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(57) ABSTRACT 
A Salt-like chemical compound of the formula (I), 

(CR's). MR’ (I) 
where 

R" are identical or different and are each a hydrogen 
atom, a halogen atom, C-C2-alkyl, C-C-aryl, 
C-Co-alkoxy, C-Co-alkenyl, C7-Co-arylalkyl, 
C7-Co-alkylaryl, Co-Cio-aryloxy, C1-Co-haloalkyl, 
Co-Cio-haloaryl, C-Co-alkynyl or C-Co-alkylsi 
lyl, 

M is an element of main group III of the Periodic Table 
of the Elements, and 

R’ is a substituted or unsubstituted heterocycle, 
can be used in catalyst Systems for preparing polyolefins. 
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SALT-LIKE CHEMICAL COMPOUND, ITS 
PREPARATION AND ITS USE IN CATALYST 
SYSTEMS FOR PREPARING POLYOLEFNS 

0001. The present invention relates to salt-like chemical 
compounds which in combination with an organometallic 
compound of a transition metal can form a catalyst System 
which can advantageously be used for the polymerization of 
olefins, to a proceSS for preparing them and to their use in 
catalyst Systems for preparing polyolefins. 
0002 Catalysts of the Ziegler type based on angled 
metallocenes containing metals of group 4 of the Periodic 
Table of the Elements form a new generation of industrially 
usable catalysts for the polymerization of C-olefins (H. H. 
Brintzinger, D. Fischer, R. Milhaupt, R. Rieger, R. Way 
mouth, Angew. Chem. 1995, 107, 1255-1283). 
0003) To obtain an active catalyst system, the metal 
locene complex is treated with a large excess of methyla 
luminoxane (MAO) (H. Sinn, W. Kaminsky, Adv. Orga 
nomet. Chem., 1980, 18, 99). Apart from the high cocatalyst 
costs, this has the disadvantage of a high aluminum content 
in the polymer obtained. New activation methods which 
make do without a SuperStoichiometric amount of activator 
have therefore been developed. 
0004. The synthesis of “cation-like” metallocene poly 
merization catalysts is described in J. Am. Chem. Soc. 1991, 
113, 3623. In this, alkyl abstraction from an alkyl-metal 
locene compound takes place by means of trispentafluo 
rophenylborane, which is used in a Stoichiometric amount 
based on the metallocene. 

0005 EP-A-0 427 697 describes this synthetic principle 
and a corresponding catalyst System comprising an 
uncharged metallocene species (e.g. Cp2ZrMe), a Lewis 
acid (e.g. B(CF)) and aluminum alkyls. A process for 
preparing salts of the formula LMX XA according to the 
above-described principle is described in EP-A-0 520 732. 
0006 EP-A-0 558 158 describes Zwitterionic catalyst 
Systems which are prepared from dialkyl-metallocene com 
pounds and salts of the formula RNHIBPh. The 
reaction of Such a Salt with, for example, Cp2ZrMe results 
in protolysis with elimination of methane to give a methyl 
Zirconocene cation as an intermediate. This reacts via C-H 
activation to give the Zwitterion Cp* Zr"-(m-CH)- 
BPha-. Here, the Zr atom is covalently bound to a carbon 
of the phenyl ring and is Stabilized via an agostic hydrogen 
bond. 

0007 U.S. Pat. No. 5,348,299 describes corresponding 
Systems, using dimethylanilinium Salts with perfluorinated 
tetraphenylborates. In addition to their activating effect, the 
borate Salts have, due to their ligand sphere, a great influence 
on the reaction equilibrium. Large bulky ligands effectively 
prevent dimerization of the metallocenium fragments and 
thus shift the equilibrium to the side of the catalytically 
active species. The mononuclear borate anions described 
hitherto have four aryl ligands and can exercise an influence 
on the reaction equilibrium when bulky groups are incor 
porated on the ligand (WO95/24268). Disadvantages of 
these Systems are the complicated Syntheses and the extreme 
Sensitivity of the resulting metallocenium complexes. 

0008. In addition, most of the starting materials are 
Suspected of being carcinogenic, mutagenic or extremely 
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toxic. Furthermore, the formation of the cationic metal 
locene Species is accompanied by the liberation of amines 
which is undesirable because of the toxicity of many amines. 
The sometimes extreme insolubility of the ammonium tet 
raphenylborates described hitherto also leads to incom 
pletely reacted catalyst Systems. This has direct effects on 
the productivities of the catalyst Systems in respect of the 
amount of metallocene and cocatalyst used. High costs and 
thus only restricted commercial utilization are the conse 
Guence. 

