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(54) Tatle: TRANSITION METAL COMPOUND, LIGAND SYSTEM, CATALYST SYSTEM AND THE USE OF THE LATTER
FOR THE POLYMERISATION AND COPOLYMERISATION OF OLEFINS

(54) Bezeichnung: UBERGANGSMETALLVERBINDUNG, LIGANDENSYSTEM, KATALYSATORSYSTEM UND SEINE
VERWENDUNG ZUR POLYMERISATION UND COPOLYMERISATION VON OLEFINEN

(37) Abstract: The invention relates to a method for polymerising olefins, in particular to a method for copolymerising propylene
with additional olefins, in the presence of specially selected metallocenes, in particular those types of metallocenes which have
G different substitutions in position 2 and position 4 on the indenyl ligand, to ligand systems, to highly active catalyst systems and to
@0 novel polypropylene copolymers. The inventive polymerisation takes place in the presence of the specially selected metallocenes.

(57) Zusammenfassung: Die vorliegende Erfindung betrifft ein Verfahren zur Polymerisation von Olefinen, insbesondere ein Ver-
fahren zur Copolymerisation von Propylen mit weiteren Olefinen, in Gegenwart von speziell ausgewihlte Metallocene, insbesondere
O solche, die unterschiedlich Substitutionen in Position 2 und Position 4 am Indenylliganden besitzen, Ligandensysteme, hochaktive
Katalysatorsysteme sowie neue Polypropylen-Copolymere die durch Polymerisation in Gegenwart der speziell ausgewihlten Metal-

locene erfolgt.
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The present invemtion relates to a process for the polymerization
of olefins, in particular a process for the copolymerization of
propylene with further olefins, to specifically substituted
netallocenes, to ligand systems and to highly active catalyst
systems . |

pProcesses for preparing polyolefins with the aid of soluble,
homogeneous catalyst systems comprising a transition metal
component of the metallocene type and a cocatalyst component such
as an aluminoxane, a Lewis acid or an ionic compound are Known.
These catalysts have a high activity and give polymers and
copolymers having a narrow molar mass distribution.

In polymerization PIUCESSES using soluble, homogeneous catalyst
systems, heavy deposits are formed on reactor walls and stirrer
if the polymer is obtaimed as a solid. These deposits are formed
by agglomeration of the polymer particles whenever metallocene
and/or cocatalyst are present in dissolved form in the
suspension. Such deposits in the reactor systems have to be
removed regularly, simce they guickly reach considerable
+hicknesses, have a high strength and prevent heat exchange with
the cooling medium. Such homogeneous catalyst systems cannot be
used in modern industrial polymerization processes in ligquid
monomer or in the gas phase. '

To avoid deposit formation in the reactor, supported catalyst

‘systems in which the metallocene and/or the aluminum compound

serving as cocatalyst are fixed to an inorganic support material
have been proposed.

Metallocenes can, if appropriate in combination with one or more
cocatalysts, be used as catalyst components for the
polymerization and copolymerization of olefins. In particular,
halogen-containing metallocenes are used as catalyst precursors
which can be converted, for example, by means of an aluminoxane
into a polymerization-active cationic metallocene complex
(EP-A-129368).
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The preparation of metallocenes is known per se (US 4,752,597:

us 5,017,714; EP-A-320762; EP-A-~416815; EP-A-537686; EP-A-669340:
H.H. Brintzinger et al.; Angew. Chem., 107 (1995), 1255;

H.H. Brintzinger et al., J. Organomet. Chem. 232 (1982), 233. For
this purpose, it is possible, for example, to react
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cyclopentadienylmetal compounds with halides of transition metals
such as titanium, zirconium and hafnium.

EP 576 970 Al discloses metallocenes and corresponding, supported
catalyst systems.

The supported catalyst systems give, at industrially relevant
polymerization temperatures of 50-80°C, polymers, in particular
polypropylenes, having melting points of not more than 156°C;
typical values for such systems are merely in the region around
150°C, |

In the field of copolymerization, copolymers having low molar
masses or low levels of ethene incorporation are usually
obtained. In this area, it would be desirable to have a high
molar mass and a high degree of ethene incorporation without
adverse effect on the molar mass of the copolymer and also an
increase in the molar mass of the resulting copolymer compared to
the molar mass of the homopolymer.

EP-A-659757, Spaleck et al., J. Mol. Catal. A: Chemical 1998,
128, 279-287 and EP-A-834519 describe metallocene compounds
containing two differently substituted indenyl ligands. It is
found that the metallocene compounds described there give very
low molecular weight copolymers in the copolymerization of, for
example, ethylene and propylene. In addition, the ethene content
of the copolymer is low. The systems described there additionally
suffer from a considerable decrease 1n molar mass compared to the
corresponding homopolymer. The incorporation of ethene appears to
lead to a greater number of termination reactions. In addition to
this observation, the polymerization activity in a heterogeneous
polymerization is low compared to that in a homogeneneous
polymerization. This leads to restricted commercial utilization.

