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EP 2 203 486 B9
Description
BACKGROUND

1. Field of the Invention

[0001] The present invention relates to a novel racemoselective synthesis of ansa-metallocene compounds, novel
ansa-metallocene compounds useful as components in polymerization catalysts, a process for the polymerization of
olefins, particularly propylene, and olefin homopolymers, random and impact copolymers prepared by using the metal-
locene catalysts.

2. Background of the Art

[0002] Chiral ansa-metallocenes of transition metals of the groups three to six of the Periodic Table of Elements are
increasingly being used as components for the stereospecific polymerization of olefins. For example, bridged substituted
bis(indenyl) zirconium dichlorides are among the most important class of catalyst components for the manufacturing of
isotactic polypropylene [Brintzinger, H. H.; Fischer, D.; Mihlhaupt, R.; Rieger, B.; Waymouth, R. M. Angew. Chem., Int.
Ed. Engl. 1995, 34,1143. / Resconi, L.; Cavallo, L.; Fait, A.; Piemontesi, F. Chem. Rev. 2000, 100, 1253 / Pasquini, N.
(Editor), Polypropylene Handbook, 2nd Ed. 2005, Carl-Hanser Verlag Miinchen]. Appropriately substituted ansa-metal-
locene complexes for the generation of isotactic polypropylene are generally obtained as mixtures of the racemic form
and the undesired meso form from the processes of the prior art.

[0003] The classical synthesis of ansa-metallocenes to the prior art generally involves the deprotonation of a bis-
indenyl-ligand by a strong base, followed by the reaction with zirconium tetrachloride or its solvent adducts. This classical
path has two substantial drawbacks. Instead of the desired racemate, almost equivalent amounts of the mirror-symmetric
meso diastereomer are formed in most cases. The meso isomer has to be removed from the mixture, either by means
of destruction of the meso form, or removal by crystallization steps. The separation procedure generally lowers the yield
of the amount of possible pure racemic complex. The other drawback is the low solubility of metallocene complexes,
which leads to the use of large amounts of solvents for the final separation of the racemic and meso forms.

Several, so called "racemoselective" syntheses were described in the literature [see LoCoco, M. D.; Zhang, X.; Jordan,
R.F.,J. Am. Chem. Soc. 2004; 126 (46); 15231-15244 and cited lit.], comprising the use of alternative zirconium sources,
which have to be synthesized prior to the manufacturing of the metallocene. WO2004/037840, W099/15538 and
DE10030638 describe multistage processes for preparing racemic metallocene complexes via biphenoxide- or bisphe-
noxide-substituted metallocenes as intermediates. These approaches lead to metallocenes substituted at zirconium with
oxide or amide moieties. These intermediates have to be converted to the corresponding dichlorides in order to use
them as catalyst components, thus adding extra steps to the synthesis.

[0004] USS5,304,614 describes 2,4,7-substituted trialkyl-substituted metallocenes, which were obtained as mixtures
between the racemic and the meso forms.

[0005] Itis an object of this invention to provide novel ansa-metallocene structures for the selective preparation of the
racemic complexes, which are virtually free of the meso isomer. Not to be bound by any particular theory, the inventors
postulate that in order to achieve an intrinsic racemoselectivity, the hindrance of the formation of the meso form might
be achieved by steric hindrance of the formation of the meso form. Attaching two large aromatic substituents to the
indenyl-moiety in the 4- and in the 7-position should hinder the formation of the meso-form of the complexes. Figure 1
illustrates this concept.

[0006] Another object of the present invention is to address the shortcoming of the state of the art metallocene com-
pounds to provide metallocenes that afford high melting point, high molar mass homopolymers and high molar mass
copolymers at high productivities when used as components of supported catalysts under industrially relevant polym-
erization conditions at temperatures of from 50°C to 100 °C.

[0007] Another objective of the present invention is to provide a process for the polymerization of olefins, particularly
propylene, ethylene, and optionally one or more higher 1-olefins.

[0008] Furthermore, itis anobjective of the presentinvention to provide olefin polymers, particularly propylene homopol-
ymers, random copolymers of propylene with ethylene and/or higher 1-olefins, impact copolymers comprised of propyl-
ene, ethylene and/or optionally higher 1-olefins, and random impact copolymers comprised of propylene, ethylene and/or
optionally higher 1-olefins.

SUMMARY OF THE INVENTION

[0009] A metallocene compound having formula 1 below is provided herein, wherein the 4- and 7-positions (corre-
sponding to the substituents R3 and R8, respectively) on the indenyl moiety possess large aromatic substituents. The
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metallocene compound is prepared in accordance with a method which produces substantially pure racemic isomer.
Advantageously, polymerisation catalysts comprising the metallocene of the invention provide superior olefin polymer-
isation results.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Various embodiments are described below with reference to the drawings wherein:

Fig. 1 is a diagrammatic illustration of the steric effects of attaching two large aromatic substituents in the 4- and 7-
positions of the indenyl moiety (corresponding to the substituents R5 and R8, respectively, in formula 1); and

Fig. 2 is a diagrammatic illustration of individual steps of the process of the invention for producing transition-metal
compounds of formula 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

[0011] Surprisingly it was found that bridged bis-indenyl ligands with a special substitution pattern lead selectively to
racemic ansa-metallocenes. Particulary, as shown in Fig. 1, when the 4- and 7-positions on the indenyl moiety (corre-
sponding to the substituents RS and R8, respectively) possess large aromatic constituents the affects of steric hinderance
prevent the formation of the meso isomer of the metallocene. Instead, the product of the method of the present invention
is substantially pure racemic isomer as synthesized without any need for further separation processes. By "substantially
pure" is meant at least 90% racemic isomer, preferably at least 95% racemic isomer, and more preferably at least 99%
racemic isomer.

[0012] The first embodiment of the invention relates to a specifically substituted, bridged metallocene component of
the general Formula 1 below:

Rs R4
R® :
R3
R’ 1 i1n2
' R® M'R'R
R10
R®
R”
. R3"
RE
R4 Rs.
Formula 1

in which:

M1 is a metal of the Groups 4 - 6 of the Periodic Table of the Elements,

R' and R? are identical or different and are each a hydrogen atom, an alkyl group of from 1 to about 10
carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryl group of from 6 to
about 20 carbon atoms, an aryloxy group of from 6 to about 10 carbon atoms, an alkenyl group
of from 2 to about 10 carbon atoms, an OH group, a halogen atom, or a NR,32 group, where R32
is an alkyl group of from 1 to about 10 carbon atoms or an aryl group of from 6 to about 14 carbon
atoms and R and R2 may form one or more ring system(s).

R3 and R¥ are identical or different and are each a hydrogen atom, a linear, cyclic or branched hydrocarbon

group which may be halogenated and/or may contain one or more hetero atoms like Si, B, Al, O,
S, N or P, for example an alkyl group of from 1 to about 20 carbon atoms, an alkylalkenyl group
of from 3 to about 20 carbon atoms, an alkylaryl group of from 7 to about 40 carbon atoms, or an
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alkylarylalkenyl group of from 9 to about 40 carbon atoms, an arylalkyl group of 7 to 20 carbon
atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryl group of from 6 to about 20
carbon atoms, a heteroaryl group of 3 to about 20 carbon atoms, an aryloxy group of from 6 to
about 10 carbon atoms, a silyloxy group of about 3 to 20 carbon atoms, an alkenyl group of from
2 to about 10 carbon atoms, a halogen atom, or a NR,32 group, where R32 is an alkyl group of
from 1 to about 10 carbon atoms or an aryl group of from 6 to about 14 carbon atoms,

are identical or different and are each a hydrogen atom, a linear, cyclic or branched hydrocarbon
group which may be halogenated and/or may contain one or more hetero atoms like Si, B, Al, O,
S, N or P, for example an alkyl group of from 1 to about 20 carbon atoms, an alkylalkeny! group
of from 3 to about 20 carbon atoms, an alkylaryl group of from 7 to about 40 carbon atoms, or an
alkylarylalkenyl group of from 9 to about 40 carbon atoms, an arylalkyl group of 7 to 20 carbon
atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryl group of from 6 to about 20
carbon atoms, a heteroaryl group of 3 to about 20 carbon atoms, an aryloxy group of from 6 to
about 10 carbon atoms, a silyloxy group of about 3 to 20 carbon atoms, an alkenyl group of from
2 to about 10 carbon atoms, a halogen atom, or a NR,32 group, where R32 is an alkyl group of
from 1 to about 10 carbon atoms or an aryl group of from 6 to about 14 carbon atoms,

are identical or different and are each an aryl group of from 6 to about 40 carbon atoms, an alkylaryl
group of from 7 to about 40 carbon atoms, or an alkenylaryl group of from 8 to about 40 carbon
atoms or a substituted or unsubstituted silylaryl group, or an (alkyl)(silyl)aryl group. The groups
may contain one or more hetero atoms like Si, B, Al, O, S, N or P, and / or may contain halogen
atoms like F, Cl or Br,

are identical or different and are each a hydrogen atom, a linear, cyclic or branched hydrocarbon
group which may be halogenated and/or may contain one or more hetero atoms like Si, B, Al, O,
S, N or P, for example an alkyl group of from 1 to about 20 carbon atoms, an alkylalkeny! group
of from 3 to about 20 carbon atoms, an alkylaryl group of from 7 to about 40 carbon atoms, or an
alkylarylalkenyl group of from 9 to about 40 carbon atoms, an arylalkyl group of 7 to 20 carbon
atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryl group of from 6 to about 20
carbon atoms, a heteroaryl group of 3 to about 20 carbon atoms, an aryloxy group of from 6 to
about 10 carbon atoms, a silyloxy group of about 3 to 20 carbon atoms, an alkenyl group of from
2 to about 10 carbon atoms, a halogen atom, or a NR,32 group, where R32 is an alkyl group of
from 1 to about 10 carbon atoms or an aryl group of from 6 to about 14 carbon atoms,

is a bridging group wherein R10 is selected from:



10

15

20

25

30

35

40

45

50

55

EP 2 203 486 B9

R4O R40 R40 R40 R4O
I i t !
—0-M"-0- —C— —0—M"2— —C—M"2-0—
RM "Rél éd" "Qlﬂ lR41
IR4° ‘R40 IR4° IR40 |R4°
_M12_ _M12 M12_ _c__c__
F'(41 IRA\ IR41 IR41 |41
R40 ;R40 'Rw ‘R40 |R40 IR40
—C—C—C— —M* M2
RM AM F|R41 . Flzdi IRM 'RM
X
\ \ \
/B—R‘° /Al—R‘° —Ge— —O0— —s— SO
\ \ \ \ \
SO N—R?*° p—R* P(O)R® c=0
S0 y y y (0) or y

where

R40 and R4, even when bearing the same index, can be identical or different and are each a
hydrogen atom, a C4-C,4, group such as an alkyl group having from 1 to about 30 carbon atoms,
an aryl group of from 6 to about 40 carbon atoms, a fluoroalkyl group of from 1 to about 10 carbon
atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryloxy group of from 6 to about
10 carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms, an arylalkyl group of from
7 to about 40 carbon atoms, an alkylaryl group of from 7 to about 40 carbon atoms, a substituted
or unsubstituted alkylsilyl, alkyl(aryl)silyl or arylsilyl group or an arylalkenyl group of from 8 to
about 40 carbon atoms. R40 and R#! together with the atoms connecting them can form one or
more cyclic systems or R4 and/or R4! can contain additional hetero atoms (i.e., non-carbon
atoms) like Si, B, Al, O, S, N or P or halogen atoms like Cl or Br,

x is an integer from 1 to 18,

M12 is silicon, germanium or tin, and

R10 may also link two units of the formula 1 to one another.

Preferred are compounds of the formula 1 in which

M1

R' and R?

R3 and R¥

is a metal of the Group 4 of the Periodic Table of the Elements,

are identical or different and are each an alkyl group of from1 to about 10 carbon atoms, an alkoxy
group of from 1 to about 10 carbon atoms, an aryloxy group of from 6 to about 10 carbon atoms
or a halogen atom, or R" and R2 together may form one or more ring system(s),

are identical or different and are each a linear, cyclic or branched hydrocarbon group which may
be halogenated and/or may contain one or more hetero atoms like Si, B, Al, O, S, N or P, for
example an alkyl group of from 1 to about 10 carbon atoms, an alkylalkenyl group of from 3 to
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about 10 carbon atoms, an alkylaryl group of from 7 to about 20 carbon atoms, or an alkylarylalkenyl
group of from 9 to about 20 carbon atoms, an arylalkyl group of 7 to 15 carbon atoms, an alkoxy
group of from 1 to about 6 carbon atoms, an aryl group of from 6 to about 10 carbon atoms, a
heteroaryl group of 3 to about 10 carbon atoms, an aryloxy group of from 6 to about 10 carbon
atoms, a silyloxy group of about 3 to 10 carbon atoms, an alkenyl group of from 2 to about 6
carbon atoms, a halogen atom, or a NR,32 group, where R32 is an alkyl group of from 1 to about
10 carbon atoms or an aryl group of from 6 to about 10 carbon atoms.

are identical or different and are each a hydrogen atom, a linear, cyclic or branched hydrocarbon
group which may be halogenated and/or may contain one or more hetero atoms like Si, B, Al, O,
S, N or P, for example an alkyl group of from | to about 20 carbon atoms,

are identical or different and are each an aryl group of from 6 to about 40 carbon atoms, an alkylaryl
group of from 7 to about 40 carbon atoms. The groups may contain one or more hetero atoms
like B, Al, O, S, N or P, and / or may contain halogen atoms like F, Cl or Br.

are identical or different and are each a hydrogen atom, a linear, cyclic or branched hydrocarbon
group which may be halogenated and/or may contain one or more hetero atoms like B, Al, O, S,
N or P, for example an alkyl group of from 1 to about 20 carbon atoms.

R10 js R40R41Sj=, R40R41Ge=, R40R41C= or -(R40R41C-CR40R4")-, where R40 and R#! are identical or different and are
each a hydrogen atom, a hydrocarbon group of from 1 to about 30 carbon atoms, in particular an alkyl group of from 1
to about 10 carbon atoms, an aryl group of from 6 to about 40 carbon atoms, an arylalkyl group of from 7 to about 14
carbon atoms, an alkylaryl group of from 7 to about 14 carbon atoms,

[0013] Particularly preferred are compounds of the formula 1 in which

M1
R' and R?

R3 and R¥

R4 and R¥

R5, R5, R8 and R¥

R6, R6, R7 and R”

is Zirconium,
are identical and are methyl, chlorine or phenolate,

are identical and are a linear, cyclic or branched alkyl group like methyl, ethyl, n-propyl, i-propyl,
cyclopropyl, n-butyl, t-butyl, t-butyl-methyl, i-butyl, s-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, n-
nonyl, n-decyl, cyclopropyl-methyl; cyclopentyl, cyclopentyl-methyl, cyclohexyl, cyclohexyl-me-
thyl, (1-adamantyl)methyl, (2-adamantyl)methyl, or an arylalkyl group of 7 to 15 carbon atoms like
benzyl, phenethyl or phenyl-propyl,

are identical and are each a hydrogen atom,

are identical and are each an aryl group of from 6 to about 20 carbon atoms, like phenyl, 1-
naphthyl, 2-naphtyl, an alkylaryl group of from 7 to about 40 carbon atoms which may contain
one or more hetero atoms like B, Al, O, S, N or P, and / or may contain halogen atoms like F, CI
or Br, like 4-methyl-phenyl, 4-ethyl-phenyl, 4-i-propyl-phenyl, 4-t-butyl-phenyl, 3,5-dimethylphe-
nyl, 3,5-di-t-butyl-4-methoxy-phenyl, 2,3,4,5,6-pentafluorophenyl,

are identical and are each a hydrogen atom.

The bridging unit R10 is R40R41Si= or R40R41Ge=, where R40 and R4! are identical or different and are methyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, cyclopentyl, cyclopentadienyl, cyclohexyl, phenyl,
naphthyl, benzyl or 3,3,3-trifluoropropyl.

[0014] Very particularly preferred are compounds of the formula 1 in which

M1

R' and R?

R3 and R¥

is Zirconium,
are identical and are methyl or chlorine,
are identical and are a linear, cyclic or branched alkyl group like methyl, n-heptyl, n-octyl, n-nonyl,

n-decyl, cyclohexyl-methyl, t-butyl-methyl, (2-adamantyl)methyl, (1-adamantyl)methyl, or an ar-
ylalkyl group of 7 to 15 carbon atoms like benzyl, phenethyl or phenyl-propyl,
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R4 and R¥ are identical and are each a hydrogen atom,

R5, R% R8and R®  are identical and are each an aryl group of from 6 to about 20 carbon atoms, like phenyl, 1-
naphthyl, 2-naphtyl, an alkylaryl group of from 7 to about 40 carbon atoms which may contain
one or more hetero atoms like B, Al, O, S, N or P, and / or may contain halogen atoms like F, CI
or Br, like 4-methyl-phenyl, 4-ethyl-phenyl, 4-i-propyl-phenyl, 4-t-butyl-phenyl, 3,5-dimethylphe-
nyl, 3,5-di-t-butyl-4-methoxy-phenyl, 2,3,4,5,6-pentafluorophenyl,

R, R®, R7and R”  are identical and are each a hydrogen atom.

[0015] The bridging unit R10 is R40R41Si= or R40R41Ge=, where R40 and R#' are identical or different and are methyl,
ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, cyclopentyl, cyclopentadienyl, cyclohexyl,
phenyl, naphthyl, benzyl or 3,3,3-trifluoropropyl.

[0016] Non-limiting examples for the metallocene compounds according to Formula 1 are:

Dimethylsilanediylbis
Dimethylsilanediylbis
Dimethylsilanediylbis
Dimethylsilanediylbis
Dimethylsilanediylbis
Dimethylsilanediylbis
Dimethylsilanediylbis
Dimethylsilanediylbis
Dimethylsilanediylbis
Dimethylsilanediylbis

2-methyl-4,7-diphenyl-indenyl)zirconium dichloride;
2-ethyl-4,7-diphenyl-indenyl)zirconium dichloride;
2-n-propyl-4,7-diphenyl-indenyl)zirconium dichloride;
2-i-propyl-4,7-diphenyl-indenyl)zirconium dichloride;
2-n-butyl-4,7-diphenyl-indenyl)zirconium dichloride;
2-s-butyl-4,7-diphenyl-indenyl)zirconium dichloride;
2-t-butyl-4,7-diphenyl-indenyl)zirconium dichloride;
2-n-pentyl-4,7-diphenyl-indenyl)zirconium dichloride;
2-n-hexyl-4,7-diphenyl-indenyl)zirconium dichloride;
2-n-heptyl-4,7-diphenyl-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-cyclopropylmethyl-4,7-diphenyl-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-cyclobutylmethyl-4,7-diphenyl-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-cyclopentylmethyl-4,7-diphenyl-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-cyclohexylmethyl-4,7-diphenyl-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-cycloheptylmethyl-4,7-diphenyl-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-(1-adamantyl)methyl-4,7-diphenyl-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-t-butyl-methyl-4,7-diphenyl-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2,4,7-triphenyl-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-benzyl-4,7-diphenyl-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-phenethyl-4,7-diphenyl-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-phenylpropyl-4,7-diphenyl-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-phenylbutyl-4,7-diphenyl-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-methyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-ethyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-n-propyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-i-propyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-n-butyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-s-butyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-t-butyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-n-pentyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-n-hexyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-n-heptyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-cyclopropylmethyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-cyclobutylmethyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-cyclopentylmethyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride; Dimethylsilan-
ediylbis(2-cyclohexylmethyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-cycloheptylmethyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-(1-adamantyl)methyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-t-butyl-methyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-(1-furyl)-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-benzyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-phenethyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-phenylpropyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride;
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Dimethylsilanediylbis(2-phenylbutyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-methyl-4,7-bis-(4-t.butyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-ethyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-n-propyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-i-propyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-n-butyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-s-butyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-t-butyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-n-pentyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-n-hexyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-n-heptyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-cyclopropylmethyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-cyclobutylmethyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-cyclopentylmethyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-cyclohexylmethyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-cycloheptylmethyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-(1-adamantyl)methyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-t-butyl-methyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-(1-furyl)-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-benzyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-phenethyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-phenylpropyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-phenylbutyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-methyl-4,7-bis-(3,5-dimetliyl-.phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-ethyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-n-propyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-i-propyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-n-butyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-s-butyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-t-butyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-n-pentyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-n-hexyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-n-heptyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-cyclopropylmethyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-cyclobutylmethyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-cyclopentylmethyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-cyclohexylmethyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-cycloheptylmethyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-(1-adamantyl)methyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-t-butyl-methyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-(1-furyl)-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-benzyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-phenethyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-phenylpropyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-phenylbutyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-methyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-ethyl4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-n-propyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-i-propyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-n-butyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-s-butyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-t-butyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-n-pentyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-n-hexyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-n-heptyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-cyclopropylmethyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-cyclobutylmethyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-cyclopentylinethyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride;
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Dimethylsilanediylbis(2-cyclohexylmethyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-cycloheptylmethyl-4;7-bis-(1-naphthyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-(1-adamantyl)methyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-t-butyl-methyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-(1-furyl)-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-benzyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride;
Dimethylsilanediyibis(2-phenethyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-phenylpropyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-phenylbutyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-methyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-ethyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-n-propyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-i-propyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-n-butyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-s-butyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-t-butyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-n-pentyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-n-hexyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-n-heptyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-cyclopropylmethyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-cyclobutylmethyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-cyclopentylmethyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-cyclohexylmethyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-cycloheptylmethyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-(1-adamantyl)methyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-t-butyl-methyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-(1-furyl)-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-benzyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-phenethyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride;
Dimethylsilanediylbis(2-phenylpropyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride; and,
Dimethylsilanediylbis(2-phenylbutyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride.

[0017] Another embodiment of this invention are the indenes of the formula 1a and the bis-indenyl-ligands of the
formula 1b, as well as its double bond-isomers:

5
R R

RG
| T N—rg

RN
ke

Formula 1a , Formula 1b

in which R3 R¥, R4, R#, R5, R%, R6, R, R7, R7', R8, R® and R0 have the meaning mentioned above with the proviso
that R3 and R3' each contain at least one carbon atom.

[0018] The present invention also includes a process for the racemoselective production of the transition-metal com-
pounds of formula 1 of the invention comprising the following steps:

a) Deprotonation of the compound of formula 1a with a base, preferably n-buty! lithium.
b) If R10 has the meaning M12R40R41, where M12, R40, and R4 have the meanings specified above, then the further
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production proceeds by the reaction of the deprotonated compounds from step (a) with R40R41M12X,, to form the
compound of formula 1b, where R40, R41, and M2 have the meanings specified above, and X may be the same or
different and means a halogen atom, preferably chlorine, bromine, or iodine, or another leaving group, preferably
triflate, tosylate, or mesylate.

c) Double deprotonation of the compound of formula 1b with a base, preferably n-butyl lithium.

d) Reacting the product from step c) M1CI4, in which M stands for zirconium, titanium, or hafnium, to form the
compound of formula 1.

[0019] Instepa), the compound of formula 1a, for example, 2-methyl-4,7-bis-(4-t-butylphenyl)indene in aninert solvent,
which consists of one or more aromatic or aliphatic hydrocarbons and/or one or more polar, aprotic solvents, is depro-
tonated with a strong base, for example, n-butyl lithium. The deprotonation is carried out at temperatures of-70°C to
80°C, and preferably 0°C to 80°C. The resulting metal salt is then reacted directly, without further isolation, in step b)
with a silicon compound or germanium compound that contains two leaving groups. Preferential production of the
compound of formula 1b can be achieved by adjustment of the quantitative proportions. In the following step c), the bis
(indenyl)silanes of formula 1b are doubly deprotonated with a strong base, such as n-butyl lithium, in an inert solvent,
which consists of one or more aromatic or aliphatic hydrocarbons and/or one or more polar, aprotic solvents, and the
bislithium salt formed in this way is reacted, without isolation, directly with a source of Ti, Zr, or Hf to obtain the compound
of formula 1. The deprotonation is carried out at temperatures of 70°C to 80°C, and preferably 0°C to 80°C. Due to the
nature of the ligand system of formula 1b, the metallocenes are isolated directly from the reaction mixture as pure racemic
compounds.

[0020] InFig. 2, the individual steps of the process of the invention for producing transition-metal compounds of formula
1 are shown once again for the example of a preferred embodiment.

[0021] In addition, the present invention relates to a catalyst system comprising at least one compound of formula 1
and at least one cocatalyst.

[0022] A suitable cocatalyst component which may be present according to the present invention in the catalyst system
comprises at least one compound of the type of an aluminoxane, a Lewis acid or an ionic compound which reacts with
a metallocene to convert the latter into a cationic compound.

[0023] Aluminoxanes are oligomeric or polymeric aluminum oxy compounds, which may exist in the form of linear,
cyclic, caged or polymeric structures. Although the exact structure(s) of aluminoxanes is still unknown, it is well accepted
that alkylaluminoxanes have the general formula 6.

(R-AI-O)p (Formula 6).

[0024] Examples for cyclic, linear or cage structures of aluminoxanes are depicted in the formulas 7, 8 and 9:

R
[ o Al—]
L Jp+2
(Formula 7

\AI—O | —0 Al
L N

(Formula 8)
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/R
/O—T '

0

—A ll

» R
Al—o

R-Al

AI—O
R

(Formula 9)

[0025] The radicals R in the formulas (6), (7), (8) and (9) can be identical or different and are each a C, -C,y group
such as an alkyl group of from 1 to about 6 carbon atoms, an aryl group of from 6 to about 18 carbon atoms, benzyl or
hydrogen and p is an integer from 2 to 50, preferably from 10 to 35.

[0026] Peferably, the radicals R are identical and are methyl, isobutyl, n-butyl, phenyl or benzyl, particularly preferably
methyl.

[0027] If the radicals R are different, they are preferably methyl and hydrogen, methyl and isobutyl or methyl and n-
butyl, with hydrogen, isobutyl or n-butyl preferably being present in a proportion of from 0.01 to 40% (number of radicals R).
[0028] The aluminoxane can be prepared in various ways by known methods. One of the methods comprises the
reaction of an aluminum-hydrocarbon compound and/or a hydridoaluminum-hydrocarbon compound with water, which
may be gaseous, solid, liquid or bound as water of crystallization, in an inert solvent such as toluene. To prepare an
aluminoxane having different alkyl groups R, two different trialkylaluminums (AIR3+AIR’5) corresponding to the desired
composition and reactivity are reacted with water, cf. S. Pasynkiewicz, Polyhedron 9 (1990) 429 and EP-A-0 302 424.
[0029] Regardless of the method of preparation, all aluminoxane solutions have in common a variable content of
unreacted aluminum starting compound which is present in free form or as an adduct.

[0030] Furthermore, instead of the aluminoxane compounds of the formulas 6, 7, 8 or 9, it is also possible to use
modified aluminoxanes in which the hydrocarbon radicals or hydrogen atoms have been partly replaced by alkoxy,
aryloxy, siloxy or amide radicals.

[0031] The amounts of aluminoxane and metallocene used in the preparation of the supported catalyst system can
be varied within a wide range. However, it has been found to be advantageous to use the metallocene compound of
formula 1 and the aluminoxane compounds in such amounts that the atomic ratio of aluminum from the aluminoxane
compounds to the transition metal from the metallocene compound is in the range from 10:1 to 1000:1, preferably from
20:1 to 500:1 and in particular in the range from 30:1 to 400:1. In the case of methylaluminoxane, preference is given
to using > 30 wt.-% strength toluene solutions, but the use of 10 wt.-% strength solutions is also possible.

[0032] As Lewis acid, preference is given to using compounds of the formula 10

M2X1x2x3 (Formula 10)
where

M2 is an element of Group 13 of the Periodic Table of Elements, in particular B, Al or Ga, preferably B or Al, and
X1, X2 and X3 are the same or different and each are a hydrogen atom, an alkyl group of from 1 to about 20 carbon
atoms, an aryl group of from 6 to about 15 carbon atoms, alkylaryl, arylalkyl, haloalkyl or haloaryl each having from
1 to 10 carbon atoms in the alkyl radical and from 6-20 carbon atoms in the aryl radical or fluorine, chlorine, bromine
oriodine. Preferred examples for X1, X2 and X3 are methyl, propyl, isopropyl, isobutyl or trifluoromethyl, unsaturated
groups such as aryl or haloaryl like phenyl, tolyl, benzyl groups, p-fluorophenyl, 3,5-difluorophenyl, pentachloroph-
enyl, pentafluorophenyl, 3,4,5-trifluorophenyl and 3,5-di(trifluoromethyl)phenyl.

[0033] Preferred Lewis acids are trimethylaluminum, triethylaluminum, triisobutylaluminum, tributylaluminum, trifluor-
oborane, triphenylborane, tris(4-fluorophenyl)borane, tris(3,5-difluorophenyl)borane, tris(4-fluoromethylphenyl)borane,
tris(2,4,6-trifluorophenyl)borane, tris(penta-fluorophenyl)borane, tris(tolyl)borane, tris(3,5-dimethyl-phenyl)borane, tris
(3,5-difluorophenyl)borane and/or tris (3,4,5-trifluorophenyl)borane.

[0034] Particular preference is given to tris(pentafluorophenyl)borane.
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[0035] As ionic cocatalysts, preference is given to using compounds which contain a non-coordinating anion such as
tetrakis(pentafluorophenyl)borate, tetraphenylborate, SbFg. CF3SO3™ or CIO, . Suitable counterions are either Lewis
acid or Broenstedt acid cation.

[0036] As Broensted acids, particular preference is given to protonated amine or aniline derivatives such as methyl-
ammonium, anilinium, dimethylammonium, diethylammonium, N-methylanilinium, diphenylammonium, N,N-dimethyl-
anilinium, trimethylammonium, triethylammonium, tri-n-butylammonium, methyldiphenylammonium, pyridinium, p-bro-
mo-N,N-dimethylanilinium or p-nitro-N,N-dimethylanilinium,

[0037] Suitable Lewis-acid cations are cations of the formula 11

((Ya")Q4Q,...Q, % (Formula 11)

where Y is an element of Groups 1 to 16 of the Periodic Table of the Elements,

Q4 to Q, are singly negatively charged groups such as C4-Coyg-alkyl, Cg-Cqs-aryl, alkylaryl, arylalkyl, haloalkyl,
haloaryl each having from 6 to 20 carbon atoms in the aryl radical and from 1 to 28 carbon atoms in the alkyl radical,
cycloalkyl groups of from 3 to about 10 carbon atoms, which may in turn bear alkyl groups of from 1 to about 10
carbon atoms as substitutents, halogen, alkoxy groups of from 1 to 28 carbon atoms, aryloxy groups of from 6 to
15 carbon atoms, silyl or mercaptyl groups.

a is an integer from 1-6,

z is an integer from 0 to 5 and

d corresponds to the difference a-z, but d is larger than or equal to 1

[0038] Particulary suitable cations are carbonium cations such as triphenylcarbenium, oxonium cations, sulfonium
cations such as tetrahydrothiophenium, phosphonium cations such as triethylphosphonium, triphenylphosphonium and
diphenylphosphonium, and also cationic transition metal complexes such as the silver cation and the 1,1’-dimethylfer-
rocenium cation. Preferred ionic compounds which can be used according to the present invention include:

triethylammoniumtetra(phenyl)borate,
tributylammoniumtetra(phenyl)borate,
trimethylammoniumtetra(tolyl)borate,
tributylammoniumtetra(tolyl)borate,
tnbutylammoniumtetra(pentafluorophenyl)borate,
tributylammoniumtetra(pentaffluorophenyl) aluminate,
tripropylammoniumtetra(dimethylphenyl)borate,
tributylammoniumtetra(trifluoromethylphenyl)borate,
tributylammoniumtetra(4-fluorophenyl)borate,
N,N-dimethylcyclohexylammoniumtetrakis(pentafluorophenyl)borate,
N,N-dimethylbenzylammoniumtetrakis(pentafluorophenyl)borate
N,N-dimethylaniliniumtetra(phenyl)borate,
N,N-diethylaniliniumtetra(phenyl)borate,
N,N-dimethylaniliniumtetrakis(pentafluorophenyl)borate,
N,N-dimethylaniliniumtetrakis(pentafluorophenyl)aluminate,
di(propyl)ammoniumtetrakis(pentafluorophenyl)borate,
di(cyclohexyl)ammoniumtetrakist(pentafluorophenyl)borate,
triphenylphosphoniumtetrakis(phenyl)borate,
triethylphosphoniumtetrakis(phenyl)borate,
diphenylphosphoniumtetrakis(phenyl)borate,
trilmethylphenyl)phosphoniumtetrakis(phenyl)borate,
tri(dimethylphenyl)phosphoniumtetrakis(phenyl)borate,
triphenylcarbeniumtetrakis(pentafluorophenyl)borate,
triphenylcarbeniumtetrakis(pentafluorophenyl)aluminate,
triphenylcarbeniumtetrakis(phenyl)aluminate,
ferroceniumtetrakis(pentafluorophenyl)borate and/or
ferroceniumtetrakis(pentafluorophenyl)aluminate,

[0039] Preference is given to triphenylcarbeniumtetrakis(pentafluorophenyl) borate, N,N-dimethylcyclohexylammoni-
umtetrakis(pentafluorophenyl)borate or N,N-dimethylbenzylammoniumtetrakis(pentafluoropbenyl)borate.