0009 WO 99/64476 describes ionic catalyst systems 
which are activated with a Lewis acid-base complex. 
0010. It is an object of the present invention to provide a 
Salt like chemical compound which has the advantages of 
bulky ligands but avoids the disadvantages of the known 
compounds of the ammonium Salt type. 
0011 We have found that this object is achieved by the 
Salt-like chemical compounds of the formula (I). The present 
invention accordingly provides compounds of the formula 

(CR's) MR’ (I) 
0012) 

0013) R' are identical or different and are each a 
hydrogen atom, a halogen atom, C-Co-alkyl, 
Co-C-aryl, C-Co-alkoxy, C2-Cio-alkenyl, 
C7-Co-arylalkyl, C7-Co-alkylaryl, Co-Cio-aryloxy, 
C-Co-haloalkyl, C-C-haloaryl, C-Co-alkynyl 
or C-Co-alkylsilyl, 

where 

0014) M is an element of main group III of the 
Periodic Table of the Elements, and 

0015 R is a substituted or unsubstituted hetero 
cycle. 

0016. The present invention also provides a process for 
preparing the novel compounds of the formula (I), in which 
compounds of heterocycles R containing elements of main 
group I or II of the Periodic Table of the Elements are firstly 
reacted with compounds of the formula (CR's)M in a 
solvent to form compounds of the formula (CR's) MRI 
which are Subsequently protonated by reaction with a proton 
donor, where R', M and R are as defined in formula (I). 
0017. In addition, the invention provides catalyst systems 
comprising at least one organometallic compound (A) of a 
transition metal, at least one compound of the formula (I), if 
desired an alkyl compound (B) of an element of group III or 
IV of the Periodic Table of the Elements and, if desired, at 
least one Support component (C). 
0018. The present invention additionally provides a pro 
ceSS for the polymerization of olefins, in which a catalyst 
System according to the present invention comprising at 
least one organometallic compound (A) of a transition metal, 
at least one chemical compound of the formula (I), if desired 
an alkyl compound (B) of an element of main group III or 
IV of the Periodic Table of the Elements and, if desired, at 
least one Support component (C) is used. For the purposes of 
the present invention, polymerization encompasses both 
homopolymerization and copolymerization. 
0019. According to the present invention, preference is 
given to compounds of the formula (I) in which the element 
M is aluminum or boron, of which boron is in turn particu 
larly preferred. 
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0020. In a preferred embodiment of the compounds of the 
formula (I), the radicals R are, independently of one 
another, halogen atoms, in particular fluorine or chlorine, of 
which fluorine is in turn particularly preferred. 
0021 Particularly preferred halogenated compounds of 
the formula (I) contain 

0022 pentafluorophenyl, 2,3,4,6-tetrafluorophenyl, 
2,3,5,6-tetrafluorophenyl, 2,3,5-trifluorophenyl, 2,3,6- 
trifluorophenyl, 1,3-difluorophenyl, 2,3,5,6-tet 
rafluoro-4-methylphenyl or 52,3,4,6-tetrafluoro-5-me 
thylphenyl as CR's radical. 

0023. In the compounds of the formula (I), the hetero 
cycle generally has a positive charge. 
0024 Heterocycles R which are preferred according to 
the present invention are heterocycles having 5- or 6-mem 
bered rings. The heterocycles R preferably contain one or 
two heteroatoms. A preferred heteroatom is the nitrogen 
atOm. 

0.025 Heterocycles which are preferred according to the 
present invention are pyrrolium, indolium or imidazolium. 
These can be present in Substituted or unsubstituted form in 
the compounds of the formula (I). 
0026 In compounds of the formula (I) which are pre 
ferred according to the present invention, the heterocycle R 
is unsubstituted or Substituted by at least one halogen atom, 
C-Co-alkyl, C-C-aryl, C1-Co-alkoxy, C2-Cio-alkenyl, 
C7-Co-arylalkyl, C7-Co-alkylaryl, Co-Co-aryloxy, 
C-Co-haloalkyl, C-C-haloaryl, C-Co-alkynyl or 
Cs-Co-alkylsilyl. R is particularly preferably unsubstituted 
or Substituted by C1-Co-alkyl, e.g. methyl, ethyl, isopropyl 
or tert-butyl, C-C-aryl or halogen atoms, e.g. fluorine or 
chlorine, preferably fluorine. R is very particularly prefer 
ably unsubstituted. Chemical compounds of the formula (I) 
which are particularly preferred according to the present 
invention are: 

