
Ethylene Polymerization with Half-Sandwich Allyl Imido
Complexes of Tantalum

David M. Antonelli,† Ann Leins, and Jeffrey M. Stryker*

Department of Chemistry, University of Alberta, Edmonton, Alberta, Canada T6G2G2

Received April 24, 1997X

Summary: The imido-based half-sandwich complex
Cp*Ta(dN(2,6-diisopropylphenyl))(η1-C3H5)(η3-C3H5) (3)
polymerizes ethylene in the presence of [(C6H5)3C]+-
[(C6F5)4B]- or B(C6F5)3, while chloride and alkyl deriva-
tives are inactive in the presence of MAO or alkyl ab-
straction reagents. In contrast, however, Cp*Ta(dNSi-
(tert-butyl)3)Cl2 (5) polymerizes ethylene in the presence
of MAO while Cp*Ta(dNSi(tert-butyl)3)(η1-C3H5)(η3-
C3H5) (6) and Cp*Ta(dNSi(tert-butyl)3)Me2 (4) are es-
sentially inactive in the presence of alkyl abstractors.

Since the first synthesis in the early 1980s,1 there
have been numerous suggestions that half-sandwich
imido complexes of the group 5 metals would display
chemistry similar to that observed for the group 4 bent
metallocenes.2,3 This has been attributed to the isolobal
relationship between the two compound classes,4 and
indeed, several observations of structural and reactivity
similarities have been reported for half-sandwich imido
complexes of tantalum and niobium.4,5 Despite two
recent reports of olefin polymerization activity for imido
complexes of vanadium, however, no reports of active
catalysts derived from the heavier group 5 elements
have been published.6 Because of its small size and
relative inertness, the imido ligand is an attractive
alternative to many other dianionic cyclopentadienyl
ligand equivalents, such as dicarbollide,7 borollide,8
trimethylenemethane,9 and butadiene,10 which have
been used for Ziegler-Natta olefin polymerization.
Since the imido ligand has seen extensive use in ring-
opening metathesis polymerization (ROMP) chemistry11

as a stable ancillary ligand at early transition metal
centers, it might be expected to function as such in
Ziegler-Natta systems.
Previous attempts to develop a niobium or tantalum

half-sandwich imido catalyst for polymerization of ole-
fins have been largely unsuccessful.12,13 Complexes of
the type [CpTa(dNR)Cl2] and Cp*M(dNR)Cl2 (Cp )
C5H5; Cp* ) C5Me5; R ) tert-butyl, 2,6-diisopropyl; M
) Nb, Ta) are not olefin polymerization catalysts in the
presence of excess methylalumoxane (MAO).14 Fur-
thermore, it has not been possible to generate related
half-sandwich alkyl cations12b from dialkyl precursors
using a wide variety of alkyl abstraction reagents.15 The
reason for the inaccessibility of these species is not
understood, but may be related to the propensity for
imido transmetalation16 or bridging to form inactive
dimeric complexes.12b
To extend our previous investigations of group 4

metallocene bis(allyl) rearrangements17 and the reac-
tions of cationic permethylmetallocene allyl complexes,18
the chemistry of the isoelectronic group 5 half-sandwich
imido template was targeted for development. For
zirconium, the crystalline, thermally, stable 16-electron
complex [Cp*2Zr(C3H5)]+[BPh4]- 1 was shown to be a
single-component catalyst for the polymerization of
ethylene.18a,19 The permethylzirconocene methyl and

hydride cations are intractable solids or oils.15b Polym-
erization catalysis is presumably initiated by isomer-
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ization of the fluxional allyl ligand in complex 1 from
η3- to η1-coordination to generate an active 14-electron
complex. Nucleophilic addition to this complex occurs
at the central carbon of the allyl ligand, supporting a
bonding picture in which positive charge from the highly
electrophilic metal center is delocalized onto the central
carbon.18a These results suggested that cationic allyl
complexes of the group 5 metals might be more stable
than the corresponding alkyl derivatives, providing
sufficient electronic stabilization to be isolated or, at a
minimum, to be prepared in situ and used as polymer-
ization catalysts.
Treatment of Cp*Ta(dN(2,6-diisopropylphenyl))Cl24d

(2) with allylmagnesium bromide (2 equiv) leads to the
formation of the fluxional bis(allyl) complex 3.20,21
Complex 3 reacts with [Ph3C]+[B(C6F5)4]-15d in fluo-
robenzene under 80 psi of ethylene to yield an orange
solution. Within a few minutes formation of polyeth-

ylene is evident and after approximately 0.5 h stirring
completely stops. Workup using HCl/MeOH, followed
by filtration and washing of the resultant white solid

with acetone, gives polyethylene, pure by infrared
spectroscopy and elemental analysis.22 An active cata-
lyst is also obtained from complex 3 upon treatment
with B(C6F5)315e (1 equiv) in fluorobenzene under eth-
ylene. No significant polymerization is observed using
this template in toluene.
In contrast to the permethylzirconocene system, all

attempts to isolate a stable cationic allyl complex from
the reaction between complex 3 and [Ph3C]+[B(C6F5)4]-
lead only to the formation of intractable oils, as do other
standard approaches to cation generation. The reaction
between 3 and [Cp2Fe]+[B(C6F5)4]-,23 for example, gives
a paramagnetic green oil with no catalytic activity.
Protonolysis using anilinium salts or treatment with
[(C6F5)3B] leads to the isolation of intractable mixtures,
which also show no catalytic activity.
To improve our understanding of the chemistry of this