[0040] Itis also possible to use mixtures of all of the above and below mentioned cation-forming compounds. Preferred
mixtures comprise aluminoxanes and an ionic compound, and/or a Lewis acid.

12



10

15

20

25

30

35

40

45

50

55

EP 2 203 486 B9
[0041] Other useful cocatalyst components are likewise borane or carborane compounds such as

7,8-dicarbaundecaborane(13),
undecahydrido-7,8-dimethyl-7,8-dicarbaundecaborane,
dodecahydrido-1-phenyl-1,3-dicarbanonaborane,
tri(butyllammoniumun decahydrido-8-ethyl-7,9-dicarbaundecaborate,
4-carbanonaborane(14),

bis(tri(butyllammonium)nonaborate,
bis(tri(butyllammonium)undecaborate,
bis(tri(butyllammonium)dodecaborate,
bis(tri(butyllammonium)decachlorodecaborate,
tri(butyllammonium-1-carbadecaborate,
tri(butyllammonium-1-carbadodecaborate,
tri(butyllammonium-1-trimethylsilyl-1-carbadecaborate,
tri(buyl)ammoniumbis(nonahydrido-1,3-dicarbanonaborato)cobaltate(lll), tri(butyl)ammonium bis(undecahydrido-
7,8-dicarbaundecaborato)ferrate(lll).

[0042] The amount of Lewis acids or ionic compounds having Lewis-acid or Broensted-acid cations is preferably from
0.1 to 20 equivalents, preferably from 1 to 10 equivalents, based on the metallocene compound of the formula 1.
[0043] Combinations of at least one Lewis base with bimetallic compounds of the type Ri17M3(-O-M3RJ-18)V or R;18m3
(-O-M3Rj17)V (formula 12), as described in Patent Application WO 99/40,129, are likewise important as cocatalyst systems.
[0044] In this regard, R'7 and R'8 are the same or different and represent a hydrogen atom, a halogen atom, a C;-Cy4q
carbon-containing group, especially an alkyl group of from 1 to about 20 carbon atoms, haloalkyl of from 1 to about 20
carbon atoms, alkoxy of from 1 to about 10 carbon atoms, aryl of from 6 to about 20 carbon atoms, haloaryl of from 6
to about 20 carbon atoms, aryloxy of from 6 to about 20 carbon atoms, arylalkyl of from 7 to about 40 carbon atoms,
haloarylalkyl of from 7 to about 40 carbon atoms, alkylaryl of from 7 to about 40 carbon atoms, or haloalkylaryl of from
7 to about 40 carbon atoms. R17 may also be an -OSiR51; group, in which the R3" groups are the same or different and
have the same meaning as R!7, M3 is the same or different and represents an element of main group Il of the periodic
table of elements, i, j, and v each stands for a whole number 0,1, or 2, and i + j + v is not equal to 0.

[0045] Preferred cocatalyst systems are the compounds of formulas (A) and (B)

R18
R17 Rl7
AN
,B—0—AI—0—B_
R17 R17 ( )
A
R‘l7
R'8 18
N Ve
A—0—B—0—A[_
18 18
R R (B)

where R17 and R'8 have the same meaning as specified above.
[0046] Furthermore, compounds that are generally to be regarded as preferred are those formed by the reaction of
at least one compound of formulas (C) and/or (D) and/or (E) with at least one compound of formula (F).

Ff7B-(DR?)g (C)

R,7B-D-BR'7, (D)
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17
|
o

B B S
R17/ \O/ \Rn

(E)

18

—A

18/AI\

R18

(F)

in which

R27  may be a hydrogen atom or a boron-free C;-C,4q carbon-containing group, such as an alkyl of from 1 to about
20 carbon atoms, aryl of from 6 to about 20 carbon atoms, arylalkyl of from 7 to about 40 carbon atoms, and
alkylaryl of from 7 to about 40 carbon atoms, and in which R'7, R'8 have the same meaning as specified above,

D is an element of main Group VI of the periodic table of elements or an NR8' group, where R81 is a hydrogen
atom or a C4-C, hydrocarbon group, such as alkyl of from 1 to about 20 carbon atoms or aryl of from 6 to about
20 carbon atoms,

f is a whole number from 0 to 3,
g is a whole number from 0 to 3 where f + g corresponds to the valency of Boron, and
h is a whole number from 1 to 10.

[0047] The bimetallic compounds of formula 12 are possibly combined with an organometallic compound of formula
13, i.e., [M4R19q]k, in which M# is an element of main Group |, II, or lll of the periodic table of the elements, R'9 is the
same or different and represents a hydrogen atom, a halogen atom, a C4-C,, carbon-containing group, an alkyl group
of from 1 to about 20 carbon atoms, an aryl group of from about 6 to about 40 carbon atoms, arylalkyl of from 7 to about
40 carbon atoms, and alkylaryl of from 7 to about 40 carbon atoms, q is a whole number from 1 to 3, and k is a whole
number from 1 to 4.

[0048] The organometallic compounds of formula 13 are preferably neutral Lewis acids, in which M# stands for lithium,
magnesium, and/or aluminum, especially aluminum. Examples of preferred organometallic compounds of formula 13
are trimethylaluminum, triethylaluminum, triisopropylaluminum, trihexylaluminum, trioctylaluminum, tri-n-butylaluminum,
tri-n-propylaluminum, triisoprene aluminum, dimethyl aluminum monochloride, aluminum monochloride, diisobutyl alu-
minum monochloride, methyl aluminum sesquichloride, ethyl aluminum sesquichloride, dimethyl aluminum hydride,
aluminum hydride, diisopropyl aluminum hydride, dimethyl aluminum(trimethylsiloxide), dimethyl aluminum(triethylsi-
loxide), phenylalan, pentafluorophenylalan, and o-tolylalan.

[0049] The catalyst system of the invention contains an organoboroaluminum compound, which contains units of
formula 12, as the cocatalytically active

chemical compound. Compounds of formula 12 in which M3 stands for boron or aluminum are preferred. The compounds
that contain units of formula 12 may be present as monomers or as linear, cyclic, or cage-like oligomers. Two or more
chemical compounds that contain units of formula 12 may also form dimers, trimers, or higher combinations among
themselves by Lewis acid-base interactions.

[0050] Preferred cocatalytically active bimetallic compounds correspond to formulas 14 and 15,
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100 R 200 100

R, R

oS0
R R '%°

(formula 14)

100 200
R R R 100

B -0 —AI 08
100 100

(formula 15)

in which R100 and R200 are the same or different and have the same meaning as the substituents R17 or R18 in formula 12.
[0051] Examples of the cocatalytically active compounds of formulas 14 and 15 are

F
F F
F F
H,C—~Al-0-B-0-Al-CH,
CH, CH,
AI 0-B-0- Al
F
F F
He— F F —CH
3~ N\ /S Vi,
Al-0-B—0-Al
H,C— N\—CH,
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The compounds named in EP-A-924,223, DE 196 22 207.9, EP-A-601,830, EP-A-824,112, EP-A-824,113,
WO 99/06,414, EP-A-811,627, WO 97/11,775,DE 196 06 167.9 and DE 198 04 970 can be used as additional cocatalysts,

which may be present in unsupported or supported form.

[0053]

The amount of cocatalysts of formula 12 and/or 14 and/or 15 used in the catalyst of the present invention can
vary from 0.1 to 500 equivalents, preferably from 1 to 300 equivalents, most preferably from 5 to 150 equivalents, based

on the used amount of metallocene compound of the formula 1.

[0054]

wherein
M5

R22

The catalyst system of the present invention can further comprise, as additional component, a metal compound
of the formula 16,

M5(R22) (R23),(R24), (Formula 16)

is an alkali, an alkali earth metal or a metal of Group 13 of the Periodic Table of the Elements,

is a hydrogen atom, alkyl of from | to about 10 carbon atoms, aryl of from 6 to about 15 carbon atoms,
or alkylaryl or arylalkyl each having from | to 10 carbon atoms in the alkyl part and from 6 to 20 carbon
atoms in the aryl part,
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R23and R24  are each a hydrogen atom, a halogen atom, alkyl of from 1 to about 10 carbon atoms, C4-C45-aryl of
from about 6 to about 15 carbon atoms, or alkylaryl, arylalkyl or alkoxy each having from 1 to 10 carbon
atoms in the alkyl part and from 6 to 20 carbon atoms in the aryl radical,

r is an integer from 1 to 3 and s and t are integers from 0 to 2, where the sum r+s+t corresponds to the
valency of M5,

where this component is not identical with the above mentioned cocatalyst compounds. Itis also possible to use mixtures
of various metal compounds of the formula 16.

[0055] Among the metal compounds of the formula 16 preference is given to those in which M3 is lithium, magnesium
or aluminum and R23 and R24 are each alkyl of from 1 to about 10 carbon atoms. Particularly preferred metal compounds
of the formula 16 are n-butyllithium, n-butyl-n-octyl-magnesium, n-butyl-n-heptylmagnesium, tri-n-hexylaluminum, tri-
isobutylaluminum, triethylaluminum, trimethylaluminum or mixtures thereof.

[0056] If a metal compound of the formula 16 is used, it is preferably present in the catalyst system in such an amount
that the molar ratio of M5 to the transition metal from the metallocene compound of formula 1 is from 800:1 to 1:1, in
particular from 200:1 to 2:1.

[0057] The support component of the catalyst system of the present invention can be any organic or inorganic inert
solid or a mixture of such solids, in particulate porous solids such as hydrotalcites, talc, inorganic oxides and finely
divided polymer powders.

[0058] Suitable inorganic oxides, which are preferably employed include from the Periodic Table of Elements Groups
1,2,3,4,5, 12, 13 and 14 metal oxides such as silicon dioxide, aluminum oxide, aluminosilicates, zeolites, MgO, ZrO,,
TiO, or B,O3, Ca0, ZnO, ThO,, Na,0, K50, LiO, or mixed oxides like Al/Si oxides, Mg/Al oxides or Al/Mg/Si oxides.
Other suitable inorganic support materials are Na,CO3, K,CO43, CaCO3, MgCl,, Nay,SOy, Aly(SO4)3, BaSO,4, KNO4, Mg
(NO3), and AI(NO3)3.

[0059] Suitable polymer powders are homopolymers, copolymers, crosslinked polymers or polymer blends. Examples
of such polymers are polyethylene, polypropylene, polybutene, polystyrene, divinylbenzene-crosslinked polystyrene,
polyvinyl chloride, acrylonitrile-butadienestyrene copolymer, polyamide, polymethacrylate, polycarbonate, polyester,
polyacetal or polyvinyl alcohol.

[0060] The preferred support materials have a specific surface area in the range from 10 to 1000 m2g, a pore volume
in the range from 0.1 to 5 cm3/g and a mean particle size of from 1 to 500 wm. Preference is given to supports having
a specific surface area in the range from 50 to 500 m2/g, a pore volume in the range from 0.5 to 3.5 cm3/g and a mean
particle size in the range from 5 to 250 pm. Particular preference is given to supports having a specific surface area in
the range from 200 to 400 m2/g, a pore volume in the range from 0.8 to 3.0 cm3/g and a mean particle size of from 10
to 100 pm.

[0061] The support materials can be thermally and/or chemically be pretreated in order to adjust certain properties of
the carrier such as the water and/or the hydroxyl group content.

[0062] If the support material has a low moisture content or residual solvent content, dehydration or drying before use
can be omitted. If this is not the case, as when using silica gel as support material, dehydration or drying is advisable.
Thermal dehydration or drying of the support material can be carried out under reduced pressure with or without simul-
taneous inert gas blanketing (nitrogen). The drying temperature is in the range from 80 °C to 1000 °C, preferably from
150°C to 800 °C and most preferred from 150°C to 400 °C. The duration of the drying process can be from 1 to 24 hours.
But shorter or longer drying periods are also possible.

[0063] In a preferred embodiment of the present invention, support materials with a weight loss on dryness (LOD) of
0.5 wt.% or less, and even more preferred with a LOD of 0.3 wt% or less are used. Higher amounts of physically adsorbed
water up to 1 wt% are possible, but result in reduced catalyst activities. The loss on ignition (LOI) of the support material
is preferably 1 wt% or greater or even more preferred between 1.5 and 3.5 wt%. The weight loss on dryness (LOD) is
thereby defined as the weight loss between room temperature and 300°C and the weight loss on ignition (LOI) as the
weight loss between 300°C and 1000°C.

[0064] In addition or alternatively, dehydration or drying of the support material can also be carried out by chemical
means, by reacting the adsorbed water and/or the surface hydroxyl groups with suitable passivating agents. Reaction
with the passivating reagent can convert the hydroxyl groups completely or partially into a form, which does not show
any adverse interaction with the catalytically active centers. Suitable passivating agents are silicon halides, silanes or
amines, eg. silicon tetrachloride, chlorotrimethylsilane, dichlorodialkylsilanes, dimethylaminotrichlorosilane, N,N-dimeth-
ylanilin or N,N-dimethylbenzylamine or organometallic compounds of aluminum, boron and magnesium, eg. aluminox-
anes, trimethylaluminum, triethylaluminum, triisobutylaluminum, diisobutylaluminum hydride, triethylborane or dibutyl-
magnesium.

[0065] As outlined above, organic support materials such as finely divided polymer powders, can also be used and
should, before use, likewise be freed from any adhering moisture, solvent residues or other impurities by means of
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appropriate purification and drying operations.

[0066] Preference is given to using silica gels having the defined parameters as support materials. Spray dried silica
grades, which inherently exhibit meso and macro pores, cavities and channels are preferred over granular silica grades.
[0067] The supported catalyst system according to this invention can be made in various ways.

[0068] In one embodiment of the present invention, at least one of the above-described metallocene components of
formula 1 is brought into contact in a suitable solvent with at least one cocatalyst component, preferably giving a soluble
reaction product, an adduct or a mixture. The obtained composition is mixed with the dehydrated or passivated support
material, the solvent is removed and the resulting supported metallocene catalyst system is dried to ensure that the
solvent is completely or mostly removed from the pores of the support material. The supported catalyst is obtained as
a free-flowing powder.

[0069] As an example, the process for preparing a free-flowing and, if desired, prepolymerized supported catalyst
system comprises the following steps:

a) preparing a metallocene/cocatalyst mixture in a suitable solvent or suspension medium, where the metallocene
component has one of the above-described structures,

b) applying the metallocene/cocatalyst mixture to a porous, preferably inorganic, if necessary thermally or chemically
pretreated support,

c¢) removing the major part of solvent from the resulting mixture,

d) isolating the supported catalyst system and

e) if desired, prepolymerizing the resulting supported catalyst system with one or more olefinic monomer(s), to obtain
a prepolymerized supported catalyst system.

[0070] In another embodiment of this invention the metallocene / cocatalyst composition is mixed with the dehydrated
or passivated support material, the supported catalyst is recovered and optionally washed with an aromatic hydrocarbon
and/or paraffinic hydrocarbon solvent. The isolated catalyst is then dispersed in a non-reactive suspension media such
as a paraffinic hydrocarbon solvent, a mineral oil or a wax or mixtures thereof.

[0071] In a further embodiment of this invention the catalyst can be prepared according to the procedure disclosed in
WO 06/60544, WO 00/05277 and WO 98/01481.

[0072] As an example, in WO 06/60544, a free flowing and, if desired, prepolymerized supported catalyst system is
prepared comprising the following steps:

a) contacting at least one support material with a first portion of at least one co-catalyst in a suitable solvent

b) impregnating the co-catalyst loaded support with a suspension or solution, which comprises at least one metal-
locene and a second portion of at least one co-catalyst in a suitable solvent

c) isolating the supported catalyst system and

f) if desired, prepolymerizing the resulting supported catalyst system with one or more olefinic monomer(s), to obtain
a prepolymerized supported catalyst system.

[0073] Thus, as an example, the process according to WO 06/60544 for preparing a free-flowing and, if desired,
prepolymerized supported catalyst system comprises the following steps:

a) Contacting a support material with a first composition which includes at least one aluminoxane in a first solvent
at a temperature of about 10 to 30°C followed by keeping the mixture at about 20°C for 0 to 12 hours, subsequently
heating the resulting mixture to a temperature of 30 to 200°C and keeping the mixture at 30 to 200°C for 30 minutes
to 20 hours, optionally followed by removing all or part of the first solvent and/or optionally followed by one or more
washing step(s) using a suitable solvent,

b) Suspending and/or dissolving, respectively, at least one metallocene of formula 1 and a second portion of an
aluminoxane or of a mixture of aluminoxanes or of an ionic compound and/or a Lewis acid in a second solvent or
suspension medium at a temperature of 0 to 100°C, optionally followed by a preactivation time of 1 minute to 200
hours at a temperature of 10 to 100°,

c) Applying the mixture prepared in b) to the aluminoxane loaded support material produced in a), at a temperature
of 10 to 100°C and a contact time of 1 minute to 24 hours,

d) Removing the major part of the solvent from the resulting mixture and optionally washing the resulting supported
catalyst with a suitable solvent,

e) Isolating the supported catalyst system and

f) Optionally prepolymerizing the resulting supported catalyst system with one or more olefinic monomer(s), to obtain
a prepolymerized supported catalyst system.
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[0074] More specifically, as an example, the process according to WO 06/60544 for preparing a free-flowing and, if
desired, prepolymerized supported catalyst system comprises the following steps:
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a) Contacting a support material with a first composition which includes at least 5 mmol of an aluminoxane or of a
mixture of aluminoxanes per g support material in a first solvent at a temperature of about 20°C followed by keeping
the mixture at about 20°C for 0.15 to 2 hours, subsequently heating the resulting mixture to a temperature of 50 to
160°C and keeping the mixture at 50 to 160°C for 1 to 6 hours, optionally followed by removing all or part of the first
solvent and/or optionally followed by one or more washing step(s) using a suitable solvent,

b) Suspending and/or dissolving, respectively, at least 0.5 mmole of a second portion of an aluminoxane or of a
mixture of aluminoxanes per g support material and at least 0.1 mol% of the employed second portion of an alumi-
noxane or of a mixture of aluminoxanes per g support material of at least one metallocene of formula 1 in a second
solvent or suspension medium at a temperature of 20 to 50°C, optionally followed by a preactivation time of 1 minute
to 200 hours at a temperature of 20 to 30°,

c¢) Applying the mixture prepared in b) to the aluminoxane loaded support material produced in a), at a temperature
of 10 to 100°C and a contact time of 1 minute to 24 hours,

d) Removing the major part of the solvent from the resulting mixture and

e) Optionally washing the resulting supported catalyst with a suitable solvent, and/or drying the resulting supported
catalyst at temperatures of 30 to 60°C,

and

f) Optionally prepolymerizing the resulting supported catalyst system with one or more olefinic monomer(s), to obtain
a prepolymerized supported catalyst system.

[0075] In a preferred embodiment, as an example, the process according to WO 06/60544 for preparing a free-flowing
and, if desired, prepolymerized supported catalyst system comprises the following steps:

a) Contacting an optionally thermally pretreated silica support material with at least 10 mmol of an aluminoxane per
g support material in toluene at a temperature of about 20°C followed by subsequently heating the resulting mixture
to a temperature of 50 to 110°C and keeping the mixture at 50 to 110°C for 1 to 6 hours, optionally followed by
removing all or part of the toluene, and/or optionally followed by one or more washing step(s) using a suitable solvent,
b) Suspending and/or dissolving, respectively, at least 0.5 mmole of a second portion of an aluminoxane per g
support material and at least 0.1 mol% of the employed second portion of an aluminoxane or of a mixture of
aluminoxanes per g support material of at least one metallocene of formula 1 in toluene at a temperature of 20 to
50°C, optionally followed by a preactivation time of 1 minute to 200 hours at a temperature of 20 to 30°,

c) Applying the mixture prepared in b) to the aluminoxane loaded support material produced in a), at a temperature
of 10 to 100°C and a contact time of 1 minute to 24 hours,

d) Removing the major part of the toluene from the resulting mixture and

e) Optionally washing the resulting supported catalyst with a suitable solvent, and/or drying the resulting supported
catalyst at temperatures of 30 to 60°C,

and

f) Optionally prepolymerizing the resulting supported catalyst system with one or more olefinic monomer(s), to obtain
a prepolymerized supported catalyst system.

[0076] In a more preferred embodiment, as an example, the process according to WO 06/60544 for preparing a free-
flowing and, if desired, prepolymerized supported catalyst system comprises the following steps:

a) Contacting an optionally thermally pretreated silica support material with a weight loss on dryness (LOD) of 0.5
wt.% or less and a weight loss on ignition (LOI) of 1.0 wt.% or greater with a first composition which includes at least
10 mmol of methylaluminoxane per g support material in toluene at a temperature of about 20°C followed by sub-
sequently heating the resulting mixture to a temperature of 110°C and keeping the mixture at 110°C for 1 to 6 hours,
optionally followed by removing all or part of the toluene, and/or optionally followed by one or more washing step
(s) using a suitable solvent,

b) Suspending and/or dissolving, respectively, at least 1 mmole of a second portion of methylaluminoxane per g
support material and at least 0.1 mol% of the employed second portion of methylaluminoxane per g support material
of atleast one metallocene of formula | in toluene at a temperature of 20 to 50°C, optionally followed by a preactivation
time of 1 minute to 200 hours at a temperature of 20 to 30°,

c) Applying the mixture prepared in b) to the methylaluminoxane loaded support material produced in a), by passing
the impregnation suspension or solution b) through the methylaluminoxane loaded support material in a direct flow
or by using an incipient wetness impregnation technique, where the volume of the impregnation suspension or

19



15

20

25

30

35

40

45

50

55

EP 2 203 486 B9

solution or the total liquid volume used in the impregnation step, respectively, does not exceed 250% of the total
pore volume of the support material, at a temperature of 10 to 100°C and a contact time of 1 minute to 24 hours,
d) Removing the major part of the toluene from the resulting mixture and

e) Optionally washing the resulting supported catalyst with a suitable solvent, and/or drying the resulting supported
catalyst at temperatures of 30 to 60°C,

and

f) Optionally prepolymerizing the resulting supported catalyst system with one or more olefinic monomer(s), to obtain
a prepolymerized supported catalyst system.

[0077] In a particular preferred embodiment, as an example, the process according to WO 06/60544 for preparing a
free-flowing and, if desired, prepolymerized supported catalyst system comprises the following steps:

a) Contacting an optionally thermally pretreated silica support material with a weight loss on dryness (LOD) of 0.3
wt.% or less and a weight loss on ignition (LOI) between 1.5 and 3.5 wt. %, with at least 10 mmol of methylaluminoxane
per g support material in toluene at a temperature of about 20°C followed by subsequently heating the resulting
mixture to a temperature of 110°C and keeping the mixture at 110°C for 1 to 6 hours, optionally followed by removing
all or part of the toluene, and/or optionally followed by one or more washing step(s) using a suitable solvent,

b) Suspending and/or dissolving, respectively, at least 1 mmole of a second portion of methylaluminoxane per g
support material and at least 0.1 mol% of the employed second portion of methylaluminoxane per g support material
of atleast one metallocene of formula 1 in toluene at atemperature of 20 to 50°C, optionally followed by a preactivation
time of 1 minute to 200 hours at a temperature of 20 to 30°,

c) Applying the mixture prepared in b) to the methylaluminoxane loaded support material produced in a), by passing
the impregnation suspension or solution b) through the aluminoxane loaded support material a) in a direct flow or
by using an incipient wetness impregnation technique, where the volume of the impregnation suspension or solution
or the total liquid volume used in the impregnation step, respectively, does not exceed 250% of the total pore volume
of the support material, at a temperature of 10 to 100°C and a contact time of 1 minute to 24 hours,

d) Removing the major part of the toluene from the resulting mixture and

e) Optionally washing the resulting supported catalyst with a suitable solvent, and/or drying the resulting supported
catalyst at temperatures of 30 to 60°C,

and

f) Optionally prepolymerizing the resulting supported catalyst system with one or more olefinic monomer(s), to obtain
a prepolymerized supported catalyst system.

[0078] According to the present invention, for preparing a free-flowing and, if desired, prepolymerized supported
catalyst system, in step b) of the catalyst preparations as mentioned above, instead of an aluminoxane or a mixture of
aluminoxanes, at least one alkyl compound of elements of main Groups | to lll of the Periodic Table, for example a
magnesium alkyl, a lithium alkyl or an aluminum alkyl like trimethylaluminum, triethylaluminum, triisobutyllaluminum,
triisopropylaluminum, trihexylaluminum, trioctylaluminum, tri-n-butylaluminum, tri-n-propylaluminum, triisoprene alumi-
num, dimethyl aluminum monochloride, aluminum monochloride, diisobutyl aluminum monochloride, methyl aluminum
sesquichloride, ethyl aluminum sesquichloride, dimethyl aluminum hydride, aluminum hydride, diisopropy! aluminum
hydride, dimethyl aluminum(trimethylsiloxide), dimethyl aluminum(triethylsiloxide), phenylalan, pentafluorophenylalan,
and o-tolylalan, can be used. Preferred aluminum alkyls are trimethylaluminum, triethylaluminum, triisobutyllaluminum.
[0079] Inan even further embodiment of the present invention a free flowing and, if desired, prepolymerized supported
catalyst system is prepared comprising the following steps:

a) preparing a trialkylaluminium/borinic acid mixture in a suitable solvent or suspension medium

b) applying the trialkylaluminium/borinic acid mixture to a porous, preferably inorganic, if necessary thermally or
chemically pretreated support, which was prior treated with a base like N,N-diethylbenzylamine, N,N-dimethylben-
zylamine, N-benzyldimethylamine, N-benzyldiethylamine, N-benzylbutylamine, N-benzyl tertbutylamine, N-benzyl-
isopropylamine, N-benzylmethylamine, N-benzylethylamine, N-benzyl-1-phenylethylamine, N-benzyl-2-phe-
nylethylamine, N,N-dimethylbenzylamine, N,N-diethylbenzylamine, N-methyl-N-ethylbenzylamine, N-methyldiben-
zylamine and N-ethyldi(benzyl)amine,

c) removing the major part of solvent from the resulting mixture to obtain a supported cocatalyst,

d) preparing a metallocene/supported cocatalyst mixture in a suitable solvent or suspension medium, where the
metallocene of formula 1 is optionally treated with additional trialkylaluminum,

e) isolating the supported catalyst system and

f) if desired, prepolymerizing the resulting supported catalyst system with one or more olefinic monomer(s), to obtain
a prepolymerized supported catalyst system.
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[0080] Preferred solvents for the preparation of the metallocene/cocatalyst mixture are hydrocarbons and hydrocarbon
mixtures, which are liquid at the selected reaction temperature and in which the individual components preferably dissolve.
The solubility of the individual components is, however, not a prerequisite as long as it is ensured that the reaction
product of metallocene and cocatalyst components is soluble in the solvent selected. Suitable solvents are alkanes such
as pentane, isopentane, hexane, isohexane, heptane, octane and nonane, cycloalkanes such as cyclopentane and
cyclohexane and aromatics such as benzene, toluene, ethylbenzene and diethylbenzene. Very particular preference is
given to toluene, heptane and ethylbenzene.

[0081] Fora preactivation, the metallocene in the form of a solid is dissolved in a solution of the cocatalyst in a suitable
solvent. It is also possible to dissolve the metallocene separately in a suitable solvent and subsequently to combine this
solution with the cocatalyst solution. Preference is given to using toluene. The preactivation time is from | minute to 200
hours. The preactivation can take place at room temperature of 25 °C. In individual cases, the use of higher temperatures
can reduce the required preactivation time and give an additional increase in activity. Elevated temperatures in this case
refer to a range from 25 °C to 100 °C.

[0082] The preactivated solution or the metallocene/cocatalyst mixture is subsequently combined with an inert support
material, usually silica gel, which is in the form of a dry powder or as a suspension in one of the above mentioned
solvents. The support material is preferably used as powder. The preactivated metallocene/cocatalyst solution or the
metallocene/cocatalyst mixture can be either added to the initially charged support material, or else the support material
can be introduced into the initially charged solution.

[0083] The volume of the preactivated solution or the metallocene/cocatalyst mixture can exceed 100% of the total
pore volume of the support material used or else be up to 100% of the total pore volume.

[0084] The temperature at which the preactivated solution or the metallocene/cocatalyst mixture is brought into contact
with the support material can vary within the range from 0 °C to 100 °C. However, lower or higher temperatures are also
possible.

[0085] While the solvent is completely or mostly removed from the supported catalyst system, the mixture can be
stirred and, if desired, also heated. Preferably, both the visible portion of the solvent and the portion in the pores of the
support material are removed. The removal of the solvent can be carried out in a conventional way using reduced
pressure and/or purging with inert gas. During the drying process, the mixture can be heated until the free solvent has
been removed, which usually takes from 1 to 3 hours at a preferred temperature of from 30 °C to 60 °C. The free solvent
is the visible portion of the solvent in the mixture. For the purposes of the present invention, residual solvent is the portion
present in the pores.

[0086] As an alternative to the complete removal of the solvent, the supported catalyst system can also be dried until
only a certain residual solvent content is left, with the free solvent having been completely removed. Subsequently, the
supported catalyst system can be washed with alow-boiling point hydrocarbon such as pentane or hexane and dried again.
[0087] The supported catalyst system prepared according to the present invention can be used either directly for the
polymerization of olefins or be prepolymerized with one or more olefinic monomers, with or without the use of hydrogen
as molar mass regulating agent, prior to use in a polymerization process. The procedure for the prepolymerization of
supported catalyst systems is described in WO 94/28034.

[0088] It is possible to add, during or after the preparation of the supported catalyst system, a small amount of an
olefin, preferably an alpha-olefin such as styrene or phenyldimethylvinylsilane as activity-increasing component or an
antistatic, as described in U.S. Ser. No. 08/365,280. The molar ratio of additive to metallocene component of formula 1
is preferably from 1:1000 to 1000:1, very particularly preferably from 1:20 to 20:1.

[0089] The present invention also provides a process for preparing a polyolefin by polymerization of one or more
olefins in the presence of the catalyst system of the present invention comprising at least one transition metal component
of the formula 1. For the purposes of the present invention, the term polymerization refers to both homopolymerization
and copolymerization and the term copolymerization includes terpolymerisation or-copolymerisation of more than three
different monomers.

[0090] Preference is given to polymerizing olefins of the formula RMCH=CH-R" where R™ and R" are identical or
different and are each a hydrogen atom or a radical having from 1 to 20 carbon atoms, in particular from 1 to 10 carbon
atoms, and R™ and R" together with the atoms connecting them can form one or more rings.

[0091] Suitable olefins are 1-olefins, eg. ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 4-methyl-1-pentene or
1-octene, styrene, dienes such as 1,3-butadiene, 1,4-hexadiene, vinylnorbornene, norbomadiene, ethylnorbornadiene
and cyclic olefins such as norbornene, tetracyclododecene or methylnorbomene. In the process of the present invention,
preference is given to homopolymerizing propylene or ethylene or copolymerizing propylene with ethylene and/or one
or more 1-olefins having from 4 to 20 carbon atoms, eg. 1-butene or hexene, and/or one or more dienes having from 4
to 20 carbon atoms, eg. 1,4-butadiene, norbomadiene, ethylidenenorbomene or ethylnorbornadiene. Very suitable co-
polymers are ethylene-propylene copolymers, propylene-1-pentene copolymers and ethylene-propylene-1-butene, eth-
ylene-propylene-1-pentene or ethylene-propylene-1,4-hexadiene terpolymers.

[0092] The polymerization is carried out at from -60 °C to 300 °C, preferably from 50 °C to 200 °C, very particularly
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preferably from 50 °C to 95 °C. The pressure is from 0.5 to 2000 bar, preferably from 5 to 100 bar.

[0093] The polymerization can be carried out in solution, in bulk, in suspension or in the gas phase, continuously or
batchwise, in one or more stages. As an example, impact copolymers are preferably produced in more than one stage.
The homopolymer or random copolymer content of such a polymer can be produced in (a) first stage(s) and the copolymer
rubber content can be produced in (a) consecutive stage(s).

[0094] The supported catalyst system prepared according to the present invention can be used as sole catalyst
component for the polymerization of olefins or preferably in combination with at least one alkyl compound of elements
of main Groups | to lll of the Periodic Table, for example an aluminum alkyl, magnesium alky! or lithium alkyl or an
aluminoxane. The alkyl compound is added to the monomer or suspension medium and serves to free the monomer of
substances, which can impair the catalytic activity. The amount of alkyl compound added depends on the quality of the
monomers used.

[0095] To prepare olefin polymers having a broad or bimodal molecular weight distribution or a broad or bimodal
melting range, it is recommended to use a catalyst system comprising two or more different metallocenes and/or two or
more different cocatalysts. Alternatively two or more different catalyst systems of the present invention can be used as
a mixture.

