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Monocyclopentadienyl titanium catalysts:
ethene polymerisation versus ethene trimerisation
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Abstract

The chemistry of monocyclopentadienyl titanium complexes with pendant arene groups on the cyclopentadienyl ligand is reviewed, with
an emphasis on cationic titanium dialkyl derivatives and their performance in catalytic olefin conversion. In these cationic species, the
pendant arene group can coordinate in intramolecular fashion to the metal centre. The effect of this arene coordination on catalytic olefin
conversion depends strongly on the nature of the bridge between the cyclopentadienyl and arene moieties. Whereas intramolecular arene
coordination is generally detrimental to styrene and propene polymerisation performance, it causes a dramatic switch in ethene conversion
behaviour, resulting in high activity and selectivity for catalytic trimerisation of ethene to 1-hexene. Possible reasons for this behaviour are
discussed.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

In the late 1980s, Ishihara et al. discovered that the com-
bination of CpRTiX3 (CpR, substituted or unsubstituted cy-
clopentadienyl; X, monoanionic ligand) with methyl alu-
moxane (MAO) cocatalyst was able to catalyse the polymeri-
sation of styrene tosyndiotactic polystyrene[1–4]. Since
then, a range of publications have appeared that address the
catalytic properties of CpRTiX3/MAO or CpRTiR3 (R =
hydrocarbyl) in combination with other activators in cat-
alytic olefin conversion (see e.g.[5–14]and references cited
therein).

At first glance these precatalyst/cocatalyst combinations
look very simple, but it has proven to be difficult to deter-
mine precisely what the nature of the catalytically active
species for the various processes is. There has been consid-
erable controversy on the oxidation state of the metal centre
in the species responsible for the syndiotactic polymerisa-
tion of styrene, Ti(III) or Ti(IV) [15–18]. After extensive
investigations, it appears that a Ti(III) species is responsible
for syndiotactic styrene polymerisation, whereas a Ti(IV)
species effects the (co)polymerisation of ethene and various
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1-alkenes[19]. This was corroborated by recent observations
by Mahanthappa and Waymouth, who used well-defined
Ti(III) and Ti(IV) hydrocarbyl catalyst precursors[20].

A surprising observation was made by Pellecchia et al.,
who found that the Cp∗TiMe3/B(C6F5)3 (Cp∗ = C5Me5)

catalyst system in toluene solvent catalyses the homopoly-
merisation of ethene to give polyethene with C4 short-chain
branches[21] (Scheme 1). This suggested the presence of
a catalytic species that can trimerise ethene to 1-hexene,
which is subsequently incorporated into the polymer. Sim-
ilarly, attempted copolymerisation of ethene and styrene
with this catalyst system resulted in formation of phenylhex-
enes together with polyethene containing 4-phenyl-1-butyl
branches[22,23]. The selective trimerisation of ethene to
1-hexene has been observed for several Cr-based catalyst
systems[24–32]. As the proposed reaction pathway for
this conversion involves metallacyclic intermediates via an
oxidative coupling/insertion/H-transfer/reductive elimina-
tion sequence[24] (Scheme 2), the observation of ethene
trimerisation in the Cp∗TiMe3/B(C6F5)3/toluene/ethene
system (albeit as a minor side reaction) could imply the
involvement of a Ti(II) species.

The above observations suggest that interesting infor-
mation might be gained from a closer study of cationic
monocyclopentadienyl titanium hydrocarbyl species. In the
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early 1990s, Gillis et al. observed by NMR spectroscopy
that Cp∗MMe2-cations (M = Ti, Zr, Hf) can be solvated
by aromatic solvents such as benzene or toluene to give
species [Cp∗MMe2(η6-arene)]+ [33]. Whereas this sol-
vation is an equilibrium for Ti (Scheme 3), the arene
appears to be considerably more strongly bound for the
4d/5d congeners Zr and Hf, and the existence of these
species was corroborated for two Hf derivatives by sin-
gle crystal X-ray structure determinations[34,35]. Flores
et al. also obtained NMR spectroscopic evidence forin-
tramolecular coordination of the arene moiety in the cation
[(η5,η6-C5Me4CH2CH2Ph)TiMe2]+ [36].