For many polymer applications, for example in the fields of
extrusion and injection molding, such‘products are not yet
satisfactory in terms of hardness or mechanical strength. In the
preparation of copolymers, these metallocenes and catalyst
systems generally produce copolymers whose achievable molar
masses decrease steadily with increasing comonomer content.
Particularly in the area of block copolymer production or reactor
blend production, this behavior 1s a disadvantage, since a high
molar mass is wanted to achieve a high hardness/impact toughness
of the desired copolymer or terpolymer fraction.
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It is an object of the present invention to find supported
metallocene catalysts which avoid the disadvantages of the prior
art and, in particular, give copolymers having a high molar mass
and a high degree of ethene incorporation under industrially
relevant polymerization conditions as a result of their high
regiospecificity and stereospecificity. In addition, these
metallocenes should display a significantly increased
polymerization activity in a heterogeneous polymerization and
provide an environmentally friendly and economical process for
preparing the polymers. '

We have found that this object is achieved by a process for the
polymerization of olefins, in particular for the coolymerization
of propylene with at least one further olefin, in which the
polymerization is carried out in the presence of a catalyst
system comprising at least one specifically substituted
metallocene, at least one cocatalyst, if desired a passivated
support and, if desired, at least one further additive component.

The metallocene that is used in the process according to the present invention

and is claimed as such hereinafter, is a compound of the formula ()

33

R34 |K

(1)

R33'

36"
R3s R34

where

Mll
is a metal of group IVb of the Periodic Table of the Elements,

R31, R32

are identical or different and are each a hydrogen atom, a
C1~-Cjo-alkyl group, a C;3-Cjp-alkoxy group, a Cg-Cyp-aryl group, a
C¢-Cyp-aryloxy group, a C,-C;p-alkenyl group, an OH group, an
N(R3?), group, where R32 is a C;-Cjp-alkyl group or a Cg-Cyg-aryl
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group, or a halogen atom, where R3! and R3¢ can also be joined to
form a ring,

R34, R36, R37 and R38% and also R34‘, R36', R37' and R38’

5 are identical or different and are each a hydrogen atom or a
hydrocarbon group which may be halogenated, linear, cyclic or
branched, e.g. a C;~Cyjg~-alkyl group, a C;-Cjp-alkenyl group, a
Cg~Coo-aryl group, a Cy;-Cyp-arylalkyl group, a Cy-Csp-alkylaryl
group or a Cg-~-Cyp-arylalkenyl group,

10
R33 and R33°
are identical or different, where

R33

15 is as defined for R33' or is a hydrocarbon group which is
unbranched in the o position and may be halogenated, e.g. a
C1-Cyp—-alkyl group, a C;-Cyg-alkenyl group, a C7—C40-alkylaryl
group or a Cg-C4p-alkenylaryl group,

20 R33’
is a hydrocarbon group which is cyclized in the o position or
branched in the o position and may be halogenated, e.g. a
C3~Cag-alkyl group, a C3-Cyg-alkenyl group, a Cg-Cip-aryl group, a
C7-C4o-arylalkyl group, a C7-C4p—alkylaryl group or a

25 Cg-Cyp-arylalkenyl group,

R35, R35' |
are identical or different and are each a Cg-Czg-aryl group which |

in the para position relative to the point of linkage to the
30 indenyl ring bears a substituent R43 or R4¢3',

R45 (45
35 R35 = R43 and R35' = O R43 ’
R46' R46

40
R35 and R3%' may not be the combinations of phenyl and l-naphthyl

or l-naphthyl and phenyl when R33 is methyl or ethyl and R33' is
isopropyl, -

45 R33
is a bridge:
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R4° R40 R40 R4g R40
| 12 | | 42 | .
—0-M%0— —C— = —0-M%*  —C—MZ0—
[‘1%41 F|{41 %41 é{“ Fl%“
5
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—M— —ME—M=- —C——C—
10 l'l‘l“ FI:‘u Fl?“ Fl:{“ FI.{M
g R R R R R =%
ek
L 4 L4 4 " 4 a1
R R R R R R

20 \B 40 \ . 40 | \ \
/ .