[0096] As molar mass regulator and/or to increase the activity, hydrogen is added if required.

[0097] The catalyst system may be supplied to the polymerization system as a solid or in the form of a paste or
suspension in a hydrocarbon or may be treated with inert components, such as paraffins, oils, or waxes, to achieve
better metering. If the catalyst system is to be metered into the reactor together with the monomer to be polymerized or
the monomer mixture to be polymerized, the mixing unit and the metering line are preferably cooled.

[0098] Furthermore, an additive such as an antistatic or an alcohol can be used in the process of the present invention,
for example to improve the particle morphology of the olefin polymer. In general it is possible to use all antistatics which
are suitable in olefin polymerization processes. Itis preferred to dose the antistatic directly into the polymerization system,
either together with or separately from the catalyst system used.

[0099] The polymers prepared using the catalyst systems of the present invention display an uniform particle mor-
phology and contain no fines. No agglomerates or deposits are obtained in the polymerization using the catalyst system
of the present invention.

[0100] The catalyst systems of the present invention give polymers such as polypropylene having high molecular
weight and cover a broad range of stereospecificity and regiospecificity.

[0101] The copolymers which can be prepared using the catalyst system based on metallocenes of formula | of the
present invention have a significantly higher molar mass compared to the prior art. At the same time, such copolymers
can be prepared using the catalyst system of the present invention at a high productivity and at industrially relevant
process parameters without deposit formation.

[0102] The polymers prepared by the process of the present invention are suitable, in particular, for producing products
such as fibers, filaments, injection-molded parts, films, sheets, caps, closures, bottles or large hollow bodies such as
pipes with excellent properties.

EXAMPLES

[0103] The Examples below illustrate the invention. The comparative examples are presented for comparison purposes
only and do not illustrate the invention.

General Procedures

[0104] The preparation and handling of the organometallic compounds were carried out under argon using Schlenk
techniques or in a glove box. All solvents were purged with argon and dried over molecular sieves before use.

[0105] The metallocenes produced were characterized by "H-NMR spectroscopy using a Bruker DMX 500 spectrom-
eter, operating at 500 MHz using CDCl; as the solvent.

[0106] The polymers produced were characterized by "H-NMR, 13C-NMR, DSC, GPC, TREF/ATREF, Melt Flow Rate
and IR spectroscopy.

1. Gel Permeation Chromatography (GPC), determination of Mw and Mw/Mn

[0107] A Waters Alliance/GPCV2000 equipped with a refractometer, a triple capillary on-line viscometer (Waters
Corporation, 34 Maple Street, Milford, Massachusetts, 01757 USA) and a light scattering detector PD 2040 (Precision
Detectors Inc., 34 Williams Way, Bellingham, MA, USA) was used for the determination of the molar mass data of the
samples. 0.05 wt% solutions of the samples in 1,2,4-trichlorobenzene were analyzed at a temperature of 145°C using
a Mixed B light scattering quality column (Polymer Labs 1110-6100LS) and a Mixed B guard column (Polymer Labs
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1110-1120). Weight average molar mass (Mw) and the ratio of weight average molar mass to number average molar
mass (Mw/Mn) were calculated using the Cumulative Matching % Broad Standard procedure that is available in the

Waters Millenium 3.2 GPC software module.

2. NMR Spectroscopy

[0108] Samples were prepared by weighing 0.32 g of polymer into 2.5 ml of a 1,2,4-trichlorobenzene/deuterobenzene-
d6 (4:1 volume) mixture. Samples were heated to 125°C and mixed until a homogeneous solution was formed (typically
1-4 hours). Spectra were obtained at 120°C on a Varian Inova 500 instrument (Varian Inc., 3120 Hansen Way, Palo
Alto, CA, 94304, USA) operating at a 13C-spectrometer frequency of 125.7 MHz and using a 10 mm probe. Spectra
were obtained using 5000 scans employing a n/2 pulse of 10.0 s, a recycle delay of 10.0 s and an acquisition time of
2.5 s. Waltz-16 decoupling remained on throughout the pulse sequence to gain the signal to noise enhancement due
to the effects of nOe. Spectra were processed with 1 Hz of line broadening. The mmmm peak in the methyl region of
the spectrum was used as an internal chemical shift reference and was set to 21.85 ppm.

3. Differential Scanning Calorimetry (DSC), determination of the polymer melting point Tm

[0109] DSC measurements were carried out using a Mettler Toledo DSC 822e (Mettler-Toledo Inc., 1900 Polaris
Parkway, Columbus, OH, 43240, USA). 4 mg of sample were weighed into a standard aluminum pan and subjected to
the following temperature schedule:

The samples were heated from room temperature to 220 °C at a heating rate of 20 °C/min, maintained at this
temperature for 5 min, then cooled down to -55 °C at a cooling rate of 20 °C/min, maintained at the same temperature
for 5 min, then heated to 220 °C at a heating rate of 20 °C/min. The melting point was determined from the second
heating run as the temperature where the main peak was observed in the curve.

4. Analytical TREF (A TREF)

[0110] The TREF experimentis carried out on a TREF system built from a modified Waters 2000CV instrument (Waters
Corporation, 34 Maple Street, Milford, MA, 01757 USA). The 2000CV instrument is maintained at 140°C in o-dichlo-
robenzene (ODCB) solvent at 1 ml/min flowrate. To detect the polyolefin fractions eluting from the TREF column, the
system uses a heated infrared IR4 detector (PolymerChar Company, Valencia Technology Park, P.O. Box 176, Valencia,
VA, E-46980, PATERNA, Spain). For cooling and heating of the TREF column, the system uses a temperature-pro-
grammable HAAKE Phoenix Il oil bath (Thermo Electron Corporation, 401 Millcreek Road, Marietta, OH 45750, USA).
The TREF separation column is a stainless steel column of 100 mm long and 0.75 mm diameter packed with 20-
micrometer crosslinked polystyrene beads. This TREF column is maintained at the 140°C temperature in the oil bath
before the sample analyses. Polymer samples are dissolved in ODCB solvent at 140°C at a concentration of 2 mg/ml.
One ml of the test sample of the resultant ODCB solution is injected into the TREF column by the auto-injection system
of the Waters 2000CV instrument with a flowrate of ODCB set at 1ml/min. Following the sample injection, the ODCB
flow is diverted away from the TREF column. As the sample is kept inside the column, the column is allowed to cool
down in the oil bath from 140°C down to 0°C at the cooling rate of 1.5 °C/min. In this cooling step, the polymer molecules
in the test sample are precipitated onto the packing beads in the TREF column. While the columniis stillat 0°C temperature,
a flow of hot ODCB at 1 ml/min is re-introduced to the TREF column for 2 minutes to elute the soluble fraction of the
polymer sample and detected by the IR detector set at 3.4 micrometer wavelength. Then, the temperature is raised at
a heating rate of 2 °C/min while the ODCB flow is maintained at 1 ml/min through the TREF column to elute the higher
melting polymer fractions which are being detected on-line by the IR4 detector.

5. Melt Flow Rate (MFR)

[0111] The MFR of the samples were determined according to ISO 1133 at 230°C. Two diffent loads were used: 2.16
kg and 5 kg. Values are reported as MFR(230/2.16) and MFR(230/5), respectively.

6. Productivity

[0112] The productivity of a catalyst is determined by dividing the produced mass of polypropylene by the mass of
catalyst used and the reaction time.
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7. Yield
[0113] The yield of a sample is determined by dividing the isolated amount of the desired product divided by the
theoretical achievable amount of the product.

The following abbreviations are employed:

PP = polypropylene

MC =  metallocene
Cat=  supported catalyst system
h= hour

XS =  Xylene Soluables

SYNTHESIS OF METALLOCENES

EXAMPLE 1
Dimethylsilanediylbis(2-methyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride

4.7-Dibromo-2-methyl-indan-1-one

[0114]

Br (o)

Br

94.37 g (0.40 mol) 1,4-Dibromobenzene and 106.7 g (0.80 mol) anhydrous aluminum trichloride were placed in a 1000
ml round bottom flask equipped with a mechanical stirrer. 62.72 g (0.60 mol) 2-Methyl-acryloyl chloride were added
under heat evolution (50 - 55°C). The mixture was heated, starting at 105°C a strong gas evolution was observed and
the temperature rose to 135°C. Heating of the now solid mass was continued for 3 h at 110°C. After cooling to room
temperature 200 g ice was added very carefully, followed by the careful addition of 200 ml conc. HCI. The mixture was
extracted three times with 250 ml dichloromethane each. The combined organic layers were washed with 250 ml water
and 250 ml of a saturated sodium bicarbonate solution, dried over magnesium sulfate, and the solvent was removed in
vacuo. Flash chromatography using silica and heptane / dichloromethane (1 : 2) yielded 19.3 g (63 mmol, 16 %) of the
desired indanone as a white solid. TH-NMR (500 MHz, CDCI3): § = 7.67, 7.54 (2 x d, 2H, aromatic), 3.30 (m, 1H,
COCHCH,), 2.74 - 2.64 (m, 2H, benzylic), 1.30 (d, 3H, CH3) ppm.

4,7-Dibromo-2-methyl-1H-indene

[0115]

Br

CD

Br

In a 250 ml round bottom flask 19.2 g (63 mmol) 4,7-Dibromo-2-methyl-indan-1-one were dissolved in 70 ml at 50°C.
Then 2.63 g (1.1 eq.) sodium borohydride were added. At 50°C 11 ml (4.3 eq.) methanol were added dropwise over a
period of 30 min. Stirring was continued at 50°C for 3 h (complete conversion) and then 50 ml water and 50 ml of 2M
H,SO, were added. The aqueous phase was extracted 2 times with 100 ml toluene. The combined organic layers were
washed with 50 ml 2M H,SO, and 50 ml of a sodium chloride solution, dried over magnesium sulfate and the solvent
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was removed in vacuo. 200 ml toluene and 200 mg p-toluene sulfonic acid were added and the solution was heated on
a Dean-Stark-trap for 90 min. 50 ml of a saturated sodium bicarbonate solution were added. The aqueous layer was
extracted 2 times with 50 ml toluene each. The combined organic layers were washed with 50 ml of a saturated sodium
bicarbonate solution and 50 ml of a sodium chloride solution, dried over magnesium sulfate and the solvent was removed
in vacuo to yield

17.8 g (62 mmol, 98 %) of the desired indene as a slightly brown oil. TH-NMR (500 MHz, CDCI3): § = 7.48, 7.35 (2 x d,
2H, aromatic), 6.49 (s, 1H, indenyl-C=CH), 3.32 (s, 2H, benzylic), 2.12 (2, 3H, CH3) ppm.

4,7-Bis-(4-t-butyl-phenyl)-2-methyl-1H-indene

[0116]

®
CD
)

[0117] In a 250 ml roundbottom flask were placed 7.7 g (26.8 mmol) 4,7-Dibromo-2-methyl-1H-indene, 12.0 g (2.5
eq.) t-butylphenyl boronic acid, 120 mg (2 mol %) palladium acetate, 18.76 g (134.4 mmol) potassium carbonate, 17.24
g (53.5 mmol) tetrabutylammonium bromide, 74 ml degassed water and 74 ml degassed toluene. The mixture was stirred
for 18 h at 76°C. After cooling to room temperature, 50 ml toluene and 50 ml water were added. The aqueous phase
was extracted 3 times with 50 ml toluene. The combined organic layers were washed once with 100 ml of 2M sodium
hydroxide solution and 3 times with 50 ml water each, and dried over magnesium sulfate. Removal of the solvent in
vacuo and purification via flash chromatography on silica using heptane/dichloromethane (20:1) yielded 8.14 g (20.6
mmol, 77 %) of the desired indene as a white solid. TH-NMR (500 MHz, CDCI3): § = 7.57 - 7.36 (m, 10H, aromatic),
6.70,6.57 (2x s, 1H, indenyl-C=CH), 3.41 ("d", 2H, benzylic), 2.15 (2 x s, 3H, CH3), 1.37, 1.35 (2 x s, 18H, C(CH3) 3) ppm.

Bis-[4,7-bis-(4-t-butyl-phenyl)-2-methyl-1H-inden-1-yl]-dimethylsilane

[0118]
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[0119] In a flame dried 250 ml roundbottom flask 7.45 g (18.9 mmol) 4,7-Bis-(4-t-butyl-phenyl)-2-methyl-1H-indene
were dissolved 127 ml toluene and 7.45 mI THF. 7.93 ml (1.05 eq., 2.5 M in toluene) n-Butyl lithium were added dropwise
at room temperature and the solution was heated to 80°C for 1h. After cooling to 50°C, 1.22 g (0.5 eq.) dimethyldichlo-
rosilane were added and the reaction mixture was stirred for 17 h at 60°C. The mixture was given to 100 ml water. The
aqueous phase was extracted 3 times with 50 ml toluene each and the combined organic layers were washed with 50
ml water and 50 ml of a saturated sodium chloride solution, and dried over magnesium sulphate. Removal of the solvent
in vacuo and chromatography on silica using heptane/dichloromethane (10 : 1) as the eluent afforded 5.7 g (6.7 mmol,
71.4 %) of the ligand as a slightly offwhite oil. TH-NMR (500 MHz, CDCI3): § = 7.68 - 7.21 (m, 20H, aromatic), 6.84, 6.79
(1xd, 1xs, 2H, indenyl-C=CH), 3.85, 3.59 (1 xm, 1 x s, 2H, benzylic), 2.26, 2.19, 2.16, 2.15 (4 x s, 6H, CHj), 1.37 -
1.26 (m x s, 36H, C(CHj)3), 0.41, 0.27, 0.09, -0.11, -0.13 (5 x s, 6H, Si(CH3),) ppm.

Dimethylsilanediylbis(4,7-bis-(4-t-butyl-phenyl)-2-methyl-1-indenyl)zirconium dichloride

[0120]

[0121] In a flame dried 100 ml roundbottom flask 3.8 g (4.5 mmol) Bis-[4,7-bis-(4-t-butyl-phenyl)-2-methyl-1H-inden-
1-yl]-dimethyl-silane were dissolved in 38 ml diethyl ether and 3.7 ml (2.05 eq., 2.5 M in toluene) n-butyl lithium were

26



10

15

20

25

30

35

40

45

50

55

EP 2 203 486 B9
added at room temperature. After stirring overnight, 1.1 g (4.7 mmol) zirconium tetrachloride was added in portions.
Stirring was continued for 5 h and the solid was isolated by filtration and washing twice with 15 ml diethyl ether each.
The solid was extracted with 100 ml dichloromethane. Removal of the solvent in vacuo yielded 1.2 g (1.2 mmol, 27 %)
of the racemic complex. TH-NMR (500 MHz, CDCI3): § = 7.80 (s, 2H, aromatic), 7.63, 7.51, 7.44 (3 x m, 18H, aromatic),
6.99 (s, 2H, indenyl-C=CH), 2.31 (s, 6H, CH3), 1.37 (s, 6H, Si(CH3),), 1.36, 1.32 (2 x s, 36H, C(CH3)3) ppm.
EXAMPLE 2
Dimethylsilanediylbis(2-methyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride

4,7-Bis-(1-naphthyl)-2-methyl-1H-indene

[0122]

[0123] In a 500 ml roundbottom flask were placed 17.6 g (61.1 mmol) 4,7-Dibromo-2-methyl-1H-indene, 26.3 g (2.5
eq.) 1-napthyl boronic acid, 274 mg (2 mol %) palladium acetate, 42.23 g (2.5 eq.) potassium carbonate, 39.4 g (2 eq.)
tetrabutylammonium bromide, 169 ml degassed water and 169 ml degassed toluene. The mixture was stirred under
reflux for 20 h. After cooling to room temperature, 100 ml toluene and 100 ml water were added. The aqueous phase
was extracted 3 times with 100 ml toluene. The combined organic layers were washed once with 100 ml of 2M sodium
hydroxide solution and 3 times with 50 ml water each, and dried over magnesium sulfate. Removal of the solvent in
vacuo and purification via flash chromatography on silica using heptane/dichloromethane (10:1) yielded 15.3 g (40 mmol,
65 %) of the desired indene as a white solid. "TH-NMR (500 MHz, CDCI3): § =8.11,7.89 - 7.77, 7.57 - 7.26 (3 x m, 16H,
aromatic), 6.61, 6.18 (2 x s, 1H, indenyl-C=CH), 3.49 ("d", 2H, benzylic), 2.09 (2 x s, 3H, CH3) ppm.

Bis-[4,7-bis-(1-naphthyl)-2-methyl-1H-inden-1-yl]-dimethylsilane

[0124]
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[0125] In a flame dried 250 ml roundbottom flask 2.0 g (5.2 mmol) 4,7-Bis-(1-naphthyl)-2-methyl-1H-indene were
dissolved 34 ml toluene and 2 ml THF. 2.2 ml (1.05 eq., 2.5 M in toluene) n-Butyl lithium were added dropwise at room
temperature and the solution was heated to 80°C for 1h. After cooling to 50°C, 337 mg (0.5 eq.) dimethyldichlorosilane
were added and the reaction mixture was stirred for 17 h at 60°C. The mixture was given to 100 ml water. The aqueous
phase was extracted 3 x with 50 ml toluene each and the combined organic layers were washed with 50 ml water and
50 ml of a saturated sodium chloride solution, and dried over magnesium sulphate. Removal of the solvent in vacuo and
chromatography on silica using heptane/dichloromethane (10 : 1) as the eluent afforded 1.8 g (2.2 mmol, 84 %) of the
ligand as a slightly offwhite oil. TH-NMR (500 MHz, CDCI3): = 8.08 - 7.29 (m, 32H, aromatic), 6.35, 6.26 (2 x d, 2H,
indenyl-C=CH), 4.04 - 3.94 (m, 2H, benzylic), 2.24 - 2.15 (m, 6H, CHj), 0.00, - 0.01, -0.02, -0.03, -0.04 (5 x s, 6H, Si
(CH3)2) ppm.

Dimethylsilanediylbis(4,7-bis-(1--naphthyl)-2-methyl-1-indenyl)zirconium dichloride

[0126]

[0127] In a flame dried 100 ml roundbottom flask 1.8 g (2.2 mmol) Bis-[4,7-bis-(1-naphthyl)-2-methyl-1H-inden-1-
yl]-dimethyl-silane were dissolved in 18 ml diethyl ether and 1.8 ml (2.05 eq., 2.5 M in toluene) n-butyl lithium were added
at room temperature. After stirring overnight, 536 mg (2.3 mmol) zirconium tetrachloride was added in portions. Stirring
was continued for 2 h and the solvent was removed in vacuo. 30 ml toluene and 1.8 ml THF were added and the mixture
was stirred for 4 h at 75°C. The solvent was removed and the complex was isolated by extraction with toluene to yield
430 mg (0.44 mmol, 20 %) of the racemic complex. 'H-NMR (500 MHz, CDCI3): & = 8.04 -7.11 (m, 32H, aromatic), 6.65
(s, 2H, indenyl-C=CH), 2.21 (s, 6H, CH3), 1.27 (s, 6H, Si(CH3),) ppm.
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COMPARATIVE EXAMPLE 3

Bis(2,4,7-trimethyl-1H-inden-1-yl)-dimethyl-silane

Bis(2,4,7-trimethyl-1H-inden-1-yl)-dimethyl-silane

[0128] 10.6 ml (26.5 mmole) of a 2.5 M n-butyl lithium solution in hexane were added to a solution of 4.2 g (26.5
mmole) of 2,4,7-trimethylindene in 50 ml of tetrahydrofuran at 0°C and the mixture was heated under reflux for a further
hour and then added to a solution of 3.42 g of dimethyldichlorosilane in 12 ml of tetrahydrofuran at room temperature.
The red suspension was stirred at room temperature for 4 hours and was heated under reflux for additional 4 hours.
The mixture was poured onto ice and extracted with diethylether. The combined organic phases were dried over sodium
sulfate and evaporated to dryness. Recrystallization from hexane yielded 3.95 g (10.6 mmole) of Bis(2,4,7-trimethyl-1H-
inden-1-yl]-dimethylsilane.

COMPARATIVE EXAMPLE 4

Dimethylsilanediylbis(2,4,7-trimethyl-indenyl)-zirconiumdichloride

Dimethylsilanediylbis(2,4,7-trimethyl-indenyl)-zirconiumdichloride

[0129] Continuing with the product produced in Comparative Example 3, 4.32 ml (10.8 mmole) of a 2.5 M n-butyl
lithium solution in hexane were added to a solution of 2.0 g (5.4 mmole) of Bis(2,4,7-trimethyl-1H-inden-1-yl]-dimethyl-
silane in 40 ml of diethylether at 0°C. The mixture was stirred at room temperature for 2 hours and concentrated to 25
ml and the precipitate was filtered over a G4 frit. After being washed with hexane the dilithium salt was added to 1.26 g
(5.4 mmole) of zirconiumtetrachloride in 25 ml of methylene chloride at -78°C. The solvent was removed in vacuum
resulting in a crude metallocene with a rac:meso ratio of 1:1. Purification and rac:meso separation was accomplished
by fractional crystallisation from methylenehloride/hexane.

PREPARATION OF METHYLALUMINOXANE TREATED SILICA
EXAMPLE 5

[0130] To a stirred suspension of 293 g of silica (Grace XP0O2107, dried at 180°C and 1 mbar for 16 hours, LOD <
0.5 wt% and LOI = 2.6 wt%) in 1500 mL of toluene is added slowly 300 mL of a 30 wt-% solution of methylaluminoxane
in toluene (Albemarle Corporation) at room temperature. During the addition the temperature must not exceed 30°C.
After the addition is complete, the mixture is stirred for two hours at room temperature and separated by filtration. The
residue is washed with two 1500 mL portions of toluene and three 1500 mL portions of isohexane and dried in vacuum
to constant weight. The methylaluminoxane treated silica is obtained as a free-flowing powder in a yield of 408 g.

PREPARATION OF SUPPORTED METALLOCENE CATALYSTS:
EXAMPLE 6

[0131] 10.0 g of the methylaluminoxane treated silica prepared in Example 5 are placed in a fritted glass filter as a
column with a smooth surface. A minimal amount of toluene is added and the treated silica is carefully stirred with a
spatula to remove any air pickets in the column. The excess toluene is removed by filtration leaving a smooth surface.
In a separate flask 361 mg of Dimethylsilanediylbis(2-methyl-4,7-bis-(4-t-butyl-phenyl)-1-indenyl)zirconium dichloride
(prepared in Example 1) are mixed with 27 mL of toluene and 13.6 mL of a 30 wt-% solution of methylaluminoxane in
toluene (Albemarle Corporation). The slurry is stirred at room temperature for one hour to give an orange solution. This
solution is then carefully added on top of the methylaluminoxane treated silica and slowly filtered off within approximately
30 minutes. When the surface of the colored solution reaches the top of the silica, the filtration process is stopped and
the filter cake is carefully and thoroughly stirred by means of a spatula. The catalyst is then allowed to rest for one hour.
The residual solvent is filtered off and the catalyst is washed twice with isohexane (20 mL) and dried in a nitrogen purge
to constant weight. The catalyst is obtained as free-flowing reddish powder in a yield of 11.8 g.

EXAMPLE 7

[0132] 10.0 g of the methylaluminoxane treated silica prepared in Example 5 are placed in a fritted glass filter as a
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column with a smooth surface. A minimal amount of toluene is added and the treated silica is carefully stirred with a
spatula to remove any air pockets in the column. The excess toluene is removed by filtration leaving a smooth surface.
In a separate flask 353 mg of Dimethylsilanediylbis(2-methyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride (prepared
in Example 2) are mixed with 27 mL of toluene and 13.6 mL of a 30 wt-% solution of methylaluminoxane in toluene
(Albemarle Corporation). The slurry is stirred at room temperature for one hour to give an orange solution. This solution
is then carefully added on top of the methylaluminoxane treated silica and slowly filtered off within approximately 30
minutes. When the surface of the colored solution reaches the top of the silica, the filtration process is stopped and the
filter cake is carefully and thoroughly stirred by means of a spatula. The catalyst is then allowed to rest for one hour.
The residual solvent is filtered off and the catalyst is washed twice with isohexane (20 mL) and dried in a nitrogen purge
to constant weight. The catalyst is obtained as free-flowing reddish powder in a yield of 11.5 g.

COMPARATIVE EXAMPLE 8

[0133] 10.0 g of the methylaluminoxane treated silica prepared in Example 12 are placed in a fritted glass filter as a
column with a smooth surface. A minimal amount of toluene is added and the treated silica is carefully stirred with a
spatula to remove any air pockets in the column. The excess toluene is removed by filtration leaving a smooth surface.
In a separate flask 191 mg of Dimethylsilanediylbis(2,4,7-trimethyl-indenyl)-zirconiumdichloride (prepared in Compara-
tive Example 4) are mixed with 27 mL of toluene and 13.6 mL of a 30 wt-% solution of methylaluminoxane in toluene
(Albemarle Corporation). The slurry is stirred at room temperature for one hour to give an orange solution. This solution
is then carefully added on top of the methylaluminoxane treated silica and slowly filtered off within approximately 30
minutes. When the surface of the colored solution reaches the top of the silica, the filtration process is stopped and the
filter cake is carefully and thoroughly stirred by means of a spatula. The catalyst is then allowed to rest for one hour.
The residual solvent is filtered off and the catalyst is washed twice with isohexane (20 mL) and dried in a nitrogen purge
to constant weight. The catalyst is obtained as free-flowing orange powder in a yield of 11.5 g.

POLYMERIZATIONS

Polymerization Procedure (batch propylene homo- and co-polymerization):

[0134] Adryand nitrogen purged 5 dm3 autoclave equipped with a stirrer is charged with if desired 100 g of metallocene
polymer seed bed. Optionally, a certain amount of hydrogen is metered in. Triisobutylaluminum (1 cm3 of a 10 wt.-%
solution in heptane), liquid propylene (one-half of the total amount used for the run), and optionally, a certain amount of
ethylene are metered in and the mixture is stirred for at least 5 minutes (stirrer speed 200 rpm) at 20 °C. Then supported
metallocene catalyst, suspended in 5 cm3 of white oil, is injected with liquid propylene (one-half of total amount used
for the run). The reactor is heated to the internally measured run temperature (65, 60 or 30 °C) within 11 minutes. The
polymerization reaction is allowed to proceed at the run temperature for either 15 or 60 minutes. During the 60 min
copolymerization runs the reactor pressure was maintained by continuous feeding of ethylene and propylene. The
polymerization is stopped by releasing the monomer and cooling down the reactor. The polymer is discharged and dried
under reduced pressure.

[0135] The following examples were carried out according to the polymerization procedure described above:

Table 1: Polymerizations

Poly. Catalyst H2 C3[g] | C2[g] | Catalyst | Polym. Polym. Yield [g] | Productivity [g

Example | From [mg] [mg] Temp. Time polymer /g
Example [°C] [min] catalyst*hour]

1 6 - 1830 - 68 65 60 119 1750

2 6 50 1834 - 52 65 60 692 13300

3 6 10 1836 20 75 65 60 210 2800

4 6 10 1767 60 75 65 60 233 3100

5 7 - 1838 - 110 65 60 132 1200

6 7 50 1834 - 56 65 60 532 9500
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Poly. Catalyst | H2 C31[g] | C2[g] | Catalyst | Polym. Polym. Yield[g] | Productivity [g
Example | From [mg] [mg] Temp. Time polymer /g
Example [°C] [min] catalyst*hour]
7 7 10 1756 20 60 65 60 117 1950
8 7 10 1780 60 60 65 60 172 2870
9 8 - 1836 - 60 65 60 62 1033
10 8 50 1832 - 58 65 60 412 7100
11 8 10 1820 20 62 65 60 90 1450
12 8 10 1824 60 60 65 60 107 1780
Table 2: Polymer Properties:
Poly. Example | Catalyst from C2[wt%] | Tm[degC] | MFR2.16 [g/ | Mw [kg/mol] | Mw/Mn | XS [wt%)]
Example 107]
1 6 - 147 0.2 817 23 1.4
2 6 - 149 16.3 207 23 1.1
3 6 2.2 135 8.5 289 2.0 1.4
4 6 52 113 10.0 237 22 1.6
5 7 - 147 0.01 1420 24 1.4
6 7 - 148 3.3 330 25 1.1
7 7 25 130 5.9 309 27 1.4
8 7 5.5 111 7.9 295 25 1.7
9 8 - 144 out of 73 2.6 n.d
measureable
range
10 8 - 146 out of 19 27 n.d
measureable
range
11 8 Sticky waxy material
12 8 Sticky waxy material

Analysis of Results

[0136] Table 1 and Table 2 represent the raw data presented by test run; the remaining tables 3 - 5 break that data
out by the ratio of propylene to ethylene (or if it is a propylene homo polymer) and whether hydrogen was used in the
polymerization process.

Propylene homo polymers

Analysis 1: Production of Propylene homo polymers without the use of hydrogen.

[0137] Table 3 shows the results of two experimental Metallocene catalysts conforming to the requirements of the
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invention compared to a comparative example.

[0138] The individual catalyst comparisons between inventive examples 1 and 5 and comparative example 9 substan-
tiate the outstanding improvements over the state of the art. When examples | and 5 are compared to comparative
example 9, the inventive examples exhibit significantly lower MFR 2.16 rates and increases in Molecular Weight and
Polymer Melting Point (T,,,). Specifically for MFR 2.16, the inventive examples 1 and 5 show MFR values of less than
0.2 while the MFR of the polymer produced in the comparative example 9 is so high that the MFR was out of range and
was not measureable. For the Polymer Melting Point (T,), the inventive examples 1 and 5 show a respective increase
of 3 °C over the original value. For the molecular weight, the inventive examples 1 and 5 show a respective increase of
more than 10 to 20 fold over the original value. This dramatic increase of Molecular Weight opens full access to application
fields like film, pipe or sheets, where a high Molecular Weight is mandatory. Even more surprisingly is that the inventive
examples showed these dramatic improvements in product properties at much higher productivity levels. Inventive
example 1 shows a 69% increase in productivity and inventive example 5 shows a 16% increase in productivity over
the original value.

Analysis 2: Production of Propylene homo polymers with the use of hydrogen.

[0139] Table 4 shows the results of two experimental Metallocene catalysts conforming to the requirements of the
invention compared to a comparative example.

[0140] The individual catalyst comparisons between inventive examples 2 and 6 and comparative example 10 again
substantiate the outstanding improvements over the state of the art. When examples 2 and 6 are compared to comparative
example 10, the inventive examples exhibit significantly lower MFR 2.16 rates and increases in Molecular Weight and
Polymer Melting Point (T,,,). Specifically for MFR 2.16, the inventive examples 2 and 6 show MFR values of less than
16.3 while the MFR of the polymer produced in the comparative example 10 is so high that the MFR was out of range
and was not measureable. For the Polymer Melting Point (T,,), the inventive examples 2 and 6 show a respective increase
of 2 to 3 °C over the original value. For the molecular weight, the inventive examples 2 and 6 show a respective increase
of more than 10 to 17 fold over the original value. This dramatic increase of Molecular Weight opens full access to
application fields like film, fibre and injection moulding, where a Molecular Weight in the achieved range is mandatory.
Even more surprisingly is that the inventive examples showed these dramatic improvements in product properties at
much higher productivity levels. Inventive example 2 shows a 87% increase in productivity and inventive example 6
shows a 34% increase in productivity over the original value.

Propylene/Ethylene Co-polymers

[0141] The polymerization performance and the properties of products made from the inventive catalysts were tested
at two levels of an ethylene/propylene mix to form co-polymers (Table 5). In each case the inventive catalysts from
examples 6 and 7 have been tested, and compared against the comparative catalyst from example 8.

Analysis 3: Production of proprylene/ethylene co-polymers with a propylene/ethylene ratio of approximately 90 and 30
(20 g resp. 60 of ethylene) in the presence of hydrogen.

[0142] Two inventive catalyst (examples 3, 4 and 7, 8) have tested against the comparative catalyst, (examples 11,
12), the results being presented in Table 5. As before, the inventive catalyst showed significant improvements over the
comparative catalyst. Under the applied standard conditions for testing random co-polymers and using the comparative
catalyst it was no longer possible to produce a polymer! The product isolated from the polymerisation was a waxy and
sticky material. As a consequence, such a catalyst can not be commercially used. Specifically for MFR 2.16, the inventive
examples 3, 4 and 7, 8 show MFR values of still less than 10 while the MFR of the waxes (as indicated above, the
material was no longer a polymer!) produced in the comparative examples 11 and 12 was so high that the MFR was out
of range and was not measureable. For the molecular weight, the inventive examples 3, 4 and 7, 8 show still values
above 230 kg/mol which open full access to application fields like high transparent film, fibre and high transparent injection
moulding. Even more surprisingly is that the inventive examples showed these dramatic improvements in product prop-
erties at much higher productivity levels. Inventive examples 3 and 7 where 20 g of ethylene was used in the polymerization
show a 93% and 34% increase in productivity over the directly comparable value of example 11 and inventive examples
4 and 8 where 60 g of ethylene was used show a 74% and 61% increase in productivity over the directly comparable
value of example 12.