This prompted us, as well as Sassmannshausen et al., to
investigate the structural and reactive properties of cationic
monocyclopentadienyl titanium hydrocarbyl species with
an intramolecularly coordinated aromatic group. It turns
out that, whereas intramolecular arene coordination in these
species is generally detrimental to their performance in
catalytic styrene and propene polymerisation (lowering the
activity of the catalyst and the molecular weight of the
polymer produced), it is able to switch the catalyst selec-
tivity in ethene conversion from ethene polymerisation to
ethene trimerisation. This phenomenon allowed us to access
titanium-based ethene trimerisation catalysts that in catalyst
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activity and overall productivity may be compared with the
best chromium based catalysts currently available.

This paper reviews the recent developments in the chem-
istry of monocyclopentadienyl titanium complexes with pen-
dant arene functionalities, in particular with respect to their
catalytic properties. Although some examples of analogous
Zr complexes have been reported[37–40], these are not dis-
cussed explicitly.

2. Synthesis of linked cyclopentadienyl-arene ligands
and their group 4 metal complexes

Cyclopentadienyl ligands that are connected to an arene
moiety via a covalent link can be synthesised through vari-
ous routes. A very versatile route to Cp-arene ligands with a
one- or two carbon link is the addition of aryl-lithium or ben-
zyl Grignard reagents to fulvenes (Scheme 4) [37,41–44].
As these fulvenes are readily accessible via the reaction of
(substituted) cyclopentadienes with ketones[45], the route
allows a wide variation in substituents on the cyclopentadi-
enyl group, on the carbon atom of the spacer that is attached
to the cyclopentadienyl group, and on the arene moiety.
This procedure has also been extended to include benzo-
fulvene[39,40]. Benzyl, diphenylmethyl and 2-phenylethyl
cyclopentadienes have been prepared from CpNa and
the appropriate benzylic halide or (2-bromoethyl)benzene
[37,46,47] (Scheme 5), whereas the sterically demanding
triphenylmethyl group can be introduced by reaction of
trityl halides with cylopentadienyl tin reagents[48,49]. Lig-
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ands with a dimethylsilyl bridge can be obtained by reaction
of CpNa with aryl-substituted chlorosilanes[37,50]. The
substituted tetramethyl cyclopentadiene HC5Me4(CH2)2Ph
was obtained from 2,3,4,5-tetramethylcyclopentenone by
reaction with (2-bromomagnesioethyl)benzene followed by
protonation and dehydration[36].

Attachment of one cyclopentadienyl-arene ligand to tita-
nium can conveniently be performed by reaction of the corre-
sponding trimethylsilyl-cyclopentadiene reagents with TiCl4
[37,44]. Alternatively, reaction of the cyclopentadienyl anion
(as its Li or Na salt) with Ti-halides can be employed. Subse-
quent trialkylation to give (η5-cyclopentadienyl-arene)TiR3
compounds (R= Me, CH2Ph) proceeds smoothly with
Grignard or dialkyl magnesium reagents[36,37,43].

3. Generation and stability of cationic
cyclopentadienyl-arene titanium dialkyl cations

The trimethyl complexes [η5-cyclopentadienyl(bridge)-
arene]TiMe3 can be converted into the monocations
{[η5,η6-cyclopentadienyl(bridge)arene]TiMe2}+ by reac-
tion with the Lewis acid B(C6F5)3 or [CPh3][B(C6F5)4]
(Scheme 6). The coordination of the arene moiety to the
metal centre could be established by1H and13C NMR spec-
troscopy. It is observed that the the areneo-H resonances are
shifted upfield, them- andp-H resonances downfield relative
to the resonances in the neutral trimethyl complexes[36,37].
In the13C NMR spectra, them-C resonances are shifted up-
field, whereas the other arene C resonances are shifted down-
field; these shifts are accompanied by a noticeable increase
in the C–H coupling constants[36]. For the complexes with
[C5H4(bridge)arene]-ligands, the chemical shift difference
between the two sets of cyclopentadienyl proton resonances
increases upon coordination of the arene moeity, in response
to the chelate strain imposed on the ligand system. This
phenomenon is also observed inansa-metallocenes[51].
Thus the observed chemical shift difference is smaller in
the C2-bridged cation [(η5,η6-C5H4CMe2CH2Ph)TiMe2]+
(�δ = 0.97 ppm) than in the more strained C1-bridged
cation [(η5,η6-C5H4CMe2Ph)TiMe2]+ (�δ = 1.46 ppm)
[37]. Although the spectroscopic evidence clearly estab-
lishes the coordination of the arene moiety to the metal
centre in solution, this interaction is sufficiently weak to
be readily disrupted by the addition of hard Lewis ba-
sic ligands (e.g. THF)[37,43]. As yet no structural data
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based on single crystal X-ray diffraction are available
for (η5,η6-cyclopentadienyl-arene)titanium dialkyl cations,
although a structure of the dinuclear Ti(III) dication
{[η5,η6-C5H4CMe2(3,5-Me2C6H3)]Ti(�-Br)}22+ (a de-
composition product of the corresponding dimethyl cation,
vide infra; Scheme 7) is available[43]. In this structure it
can be seen that the C1-bridge in the ligand imposes sub-
stantial geometrical constraints, as the arene moiety is asym-
metrically coordinated, with average Ti–C(arene) distances
Ti–Cipso = 2.38 Å, Ti–Co = 2.25 Å, Ti–Cm = 2.69 Å and
Ti–Cp = 2.73 Å.

