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Departamento de Quı́mica Inorgánica, Instituto de Ciencia de Materiales de Aragón, UniVersidad de
Zaragoza-CSIC, 50009 Zaragoza, Spain, Departamento de Quı́mica Orgánica, UniVersidade de Santiago de

Compostela, 15782 Santiago de Compostela, Spain, and Instituto de Quı́mica Orgánica General-CSIC, Juan de la
CierVa 3, 28006 Madrid, Spain

Received October 30, 2009; E-mail: maester@unizar.es; amlopez@unizar.es; joseluis.mascarenas@usc.es

The cleavage of C-C bonds with the help of transition-metal
complexes is a field of much current interest because of its potential
applications in organic synthesis and petroleum and pharmaceutical
research.1

Splitting of C-C single bonds of acyclic hydrocarbons to afford
metal complexes containing two different donor carbon ligands (eq
1) is a scarcely observed reaction.2 Usually, such C-C activation
requires either the attainment of aromaticity3 or the use of a
coordination auxiliary that brings the transition metal to the C-C
bond.4 Alternatively, specific C-C bond activations have been
achieved under photochemical conditions.5

The activation of C-C single bonds of high-energy hydrocarbons
such as strained three- or four-membered rings has been also
described.6 For instance, as early as 1955, Tipper reported the
conversion of cyclopropane into platinacyclobutane.7 However, to
our knowledge, splitting of cyclic hydrocarbons to give complexes
with two independent carbon donor ligands is unknown.

Alkylidenecyclopropanes are stable, strained three-membered-
ring compounds containing an exocyclic CdC bond that have
enormous potential in organic synthesis.8 While a wide range of
metal-catalyzed processes involving these substrates has been
reported,9 the number of transition-metal complexes isolated is
extremely scarce.10 Recently, we have shown that alkylidenecy-
clopropanes containing a chelation assistant at the terminal carbon
atom of the olefinic moiety undergo Os-promoted ring expansion.11

Now we have discovered that in the absence of the coordination
auxiliary, they can be cracked to ethylene and vinylidene units under
very mild conditions to afford ethylene-osmium-vinylidene com-
plexes (Scheme 1 and Figure 1).

Treatment of fluorobenzene solutions of the osmium complex
[OsTp(κ1-OCMe)2(PiPr3)]BF4 [Tp ) hydridotris(pyrazolyl)borate]
(1) with 1.4 equiv of benzylidenecyclopropane for 30 min at
room temperature leads to the quantitative formation of [OsTp-
(dCdCHPh)(η2-CH2dCH2)(PiPr3)]BF4 (2), which results from the
release of the acetone molecules and the two-way split of the three-
membered ring of the substrate. This unexpected complex was
isolated as a brown solid in 71% yield. Under the same conditions,
3-phenylpropylidenecyclopropane gives [OsTp(dCdCHCH2CH2-
Ph)(η2-CH2dCH2)(PiPr3)]BF4 (3) as a pink solid in 80% yield.

The X-ray structure of 2 proves the fragmentation of the ring
into two pieces and the formation of the vinylidene and ethylene

ligands. The former ligand is bound to the metal in a nearly
linear fashion, with an Os-C(1)-C(2) angle of 169.2(3)° and
Os-C(1) and C(1)-C(2) bond lengths of 1.841(3) and 1.312(5)
Å, whereas the coordination of the latter one is almost parallel
to the N-Os-P direction and symmetrical, with Os-C(9) and
Os-C(10) distances of 2.216(4) and 2.232(4) Å and a C(9)-C(10)
separation of 1.360(6) Å. These parameters agree well with those
found in other osmium-vinylidene12 and osmium-ethylene13

complexes.

† Universidad de Zaragoza.
‡ Universidade de Santiago de Compostela.
§ Instituto de Quı́mica Orgánica General.

Figure 1. Energy profile for the fragmentation process. The H atoms of
the pyrazolyl and PMe3 groups have been omitted for clarity.

R1-R2 + [M] f R1-[M]-R2 (1)

Scheme 1
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The fragmentation process was analyzed by density functional
theory calculations (B3PW91/LANLZDZ) using allylidenecyclo-
propane and PMe3 as models of alkylidenecyclopropane and PiPr3,
respectively. Figure 1 shows the energy profile. Starting from η2-
olefin species, insertion of the metal center into one of the
C(sp3)-C(sp2) bonds of the three-membered ring [C(2)-C(4)]
induces the formation of the osmabicyclic intermediate A, which
can be described as an osmacyclopropene stabilized by an ethylene
chelation assistant. The Os-C(2) and Os-C(1) distances of 1.882
and 2.268 Å, respectively, compare well with those found by X-ray
diffraction analysis for reported osmacyclopropene complexes14 and
support the double and single character of the bonds between the
respective atoms. Intermediate A evolves into the reaction product by
cleavage of the C(2)-C(3) bond through transition state TS2. This
step requires the decoordination of C(1) and the coordination of C(3).
The resulting ethylene-Os-vinylidene rotamer B, in which the
ethylene molecule is perpendicular to the N-Os-P direction, rear-
ranges to the final product by a 90° rotation of the olefin. The first
C(sp3)-C(sp2) rupture is the rate-determining step for the reaction.

The ethylene-Os-vinylidene species are certainly thermody-
namic sinks. These compounds can be also prepared by sequential
addition of the carbon donor fragments to 1, starting with either
ligand (Scheme 2). For instance, stirring of an acetone solution of
1 under 1 atm ethylene at room temperature produces the displace-
ment of one of the coordinated solvent molecules by ethylene to
afford [OsTp(η2-CH2dCH2)(κ1-OCMe2)(PiPr3)]BF4 (4), which re-
acts with phenylacetylene to give 2. Alternatively, the addition of
1.25 equiv of phenylacetylene to an acetone solution of 1 at room
temperature leads to the vinylidene derivative [OsTp(dCdCHPh)-
(κ1-OCMe2)(PiPr3)]BF4 (5), which gives 2 under 1 atm ethylene.

The ethylene complex 4 was isolated as a yellow solid in 87%
yield. The X-ray structure proves the presence of both acetone and
ethylene in the complex. The Os-C(1), Os-C(2), and C(1)-C(2)
distances of 2.163(4), 2.181(4), and 1.355(6) Å, respectively,
compare well with those of 2. The vinylidene derivative 5 was
isolated as a brown solid in 69% yield. Its X-ray structure proves
the tautomerization of the alkyne.15 As in 2, the coordination of
the vinylidene is nearly linear, with an Os-C(1)-C(2) angle of
179.0(3)° and Os-C(1) and C(1)-C(2) distances of 1.834(4) and
1.315(6) Å, respectively.

In conclusion, transition-metal complexes can promote the
cleavage of both C(sp3)-C(sp2) bonds of alkylidenecyclopropanes.
The process is proposed to take place via metallacyclopropene
intermediates stabilized by an ethylene chelation assistant. The

driving force for the fragmentation is the high stability of the
resulting π-olefin-M-vinylidene species.
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