[0143] While the above description contains many specifics, these specifics should not be construed as limitations of
the invention but merely as preferred embodiments thereof. Those skilled in the art will envision many other embodiments
within the scope and spirit of the claims as defined by the claims appended hereto.
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Table 3: Production of propylene homo polymers without the use of hydrogen

ol

Poly. Catalyst | H2 C3[g] | C2[g] | Catalyst | Polym. | Polym. | Yield Productivity[g | Tm MFR 2.16 [g/ Mw XS
Example | From [mg] [mg] Temp. Time [a] polymer /g [deg C] 107] ~1ol9 [kg/mol] | Mw/Mn | [wt%)]
Example [°C] [min] catalyst*hour]
1 6 - 1830 | - 68 65 60 119 1750 147 0.2 817 23 1.4
5 7 - 1838 | - 110 65 60 132 1200 147 0.01 1420 24 1.4
9 8 - 1836 | - 60 65 60 62 1033 144 out of 73 2.6 n.d
measureable
range
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Table 4: Production of propylene homo polymers with the use of hydrogen
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Poly. Catalyst | H2 C3[g] | C2[g] | Catalyst | Polym. | Polym. | Yield Productivity[g | Tm MER 2.16 Mw XS
Example | From [mg] [mg] Temp. Time [a] polymer /g [deg C] " [kg/mol] | Mw/Mn | [wt%]
o ; * [gllOT]
Example [°C] [min] catalyst*hour]
2 6 50 1834 | - 52 65 60 692 13300 149 16.3 207 23 1.1
6 7 50 1834 | - 56 65 60 532 9500 148 3.3 330 25 1.1
10 8 50 1832 | - 58 65 60 412 7100 146 out of 19 27 n.d

measureable
range

69 98¥ €02 Z d3
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Table 5: Production of propylene/ethylene co-polymers with a propylene/ethylene ratio of approximately 90 and 30 (20 g resp. 60 g of ethylene) in the presence of hydrogen

Poly. Catalyst | H2 C3[g] |C2[g] |Catalyst | Polym. | Polym. | Yield[g] | Productivity[g | C2 Tm[deg | MFR Mw Mw/Mn | XS
Example | From [mg] [mg] Temp. | Time polymer /g [wt%] C] 2.16 [g/ | [kg/mol] [wt%]
Example [°C] [min] catalyst*hour] 107

3 6 10 1836 |20 75 65 60 210 2800 22 135 8.5 289 2.0 1.4

4 6 10 1767 |60 75 65 60 233 3100 5.2 113 10.0 237 22 1.6

7 7 10 1756 | 20 60 65 60 117 1950 25 130 5.9 309 27 14

8 7 10 1780 |60 60 65 60 172 2870 5.5 111 7.9 295 25 1.7
11 8 10 1820 |20 62 65 60 90 1450 Sticky waxy material

12 8 10 1824 |60 60 65 60 107 1780 Sticky waxy material

69 98¥ €02 Z d3
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Claims

EP 2 203 486 B9

1. A catalyst composition comprising a metallocene compound having formula 1:

Rs R4
RS
®\R3
R7
RS M'R'R?
R10 _
RB
R”
R¥
R®
Formula 1

in which:

M1 is a metal of the Groups 4 - 6 of the Periodic Table of the Elements,

R' and R? are identical or different and are each a hydrogen atom, an alkyl group of from 1 to about 10 carbon
atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryl group of from 6 to about 20 carbon atoms,
an aryloxy group of from 6 to about 10 carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms, an
OH group, a halogen atom, or a NR,32 group, where R32 is an alkyl group of from 1 to about 10 carbon atoms
or an aryl group of from 6 to about 14 carbon atoms and R' and R2 may form one or more ring system(s).
R3and R¥ are identical or different and are each a hydrogen atom, a halogen atom, or a linear, cyclic or branched
hydrocarbon group which may optionally be halogenated and/or may contain one or more hetero atoms selected
from Si, B, Al, O, S, N and P, said hydrocarbon group being selected from an alkyl group of from 1 to about 20
carbon atoms, an alkylalkenyl group of from 3 to about 20 carbon atoms, an alkylaryl group of from 7 to about
40 carbon atoms, an alkylarylalkenyl group of from 9 to about 40 carbon atoms, an arylalkyl group of 7 to 20
carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryl group of from 6 to about 20 carbon
atoms, a heteroaryl group of 3 to about 20 carbon atoms, an aryloxy group of from 6 to about 10 carbon atoms,
a silyloxy group of about 3 to 20 carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms and a
NR,32 group, where R32 s an alkyl group of from 1 to about 10 carbon atoms or an aryl group of from 6 to about
14 carbon atoms,

R4 and R4 are identical or different and are each a hydrogen atom, a halogen atom, or a linear, cyclic or branched
hydrocarbon group which may be halogenated and/or may contain one or more hetero atoms selected from Si,
B, Al, O, S, N and P, said hydrocarbon group being selected from an alkyl group of from 1 to about 20 carbon
atoms, an alkylalkenyl group of from 3 to about 20 carbon atoms, an alkylaryl group of from 7 to about 40 carbon
atoms, or an alkylarylalkenyl group of from 9 to about 40 carbon atoms, an arylalkyl group of 7 to 20 carbon
atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryl group of from 6 to about 20 carbon atoms,
a heteroaryl group of 3 to about 20 carbon atoms, an aryloxy group of from 6 to about 10 carbon atoms, a
silyloxy group of about 3 to 20 carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms, a halogen
atom and a NR,32 group, where R32 is an alkyl group of from 1 to about 10 carbon atoms or an aryl group of
from 6 to about 14 carbon atoms,

RS3, R%, R8 and R® are identical or different and are each an aryl group of from 6 to about 40 carbon atoms, an
alkylaryl group of from 7 to about 40 carbon atoms, an alkenylaryl group of from 8 to about 40 carbon atoms,
a substituted or unsubstituted silylaryl group, or an (alkyl)(silyl)aryl group, and optionally may be halogenated
and/or may contain one or more hetero atoms selected from Si, B, Al, O, S, N and P,

R®, R®, R7 and R are identical or different and are each a hydrogen atom, a halogen, or a linear, cyclic or
branched hydrocarbon group which may optionally be halogenated and/or may contain one or more hetero
atoms selected from Si, B, Al, O, S, N and P, wherein the hydrocarbon group is selected from an alkyl group
of from 1 to about 20 carbon atoms, an alkylalkenyl group of from 3 to about 20 carbon atoms, an alkylaryl
group of from 7 to about 40 carbon atoms, an alkylarylalkenyl group of from 9 to about 40 carbon atoms, an
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arylalkyl group of 7 to 20 carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryl group of
from 6 to about 20 carbon atoms, a heteroaryl group of 3 to about 20 carbon atoms, an aryloxy group of from
6 to about 10 carbon atoms, a silyloxy group of about 3 to 20 carbon atoms, an alkenyl group of from 2 to about
10 carbon atoms, a halogen atom and a NR,32 group, where R32 is an alkyl group of from 1 to about 10 carbon
atoms or an aryl group of from 6 to about 14 carbon atoms,

EP 2 203 486 B9

R10 is a bridging group wherein R10 is selected from:

/

R40 R4O R40
— oM™ —C—M"2—0—
,541 ,'QM ,'241
R40 $4o $4o
M12— —C—C—
R ,'-\.41 ,'241

_Ge_

\P—R“°
/

R40 R40 R40
_ M'lz é Ml1 2
!R41 !R“ 'R41
X
0] S \SO
7/
N \
, P(O)R or C=0

where

R40 and R41, even when bearing the same index, can be identical or different and are each a hydrogen
atom, or a hydrocarbon group which may optionally be halogeneted or which may contain hetero atoms
selected from Si, B, Al, O, S, N and P, wherein the hydrocarbon group is selected from an alkyl group having
from 1 to about 30 carbon atoms, an aryl group of from 6 to about 40 carbon atoms, a fluoroalkyl group of
from 1 to about 10 carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryloxy group
of from 6 to about 10 carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms, an arylalkyl group
of from 7 to about 40 carbon atoms, an alkylaryl group of from 7 to about 40 carbon atoms, a substituted
or unsubstituted alkylsilyl, alkyl(aryl)silyl group, an arylsilyl group or an arylalkenyl group of from 8 to about
40 carbon atoms, or wherein R40 and R41 together with the atoms connecting them can form one or more

cyclic systems,

x is an integer from 1 to 18,

M12 is silicon, germanium or tin, and
R10 may also link two units of the formula 1 to one another.

2. The catalyst composition of claim 1 wherein:
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M1 is a metal of the Group 4 of the Periodic Table of the Elements,

R' and RZ2 are identical or different and are each an alkyl group of from to about 10 carbon atoms, an alkoxy
group of from | to about 10 carbon atoms, an aryloxy group of from 6 to about 10 carbon atoms or a halogen
atom, or R' and R? together may form one or more ring system(s),

R3 and R3 are identical or different and are each a halogen atom or a linear, cyclic or branched hydrocarbon
group which may optionally be halogenated and/or may optionally contain one or more hetero atoms selected
from Si, B, Al, O, S, N and P, wherein the hydrocarbon group is selected from an alkyl group of from 1 to about
10 carbon atoms, an alkylalkenyl group of from 3 to about 10 carbon atoms, an alkylaryl group of from 7 to
about 20 carbon atoms, an alkylarylalkenyl group of from 9 to about 20 carbon atoms, an arylalkyl group of 7
to 15 carbon atoms, an alkoxy group of from 1 to about 6 carbon atoms, an aryl group of from 6 to about 10
carbon atoms, a heteroaryl group of 3 to about 10 carbon atoms, an aryloxy group of from 6 to about 10 carbon
atoms, a silyloxy group of about 3 to 10 carbon atoms, an alkenyl group of from 2 to about 6 carbon atoms and
a NR,32 group where R32 is an alkyl group of from 1 to about 10 carbon atoms or an aryl group of from 6 to
about 10 carbon atoms,

R4 and R# are identical or different and are each a hydrogen atom, or an alkyle group of from 1 to about 20
carbon atoms which may optionally be halogenated and/or may optionally contain one or more hetero atoms
selected from Si, B, Al, O, S, Nand P,

R%, R%, R8 and R® are identical or different and are each an aryl group of from 6 to about 40 carbon atoms, an
alkylaryl group of from 7 to about 40 carbon atoms, and may optionally contain one or more hetero atoms
selected from B, Al, O, S, N, P, F, Cl and Br,

R6, R®, R7 and R” are identical or different and are each a hydrogen atom, or an alkyl group of from 1 to about
20 carbon atoms which may be halogenated and/or may contain one or more hetero atoms selected from B,
Al, O, S, Nand P,

R10js R40R41Sj=, R40R41Ge=, R40R41C= or -(R40R41C-CR40R41)-, where R40 and R#! are identical or different and
are each a hydrogen atom, a hydrocarbon group of from 1 to about 30 carbon atoms, in particular an alkyl group of
from 1 to about 10 carbon atoms, an aryl group of from 6 to about 40 carbon atoms, an arylalkyl group of from 7 to
about 14 carbon atoms, or an alkylaryl group of from 7 to about 14 carbon atoms,

3. The catalyst composition of claim 1 wherein :

M1 is zirconium,

R' and R2 are identical and are methyl, chlorine or phenolate,

R3 and R3' are identical and are a linear, cyclic or branched hydrocarbon group selected from methyl, ethyl, n-
propyl, i-propyl, cyclopropyl, n-butyl, t-butyl, t-butyl-methyl, i-butyl, s-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl,
n-nonyl, n-decyl, cyclopropylmethyl, cyclopentyl, cyclopentyl-methyl, cyclohexyl, cyclohexyl-methyl, (1-ada-
mantyl)methyl, (2-adamantyl)methyl, benzyl, phenylethyl and phenyl-propyl,

R4 and R# are identical and are each a hydrogen atom,

RS3, R5, R8 and R® are identical and are each an aryl group of from 6 to about 20 carbon atoms, selected from
phenyl, 1-naphthyl, 2-naphtyl, an alkylaryl group of from 7 to about 40 carbon atoms which may optionally
contain one or more hetero atoms selected from B, Al, O, S, N, P, F, Cl and Br, the alkylaryl group being selected
from 4- methyl-phenyl, 4-ethyl-phenyl, 4-i-propyl-phenyl, 4-t-butyl-phenyl, 3,5-dimethylphenyl, 3,5-di-t-butyl-4-
methoxy-phenyl, and 2,3,4,5,6-pentafluorophenyl,

R6, R8’, R7 and R” are identical and are each a hydrogen atom,

the bridging unit R0 is R40R41Si= or R40R41Ge=, where R40 and R#1 are identical or different and are methyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, cyclopentyl, cyclopentadienyl, cyclohexyl,
phenyl, naphthyl, benzyl, or 3,3,3-trifluoropropyl.

4. The catalyst composition of claim 1 wherein,

M1 is zirconium,

R and R2 are identical and are methyl or chlorine,

R3 and R¥ are identical and are each methyl, n-heptyl, n-octyl, n-nonyl, n-decyl, cyclohexylmethyl, t-butyl-
methyl, (1-adamantyl)methyl, (2-adamantyl)methyl, benzyl, phenethyl or phenyl-propyl,

R4 and R# are identical and are each a hydrogen atom,

R5, R¥, R8 and R® are identical and are each phenyl, 1-naphthyl, 2-naphtyl, 4-methyl-phenyl, 4-ethyl-phenyl,
4-i-propyl-phenyl, 4-t-butyl-phenyl, 3,5-dimethylphenyl, 3,5-di-t-butyl-4-methoxy-phenyl, 2,3,4,5,6-pentafluor-
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ophenyl,
R6, R®, R7 and R” are identical and are each a hydrogen atom

the bridging unit R10 is R40R41Si= or R40R41Ge=, where R40 and R4! are identical or different and are methyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, cyclopentyl, cyclopentadienyl, cyclohexyl,
phenyl, naphthyl, benzyl, or 3,3,3-trifluoropropyl.

The catalyst composition of claim 1 further including an aluminoxane, a Lewis acid or an ionic compound capable
of converting the metallocene compound to a cationic compound.

The catalyst composition of claim 5 wherein the aluminoxane is a compound having the general formula selected
from one of formulas 6, 7, 8, or 9:

(R-A-0),, (Formula 6)
T
[ O— A—]
L 4 p+2
(Formula 7),
R R

(Formula 9)

wherein radicals R in the formulas (6), (7), (8) and (9) can be identical or different and are each an alkyl group of
from | to about 6 carbon atoms, an aryl group of from 6 to about 18 carbon atoms, benzyl or hydrogen, and p is an
integer from 2 to 50.

The catalyst composition of claim 5 wherein the Lewis acid is a compound having formula 10:

M2X1X2X3 (Formula 10)
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where

M2 is B, Al or Ga, and

X1, X2 and X3 are the same or different and each are a hydrogen atom, an alkyl group of from 1 to about 20
carbon atoms, an aryl group of from 6 to about 15 carbon atoms, alkylaryl, arylalkyl, haloalkyl or haloaryl each
having from 1 to 10 carbon atoms in the alkyl radical and from 6-20 carbon atoms in the aryl radical or fluorine,
chlorine, bromine or iodine.

The catalyst composition of claim 7 wherein the Lewis acid comprises one or more compounds selected from the
group consisting of trimethylaluminum, triethylaluminum, triisobutylaluminum, tributylaluminum, trifluoroborane,
triphenylborane, tris(4-fluorophenyl)borane, tris(3,5-difluorophenyl)borane, tris(4-fluoromethylphenyl)borane, tris
(2,4,6-trifluorophenyl)borane, tris(penta-fluorophenyl)borane, tris(tolyl)borane, tris(3,5-dimethyl-phenyl)borane, tris
(3,5-difluorophenyl)borane and tris(3,4,5-trifluorophenyl)borane.

The catalyst composition of claim 5 wherein the ionic compound comprises one or more compound selected from
the group consisting of:

triethylammoniumtetra(phenyl)borate,
tributylammoniumtetra(phenyl)borate,
trimethylammoniumtetra(tolyl)borate,
tributylammoniumtetra(tolyl)borate,
tributylammoniumtetra(pentafluorophenyl)borate,
tributylammoniumtetra(pentaffluorophenyl) aluminate,
tripropylammoniumtetra(dimethylphenyl)borate,
tributylammoniumtetra(trifluoromethylphenyl)borate,
tributylammoniumtetra(4-fluorophenyl)borate,
N,N-dimethylcyclohexylammoniumtetrakis(pentafluorophenyl)borate,
N,N-dimethylbenzylammoniumtetrakis(pentafluorophenyl)borate
N,N-dimethylanliliniumtetra(phenyl)borate,
N,N-diethylaniliniumtetra(phenyl)borate,
N,N-dimethylaniliniumtetrakis(pentafluorophenyl)borate,
N,N-dimethylaniliniumtetrakis(pentafluorophenyl)aluminate,
di(propyl)ammoniumtetrakis(pentafluorophenyl)borate,
di(cyclohexyl)ammoniumtetrakist(pentafluorophenyl)borate,
triphenylphosphoniumtetrakis(phenyl)borate,
triethylphosphoniumtetrakis(phenyl)borate,
diphenylphosphoniumtetrakis(phenyl)bdrate,
trilmethylphenyl)phosphoniumtetrakis(phenyl)borate,
tri(dimethylphenyl)phosphoniumtetrakis(phenyl)borate,
triphenylcarbeniumtetrakis(pentafluorophenyl)borate,
triphenylcarbeniumtetrakis(pentafluorophenyl)aluminate,
triphenylcarbeniumtetrakis(phenyl)aluminate,
ferroceniumtetrakis(peritafluorophenyl)borate and
ferroceniumtetratkis(pentafluorophenyl)aluminate.

10. The catalyst composition of claim 5 further including a particulate porous solid support.

11. The catalyst composition of claim 10 wherein the particulate porous solid support comprises at least one material

selected from the group consisting of silicon dioxide, aluminum oxide, aluminosilicates, zeolites, MgO, ZrO, TiO,,
B,O5, Ca0, Zn0O, ThO,, Na,0, K,0, LiO,, Al/Si oxides, Mg/Al oxides, Al/Mg/Si oxides, Na,CO5, K,CO3, CaCOs3,
MgCl,, Na,SOy, Al,(SO,)5, BaSO,4, KNO3, Mg(NO3), and AI(NO3)5, polyethylene, polypropylene, polybutene, pol-
ystyrene, divinylbenzene-crosslinked polystyrene, polyvinyl chloride, acrylonitrile-butadienestyrene copolymer,
polyamide, polymethacrylate, polycarbonate, polyester, polyacetal and polyvinyl alcohol.

12. A method for olefin polymerization comprising contacting one or more olefins each having from 2 to about 20 carbon

atoms under olefin polymerization reaction conditions with a catalyst system including a bridged metallocene com-
ponent having the general formula 1,
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RS R
RG
R3
R'I
RS [/, M'R'R?
R =¥
R”
RY
. R®
R4 Rs.
Formula 1

in which:

M1 is a metal of the Groups 4 - 6 of the Periodic Table of the Elements,

R and R2 are identical or different and are each a hydrogen atom, an alkyl group of from 1 to about 10 carbon
atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryl group of from 6 to about 20 carbon atoms,
an aryloxy group of from 6 to about 10 carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms, an
OH group, a halogen atom, or a NR,32 group, where R32 is an alkyl group of from 1 to about 10 carbon atoms
or an aryl group of from 6 to about 14 carbon atoms and R' and R2 may form one or more ring system(s).
R3and R3 are identical or different and are each a hydrogen atom, a halogen atom, or a linear, cyclic or branched
hydrocarbon group which may optionally be halogenated and/or may contain one or more hetero atoms selected
from Si, B, Al, O, S, N and P, said hydrocarbon group being selected from an alkyl group of from 1 to about 20
carbon atoms, an alkylalkenyl group of from 3 to about 20 carbon atoms, an alkylaryl group of from 7 to about
40 carbon atoms, an alkylarylalkenyl group of from 9 to about 40 carbon atoms, an arylalkyl group of 7 to 20
carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryl group of from 6 to about 20 carbon
atoms, a heteroaryl group of 3 to about 20 carbon atoms, an aryloxy group of from 6 to about 10 carbon atoms,
a silyloxy group of about 3 to 20 carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms and a
NR,32 group, where R32 is an alkyl group of from 1 to about 10 carbon atoms or an aryl group of from 6 to about
14 carbon atoms,

R4 and R# are identical or different and are each a hydrogen atom, a halogen atom, or a linear, cyclic or branched
hydrocarbon group which may be halogenated and/or may contain one or more hetero atoms selected from Si,
B, Al, O, S, N and P, said hydrocarbon group being selected from an alkyl group of from 1 to about 20 carbon
atoms, an alkylalkenyl group of from 3 to about 20 carbon atoms, an alkylaryl group of from 7 to about 40 carbon
atoms, or an alkylarylalkenyl group of from 9 to about 40 carbon atoms, an arylalkyl group of 7 to 20 carbon
atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryl group of from 6 to about 20 carbon atoms,
a heteroaryl group of 3 to about 20 carbon atoms, an aryloxy group of from 6 to about 10 carbon atoms, a
silyloxy group of about 3 to 20 carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms, a halogen
atom and a NR,32 group, where R32 is an alkyl group of from 1 to about 10 carbon atoms or an aryl group of
from 6 to about 14 carbon atoms,

R%, R%, R8 and R® are identical or different and are each an aryl group of from 6 to about 40 carbon atoms, an
alkylaryl group of from 7 to about 40 carbon atoms, an alkenylaryl group of from 8 to about 40 carbon atoms,
a substituted or unsubstituted silylaryl group, or an (alkyl)(silyl)aryl group, and optionally may be halogenated
and/or may contain one or more hetero atoms selected from Si, B, Al, O, S, N and P,

R6, R®, R7 and R” are identical or different and are each a hydrogen atom, a halogen, or a linear, cyclic or
branched hydrocarbon group which may optionally be halogenated and/or may contain one or more hetero
atoms selected from Si, B, Al, O, S, N and P, wherein the hydrocarbon group is selected from an alkyl group
of from 1 to about 20 carbon atoms, an alkylalkenyl group of from 3 to about 20 carbon atoms, an alkylaryl
group of from 7 to about 40 carbon atoms, an alkylarylalkenyl group of from 9 to about 40 carbon atoms, an
arylalkyl group of 7 to 20 carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryl group of
from 6 to about 20 carbon atoms, a heteroaryl group of 3 to about 20 carbon atoms, an aryloxy group of from
6 to about 10 carbon atoms, a silyloxy group of about 3 to 20 carbon atoms, an alkenyl group of from 2 to about
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10 carbon atoms, a halogen atom and a NR,32 group, where R32 is an alkyl group of from 1 to about 10 carbon
atoms or an aryl group of from 6 to about 14 carbon atoms,
R10 is a bridging group wherein R10 is selected from:

—0-M"2-0 —C— —0—-M"2— —Cc—m"-0
R41 ,&41 f'?“ ’!{41 é41
lRdO R40 |R40 |R40 $40
_M12 _M12 M12 —C cC—
,;41 ,1.(41 ,'241 ,é{u |'Q41
R40 R40 R40 R4O R40 R40
| | ! { 1
—C—C—C— —M2—-C M2
RM FIQM IR41 éM FIQM ,‘241
X
\ \ \
B—R% Al—R?0 —Ge— —_0— ——
p p Ge (o} S /so
\ \ \ \ \
SO N—R*0 P—R*0 P(O)R¥ C=0
S0z y; p , (0) or /

where

R40 and R41, even when bearing the same index, can be identical or different and are each a hydrogen
atom, or a hydrocarbon group which may optionally be halogeneted or which may contain hetero atoms
selected from Si, B, Al, O, S, N and P, wherein the hydrocarbon group is selected from an alkyl group having
from 1 to about 30 carbon atoms, an aryl group of from 6 to about 40 carbon atoms, a fluoroalkyl group of
from 1 to about 10 carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryloxy group
of from 6 to about 10 carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms, an arylalkyl group
of from 7 to about 40 carbon atoms, an alkylaryl group of from 7 to about 40 carbon atoms, a substituted
or unsubstituted alkylsilyl, alkyl(aryl)silyl group, an arylsilyl group and an arylalkenyl group of from 8 to about
40 carbon atoms, or wherein R40 and R#! together with the atoms connecting them can form one or more
cyclic systems,

x is an integer from 1 to 18,

M12 is silicon, germanium or tin, and

R10 may also link two units of the formula 1 to one another.

13. The method of claim 12, wherein:
M1 is a metal of the Group 4 of the Periodic Table of the Elements,

R and R? are identical or different and are each an alkyl group of from1 to about 10 carbon atoms, an alkoxy
group of from 1 to about 10 carbon atoms, an aryloxy group of from 6 to about 10 carbon atoms or a halogen
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atom, or R' and R2 together may form one or more ring system(s),

R3 and R¥ are identical or different and are each a halogen atom or a linear, cyclic or branched hydrocarbon
group which may optionally be halogenated and/or may optionally contain one or more hetero atoms selected
from Si, B, Al, O, S, N and P, wherein the hydrocarbon group is selected from an alkyl group of from 1 to about
10 carbon atoms, an alkylalkenyl group of from 3 to about 10 carbon atoms, an alkylaryl group of from 7 to
about 20 carbon atoms, an alkylarylalkenyl group of from 9 to about 20 carbon atoms, an arylalkyl group or 7
to 15 carbon atoms, an alkoxy group of from 1 to about 6 carbon atoms, an aryl group of from 6 to about 10
carbon atoms, a heteroaryl group of 3 to about 10 carbon atoms, an aryloxy group of from 6 to about 10 carbon
atoms, a silyloxy group of about 3 to 10 carbon atoms, an alkenyl group of from 2 to about 6 carbon atoms and
a NR,32 group where R32 is an alkyl group of from 1 to about 10 carbon atoms or an aryl group of from 6 to
about 10 carbon atoms,

R4 and R* are identical or different and are each a hydrogen atom, or an alkyl group of from 1 to about 20
carbon atoms which may optionally be halogenated and/or may optionally contain one or more hetero atoms
selected from Si, B, Al, O, S, Nand P,

RS3, R%, R8 and R® are identical or different and are each an aryl group of from 6 to about 40 carbon atoms, an
alkylaryl group of from 7 to about 40 carbon atoms, and may optionally contain one or more hetero atoms
selected from B, Al, O, S, N, P, F, Cl and Br,

R®, R, R7 and R”’ are identical or different and are each a hydrogen atom, or an alkyl group of from 1 to about
20 carbon atoms which may be halogenated and/or may contain one or more hetero atoms selected from B,
Al,O,S,NandP,

R10 js R40R41Si=, R40R41Ge=, R40R41C= or -(R40R41C-CR40R4")-, where R40 and R#4" are identical or different and
are each a hydrogen atom, a hydrocarbon group of from 1 to about 40 carbon atoms selected from an alkyl group
of from 1 to about 10 carbon atoms, an aryl group of from 6 to about 40 carbon atoms, an arylalkyl group of from 7
to about 14 carbon atoms and an alkylaryl group of from 7 to about 14 carbon atoms,

The method of claim 12 wherein :

M1 is zirconium,

R and R2 are identical and are methyl, chlorine or phenolate,

R3 and R? are identical and are a linear, cyclic or branched hydrocarbon group selected from methyl, ethyl, n-
propyl, i-propyl, cyclopropyl, n-butyl, t-butyl, t-butyl-methyl, i-butyl, s-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl,
n-nonyl, n-decyl, cyclopropylmethyl, cyclopentyl, cyclopentyl-methyl, cyclohexyl, cyclohexyl-methyl, (1-ada-
mantyl)methyl, (2-adamantyl)methyl, benzyl, phenylethyl or phenyl-propyl,

R4 and R# are identical and are each a hydrogen atom,

R%, R%, R8 and R?® are identical and are each an aryl group of from 6 to about 20 carbon atoms, selected from
phenyl, 1-naphthyl, 2-naphtyl, or an alkylaryl group of from 7 to about 40 carbon atoms which may optionally
contain one or more hetero atoms selected from B, Al, O, S, N, P, F, Cl and Br, the alkylaryl group being selected
from 4-methyl-phenyl, 4-ethyl-phenyl, 4-i-propyl-phenyl, 4-t-butyl-phenyl, 3,5-dimethylphenyl, 3,5-di-t-butyl-4-
methoxy-phenyl, 2,3,4,5,6-pentafluorophenyl,

R®, R®, R and R7 are identical and are each a hydrogen atom,

the bridging unit R10 is R40R41Si= or R40R41Ge=, where R*0 and R#1 are identical or different and are methyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, cyclopentyl, cyclopentadienyl, cyclohexyl,
phenyl, naphthyl, benzyl, or 3,3,3-trifluoropropyl.

15. The method of claim 12 wherein,

M1 is zirconium,

R' and R2 are identical and are methyl or chlorine,

R3 and R¥ are identical and are each methyl, n-heptyl, n-octyl, n-nonyl, n-decyl, cyclohexylmethyl, t-butyl-
methyl, (1-adamantyl)methyl, (2-adamantyl)methyl, benzyl, phenethyl or phenyl-propyl,

R4 and R# are identical and are each a hydrogen atom,

R%, R¥, R8 and R are identical and are each phenyl, 1-naphthyl, 2-naphtyl, 4-methyl-phenyl, 4-ethyl-phenyl,
4-i-propyl-phenyl, 4-t-butyl-phenyl, 3,5-dimethylphenyl; 3,5-di-t-butyl-4-methoxy-phenyl, 2,3,4,5,6-pentafluor-
ophenyl,

R6, R8', R7 and R” are identical and are each a hydrogen, atom
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the bridging unit R10 is R40R41Si= or R40R41Ge=, where R40 and R4! are identical or different and are methyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, ostyl, nonyl, decyl, undecyl, dodecyl, cyclopentyl, cyclopentadienyl, cyclohexyl,
phenyl, naphthyl, benzyl, or 3,3,3-trifluoropropyl.

The method of claim 12 wherein the catalyst system further including an aluminoxane, a Lewis acid or an ionic
compound capable of converting the metallocene compound to a cationic compound.

The method of claim 16 wherein the aluminoxane is a compound having the general formula selected from one of
formulas 6, 7, 8, or 9:

(R-AI-O), (Formula 6),

7.
r'c- 1
CO—A - pye:

(Formula 7),

/

A1—o0 _ 7:".‘ 0: Al/
L N

\

(]-'ormul; '8),'

(Formula9)

wherein radicals R in the formulas (6), (7), (8) and (9) can be identical or different and are each a an alkyl group of
from 1 to about 6 carbon atoms, an aryl group of from 6 to about 18 carbon atoms, benzyl or hydrogen and p is an
integer from 2 to 50.
The method of claim 16 wherein the Lewis acid is a compound having formula 10:

M2X1X2X3 (Formula 10)

where

M2 is B, Al or Ga, and
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X1, X2 and X3 are the same or different and each are a hydrogen atom, an alkyl group of from 1 to about 20
carbon atoms, an aryl group of from 6 to about 15 carbon atoms, alkylaryl, arylalkyl, haloalkyl or haloaryl each
having from | to 10 carbon atoms in the alkyl radical and from 6-20 carbon atoms in the aryl radical or fluorine,
chlorine, bromine or iodine.

19. The method of claim 18 wherein the Lewis acid comprises one or more compounds selected from the group consisting
of trimethylaluminum, triethylaluminum, triisobutylaluminium, tributylaluminum, trifluoroborane, triphenylborane, tris
(4-fluorophenyl)borane, tris(3,5-difluorophenyl)borane, tris(4-fluoromethylphenyl)borane, tris(2,4,6-trifluorophenyl)
borane, tris(penta-fluorophenyl)borane, tris(tolyl)borane, tris(3,5-dimethyl-phenyl)borane, trips(3,5-difluorophenyl)
borane and tris(3,4,5-trifluorophenyl)borane.