The [(η5,η6-cyclopentadienyl-arene)TiMe2]+ species ap-
pear to be reasonably stable in solution at or below 0◦C
for the systems with C1 or C2 spacers between the cy-
clopentadienyl and arene moieties. In contrast, Bochmann
and coworkers observed that reaction between (η5-C5H4
SiMe2Ph)TiMe3 and [CPh3][B(C6F5)4] resulted in a
very unstable product (decomposition at−60◦C), sug-
gesting a much less favourable Ti–arene interaction in
the SiMe2-bridged species[37]. The ionic compound
{[η5,η6-C5H4CMe2(3,5-Me2C6H3)]TiMe2}[MeB(C6F5)3],
with a 3,5-dimethylated arene moiety, was found to be quite
stable in C6D5Br solution and decomposes gradually at
ambient temperature over several days to form the Ti(III)
dication {[η5,η6-C5H4CMe2(3,5-Me2C6H3)]Ti(�-Br)}22+,
which was structurally characterised (Scheme 7). This
decomposition involves reaction with the solvent, giv-
ing toluene-d5 as co-product. In the presence of excess
B(C6F5)3, this decomposition is preceded by Me/C6F5
exchange between the Ti centre and the borane[43,52].

Reactions of the tribenzyl complexes (η5-C5H4CHPh2)
Ti(CH2Ph)3 and [η5-C5H4CMe2(3,5-Me2C6H3)]Ti(CH2Ph)3
with [CPh3][B(C6F5)4] or B(C6F5)3 produce highly flux-
ional cationic species, that appear to interconvert between
states where either the pendant arene is coordinated to
the metal centre, or where the metal centre is stabilised
by η2/η3 bonding of the benzyl groups[37,53]. Whereas
the [C5H4CMe2(3,5-Me2C6H3)]Ti(CH2Ph)2-cation is ther-
mally relatively robust (decomposing gradually in C6D5Br
to give the same product as described above for the anal-
ogous dimethyl cation), the dibenzyl cation with an un-
substituted pendant arene group rapidly degrades (even
at −30◦C) via cyclometallation of the phenyl group
to give the (η5,η1-C5H4CMe2C6H4)Ti(CH2Ph)-cation
(Scheme 8). The latter is stabilised byη2 bonding of the
benzyl group (when [B(C6F5)4]− is the counterion), or by
η6-coordination of the [PhCH2B(C6F5)3]− counterion when
B(C6F5)3 is employed to generate the ionic species[53].
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Apparently, the stability of the (cyclopentadienyl-arene)
titanium dialkyl cations may be improved by steric pro-
tection of the arylo-position, or by a less constrained
ligand geometry—Sassmannshausen et al., noticed that the
C2-bridged cation [(η5,η6-C5H4CMe2CH2Ph)TiMe2]+ ap-
pears to be thermally more robust than the more strained
C1-bridged cation [(η5,η6-C5H4CMe2Ph)TiMe2]+ [37].

