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Abstract

The fulvalene complex {CpZr(CH 3),},(n°: n°-C,,Hy) reacts with [CPh;][B(C4Fs),] at —60°C in the absence of donor ligands
with elimination of methane, to give the dinuclear u-CH, complex [(CpZr),(u-CH ;X u-CH,X0° : n°-C,;Hg)]*. The relevance of
this very facile a-H elimination process as a pathway in the deactivation of homogeneous Ziegler catalysts is discussed.
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Base-free cationic Group 4 metal alkyls of the gen-
eral formula [Cp,M-R]* (1) M =Ti, Zr, Hf) are
highly active catalysts for the polymerization of olefins
[1-3]. We have recently reported the formation of
dinuclear methyl complexes of the type [{Cp,M-
(CH )},(u-CHI* (2) (M = Zr, Hf) by the treatment
of Cp,M(CH,), with [CPh;][B(C(F;),] at low tempera-
ture, to give thermally stable catalysts for the polymer-
ization of ethylene and propene, and have demon-
strated that catalytic activity depends on the dissocia-
tion of 2 into Cp,M(CH,), and the active species 1
(Scheme 1) [4].

By contrast, the analogous reaction of the fulvalene
complex 3 [5] with [CPh;I[B(CF;),] in dichlorometh-
ane at —60°C leads to the immediate formation of the
red u-CH, complex 4 [Eq. (1)] in quantitative yield, as
indicated by "H-NMR spectroscopy. The compound is
isolated as a burgundy-red solid by the addition of
cyclopentane to the reaction mixture. The same prod-
uct is formed at room temperature in either
dichloromethane or toluene.
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Attempted recrystallizations were unsuccessful and
led to less pure material. Monitoring the reaction by
NMR at —60°C gave no indication of the expected
intermediate [(CpZrCH ;),(u-CHX7* : 73-C ,yHI",
which evidently undergoes very facile a-H abstraction
leading to the evolution of methane to give the bridg-
ing methylene complex 4. The u-CH, ligand is identi-
fied in the 'H-NMR spectrum by a set of two doublets
at 8§ =4.35 and 9.91 for the two inequivalent hydro-
gens, and by a low field >C-NMR signal at & = 188.2.
Well-defined products of a-H abstraction from zirco-
nium alkyls are very rare; examples include neutral
complexes containing bridging neohexylidene ligands
between zirconium and aluminium [6] and a recently
reported mononuclear zirconium benzylidene complex
[7]. In either case the a-H abstraction requires irradia-
tion or warming to much higher temperature.

Miilhaupt and coworkers [8] noted that the kinetics
of propene polymerization with a Cp,ZrCl,/ methyl-
aluminoxane catalyst can be interpreted by assuming a
reversible and an irreversible deactivation process, with
both processes being second-order in [Zr]. It is tempt-
ing to speculate that the equilibrium 2 = 1 + Cp,MMe,
provides a model for the reversible deactivation pro-
cess; i.e. 2 is a temporarily dormant state, while the
formation of a u-CH, species of type 4 is irreversible.
Although it has not yet been possible to identify w-al-
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Scheme 1.

kylidene complexes in such polymerisation systems, the
very facile formation of 4 suggests that a-H abstraction
processes must be considered as plausible side-reac-
tions in homogeneous polymerization catalysts which
may possibly contribute to catalysts decay. However,
complex 4 is not catalytically inactive and does poly-
merise ethylene, although its productivity is more than
an order of magnitude lower than that of [Cp,ZrMe]*
under comparable conditions [9]. It appears therefore
that if bridging alkylidene complexes are involved in
catalyst deactivation, they may contribute to the overall
reduction in activity but may not necessarily represent
the end-products of the deactivation process [10].

Experimental section
All reactions were carried out under strictly anaero-

bic conditions following procedures detailed elsewhere
[3]. Synthesis of 4 was carried out at both —60°C and
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room temperature, with identical results. The solubility
of 3 in CD,Cl, at low temperature is limited, and a
suspension was used. 500 mg (1.0 mmol) 3 was sus-
pended in 20 ml dichloromethane. A solution of 0.91 g
(1.0 mmol) [CPh,B(CFs),] in 10 ml CH,Cl, was
added, and the mixture was stirred for 30 min while
the solution turned clear red. On addition of 20 ml
cyclopentane a burgundy-red, very air-sensitive solid
was obtained (1.0 g, 0.87 mmol, 87%). '"H-NMR
(CD,Cl,, —50°C): —1.67 (s, 3 H, u-CH ), 435(d, 1 H,
Jim = 8.25 Hz, p-CH,), 6.38 (s, 10 H, Cp), 6.11 (m, 4
H), 6.23 (m, 2 H), 6.92 (m, 2 H) (1}5 :m>-CoHjg), 9.91
(d, 1 H, Jyyy, = 8.25 Hz, u-CH,). "C-NMR (CD,Cl,,
—60°C): 62.59 (u-CH,), 109.36, 109.54, 110.76, 112.72,
113.47 (n°:1°-C,yH,), 188.19 (u-CH,). The reso-
nances of the anion correspond to free [B(C(F;),]”
and are omitted.
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