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N-methylpyridinium ylide complexes obtained from alkoxy-
carbene complexes of chromium and N-methyldihydropyr-
idines easily insert successively a CO ligand to give a-alkoxy
chromium acyl complexes, then a tethered triple bond and
two additional CO groups to yield bicyclic butenolides.

The use of stoichiometric amounts of transition metal com-
plexes for the synthesis of organic compounds can only be
acceptable if elaborate molecules are obtained and if, ideally,
most of the ligands around the metal center can be incorporated
in the final products. As examples of such reactions we can cite
those involving Fischer carbene complexes for the cyclopropa-
nation of olefins,1 and for the synthesis of phenols2 and
pyrrolinones3 from alkynes. As far as the balance of the metal
ligands in these reactions is concerned, whereas only one CO
ligand is used in the first case to form the carbene group which
is then transferred to the double bond, two CO ligands of
M(CO)6 are incorporated in the two latter examples, one for the
formation of the starting carbene complexes, the other one for
the formation of respectively a phenol and a lactam.

The purpose of this communication is to describe for the first
time a straightforward, room temperature triple insertion of CO
groups from Cr(CO)6 via carbene complexes, providing finally
polycyclic polyoxygenated compounds without the need of
external CO.4

The starting carbene complexes, containing either a tethered
triple or double bond, were prepared from Cr(CO)6 and W(CO)6
via known routes.5,6 Interaction of 1a (M = Cr, R1 = CH2Ph)
(2.02 g, 4.2 mmol) in CH2Cl2 (110 ml) at 210 °C, with an
excess (3 equiv., 0.84 ml) of a mixture of 1,2 and 1,4 N-
methyldihydropyridines in CH2Cl2 (10 ml) gave after 12 h at
room temperature, the tetrahydrobenzofuranones 2a (0.95 g,

65%) as a 77+23 mixture of two diastereoisomers which could
be separated by fractional crystallization into an oil for the
major isomer and white crystals (mp 153 °C) for the minor one.
The microanalysis confirmed the insertion of two CO groups in
the organic ligand of complex 1a.† Both the IR spectrum (nCO,
1751 cm21, n CNC, 1662 cm21) and the 13C NMR spectrum (d
CO, 172.9 and d C·C, 161.2 and 124.9) were in agreement with
the presence of a butenolide. The fitting of the various carbon
atoms was established by extensive NMR spectroscopy. The
structure of the minor stereoisomer could finally be assessed by
an X-ray analysis (Fig 1).‡ It confirmed the reduction of the
starting carbene complex, the insertion of the triple bond and of
two CO ligands and also established the stereochemistry of the
various substituents with respect to H-7a, the hydrogen at the
ring junction. The stereochemistry of the major product could
be assessed by 1H–1H COSY and NOE experiments: in both
compounds, the benzyl group is equatorial and trans with
respect to H-7a.

Complex 1b (M = Cr, R1 = H) behaved similarly and led to
a 10+1 mixture of diastereoisomers 2b, the less abundant being
obtained as white crystals, mp 90 °C. Its structure and thus the
relative stereochemistry was again established both by NMR
and by X-ray crystallography.§

When the same reaction was carried out on complex 1a (M =
W, R1 = CH2Ph), then the course of the reaction was different:
product 3a was isolated in 62% yield as a 2+1 mixture of
isomers which were separated by silica gel chromatography.
The NMR data of the minor isomer (yellowish crystals, mp 78
°C) confirmed the presence of a low field singlet at d 7.70, of
two diasteretopic hydrogens of an ethoxy group and of a
carbonyl group, d CO 200.7, belonging to a cyclohexenone.¶
Confirmation of structure 3 arose again from an X-ray analysis
(Fig. 2).‡ As far as the mechanism of these transformations is
concerned, we had already established that alkoxycarbene

Fig. 1
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complexes of chromium and tungsten were reduced by N-
methyldihydropyridines into pyridinium metallates A (Scheme
1).7

Two sets of reactions allowed the assessement of the origin of
2 and 3 starting from the intermediate A: first, the reaction of 4
with N-methyldihydropyridines in the presence of cyclopent-
2-en-1-one led to the 1,4 dicarbonyl compound 5 in 53% yield.
This confirmed the formation of an ethoxy acyl metallate B
from A and its addition to the conjugated ketone.8–10

Second, reaction of complex 6 containing a tethered double
bond led to a mixture of two possible products, 7 as the result of
its intramolecular cyclopropanation by the oxycarbene function
of B, and 8, as the result of its insertion in the metal acyl bond
of B.

If instead the R group in A and B contains a triple bond, then
its insertion into the metal–carbon double bond of the

oxycarbene complex B leads to a new carbene complex C: in the
case of tungsten, no further reaction but protonation takes place
giving 3.

In the case of chromium, an additional CO insertion occurs
leading to a ketene complex D. A nucleophilic intramolecular
interaction between the oxygen atom and the central carbon of
the ketene function, a reaction which has been well established
in the case of aminocarbene complexes, will then give the
lactone 2.3,10

Thus, starting from M(CO)6, and depending on the nature of
the metal, either two (M = W) or three CO groups (M = Cr)
were inserted leading to elaborate, functionalized molecule-
s.This result confirms again the higher propensity of chromium
to induce the insertion of carbonyl ligands and demonstrates for
the first time that up to three carbonyl ligands of Cr(CO)6 can be
used as successive building blocks.
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Scheme 1 i, R = Ph; ii, R = (CH2)2CHNCH2; iii, R = (CH2)3C·CPh.

1440 Chem. Commun., 1999, 1439–1440