4. Catalytic olefin conversion with
cyclopentadienyl-arene titanium catalysts

The properties of (cyclopentadienyl-arene)titanium cat-
alysts in the catalytic conversion of olefins has been stud-
ied with styrene, propene and ethene as substrates. In
the polymerisation of styrene to syndiotactic polystyrene,
Flores et al., observed that the C2-bridged catalyst
[C5Me4(CH2)2Ph]TiCl3/MAO exhibits an activity that is
two to three times lower than that of (C5Me5)TiCl3/MAO,
which they attributed to the blocking of the incoming sub-
strate by the pendant arene group when it is coordinated
to the metal centre. They proposed an equilibrium between
two states—one inactive (with the arene coordinated), and
one active (without intramolecular arene coordination)[36].
The related catalyst without cyclopentadienyl methyl substi-
tution, [C5H4(CH2)2Ph]TiCl3/MAO, was found to be three
times more active than its C5Me4-analogue, prompting the
authors to conclude that the arene in this system is essen-
tially non-coordinating[46]. In this case, the cationic species
[C5H4(CH2)2Ph]TiMe2]+ was not studied separately, but
it is interesting to note that Sassmannshausen et al., found
relatively stable arene coordination in the C2-bridged cation
[(η5,η6-C5H4CMe2CH2Ph)TiMe2]+ [37]. Schwecke and
Kaminsky reported the polymerisation of styrene with the
C1-bridged catalyst (C5H4CH2Ph)TiCl3/MAO, and ob-
served that this produces (with moderate activity) s-PS
with a molecular weight that is three times lower than
that produced by (C5H5)TiCl3/MAO. This was attributed
to a selective slow-down of the chain growth rate by
the coordinating arene group, whereas the chain trans-
fer rate is relatively little affected[54]. The same paper
shows one result for the related CMe2-bridged catalyst,
(C5H4CMe2Ph)TiCl3/MAO, that produces s-PS with an
even lower molecular weight at a much slower rate. This
led the authors to conclude that the dimethyl substitu-

tion of the bridge carbon favours intramolecular arene
coordination.

Conversion of propene by (C5H4CMe2CH2Ph)TiMe3,
(C5H4SiMe2Ph)TiMe3 and (C5H4CHPh2)Ti(CH2Ph)3, ac-
tivated by B(C6F5)3, was studied by Sassmannshausen et al.
All systems produced atactic polypropene with a signif-
icantly lower activity and a lower molecular weight than
(C5Me5)TiMe3/B(C6F5)3 [37]. This too was attributed to
intramolecular arene coordination, and it was remarked that
the highest activity was found for the SiMe2-bridged system,
for which it was not possible to generate a stable dialkyl
cation, presumably due to a relatively unfavourable geom-
etry for intramolecular coordination (vide supra). Longo
et al. found that (C5H4CMe2Ph)TiCl3/MAO produced es-
sentially atactic polypropene at 50◦C, but isotactically
enriched polypropene at−60◦C (by chain-end control).
The latter was not observed for CpTiCl3/MAO, suggesting
that the Cp-arene system at low temperature behaves more
like Cp2TiCl2/MAO than as a half-sandwich catalyst, and
that intramolecular arene coordination is of less importance
at elevated temperatures[39]. In the same paper, attempted
ethene/styrene copolymerisation with the same catalyst was
reported to yield a mixture of some atactic polystyrene
and a less soluble fraction that contained both polystyrene
and polyethene homo-sequences as well as ethene-styrene
heterosequences.

Remarkably few data were available on catalytic ethene
conversion with (cyclopentadienyl-arene)titanium cata-
lysts prior to our work on the C1-bridged systems. Flo-
res et al., reported the polymerisation of ethene with the
[C5R4(CH2)2Ph]TiCl3/MAO (R = Me, H) catalyst systems.
For R= Me, high density polyethene (Mp 137◦C) with an
Mw of 3–5×104 was obtained, with an appreciable catalyst
activity [36]. For R= H, a significantly lower activity was
observed[46]. This, combined with their observations in
styrene polymerisation (vide supra) led to the conclusion of
the authors that in this case the pendant arene moiety does
not interact significantly with the metal centre.