20. The method of claim 16 wherein the ionic compound comprises one or more compound selected from the group
consisting of:

triethylammoniumtetra(phenyl)borate,
tributylammoniumtetra(phenyl)borate,
trimethylammoniumtetra(tolyl)borate,
tributylammoniumtetra(tolyl)borate,
tributylammoniumtetra(pentafluorophenyl)borate,
tributylammoniumtetra(pentaflluorophenyl) aluminate,
tripropylammoniumtetra(dimethylphenyl)borate,
tributylammoniumtetra(trifluoromethylphenyl)borate,
tributylammoniumtetra(4-fluorophenyl)borate,
N,N-dimethylcyclohexylammoniumtetrakis(pentafluorophenyl)borate,
N,N-dimethylbenzylammoniumtetrakis(pentafluorophenyl)borate
N,N-dimethylaniliniumtetra(phenyl)borate,
N,N-diethylaniliniumtetra(phenyl)borate,
N,N-dimethylaniliniumtetrakis(pentafluorophenyl)borate,
N,N-dimethylaniliniumtetrakis(pentafluorophenyl)aluminate,
di(propyl)ammoniumtetrakis(pentafluorophenyl)borate,
di(cyclohexyl)ammoniumtetrakis(pentafluorophenyl)borate,
triphenylphosphoniumtetrakis(phenyl)borate,
triethylphosphoniumtetrakis(phenyl)borate
diphenylphosphoniumtetrakis(phenyl)borate,
trilmethylphenyl)phosphoniumtetrakis(phenyl)borate,
tri(dimethylphenyl)phosphoniumtetrakis(phenyl)borate,
triphenylcarbeniumtetrakis(pentafluorophenyl)borate,
triphenylcarbeniumtetrakis(pentafluorophenyl)aluminate.
triphenylcarbeniumtetrakis(phenyl)aluminate,
ferroceniumtetrakis(pentafluorophenyl)borate and
ferroceniumtetrakis(pentafluorophenyl)aluminate.

21. The method of claim 12 wherein the one or more olefins include propylene and/or ethylene.

22. The method of claim 21 wherein the one or more olefins further include one or more of 1-butene, hexene, 1,4-
butadiene, norbornadiene, ethylidenenorbornene of ethymorbornadiene.

23. A method for preparing a bridged metallocene comprising :

a) providing a compound having the formula 1a
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b) reacting the compound of formula 1a with a base under reaction conditions sufficient to achieve deprotonation
of the compound having formula 1a;
c) reacting the deprotonated compound of step (b) with a compound having the formula M12R40R41X,, wherein
M12 is silicon, germanium or tin, R49 and R4!, even when bearing the same index, can be identical or different
and are each a hydrogen atom, or a hydrocarbon group which may optionally be halogeneted or which may
contain hetero atoms selected from Si, B, Al, O, S, N and P, wherein the hydrocarbon group is selected from
an alkyl group having from | to about 30 carbon atoms, an aryl group of from 6 to about 40 carbon atoms, a
fluoroalkyl group of from 1 to about 10 carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an
aryloxy group of from 6 to about 10 carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms, an
arylalkyl group of from 7 to about 40 carbon atoms, an alkylaryl group of from 7 to about 40 carbon atoms, a
substituted or unsubstituted alkylsilyl, alkyl(aryl)silyl group, an arylsilyl group and an arylalkenyl group of from
8 to about 40 carbon atoms, or wherein R40 and R4 together with the atoms connecting them can form one or
more cyclic systems, and X is a halogen or another leaving group like triflate, tosylate, or mesylate, to provide
a compound having formula 1b
RS rR?
‘R®
D=
R7
R® o

R

Formula 1b

wherein

R3 and R¥ are identical or different and are each a hydrogen atom, a halogen atom, or a linear, cyclic or
branched hydrocarbon group which may optionally be halogenated and/or may contain one or more hetero
atoms selected from Si, B, Al, O, S, N and P, said hydrocarbon group being selected from an alkyl group
of from 1 to about 20 carbon atoms, an alkylalkenyl group of from 3 to about 20 carbon atoms, an alkylaryl
group of from 7 to about 40 carbon atoms, an alkylarylalkenyl group of from 9 to about 40 carbon atoms,
an arylalkyl group of 7 to 20 carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryl
group of from 6 to about 20 carbon atoms, a heteroaryl group of 3 to about 20 carbon atoms, an aryloxy
group of from 6 to about 10 carbon atoms, a silyloxy group of about 3 to 20 carbon atoms, an alkenyl group
of from 2 to about 10 carbon atoms and a NR,32 group, where R32 is an alkyl group of from 1 to about 10
carbon atoms or an aryl group of from 6 to about 14 carbon atoms,

R4 and R% are identical or different and are each a hydrogen atom, a halogen atom, or a linear, cyclic or
branched hydrocarbon group which may be halogenated and/or may contain one or more hetero atoms
selected from Si, B, Al, O, S, N and P, said hydrocarbon group being selected from an alkyl group of from
1 to about 20 carbon atoms, an alkylalkenyl group of from 3 to about 20 carbon atoms, an alkylaryl group
of from 7 to about 40 carbon atoms, an alkylarylalkenyl group of from 9 to about 40 carbon atoms, an
arylalkyl group of 7 to 20 carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryl group
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of from 6 to about 20 carbon atoms, a heteroaryl group of 3 to about 20 carbon atoms, an aryloxy group of
from 6 to about 10 carbon atoms, a silyloxy group of about 3 to 20 carbon atoms, an alkenyl group of from
2 to about 10 carbon atoms, a halogen atom and a NR,32 group, where R32 is an alkyl group of from 1 to
about 10 carbon atoms or an aryl group of from 6 to about 14 carbon atoms,

R5, R5, R and R® are identical or different and are each an aryl group of from 6 to about 40 carbon atoms,
an alkylaryl group of from 7 to about 40 carbon atoms, an alkenylaryl group of from 8 to about 40 carbon
atoms, a substituted or unsubstituted silylaryl group, or an (alkyl)(silyl)aryl group, and optionally may be
halogenated and/or may contain one or more hetero atoms selected from Si, B, Al, O, S, N and P,

R®, R®, R7 and R” are identical or different and are each a hydrogen atom, a halogen, or a linear, cyclic
or branched hydrocarbon group which may optionally be halogenated and/or may contain one or more
hetero atoms selected from Si, B, Al, O, S, N and P, wherein the hydrocarbon group is selected from an
alkyl group of from 1 to about 20 carbon atoms, an alkylalkenyl group of from 3 to about 20 carbon atoms,
an alkylaryl group of from 7 to about 40 carbon atoms, an alkylarylalkenyl group of from 9 to about 40 carbon
atoms, an arylalkyl group of 7 to 20 carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an
aryl group of from 6 to about 20 carbon atoms, a heteroaryl group of 3 to about 20 carbon atoms, an aryloxy
group of from 6 to about 10 carbon atoms, a silyloxy group of about 3 to 20 carbon atoms, an alkenyl group
of from 2 to about 10 carbon atoms, a halogen atom and a NR,32 group, where R32 is an alkyl group of
from 1 to about 10 carbon atoms or an aryl group of from 6 to about .14 carbon atoms,

R10 is a bridging group wherein R10 is selected from:

’340 $40 IR40 ) ;R40 IR40
—0-M'2-0- —Cc— —0-M"— —C—M"2-0—
RM ,Izdi F'!“ §41 'lQM

|R4o R40 $40 ,’240 $40
_M12_ _M12 M12 _C_C_
AM I!(“ édi Fii“ |41
R40 R40 R40 R40 R40 R40
! ! 12 ' 12
—C—C—C— —M (o m2—
’IQM lRM |R41 IRM |R41 ‘IQM
X
\ \ \
/B—R““ /Al—R“0 —Ge— —0— —S— /SO
\ \ \ \ \
SO N—R* P—R*0 P(O)R* C=0
At v v PO o

where
R40 and R41, even when bearing the same index, can be identical or different and are each a hydrogen

atom, or a hydrocarbon group which may optionally be halogeneted or which may contain hetero atoms
selected from Si, B, Al, O, S, N and P, wherein the hydrocarbon group is selected from an alkyl group
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having from 1 to about 30 carbon atoms, an aryl group of from 6 to about 40 carbon atoms, a fluoroalkyl
group of from | to about 10 carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an
aryloxy group of from 6 to about 10 carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms,
an arylalkyl group of from 7 to about 40 carbon atoms, an alkylaryl group of from 7 to about 40 carbon
atoms, a substituted or unsubstituted akylsilyl, alkyl(aryl)silyl group, an arylsilyl group and an arylalkenyl
group of from 8 to about 40 carbon atoms, or wherein R40 and R41 together with the atoms connecting
them can form one or more cyclic systems,

X is an integer from 1 to 18,

M12 is silicon, germanium or tin, and

R10 may also link two units of the formula 1 to one another;

d) reacting the compound of formula 1b with a base under conditions sufficient to achieve double deprotonation
of the compound of formula 1b; and

e) reacting the double deprotonated compound from step (d) with a compound having the formula M'Cl, wherein
M1 is zirconium, titanium or hafnium, to provide a bridged metallocene : compound of substantially 100% pure
racemic isomer as synthesized.

The method of claim 23 wherein the base is n-butyl lithium.

The method of claim 23 wherein the steps (b) and (d) of deprotonation are carried out at a temperature of from about
70°C to about 80°C.

The method of claim 23 wherein M2 is silicon and M1 is zirconium.

The catalyst composition of claim 1, wherein the metallocene compound having formula 1 is selected from the group
consisting of

Dimethylsilanediylbis
Dimethylsilanediylbis
Dimethylsilanediylbis
Dimethylsilanediylbis
Dimethylsilanediylbis
Dimethylsilanediylbis
Dimethylsilanediylbis
Dimethylsilanediylbis
Dimethylsilanediylbis
Dimethylsilanediylbis
Dimethylsilanediylbis
Dimethylsilanediylbis

2-methyl-4,7-diphenyl-indenyl)zirconium dichloride;
2-ethyl-4,7-diphenyl-indenyl)zirconium dichloride.
2-p-propyl-4,7-diphenyl-indenyl)zirconium dichloride,
2-i-propyl-4,7-diphenyl-indenyl)zirconium dichloride,
2-n-butyl-4,7-diphenyl-indenyl)zirconium dichloride,
2-s-butyl-4,7-diphenyl-indenyl)zirconium dichloride,
2-t-butyl-4,7-diphenyl-indenyl)zirconium dichloride,
2-n-pentyl-4,7-diphenyl-indenyl)zirconium dichloride,
2-n-hexyl-4,7-diphenyl-indenyl)zirconium dichloride,
2-n-heptyl-4,7-diphenyl-indenyl)zirconium dichloride,
2-cyclopropylmethyl-4,7-diphenyl-indenyl)zirconium dichloride,
2-cyclobutylmethyl-4,7-diphenyl-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-cyclopentylmethyl-4,7-diphenyl-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-cyclohexylmethyl-4,7-diphenyl-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-cycloheptylmethyl-4,7-diphenyl-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-(1-adamantyl)methyl-4,7-diphenyl-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-t-butyl-methyl-4,7-diphenyl-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2,4,7-triphenyl-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-benzyl-4,7-diphenyl-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-phenethyl-4,7-diphenyl-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-phenylpropyl-4,7-diphenyl-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-phenylbutyl-4,7-diphenyl-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-methyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-ethyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-n-propyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-i-propyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-n-butyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-s-butyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-t-butyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-n-pentyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-n-hexyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride,

P - - - - - - - - - - - -\
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Dimethylsilanediylbis(2-n-heptyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-cyclopropylmethyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium

dichloride,

Dimethylsilanediylbis(2-cyclobutylmethyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-cyclopentylmethyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-cyclohexylmethyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-cycloheptylmethyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-(1-adamantyl)methyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-t-butyl-methyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-(1-furyl)-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-benzyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-phenethyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-phenylpropyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-phenylbutyl-4,7-bis-(4-methyl-phenyl)indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-methyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-ethyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-n-propyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-i-propyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-n-butyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-s-butyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-t-butyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-n-pentyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-n-hexyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-n-heptyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-cyclopropylmethyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-cyclobutylmethyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-cyclopentylmethyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-cyclohexylmethyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-cycloheptylmethyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-(1-adamantyl)methyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-t-butyl-methyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-(1-furyl)-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-benzyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-phenethyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-phenylpropyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-phenylbutyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-methyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-ethyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-n-propyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-i-propyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-n-butyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-s-butyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-t-butyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-n-pentyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-n-hexyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-n-heptyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-cyclopropylmethyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-cyclobutylmethyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-cyclobutylmethyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-cyclohexylmethyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-cycloheptylmethyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-(1-adamantyl)methyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-t-butyl-methyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-(1-furyl)-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-benzyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-phenethyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-phenylpropyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-phenylbutyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirconium dichloride,
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Dimethylsilanediylbis(2-methyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-ethyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-n-propyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-i-propyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-n-butyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-s-butyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-t-butyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-n-pentyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-n-hexyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-n-heptyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-cyclopropylmethyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-cyclobutylmethyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-cyclopentylmethyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-cyclohexylmethyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-cycloheptylmethyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-(1-adamantyl)methyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-t-butyl-methyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-(1-furyl)-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-benzyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-phenethyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-phenylpropyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-phenylbutyl-4,7-bis-(1-naphthyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-methyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-ethyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-n-propyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-i-propyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-n-butyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-s-butyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-t-butyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-n-pentyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-n-hexyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-n-heptyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-cyclopropylmethyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-cyclobutylmethyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-cyclopentylmethyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-cyclohexylmethyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-cycloheptylmethyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride,

Dimethylsilanediylbis(2-(1-adamantyl)methyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride,

(
Dimethylsilanediylbis(2-t-butyl-methyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-(1-furyl)-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-benzyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-phenethyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride,
Dimethylsilanediylbis(2-phenylpropyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride and
Dimethylsilanediylbis(2-phenylbutyl-4,7-bis-(9-anthracenyl)-indenyl)zirconium dichloride.

Patentanspriiche

1.

Katalysatorzusammensetzung umfassend eine Metallocenverbindung mit der Formel 1:
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Formel 1

wobei:

M? ein Metall aus den Gruppen 4-6 des Periodensystems der Elemente ist,

R und R2 identisch oder unterschiedlich sind und jeweils ein Wasserstoffatom, eine Alkylgruppe mit von 1 bis
ungefahr 10 Kohlenstoffatomen, eine Alkoxygruppe mit von 1 bis ungefahr 10 Kohlenstoffatomen, eine Aryl-
gruppe mit von 6 bis ungefahr 20 Kohlenstoffatomen, eine Aryloxygruppe mit von 6 bis ungeféhr 10 Kohlen-
stoffatomen, eine Alkenylgruppe mit von 2 bis ungeféhr 10 Kohlenstoffatomen, eine OH-Gruppe, ein Halogena-
tom oder eine NR,32-Gruppe sind, wobei R32 eine Alkylgruppe mit von 1 bis ungefahr 10 Kohlenstoffatomen
oder eine Arylgruppe mit von 6 bis ungefahr 14 Kohlenstoffatomen ist und R' und R2 ein oder mehrere Ring-
system(e) bilden kdnnen.

R3 und R?¥ identisch oder unterschiedlich sind und jeweils ein Wasserstoffatom, ein Halogenatom oder eine
lineare, zyklische oder verzweigte Kohlenwasserstoffgruppe sind, die optional halogeniert sein kann und/oder
ein oder mehrere Heteroatom(e), ausgewahlt aus Si, B, Al, O, S, N und P, enthalten kannwobei die Kohlen-
wasserstoffgruppen ausgewahlt ist aus einer Alkylgruppe mit von 1 bis ungefahr 20 Kohlenstoffatomen, einer
Alkylalkenylgruppe mit von 3 bis ungefahr 20 Kohlenstoffatomen, einer Alkylarylgruppe mit von 7 bis ungefahr
40 Kohlenstoffatomen, einer Alkylarylalkenylgruppe mit von 9 bis ungefahr 40 Kohlenstoffatomen, einer Aryl-
alkylgruppe mit 7 bis 20 Kohlenstoffatomen, einer Alkoxygruppe mit von 1 bis ungeféhr 10 Kohlenstoffatomen,
einer Arylgruppe mit von 6 bis ungefahr 20 Kohlenstoffatomen, einer Heteroarylgruppe mit 3 bis ungefahr 20
Kohlenstoffatomen, einer Aryloxygruppe mit von 6 bis ungefahr 10 Kohlenstoffatomen, einer Silyloxygruppe
mit ungefahr 3 bis 20 Kohlenstoffatomen, einer Alkenylgruppe mit von 2 bis ungefahr 10 Kohlenstoffatomen
und einer NR,32-Gruppe, wobei R32 eine Alkylgruppe mit von 1 bis ungefahr 10 Kohlenstoffatomen oder eine
Arylgruppe mit von 6 bis ungeféhr 14 Kohlenstoffatomen ist,

R4 und R# identisch oder unterschiedlich sind und jeweils ein Wasserstoffatom, ein Halogenatom oder eine
lineare, zyklische oder verzweigte Kohlenwasserstoffgruppe sind, die halogeniert sein kann und/oder ein oder
mehrere Heteroatom(e), ausgewahlt aus Si, B, Al, O, S, N und P, enthalten kann, wobei die Kohlenwasserstoff-
gruppe ausgewabhlt ist aus einer Alkylgruppe mit von 1 bis ungeféhr 20 Kohlenstoffatomen, einer Alkylalkenyl-
gruppe mit von 3 bis ungeféhr 20 Kohlenstoffatomen, einer Alkylarylgruppe mit von 7 bis ungeféhr 40 Kohlen-
stoffatomen oder einer Alkylarylalkenylgruppe mit von 9 bis ungefahr 40 Kohlenstoffatomen, einer Arylalkylgrup-
pe mit 7 bis 20 Kohlenstoffatomen, einer Alkoxygruppe mit von 1 bis ungeféhr 10 Kohlenstoffatomen, einer
Arylgruppe mit von 6 bis ungefahr 20 Kohlenstoffatomen, einer Heteroarylgruppe mit 3 bis ungefahr 20 Koh-
lenstoffatomen, einer Aryloxygruppe mit von 6 bis ungefahr 10 Kohlenstoffatomen, einer Silyloxygruppe mit
ungefahr 3 bis 20 Kohlenstoffatomen, einer Alkenylgruppe mit von 2 bis ungefahr 10 Kohlenstoffatomen, einem
Halogenatom und einer NR,32-Gruppe, wobei R32 eine Alkylgruppe mit von 1 bis ungefahr 10 Kohlenstoffatomen
oder eine Arylgruppe mit von 6 bis ungefahr 14 Kohlenstoffatomen ist,

R%, R¥, R8 und R® identisch oder unterschiedlich sind und jeweils eine Arylgruppe mit von 6 bis ungefahr 40
Kohlenstoffatomen, eine Alkylarylgruppe mit von 7 bis ungefahr 40 Kohlenstoffatomen, eine Alkenylarylgruppe
mit von 8 bis ungeféhr 40 Kohlenstoffatomen, eine substituierte oder unsubstituierte Silylarylgruppe oder eine
(Alkyl)(silyl)arylgruppe sind und optional halogeniert sein kdnnen und/oder ein oder mehrere Heteroatom(e),
ausgewahlt aus Si, B, Al, O, S, N und P, enthalten kénnen,

R®, R8', R7 und R” identisch oder unterschiedlich sind und jeweils ein Wasserstoffatom, ein Halogen oder eine

51



10

15

20

25

30

35

40

45

50

55

EP 2 203 486 B9

lineare, zyklische oder verzweigte Kohlenwasserstoffgruppe sind, die optional halogeniert sein kann und/oder
ein oder mehrere Heteroatom(e), ausgewahlt aus Si, B, Al, O, S, N und P, enthalten kann, wobei die Kohlen-
wasserstoffgruppe ausgewanhlt ist aus einer Alkylgruppe mit von 1 bis ungefahr 20 Kohlenstoffatomen, einer
Alkylalkenylgruppe mit von 3 bis ungefahr 20 Kohlenstoffatomen, einer Alkylarylgruppe mit von 7 bis ungefahr
40 Kohlenstoffatomen, einer Alkylarylalkenylgruppe mit von 9 bis ungefahr 40 Kohlenstoffatomen, einer Aryl-
alkylgruppe mit 7 bis 20 Kohlenstoffatomen, einer Alkoxygruppe mit von 1 bis ungeféhr 10 Kohlenstoffatomen,
einer Arylgruppe mit von 6 bis ungefahr 20 Kohlenstoffatomen, einer Heteroarylgruppe mit 3 bis ungefahr 20
Kohlenstoffatomen, einer Aryloxygruppe mit von 6 bis ungefahr 10 Kohlenstoffatomen, einer Silyloxygruppe
mit ungefahr 3 bis 20 Kohlenstoffatomen, einer Alkenylgruppe mit von 2 bis ungefahr 10 Kohlenstoffatomen,
einem Halogenatom und einer NR,32-Gruppe, wobei R32 eine Alkylgruppe mit von 1 bis ungefahr 10 Kohlen-
stoffatomen oder eine Arylgruppe mit von 6 bis ungefahr 14 Kohlenstoffatomen ist,

R10 eine Briickengruppe ist, wobei R10 ausgewanhlt ist aus:

IR4O IR40 $40 IR40 lR4>0
—0-M"-0- —C— —0-M"2— —C—M"2—0—
R41 R41 IR41 RM R41

IR40 340 R40 RQO R40
M2 M2yt —é—.é—
||?41 }'?41 LRM II?M ’|?41
,?40 Flzao ,Fao ‘ ,345 R40 $4o
—C—C—C— —M2Z—-C—-M"2—
é“ é41 lRM IRM lRM k41
X
AN \ N\
B—R*% Al—R* —Ge— —0— —5—
p y Ge 0 s /so
\ \ \ \ \
SO N—R* p—R%¥ POR?®  oder C=0
s s s SO /

wobei

R40 und R4, selbst wenn sie den selben Index tragen, identisch oder unterschiedlich sein kénnen und
jeweils ein Wasserstoffatom oder eine Kohlenwasserstoffgruppe sind, die optional halogeniert sein kann
oder die Heteroatome, ausgewahlt aus Si, B, Al, O, S, N und P, enthalten kann, wobei die Kohlenwasser-
stoffgruppe ausgewahlt ist aus einer Alkylgruppe mit von 1 bis ungefahr 30 Kohlenstoffatomen, einer Aryl-
gruppe mit von 6 bis ungeféhr 40 Kohlenstoffatomen, einer Fluoralkylgruppe mit von 1 bis ungefahr 10
Kohlenstoffatomen, einer Alkoxygruppe mit von 1 bis ungeféhr 10 Kohlenstoffatomen, einer Aryloxygruppe
mit von 6 bis ungefahr 10 Kohlenstoffatomen, einer Alkenylgruppe mit von 2 bis ungeféhr 10 Kohlenstoffa-
tomen, einer Arylalkylgruppe mit von 7 bis ungefahr 40 Kohlenstoffatomen, einer Alkylarylgruppe mit von
7 bis ungefahr 40 Kohlenstoffatomen, einer substituierten oder unsubstituierten Alkylsilyl-, Alkyl(aryl)silyl-
gruppe, einer Arylsilylgruppe oder einer Arylalkenylgruppe mit von 8 bis ungefahr 40 Kohlenstoffatomen
oder wobei R40 und R4! zusammen mit den sie verbindenden Atomen ein oder mehrere zyklische Systeme
bilden kdénnen, x eine ganze Zahl von 1 bis 18 ist,

M12 Silizium, Germanium oder Zinn ist, und

R10 auch zwei Einheiten der Formel 1 miteinander verbinden kann.
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2. Katalysatorzusammensetzung nach Anspruch 1 wobei:

M? ein Metall aus der Gruppe 4 des Periodensystems der Elemente ist,

R und R2 identisch oder unterschiedlich sind und jeweils eine Alkylgruppe mit von 1 bis ungefahr 10 Kohlen-
stoffatomen, eine Alkoxygruppe mit von 1 bis ungeféhr 10 Kohlenstoffatomen, eine Aryloxygruppe mit von 6
bis ungefahr 10 Kohlenstoffatomen oder ein Halogenatom sind oder R! und R2 zusammen ein oder mehrere
Ringsystem(e) bilden kdnnen,

R3 und R¥ identisch oder unterschiedlich sind und jeweils ein Halogenatom oder eine lineare, zyklische oder
verzweigte Kohlenwasserstoffgruppe sind, die optional halogeniert sein kann und/oder optional ein oder mehrere
Heteroatom(e), ausgewahlt aus Si, B, Al, O, S, N und P, enthalten kann, wobei die Kohlenwasserstoffgruppe
ausgewahlt ist aus einer Alkylgruppe mit von 1 bis ungefahr 10 Kohlenstoffatomen, einer Alkylalkenylgruppe
mit von 3 bis ungefahr 10 Kohlenstoffatomen, einer Alkylarylgruppe mit von 7 bis ungefahr 20 Kohlenstoffatomen,
einer Alkylarylalkenylgruppe mit von 9 bis ungeféhr 20 Kohlenstoffatomen, einer Arylalkylgruppe mit 7 bis 15
Kohlenstoffatomen, einer Alkoxygruppe mit von 1 bis ungefahr 6 Kohlenstoffatomen, einer Arylgruppe mit von
6 bis ungefahr 10 Kohlenstoffatomen, einer Heteroarylgruppe mit 3 bis ungefahr 10 Kohlenstoffatomen, einer
Aryloxygruppe mit von 6 bis ungefahr 10 Kohlenstoffatomen, einer Silyloxygruppe mit ungefahr 3 bis 10 Koh-
lenstoffatomen, eine Alkenylgruppe mit von 2 bis ungefahr 6 Kohlenstoffatomen und einer NR,32-Gruppe, wobei
R32 eine Alkylgruppe mit von 1 bis ungeféahr 10 Kohlenstoffatomen oder eine Arylgruppe mit von 6 bis ungefahr
10 Kohlenstoffatomen ist,

R4 und R# identisch oder unterschiedlich sind und jeweils ein Wasserstoffatom oder eine Alkylgruppe mit von
1 bis ungefahr 20 Kohlenstoffatomen sind, die optional halogeniert sein kann und/oder optional ein oder mehrere
Heteroatom(e), ausgewahlt aus Si, B, Al, O, S, N und P, enthalten kann,

R%, R¥, R8 und R® identisch oder unterschiedlich sind und jeweils eine Arylgruppe mit von 6 bis ungeféahr 40
Kohlenstoffatomen, eine Alkylarylgruppe mit von 7 bis ungefahr 40 Kohlenstoffatomen sind und optional ein
oder mehrere Heteroatom(e) ausgewahlt aus B, Al, O, S, N, P, F, Cl und Br enthalten kénnen,

R6, R®', R7 und R7 identisch oder unterschiedlich sind und jeweils ein Wasserstoffatom oder eine Alkylgruppe
mit von 1 bis ungefahr 20 Kohlenstoffatomen sind, die halogeniert sein kann und/oder ein oder mehrere Hete-
roatom(e) ausgewahlt aus B, Al, O, S, N und P enthalten kann,

R10 gleich R40R41Si=, R40R41Ge=, R40R41C= oder -(R40R41C-CR40R4")- ist, wobei R40 undR#4! identisch oder
unterschiedlich sind und jeweils ein Wasserstoffatom, eine Kohlenwasserstoffgruppe mit von 1 bis ungefahr 30
Kohlenstoffatomen, insbesondere eine Alkylgruppe mit von 1 bis ungefahr 10 Kohlenstoffatomen, eine Aryl-
gruppe mit von 6 bis ungeféhr 40 Kohlenstoffatomen, eine Arylalkylgruppe mit von 7 bis ungefahr 14 Kohlen-
stoffatomen oder eine Alkylarylgruppe mit von 7 bis ungefahr 14 Kohlenstoffatomen sind.

Katalysatorzusammensetzung nach Anspruch 1 wobei:

M1 Zirkonium ist,

R und R2 identisch sind und Methyl, Chlor oder Phenolat sind,

R3 und R3 identisch sind und eine lineare, zyklische oder verzweigte Kohlenwasserstoffgruppe ausgewahlt aus
Methyl, Ethyl, n-Propyl, i-Propyl, Cyclopropyl, n-Butyl, t-Butyl, t-Butyl-methyl, i-Butyl, s-Butyl, n-Pentyl, n-Hexyl,
n-Heptyl, n-Octyl, n-Nonyl, n-Decyl, Cyclopropyl-methyl, Cyclopentyl, Cyclopentyl-methyl, Cyclohexyl, Cyclo-
hexyl-methyl, (1-Adamantyl)methyl, (2-Adamantyl)methyl, Benzyl, Phenylethyl und Phenyl-propyl sind,

R4 und R# identisch sind und jeweils ein Wasserstoffatom sind,

RS5, R%, R® und R? identisch sind und jeweils eine Arylgruppe mit von 6 bis ungefahr 20 Kohlenstoffatomen
ausgewahlt aus Phenyl, 1-Naphthyl, 2-Naphtyl, einer Alkylarylgruppe mit von 7 bis ungefahr 40 Kohlenstoffa-
tomen, die optional ein oder mehrere Heteroatom(e) ausgewabhlt aus B, Al, O, S, N, P, F, Cl und Br enthalten
kann, sind, wobei die Alkylarylgruppe ausgewahlt ist aus 4 Methyl-phenyl, 4-Ethyl-phenyl, 4-i-Propyl-phenyl, 4-
t-Butyl-phenyl, 3,5-Dimethylphenyl, 3,5-di-t-Butyl-4-methoxy-phenyl und 2,3,4,5,6-Pentafluorphenyl sind,

R6, R, R7 und R” identisch sind und jeweils ein Wasserstoffatom sind, die Briickeneinheit R10 gleich R40R41Sj=
oder R40R41Ge= ist, wobei R40 und R4 identisch oder unterschiedlich sind und Methyl, Ethyl, Propyl, Butyl,
Pentyl, Hexyl, Heptyl, Octyl, Nonyl, Decyl, Undecyl, Dodecyl, Cyclopentyl, Cyclopentadienyl, Cyclohexyl, Phenyl,
Naphthyl, Benzyl, oder 3,3,3-trifluorpropyl sind.

4. Katalysatorzusammensetzung nach Anspruch 1 wobei,

M1 Zirkonium ist,
R und R2 identisch sind und Methyl oder Chlor sind,
R3 und R¥ identisch sind und jeweils Methyl, n-Heptyl, n-Octyl, n-Nonyl, n-Decyl, Cyclohexyl-methyl, t-Butyl-
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methyl, (1-Adamantyl)methyl, (2-Adamantyl)methyl, Benzyl, Phenethyl oder Phenyl-propyl sind,

R4 und R# identisch sind und jeweils ein Wasserstoffatom sind,

R5, R%, R8 und R® identisch sind und jeweils Phenyl, 1-Naphthyl, 2-Naphtyl, 4-Methyl-phenyl, 4-Ethyl-phenyl,
4-i-Propyl-phenyl, 4-t-Butyl-phenyl, 3,5-Dimethylphenyl, 3,5-di-t-Butyl-4-methoxy-phenyl, 2,3,4,5,6-Pentafluor-
phenyl sind,

R®, R®, R7 und R die identisch sind und jeweils ein Wasserstoffatom sind, Briickeneinheit R10 gleich R40R41Si=
oder R40R40Ge= ist, wobei R40 und R4 identisch oder unterschiedlich sind und Methyl, Ethyl, Propyl, Butyl,
Pentyl, Hexyl, Heptyl, Octyl, Nonyl, Decyl, Undecyl, Dodecyl, Cyclopentyl, Cyclopentadienyl, Cyclohexyl, Phenyl,
Naphthyl, Benzyl, oder 3,3,3-Trifluorpropyl sind.

Katalysatorzusammensetzung nach Anspruch 1, dariiber hinaus umfassend ein Aluminoxan, eine Lewissaure oder
eine ionische Verbindung, die die Metallocenverbindung in eine kationische Verbindung umwandeln kann.

Katalysatorzusammensetzung nach Anspruch 5, wobei das Aluminoxan eine Verbindung mit der allgemeinen Formel
ist, die aus einer der Formeln 6, 7, 8 oder 9 ausgewahlt ist:

(R-AI-O), (Formel 6),
v
[ o—A—1

(Formel 7),

35

40

45

50

(Formel 9)

wobei Radikale R in den Formeln (6), (7), (8) und (9) identisch oder unterschiedlich sein kénnen und jeweils eine
Alkylgruppe mit von 1 bis ungeféhr 6 Kohlenstoffatomen, eine Arylgruppe mit von 6 bis ungefahr 18 Kohlenstoffa-
tomen, Benzyl oder Wasserstoff sind und p eine ganze Zahl von 2 bis 50 ist.

Katalysatorzusammensetzung nach Anspruch 5, wobei die Lewissaure eine Verbindung mit der Formel 10 ist:
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M2X1X2X3 (Formel 10)
wobei

M2 gleich B, Al oder Ga ist, und

X1, X2 und X3 identisch oder unterschiedlich sind und jeweils ein Wasserstoffatom, eine Alkylgruppe mit von 1
bis ungefahr 20 Kohlenstoffatomen, eine Arylgruppe mit von 6 bis ungefahr 15 Kohlenstoffatomen, Alkylaryl,
Arylalkyl, Haloalkyl oder Haloaryl jeweils mit von 1 bis 10 Kohlenstoffatomen im Alkylradikal und von 6-20
Kohlenstoffatomen im Arylradikal oder Fluor, Chlor, Brom oder Jod sind.

Katalysatorzusammensetzung nach Anspruch 7, wobei die Lewiss&ure eine oder mehrere Verbindung(en) umfasst,
die aus der Gruppe bestehend aus Trimethylaluminium, Triethylaluminium, Triisobutylaluminium, Tributylaluminium,
Trifluorboran, Triphenylboran, Tris(4-fluorphenyl)boran, Tris(3,5-difluorphenyl)boran, Tris(4-fluormethylphenyl)
boran, Tris(2,4,6-trifluorphenyl)boran, Tris(penta-fluorphenyl)boran, Tris(tolyl)boran, Tris(3,5-dimethyl-phenyl)
boran, Tris(3,5-difluorphenyl)boran und Tris(3,4,5-trifluorphenyl)boran ausgewahlt sind.