0027 pyrrolium tris(pentafluorophenyl)borate, pyrro 
lium tris(heptafluoronaphthyl)borate, 2,4-methylpyrro 
lium tris(pentafluorophenyl)borate, 2,4-fluoropyrro 
lium tris(pentafluorophenyl)borate, 2,4- 
methylpyrrolium tris(heptafluoronaphthyl)borate, 2,4- 
tert-butylpyrrolium tris(pentafluorophenyl)borate, 2,4- 
tert-butylpyrrolium tris(heptafluoronaphthyl)borate, 
2,4-isopropylpyrrolium tris(pentafluorophenyl)borate, 
2,4-isopropylpyrrolium tris(heptafluoronaphthyl)bo 
rate, 3,4-methylpyrrolium tris(pentafluorophenyl)bo 
rate, 3,4-fluoropyrrolium tris(pentafluorophenyl)bo 
rate, 3,4-methylpyrrolium 
tris(heptafluoronaphthyl)borate, 3,4-tert-butylpyrro 
lium tris(pentafluorophenyl)borate, 3,4-tert-butylpyrro 
lium tris(heptafluoronaphthyl)borate, 3,4-isopropylpyr 
rolium tris(pentafluorophenyl)borate, 3,4- 
isopropylpyrrolium tris(heptafluoronaphthyl)borate, 
2-methylpyrrolium tris(pentafluorophenyl)borate, 
3-methylpyrrolium tris(heptafluoronaphthyl)borate, 
2-tert-butylpyrrolium tris(pentafluorophenyl)borate, 
3-tert-butylpyrrolium tris(heptafluoronaphthyl)borate, 
2-isopropylpyrrolium tris(pentafluorophenyl)borate, 
3-isopropylpyrrolium tris(heptafluoronaphthyl)borate, 
pyrrolium tris(2,3,5,6,7,8-hexafluoronaphthyl)borate, 
pyrrolium tris(2,4,5,6,7,8-hexafluoronaphthyl)borate, 
pyrrolium tris(3,4,5,6,7,8-hexafluoronaphthyl)borate, 
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pyrrolium tris(2,3,4,6,7,8-hexafluoronaphthyl)borate, 
pyrrolium tris(2,3,4,5,7,8-hexafluoronaphthyl)borate, 
pyrrolium tris(2,3,5,6,7,8-hexafluoro-4-methylnaphth 
yl)borate, pyrrolium tris(2,4,5,6,7,8-hexafluoro-3-me 
thylnaphthyl)borate, pyrrolium tris(3,4,5,6,7,8- 
hexafluoro-2-methylnaphthyl)borate, pyrrolium tris(2, 
3,4,6,7,8-hexafluoro-5-methylnaphthyl)borate, 
pyrrolium tris(2,3,4,5,7,8-hexafluoro-6-methylnaphth 
yl)borate, pyrrolium tris(nonafluorobiphenyl)borate, 
pyrrolium tris(2,2,3,3,5,5,6,6'-octafluorobiphenyl)bo 
rate, pyrrolium tris(3,3,4,4,5,5,6,6'-octafluorobiphe 
nyl)borate, pyrrolium tris(2,2,4,4,5,5,6,6'-octafluoro 
biphenyl)borate, pyrrolium tris(2,2',3,3,4,4,6,6'- 
octafluorobiphenyl)borate, pyrrolium tris(2,2',3,3,4,4', 
5,5'-octafluorobiphenyl)borate, pyrrolium tris(2,2,3,3', 
5,5,6,6'-octafluorobiphenyl)borate, pyrrolium tris(3,3', 
4,4,5,5,6,6'-octafluorobiphenyl)borate, pyrrolium 
tris(2,2,4,4,5,5,6,6'-octafluorobiphenyl)borate, pyrro 
lium tris(2,2,3,3,4,4,6,6'-octafluoro-5,5'-methylbiphe 
nyl)borate, pyrrolium tris(2,2',3,3',4,4,5,5'-octafluoro 
6,6'-methylbiphenyl)borate, pyrrolium tris(2,2',3,3',5, 
5,6,6'-octafluoro-4,4'-biphenyl)borate, pyrrolium 
tris(3,3',4,4,5,5,6,6'-octafluoro-2,2'-biphenyl)borate, 
pyrrolium tris(2,2,4,4,5,5,6,6'-octafluoro-3,3'-biphe 
nyl)borate, pyrrolium tris(2,3,4,6-tetrafluoro phe 
nyl)borate, pyrrolium tris(2,3,5,6-tetrafluorophe 
nyl)borate, pyrrolium tris(2,3,5-trifluorophenyl)borate, 
pyrrolium tris(2,3,6-trifluorophenyl)borate, pyrrolium 
tris(1,3-difluorophenyl)borate, pyrrolium tris(2,3,5,6- 
tetrafluoro-4-methylphenyl)borate, pyrrolium tris(2,3, 
4,6-tetrafluoro-5-methylphenyl)borate, pyrrolium 
tris(4-methoxy-2,3,5,6-tetrafluorophenyl)borate, pyr 
rolium tris(3-methoxy-2,4,5,6-tetrafluorophenyl)bo 
rate, pyrrolium tris(2-methoxy-3,4,5,6-tetrafluorophe 
nyl)borate, pyrrolium tris(2,6-difluoro-3- 
methylphenyl)borate, pyrrolium tris(2,4-difluoro-5- 
methylphenyl)borate, pyrrolium tris(3,5-difluoro-2- 
methylphenyl)borate, 