25 /N""R /C:O /P"-R or /p(o) R40

R40, R4l
can be identical or different, even when they have the same

30 index, and are each a hydrogen atom, a halogen atom or a C;-Cyg
group such as a Cj;-Cyp—-alkyl group, a C;-Cipo-fluoroalkyl group, a
C1-Cip~alkoxy group, a Cg~Cjyg-aryl group, a Cg-Cig-fluoroaryl
group, a Cg~Cip-aryloxy group, a C,-Cjip-alkenyl group, a
C7-Csp-arylalkyl group, a Cq-Cyp~alkylaryl group or a

35 Cg-Cyo~arylalkenyl group, where R4? and R4! may each, together-with
the atoms connecting them, form one or more rings, and x is an
integer from zero to 18,

Ml
40 is silicon, germanium or tin,

R3%
may also link two units of the formula I with one another,

45 R43
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is a hydrogen atom if R35 is different from R3°', or a C;-Cjo-alkyl

radical, a Cy~-Cjig-alkenyl radical, a Cg-Cig-aryl radical, a
Cq-Cgoo-arylalkyl radical, a Cy-Cyp-alkylaryl radical, a

- Cg-Cgp-arylalkenyl radical, where the hydrocarbon radicals may
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also be halogenated or partially halogenated by fluorine or

chlorine, and be -N(R%44), , -P(R%),, -SR%%, -Si(R44);3, -N(R4%);; or

-P(R44)3,, where the radicals R4% are identical or different and
are each a hydrogen atom or a hydrocarbon group which may be
halogenated, linear, cyclic or branched, e.g. a C;~Cijp-alkyl
group, a C;-Cjg-alkenyl group, a Cg-Cyp-aryl group, a
C,-Cyp—~arylalkyl group, a Cy-Cyp—~alkylaryl group or a
Cg~-Csg—-arylalkenyl group,

R43’
is hydrogen or is as defined for R%3,

R45, R45', R46 and R46’
are each hydrogen or C4-Cigo-aryl, alkenyl or alkyl ring systems
which may also be linked to the radicals R36, R3¢’ or R34, R34’,

The 4,5,6,7-tetrahydroindenyl analogs corresponding to the
compounds I are likewise of importance.

In formula (I), it is preferred that -

M1l
is zirconium or hafnium,

R31 and R32

are identical or different and are each a C;~-Cjp-alkyl group, a
Ci1~Cip—-alkoxy group, a Cg-Cjp-aryloxy group or a halogen atom,
where R3! and R32 may also be joined to form a ring,

RS3 . R33'
are different,

R33 .
is a linear Cy;-Cip-alkyl group or a linear C;-Cjip-alkenyl group,

R33’

is a hydrocarbon group which is cyclized in the a position or
branched in the o position and in which the atom in the «
position is bound to a total of three carbon atoms, e.g. a
C3-Cip-alkyl group, a C3-Cjig-alkenyl group, a Cg-Cis~-aryl group, a
C;-Cis-arylalkyl group, a C;-Cis-alkylaryl group or a
Cg~Cig~arylalkenyl group,
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R34, R36, R37 and R3% and also R34', R36', R37' and R38’
are identical or different and are each a hydrogen atom or a
C1-Cjo~alkyl group which may be halogenated, linear, cyclic or
branched,

R3%
is R40R4lgi=, R40R4lGe=, R4OR41C= or -—(R4OR4IC-CR4O0R4l)-, where R40
and R4l are identical or different and are each hydrogen or a
Cy-Cog-hydrocarbon group, in particular C;-Cjig-alkyl or

10 Cg-Cyg-aryl,

R45, R45'

are identical or different and are each a Cg-Cyp-aryl group which
in the para position relative to the point of linkage to the
15 indenyl ring bears a substituent R¢3 or R%3',

R45 - R4S’

20 R35 = R43 R35 - R4

R46’ ' [R46'

25
rRé43
is a Cy-Cip-alkyl radical, a C;-Cjip-alkenyl radical, a Cg-Cjg-aryl
radical, a C7-Cpg-arylalkyl radical, a C;-Cpg-alkylaryl radical, a
Cg-Cop-arylalkenyl radical, where the hydrocarbon radicals may

30 also be halogenated or partially halogenated by fluorine or
chlorine, -N(R%4), , -P(R%4),, -SR%4, -Si(R44)3, -N(R%%)3*+ or
-P(R44)3+, where the radicals R%** are identical or different and
are each a hydrogen atom or a hydrocarbon group which may be
halogenated, linear, cyclic or branched, e.g. a Ci1-Cjip-alkyl

35 group, a Cy-Cjp-alkenyl group, a Cg~Cpo-aryl group, a
C;-C4o—-arylalkyl group, a C;-Cyo-alkylaryl group or a
Cg-Cyg-arylalkenyl group,

R43’

40 is as defined for R%3 or is hydrogen,

R45' R45" R46 and R46'

are each hydrogen or a Cy-Cg-aryl ring system.

