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The cyclopropanation of alkenes with diazo compounds
catalyzed by metal complexes, a carbon analogue of metal-
catalyzed epoxidation or aziridination of alkenes, has attracted a
myriad of attention.1 It is widely believed that these cyclopro-
panation reactions proceed via metal-carbene intermediates,
which is supported by the isolation of a fewmonocarbenemetal
complexes that can undergo stoichiometric cyclopropanation with
alkenes.2 Strikingly, while there are a considerable number of
isolated biscarbene metal complexes in the literature,3-5 along
with several tetra- up to hexacarbene species,6 none of them have
been reported to be reactive toward alkene cyclopropanations. In
view of the alkene epoxidation/aziridination reactivities observed
for dioxo7/bisimido8 ruthenium(VI) porphyrins, we conceive that
an alkene cyclopropanation reactivity may be observable for their

ruthenium/osmium biscarbene analogues. Herein we describe the
isolation and structure characterization of an intriguingbiscarbene
osmium porphyrin. This biscarbene species represents the first
structurally characterizedtrans-biscarbene metal complex whose
carbene groups are not stabilized by heteroatom(s), has an
unprecedentedly long MdC(carbene) bond for such a class of
carbene group, allows adirect comparison among the structure
features of XdMdX (X ) CPh2, NTs, O) functional groups, and
can react with unfunctionalized alkenes to form cyclopropanation
products. Of particular interest is that this biscarbene species is
also reactive toward allylic C-H insertion of unfunctionalized
alkenes, constituting the firstisolatedmetal-carbene complex
exhibiting such reactivity.9,10

Several years ago, Woo and co-workers2a demonstrated that a
simple osmium porphyrin, [Os(TTP)(CO)],11a can catalyze the
cyclopropanation of alkenes with ethyl diazoacetate (N2CHCO2-
Et), and that an isolated monocarbene complex, [Os(TTP)(CHCO2-
Et)], can undergo stoichiometric cyclopropanation with styrene.
In our efforts to extend the “N2CHCO2Et + [Os(TTP)(CO)]”
system to diphenyldiazomethane (N2CPh2) in conjunction with a
highly fluorinated osmium porphyrin, [Os(TPFPP)(CO)] (1),11b

we found that complex1 can catalyze the cyclopropanation of
styrene with N2CPh2 in dichloromethane at 40°C to form 1,1,2-
triphenylcyclopropane in 85% isolated yield (reaction 1), which

represents an efficient metal complex-catalyzed cyclopropanation
of an aromatic alkene with diaryldiazomethane.12 Although
treatment of complex1 with 1 equiv of N2CPh2 afforded a
monocarbene complex [Os(TPFPP)(CPh2)] (2) in 92% yield, this
isolated monocarbene species underwent no stoichiometric cy-
clopropanation reaction with styrene even at 80°C under solvent
free conditions.

Interestingly, treatment of complex2 with excess N2CPh2 in
dichloromethane gave abiscarbenecomplex, [Os(TPFPP)-
(CPh2)2] (3), in 61% isolated yield (reaction 2 in Scheme 1).13
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Complex3 can also be prepared in a similar yield from a direct
reaction of complex1 with excess N2CPh2 (reaction 3 in Scheme
1). The13C NMR spectra of2 and3 show a low-field signal at
273.60 and 313.79 ppm, respectively, which are typical for metal-
carbene complexes.5

Both complexes2 and 3 have been characterized by X-ray
structure determinations. The structure of the biscarbene complex
3 shows several unusual features. First, compared with the Osd
C(carbene) bond lengths in monocarbene complexes2 (1.870(2)
Å) and [Os(TTP)(C(p-C6H4Me)2)] (1.856(8) Å),14 the correspond-
ing bond lengths in3 (2.035(2) and 2.027(3) Å) are rather long.15

Such a large difference in the Os-C(carbene) distance between
mono- and biscarbene complexes2 and 3 can be attributed to
the trans effect of the CPh2 group and could account for the
dramatic difference in their reactivity (see below). Second, the
Ph2CdOsdCPh2 moiety in 3 adopts a roughly perpendicular
arrangement of the two carbene groups (similar to allenes R2Cd
CdCR2), unlike the parallel arrangement of the heteroatom-
stabilized carbene groups in an octahedraltrans-biscarbene
molybdenum complex.3a Third, the porphyrin ring in3 exhibits
a large ruffling distortion with a mean deviation of 0.197 Å from
its least-squares plane, in contrast to the basically planar porphyrin
ring in the monocarbene complex2 with a mean deviation of
0.0382 Å.

The formation of3 from reaction of1 with excess N2CPh2

formally resembles the reaction between1 and excess PhIdNTs
or m-CPBA to form [Os(TPFPP)(NTs)2] (4) or [Os(TPFPP)O2]
(5), respectively, both of which have been isolated and character-
ized by X-ray structural determinations (OsdNTs 1.803(3), 1.799-
(3) Å; OsdO 1.741(2) Å).Direct comparison of the spectral and
structural features among the biscarbene, bisimido, and dioxo
metal complexes (Table S1) reveals a substantially smaller Hâ
chemical shift16 and a much longer M-L axial bond for the
biscarbene complex3 than for the bisimido and dioxo complexes
4 and5.

Treatment of3 with styrene and its derivatives6 at 80 °C
afforded the corresponding cyclopropanes7 in 70-94% yields
(reaction 4 in Scheme 1 and Table S2), accompanied by formation
of the monocarbene complex2. In contrast, neither4 nor 5 was
found to undergo imido or oxo group transfer reaction with an

alkene. Reaction 4 also occurred in dichloromethane at 40°C
but proceeded more slowly under these conditions. A striking
feature of the cyclopropanation by3 lies in the high yield achieved
for trans-â-methylstyrene (92%), which has not been reported to
be a good substrate for the cyclopropanations mediated by other
metalloporphyrins.2a,17 Competitive cyclopropanation of styrene
and para-substituted styrenesp-X-C6H4CHdCH2 (X ) MeO, Me,
Cl, CF3) by 3 revealed that the cyclopropanation process is
promoted by the electron-donating but retarded by the electron-
withdrawing substituents, and the log(kX/kH) vs σ+ plot exhibits
a linearity with F+ ) -1.28 ( 0.08 andR ) 0.99 (see Figure
S1).

Remarkably, the reaction between complex3 and cyclopentene
(8a) or cyclohexene (8b) resulted in transfer of the carbene group
selectively into the allylic C-H bonds, affording respective
diphenylmethyl-substituted cyclic alkenes (9) in ∼80% yields
(reaction 5).

It should be noted that reactions 4 and 5 are unlikely to proceed
via free CPh2 species in solution. Upon preparation of [Os-
(TPFPP)(CPh2-d10)2] (3-d20) from 1 and excess N2CPh2-d10, we
conducted a crossover experiment, which showed that no cross-
over product, [Os(TPFPP)(CPh2)(CPh2-d10)], is formed in an
equimolar mixture of3 and3-d20 in dichloromethane at 40°C.

The present work provides new insight into the intermediates
in metal-catalyzed cyclopropanation of alkenes. The inertness of
2 toward stoichiometric styrene cyclopropanation and the obser-
vation of reactions 2-4 (Scheme 1) suggest that thebiscarbene
species3 acts as an active intermediate in reaction 1. This is
further supported by an efficient cyclopropanation of styrene with
N2CPh2 in the presence of a catalytic amount of3, which afforded
the cyclopropane product in 63% isolated yield without an
induction period under the same conditions as for catalyst1.18
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