0028. In the process of the present invention for prepar 
ing the compounds (I), the elements of main group I or II of 
the Periodic Table which are used are preferably lithium, 
Sodium, potassium and/or magnesium. Solvents which are 
Suitable for use in the process of the present invention are, 
in particular, hydrocarbons and ethers. Particularly preferred 
solvents are ethers such as diethyl ether and THF and 
hydrocarbons, in particular toluene. Proton donors which 
can be used according to the present invention are, in 
particular, inorganic or organic acids, preferably inorganic 
acids, in particular HCl and HSO. 
0029. In the catalyst systems of the present invention, the 
organometallic transition metal compounds (A) used are, for 
example, metallocene compounds. These can be, for 
example, bridged or unbridged biscyclopentadienyl com 
plexes as are described, for example, in EP-A-0 129 368, 
EP-A-0561479, EP-A-0545304 and EP-A-0576970. Also 
Suitable are monocyclopentadienyl complexes. Such as 
bridged amidocyclopentadienyl complexes as described, for 
example, in EP-A-0 416 815, and also multinuclear cyclo 
pentadienyl complexes as are described, for example, in 
EP-A-0 632 063. Further suitable organometallic com 
pounds (A) are L-ligand-Substituted tetrahydropentalenes as 
described, for example, in EP-A-0 659 758 and L-ligand 
Substituted tetrahydroindenes as described, for example, in 
EP-A-0 661300. It is also possible to use organometallic 
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compounds in which the complexing ligand contains no 
cyclopentadienyl radicals. Examples of Such compounds are 
diamine complexes of elements of transition groupS III and 
IV of the Periodic Table of the Elements, as are described, 
for example, in D. H. McConville, et al, Macromolecules, 
1996, 29, 5241 and D. H. McConville, et al., J. Am. Chem. 
Soc., 1996, 118, 10008. In addition, it is possible to use 
dimine complexes of elements of transition group VIII of 
the Periodic Table of the Elements (e.g. Ni" or Pd* 
complexes), as are described in Brookhart et al., J. Am. 
Chem. Soc. 1995, 117, 6414 and Brookhart et al., J. Am. 
Chem. Soc., 1996, 118, 267. Use can also be made of 
2,6-bis(imino)pyridyl complexes of elements of transition 
group VIII of the Periodic Table of the Elements (e.g. Co." 
or Fe'" complexes), as are described in Brookhart et al., J. 
Am. Chem. Soc. 1998, 120, 4049 and Gibson et al, Chem. 
Commun. 1998, 849. Furthermore, it is possible to use 
metallocene complexes whose complexing ligand contains 
heterocycles. Examples of Such compounds are described in 
WO 98/22486. 

0030 Preferred metallocene compounds are unbridged or 
bridged compounds of the formula (II), 

II 

R10 

) 

) 
11 

R i. 

0031) where 
0032) M is a metal of transition group III, IV, V or 
VI of the Periodic Table of the Elements, in particu 
lar Ti, Zr or Hf, 

0033 R'' are identical or different and are each a 
hydrogen atom or Si(R'), where R'' are identical 
or different and are each a hydrogen atom or a 
C-Cao group, preferably C1-Co-alkyl, C1-Co-fluo 
roalkyl, C-Co-alkoxy, Co-Co-aryl, Co-Cio-fluoro 
aryl, Co-Cio-aryloxy, C2-Cio-alkenyl, C7-Co-aryla 
lkyl, C.-Co-alkylaryl or Cs-Co-arylalkenyl, or R' 
is a C-Co group, preferably C-C2s-alkyl Such as 
methyl, ethyl, tert-butyl, cyclohexyl or octyl, 
C-Cls-alkenyl, C-Cls-alkylalkenyl, C-C-aryl, 
Cs-C2a-heteroaryl, C7-Co-arylalkyl, C7-Co-alky 
laryl, fluorinated C-C-alkyl, fluorinated C-C- 
aryl, fluorinated C7-Co-arylalkyl, fluorinated 
C7-Co-alkylaryl or C-C2-alkoxy, or two or more 
radicals R' may be joined to one another in such a 
way that the radicals R'' and the atoms of the 
cyclopentadienyl ring which connect them form a 
C-C ring system which may in turn be substituted, 

