
A Zwitterionic Zirconocene Alkyl Complex as a
Single-Componentr-Olefin Dimerization Catalyst

Harry van der Heijden,† Bart Hessen,*,†,§ and A. Guy Orpen‡

Shell International Chemicals B.V., Shell Research and
Technology Centre, Amsterdam, P.O. Box 38000

1030 BN Amsterdam, The Netherlands
Department of Inorganic Chemistry, The UniVersity

Bristol BS8 1TS, United Kingdom

ReceiVed June 16, 1997

Group 4 metal metallocene-type systems have attracted intense
interest due to their ability to act as highly active olefin poly-
merization catalysts in conjunction with various cocatalysts.1

Substantial evidence is now present for the role of cationic 14-
electron metallocene alkyls as active catalyst species.2 There is
a significant influence of the complementary anion on activity
and selectivity of these catalysts.3 A potential means of directing
cation-anion interactions is the covalent tethering of the anionic
moiety to the metallocene ligand system, where the positioning
of the anion relative to the catalytically active cationic metal center
should affect catalyst performance in a specific way. Recently,
several examples of such zwitterionic metallocene complexes with
a -B(C6F5)3 group attached to one of the Cp ligands (either
directly4 or via a CH2 spacer5) have been reported. However, in
ethene polymerization experiments with these systems, no direct
effect of the tethering of the anion on catalyst performance was
evident. Here we describe the preparation of a novel zwitterionic
zirconocene alkyl complex in which the anionic moiety is attached
to one of the cyclopentadienyl ligands via a two-carbon backbone.
This zwitterionic system is a highly selective single-component
R-olefin dimerization catalyst, in contrast with analogous non-
zwitterionic systems that, under the same conditions, produce
higher oligomers. The catalyst deactivates rather rapidly, probably
through allylic C-H activation of the olefin. A crystal structure
of a zwitterionic zirconoceneη3-allyl complex is presented.
Reaction of the cyclometalated complex Cp*(η,5η1-C5H4CMe2-

CH2)ZrNp (1, Cp* ) η5-C5Me5; Np) CH2CMe3)6 with B(C6F5)3
results in selective electrophilic attack of the borane on the
methylene group of the cyclometalated ligand to give the
zwitterionic zirconocene neopentyl complex Cp*[η5-C5H4CMe2-
CH2B(C6F5)3]ZrNp (2, Scheme 1).7 Its 19F NMR spectrum at-40

°C shows a fully frozen-out rotation of the B(C6F5)3 group, but
no indication for direct C-F‚‚‚Zr interaction.8 Instead, a moderate
upfield shift of the B-CH2 protons suggests some residual
interaction of this methylene group with the metal center. The
diastereotopic neopentyl methylene protons exhibit vastly different
chemical shifts (δ -1.13 and 4.29 ppm) and a relatively small
2JHH of 7.0 Hz, while the13C NMR resonance of the methylene
carbon is shifted strongly downfield (δ 129.80 ppm). The latter
may be suggestive of the presence of anR-agostic interaction.9
Complex2 is thermolabile and decomposes in bromobenzene

solution at ambient temperature with a half-life of about 1 h to
give theη3-2-methallyl complex Cp*(t-BuC5H4)Zr(η3-2-C4H7)-
[MeB(C6F5)3] (3). Although no intermediates could be observed
in the reaction, it probably proceeds through initialâ-Me
elimination10 to give a zwitterionic methyl species and isobutene,
followed by transfer of the borane to the methyl group and
subsequent allylic C-H activation10 of the isobutene (Scheme
2). In this case, the zwitterionic character of the complex is lost
through transfer of the borane moiety to a metal-bound methyl
group. The kinetic lability of the boron-alkyl bond in alkyl-
perfluorotriarylborate metallocene complexes has recently been
established conclusively.11 In this case there appears to be a
thermodynamic bias for formation of the MeB(C6F5)3 anion.
The zwitterionic zirconocene2 acts as a single-component

catalyst in its reactions with olefins. It is a highly selective
(though only moderately active) catalyst for the head-to-tail
dimerization ofR-olefins. In bromobenzene solution (ambient
temperature), 1-pentene is converted to 2-propyl-1-heptene with
>99% selectivity and no concomitant isomerization of the excess
1-pentene. Initial activity corresponds to 850 turnovers h-1, but
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the catalyst deactivates quite rapidly, limiting total conversion to
410 turnovers of 1-pentene. With propene similar reactivity is
observed, forming 2-methyl-1-pentene. This high selectivity for
dimerization is characteristic of the zwitterionic system, as
conversion of 1-pentene with related nonzwitterionic catalysts
results in formation of significant amounts of higher oligomers
(Table 1).12 The selectivity of2 for dimerization resembles that
observed for Cp2ZrCl2/MAO at low Al:Zr ratios, where the
coordinating power of Al-Cl moieties is held responsible for the
observed selectivity.13

