CO and alkyne (or alkene) insertions polycyclic lac-
tones 6 and 7, cyclopentanones 10 and 11, and cyclo-
pentanols 12.

Attempts to elucidate the mechanism of metal-
induced transformations of organic compounds rely very
often on the synthesis and behavior of model complexes
mimicking such presumed discrete intermediates and
possibly their evolution. However, the isolation of such
complexes occurs in general at the expense of reactivity.
For example, in the chemistry of carbene complexes, the
synthesis and behavior of alkene-carbene and alkyne-
carbene complexes has been the subject of extensive
investigations, since they were involved in benzannu-
lation, olefin cyclopropanation, and metathesis reac-
tions.1-3 In that regard we focused on two such com-
plexes, 1 and 2, which were synthesized respectively by
Dötz2a,b and by our group3b (Scheme 1).

Although both complexes underwent the crucial co-
ordination of the triple and double bonds to give
complexes 3 and 4, neither 3 nor 4 underwent an
intramolecular insertion of the coordinated double or
triple bonds.2b,4a-d Herein we report a very simple
means to lift the lack of reactivity of the carbene
function in 1 and 2 toward the tethered triple and
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double bonds: their reaction with nucleophiles. This
induces an increase in the distance between the carbene
function and the tethered unsaturation by one unit.

Complexes 1 and 2 were synthesized according to the
literature2a,5a and successively submitted to nucleophiles
such as hydrides originating from dihydropyridines and
alkylmetals such as methyllithium, which are both
known to add to the carbene carbon of Fischer-type
carbene complexes.5a,b

Thus, when a CH2Cl2 solution of complex 1 at -10
°C was treated with a mixture of 2,2-dihydro- and 4,4-
dihydro-1-methylpyridines 5 (only one isomer shown)
in the same solvent, stirred at this temperature for 15
min, and then left at room temperature for 12 h, the
two new crystalline organic compounds 6 and 7 were
isolated in an overall yield of 40% (Scheme 2). Their
structures were established by detailed analyses of their
13C and 1H NMR data. Moreover, the structure of 6, a
tricyclic butenolide (34%, mp 116 °C), could be confirmed
through single-crystal X-ray diffractometry6 (Figure 1),
which confirmed the reduction of the carbene function
and the insertion of a first CO group, of the triple bond,
and of a second CO group.

As far as 7 is concerned (6%, pale yellow crystals, mp
110 °C), it contains two extra methine groups and could
thus be the result of the reduction of the carbon-carbon
double bond of 5. And indeed, mixing 6 in CH2Cl2 with
a 3-fold excess of dihydropyridines led quantitatively
after 12 h at room temperature to 7. This is, to the best
of our knowledge, the first example of the reduction of
the double bond of a conjugated carbonyl group by
N-substituted dihydropyridines.7a,c

When instead MeLi (1.6 M, 1.5 equiv) in diethyl ether
was added to a THF solution of 1 at -40 °C, a deep red
solution developed rapidly. Warming to room temper-
ature followed by stirring for 12 h led to two new
crystalline compounds (Scheme 3; 46% yield). The faster
moving compound, obtained as deep red needles (32%,
mp 150 °C), was given structure 9 on the grounds of
NMR spectroscopy. Particularly diagnostic were signals

present in the 1H NMR spectrum of 9, including a
singlet for a methyl group at δ 2.08 ppm, four quater-
nary carbons besides those for the aromatic groups in
the 13C NMR spectrum, and the disappearance of the
signals for the ethoxy group. An X-ray analysis6 con-
firmed structure 9 and, thus, the addition of the methyl
group to the former carbene carbon of 1 with loss of the
ethoxy group. The NMR data of the second compound
agreed with structure 8 (14%, mp 130 °C), a butenolide
bearing a methyl group (δ 1.25 ppm), a methine group
(δ 5.4 ppm), and still the ethoxy group of the starting
carbene complex 1 with signals for its two stereotopic
hydrogens. Its structure is thus directly linked to the
structure of 6. Interestingly, slow formation of 9 from 8
on silica gel was observed.8

The same series of reactions was then carried out on
complexes 2a,b (R ) allyl, CH2CH2Ph). Under the same
conditions as above, N-methyldihydropyridines 5 led
with 2a to the substituted cyclopentanone 10a, isolated
as a single isomer (Scheme 4; 83%), and methyllithium
gave, at -70 °C, two separable diastereomers 11a (10:
1, 41%). Whereas the singlet for the methyl in an R
position with respect to the carbonyl group appeared
at δ 1.05 ppm in the less polar and less abundant
isomer, it appeared at δ 1.18 ppm in the more polar
isomer, an indication of the probable axial vs equatorial
position of this substituent. Complex 2b behaved simi-
larly: with 5, two compounds were isolated in 68% yield,
the cyclopentanone 10b (37%, one isomer) and 12 (31%,
one isomer), a cyclopropanol, showing in the 1H NMR
spectrum typical high-field signals for three adjacent
protons. With MeLi, the cyclopentanone 11b was ob-
tained as a 1:1 mixture of isomers (52%).9
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Figure 1. Diamond view of butenolide 6.
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The formation of 6, 8, and 10-12 can be accounted
for by the addition of a nucleophile (H-, Me-) to the
carbene carbon and homologation of the starting car-
bene complex upon insertion of a CO group with con-
comitant coordination/insertion of the triple or double
bonds, leading in each case to a five-membered ring
(Scheme 5): 13 f 14 and 15 f 16. This is followed by
a well-documented lactonization,5,10 for 14. Conversely,
a reductive elimination on 16 leads after protonation
to the cyclopropanol 12 or, upon rearrangement, to the

ketones 10 and 11. No such products were detected,
however, starting from complexes of the type 4, a result
which confirms that the presence of five CO groups is
fundamental to the first CO insertion.11

In summary, the key point for the success of these
insertion reactions is the formation of complexes 13 and
15 bearing an unsaturation now three carbons remote
from the carbene carbon. It is indeed known that
carbene complexes containing an unsaturation in δ with
respect to the carbene carbon, which can be obtained
inter alia upon double homologations by alkyne inser-
tions into 1 or 2, easily undergo intramolecular cyclo-
propanation reactions.3,4 The present communication
demonstrates clearly that the necessary and sufficient
condition for triggering these transformations is a single
homologation of the carbene function brought about by
the interaction of the carbene carbon with a nucleophile.
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