0034) R' are identical or different and are each a 
hydrogen atom or Si(R'), where R'' are identical 
or different and are each a hydrogen atom or a 
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C-Cao group, preferably C1-Co-alkyl, C1-Co-fluo 
roalkyl, C-Co-alkoxy, C-C-aryl, Co-Cio-fluoro 
aryl, Co-Cio-aryloxy, C2-Cio-alkenyl, C7-Co-aryla 
lkyl, C.-Co-alkylaryl or Cs-Co-arylalkenyl, or R' 
is a C-Co group, preferably C-C2s-alkyl Such as 
methyl, ethyl, tert-butyl, cyclohexyl or octyl, 
C2-C2s-alkenyl, Ca-Cis-alkylalkenyl, C-C2-aryl, 
Cs-C2a-heteroaryl, Cs-C2-alkylheteroaryl, Cs-C2 
arylheteroaryl, C7-C-arylalkyl, C7-Co-alkylaryl, 
fluorinated C-C-s-alkyl, fluorinated C-C-aryl, 
fluorinated C7-C-arylalkyl, fluorinated C7-Co 
alkylaryl or C-C2-alkoxy, or two or more radicals 
R' may be joined to one another in such a way that 
the radicals R'' and the atoms of the cyclopentadi 
enyl ring which connect them form a C-C-ring 
System which may in turn be Substituted, 

0035) 

0036) 
0037 L' may be identical or different and are each 
a hydrogen atom, a C-Co-hydrocarbon group Such 
as C-Co-alkyl or C-C-aryl, a halogen atom or 
OR', SR, OSi(R), Si(R), P(R), or 
N(R'), where R' is a halogen atom, a C1-Co 
alkyl group, a halogenated C1-Co-alkyl group, a 
Cs-Co-aryl group or a halogenated Co-Co-aryl 
group, or L' is a toluenesulfonyl, trifluoroacetyl, 
trifluoroacetoxyl, trifluoromethaneSulfonyl, non 
afluorobutanesulfonyl or 2.2.2-trifluoroethanesulfo 
nyl group, 

1 is 5 when v=0, and l is 4 when v=1, 

m is 5 when V=0, and m is 4 when v=1, 

0038 o is an integer from 1 to 4, preferably 2, 

0039 Z is a bridging structural element between the 
two cyclopentadienyl rings and V is 0 or 1. 

0040) Examples of Z are M-R'R'' groups, where M is 
carbon, silicon, germanium, boron or tin and RandR'' are 
identical or different and are each a C-Co-hydrocarbon 
containing group Such as C-Co-alkyl, C-C-aryl or tri 
methylsilyl. Z is preferably CH, CHCH, CH(CH)CH, 
CH(CH)C(CH), C(CH), (CH). Si, (CH)Ge, 
(CH3)2Sn, (CH3)2Si, (CH5)(CH)Si, (CH3)2Ge, 
(CH3)2Sn, (CH) Si, CHSiCCH), O-CH or 2,2'- 
(CH), preference is also given to the corresponding 
compounds having a 1,2-(1-methylethanediyl), 1,2-(1,1- 
dimethylethanediyl) or 1,201,2-dimethylethanediyl) bridge. 
It is also possible for Z together with one or more radicals 
R'' and/or R' to form a monocyclic or polycyclic ring 
System. 

0041) Preference is given to chiral bridged metallocene 
compounds of the formula (II), in particular ones in which 
V is 1 and one or both cyclopentadienyl rings are Substituted 
So that they form an indenyl ring. The indenyl ring is 
preferably Substituted, in particular in the 2 position, 4 
position, 2,4,5 positions, 2,4,6 positions, 2,4,7 positions or 
2,4,5,6 positions, by C-C groups, in particular by C1-Co 
alkyl or C-C-aryl, where two or more Substituents of the 
indenyl ring may also together form a ring System. 

0042 Chiral bridged metallocene compounds of the for 
mula (II) can be used as pure racemic or pure meso com 
pounds. However, it is also possible to use mixtures of a 
racemic compound and a meso compound. 
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0043. Examples of metallocene compounds are: 
0044) dimethylsilanediylbis(indenyl)Zirconium 
dichloride, 

0045 dimethylsilanediylbis(4-naphthylindenyl)Zirco 
nium dichloride, 

0046) dimethylsilanediylbis(2-methylbenzoinde 
nyl)Zirconium dichloride, 

0047 dimethylsilanediylbis(2-methylindenyl)Zirco 
nium dichloride, 

0048 dimethylsilanediylbis(2-methyl-4-(1-naphthyl 
)indenyl)Zirconium dichloride, 

0049 dimethylsilanediylbis(2-methyl-4-(2-naphthyl 
)indenyl)Zirconium dichloride, 