45 In formula I, it is very particularly preferred that
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M1l
is zirconium,

R31, R32
are identical and are each chlorine, methyl or phenoxide,

R33, R33°
are different,

R33
is methyl, ethyl, n-propyl or n-butyl,

R33'
is a hydrocarbon group which is cyclized in the a position or
branched in the o position and in which the atom in the «

position is bound to a total of three carbon atoms, e.g. a
C3;-Cipo-alkyl group or a C3-Cjp-alkenyl group,

R33 .
is R4OR4lgi= , R4O0R41C= or - (R40R41C-CR4OR41)~, where R4? and R4l are
identical or different and are each phenyl or methyl,

R34, R36, R37 and R3® and also R34’, R36’,R37' and R38' are each
hydrogen, | |

R35, R35'
are identical or different and are each a Cg-Cyp-aryl group, in

particular a phenyl or l-naphthyl group which bears a substituent
R43 or R43' in the para position relative to the point of linkage

to the indenyl ring, where R43 or R43' is a branched C3-Cj;g-alkyl
radical, a branched Ci3-C;p-~alkenyl radical, a branched

Cy7-Cpo-alkylaryl radical or an Si(R%%)3; radical where R%¢ is
particularly preferably as defined for R33, where the hydrocarbon
radicals may also be halogenated or partilially halogenated by

fluorine or chlorine.

Examples of preferi‘ed metallocene components of the catalyst

system of the present invention are combinations of the following
molecular fragments of the compound I:

ZzrCls, Z2r(CH3),, Zxr(0-CgHs)>

R33
methyl, ethyl, n-propyl, n-butyl,

R33‘:




10

15

20

25

30

35

40

45

0732/00026 CA 02395552 2002-06-21

9
isopropyl, sec-butyl, cyclobutyl, l-methylbutyl, l-ethylbutyl,
l-methylpentyl, cyclopentyl, cyclohexyl, cyclopent-2-enyl,
cyclopent-3-enyl, cyclohex-2-enyl, cyclohex-3-enyl,
para-methylcyclohexyl,

R34, R36, RI7 and R38 and also R34’', R36', R3I7" and R38':
hydrogen,

R35, R35':

p-isopropylphenyl, p-tert-butylphenyl, p-s-butylphenyl,
p-cyclohexyl, p-trimethylsilylphenyl, p-adamantylphenyl,
p-tris(trifluoromethyl)methylphenyl,

R3%:

dimethylsilanediyl, dimethylgermanediyl, ethylidene,
l-methylethylidene, 1,l-dimethylethylidene, -
1,2~-dimethylethylidene, l,1,2,2-tetramethylethylidéne,
dimethylmethylidene, phenylmethylmethylidene,
diphenylmethylidene. |

Specific examples of preferréd metallocene components of the
catalyst system of the present invention are thus the following

compounds I:

2-isopropyl, 2-methyl, symmetrically substituted in the 4
positions: . |
dimethylsilanediyl(2-isopropyl-4-(p-isopropylphenyl)indenyl) (2~
methyl-4-(p-isopropylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-isopropyl-4-(p-tert-butylphenyl)indenyl) (2-
methyl-4-(p-tert-butylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-isopropyl-4-(p-sec-butylphenyl)indenyl) (2-
methyl-4-(p-sec-butylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2~isopropyl-4-(p~cyclohexylphenyl)indenyl) (2~
methyl-4-(p-cyclohexylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-isopropyl-4-(p-trimethylsilylphenyl)-
indenyl) (2-methyl-4~(p-trimethylsilylphenyl)indenyl)zixrconium
dichloride, dimethylsilanediyl(2-isopropyl- |
4-(p-adamantylphenyl)indenyl) (2-methyl-4-(p-adamantylphenyl)inden
yl)zirconium dichloride, dimethylsilanediyl(2-isopropyl-
4-(p-tris(trifluoromethyl)methylphenyl)indenyl) (2-methyl-
4-(p-tris(trifluoromethyl)methylphenyl)indenyl)zirconium
dichloride,

2-sec-butyl, 2-methyl, symmetrically substituted in the 4
positions:
dimethylsilanediyl(2-sec-butyl~4-(p~isopropylphenyl)indenyl) (2-
methyl-4-(p-isopropylphenyl)indenyl)zirconium dichloride,