Katalysatorzusammensetzung nach Anspruch 5, wobei die ionische Verbindung eine oder mehrere Verbindung(en)
umfasst, die aus der Gruppe bestehend aus:

Triethylammoniumtetra(phenyl)borat, Tributylammoniumtetra(phenyl)borat,
Trimethylammoniumtetra(tolyl)borat, Tributylammoniumtetra(tolyl)borat,
Tributylammoniumtetra(pentafluorphenyl)borat,
Tributylammoniumtetra(pentafluorphenyl)aluminat,
Tripropylammoniumtetra(dimethylphenyl)borat,
Tributylammoniumtetra(trifluormethylphenyl)borat, Tributylammoniumtetra(4-fluorphenyl)borat,
N,N-dimethylcyclohexylammoniumtetrakis-(pentafluorphenyl)borat,
N,N-dimethylbenzylammoniumtetrakis-(pentafluorphenyl)borate,
N,N-dimethylaniliniumtetra(phenyl)borat,
N,N-diethylaniliniumtetra(phenyl)borat,
N,N-dimethylaniliniumtetrakis(pentafluorphenyl)borat,
N,N-dimethylaniliniumtetrakis(pentafluorphenyl)aluminat,
Di(propyl)ammoniumtetrakis(pentafluorphenyl)borat,
Di(cyclohexyl)ammoniumtetrakis(pentafluorphenyl)borat,
Triphenylphosphoniumtetrakis(phenyl)borat,
Triethylphosphoniumtetrakis(phenyl)borat,
Diphenylphosphoniumtetrakis(phenyl)borat,
Tri(methylphenyl)phosphoniumtetrakis(phenyl)borat,
Tri(dimethylphenyl)phosphoniumtetrakis(phenyl)borat,
Triphenylcarbeniumtetrakis(pentafluorphenyl)borat,
Triphenylcarbeniumtetrakis(pentafluorphenyl)aluminat,
Triphenylcarbeniumtetrakis(phenyl)aluminat,
Ferroceniumtetrakis(pentafluorphenyl)borat und
Ferroceniumtetrakis(pentafluorphenyl)aluminat ausgewahilt ist/sind.

Katalysatorzusammensetzung nach Anspruch 5, die daruber hinaus einen teilchenférmigen, porésen Feststofftrager
beinhaltet.

Katalysatorzusammensetzung nach Anspruch 10, wobei der teilchenférmige, porése Feststofftrdger mindestens
ein Material umfasst, das aus der Gruppe ausgewahlt ist, die aus Siliziumdioxid, Aluminiumoxid, Aluminosilikaten,
Zeolithen, MgO, ZrO,, TiO,, B,O5, CaO, ZnO, ThO,, Na,O, K,0, LiO,, Al/Si-Oxiden, Mg/Al-Oxiden, Al/Mg/Si-
Oxiden, Na,CO3, K,CO3, CaCO3, MgCl,, NaySOy, Aly(SO4)3, BaSO,4, KNO3, Mg(NO3), und AI(NO3)5, Polyethylen,
Polypropylen, Polybuten, Polystyrol, Divinylbenzol-vernetztem Polystyrol, Polyvinylchlorid, Acrylnitril-Butadien-Sty-
rol-Copolymer, Polyamid, Polymethacrylat, Polycarbonat, Polyester, Polyacetal und Polyvinylalkohol besteht.

Olefinpolymerisationsverfahren, umfassend das Inkontaktbringen, unter Reaktionsbedingungen der Olefinpolyme-

risation, von einem oder mehreren Olefinen mit jeweils von 2 bis ungefahr 20 Kohlenstoffatomen und einem Kata-
lysatorsystem, das eine verbriickte Metallocenkomponente mit der allgemeinen Formel 1 aufweist
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(Formel 1)

wobei:

M? ein Metall aus den Gruppen 4-6 des Periodensystems der Elemente ist,

R und R2 identisch oder unterschiedlich sind und jeweils ein Wasserstoffatom, eine Alkylgruppe mit von 1 bis
ungefahr 10 Kohlenstoffatomen, eine Alkoxygruppe mit von 1 bis ungefahr 10 Kohlenstoffatomen, eine Aryl-
gruppe mit von 6 bis ungefahr 20 Kohlenstoffatomen, eine Aryloxygruppe mit von 6 bis ungeféhr 10 Kohlen-
stoffatomen, eine Alkenylgruppe mit von 2 bis ungefahr 10 Kohlenstoffatomen, eine OH-Gruppe, ein Halogena-
tom oder eine NR,32-Gruppe ist, wobei R32 eine Alkylgruppe mit von 1 bis ungefahr 10 Kohlenstoffatomen oder
eine Arylgruppe mit von 6 bis ungeféahr 14 Kohlenstoffatomen ist und R' und R2 ein oder mehrere Ringsystem
(e) bilden kénnen.

R3 und R?¥ identisch oder unterschiedlich sind und jeweils ein Wasserstoffatom, ein Halogenatom oder eine
lineare, zyklische oder verzweigte Kohlenwasserstoffgruppe sind, die optional halogeniert sein kann und/oder
ein oder mehrere Heteroatom(e), ausgewahlt aus Si, B, Al, O, S, N und P, enthalten kann, wobei die Kohlen-
wasserstoffgruppe ausgewanhlt ist aus einer Alkylgruppe mit von 1 bis ungefahr 20 Kohlenstoffatomen, einer
Alkylalkenylgruppe mit von 3 bis ungefahr 20 Kohlenstoffatomen, einer Alkylarylgruppe mit von 7 bis ungefahr
40 Kohlenstoffatomen, einer Alkylarylalkenylgruppe mit von 9 bis ungeféhr 40 Kohlenstoffatomen, einer Aryl-
alkylgruppe mit 7 bis 20 Kohlenstoffatomen, einer Alkoxygruppe mit von 1 bis ungeféhr 10 Kohlenstoffatomen,
einer Arylgruppe mit von 6 bis ungefahr 20 Kohlenstoffatomen, einer Heteroarylgruppe mit 3 bis ungefahr 20
Kohlenstoffatomen, einer Aryloxygruppe mit von 6 bis ungefahr 10 Kohlenstoffatomen, einer Silyloxygruppe
mit ungefahr 3 bis 20 Kohlenstoffatomen, einer Alkenylgruppe mit von 2 bis ungefahr 10 Kohlenstoffatomen
und eine NR,32-Gruppe, wobei R32 eine Alkylgruppe mit von 1 bis ungefahr 10 Kohlenstoffatomen oder eine
Arylgruppe mit von 6 bis ungeféhr 14 Kohlenstoffatomen ist,

R4 und R# identisch oder unterschiedlich sind und jeweils ein Wasserstoffatom, ein Halogenatom oder eine
lineare, zyklische oder verzweigte Kohlenwasserstoffgruppe sind, die halogeniert sein kann und/oder ein oder
mehrere Heteroatom(e), ausgewahlt aus Si, B, Al, O, S, N und P, enthalten kann, wobei die Kohlenwasserstoff-
gruppe ausgewahlt ist aus einer Alkylgruppe mit von 1 bis ungeféhr 20 Kohlenstoffatomen, einer Alkylalkenyl-
gruppe mit von 3 bis ungeféhr 20 Kohlenstoffatomen, einer Alkylarylgruppe mit von 7 bis ungefahr 40 Kohlen-
stoffatomen oder einer Alkylarylalkenylgruppe mit von 9 bis ungefahr 40 Kohlenstoffatomen, einer Arylalkylgrup-
pe mit 7 bis 20 Kohlenstoffatomen, einer Alkoxygruppe mit von 1 bis ungeféhr 10 Kohlenstoffatomen, einer
Arylgruppe mit von 6 bis ungefahr 20 Kohlenstoffatomen, einer Heteroarylgruppe mit 3 bis ungefahr 20 Koh-
lenstoffatomen, einer Aryloxygruppe mit von 6 bis ungeféhr 10 Kohlenstoffatomen, einer Silyloxygruppe mit
ungefahr 3 bis 20 Kohlenstoffatomen, einer Alkenylgruppe mit von 2 bis ungefahr 10 Kohlenstoffatomen, einem
Halogenatom und eine NR,32-Gruppe, wobei R32 eine Alkylgruppe mit von 1 bis ungefahr 10 Kohlenstoffatomen
oder eine Arylgruppe mit von 6 bis ungefahr 14 Kohlenstoffatomen ist,

R%, R¥, R8 und R® identisch oder unterschiedlich sind und jeweils eine Arylgruppe mit von 6 bis ungefahr 40
Kohlenstoffatomen, eine Alkylarylgruppe mit von 7 bis ungefahr 40 Kohlenstoffatomen, eine Alkenylarylgruppe
mit von 8 bis ungefahr 40 Kohlenstoffatomen, eine substituierte oder unsubstituierte Silylarylgruppe oder eine
(Alkyl)(silyl)arylgruppe sind und optional halogeniert sein kann und/oder ein oder mehrere Heteroatom(e), aus-
gewahlt aus Si, B, Al, O, S, N und P, enthalten kann,

R6, R®, R7 und R” identisch oder unterschiedlich sind und jeweils ein Wasserstoffatom, ein Halogen oder eine
lineare, zyklische oder verzweigte Kohlenwasserstoffgruppe ist, die optional halogeniert sein kann und/oder
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ein oder mehrere Heteroatom(e), ausgewahlt aus Si, B, Al, O, S, N und P, enthalten kann, wobei die Kohlen-
wasserstoffgruppe ausgewanhlt ist aus einer Alkylgruppe mit von 1 bis ungefahr 20 Kohlenstoffatomen, einer
Alkylalkenylgruppe mit von 3 bis ungefahr 20 Kohlenstoffatomen, einer Alkylarylgruppe mit von 7 bis ungefahr
40 Kohlenstoffatomen, einer Alkylarylalkenylgruppe mit von 9 bis ungeféhr 40 Kohlenstoffatomen, einer Aryl-
alkylgruppe mit 7 bis 20 Kohlenstoffatomen, einer Alkoxygruppe mit von 1 bis ungeféhr 10 Kohlenstoffatomen,
einer Arylgruppe mit von 6 bis ungefahr 20 Kohlenstoffatomen, einer Heteroarylgruppe mit 3 bis ungefahr 20
Kohlenstoffatomen, einer Aryloxygruppe mit von 6 bis ungefahr 10 Kohlenstoffatomen, einer Silyloxygruppe
mit ungefahr 3 bis 20 Kohlenstoffatomen, einer Alkenylgruppe mit von 2 bis ungefahr 10 Kohlenstoffatomen,
einem Halogenatom und einer NR,32-Gruppe, wobei R32 eine Alkylgruppe mit von 1 bis ungefahr 10 Kohlen-
stoffatomen oder eine Arylgruppe mit von 6 bis ungefahr 14 Kohlenstoffatomen ist,

R10 eine Briickengruppe ist, wobei R10 ausgewanhlt ist aus:

IR40 IR40 $40 IR40 $40
—0-M"2-0- —C— —0-M"? —C—M"-0
'lq41 R41 ;241 ‘IQM &41

340 'R40 R40 R4O R40
—M'2— _M1z_,j,,1z_ _é_é_
IIRH "QM &41 IIR‘” |41
R40 40 R40 R40 R40 R40
' ' 12 ! 't2
—C—C—C— -M c—Mm2—
R41 élﬁ lRM IRM le1 ! 41
X
\ \ \
B—R® _/A|—R“° —Ge— —0— —§— 80
\ \ \ \ \
SO N—R*0 p—R%0 P(O)RY  oder C=0
el / / O /

wobei R40 und R#1, selbst wenn sie den selben Index tragen, identisch oder unterschiedlich sein kénnen
und jeweils ein Wasserstoffatom oder eine Kohlenwasserstoffgruppe sind, die optional halogeniert sein
kann oder die Heteroatome, ausgewabhlt aus Si, B, Al, O, S, N und P, enthalten kann, wobei die Kohlen-
wasserstoffgruppe ausgewahlt ist aus einer Alkylgruppe mit von 1 bis ungefahr 30 Kohlenstoffatomen, einer
Arylgruppe mit von 6 bis ungefahr 40 Kohlenstoffatomen, einer Fluoralkylgruppe mit von 1 bis ungefahr 10
Kohlenstoffatomen, einer Alkoxygruppe mit von 1 bis ungeféhr 10 Kohlenstoffatomen, einer Aryloxygruppe
mit von 6 bis ungefahr 10 Kohlenstoffatomen, einer Alkenylgruppe mit von 2 bis ungeféhr 10 Kohlenstoffa-
tomen, einer Arylalkylgruppe mit von 7 bis ungeféhr 40 Kohlenstoffatomen, einer Alkylarylgruppe mit von
7 bis ungefahr 40 Kohlenstoffatomen, einer substituierten oder unsubstituierten Alkylsilyl-, Allyl(aryl)silyl-
gruppe, einer Arylsilylgruppe und einer Arylalkenylgruppe mit von 8 bis ungefdhr 40 Kohlenstoffatomen
oder wobei R40 und R4! zusammen mit den sie verbindenden Atomen ein oder mehrere zyklische Systeme
bilden kénnen,

x eine ganze Zahl von 1 bis 18 ist,

M2 Silizium, Germanium oder Zinn ist, und

57



10

15

20

25

30

35

40

45

50

55

EP 2 203 486 B9
R10 auch zwei Einheiten der Formel 1 miteinander verbinden kann.
13. Verfahren nach 12, wobei:

M* ein Metall aus der Gruppe 4 des Periodensystems der Elemente ist,

R und R2 identisch oder unterschiedlich sind und jeweils eine Alkylgruppe mit von 1 bis ungefahr 10 Kohlen-
stoffatomen, eine Alkoxygruppe mit von 1 bis ungeféhr 10 Kohlenstoffatomen, eine Aryloxygruppe mit von 6
bis ungefahr 10 Kohlenstoffatomen oder ein Halogenatom sind oder R! und R2 zusammen ein oder mehrere
Ringsystem(e) bilden kénnen,

R3 und R¥ identisch oder unterschiedlich sind und jeweils ein Halogenatom oder eine lineare, zyklische oder
verzweigte Kohlenwasserstoffgruppe sind, die optional halogeniert sein kann und/oder optional ein oder mehrere
Heteroatom(e), ausgewahlt aus Si, B, Al, O, S, N und P, enthalten kann, wobei die Kohlenwasserstoffgruppe
ausgewahlt ist aus einer Alkylgruppe mit von 1 bis ungefahr 10 Kohlenstoffatomen, einer Alkylalkenylgruppe
mit von 3 bis ungefahr 10 Kohlenstoffatomen, einer Alkylarylgruppe mit von 7 bis ungefahr 20 Kohlenstoffatomen,
einer Alkylarylalkenylgruppe mit von 9 bis ungeféhr 20 Kohlenstoffatomen, einer Arylalkylgruppe mit 7 bis 15
Kohlenstoffatomen, einer Alkoxygruppe mit von 1 bis ungefahr 6 Kohlenstoffatomen, einer Arylgruppe mit von
6 bis ungefahr 10 Kohlenstoffatomen, einer Heteroarylgruppe mit 3 bis ungefahr 10 Kohlenstoffatomen, einer
Aryloxygruppe mit von 6 bis ungefahr 10 Kohlenstoffatomen, einer Silyloxygruppe mit ungeféhr 3 bis 10 Koh-
lenstoffatomen, einer Alkenylgruppe mit von 2 bis ungefahr 6 Kohlenstoffatomen und einer NR,32-Gruppe,
wobei R32 eine Alkylgruppe mit von 1 bis ungeféahr 10 Kohlenstoffatomen oder eine Arylgruppe mit von 6 bis
ungefahr 10 Kohlenstoffatomen ist,

R4 und R# identisch oder unterschiedlich sind und jeweils ein Wasserstoffatom oder eine Alkylgruppe mit von
1 bis ungefahr 20 Kohlenstoffatomen sind, die optional halogeniert sein kann und/oder und optional ein oder
mehrere Heteroatom(e), ausgewahlt aus Si, B, Al, O, S, N und P, enthalten kann,

RS, R%, R8 und R?® identisch oder unterschiedlich sind und jeweils eine Arylgruppe mit von 6 bis ungefahr 40
Kohlenstoffatomen, eine Alkylarylgruppe mit von 7 bis ungefahr 40 Kohlenstoffatomen sind und optional ein
oder mehrere Heteroatom(e) ausgewahlt aus B, Al, O, S, N, P, F, Cl und Br enthalten kénnen,

R®, R, R7 und R” identisch oder unterschiedlich sind und jeweils ein Wasserstoffatom oder eine Alkylgruppe
mit von 1 bis ungefahr 20 Kohlenstoffatomen sind, die halogeniert sein kann und/oder ein oder mehrere Hete-
roatom(e) ausgewahlt aus B, Al, O, S, N und P enthalten kann,

R10 gleich R40R41Si=, R40R41Ge=, R40R41C= oder -(R4OR41C-CR40R4")- ist, wobei R40 undR#! identisch oder
unterschiedlich sind und jeweils ein Wasserstoffatom, eine Kohlenwasserstoffgruppe mit von 1 bis ungefahr 40
Kohlenstoffatomen ausgewahlt aus einer Alkylgruppe mit von 1 bis ungefahr 10 Kohlenstoffatomen, einer Aryl-
gruppe mit von 6 bis ungefahr 40 Kohlenstoffatomen, einer Arylalkylgruppe mit von 7 bis ungeféhr 14 Kohlen-
stoffatomen und einer Alkylarylgruppe mit von 7 bis ungefahr 14 Kohlenstoffatomen sind.

14. Verfahren nach Anspruch 12, wobei

M1 Zirkonium ist,

R und R2 identisch sind und Methyl, Chlor oder Phenolat sind,

R3 und R¥ identisch sind und eine lineare, zyklische oder verzweigte Kohlenwasserstoffgruppe ausgewahlt aus
Methyl, Ethyl, n-Propyl, i-Propyl, Cyclopropyl, n-Butyl, t-Butyl, t-Butyl-methyl, i-Butyl, s-Butyl, n-Pentyl, n-Hexyl,
n-Heptyl, n-Octyl, n-Nonyl, n-Decyl, Cyclopropyl-methyl, Cyclopentyl, Cyclopentyl-methyl, Cyclohexyl, Cyclo-
hexyl-methyl, (1-Adamantyl)methyl, (2-Adamantyl)methyl, Benzyl, Phenylethyl oder Phenyl-propyl sind,

R4 und R# identisch sind und jeweils ein Wasserstoffatom sind,

R%, RS, R8 und R¥ identisch sind und jeweils eine Arylgruppe mit von 6 bis ungefahr 20 Kohlenstoffatomen
sind, die ausgewabhlt ist aus Phenyl, 1-Naphthyl, 2-Naphtyl oder einer Alkylarylgruppe mit von 7 bis ungefahr
40 Kohlenstoffatomen, die optional ein oder mehrere Heteroatom(e) ausgewahit aus B, Al, O, S, N, P, F, CI
und Br enthalten kann, wobei die Alkylarylgruppe ausgewahlt ist aus 4-Methyl-phenyl, 4-Ethyl-phenyl, 4-i-Propyl-
phenyl, 4-t-Butyl-phenyl, 3,5-Dimethylphenyl, 3,5-di-t-Butyl-4-methoxy-phenyl, 2,3,4,5,6-Pentafluorphenyl,
R6, R8, R7 und R” identisch sind und jeweils ein Wasserstoffatom sind,

die Briickeneinheit R10 gleich R40R41Si= oder R40R41Ge= ist, wobei R40 und R#! identisch oder unterschiedlich
sind und Methyl, Ethyl, Propyl, Butyl, Pentyl, Hexyl, Heptyl, Octyl, Nonyl, Decyl, Undecyl, Dodecyl, Cyclopentyl,
Cyclopentadienyl, Cyclohexyl, Phenyl, Naphthyl, Benzyl oder 3,3,3-Trifluorpropyl sind.

15. Verfahren nach Anspruch 12, wobei
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M* Zirkonium ist,

R und R2 identisch sind und Methyl oder Chlor sind,

R3 und R? identisch sind und jeweils Methyl, n-Heptyl, n-Octyl, n-Nonyl, n-Decyl, Cyclohexyl-methyl, t-Butyl-
methyl, (1-Adamantyl)methyl, (2-Adamantyl)methyl, Benzyl, Phenethyl oder Phenyl-propyl sind,

R4 und R# identisch sind und jeweils ein Wasserstoffatom sind,

R%, R%, R8 und R® identisch sind und jeweils Phenyl, 1-Naphthyl, 2-Naphtyl, 4-Methyl-phenyl, 4-Ethyl-phenyl,
4-i-Propyl-phenyl, 4-t-Butyl-phenyl, 3,5-Dimethylphenyl, 3,5-di-t-Butyl-4-methoxy-phenyl, 2,3,4,5,6-Pentafluor-
phenyl sind,

R6, R8', R7 und R” identisch sind und jeweils ein Wasserstoffatom sind,

die Briickeneinheit R0 gleich R40R41Si= oder R40R41Ge= ist, wobei R40 und R#! identisch oder unterschiedlich
sind und Methyl, Ethyl, Propyl, Butyl, Pentyl, Hexyl, Heptyl, Octyl, Nonyl, Decyl, Undecyl, Dodecyl, Cyclopentyl,
Cyclopentadienyl, Cyclohexyl, Phenyl, Naphthyl, Benzyl oder 3,3,3-Trifluorpropyl sind.

16. Verfahren nach Anspruch 12, wobei das Katalysatorsystem dariiber hinaus ein Aluminoxan, eine Lewissaure oder
eine ionische Verbindung beinhaltet, die die Metallocenverbindung in eine kationische Verbindung umwandeln kann.

17. Verfahren nach Anspruch 16, wobei das Aluminoxan eine Verbindung mit der allgemeinen Formel ist, die aus einer
der Formeln 6, 7, 8 oder 9 ausgewahlt ist:

(R-AI-O), (Formel 6),
? «
- V -1
O .

(Formel 7),

(Formel 9)

wobei Radikale R in den Formeln (6), (7), (8) und (9) identisch oder unterschiedlich sein kénnen und jeweils eine
Alkylgruppe mit von 1 bis ungeféhr 6 Kohlenstoffatomen, eine Arylgruppe mit von 6 bis ungefahr 18 Kohlenstoffa-
tomen, Benzyl oder Wasserstoff sind und p eine ganze Zahl von 2 bis 50 ist.
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18. Verfahren nach Anspruch 16, wobei die Lewissaure eine Verbindung mit der Formel 10 ist:
M2X1X2X3 (Formel 10)
wobei

M2 gleich B, Al oder Ga ist und

X1, X2 und X3 identisch oder unterschiedlich sind und jeweils ein Wasserstoffatom, eine Alkylgruppe mit von 1
bis ungefahr 20 Kohlenstoffatomen, eine Arylgruppe mit von 6 bis ungefahr 15 Kohlenstoffatomen, Alkylaryl,
Arylalkyl, Haloalkyl oder Haloaryl jeweils mit von 1 bis 10 Kohlenstoffatomen im Alkylradikal und von 6-20
Kohlenstoffatomen im Arylradikal oder Fluor, Chlor, Brom oder Jod sind.

19. Verfahren nach Anspruch 18, wobei die Lewissaure ein oder mehrere Verbindungen umfasst, die ausgewabhlt ist/
sind aus der Gruppe bestehend aus Trimethylaluminium, Triethylaluminium, Triisobutylaluminium, Tributylalumini-
um, Trifluorboran, Triphenylboran, Tris(4-fluorphenyl)boran, Tris(3,5-difluorphenyl)boran, Tris(4-fluormethylphenyl)
boran, Tris(2,4,6-trifluorphenyl)boran, Tris(penta-fluorphenyl)boran, Tris(tolyl)boran, Tris(3,5-dimethyl-phenyl)
boran, Tris(3,5-difluorphenyl)boran und Tris(3,4,5-trifluorphenyl)boran.

20. Verfahren nach Anspruch 16, wobei die ionische Verbindung ein oder mehrere Verbindungen umfasst, die ausge-
wahlt ist/sind aus der Gruppe bestehend aus:

Triethylammoniumtetra(phenyl)borat, Tributylammoniumtetra(phenyl)borat,
Trimethylammoniumtetra(tolyl)borat, Tributylammoniumtetra(tolyl)borat,
Tributylammoniumtetra(pentafluorphenyl)borat,
Tributylammoniumtetra(pentafluorphenyl)aluminat,
Tripropylammoniumtetra(dimethylphenyl)borat,
Tributylammoniumtetra(trifluormethylphenyl)borat, Tributylammoniumtetra(4-fluorphenyl)borat,
N,N-Dimethylcyclohexylammoniumtetrakis(pentafluorphenyl)borat,
N,N-Dimethylbenzylammoniumtetrakis(pentafluorphenyl)borat,
N,N-Dimethylaniliniumtetra(phenyl)borat,
N,N-Diethylaniliniumtetra(phenyl)borat,
N,N-Dimethylaniliniumtetrakis(pentafluorphenyl)borat,
N,N-Dimethylaniliniumtetrakis(pentafluorphenyl)aluminat,
Di(propyl)ammoniumtetrakis(pentafluorphenyl)borat,
Di(cyclohexyl)ammoniumtetrakis(pentafluorphenyl)borat,
Triphenylphosphoniumtetrakis(phenyl)borat,
Triethylphosphoniumtetrakis(phenyl)borat,
Diphenylphosphoniumtetrakis(phenyl)borat,
Tri(methylphenyl)phosphoniumtetrakis(phenyl)borat,
Tri(dimethylphenyl)phosphoniumtetrakis(phenyl)borat,
Triphenylcarbeniumtetrakis(pentafluorphenyl)borat,
Triphenylcarbeniumtetrakis(pentafluorphenyl)aluminat,
Triphenylcarbeniumtetrakis(phenyl)aluminat,
Ferroceniumtetrakis(pentafluorphenyl)borat und
Ferroceniumtetrakis(pentafluorphenyl)aluminat.

21. Verfahren nach Anspruch 12, wobei das eine oder die mehreren Olefin(e) Propylen und/oder Ethylen umfassen.

22. Verfahren nach Anspruch 21, wobei das eine oder die mehreren Olefin(e) darliber hinaus eines oder mehrere von
1-Buten, Hexen, 1,4-Butadien, Norbornadien, Ethylidenenorbornen oder Ethylnorbornadiene umfassen.

23. Verfahren zur Herstellung eines verbriickten Metallocens, umfassend:

a) Bereitstellen einer Verbindung mit der Formel 1a
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Formel 1a

b) die Verbindung mit der Formel la unter zur Deprotonierung der Verbindung mit der Formel la ausreichenden
Reaktionsbedingungen mit einer Base reagieren lassen,

c) die deprotonierte Verbindung aus Schritt (b) mit einer Verbindung mit der Formel M12R40R41X reagieren
lassen, wobei M12 Silizium, Germanium oder Zinn R40 und R4, selbst wenn sie den selben Index tragen,
identisch oder unterschiedlich sein kdnnen und jeweils ein Wasserstoffatom oder eine Kohlenwasserstoffgruppe
sind, die optional halogeniert sein kann oder Heteroatome, ausgewahlt aus Si, B, Al, O, S, N und P, enthalten
kann, wobei die Kohlenwasserstoffgruppe ausgewahlt ist aus einer Alkylgruppe mit von 1 bis ungefahr 30
Kohlenstoffatomen, einer Arylgruppe mit von 6 bis ungefahr 40 Kohlenstoffatomen, einer Fluoralkylgruppe mit
von 1 bis ungeféhr 10 Kohlenstoffatomen, einer Alkoxygruppe mit von 1 bis ungeféhr 10 Kohlenstoffatomen,
einer Aryloxygruppe mit von 6 bis ungeféhr 10 Kohlenstoffatomen, einer Alkenylgruppe mit von 2 bis ungefahr
10 Kohlenstoffatomen, einer Arylalkylgruppe mit von 7 bis ungefahr 40 Kohlenstoffatomen, einer Alkylarylgruppe
mit von 7 bis ungefahr 40 Kohlenstoffatomen, einer substituierten oder unsubstituierten Alkylsilyl-, Alkyl(aryl)
silylgruppe, einer Arylsilylgruppe und einer Arylalkenylgruppe mit von 8 bis ungefahr 40 Kohlenstoffatomen
oder wobei R40 und R4! zusammen mit den sie verbindenden Atomen ein oder mehrere zyklische Systeme
bilden kénnen, und X ein Halogen oder eine sonstige abgehende Gruppe wie Triflat, Tosylat oder Mesylat ist,
um eine Verbindung mit der Formel 1b bereitzustellen

Formel 1b

wobei

R3 und R¥ identisch oder unterschiedlich sind und jeweils ein Wasserstoffatom, ein Halogenatom, oder
eine lineare, zyklische oder verzweigte Kohlenwasserstoffgruppe sind, die optional halogeniert sein kann
und/oder ein oder mehrere Heteroatom(e), ausgewahlt aus Si, B, Al, O, S, N und P, enthalten kann, wobei
die Kohlenwasserstoffgruppe ausgewahlt ist aus einer Alkylgruppe mit von 1 bis ungefahr 20 Kohlenstoffa-
tomen, einer Alkylalkenylgruppe mit von 3 bis ungefahr 20 Kohlenstoffatomen, einer Alkylarylgruppe mit
von 7 bis ungeféhr 40 Kohlenstoffatomen, einer Alkylarylalkenylgruppe mit von 9 bis ungefahr 40 Kohlen-
stoffatomen, einer Arylalkylgruppe mit 7 bis 20 Kohlenstoffatomen, einer Alkoxygruppe mit von 1 bis un-
gefahr 10 Kohlenstoffatomen, einer Arylgruppe mit von 6 bis ungeféhr 20 Kohlenstoffatomen, einer Hete-
roarylgruppe mit 3 bis ungefahr 20 Kohlenstoffatomen, einer Aryloxygruppe mit von 6 bis ungefahr 10
Kohlenstoffatomen, einer Silyloxygruppe mit ungefahr 3 bis 20 Kohlenstoffatomen, einer Alkenylgruppe mit
von 2 bis ungefahr 10 Kohlenstoffatomen und einer NR,32-Gruppe, wobei R32 eine Alkylgruppe mit von 1
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bis ungefahr 10 Kohlenstoffatomen oder eine Arylgruppe mit von 6 bis ungefahr 14 Kohlenstoffatomen ist,
R4 und R% identisch oder unterschiedlich sind und jeweils ein Wasserstoffatom, ein Halogenatom oder
eine lineare, zyklische oder verzweigte Kohlenwasserstoffgruppe sind, die halogeniert sein kann und/oder
ein oder mehrere Heteroatom(e), ausgewahlt aus Si, B, Al, O, S, N und P, enthalten kann, wobei die
Kohlenwasserstoffgruppe ausgewahilt ist aus einer Alkylgruppe mit von 1 bis ungefahr 20 Kohlenstoffato-
men, einer Alkylalkenylgruppe mit von 3 bis ungefahr 20 Kohlenstoffatomen, einer Alkylarylgruppe mit von
7 bis ungefahr 40 Kohlenstoffatomen, einer Alkylarylalkenylgruppe mit von 9 bis ungefahr 40 Kohlenstoffa-
tomen, einer Arylalkylgruppe mit 7 bis 20 Kohlenstoffatomen, einer Alkoxygruppe mit von 1 bis ungeféhr
10 Kohlenstoffatomen, einer Arylgruppe mit von 6 bis ungeféahr 20 Kohlenstoffatomen, einer Heteroaryl-
gruppe mit 3 bis ungefahr 20 Kohlenstoffatomen, einer Aryloxygruppe mit von 6 bis ungeféhr 10 Kohlen-
stoffatomen, einer Silyloxygruppe mit ungefahr 3 bis 20 Kohlenstoffatomen, einer Alkenylgruppe mit von 2
bis ungefahr 10 Kohlenstoffatomen, einem Halogenatom und eine NR,32-Gruppe, wobei R32 eine Alkylgrup-
pe mit von 1 bis ungefahr 10 Kohlenstoffatomen oder eine Arylgruppe mit von 6 bis ungefahr 14 Kohlen-
stoffatomen ist,

R5, R¥, R8 und R® identisch oder unterschiedlich sind und jeweils eine Arylgruppe mit von 6 bis ungefahr
40 Kohlenstoffatomen, eine Alkylarylgruppe mit von 7 bis ungefahr 40 Kohlenstoffatomen, eine Alkenyla-
rylgruppe mit von 8 bis ungeféhr 40 Kohlenstoffatomen, eine substituierte oder unsubstituierte Silylaryl-
gruppe, oder eine (Alkyl)(silyl)arylgruppe sind und optional halogeniert sein kénnen und/oder ein oder
mehrere Heteroatom(e), ausgewahlt aus Si, B, Al, O, S, N und P, enthalten kénnen,

R6, R®, R7 und R” identisch oder unterschiedlich sind und jeweils ein Wasserstoffatom, ein Halogen oder
eine lineare, zyklische oder verzweigte Kohlenwasserstoffgruppe sind, die optional halogeniert sein kann
und/oder ein oder mehrere Heteroatom(e), ausgewahlt aus Si, B, Al, O, S, N und P, enthalten kann, wobei
die Kohlenwasserstoffgruppe ausgewahlt ist aus einer Alkylgruppe mit von 1 bis ungefahr 20 Kohlenstoffa-
tomen, einer Alkylalkenylgruppe mit von 3 bis ungefahr 20 Kohlenstoffatomen, einer Alkylarylgruppe mit
von 7 bis ungefahr 40 Kohlenstoffatomen, einer Alkylarylalkenylgruppe mit von 9 bis ungefahr 40 Kohlen-
stoffatomen, einer Arylalkylgruppe mit 7 bis 20 Kohlenstoffatomen, einer Alkoxygruppe mit von 1 bis un-
gefahr 10 Kohlenstoffatomen, einer Arylgruppe mit von 6 bis ungeféhr 20 Kohlenstoffatomen, einer Hete-
roarylgruppe mit 3 bis ungefahr 20 Kohlenstoffatomen, einer Aryloxygruppe mit von 6 bis ungeféhr 10
Kohlenstoffatomen, einer Silyloxygruppe mit ungefahr 3 bis 20 Kohlenstoffatomen, einer Alkenylgruppe mit
von 2 bis ungefahr 10 Kohlenstoffatomen, einem Halogenatom und einer NR,32 -Gruppe, wobei R32 eine
Alkylgruppe mit von 1 bis ungefahr 10 Kohlenstoffatomen oder eine Arylgruppe mit von 6 bis ungefahr 14
Kohlenstoffatomen ist,

R10 eine Briickengruppe ist, wobei R10 ausgewahlt ist aus:
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wobei

R40 und R41, selbst wenn sie den selben Index tragen, identisch oder unterschiedlich sein kénnen und
jeweils ein Wasserstoffatom oder eine Kohlenwasserstoffgruppe sind, die optional halogeniert sein
kann oder die Heteroatome, ausgewahlt aus Si, B, Al, O, S, N und P, enthalten kann, wobei die Koh-
lenwasserstoffgruppe ausgewahlt ist aus einer Alkylgruppe mit von 1 bis ungefahr 30 Kohlenstoffato-
men, einer Arylgruppe mit von 6 bis ungefahr 40 Kohlenstoffatomen, einer Fluoralkylgruppe mit von 1
bis ungefahr 10 Kohlenstoffatomen, einer Alkoxygruppe mit von 1 bis ungefahr 10 Kohlenstoffatomen,
einer Aryloxygruppe mit von 6 bis ungefahr 10 Kohlenstoffatomen, einer Alkenylgruppe mit von 2 bis
ungeféhr 10 Kohlenstoffatomen, einer Arylalkylgruppe mit von 7 bis ungefahr 40 Kohlenstoffatomen,
einer Alkylarylgruppe mit von 7 bis ungefahr 40 Kohlenstoffatomen, einer substituierten oder unsub-
stituierten Alkylsilyl-, Alkyl(aryl)silylgruppe, einer Arylsilylgruppe und einer Arylalkenylgruppe mit von
8 bis ungefahr 40 Kohlenstoffatomen, oder wobei R40 und R4! zusammen mit den sie verbindenden
Atomen ein oder mehrere zyklische Systeme bilden kdnnen,

X eine ganze Zahl von 1 bis 18 ist,

M2 Silizium, Germanium oder Zinn ist, und

R0 auch zwei Einheiten mit der Formel 1 miteinander verbinden kann;

d) die Verbindung mit der Formel 1b unter zur Doppelprotonierung der Verbindung ausreichenden Bedingungen
mit der Formel 1b mit einer Base reagieren lassen, und

e) die doppelt protonierte Verbindung aus Schritt (d) mit einer Verbindung mit der Formel M'Cl, reagieren
lassen, wobei M Zirkonium, Titan oder Hafnium ist, um eine verbriickte Metallocenverbindung als im wesent-
lichen 100% reines racemisches Isomer im synthetisierten Zustand bereitzustellen.