0050 dimethylsilanediylbis(2-methyl-4-phenylinde 
nyl)Zirconium dichloride, 

0051 dimethylsilanediylbis(2-methyl-4-t-butylinde 
nyl)Zirconium dichloride, 

0.052 dimethylsilanediylbis(2-methyl-4-isopropylin 
denyl)Zirconium dichloride, 

0053 dimethylsilanediylbis(2-methyl-4-ethylinde 
nyl)Zirconium dichloride, 

0054 dimethylsilanediylbis(2-methyl-4-acenaphthyl 
indenyl)Zirconium dichloride, 

0.055 dimethylsilanediylbis(2,4-dimethylindenyl)Zir 
conium dichloride, 

0056 dimethylsilanediylbis(2-ethylindenyl)Zirconium 
dichloride, 

0057 dimethylsilanediylbis(2-ethyl-4-ethylinde 
nyl)Zirconium dichloride, 

0.058 dimethylsilanediylbis(2-ethyl-4-phenylinde 
nyl)Zirconium dichloride, 

0059) dimethylsilanediylbis(2-methyl-4,5-benzoinde 
nyl)Zirconium dichloride, 

0060 dimethylsilanediylbis(2-methyl-4,6-diisopropy 
lindenyl)Zirconium dichloride, 

0061 dimethylsilanediylbis(2-methyl-4,5-diisopropy 
lindenyl)Zirconium dichloride, 

0062 dimethylsilanediylbis(2,4,6-trimethylinde 
nyl)Zirconium dichloride, 

0063 dimethylsilanediylbis(2.5,6-trimethylinde 
nyl)Zirconium dichloride, 

0064 dimethylsilanediylbis(2,4,7-trimethylinde 
nyl)Zirconium dichloride, 

0065 dimethylsilanediylbis(2-methyl-5-isobutylinde 
nyl)Zirconium dichloride, 

0066 dimethylsilanediylbis(2-methyl-5-t-butylinde 
nyl)Zirconium dichloride, 

0067 methyl(phenyl)silanediylbis(2-methyl-4-phe 
nylindenyl)Zirconium dichloride, 

0068 methyl(phenyl)silanediylbis(2-methyl-4,6-di 
isopropylindenyl)-Zirconium dichloride, 
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0069 methyl(phenyl)silanediylbis(2-methyl-4-isopro 
pylindenyl)-Zirconium dichloride, 

0070 methyl(phenyl)silanediylbis(2-methyl-4,5-ben 
Zoindenyl)Zirconium dichloride, 

0071 methyl(phenyl)silanediylbis(2-methyl-4,5-(me 
thylbenzo)indenyl)-zirconium dichloride, 

0072 methyl(phenyl)silanediylbis(2-methyl-4,5-(tet 
ramethylbenzo)-indenyl)Zirconium dichloride, 

0073 methyl(phenyl)silanediylbis(2-methyl-4- 
acenaphthindenyl)-zirconium dichloride, 

0074 methyl(phenyl)silanediylbis(2-methyl-inde 
nyl)Zirconium dichloride, 

0075 methyl(phenyl)silanediylbis(2-methyl-5-isobu 
tylindenyl)-Zirconium dichloride, 

0076) 1.2-ethanediylbis(2-methyl-4-phenylinde 
nyl)Zirconium dichloride, 

0077 1,4-butanediylbis(2-methyl-4-phenylinde 
nyl)Zirconium dichloride, 

0078 1,2-ethanediylbis(2-methyl-4,6-diisopropylin 
denyl)Zirconium dichloride, 

0079 1,4-butanediylbis(2-methyl-4-isopropylinde 
nyl)Zirconium dichloride, 

0080) 1,4-butanediylbis(2-methyl-4,5-benzoinde 
nyl)Zirconium dichloride, 

0081) 1,2-ethanediylbis(2-methyl-4,5-benzoinde 
nyl)Zirconium dichloride, 

0082) 1.2-ethanediylbis(2,4,7-trimethylindenyl)Zirco 
nium dichloride, 

0083) 1.2-ethanediylbis(2-methylindenyl)Zirconium 
dichloride, 

0084) 1,4-butanediylbis(2-methylindenyl)Zirconium 
dichloride, 

I0085) 4-(m-cyclopentadienyl)-4,6,6-trimethyl(m-4, 
5-tetrahydro-pentalene)dichlorozirconium, 

I0086) 4-(m-3'-trimethylsilylcyclopentadienyl)-4,6,6- 
trimethyl(m-4,5-tetrahydropentalene) dichlorozirco 
nium, 

I0087) 4-(m-3'-isopropylcyclopentadienyl)-4,6,6-tri 
methyl(m-4,5-tetrahydropentalene) dichlorozirco 
nium, 

0088) 4-(m-cyclopentadienyl)-4,7,7-trimethyl(m-4, 
5,6,7-tetrahydro-indenyl) dichlorotitanium, 

0089) 4-(m-cyclopentadienyl)-4,7,7-trimethyl(m-4, 
5,6,7-tetrahydro-indenyl) dichlorozirconium, 

0090 4-(m-cyclopentadienyl)-4,7,7-trimethyl(m-4, 
5,6,7-tetrahydro-indenyl) dichlorohafnium, 

0091) 4-(m-3'-tert-butylcyclopentadienyl)-4,7,7-tri 
methyl(m-4,5,6,7-tetrahydroindenyl) dichlorotita 
nium, 