10

C.;A 02395552 2002-06-21

0732/00026

10
dimethylsilanediyl(2-sec-butyl-4-(p-tert-butylphenyl)indenyl) (2~
methyl-4-(p-tert-butylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-sec~butyl-4-(p-sec-butylphenyl)indenyl) (2~
methyl-4-(p~sec-butylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-sec-butyl-4-(p-cyclohexylphenyl)indenyl) (2-
methyl-4-(p-cyclohexylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-sec-butyl-4-(p-trimethylsilylphenyl)-
indenyl) (2-methyl-4-(p-trimethylsilylphenyl)indenyl)zirconium
dichloride, |
dimethylsilanediyl (2-sec-butyl-4-(p-adamantylphenyl)indenyl)-
(2-methyl-4-(p-adamantylphenyl)indenyl)zirconium dichloride,

- dimethylsilanediyl(2-sec-butyl-4-(p-tris(trifluoromethyl)methyl-
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phenyl)indenyl) (2-methyl-4-(p-tris(trifluoromethyl)methylphenyl)~
indenyl)zirconium dichloride,

2-(l-methylbutyl), 2-methyl, symmetrically substituted in the 4
positions:
dimethylsilanediyl(2-(l-methylbutyl)-4-(p-isopropylphenyl)-
indenyl) (2-methyl-4-(p~isopropylphenyl)indenyl)zirxconium
dichloride, .
dimethylsilanediyl(2-(l-methylbutyl)-4-(p-tert-butylphenyl)-
indenyl) (2-methyl-4-(p~-tert-butylphenyl)indenyl)zirconium
dichloride,
dimethylsilanediyl(Z—(l-methylbutyl)-4-(p-sec—butylphenyl)-
indenyl) (2-methyl-4-~(p-sec~butylphenyl)indenyl)zirconium
dichloride,
dimethylsilanediyl(2-(l-methylbutyl)-4~(p-cyclohexylphenyl) -
indenyl) (2-methyl-4-(p~(l-methylbutyl)phenyl)indenyl)zirconium
dichloride, |
dimethylsilanediyl(2-(l-methylbutyl)-~4-(p-trimethylsilylphenyl)-
indenyl) (2-methyl-4-(p-trimethylsilylphenyl)indenyl)zirconium
dichloride,
dimethylsilanediyl (2~ (1-methylbutyl)-4-(p-adamantylphenyl)-
indenyl) (2-methyl-4-(p-adamantylphenyl)indenyl)zirconium
dichloride, |
dimethylsilanediyl(2~(l-methylbutyl)-4~(p-tris(trifluoromethyl)-
methyiphenyl)indenyl)(2-methyl-4-(p~tris(trifluoromethyl)methyl~
phenyl)indenyl)zirconium dichloride,

2-cyclopentyl, 2-methyl, symmetrically substituted in the 4
positions:

dimethylsilanediyl (2~-cyclopentyl-4-(p-isopropylphenyl)indenyl)-
(2-methyl-4-(p-isopropylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-cyclopentyl-4-(p-tert-butylphenyl)indenyl)-
(2-methyl-4-~(p-tert-butylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-cyclopentyl-4~(p-sec-butylphenyl)indenyl) -
(2-methyl-4-(p-sec-butylphenyl)indenyl)zirconium dichloride,
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dimethylsilanediyl(2-cyclopentyl-4~(p-cyclohexylphenyl)indenyl)-
(2-methyl-4-(p-cyclohexylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-cyclopentyl-4-(p-trimethylsilylphenyl) -
indenyl) (2-methyl-4-(p-trimethylsilylphenyl)indenyl)zirconium
dichloride,
dimethylsilanediyl(2-cyclopentyl-4-(p-adamantylphenyl)indenyl)-
(2-methyl-4-(p-adamantylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-cyclopentyl-4-(p-tris(trifluoromethyl)-
methylphenyl)indenyl) (2-methyl-4-(p-tris(trifluoromethyl)methyl-
phenyl)indenyl)zirconium dichloride,

2-cyclohexyl, 2-methyl, symmetrically substituted in the 4
positions: |
dimethylsilanediyl(2~-cyclohexyl-4-(p-isopropylphenyl)indenyl)(2-
methyl-4-~(p-isopropylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-cyclohexyl-4-(p-tert-butylphenyl)indenyl)-
(2-methyl-4-(p-tert-butylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2~cyclohexyl-4-(p-sec-butylphenyl)indenyl) (2~
methyl-4-(p-sec-butylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-cyclohexyl-4-(p- cyclohexylphenyl)1ndeny1)-
(2-methyl- 4-(p-cyclohexylphenyl)1ndeny1)zmrconlum dichloride,
dimethylsilanediyl(2~cyclohexyl~4-(p-trimethylsilylphenyl)-
indenyl) (2-methyl-4- (pwtrlmethy151lylphenyl)1ndenyl)21rcon1um
dichloride,

dlmethy131laned1yl(chyclohexyl 4-(p- adamantylphenyl)lndenyl)(2-
methyl-4-(p-adamantylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-cyclohexyl-4-(p-tris(trifluoromethyl)-
methylphenyl)indenyl) (2-methyl-4-(p-tris(trifluoromethyl)methyl-
phenyl)indenyl)zirconium dichloride,