The C1-bridged catalyst (C5H4CMe2Ph)TiCl3/MAO
was found to be highly active in the catalytic conver-
sion of ethene. Surprisingly, polyethene is only a minor
side product in this reaction (1.8 wt.% at 5 bar ethene
and 30◦C, toluene solvent). The main products stem
from an olefin trimerisation process: C6 (83 wt.%, >99%
1-hexene) and C10 (14 wt.%, >75% 5-methyl-non-1-ene),
the latter deriving from co-trimerisation of 1-hexene with
two molecules of ethene[55]. A comparative experiment
with an analogous catalyst without the pendant arene
functionality, (C5H4CMe3)TiCl3/MAO, showed a much
lower activity, and polyethene as main product. Never-
theless, some 1-hexene production was observed in this
reaction as well. These observations suggest that the pen-
dant arene functionality is instrumental in “switching”
the catalyst from ethene polymerisation to ethene trimeri-
sation activity. In the absence of such an intramolecu-
lar interaction, coordination of the toluene solvent may
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also induce some trimerisation activity, albeit much less
efficiently. This feature may then explain the observa-
tion of Pellecchia et al. of the formation of C4-branched
polyethene with the Cp∗TiMe3/B(C6F5)3/toluene catalyst
system[21]. That the [(η5,η6-C5H4CMe2Ph)TiMe2]-cation
is the likely starting point for the trimerisation catalysis
by (C5H4CMe2Ph)TiCl3/MAO is borne out by the obser-
vation that good trimerisation selectivity is also observed
with the (C5H4CMe2Ph)TiMe3 species when activated by
[PhNMe2H][B(C6F5)4] or B(C5F5)3 [44].

Subsequent experiments[44,52,55]showed that the rate
of ethene conversion by this type of catalyst is approxi-
mately first order in ethene concentration, and that gradually
increasing the�-basicity of the pendant arene (by introduc-
ing one or two methyl substituents) progressively decreases
the rate of ethene conversion with retention of trimerisation
selectivity. This suggests that in the rate-determining step
one ethene molecule is being captured and that in this step
a loosening of the metal–arene interaction is involved. The
importance of the nature of the bridge between the cyclopen-
tadienyl and arene moieties for the catalysis was shown
by a comparison of the catalysts [C5H4(B)Ph]TiCl3/MAO
with B = CH2, CMe2, SiMe2 and CMe2CH2 [44]. Both
the CH2- and SiMe2-bridged systems showed poor selec-
tivity for trimerisation relative to polymerisation (50 and
42 wt.% trimerisation products, respectively), in line with
the observations of Schwecke and Kaminsky[54] and
Sassmannshausen et al.[37] of inefficient intramolecular
metal–arene interaction in these systems relative to the
CMe2-bridged catalyst. The CMe2CH2-bridged catalyst
showed good trimerisation selectivity but very poor activity,
suggesting a strong metal–arene interaction. Thus it appears
that there exists a delicate balance between the favourability
of the metal–arene interaction (to reach good selectivity for
trimerisation) and ease of dissociation/slippage of the arene
ligand moiety (to achieve good reaction rates). The bridge

Ti+

Ti+ Ti+

Ti+

Ti+

Ti+

Ti+

Ti+Ti
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Scheme 9.

in the ligand plays a crucial role in this respect, determin-
ing the orientation of the arene moiety relative to the metal
centre and the degree of strain introduced in the chelating
bonding mode.

5. Mechanism of the catalytic ethene trimerisation

If we assume that the basic catalytic cycle for ethene
trimerisation for (cyclopentadienyl-arene)titanium catalysts
is similar to that proposed for the family of chromium-based
trimerisation catalysts (involving metallacyclic intermedi-
ates, seeScheme 2) [24], several questions remain—(a)
what role does the interaction of the pendant arene moiety
with the metal play in the catalytic trimerisation cycle, and
(b) how does this moiety induce the switch in the action
of cationic monocyclopentadienyl titanium dialkyl catalysts
from ethene polymerisation to ethene trimerisation.

