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Zirconocene olefin complexes have long been invoked as
critical intermediates in a variety of synthetically important
transformations. For example, zirconocene-catalyzed carbomag-
nesiation,1 which involves the alkylation of an olefin by orga-
nomagnesium reagents, is commonly considered to occur via an
olefin complex [CpR]2Zr(CH2dCHR) that is generated by reaction
of [CpR]2ZrCl2 with RCH2CH2MgX. Likewise, zirconocene
olefin-hydride and-alkyl species are important intermediates
in catalytic olefin hydrogenation2 and polymerization.3 Further-
more, olefin-hydride complexes are viewed to be the likely
intermediates responsible for alkyl group isomerization during
hydrozirconation4 and polymerization.5-7 Despite their signifi-
cance, however, zirconocene olefin-hydride complexes have not
been isolated and structurally characterized. In this paper, we
describe the first structurally characterized zirconocene ethylene-
hydride complex, namely{[Me2Si(C5Me4)2]Zr(η2-C2H4)H}2Mg.
The reactions of zirconocene halide derivatives [CpR]2ZrX2 with

alkylating agents (e.g., RMgX, RLi, R3Al, and methylalumoxane)
have been widely studied. Interestingly, even though these
reactions may be surprisingly complex,8 they nevertheless provide
important reagents for organic synthesis9 and catalysts for olefin
polymerization.3 Sinceansaderivatives are also prevalent in the
aforementioned applications, we have elected to investigate the
reactions of theansa complex [Me2Si(C5Me4)2]ZrBr210 with
Grignard reagents (Scheme 1). Significantly, whereas the reaction

of [Me2Si(C5Me4)2]ZrBr2 with MeMgBr yields the dimethyl
derivative [Me2Si(C5Me4)2]ZrMe2,11 the corresponding reaction
with EtMgBr yields the olefin-hydride complex{[Me2Si(C5-
Me4)2]Zr(η2-C2H4)H}2Mg. The latter complex may also be
obtained by insertion of the vinyl group of (CH2dCH)2Mg into
the Zr-H bond of{[Me2Si(C5Me4)2]Zr(H)(µ-H)}2 (Scheme 1).11

The molecular structure of{[Me2Si(C5Me4)2]Zr(η2-C2H4)H}2-
Mg has been determined in the solid state by X-ray diffraction
(Figure 1),12 with the{[Me2Si(C5Me4)2]Zr(η2-C2H4)H}- fragment
exhibiting the expected geometry for a bent metallocene deriva-
tive.13 Furthermore, the diffraction study demonstrates that two
of these{[Me2Si(C5Me4)2]Zr(η2-C2H4)H}- units are linked via a
Mg2+ center, which interacts principally with the zirconium
hydride ligands and the central methylene groups of the ethylene
ligands; as such, the magnesium adopts apseudo-tetrahedral
coordination.14,15 Presumably as a result of this interaction, the
zirconium-olefin bonding is asymmetric, withd(Zr-Ccent) ) 2.43
Å andd(Zr-Clatt) ) 2.26 Å.16-18 It is also evident that, with a
C-C bond length of 1.48 Å, the [Zr(η2-C2H4)] moiety of {[Me2-
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Si(C5Me4)2]Zr(η2-C2H4)H}2Mg may be appropriately described
as a metallacyclopropane.19

The synthesis of{[Me2Si(C5Me4)2]Zr(η2-C2H4)H}2Mg is par-
ticularly noteworthy since zirconocene olefin-hydride complexes
have not previously been isolated, even though olefin complexes
have been obtained as phosphine adducts [CpR]2Zr(CH2dCH-
R)(PR3) from the reactions of [CpR]2ZrX2 with RCH2CH2MgX
in the presence of PR3.20 The formation of [CpR]2Zr(CH2dCHR)-
(PR3) is commonly considered to occur via elimination of alkane
(RCH2CH3) from the dialkyl [CpR]2Zr(CH2CH2R)2. In certain
instances, the reactions of zirconocene derivatives with EtMgX
have also been reported to give dinuclear ethylene-bridged
zirconocene complexes, e.g., [Cp2ZrMe]2(µ-η2,η2-CH2dCH2)21

and{[(Me2Si)2(C5H3)]ZrEt}2(µ-η2,η2-CH2dCH2).7,22

Although the mechanism for the formation of{[Me2Si(C5-
Me4)2]Zr(η2-C2H4)H}2Mg is undoubtedly complex, two species
which have been identified prior to its generation are sequentially
the ethyl-bromide complex, [Me2Si(C5Me4)2]Zr(Et)Br,23 and the
metallacyclopentane derivative, [Me2Si(C5Me4)2]Zr(η2-C4H8);24,25

the latter complex is presumably obtained via an ethylene
intermediate, [Me2Si(C5Me4)2]Zr(η2-C2H4). Assuming that the
interconversion between [Me2Si(C5Me4)2]Zr(η2-C4H8) and [Me2-
Si(C5Me4)2]Zr(η2-C2H4) is reversible,26 a possible pathway for the
formation of{[Me2Si(C5Me4)2]Zr(η2-C2H4)H}- involves alkyla-
tion of the latter giving{[Me2Si(C5Me4)2]Zr(η2-C2H4)Et}-,27

followed byâ-hydrogen elimination.
The reactivity of{[Me2Si(C5Me4)2]Zr(η2-C2H4)H}- also pro-

vides supporting evidence for its characterization as an olefin
adduct. For example, addition of I2 results in elimination of C2H4

and formation of [Me2Si(C5Me4)2]ZrI 2. Likewise, {[Me2Si(C5-
Me4)2]Zr(η2-C2H4)H}- reacts with [Me2Si(C5Me4)2]ZrBr2 to
generate, inter alia, [Me2Si(C5Me4)2]Zr(Et)Br.
In summary,{[Me2Si(C5Me4)2]Zr(η2-C2H4)H}2Mg, the first

structurally characterized example of an olefin-hydride complex
of zirconium, has been synthesized by(i) the reaction of [Me2-
Si(C5Me4)2]ZrBr2 with excess EtMgBr and(ii) insertion of
(CH2dCH)2Mg into the Zr-H bonds of{[Me2Si(C5Me4)2]Zr(H)-
(µ-H)}2.
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Figure 1. Molecular structure of{[Me2Si(C5Me4)2]Zr(η2-C2H4)H}2Mg.
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