template, a second half-sandwich imido system was
constructed. The bulky (tri-tert-butylsilyl)imido ligand
sterically shields low-coordinate metal centers, prevent-
ing dimerization by blocking the γ-sphere of the metal
while maintaining a reasonably unencumbered region
in the immediate vicinity of the metal center.24 On this
basis, we anticipated that complexes of the type [Cp*M-
(dNSi(tert-butyl)3)R]+ (M ) Nb, Ta; R ) allyl, alkyl, H)
would be more stable toward deactivation than those
arylimido and alkylimido systems studied previously.
Analogous to a previously developed procedure,1 yellow
crystalline [Cp*Ta(dNSi(tert-butylsilyl)3)Me2] (4) was
prepared in 87% yield by heating Cp*TaMe3Cl25 and
LiNHSi(tert-butyl3)24 in toluene overnight at 100 °C,
followed by removal of the solvent in vacuo, tritura-
tion with pentane and crystallization from cold pen-
tane.20,21 Heating complex 4 with 2 equiv of
[iPr2EtNH]+Cl- in THF at 70 °C gave [Cp*Ta(dNSi-
(tert-butyl)3)Cl2] (5) in 84% yield after crystallization
from pentane/toluene.20,21

In contrast to the arylimido system, in the presence
of MAO, complex 5 is an ethylene polymerization
catalyst.26 Qualitatively, it is more active than the
catalyst derived from bis(allyl) complex 3, although the
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very different polymerization procedures preclude any
direct comparison. Why complex 5 is active under these
conditions and the other half-sandwich imido complexes
in this series are not is poorly understood, but it can be
tentatively attributed to the bulkiness of the tert-butyl
groups, which may prevent dimerization of the active
catalyst or inhibit MAO attack on the basic imido
nitrogen center.
For comparison, the bis(allyl) silylimido complex 6

was prepared by treatment of complex 5 with allylmag-
nesium bromide (2 equiv) in diethyl ether.20 The 1H-
NMR spectrum of 6 exhibits two signals in a 1:4 ratio
for the central and terminal protons, respectively, of the
allyl ligands, indicative of rapid equilibration between
η3- and η1-allyl coordination modes.18a An X-ray crystal

structure determination of complex 6 confirms that the
allyl ligands are η1- and η3-coordinated in the solid state
(Figure 1) and shows that the Ta-N-Si bond angle is
a nearly linear 175.7(3)°,20 similar to that observed in
related complexes.27
Surprisingly and in contrast to the closely analogous

complex 3, however, bis(allyl) complex 6 is not an eth-
ylene polymerization catalyst in the presence of [Ph3C]+-
[B(C6F5)4]- or B(C6F5)3. Dimethyl complex 4 is also
inactive in the presence of a variety of alkyl abstraction
reagents previously used to activate dimethylzirconocene
complexes toward olefin polymerization. These results
are, at present, most difficult to rationalize.
In summary, imido-based Ziegler-Natta catalysts

have been prepared through the use of ligands known
to stabilize highly reactive, coordinatively unsaturated,
Lewis acidic metal centers. Although some interesting
but as yet difficult to understand observations have been
made, these results demonstrate that the imido ligand
can provide an alternative to other dianionic cyclopen-
tadienyl analogues in the construction of group 5 olefin
polymerization catalysts. This work also demonstrates
that the allyl ligand is capable of supporting polymer-

ization activity in a catalyst system for which the
corresponding alkyl derivatives fail. Taken together,
these results reveal that very subtle changes in pre-
catalyst structure and activation can lead to dramatic
differences in the resulting catalyst structure and
activity. Further investigation is intended to define the
specific function of the allyl ligand and evaluate its
potential application to other catalyst systems.
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(26) Polymerization procedure: To a Fischer-Porter bottle contain-
ing MAO (200 equiv) in toluene (5 mL) at room temperature under
ethylene pressure (65 psi) was added a solution of compound 5 (50.6
mg, 0.083 mmol) in 5 mL of toluene. Polymerization was stopped after
20 min by addition of 6N HCl-MeOH (1:1, 20 mL). The recovered
polyethylene was washed with MeOH and dried in vacuo to a constant
weight (1.686 g). The activity under these conditions was 61 000 g of
polyethylene per mol of catalyst per h. A significant portion of the
material obtained was insoluble in 1,2,4-trichlorobenzene at 140 °C,
reflecting the production of high molecular weight polymer. The soluble
portion was analyzed by GPC, giving an average molecular weight )
1.09 × 106 and D ) 3.6.

(27) Nugent, W. A.; Mayer, J. M. Metal-Ligand Multiple Bonds;
Wiley Interscience: New York, 1988.

Figure 1. ORTEP diagram of Cp*Ta(dNSi(tert-butyl)3(η1-
C3H5)(η3-C3H5), 6 (most hydrogen atoms omitted for clar-
ity).20 Selected bond distances (Å): Ta-N, 1.799(5); N-Si,
1.735(5); Ta-C1, 2.307(7); Ta-C2, 2.400(7); Ta-C3, 2.492-
(7); Ta-C4, 2.265(7); C1-C2, 1.406(11); C2-C3, 1.381(11);
C4-C5, 1.470(11); C5-C6, 1.309(11). Selected bond angles
(deg): Ta-N-Si, 175.7(3); C1-C2-C3, 121.6(8); Ta-C1-
C2, 76.3(4); Ta-C3-C2, 70.0(4); C4-C5-C6, 128.2(9); Ta-
C4-C5, 119.8(5). Final residuals: R1 ) 0.0308, wR2 )
0.0738.
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