2-p-methylcyclohexyl, 2-methyl, symmetrically substituted in the
4 positions:
dimethylsilanediyl(2-p-methylcyclohexyl~-4-(p-isopropylphenyl)-
indenyl) (2-methyl-4-(p-isopropylphenyl)indenyl)zirconium
dlchlorlde,
dimethylsilanediyl(2-p-methylcyclohexyl-4-(p-tert-butylphenyl)-
indenyl) (2-methyl-4-(p-tert-butylphenyl)indenyl)zirconium
dichloride,
dimethylsilanediyl(2-p-methylcyclohexyl-4-(p-sec~butylphenyl)-
indenyl) (2-methyl-4-(p-sec-butylphenyl)indenyl)zirconium
dichloride,
dimethylsilanediyl(2-p-methylcyclohexyl-4-(p~cyclohexylphenyl)~
indenyl) (2-methyl-4-(p-cyclohexylphenyl)indenyl)zirconium
dichloride,
dimethylsilanediyl(2-p-methylcyclohexyl-4-(p-trimethylsilyl-
phenyl)indenyl) (2-methyl-4-(p-trimethylsilylphenyl)indenyl)-
zirconium dichloride, |
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dimethylsilanediyl(2-p-methylcyclohexyl-4-(p-adamantylphenyl)--
indenyl) (2-methyl-4-(p-adamantylphenyl)indenyl)zirconium
dichloride, |
dimethylsilanediyl (2-p-methylcyclohexyl-4~(p-tris(trifluoro-
methyl)methylphenyl)indenyl) (2-methyl-4~(p~tris(trifluoromethyl)-
methylphenyl)indenyl)zirconium dichloride, -

2-isopropyl, 4-(p-tert-butylphenyl), 2-methyl, wvarious
substituents in the other 4 position:
dimethylsilanediyl(2-isopropyl-4-(p~-tert-butylphenyl)indenyl) (2-
methyl-4- (p-isopropylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-isopropyl-4-(p-tert-butylphenyl)indenyl) (2-
methyl-4-(p-sec-butylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-isopropyl-4-(p~tert-butylphenyl)indenyl) (2~
methyl-4-(p-cyclohexylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-isopropyl-4-(p-tert-butylphenyl)indenyl) (2~
methy1—4—(p—trimethylsilylphenyl)indenyl)zirconium.dichloride,
dimethylsilanediyl(2-isopropyl-4-(p-tert-butylphenyl)indenyl) (2~
methyl-4-(p-adamantylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-isopropyl-4-(p-tert~butylphenyl)indenyl) (2-
methyl-4-(p-tris(trifluoromethyl)methylphenyl)indenyl)zirconium
dichloride, o |

2-sec~butyl, 4-(p-tert-butylphenyl), 2-methyl, various
substituents in the other 4 position: . |
dimethylsilanediyl(2-sec-butyl-4-(p~tert-butylphenyl)indenyl) (2-
methyl-4-(p-isopropylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-sec~-butyl-4-(p-tert-butylphenyl)indenyl) (2-
methyl-4~(p~sec~-butylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-sec-butyl-4-(p-tert-butylphenyl)indenyl) (2-
methyl-4-(p-cyclohexylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-sec-butyl-4-(p-tert-butylphenyl)indenyl) (2-
methyl-4-(p~trimethylsilylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-sec-butyl-4-(p-tert-butylphenyl)indenyl) (2~
methyl-4-(p-adamantylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl (2-sec-butyl-4-(p-tert-butylphenyl)indenyl) (2~
methyl~4-(p-tris(trifluoromethyl)methylphenyl)indenyl)zirconium
dichloride,