Blok et al. performed extensive DFT calculations on
the system with the C5H4CH2Ph-ligand[56], and obtained
viable structures of intermediates and transition states for
the trimerisation sequence. This leads from a Ti(II) ethene
adduct to a Ti(II) 1-hexene adduct via a sequence involving
oxidative coupling of two ethene molecules (to give a ti-
tanacyclopentane), insertion of a third ethene molecule (to
give a titanacycloheptane) and direct C�-to-C� hydrogen
transfer[57,58], leading to the 1-hexene adduct (Scheme 9).
Thermochemical analysis led to calculated free energy bar-
riers at 30◦C for these three reaction steps of 15, 20 and
21 kcal/mol, respectively. In comparison, the formation of
the 1-butene complex from the metallacyclopentane inter-
mediate would involve a barrier of 41 kcal/mol (due to the
poor flexibility of the 5-membered metallacycle). This is
consistent with the absence of 1-butene formation in the
catalytic ethene trimerisation experiments with catalysts of
this type.
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It was observed in the calculations[56] that the pendant
arene moiety is more tightly bound to the metal centre in
the Ti(II) olefin complexes than in the Ti(IV) metallacycles.
It was also seen that in the transition state of what was pro-
posed to be the rate-determining step in the trimerisation
catalysis (insertion of ethene into the titanacyclopentane in-
termediate), there is a considerable increase in metal–arene
separation. This could be consistent with the experimental
observation that an increase of the�-basicity of the arene
leads to a lower trimerisation rate[44].

Calculations on the diethyl complex [(C5H4CH2Ph)Ti
(CH2CH3)2]+ revealed that the formation of the Ti(II)
ethene adduct by elimination of ethane is exothermic, and
favoured by the stronger Ti-arene interaction in the Ti(II)
olefin adduct compared to that in the Ti(IV) dialkyl species.
The free energy barrier for C�-to-C� hydrogen transfer to
give ethane and the Ti(II) ethene complex (the latter leading
to the catalytic trimerisation cycle) is lower than that for
ethene insertion into the Ti-ethyl bond (leading to polymeri-
sation), if only by a small amount (1 kcal/mol)[56]. It has to
be noted that the CH2-bridged complex does not represent
a system with a very favourable arene coordination (see
above), and has only a 50 wt.% selectivity for trimerisation
products[44]. It is likely that in the CMe2-bridged system,
with a more favourable metal–arene interaction, the dis-
crimination between the routes leading to the trimerisation
sequence or to polymerisation will be more pronounced.1

6. Conclusions

The pendant arene group in cyclopentadienyl-arene tita-
nium complexes has a profound effect on the performance
of half-sandwich titanium catalysts in ethene conversion,
leading to ethene trimerisation catalysis. This is likely
to occur because coordination of the arene moiety to the
metal centre makes alkane elimination from the Ti(IV)
(cyclopentadienyl-arene)Ti(n-alkyl)2-cation, to give the
Ti(II) olefin complex, exothermic. Similarly, it causes the
C�-to-C� hydrogen transfer in the titanacycloheptane inter-
mediate to be favoured over further ethene insertion, leading
selectively to 1-hexene. It is presently unclear what the fate
of the catalyst is in the homoconversion of 1-alkenes. Thus
far it appears that the system is reluctant to catalyse the ho-
motrimerisation of 1-alkenes such as propene or 1-hexene
(unlike e.g. the 1,3,5-triazacyclohexane chromium catalysts
investigated by Köhn et al.[59–61]), although 1-hexene
is readily cotrimerised with two molecules of ethene to
produce mainly 5-methyl-1-nonene.

1 After submission of this paper, two additional reports[64,65]
were published with DFT calculations on the catalytic ethene trimerisa-
tion by cyclopentadienyl-arene titanium catalysts, both dealing with the
CMe2-bridged catalyst system. The results from these studies essentially
corroborate the process as described here.

The pendant arene moiety, combined with a bridge to
the cyclopentadienyl group that imparts a certain degree of
chelate strain to theη5,η6-bonding mode, gives access to a
new class of highly active ethene trimerisation catalysts. Lig-
and modification has allowed us to obtain catalysts that can
convert ethene to trimerisation products with ethene turnover
frequencies in excess of 1× 106 h−1. With this, the catalyst
activity approaches that of the most active chromium-based
catalysts to date[29]. Recently, two other non-chromium
catalysts for the trimerisation of ethene were discovered,
one based on bis(arene) vanadium species[62], the other
based on Cl3Ta(alkyl)2 [63], but as yet these display actvi-
ties that are at least two orders of magnitude lower than Cr-
or Ti-based catalysts.

As the way in which the chromium-based catalysts
achieve their selectivity for ethene trimerisation versus
polymerisation is as yet to a large extent unclear, the dis-
covery of a family of well-defined titanium-based ethene
trimerisation catalysts, together with insight into the man-
ner in which their selectivity is achieved, may lead to new
possibilities for the discovery of alternative catalyst systems
for selective ethene trimerisation.
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