We attempted to obtain information on the catalyst deactivation
process. By19F NMR no evidence was found for perfluoroaryl
or fluoride transfer. Electrospray MS did not show evidence for
borane-to-alkyl transfer; instead the C5H5CMe2B(C6F5)3 anion
(resulting from hydrolysis under sampling conditions) was
observed. This shows that the zwitterionic nature of the complex
is retained even after deactivation. 1-Pentene dimerization activity
could be partly restored by addition of small amounts of ethene
to the reaction mixture, and by CG, additional products could be
observed with C10+2n (n ) 1, 2, 3...) carbon backbones. This
suggests that catalyst deactivation occurs through allylic C-H
activation ofR-olefins to give zwitterionicη3-allyl species. This
type of deactivation is known for Group 3 metal and lanthanide
metallocenes and some cationic zirconocene systems.14 The
observed reactivity also corresponds to our finding that the
(nonzwitterionic) allyl complex3 is unreactive towardR-olefins
but reactive toward ethene.15

A well-defined zwitterionicη3-allyl complex was obtained from
the reaction of2 with isobutene. Allylic C-H activation of the
isobutene leads to the zwitterionic 2-methallyl complex Cp*[η5-
C5H4CMe2CH2B(C6F5)3]Zr(η3-2-C4H7) (4), which was character-
ized by single-crystal X-ray diffraction.16 The structure, shown
in Figure 1, unequivocally establishes the presence of a covalent
link between the borane and theη5-C5H4CMe2CH2 moiety and
the absence of direct C-F‚‚‚Zr interactions. The B-CH2

methylene group is directed toward the metal center and, although
the Zr‚‚‚CH2B distance of 3.307 Å is much longer than in cationic
zirconocene complexes with the MeB(C6F5)3 anion (2.640(7) Å
in Cp*2ZrMe[MeB(C6F5)3]17), the anion does seem to occupy one
coordination site around the metal center. Theη3-2-methallyl
group is shifted to one side of the “cleft” of the bent metallocene
fragment, with the C(3) methylene carbon lying nearly in the plane
defined by the metal center and the two cyclopentadienyl
centroids. Although direct interaction between the anion and the
metal center appears to be relatively small compared to complexes
with the MeB(C6F5)3 anion, in the zwitterion, the anion is less
likely to move out of the coordination sphere of the metal to form
a solvent-separated ion pair due to the covalent tethering to the
ligand system.
In conclusion, we have prepared a new well-defined zwitteri-

onic zirconocene alkyl complex2 and established that the covalent
tethering of the anionic moiety to the ligand system drastically
affects the catalyst performance relative to corresponding non-
zwitterionic systems, making2 a highly selectiveR-olefin
dimerization catalyst.

Supporting Information Available: Experimental procedures, prepa-
ration, and characterization data for compounds1-4 and crystal data,
atomic coordinates, thermal parameters, and listings of interatomic
distances and angles for4 (27 pages). See any current masthead page for
ordering and Web access instructions.
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Table 1. Relative Amounts of Di-, Tri-, and Tetramer Formed in
the Oligomerization of 1-Pentene with Various Zirconocene
Catalysts (C6D5Br Solvent, 20°C, Dimer Content Normalized
to 100)

catalyst cocatalyst C10 C15 C20

2 none 100 0.5 0
1 Ph3C[B(C6F5)4] 100 72 33
Cp*(tBuCp)ZrMe2 B(C6F5)3 100 46 20
Cp*(tBuCp)ZrMe2 Ph3C[B(C6F5)4] 100 79 46

Figure 1. Structure of4. Selected bond distances (Å) and angles (deg):
Zr(1)-C(1)) 2.412(10), Zr(1)-C(2)) 2.593(8), Zr(1)-C(3)) 2.513-
(9), C(1)-C(2) ) 1.408(12), C(2)-C(3) ) 1.382(13), C(2)-C(4) )
1.514(12), B(1)-C(23)) 1.607(12), Zr(1)‚‚‚C(23)) 3.307(10), C(15)-
C(20)-C(23)) 107.4(7), (20)-C(23)-B(1) ) 120.9(7). The second
independent molecule of4 in the crystal does not differ significantly.
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