2-(l-methylbutyl), 4-(p-tert-butylphenyl), 2-methyl, various
substituents in the other 4 position:
dimethylsilanediyl(2-(l-methylbutyl)~-4-~(p-tert-butylphenyl)-
indenyl) (2-methyl-4-(p-isopropylphenyl)indenyl)zirconium
dichloride,
dimethylsilanediyl(2-(l-methylbutyl)-4-(p-tert-butylphenyl)-
indenyl) (2-methyl-4-(p-sec-butylphenyl)indenyl)zirconium
dichloride,
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dimethylsilanediyl(Z—(lwmethylbutyl)~4-(p~tert-butylphenyl)-
indenyl) (2-methyl-4-(p-cyclohexylphenyl)indenyl)zirconium
dichloride, .
dimethylsilanediyl(z-(l-methylbutyl)~4—(p-tert—butylphenyl)—
indenyl) (2-methyl-4-(p-trimethylsilylphenyl)indenyl)zirconium
dichloride,
dimethylsilanediyl(2-(1l-methylbutyl)-4-(p~-tert-butylphenyl)-
indenyl) (2-methyl-4~(p-adamantylphenyl)indenyl)zirconium
dichloride,
dimethylsilanediyl(2-(1l-methylbutyl)-4-(p-tert-butylphenyl)-
indenyl) (2-methyl-4-(p-tris(trifluoromethyl)methylphenyl)-
indenyl)zirconium dichloride,

2-cyclopentyl, 4-(p-~tert-butylphenyl), 2-methyl, wvarious
substituents in the other 4 position:
dimethylsilanediyl(2-cyclopentyl-4-(p-tert-butylphenyl)indenyl)-
(2-methyl-4-(p~-isopropylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-cyclopentyl-4-(p-tert-butylphenyl)indenyl)-
(2—methyl~4~(pésec-butylphenyl)indenyl)zirconium,dichloride,
dimethylsilanediyl(2-cyclopentyl-4-(p-tert-butylphenyl)indenyl)-
(2-methyl-4-(p-cyclohexylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-cyclopentyl-4~(p-tert-butylphenyl)indenyl)-
(2-methyl-4-(p-trimethylsilylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2—cyclopentyl-4-(p—tert~buty1phenyl)indehyl)—
(2-methyl-4-(p-adamantylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-cyclopentyl-4~(p-tert-butylphenyl)indenyl)-
(2-methyl-4-(p-tris(trifluoromethyl)methylphenyl)indenyl)-
zirconium dichloride,

2-cyclohexyl, 4-(p-tert-butylphenyl), 2-methyl, various
substituents in the other 4 position:

dimethylsilanediyl (2-cyclohexyl-4-(p-tert-butylphenyl)indenyl)-
(2-methyl-4-~(p-isopropylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2~cyclohexyl-4-(p~-tert-butylphenyl)indenyl)-
(2-methyl-4~(p-sec-butylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2~cyclohexyl-4~(p-tert-butylphenyl)indenyl)-
(2-methyl-4-(p-cyclohexylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-cyclohexyl-4~(p-tert~butylphenyl)indenyl)-
(2-methyl-4-(p-trimethylsilylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2~-cyclohexyl-4-(p-tert-butylphenyl)indenyl)-
(2-methyl-4~(p-~adamantylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-cyclohexyl~4~(p-tert-butylphenyl)indenyl)-
(2-methyl-4-(p-tris(trifluoromethyl)methylphenyl)indenyl)-
zirconium dichloride,

2-(p-methylcyclohexyl), 4-(p-tert~butylphenyl), 2-methyl, various
substituents in the other 4 position:
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dimethylsilanediyl(2-(p~methylcyclohexyl)-4-(p-tert-butylphenyl) -

indenyl)(2—methyl~4~(p-isbpropylphenyl)indenyl)zirconium
dichloride,

dimethylsilanediyl (2~ (p-methylcyclohexyl)~4-(p-tert-butylphenyl)-

indenyl) (2-methyl-4-(p-sec-butylphenyl)indenyl)zirconium
dichloride,

dimethylsilanediyl (2~ (p-methylcycliohexyl)~4-(p~-tert-butylphenyl)-

indenyl) (2-methyl-4-(p-cyclohexylphenyl)indenyl)zirconium
dichloride, .
dimethylsilanediyl (2-(p-methylcyclohexyl)-4-(p-tert-butylphenyl) -
indenyl) (2-methyl-4~(p-trimethylsilylphenyl)indenyl)zirconium
dichloride, -

dimethylsilanediyl (2~ (p~-methylcyclohexyl)-4-(p-tert-butylphenyl)-

indenyl) (2-methyl-4-(p-adamantylphenyl)indenyl)zirconium
dichloride,

dimethylsilanediyl(2-(p-methylcyclohexyl)-4-(p-tert-butylphenyl)-

indenyl) (2-methyl-4-(p-tris(trifluoromethyl)methylphenyl) -
indenyl)zirconium dichloride,

2-isopropyl, 4-~(p-isopropylphenyl), 2-methyl, wvarious
substituents in the other 4 position:
dimethylsilanediyl(2-isopropyl-4-(p-isopropylphenyl)indenyl) (2~
methyl-4-~(p-tert-butylphenyl)indenyl)zirconium dichloride,