0092] 4-(m-3'-isopropylcyclopentadienyl)-4,7,7-trim 
ethyl(m-4,5,6,7-tetrahydroindenyl) dichlorotitanium, 







US 2004/0072975 A1 

0195 methylethylidenebis(2-ethyl-4-(4-tert-butylphe 
nyl)indenyl)-hafnium dichloride, 

0196) phenylphosphinediyl(2-ethyl-4-(4'-tert-bu 
tylphenyl)indenyl)-Zirconium dichloride, 

0197) phenylphosphinediyl(2-methyl-4-(4'-tert-bu 
tylphenyl)indenyl)-Zirconium dichloride, 

0198 phenylphosphinediyl(2-ethyl-4-(4'-tert-bu 
tylphenyl)indenyl)-Zirconium dichloride, 

0199 dimethylsilanediyl(2-methyl-4-azapentalene)(2- 
methyl-4-(4-methylphenylindenyl)Zirconium dichlo 
ride, 

0200 dimethylsilanediyl(2-methyl-5-azapentalene)(2- 
methyl-4-(4-methylphenylindenyl)Zirconium dichlo 
ride, 

0201 dimethylsilanediyl(2-methyl-6-azapentalene)(2- 
methyl-4-(4-methylphenylindenyl)Zirconium dichlo 
ride, 

0202 dimethylsilanediyl(2-methyl-N-phenyl-4-azap 
entalene)(2-methyl-4-(4-methylphenylindenyl)Zirco 
nium dichloride, 

0203 dimethylsilanediyl(2-methyl-N-phenyl-5-azap 
entalene)(2-methyl-4-(4-methylphenylindenyl)Zirco 
nium dichloride, 

0204 dimethylsilanediyl(2-methyl-N-phenyl-6-azap 
entalene)(2-methyl-4-(4-methylphenylindenyl)Zirco 
nium dichloride, 

0205 dimethylsilanediyl(2,5-dimethyl-4-azapental 
ene)(2-methyl-4-(4-methylphenylindenyl)Zirconium 
dichloride, 

0206 dimethylsilanediyl(2,5-dimethyl-6-azapental 
ene)(2-methyl-4-(4-methylphenylindenyl)Zirconium 
dichloride, 

0207 dimethylsilanediyl(2,5-dimethyl-N-phenyl-4- 
aZapentalene)(2-methyl-4-(4-methylphenylinde 
nyl)Zirconium dichloride, 

0208 dimethylsilanediyl(2,5-dimethyl-N-phenyl-6- 
aZapentalene)(2-methyl-4-(4-methylphenylinde 
nyl)Zirconium dichloride, 

0209 dimethylsilanediyl(2-methyl-4-thiapental 
ene)(2-methyl-4-(4-methylphenylindenyl)Zirconium 
dichloride, 

0210 dimethylsilanediyl(2-methyl-5-thiapental 
ene)(2-methyl-4-(4-methylphenylindenyl)Zirconium 
dichloride, 

0211 dimethylsilanediyl(2-methyl-6-thiapentalene)(2- 
methyl-4-(4-methylphenylindenyl)Zirconium dichlo 
ride, 

0212 dimethylsilanediyl(2,5-dimethyl-4-thiapental 
ene)(2-methyl-4-(4-methylphenylindenyl)Zirconium 
dichloride, 

0213 dimethylsilanediyl(2,5-dimethyl-6-thiapental 
ene)(2-methyl-4-(4-methylphenylindenyl)Zirconium 
dichloride, 
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0214) dimethylsilanediyl(2-methyl-4-oxapentalene)(2- 
methyl-4-(4-methylphenylindenyl)Zirconium dichlo 
ride, 

0215 dimethylsilanediyl(2-methyl-5-oxapentalene)(2- 
methyl-4-(4-methylphenylindenyl)Zirconium dichlo 
ride, 

0216 dimethylsilanediyl(2-methyl-6-oxapentalene)(2- 
methyl-4-(4-methylphenylindenyl)Zirconium dichlo 
ride, 

0217 dimethylsilanediyl(2,5-dimethyl-4-oxapental 
ene)(2-methyl-4-(4-methylphenylindenyl)Zirconium 
dichloride, 

0218 dimethylsilanediyl(2,5-dimethyl-6-oxapental 
ene)(2-methyl-4-(4-methylphenylindenyl)Zirconium 
dichloride, 

0219 dimethylsilanediyl(2-methyl-4-azapentalene)(2- 
methyl-4-(4-ethyl-phenylindenyl)Zirconium dichlo 
ride, 

0220 dimethylsilanediyl(2-methyl-5-azapentalene)(2- 
methyl-4-(4-ethyl-phenylindenyl)Zirconium dichlo 
ride, 

0221) dimethylsilanediyl(2-methyl-6-azapentalene)(2- 
methyl-4-(4-ethyl-phenylindenyl)Zirconium dichlo 
ride, 

