
 

Evidence for zirconocene dications in Kaminsky type catalysts
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Low temperature NMR studies indicate that the dicationic
salts [Zr(h-C5H4CMe2C6H4Me-p)2]2+[MeB(C6F5)3]22 and
[Zr(h-C5H4CMe2Ph)2]2+ [MeB(C6F5)3]2

2 are formed when
the neutral compounds [Zr(h-C5H4CMe2Ph)2Me2] and
[Zr(h-C5H4CMe2C6H4Me-p)2Me2] and [Zr(h-
C5H4CMe2Ph)2Me2] are treated with 2 equivalents of
B(C6F5)3.

Cationic zirconocene complexes are of great interest as catalysts
for hydrogenation,1 isomerisation2 and especially olefin poly-
merisation reactions.3–8 The donor free 14-electron [Zr(h-
C5H5)2R]+ cation is believed to be an active species in Ziegler–
Natta type olefin polymerisation. However, they are extremely
reactive and not isolable. The corresponding 16-electron donor
stabilised cations of the type [Zr(h-C5H5)2R(L)]+ or the
18-electron cations [Zr(h-C5H5)2R(L)2]+ are known where the
donor ligands are nitriles, cyclic ethers9–16 or tertiaryphos-
phines.17

Recently, we described the reactions of the compounds
[Zr(h-C5H5)(h-C5H4CMe2Ph)Me2] 1, [Zr(h-C5H5)(h-
C5H4CMe2C6H4Me-p)Me2] 2, [Zr(h-C5H4CMe2Ph)2Me2] 3,
and [Zr(h-C5H4CMe2C6H4Me-p)2Me2] 4 with the Lewis acid
B(C6F5)3 which gave monocations, e.g. [Zr(h-C5H5)(h-
C5H4CMe2Ph)Me2]+[MeB(C6F5)3]2. The NMR evidence indi-
cated there was intramolecular phenyl coordination to the
cationic zirconium centre.18 These complexes may be regarded
as models of solvated cationic zirconocene species presumed to
be present in toluene solutions of Kaminsky type olefin
polymerisation catalysts.

Metallocene dications [M(h-C5H5)2L2]2+X22 have been
reported,19–22 (M = Ti, Zr; L = H2O or MeCN; X = CF3SO4

2

ClO4
2, BPh4

2 ) and notably recent work by Erker and
coworkers (A).17

Here we report evidence for the formation of dicationic
zirconocenes stabilised by metal-arene interactions.

The previously described18 compounds [Zr(h-
C5H4CMe2Ph)2Me2] 3 and [Zr(h-C5H4CMe2C6H4Me-p)2Me2]
4 were treated with 2 equivalents of B(C6F5)3 in CD2Cl2. The
reactions were monitored by NMR spectroscopy. At 260 °C
the reaction of 4 proceeds cleanly to give a single product,
which the NMR data below clearly indicate is the salt [Zr(h-
C5H4CMe2C6H4Me-p)2]2+[MeB(C6F5)3]2

2 5.
The NMR spectroscopic evidence supporting the structure

proposed for 5 is:

(i) A broad signal at d 0.40 in the 1H NMR spectrum and a
corresponding broad signal at d 9.58 in the 13C NMR
spectrum which can be assigned to the separate
[MeB(C6F5)3]2 anion.23 This observation is further
strengthened by the chemical shift difference Dd(m,p-F)

between the m- and p-19F of the anion.24 Values of
Dd(m,p-F) between 3 and 6 ppm indicate coordination of
the anion to the zirconium centre whilst values < 3 ppm
indicate non coordination of the anion. The observed
value of Dd 2.8 ppm corresponds to a solvent-separated
ion pair.

(ii) The absence of a ZrMe signal in 1H and 13C NMR
together with the integration of the [MeB(C6F5)3]2 anion
(6H) indicates the abstraction of two rather than one
methide group from the metal.

(iii) Unlike the reaction product of 4 with one equivalent of
B(C6F5)3

18 the dication 5 possesses a C2 axis, which
renders the two phenyl groups and the two cyclopenta-
dienyl ligands equivalent. Therefore only four signals for
the phenyl group and four signals for the cyclopentadie-
nyl ligand are observed in the 1H NMR spectrum.
Furthermore, unlike the reaction product of 4 with 1
equivalent of B(C6F5)3, the signals for the cyclopentadie-
nyl hydrogens are sharp, as seen in Fig. 1 showing the 1H
NMR spectrum of the reaction product of 4 with 1
equivalent of B(C6F5)3 and Fig. 2, the spectrum of the
dication 5 formed with 2 equivalents of B(C6F5)3.

(iv) One of the proton signals of each of the cyclopentadienyl
ligands of 5 is significantly shifted upfield (d 3.70) which
can be explained by the magnetic anisotropy of the
phenyl group. In contrast to the 1H NMR spectrum of the
reaction product of [Zr(h-C5H5)(C5H4CMe2C6H4Me-p)-
Me2] 2 and 1 equivalent of B(C6F5)3, where one of the
cyclopentadienyl hydrogen signals is shifted downfield
(d 6.94), due to a deshielding effect of the phenyl ring,

Fig. 1 1H NMR spectrum of 4 with 1 equivalent of B(C6F5)3 at 260 °C.
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here the phenyl ring is located slightly differently
probably due to the more sterically crowded environment
around the zirconium metal and the cyclopentadienyl
hydrogen encounters a shielding effect. Interesting is the
corresponding 13C signal, which is observed at d 128.43
(assignment via CH correlation spectroscopy).

(v) Similar to the 1H NMR of the reaction product of 2 with
1 equivalent B(C6F5)3, one of the phenyl hydrogen
signals is shifted upfield to d 6.69 (cf. Fig. 2). This can be
assigned to a hydrogen coordinated, or close to, to the
zirconium centre. Similar observations of upfield shifts
of coordinated phenyl-hydrogen have been made be-
fore,25 notably by Horton et al.26

(vi) Warming the sample of 5 to 240 °C changes the NMR
spectra giving new peaks which are identical to the
previously described monocation [Zr(h-
(C5H4CMe2C6H4Me-p)2Me]+[MeB(C6F5)3]2 18 and the
presence of excess B(C6F5)3 also appears in the 19F NMR
spectrum. This reaction is reversible and on re-cooling
the sample to 260 °C the original spectrum is restored.
Further warming above 240 °C increases the amount of
the monocation, however some decomposition products
are also observed.

The reaction between [Zr(h-C5H4CMe2Ph)2Me2] 3 and 2
equivalents of B(C6F5)3 also gives a product with similar
properties to 5. However it is less soluble than 5 and this
restricts investigations at 260 °C. Nonetheless the data are fully
consistent with the proposed formulation of the product [Zr(h-
C5H4CMe2Ph)2]2+ [MeB(C6F5)3]22 6. Crystals of 6 were not
suitable for X-ray crystallography due to twinning. The NMR
data for the compounds 5 and 6 are available as supplementary
data (see http://www.rsc.org/suppdata/cc/1999/115).

In conclusion the reaction of 3 and 4 with 2 equivalents of
B(C6F5)3 leads to the formation of dicationic complexes 5 and
6. These complexes have been characterised by NMR spectros-
copy and elemental analysis. The dications of 5 and 6 can be
viewed as a model for the cationic species [Zr(h-C5H5)2(sol-
vent)2]2+ and these may well be present in aromatic solutions of
Kaminsky-type zirconocene olefin polymerisation catalysts
systems.
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Fig. 2 1H NMR spectrum of 4 with 2 equivalents of B(C6F5)3 at 260 °C.
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