- dimethylsilanediyl(2-isopropyl-4-(p-isopropylphenyl)indenyl) (2~

methyl-4—(p-secmbutylphenyl)iﬁdenyl)zirconium.dichloride,
dimethylsilanediyl(2-isopropyl-4-(p-isopropylphenyl)indenyl) (2~
methyl-4~(p~cyclohexylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-isopropyl-4-(p-isopropylphenyl)indenyl) (2~
methyl-4-~(p-trimethylsilylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-~-isopropyl-4-(p-isopropylphenyl)indenyl) (2~
methyl-4-(p-adamantylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-isopropyl-4-~(p~isopropylphenyl)indenyl) (2-
methyl-4-(p~-tris(trifluoromethyl)methylphenyl)}indenyl)zirconium
dichloride, -

2-sec-butyl, 4-(p-isopropylphenyl), 2-methyl, wvarious

substituents in the other 4 position:
dimethylsilanediyl(2-sec-butyl-4-(p-isopropylphenyl)indenyl) (2-
methyl~4-(p-tert-butylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-sec-butyl-4-(p-isopropylphenyl)indenyl) (2~
methyl-4-(p~-sec~butylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-sec-butyl~4~(p~-isopropylphenyl)indenyl) (2-
methyl-4-(p~cyclohexylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-sec~-butyl-4-(p~isopropylphenyl)indenyl) (2-
methyl-4-(p~trimethylsilylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-sec-butyl-4-(p-isopropylphenyl)indenyl) (2~
methyl-4-(p-adamantylphenyl)indenyl)zirconium dichloride,
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dimethylsilanediyl(2-sec-butyl-4-(p-isopropylphenyl)indenyl) (2-
methyl-4-(p-tris(trifluoromethyl)methylphenyl)indenyl)zirconium
dichloride,

5 2-(l-methylbutyl), 4-(p-isopropylphenyl), 2-methyl, various
substituents in the other 4 position: '
dimethylsilanediyl(2-(l-methylbutyl)-4-(p~-isopropylphenyl)-
indenyl) (2-methyl-4-(p-tert-butylphenyl)indenyl)zirconium
dichloride,

10 dimethylsilanediyl (2~(l-methylbutyl)-4-(p-isopropylphenyl)-
indenyl) (2-methyl-4- (p-sec~-butylphenyl)indenyl)zirconium
dichloride,
dimethylsilanediyl(2-(l-methylbutyl)-4-(p-isopropylphenyl)-
indenyl) (2-methyl-4-(p~-cyclohexylphenyl)indenyl)zirconium

15 dichloride, |

| dimethylsilanediyl(Zm(lnmgthylbutyl)-4-(p~isopropylphenyl)~
indenyl) (2-methyl-4~(p-trimethylsilylphenyl)indenyl)zirconium
dichloride,
dimethylsilanediyl(2-~(l-methylbutyl)-4-(p-isopropylphenyl)-

20 indenyl) (2-methyl-4-(p-adamantylphenyl)indenyl)zirconium
dichloride,
dimethylSilanediyl(2—(1~methylbutyl)~4-(p~isopropylphenyl)~
indenyl) (2-methyl-4-(p-tris(trifluoromethyl )methylphenyl)~
indenyl)zirconium dichloride,

25 '

2-cyclopentyl, 4-(p-isopropylphenvyl), 2-methyl, wvarious

substituents in the other 4 position:

dimethylsilanediyl (2-cyclopentyl-4-(p-isopropylphenyl)indenyl)-

(2-methyl-4-(p~tert-butylphenyl)indenyl)zirconium dichloride,

30 dimethylsilanediyl(2-cyclopentyl-4~(p-isopropylphenfl)indenyl)—
(2-methyl-4~(p~-sec-butylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-cyclopentyl-4-(p-isopropylphenyl)indenyl) -
(2-methyl-4-(p-cyclohexylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2~-cyclopentyl~4-(p-isopropylphenyl)indenyl) -

35 (2-methyl-4-(p-trimethylsilylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2;cyclopentyl~4-(p—isopropylphenyl)indenyl)Q
(2-methyl-4-(p-adamantylphenyl)indenyl)zirconium dichloride,
dimethylsilanediyl(2-cyclopentyl-4-(p-isopropylphenyl)indenyl)-
(2-methyl-4-(p-tris(trifluoromethyl)methylphenyl)indenyl)-

40 zirconium dichloride,

2~-cyclohexyl, 4-(p-isopropylphenyl), 2-methyl, various
substituents in the other 4 position:
dimethylsilanediyl(2-cyclohexyl-4-(p-isopropylphenyl)indenyl) (2-
45 methyl-4-(p-tert-butylphenyl)indenyl)zirconium dichlor<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>