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The cyclopropanation of alkenes with diazo compounds

catalyzed by metal complexes, a carbon analogue of metal-

4843

ruthenium/osmium biscarbene analogues. Herein we describe the
isolation and structure characterization of an intrigliggarbene
osmium porphyrin. This biscarbene species represents the first
structurally characterizetlans-biscarbene metal complex whose
carbene groups are not stabilized by heteroatom(s), has an
unprecedentedly long #MC(carbene) bond for such a class of
carbene group, allows direct comparison among the structure
features of X>M=X (X = CPh,, 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 €H insertion of unfunctionalized
alkenes, constituting the firssolated metat-carbene complex
exhibiting such reactivity:'°

Several years ago, Woo and co-workédemonstrated that a
simple osmium porphyrin, [Os(TTP)(COY2 can catalyze the
cyclopropanation of alkenes with ethyl diazoacetatgQINCO,-
Et), and that an isolated monocarbene complex, [Os(TTP)(GHCO

catalyzed epoxidation or aziridination of alkenes, has attracted aEt)], can undergo stoichiometric cyclopropanation with styrene.

myriad of attentiort. It is widely believed that these cyclopro-
panation reactions proceed via metaarbene intermediates,
which is supported by the isolation of a femonocarbenenetal
complexes that can undergo stoichiometric cyclopropanation with
alkeneg. Strikingly, while there are a considerable number of
isolated biscarbene metal complexes in the literattirglong
with several tetra- up to hexacarbene spetieme of them have

been reported to be reactive toward alkene cyclopropanations. In

view of the alkene epoxidation/aziridination reactivities observed
for dioxo’/bisimidd® ruthenium(VI1) porphyrins, we conceive that
an alkene cyclopropanation reactivity may be observable for their
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In our efforts to extend the “}CHCOEt + [Os(TTP)(CO)]”
system to diphenyldiazomethane,(Ph) in conjunction with a
highly fluorinated osmium porphyrin, [Os(TPFPP)(CQOJ)),{**
we found that complexX can catalyze the cyclopropanation of
styrene with NCPh in dichloromethane at 4%C to form 1,1,2-
triphenylcyclopropane in 85% isolated yield (reaction 1), which
Ph Ph
[Os(TPFPP)(CO)] (1)
(1 mol %)

1

/—_ + N,CPhy

Ph
Ph
yield: 85%

represents an efficient metal complex-catalyzed cyclopropanation
of an aromatic alkene with diaryldiazomethdAeAlthough
treatment of complext with 1 equiv of NCPh afforded a
monocarbene complex [Os(TPFPP)(GRR) in 92% yield, this
isolated monocarbene species underwent no stoichiometric cy-
clopropanation reaction with styrene even af80under solvent
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Interestingly, treatment of compleXwith excess NCPh in
dichloromethane gave ®iscarbenecomplex, [Os(TPFPP)
(CPhy)2] (3), in 61% isolated yield (reaction 2 in Scheme!d).
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Scheme 1 alkene. Reaction 4 also occurred in dichloromethane atCl0O

Ph Ph but proceeded more slowly under these conditions. A striking
feature of the cyclopropanation Byies in the high yield achieved

for trans-5-methylstyrene (92%), which has not been reported to
be a good substrate for the cyclopropanations mediated by other
Al metalloporphyring21” Competitive cyclopropanation of styrene
N2CPh; | (3) @ and para-substituted styrerneX-CsH,CH=CH, (X = MeO, Me,

Cl, CR) by 3 revealed that the cyclopropanation process is
promoted by the electron-donating but retarded by the electron-
withdrawing substituents, and the légl(ky) vs o™ plot exhibits

oc a linearity withp™ = —1.28 + 0.08 andR = 0.99 (see Figure
er S1).

@

.gs Remarkably, the reaction between compdend cyclopentene

(8a) or cyclohexenegb) resulted in transfer of the carbene group
selectively into the allylic €&H bonds, affording respective
@ diphenylmethyl-substituted cyclic alkene8) (n ~80% yields

N.CPh, (reaction 5).
Complex3 can also be prepared in a similar yield from a direct CPhy
reaction of complexX with excess MCPh, (reaction 3 in Scheme
1). The3C NMR spectra of and3 show a low-field signal at N <>—H S—
273.60 and 313.79 ppm, respectively, which are typical for metal 1 n
carbene complexées. CPhy 8an=2

Both complexe2 and 3 have been characterized by X-ray 3 8b:n
structure determinations. The structure of the biscarbene complex
3 shows several unusual features. First, compared with tlre Os

3
| Pho
C(carbene) bond lengths in monocarbene compl@x@s370(2) + @—CHPM (5)
n
2

A) and [Os(TTP)(O¢-CsHaMe),)] (1.856(8) A)24 the correspond-

ing bond lengths i (2.035(2) and 2.027(3) A) are rather lofy. 9a: 80%

Such a large difference in the ©€(carbene) distance between 9b: 83%

mono- and biscarbene complex2sand 3 can be attributed to

the trans effect of the CRlgroup and could account for the It should be noted that reactions 4 and 5 are unlikely to proceed

dramatic difference in their reactivity (see below). Second, the via free CPh species in solution. Upon preparation of [Os-
PhC=0s=CPh moiety in 3 adopts a roughly perpendicular (TPFPP)(CPkd,0)2] (3-d20) from 1 and excess PCPh-diq, we
arrangement of the two carbene groups (similar to allen€=R conducted a crossover experiment, which showed that no cross-
C=CR), unlike the parallel arrangement of the heteroatom- over product, [Os(TPFPP)(CRICPh-dg)], is formed in an
stabilized carbene groups in an octahedi@nsbiscarbene equimolar mixture of3 and 3-dy, in dichloromethane at 40C.
molybdenum comple® Third, the porphyrin ring i8 exhibits The present work provides new insight into the intermediates
a large ruffling distortion with a mean deviation of 0.197 A from  in metal-catalyzed cyclopropanation of alkenes. The inertness of
its least-squares plane, in contrast to the basically planar porphyrin2 toward stoichiometric styrene cyclopropanation and the obser-
ring in the monocarbene compleéxwith a mean deviation of  vation of reactions 24 (Scheme 1) suggest that thiscarbene

0.0382 A. species3 acts as an active intermediate in reaction 1. This is
The formation of3 from reaction ofl with excess NCPh further supported by an efficient cyclopropanation of styrene with
formally resembles the reaction betwekand excess PHINTs N,CPh in the presence of a catalytic amountpfvhich afforded

or mCPBA to form [Os(TPFPP)(NTg) (4) or [Os(TPFPP)g} the cyclopropane product in 63% isolated yield without an
(5), respectively, both of which have been isolated and character-induction period under the same conditions as for catalyst
ized by X-ray structural determinations (68 Ts 1.803(3), 1.799-
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