24. Verfahren nach Anspruch 23, wobei die Base n-Butyllithium ist.
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Verfahren nach Anspruch 23, wobei die Deprotonierungsschritte (b) und (d) bei einer Temperatur von ungefahr
-70°C bis ungefahr 80°C durchgefiihrt werden.

Verfahren nach Anspruch 23, wobei M12 Silizium und M* Zirkonium ist.

Katalysatorzusammensetzung nach Anspruch 1, wobei die Metallocenverbindung mit der Formel 1 ausgewahlt ist
aus der Gruppe bestehend aus

Dimethylsilandiylbis(2-methyl-4,7-diphenyl-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-ethyl-4,7-diphenyl-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-propyl-4,7-diphenyl-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-i-propyl-4,7-diphenyl-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-butyl-4,7-diphenyl-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-s-butyl-4,7-diphenyl-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-t-butyl-4,7-diphenyl-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-pentyl-4,7-diphenyl-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-hexyl-4,7-diphenyl-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-heptyl-4,7-diphenyl-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cyclopropylmethyl-4,7-diphenyl-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cyclobutylmethyl-4,7-diphenyl-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cyclopentylmethyl-4,7-diphenyl-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cyclohexylmethyl-4,7-diphenyl-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cycloheptylmethyl-4,7-diphenyl-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-(1-adamantyl)methyl-4,7-diphenyl-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-t-butyl-methyl-4,7-diphenyl-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2,4,7-triphenyl-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-benzyl-4,7-diphenyl-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-phenethyl-4,7-diphenyl-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-phenylpropyl-4,7-diphenyl-indenyl)zirkonium dichlorid,
Dimethylsilandiylbis(2-phenylbutyl-4,7-diphenyl-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-methyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-ethyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-propyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-i-propyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-butyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-s-butyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-t-butyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-pentyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-hexyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-heptyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cyclopropylmethyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cyclobutylmethyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cyclopentylmethyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cyclohexylmethyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cycloheptylmethyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-(1-adamantyl)methyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-t-butyl-methyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-(1-furyl)-4,7-bis-(4-methyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-benzyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-phenethyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-phenylpropyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-phenylbutyl-4,7-bis-(4-methyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-methyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-ethyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-propyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-i-propyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-butyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-s-butyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirkoniumdichlorid,
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Dimethylsilandiylbis(2-t-butyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-pentyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-hexyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-heptyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cyclopropylmethyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cyclobutylmethyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cyclopentylmethyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cyclohexylmethyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cycloheptylmethyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-(1-adamantyl)methyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-t-butyl-methyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-(1-furyl)-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-benzyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-phenethyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-phenylpropyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-phenylbutyl-4,7-bis-(4-t-butyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-methyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-ethyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-propyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-i-propyl-4,7-bis-(3, 5-dimethyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-butyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-s-butyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-t-butyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-pentyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-hexyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-heptyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cyclopropylmethyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cyclobutylmethyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cyclopentylmethyl-4,7-bis-(3, 5-dimethyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cyclohexylmethyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cycloheptylmethyl-4,7-bis-(3, 5-dimethyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-(1-adamantyl)methyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-t-butyl-methyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-(1-furyl)-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-benzyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-phenethyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-phenylpropyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-phenylbutyl-4,7-bis-(3,5-dimethyl-phenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-methyl-4,7-bis-(1-naphthyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-ethyl-4,7-bis-(1-naphthyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-propyl-4,7-bis-(1-naphthyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-i-propyl-4,7-bis-(1-naphthyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-butyl-4,7-bis-(1-naphthyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-s-butyl-4,7-bis-(1-naphthyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-t-butyl-4,7-bis-(1-naphthyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-pentyl-4,7-bis-(1-naphthyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-hexyl-4,7-bis-(1-naphthyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-heptyl-4,7-bis-(1-naphthyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cyclopropylmethyl-4,7-bis-(1-naphthyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cyclobutylmethyl-4,7-bis-(1-naphthyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cyclopentylmethyl-4,7-bis-(1-naphthyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cyclohexylmethyl-4,7-bis-(1-naphthyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cycloheptylmethyl-4,7-bis-(1-naphthyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-(1-adamantyl)methyl-4,7-bis-(1-naphthyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-t-butyl-methyl-4,7-bis-(1-naphthyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-(1-furyl)-4,7-bis-(1-naphthyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-benzyl-4,7-bis-(1-naphthyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-phenethyl-4,7-bis-(1-naphthyl)-indenyl)zirkoniumdichlorid,
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Dimethylsilandiylbis(2-phenylpropyl-4,7-bis-(1-naphthyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-phenylbutyl-4,7-bis-(1-naphthyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-methyl-4,7-bis-(9-anthracenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-ethyl-4,7-bis-(9-anthracenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-propyl-4,7-bis-(9-anthracenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-i-propyl-4,7-bis-(9-anthracenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-butyl-4,7-bis-(9-anthracenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-s-butyl-4,7-bis-(9-anthracenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-t-butyl-4,7-bis-(9-anthracenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-pentyl-4,7-bis-(9-anthracenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-hexyl-4,7-bis-(9-anthracenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-n-heptyl-4,7-bis-(9-anthracenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cyclopropylmethyl-4,7-bis-(9-anthracenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cyclobutylmethyl-4,7-bis-(9-anthracenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cyclopentylmethyl-4,7-bis-(9-anthracenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cyclohexylmethyl-4,7-bis-(9-anthracenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-cycloheptylmethyl-4,7-bis-(9-anthracenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-(1-adamantyl)methyl-4,7-bis-(9-anthracenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-t-butyl-methyl-4,7-bis-(9-anthracenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-(1-furyl)-4,7-bis-(9-anthracenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-benzyl-4,7-bis-(9-anthracenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-phenethyl-4,7-bis-(9-anthracenyl)-indenyl)zirkoniumdichlorid,
Dimethylsilandiylbis(2-phenylpropyl-4,7-bis-(9-anthracenyl)-indenyl)zirkoniumdichlorid

und

Dimethylsilandiylbis(2-phenylbutyl-4,7-bis-(9-anthracenyl)-indenyl)zirkoniumdichlorid.

Revendications

1. Composition catalytique comprenant un composé métallocéne ayant a la formule 1 :

Formule 1

dans laquelle :

M7 est un métal des Groupes 4 & 6 du tableau périodique des éléments,

R' et R sont identiques ou différents et sont chacun un atome d’hydrogéne, un groupe alkyle de 1 & environ
10 atomes de carbone, un groupe alcoxy de 1 a environ 10 atomes de carbone, un groupe aryle de 6 a environ
20 atomes de carbone, un groupe aryloxy de 6 a environ 10 atomes de carbone, un groupe alcényle de 2 a
environ 10 atomes de carbone, un groupe OH, un atome d’halogéne, ou un groupe NR232, ol R32 est un groupe
alkyle de 1 & environ 10 atomes de carbone ou un groupe aryle de 6 a environ 14 atomes de carbone et R' et
R2 peuvent former un ou plusieurs systémes cycliques,

R3 et R¥ sont identiques ou différents et sont chacun un atome d’hydrogéne, un atome d’halogéne, ou un
groupe hydrocarbure linéaire, cyclique ou ramifié qui peut étre facultativement halogéné et/ou peut contenir un
ou plusieurs hétéroatomes choisis parmi Si, B, Al, O, S, N et P, ledit groupe hydrocarbure étant choisi parmi
un groupe alkyle de 1 a environ 20 atomes de carbone, un groupe alkylalcényle de 3 a environ 20 atomes de
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carbone, un groupe alkylaryle de 7 a environ 40 atomes de carbone, un groupe alkylarylalcényle de 9 a environ
40 atomes de carbone, un groupe arylalkyle de 7 a 20 atomes de carbone, un groupe alcoxy de 1 a environ 10
atomes de carbone, un groupe aryle de 6 a environ 20 atomes de carbone, un groupe hétéroaryle de 3 a environ
20 atomes de carbone, un groupe aryloxy de 6 a environ 10 atomes de carbone, un groupe silyloxy d’environ
3 & 20 atomes de carbone, un groupe alcényle de 2 & environ 10 atomes de carbone et un groupe NR,32, ol
R32 est un groupe alkyle de 1 & environ 10 atomes de carbone ou un groupe aryle de 6 a environ 14 atomes
de carbone,

R4 et R¥ sont identiques ou différents et sont chacun un atome d’hydrogéne, un atome d’halogéne, ou un
groupe hydrocarbure linéaire, cyclique ou ramifié qui peut étre halogéné et/ou peut contenir un ou plusieurs
hétéroatomes choisis parmi Si, B, Al, O, S, N et P, ledit groupe hydrocarbure étant choisi parmi un groupe alkyle
de 1 a environ 20 atomes de carbone, un groupe alkylalcényle de 3 a environ 20 atomes de carbone, un groupe
alkylaryle de 7 a environ 40 atomes de carbone, ou un groupe alkylarylalcényle de 9 a environ 40 atomes de
carbone, un groupe arylalkyle de 7 a 20 atomes de carbone, un groupe alcoxy de 1 a environ 10 atomes de
carbone, un groupe aryle de 6 a environ 20 atomes de carbone, un groupe hétéroaryle de 3 a environ 20 atomes
de carbone, un groupe aryloxy de 6 a environ 10 atomes de carbone, un groupe silyloxy d’environ 3 a 20 atomes
de carbone, un groupe alcényle de 2 a environ 10 atomes de carbone, un atome d’halogéne et un groupe
NR,32, ot R32 est un groupe alkyle de 1 & environ 10 atomes de carbone ou un groupe aryle de 6 a environ
14 atomes de carbone,

RS, R¥, R8 et R® sont identiques ou différents et sont chacun un groupe aryle de 6 a environ 40 atomes de
carbone, un groupe alkylaryle de 7 a environ 40 atomes de carbone, un groupe alcénylaryle de 8 a environ 40
atomes de carbone, un groupe silylaryle substitué ou non substitué, ou un groupe (alkyl)(silyl)aryle, et faculta-
tivement peuvent étre halogénés et/ou peuvent contenir un ou plusieurs hétéroatomes choisis parmi Si, B, Al,
O,S,NetP,

R®, R®' R7 et R7 sont identiques ou différents et sont chacun un atome d’hydrogéne, un halogéne, ou un groupe
hydrocarbure linéaire, cyclique ou ramifié qui peut étre facultativement halogéné et/ou peut contenir un ou
plusieurs hétéroatomes choisis parmi Si, B, Al, O, S, N et P, le groupe hydrocarbure étant choisi parmi un
groupe alkyle de 1 a environ 20 atomes de carbone, un groupe alkylalcényle de 3 a environ 20 atomes de
carbone, un groupe alkylaryle de 7 a environ 40 atomes de carbone, un groupe alkylarylalcényle de 9 a environ
40 atomes de carbone, un groupe arylalkyle de 7 a environ 20 atomes de carbone, un groupe alcoxy de 1 a
environ 10 atomes de carbone, un groupe aryle de 6 a environ 20 atomes de carbone, un groupe hétéroaryle
de 3 a environ 20 atomes de carbone, un groupe aryloxy de 6 a environ 10 atomes de carbone, un groupe
silyloxy d’environ 3 a 20 atomes de carbone, un groupe alcényle de 2 a environ 10 atomes de carbone, un
atome d’halogéne et un groupe NR,32, oli R32 est un groupe alkyle de 1 & environ 10 atomes de carbone ou
un groupe aryle de 6 a environ 14 atomes de carbone,

R10 est un groupe de pontage dans lequel R0 est choisi parmi :
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Y \ N\
B—R% A-R® —ge— —0—  —§— »
hY X\ N ; Y ‘ \
SO, N—R0 P—R% PORY o  C=i
P y y y (0) or f{: 0

dans lesquels

R40 et R4, méme lorsqu’ils portent le méme indice, peuvent étre identiques ou différents et sont chacun
un atome d’hydrogéne, ou un groupe hydrocarbure qui peut étre facultativement halogéné ou qui peut
contenir des hétéroatomes choisis parmi Si, B, Al, O, S, N et P, le groupe hydrocarbure étant choisi parmi
un groupe alkyle ayant de 1 a environ 30 atomes de carbone, un groupe aryle de 6 a environ 40 atomes
de carbone, un groupe fluoroalkyle de 1 a environ 10 atomes de carbone, un groupe alcoxy de 1 a environ
10 atomes de carbone, un groupe aryloxy de 6 a environ 10 atomes de carbone, un groupe alcényle de 2
a environ 10 atomes de carbone, un groupe arylalkyle de 7 a environ 40 atomes de carbone, un groupe
alkylaryle de 7 a environ 40 atomes de carbone, un alkylsilyle substitué ou non substitué, un groupe alkyl
(aryl)silyle, un groupe arylsilyle ou un groupe arylalcényle de 8 a environ 40 atomes de carbone, ou dans
lesquels R40 et R4! ensemble avec les atomes auxquels ils sont attachés peuvent former un ou plusieurs
systemes cycliques,

x est un nombre entier de 1 a 18,

M12 est un silicium, germanium ou étain, et

R10 peut également lier deux motifs de la formule 1 'un & l'autre.

2. Composition catalytique selon la revendication 1, dans laquelle :

M7 est un métal du Groupe 4 du tableau périodique des éléments,

R et R2 sont identiques ou différents et sont chacun un groupe alkyle de 1 a environ 10 atomes de carbone,
un groupe alcoxy de 1 a environ 10 atomes de carbone, un groupe aryloxy de 6 a environ 10 atomes de carbone
ou un atome d’halogéne, ou R et RZ ensemble peuvent former un ou plusieurs systémes cycliques,

R3 et R3 sont identiques ou différents et sont chacun un atome d’halogéne ou un groupe hydrocarbure linéaire,
cyclique ou ramifié qui peut étre facultativement halogéné et/ou peut facultativement contenir un ou plusieurs
hétéroatomes choisis parmi Si, B, Al, O, S, N et P, le groupe hydrocarbure étant choisi parmi un groupe alkyle
de 1 a environ 10 atomes de carbone, un groupe alkylalcényle de 3 a environ 10 atomes de carbone, un groupe
alkylaryle de 7 a environ 20 atomes de carbone, un groupe alkylarylalcényle de 9 a environ 20 atomes de
carbone, un groupe arylalkyle de 7 a environ 15 atomes de carbone, un groupe alcoxy de 1 a environ 6 atomes
de carbone, un groupe aryle de 6 a environ 10 atomes de carbone, un groupe hétéroaryle de 3 a environ 10
atomes de carbone, un groupe aryloxy de 6 a environ 10 atomes de carbone, un groupe silyloxy d’environ 3 a
10 atomes de carbone, un groupe alcényle de 2 a environ 6 atomes de carbone et un groupe NR,32, oti R32
est un groupe alkyle de 1 a environ 10 atomes de carbone ou un groupe aryle de 6 a environ 10 atomes de
carbone,

R4 et R4 sont identiques ou différents et sont chacun un atome d’hydrogéne, ou un groupe alkyle de 1 & environ
20 atomes de carbone qui peut étre facultativement halogéné et/ou peut facultativement contenir un ou plusieurs
hétéroatomes choisis parmi Si, B, Al, O, S, N et P,

RS, R¥, R8 et R® sont identiques ou différents et sont chacun un groupe aryle de 6 a environ 40 atomes de
carbone, un groupe alkylaryle de 7 a environ 40 atomes de carbone, et peuvent facultativement contenir un ou
plusieurs hétéroatomes choisis parmi B, Al, O, S, N, P, F, Cl et Br,

R®, R®, R7 et R” sont identiques ou différents et sont chacun un atome d’hydrogéne, ou un groupe alkyle de
1 a environ 20 atomes de carbone qui peut étre facultativement halogéné et/ou peut facultativement contenir
un ou plusieurs hétéroatomes choisis parmi B, Al, O, S, N et P,

R10 est R40R41Sj= R41R41Ge=, R4'R41C= ou -(R40R41C-CR40R41)- ol R40 et R41 sont identiques ou différents
et sont chacun un atome d’hydrogéne, un groupe hydrocarbure de 1 a environ 30 atomes de carbone, en
particulier un groupe alkyle de 1 a environ 10 atomes de carbone, un groupe aryle de 6 a environ 40 atomes
de carbone, un groupe arylalkyle de 7 a environ 14 atomes de carbone, ou un groupe alkylaryle de 7 a environ

68



10

15

20

25

30

35

40

45

50

55

EP 2 203 486 B9
14 atomes de carbone.
3. Composition catalytique selon la revendication 1, dans laquelle :

M1 est un zirconium,

R' et R2 sont identiques et sont un méthyle, un chlore ou un phénolate,

R3 et R¥ sont identiques et sont un groupe hydrocarbure linéaire, cyclique ou ramifié choisi parmi les groupes
méthyle, éthyle, n-propyle, i-propyle, cyclopropyle, n-butyle, t-butyle, t-butyl-méthyle, i-butyle, s-butyle, n-pen-
tyle, n-hexyle, n-heptyle, n-octyle, n-nonyle, n-décyle, cyclopropyl-méthyle, cyclopentyle, cyclopentyl-méthyle,
cyclohexyle, cyclohexyl-méthyle, (1-adamantyl)méthyle, (2-adamantyl)méthyle, benzyle, phényléthyle et phé-
nyl-propyle,

R4 et R4 sont identiques et sont chacun un atome d’hydrogéne,

RS, RS, R8 et R® sont identiques et sont chacun un groupe aryle de 6 a environ 20 atomes de carbone, choisi
parmi un phényle, 1-naphtyle, 2-naphtyle, un groupe alkylaryle de 7 a environ 40 atomes de carbone qui peut
facultativement contenir un ou plusieurs hétéroatomes choisis parmi B, Al, O, S, N, P, F, Cl et Br, le groupe
alkylaryle étant choisi parmi les groupes 4-méthyl-phényle, 4-éthyl-phényle, 4-i-propyl-phényle, 4-t-butyl-phé-
nyle, 3,5-diméthylphényle, 3,5-di-t-butyl-4-méthoxy-phényle, et 2,3,4,5,6-pentafluorophényle,

R®, R%, R7 et R” sont identiques et sont chacun un atome d’hydrogéne,

I'unité de pontage R10 est R40R41Si= ou R40R41Ge=, ol R40 et R4! sont identiques ou différents et sont un groupe
méthyle, éthyle, propyle, butyle, pentyle, hexyle, heptyle, octyle, nonyle, décyle, undécyle, dodécyle, cyclopentyle,
cyclopentadiényle, cyclohexyle, phényle, naphtyle, benzyle ou 3,3,3-trifluoropropyle.

4. Composition catalytique selon la revendication 1, dans laquelle :

M1 est un zirconium,

R' et R2 sont identiques et sont un méthyle ou un chlore,

R3 et R% sont identiques et sont chacun un groupe méthyle, n-heptyle, n-octyle, n-nonyle, n-décyle, cyclohexyl-
méthyle, t-butyl-méthyle, (1-adamantyl)méthyle, (2-adamantyl)méthyle, benzyle, phénéthyle ou phényl-propyle,
R4 et R4 sont identiques et sont chacun un atome d’hydrogéne,

R3, R¥, R8 et R® sont identiques et sont chacun un groupe phényle, 1-naphtyle, 2-naphtyle, 4-méthyl-phényle,
4-éthyl-phényle, 4-i-propyl-phényle, 4-t-butyl-phényle, 3,5-diméthylphényle, 3,5-di-t-butyl-4-méthoxy-phényle,
2,3,4,5,6-pentafluoro-phényle,

R®, R%, R7 et R” sont identiques et sont chacun un atome d’hydrogéne

I'unité de pontage R10 est R40R41Si= ou R40R41Ge=, ou R40 et R41 sont identiques ou différents et sont un groupe
méthyle, éthyle, propyle, butyle, pentyle, hexyle, heptyle, octyle, nonyle, décyle, undécyle, dodécyle, cyclopentyle,
cyclopentadiényle, cyclohexyle, phényle, naphtyle, benzyle ou 3,3,3-trifluoropropyle.

5. Composition catalytique selon la revendication 1, incluant en outre un aluminoxane, un acide de Lewis ou un
composé ionique capable de convertir le composé métallocene enuncomposé cationique.

6. Composition catalytique selon la revendication 5, dans laquelle I'aluminoxane est un composé ayant la formule
générale choisie parmil'une des formules 6, 7, 8, ou 9 :

(R-AI-O), (Formule 6),
ffﬁ
F o—a—7
(Formule 7),
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R\ AI—O—'EZI—OLA/R
e AN

R , R
(Formule 8),

(Formule 9)

dans laquelle les radicaux R dans les formules (6), (7), (8) et (9) peuvent étre identiques ou différents et sont chacun
un groupe alkyle de 1 a environ 6 atomes de carbone, un groupe aryle de 6 a environ 18 atomes de carbone, un
benzyle ou un hydrogene, et p est un nombre entier de 2 a 50.

Composition catalytique selon la revendication 5, dans laquelle I'acide de Lewis est un composé ayant a la formule
10:

M2X1X2X3 (Formule 10)
ou

M2 est B, Al ou Ga, et

X1, X2 et X3 sont identiques ou différents et sont chacun un atome d’hydrogéne, un groupe alkyle de 1 & environ
20 atomes de carbone, un groupe aryle de 6 a environ 15 atomes de carbone, un alkylaryle, un arylalkyle, un
halogénoalkyle ou un halogénoaryle, chacun ayant de 1 a 10 atomes de carbone dans le radical alkyle et de
6 a 20 atomes de carbone dans le radical aryle ou un atome de fluor, un chlore, un brome ou un iode.

Composition catalytique selon la revendication 7, dans laquelle I'acide de Lewis comprend un ou plusieurs composés
choisis dans le groupe consistant en le triméthylaluminium, le triéthylaluminium, le triisobutylaluminium, le tributy-
laluminium, le trifluoroborane, le triphénylborane, le tris(4-fluorophényl)borane, le tris(3,5-difluorophényl)borane, le
tris(4-fluorométhylphényl)-borane, le tris(2,4,6-trifluorophényl)borane, le tris(penta-fluorophényl)borane, le tris(tolyl)
borane, le tris(3,5-diméthyl-phényl)borane, le tris(3,5-difluorophényl)borane et le tris(3,4,5-trifluorophényl)borane.

Composition catalytique selon la revendication 5, dans laquelle le composé ionique comprend un ou plusieurs
composeés choisis dans le groupe consistant en :

le tétra(phényl)borate de triéthylammonium,

le tétra(phényl)borate de tributylammonium,

le tétra(tolyl)borate de triméthylammonium,

le tétra(tolyl)borate de tributylammonium,

le tétra(pentafluorophényl)borate de tributylammonium,

le tétra(pentafluorophényl)aluminate de tributylammonium,
le tétra(diméthylphényl)borate de tripropylammonium,

le tétra(trifluorométhylphényl)borate de tributylammonium,
le tétra(4-fluorophényl)borate de tributylammonium,
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le tétrakis(pentafluorophényl)borate de N,N-diméthylcyclohexylammonium,
le tétrakis(pentafluorophényl)borate de N,N-diméthylbenzylammonium,
le tétra(phényl)borate de N,N-diméthylanilinium,

le tétra(phényl)borate de N,N-diéthylanilinium,

le tétrakis(pentafluorophényl)borate de N,N-diméthylanilinium,

le tétrakis(pentafluorophényl)aluminate de N,N-diméthylanilinium,

le tétrakis(pentafluorophényl)borate de di(propyl)ammonium,

le tétrakis(pentafluorophényl)borate de di(cyclohexyl)ammonium,

le tétrakis(phényl)borate de triphénylphosphonium,

le tétrakis(phényl)borate de triéthylphosphonium,

le tétrakis(phényl)borate de diphénylphosphonium,

le tétrakis(phényl)borate de tri(méthylphényl)phosphonium,

le tétrakis(phényl)borate de tri(diméthylphényl)phosphonium,

le tétrakis(pentafluorophényl)borate de triphénylcarbénium,

le tétrakis(pentafluorophényl)aluminate de triphénylcarbénium,

le tétrakis(phényl)aluminate de triphénylcarbénium,

le tétrakis(pentafluorophényl)borate de ferrocénium et

le tétrakis(pentafluorophényl)aluminate de ferrocénium.

Composition catalytique selon la revendication 5 incluant en outre un support solide poreux particulaire.

Composition catalytique selon la revendication 10, dans laquelle le support solide poreux particulaire comprend au
moins un matériau choisi dans le groupe consistant en le dioxyde de silicium, I'oxyde d’aluminium, les aluminosili-
cates, les zéolites, MgO, ZrO,, TiO,, B,O3, CaO, Zn0O, ThO,, Na,O, K0, LiO,, les oxydes d’Al/Si, les oxydes de
Mg/Al, les oxydes d’Al/Mg/Si, Na,CO3, K,CO5, CaCOj3, MgCl,, Na,SOy, Aly(SOy)3, BaSO,4, KNO3, Mg(NO3), et Al
(NOs)3, un polyéthyléne, un polypropyléne, un polybuténe, un polystyréne, un polystyréne réticulé par du divinyl-
benzéne, un chlorure de polyvinyle, un copolymére d’acrylonitrile-butadiéne-styréne, un polyamide, un polymétha-
crylate, un polycarbonate, un polyester, un polyacétal et un alcool polyvinylique.

Procédé pour la polymérisation d’oléfine comprenant la mise en contact d’une ou plusieurs oléfines, ayant chacune
de 2 a environ 20 atomes de carbone, dans des conditions réactionnelles de polymérisation d’oléfine avec un
systéeme catalytique incluant un composant métallocéne ponté ayant la formule générale 1,

Formule 1

dans laquelle :

M7 est un métal des Groupes 4 a 6 du tableau périodique des éléments,

R' et R sont identiques ou différents et sont chacun un atome d’hydrogéne, un groupe alkyle de 1 & environ
10 atomes de carbone, un groupe alcoxy de 1 a environ 10 atomes de carbone, un groupe aryle de 6 a environ
20 atomes de carbone, un groupe aryloxy de 6 a environ 10 atomes de carbone, un groupe alcényle de 2 a
environ 10 atomes de carbone, un groupe OH, un atome d’halogéne, ou un groupe NR232, ol R32 est un groupe
alkyle de 1 a environ 10 atomes de carbone ou un groupe aryle de 6 a environ 14 atomes de carbone et R et
R2 peuvent former un ou plusieurs systémes cycliques,

R3 et R¥ sont identiques ou différents et sont chacun un atome d’hydrogéne, un atome d’halogéne, ou un
groupe hydrocarbure linéaire, cyclique ou ramifié qui peut étre facultativement halogéné et/ou peut contenir un
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ou plusieurs hétéroatomes choisis parmi Si, B, Al, O, S, N et P, ledit groupe hydrocarbure étant choisi parmi
un groupe alkyle de 1 a environ 20 atomes de carbone, un groupe alkylalcényle de 3 a environ 20 atomes de
carbone, un groupe alkylaryle de 7 a environ 40 atomes de carbone, un groupe alkylarylalcényle de 9 a environ
40 atomes de carbone, un groupe arylalkyle de 7 a 20 atomes de carbone, un groupe alcoxy de 1 a environ 10
atomes de carbone, un groupe aryle de 6 a environ 20 atomes de carbone, un groupe hétéroaryle de 3 a environ
20 atomes de carbone, un groupe aryloxy de 6 a environ 10 atomes de carbone, un groupe silyloxy d’environ
3 & 20 atomes de carbone, un groupe alcényle de 2 & environ 10 atomes de carbone et un groupe NR,32, ol
R32 est un groupe alkyle de 1 a environ 10 atomes de carbone ou un groupe aryle de 6 a environ 14 atomes
de carbone,

R4 et R# sont identiques ou différents et sont chacun un atome d’hydrogéne, un atome d’halogéne, ou un
groupe hydrocarbure linéaire, cyclique ou ramifié qui peut étre halogéné et/ou peut contenir un ou plusieurs
hétéroatomes choisis parmi Si, B, Al, O, S, N et P, ledit groupe hydrocarbure étant choisi parmi un groupe alkyle
de 1 a environ 20 atomes de carbone, un groupe alkylalcényle de 3 a environ 20 atomes de carbone, un groupe
alkylaryle de 7 a environ 40 atomes de carbone, ou un groupe alkylarylalcényle de 9 a environ 40 atomes de
carbone, un groupe arylalkyle de 7 a 20 atomes de carbone, un groupe alcoxy de 1 a environ 10 atomes de
carbone, un groupe aryle de 6 a environ 20 atomes de carbone, un groupe hétéroaryle de 3 a environ 20 atomes
de carbone, un groupe aryloxy de 6 a environ 10 atomes de carbone, un groupe silyloxy d’environ 3 a 20 atomes
de carbone, un groupe alcényle de 2 a environ 10 atomes de carbone, un atome d’halogene et un groupe
NR,32, oti R32 est un groupe alkyle de 1 a environ 10 atomes de carbone ou un groupe aryle de 6 a environ
14 atomes de carbone,

RS, R¥, R8 et R® sont identiques ou différents et sont chacun un groupe aryle de 6 a environ 40 atomes de
carbone, un groupe alkylaryle de 7 a environ 40 atomes de carbone, un groupe alcénylaryle de 8 a environ 40
atomes de carbone, un groupe silylaryle substitué ou non substitué, ou un groupe (alkyl)(silyl)aryle, et faculta-
tivement peuvent étre halogénés et/ou peuvent contenir un ou plusieurs hétéroatomes choisis parmi Si, B, Al,
O,S,NetP,

R6, R®, R7 et R” sont identiques ou différents et sont chacun un atome d’hydrogéne, un halogéne, ou un groupe
hydrocarbure linéaire, cyclique ou ramifié qui peut étre facultativement halogéné et/ou peut contenir un ou
plusieurs hétéroatomes choisis parmi Si, B, Al, O, S, N et P, le groupe hydrocarbure étant choisi parmi un
groupe alkyle de 1 a environ 20 atomes de carbone, un groupe alkylalcényle de 3 a environ 20 atomes de
carbone, un groupe alkylaryle de 7 a environ 40 atomes de carbone, un groupe alkylarylalcényle de 9 a environ
40 atomes de carbone, un groupe arylalkyle de 7 a environ 20 atomes de carbone, un groupe alcoxy de 1 a
environ 10 atomes de carbone, un groupe aryle de 6 a environ 20 atomes de carbone, un groupe hétéroaryle
de 3 a environ 20 atomes de carbone, un groupe aryloxy de 6 a environ 10 atomes de carbone, un groupe
silyloxy d’environ 3 a 20 atomes de carbone, un groupe alcényle de 2 a environ 10 atomes de carbone, un
atome d’halogéne et un groupe NR,32, oli R32 est un groupe alkyle de 1 & environ 10 atomes de carbone ou
un groupe aryle de 6 a environ 14 atomes de carbone,

R10 est un groupe de pontage dans lequel R10 est choisi parmi :

RW R*‘-m Rﬂ»@ Rﬁﬂ Hﬂvﬂ
> i L O
_~Q_f;¥12mﬂ_; %{F% m@wmﬂm WEWMHWQW
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—m2— —MP2— 12 e e (e
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dans lesquels

R40 et R4', méme lorsqu’ils portent le méme indice, peuvent étre identiques ou différents et sont chacun
un atome d’hydrogene, ou un groupe hydrocarbure qui peut étre facultativement halogéné ou qui peut
contenir des hétéroatomes choisis parmi Si, B, Al, O, S, N et P, le groupe hydrocarbure étant choisi parmi
un groupe alkyle ayant de 1 a environ 30 atomes de carbone, un groupe aryle de 6 a environ 40 atomes
de carbone, un groupe fluoroalkyle de 1 a environ 10 atomes de carbone, un groupe alcoxy de 1 a environ
10 atomes de carbone, un groupe aryloxy de 6 a environ 10 atomes de carbone, un groupe alcényle de 2
a environ 10 atomes de carbone, un groupe arylalkyle de 7 a environ 40 atomes de carbone, un groupe
alkylaryle de 7 a environ 40 atomes de carbone, un alkylsilyle substitué ou non substitué, un groupe alkyl
(aryl)silyle, un groupe arylsilyle ou un groupe arylalcényle de 8 a environ 40 atomes de carbone, ou dans
lesquels R40 et R4! ensemble avec les atomes auxquels ils sont attachés peuvent former un ou plusieurs
systémes cycliques,

x est un nombre entier de 1 a 18,

M12 est un silicium, germanium ou étain, et

R10 peut également lier deux motifs de la formule 1 'un & l'autre.

13. Procédé selon la revendication 12, dans lequel :

M7 est un métal du Groupe 4 du tableau périodique des éléments,

R' et R sont identiques ou différents et sont chacun un groupe alkyle de 1 & environ 10 atomes de carbone,
un groupe alcoxy de 1 a environ 10 atomes de carbone, un groupe aryloxy de 6 a environ 10 atomes de carbone
ou un atome d’halogéne, ou R et RZ ensemble peuvent former un ou plusieurs systémes cycliques,

R3 et R3 sont identiques ou différents et sont chacun un atome d’halogéne ou un groupe hydrocarbure linéaire,
cyclique ou ramifié qui peut étre facultativement halogéné et/ou peut facultativement contenir un ou plusieurs
hétéroatomes choisis parmi Si, B, Al, O, S, N et P, le groupe hydrocarbure étant choisi parmi un groupe alkyle
de 1 a environ 10 atomes de carbone, un groupe alkylalcényle de 3 a environ 10 atomes de carbone, un groupe
alkylaryle de 7 a environ 20 atomes de carbone, un groupe alkylarylalcényle de 9 a environ 20 atomes de
carbone, un groupe arylalkyle de 7 a environ 15 atomes de carbone, un groupe alcoxy de 1 a environ 6 atomes
de carbone, un groupe aryle de 6 a environ 10 atomes de carbone, un groupe hétéroaryle de 3 a environ 10
atomes de carbone, un groupe aryloxy de 6 a environ 10 atomes de carbone, un groupe silyloxy d’environ 3 a
10 atomes de carbone, un groupe alcényle de 2 a environ 6 atomes de carbone et un groupe NR,32, ou R32
est un groupe alkyle de 1 a environ 10 atomes de carbone ou un groupe aryle de 6 a environ 10 atomes de
carbone,

R* et R4 sont identiques ou différents et sont chacun un atome d’hydrogéne, ou un groupe alkyle de 1 & environ
20 atomes de carbone qui peut étre facultativement halogéné et/ou peut facultativement contenir un ou plusieurs
hétéroatomes choisis parmi Si, B, Al, O, S, N et P,

R3 RS, R8 et R® sont identiques ou différents et sont chacun un groupe aryle de 6 a environ 40 atomes de
carbone, un groupe alkylaryle de 7 a environ 40 atomes de carbone, et peuvent facultativement contenir un ou
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14.

15.

16.

17.
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plusieurs hétéroatomes choisis parmi B, Al, O, S, N, P, F, Cl et Br,

R6, R®, R7 et R” sont identiques ou différents et sont chacun un atome d’hydrogéne, ou un groupe alkyle de
1 a environ 20 atomes de carbone qui peut étre facultativement halogéné et/ou peut facultativement contenir
un ou plusieurs hétéroatomes choisis parmi B, Al, O, S, N et P,

R10 st R40R41Si= R41R41Ge=, R40R41C= ou -(R40R41C-CR40R41)- ou R40 et R4! sont identiques ou différents
et sont chacun un atome d’hydrogéne, un groupe hydrocarbure de 1 a environ 30 atomes de carbone, en
particulier un groupe alkyle de 1 a environ 10 atomes de carbone, un groupe aryle de 6 a environ 40 atomes
de carbone, un groupe arylalkyle de 7 a environ 14 atomes de carbone et un groupe alkylaryle de 7 a environ
14 atomes de carbone.

Procédé selon la revendication 12, dans lequel :

M* est un zirconium,

R et R2 sont identiques et sont un méthyle, un chlore ou un phénolate,

R3 et R¥ sont identiques et sont un groupe hydrocarbure linéaire, cyclique ou ramifié choisi parmi les groupes
méthyle, éthyle, n-propyle, i-propyle, cyclopropyle, n-butyle, t-butyle, t-butyl-méthyle, i-butyle, s-butyle, n-pen-
tyle, n-hexyle, n-heptyle, n-octyle, n-nonyle, n-décyle, cyclopropyl-méthyle, cyclopentyle, cyclopentyl-méthyle,
cyclohexyle, cyclohexyl-méthyle, (1-adamantyl)méthyle, (2-adamantyl)méthyle, benzyle, phényléthyle et phé-
nylpropyle,

R4 et R¥ sont identiques et sont chacun un atome d’hydrogéne,

R3S RY, R8 et R® sont identiques et sont chacun un groupe aryle de 6 a environ 20 atomes de carbone, choisi
parmi un phényle, 1-naphtyle, 2-naphtyle, ou un groupe alkylaryle de 7 a environ 40 atomes de carbone qui
peut facultativement contenir un ou plusieurs hétéroatomes choisis parmi B, Al, O, S, N, P, F, Cl et Br, le groupe
alkylaryle étant choisi parmi les groupes 4-méthyl-phényle, 4-éthyl-phényle, 4-i-propyl-phényle, 4-t-butyl-phé-
nyle, 3,5-diméthylphényle, 3,5-di-t-butyl-4-méthoxy-phényle, et 2,3,4,5,6-pentafluorophényle,

R6, R8', R7 et R” so nt identiques et sont chacun un atome d’hydrogéne,

I'unité de pontage R10 est R40R41Si= ou R40R41Ge=, ou R40 et R41 sont identiques ou différents et sont un groupe
méthyle, éthyle, propyle, butyle, pentyle, hexyle, heptyle, octyle, nonyle, décyle, undécyle, dodécyle, cyclopentyle,
cyclopentadiényle, cyclohexyle, phényle, naphtyle, benzyle ou 3,3,3-trifluoropropyle.

Procédé selon la revendication 12, dans lequel :

M1 est un zirconium,

R' et R2 sont identiques et sont un méthyle ou un chlore,

R3 et R% sont identiques et sont chacun un groupe méthyle, n-heptyle, n-octyle, n-nonyle, n-décyle, cyclohexyl-
méthyle, t-butyl-méthyle, (1-adamantyl)méthyle, (2-adamantyl)méthyle, benzyle, phénéthyle ou phénylpropyle,
R4 et R¥ sont identiques et sont chacun un atome d’hydrogéne,

R3, R¥, R8 et R® sont identiques et sont chacun un groupe phényle, 1-naphtyle, 2-naphtyle, 4-méthyl-phényle,
4-éthyl-phényle, 4-i-propyl-phényle, 4-t-butyl-phényle, 3,5-diméthylphényle, 3,5-di-t-butyl-4-méthoxy-phényle,
2,3,4,5,6-pentafluoro-phényle,

R®, R%, R7 et R” sont identiques et sont chacun un atome d’hydrogéne

I'unité de pontage R10 est R40R41Si= ou R40R41Ge=, ol R40 et R41 sont identiques ou différents et sont un groupe
méthyle, éthyle, propyle, butyle, pentyle, hexyle, heptyle, octyle, nonyle, décyle, undécyle, dodécyle, cyclopentyle,

cyclopentadiényle, cyclohexyle, phényle, naphtyle, benzyle ou 3,3,3-trifluoropropyle.

Procédé selon la revendication 12, dans lequel le systéme catalytique inclut en outre un aluminoxane, un acide de
Lewis ou un composé ionique capable de convertir le composé métallocéne en un composé cationique.

Procédé selon la revendication 16, dans lequel I'aluminoxane est un composé ayant la formule générale choisie
parmi 'une des formules 6, 7, 8, ou 9 :

(R-AI-O), (Formule 6),
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dans laquelle les radicaux R dans les formules (6), (7), (8) et (9) peuvent étre identiques ou différents et sont chacun
un groupe alkyle de 1 a environ 6 atomes de carbone, un groupe aryle de 6 a environ 18 atomes de carbone, un
benzyle ou un hydrogeéne, et p est un nombre entier de 2 a 50.

Procédé selon la revendication 16, dans lequel I'acide de Lewis est un composé ayant la formule 10 :
M2X1X2X3 (Formule 10)
ou

M2 est B, Al ou Ga, et

X1, X2 et X3 sont identiques ou différents et sont chacun un atome d’hydrogéne, un groupe alkyle de 1 & environ
20 atomes de carbone, un groupe aryle de 6 a environ 15 atomes de carbone, un alkylaryle, un arylalkyle, un
halogénoalkyle ou un halogénoaryle, chacun ayant de 1 a 10 atomes de carbone dans le radical alkyle et de
6 a 20 atomes de carbone dans le radical aryle ou un fluor, un chlore, un brome ou un iode.

Procédé selon la revendication 18, dans lequel I'acide de Lewis comprend un ou plusieurs composés choisis dans
le groupe consistant en le triméthylaluminium, le triéthylaluminium, le triisobutylaluminium, le tributylaluminium, le
trifluoroborane, le triphénylborane, le tris(4-fluorophényl)borane, le tris(3,5-difluorophényl)borane, le tris(4-fluoro-
méthylphényl)-borane, le tris(2,4,6-trifluorophényl)borane, le tris(pentafluorophényl)borane, le tris(tolyl)borane, le
tris(3,5-diméthylphényl)borane, le tris(3,5-difluorophényl)borane et le tris(3,4,5-trifluorophényl)borane.

Procédé selon la revendication 16, dans lequel le composé ionique comprend un ou plusieurs composés choisis
dans le groupe consistant en :

le tétra(phényl)borate de triéthylammonium,
le tétra(phényl)borate de tributylammonium,
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le tétra(tolyl)borate de triméthylammonium,

le tétra(tolyl)borate de tributylammonium,

le tétra(pentafluorophényl)borate de tributylammonium,

le tétra(pentafluorophényl)aluminate de tributylammonium,

le tétra(diméthylphényl)borate de tripropylammonium,

le tétra(trifluorométhylphényl)borate de tributylammonium,

le tétra(4-fluorophényl)borate de tributylammonium,

le tétrakis(pentafluorophényl)borate de N,N-diméthylcyclohexylammonium,
le tétrakis(pentafluorophényl)borate de N,N-diméthylbenzylammonium,
le tétra(phényl)borate de N,N-diméthylanilinium,

le tétra(phényl)borate de N,N-diéthylanilinium,

le tétrakis(pentafluorophényl)borate de N,N-diméthylanilinium,

le tétrakis(pentafluorophényl)aluminate de N,N-diméthylanilinium,
le tétrakis(pentafluorophényl)borate de di(propyl)ammonium,

le tétrakis(pentafluorophényl)borate de di(cyclohexyl)ammonium,
le tétrakis(phényl)borate de triphénylphosphonium,

le tétrakis(phényl)borate de triéthylphosphonium,

le tétrakis(phényl)borate de diphénylphosphonium,

le tétrakis(phényl)borate de tri(méthylphényl)phosphonium,

le tétrakis(phényl)borate de tri(diméthylphényl)phosphonium,

le tétrakis(pentafluorophényl)borate de triphénylcarbénium,

le tétrakis(pentafluorophényl)aluminate de triphénylcarbénium,

le tétrakis(phényl)aluminate de triphénylcarbénium,

le tétrakis(pentafluorophényl)borate de ferrocénium et

le tétrakis(pentafluorophényl)aluminate de ferrocénium.

21. Procédé selon la revendication 12, dans lequel la ou les oléfines incluent le propyléne et/ou I'éthyléne.

22. Procédé selon la revendication 21, dans lequel la ou les oléfines incluent en outre un ou plusieurs du 1-buténe,
hexéne, 1,4-butadiéne, norbornadiéne, éthylidénenorbornéne et éthylnorbornadiéne.

23. Procédé de préparation d’'un métallocéne ponté comprenant :
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a) la fourniture d’un composé ayant la formule la :

Formule la

b) la réaction du composé de formule la avec une base dans des conditions réactionnelles suffisantes pour
obtenir la déprotonation du composé ayant la formule la ;

c) la réaction du composé déprotoné de I'étape (b) avec un composé ayant la formule M12R41R41X, dans
laquelle M12 est un silicium, germanium ou étain, R40 et R4!, méme lorsqu’ils portent le méme indice, peuvent
étre identiques ou différents et sont chacun un atome d’hydrogéene, ou un groupe hydrocarbure qui peut étre
facultativement halogéné ou qui peut contenir des hétéroatomes choisis parmi Si, B, Al, O, S, N et P, le groupe
hydrocarbure étant choisi parmi un groupe alkyle ayant de 1 a environ 30 atomes de carbone, un groupe aryle
de 6 a environ 40 atomes de carbone, un groupe fluoroalkyle de 1 a environ 10 atomes de carbone, un groupe
alcoxy de 1 a environ 10 atomes de carbone, un groupe aryloxy de 6 a environ 10 atomes de carbone, un
groupe alcényle de 2 a environ 10 atomes de carbone, un groupe arylalkyle de 7 a environ 40 atomes de
carbone, un groupe alkylaryle de 7 a environ 40 atomes de carbone, un alkylsilyle substitué ou non substitué,
un groupe alkyl(aryl)silyle, un groupe arylsilyle et un groupe arylalcényle de 8 a environ 40 atomes de carbone,
ou dans laquelle R40 et R4! ensemble avec les atomes auxquels ils sont attachés peuvent former un ou plusieurs
systéemes cycliques, et X est un halogéne ou un autre groupe partant tel que le triflate, le tosylate ou le mésylate,
pour fournir un composé ayant la formule 1b
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dans laquelle

R3 et R3 sont identiques ou différents et sont chacun un atome d’hydrogéne, un atome d’halogéne, ou un
groupe hydrocarbure linéaire, cyclique ou ramifié qui peut étre facultativement halogéné et/ou peut contenir
un ou plusieurs hétéroatomes choisis parmi Si, B, Al, O, S, N et P, ledit groupe hydrocarbure étant choisi
parmi un groupe alkyle de 1 a environ 20 atomes de carbone, un groupe alkylalcényle de 3 a environ 20
atomes de carbone, un groupe alkylaryle de 7 a environ 40 atomes de carbone, un groupe alkylarylalcényle
de 9 a environ 40 atomes de carbone, un groupe arylalkyle de 7 a 20 atomes de carbone, un groupe alcoxy
de 1 a environ 10 atomes de carbone, un groupe aryle de 6 a environ 20 atomes de carbone, un groupe
hétéroaryle de 3 a environ 20 atomes de carbone, un groupe aryloxy de 6 a environ 10 atomes de carbone,
un groupe silyloxy d’environ 3 a 20 atomes de carbone, un groupe alcényle de 2 a environ 10 atomes de
carbone et un groupe NR,32, ou R32 est un groupe alkyle de 1 & environ 10 atomes de carbone ou un
groupe aryle de 6 a environ 14 atomes de carbone,

R4 et R4 sont identiques ou différents et sont chacun un atome d’hydrogéne, un atome d’halogéne, ou un
groupe hydrocarbure linéaire, cyclique ou ramifié qui peut étre halogéné et/ou peut contenir un ou plusieurs
hétéroatomes choisis parmi Si, B, Al, O, S, N et P, ledit groupe hydrocarbure étant choisi parmi un groupe
alkyle de 1 a environ 20 atomes de carbone, un groupe alkylalcényle de 3 a environ 20 atomes de carbone,
un groupe alkylaryle de 7 a environ 40 atomes de carbone, ou un groupe alkylarylalcényle de 9 a environ
40 atomes de carbone, un groupe arylalkyle de 7 a 20 atomes de carbone, un groupe alcoxy de 1 a environ
10 atomes de carbone, un groupe aryle de 6 a environ 20 atomes de carbone, un groupe hétéroaryle de
3 a environ 20 atomes de carbone, un groupe aryloxy de 6 a environ 10 atomes de carbone, un groupe
silyloxy d’environ 3 a 20 atomes de carbone, un groupe alcényle de 2 a environ 10 atomes de carbone, un
atome d’halogéne et un groupe NR,32, o R32 est un groupe alkyle de 1 & environ 10 atomes de carbone
ou un groupe aryle de 6 a environ 14 atomes de carbone,

RS, R%, R8 et R® sont identiques ou différents et sont chacun un groupe aryle de 6 a environ 40 atomes
de carbone, un groupe alkylaryle de 7 a environ 40 atomes de carbone, un groupe alcénylaryle de 8 a
environ 40 atomes de carbone, un groupe silylaryle substitué ou non substitué, ou un groupe (alkyl)(silyl)
aryle, et facultativement peuvent étre halogénés et/ou peuvent contenir un ou plusieurs hétéroatomes
choisis parmi Si, B, Al, O, S, N et P,

R6, R8', R7 et R” sont identiques ou différents et sont chacun un atome d’hydrogéne, un halogéne, ou un
groupe hydrocarbure linéaire, cyclique ou ramifié qui peut étre facultativement halogéné et/ou peut contenir
un ou plusieurs hétéroatomes choisis parmi Si, B, Al, O, S, N et P, le groupe hydrocarbure étant choisi
parmi un groupe alkyle de 1 a environ 20 atomes de carbone, un groupe alkylalcényle de 3 a environ 20
atomes de carbone, un groupe alkylaryle de 7 a environ 40 atomes de carbone, un groupe alkylarylalcényle
de 9 a environ 40 atomes de carbone, un groupe arylalkyle de 7 a environ 20 atomes de carbone, un groupe
alcoxy de 1 a environ 10 atomes de carbone, un groupe aryle de 6 a environ 20 atomes de carbone, un
groupe hétéroaryle de 3 a environ 20 atomes de carbone, un groupe aryloxy de 6 a environ 10 atomes de
carbone, un groupe silyloxy d’environ 3 a 20 atomes de carbone, un groupe alcényle de 2 a environ 10
atomes de carbone, un atome d’halogéne et un groupe NR,32, oti R32 est un groupe alkyle de 1 & environ
10 atomes de carbone ou un groupe aryle de 6 a environ 14 atomes de carbone,

R10 est un groupe de pontage dans lequel R19 est choisi parmi :
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dans lesquels

R40 et R41, méme lorsqu'’ils portent le méme indice, peuvent étre identiques ou différents et sont chacun
un atome d’hydrogéne, ou un groupe hydrocarbure qui peut étre facultativement halogéné ou qui peut
contenir des hétéroatomes choisis parmi Si, B, Al, O, S, N et P, le groupe hydrocarbure étant choisi
parmi un groupe alkyle ayant de 1 a environ 30 atomes de carbone, un groupe aryle de 6 a environ
40 atomes de carbone, un groupe fluoroalkyle de 1 a environ 10 atomes de carbone, un groupe alcoxy
de 1 a environ 10 atomes de carbone, un groupe aryloxy de 6 a environ 10 atomes de carbone, un
groupe alcényle de 2 a environ 10 atomes de carbone, un groupe arylalkyle de 7 a environ 40 atomes
de carbone, un groupe alkylaryle de 7 a environ 40 atomes de carbone, un alkylsilyle substitué ou non
substitué, un groupe alkyl(aryl)silyle, un groupe arylsilyle ou un groupe arylalcényle de 8 a environ 40
atomes de carbone, ou dans lesquels R40 et R4! ensemble avec les atomes auxquels ils sont attachés
peuvent former un ou plusieurs systémes cycliques,

x est un nombre entier de 1 a 18,

M12 est un silicium, germanium ou étain, et

R10 peut également lier deux motifs de la formule 1 I'un & l'autre ;

d) laréaction du composé de formule 1b avec une base dans des conditions suffisantes pour obtenir une double

déprotonation du composé de formule 1b ; et

e) la réaction du composé doublement déprotoné de I'étape (d) avec un composé ayant la formule M'Cl, dans
laquelle M est un zirconium, titane ou hafnium, pour fournir un composé métallocéne ponté synthétisé comme

étant un isomere racémique sensiblement pur a 100 %.

24. Procédé selon la revendication 23, dans lequel la base est le n-butyllithium.
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Procédé selon larevendication 23, dans lequel les étapes (b) et (d) de déprotonation sont réalisées a une température
d’environ -70 C & environ 80 C.

Procédé selon la revendication 23, dans lequel M12 est un silicium et M' est un zirconium.

Composition catalytique selon la revendication 1, dans laquelle le composé métallocéne ayant la formule 1 est
choisi dans le groupe consistant en :

le dichlorure de diméthylsilanediylbis(2-méthyl-4,7-diphényl-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-éthyl-4,7-diphényl-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-propyl-4,7-diphényl-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-i-propyl-4,7-diphényl-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-butyl-4,7-diphényl-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-s-butyl-4,7-diphényl-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-t-butyl-4,7-diphényl-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-pentyl-4,7-diphényl-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-hexyl-4,7-diphényl-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-heptyle-4,7-diphényl-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-cyclopropylméthyl-4,7-diphényl-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-cyclobutylméthyl-4,7-diphényl-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-cyclopentylméthyl-4,7-diphényl-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-cyclohexylméthyl-4,7-diphényl-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-cycloheptylméthyl-4,7-diphényl-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-(1-adamantyl)méthyl-4,7-diphényl-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-t-butyl-méthyl-4,7-diphényl-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2,4,7-triphényl-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-benzyl-4,7-diphényl-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-phénéthyl-4,7-diphényl-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-phénylpropyl-4,7-diphényl-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-phénylbutyl-4,7-diphényl-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-méthyl-4,7-bis-(4-méthyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-éthyl-4,7-bis-(4-méthyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-propyl-4,7-bis-(4-méthyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-i-propyl-4,7-bis-(4-méthyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-butyl-4,7-bis-(4-méthyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-s-butyl-4,7-bis-(4-méthyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-t-butyl-4,7-bis-(4-méthyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-pentyl-4,7-bis-(4-méthyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-hexyl-4,7-bis-(4-méthyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-heptyle-4,7-bis-(4-méthyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-cyclopropylméthyl-4,7-bis-(4-méthyl-phényl)-indényl)zirconium,
le dichlorure de diméthylsilanediylbis(2-cyclobutylméthyl-4,7-bis-(4-méthyl-phényl)-indényl)zirconium,
le dichlorure de diméthylsilanediylbis(2-cyclopentylméthyl-4,7-bis-(4-méthyl-phényl)-indényl)zirconium,
le dichlorure de diméthylsilanediylbis(2-cyclohexylméthyl-4,7-bis-(4-méthyl-phényl)-indényl)zirconium,
le dichlorure de diméthylsilanediylbis(2-cycloheptyleméthyl-4,7-bis-(4-méthyl-phényl)-indényl)zirconium,
le dichlorure de diméthylsilanediylbis(2-(1-adamantyl)méthyl-4,7-bis-(4-méthyl-phényl)-indényl)zirconium,
le dichlorure de diméthylsilanediylbis(2-t-butyl-méthyl-4,7-bis-(4-méthyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-(1-furyl)-4,7-bis-(4-méthyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-benzyl-4,7-bis-(4-méthyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-phenéthyl-4,7-bis-(4-méthyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-phénylpropyl-4,7-bis-(4-méthyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-phénylbutyl-4,7-bis-(4-méthyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-méthyl-4,7-bis-(4-t-butyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-éthyl-4,7-bis-(4-t-butyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-propyl-4,7-bis-(4-t-butyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-i-propyl-4,7-bis-(4-t-butyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-butyl-4,7-bis-(4-t-butyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-s-butyl-4,7-bis-(4-t-butyl-phényl)-indényl)zirconium,
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le dichlorure de diméthylsilanediylbis(2-t-butyl-4,7-bis-(4-t-butyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-pentyl-4,7-bis-(4-t-butyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-hexyl-4,7-bis-(4-t-butyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-heptyle-4,7-bis-(4-t-butyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-cyclopropylméthyl-4,7-bis-(4-t-butyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-cyclobutylméthyl-4,7-bis-(4-t-butyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-cyclopentylméthyl-4,7-bis-(4-t-butyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-cyclohexylméthyl-4,7-bis-(4-t-butyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-cycloheptylméthyl-4,7-bis-(4-t-butyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-(1-adamantyl)méthyl-4,7-bis-(4-t-butyl-phényl)-indényl)zirconium,
le dichlorure de diméthylsilanediylbis(2-t-butyl-méthyl-4,7-bis-(4-t-butyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-(1-furyl)-4,7-bis-(4-t-butyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-benzyl-4,7-bis-(4-t-butyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-phénéthyl-4,7-bis-(4-t-butyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-phénylpropyl-4,7-bis-(4-t-butyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-phénylbutyl-4,7-bis-(4-t-butyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-méthyl-4,7-bis-(3,5-diméthyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-éthyl-4,7-bis-(3,5-diméthyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-propyl-4,7-bis-(3,5-diméthyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-i-propyl-4,7-bis-(3,5-diméthyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-butyl-4,7-bis-(3,5-diméthyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-s-butyl-4,7-bis-(3,5-diméthyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-t-butyl-4,7-bis-(3,5-diméthyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-pentyl-4,7-bis-(3,5-diméthyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-hexyl-4,7-bis-(3,5-diméthyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-heptyle-4,7-bis-(3,5-diméthyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-cyclopropylméthyl-4,7-bis-(3,5-diméthyl-phényl)-indényl)zirconium,
le dichlorure de diméthylsilanediylbis(2-cyclobutylméthyl-4,7-bis-(3,5-diméthyl-phényl)-indényl)zirconium,
le dichlorure de diméthylsilanediylbis(2-cyclopentylméthyl-4,7-bis-(3,5-diméthyl-phényl)-indényl)zirconium,
le dichlorure de diméthylsilanediylbis(2-cyclohexylméthyl-4,7-bis-(3,5-diméthyl-phényl)-indényl)zirconium,
le dichlorure de diméthylsilanediylbis(2-cycloheptylméthyl-4,7-bis-(3,5-diméthyl-phényl)-indényl)zirconium,
le dichlorure de diméthylsilanediylbis(2
le dichlorure de diméthylsilanediylbis(2-t-butyl-méthyl-4,7-bis-(3,5-diméthyl-phényl)-indényl)zirconium,
le dichlorure de diméthylsilanediylbis(2-(1-furyl)-4,7-bis-(3,5-diméthyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-benzyl-4,7-bis-(3,5-diméthyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-phénéthyl-4,7-bis-(3,5-diméthyl-phényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-phénylpropyl-4,7-bis-(3,5-diméthyl-phényl)-indényl)zirconium,
le dichlorure de diméthylsilanediylbis(2-phénylbutyl-4,7-bis-(3,5-diméthyl-phényl)-indényl)zirconium,
le dichlorure de diméthylsilanediylbis(2-méthyl-4,7-bis-(1-naphtyl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-éthyl-4,7-bis-(1-naphtyl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-propyl-4,7-bis-(1-naphtyl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-i-propyl-4,7-bis-(1-naphtyl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-butyl-4,7-bis-(1-naphtyl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-s-butyl-4,7-bis-(1-naphtyl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-t-butyl-4,7-bis-(1-naphtyl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-pentyl-4,7-bis-(1-naphtyl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-hexyl-4,7-bis-(1-naphtyl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-heptyl-4,7-bis-(1-naphtyl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-cyclopropylméthyl-4,7-bis-(1-naphtyl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-cyclobutylméthyl-4,7-bis-(1-naphtyl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-cyclopentylméthyl-4,7-bis-(1-naphtyl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-cyclohexylméthyl-4,7-bis-(1-naphtyl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-cycloheptyleméthyl-4,7-bis-(1-naphtyl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-(1-adamantyl)méthyl-4,7-bis-(1-naphtyl)-indényl)zirconium,
le dichlorure de diméthylsilanediylbis(2-t-butyl-méthyl-4,7-bis-(1-naphtyl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-(1-furyl)-4,7-bis-(1-naphtyl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-benzyl-4,7-bis-(1-naphtyl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-phénéthyl-4,7-bis-(1-naphtyl)-indényl)zirconium,
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le dichlorure de diméthylsilanediylbis(2-phénylpropyl-4,7-bis-(1-naphtyl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-phénylbutyl-4,7-bis-(1-naphtyl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-méthyl-4,7-bis-(9-anthracényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-éthyl-4,7-bis-(9-anthracényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-propyl-4,7-bis-(9-anthracényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-i-propyl-4,7-bis-(9-anthracényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-butyl-4,7-bis-(9-anthracényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-s-butyl-4,7-bis-(9-anthracényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-t-butyl-4,7-bis-(9-anthracényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-pentyl-4,7-bis-(9-anthracényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-hexyl-4,7-bis-(9-anthracényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-n-heptyl-4,7-bis-(9-anthracényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-cyclopropylméthyl-4,7-bis-(9-anthracényl)-indényl)zirconium,
le dichlorure de diméthylsilanediylbis(2-cyclobutylméthyl-4,7-bis-(9-anthracényl)-indényl)zirconium,
le dichlorure de diméthylsilanediylbis(2-cyclopentylméthyl-4,7-bis-(9-anthracényl)-indényl)zirconium,
le dichlorure de diméthylsilanediylbis(2-cyclohexylmeéthyl-4,7-bis-(9-anthracényl)-indényl)zirconium,
le dichlorure de diméthylsilanediylbis(2-cycloheptylméthyl-4,7-bis-(9-anthracényl)-indényl)zirconium,
le dichlorure de diméthylsilanediylbis(2-(1-adamantyl)méthyl-4,7-bis-(9-anthracényl)-indényl)zirconium,
le dichlorure de diméthylsilanediylbis(2-t-butyl-méthyl-4,7-bis-(9-anthracényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-(1-furyl)-4,7-bis-(9-anthracényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-benzyl-4,7-bis-(9-anthracényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-phénéthyl-4,7-bis-(9-anthracényl)-indényl)zirconium,

le dichlorure de diméthylsilanediylbis(2-phénylpropyl-4,7-bis-(9-anthracényl)-indényl)zirconium, et
le dichlorure de diméthylsilanediylbis(2-phénylbutyl-4,7-bis-(9-anthracényl)-indényl)zirconium.
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