0222 dimethylsilanediyl(2-methyl-N-phenyl-4-azap 
entalene)(2-methyl-4-(4-ethylphenylindenyl)Zirco 
nium dichloride, 

0223 dimethylsilanediyl(2-methyl-N-phenyl-5-azap 
entalene)(2-methyl-4-(4-ethylphenylindenyl)Zirco 
nium dichloride, 

0224 dimethylsilanediyl(2-methyl-N-phenyl-6-azap 
entalene)(2-methyl-4-(4-ethylphenylindenyl)Zirco 
nium dichloride, 

0225 dimethylsilanediyl(2,5-dimethyl-4-azapental 
ene)(2-methyl-4-(4-ethylphenylindenyl)Zirconium 
dichloride, 

0226 dimethylsilanediyl(2,5-dimethyl-6-azapental 
ene)(2-methyl-4-(4-ethylphenylindenyl)Zirconium 
dichloride, 

0227 dimethylsilanediyl(2,5-dimethyl-N-phenyl-4- 
azapentalene)(2-methyl-4-(4-ethylphenylindenyl)Zir 
conium dichloride, 

0228) dimethylsilanediyl(2,5-dimethyl-N-phenyl-6- 
azapentalene)(2-methyl-4-(4-ethylphenylindenyl)Zir 
conium dichloride, 

0229 dimethylsilanediyl(2-methyl-4-thiapental 
ene)(2-methyl-4-(4-ethylphenylindenyl)Zirconium 
dichloride, 

0230 dimethylsilanediyl(2-methyl-5-thiapental 
ene)(2-methyl-4-(4-ethylphenylindenyl)Zirconium 
dichloride, 

0231 dimethylsilanediyl(2-methyl-6-thiapental 
ene)(2-methyl-4-(4-ethylphenylindenyl)Zirconium 
dichloride, 
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0232 dimethylsilanediyl(2,5-dimethyl-4-thiapental 
ene)(2-methyl-4-(4-ethylphenylindenyl)Zirconium 
dichloride, 

0233 dimethylsilanediyl(2,5-dimethyl-6-thiapental 
ene)(2-methyl-4-(4-ethylphenylindenyl)Zirconium 
dichloride, 

0234 dimethylsilanediyl(2-methyl-4-oxapentalene)(2- 
methyl-4-(4-ethyl-phenylindenyl)Zirconium dichlo 
ride, 

0235 dimethylsilanediyl(2-methyl-5-oxapentalene)(2- 
methyl-4-(4-ethyl-phenylindenyl)Zirconium dichlo 
ride, 

0236 dimethylsilanediyl(2-methyl-6-oxapentalene)(2- 
methyl-4-(4-ethyl-phenylindenyl)Zirconium dichlo 
ride, 

0237 dimethylsilanediyl(2,5-dimethyl-4-oxapental 
ene)(2-methyl-4-(4-ethylphenylindenyl)Zirconium 
dichloride, 

0238 dimethylsilanediyl(2,5-dimethyl-6-oxapental 
ene)(2-methyl-4-(4-ethylphenylindenyl)Zirconium 
dichloride, 

0239 dimethylsilanediyl(2-methyl-4-azapentalene)(2- 
methyl-4-(4-n-propylphenylindenyl)Zirconium dichlo 
ride, 

0240 dimethylsilanediyl(2-methyl-5-azapentalene)(2- 
methyl-4-(4-n-propylphenylindenyl)Zirconium dichlo 
ride, 

0241 dimethylsilanediyl(2-methyl-6-azapentalene)(2- 
methyl-4-(4-n-propylphenylindenyl)Zirconium dichlo 
ride, 

0242 dimethylsilanediyl(2-methyl-N-phenyl-4-azap 
entalene)(2-methyl-4-(4-n-propylphenylindenyl)Zirco 
nium dichloride, 

0243 dimethylsilanediyl(2-methyl-N-phenyl-5-azap 
entalene)(2-methyl-4-(4-n-propylphenylindenyl)Zirco 
nium dichloride, 

0244 dimethylsilanediyl(2-methyl-N-phenyl-6-azap 
entalene)(2-methyl-4-(4-n-propylphenylindenyl)Zirco 
nium dichloride, 

0245 dimethylsilanediyl(2,5-dimethyl-4-azapental 
ene)(2-methyl-4-(4-n-propylphenylindenyl)Zirconium 
dichloride, 

0246 dimethylsilanediyl(2,5-dimethyl-6-azapental 
ene)(2-methyl-4-(4-n-propylphenylindenyl)Zirconium 
dichloride, 

0247 dimethylsilanediyl(2,5-dimethyl-N-phenyl-4- 
aZapentalene)(2-methyl-4-(4-n-propylphenylinde 
nyl)Zirconium dichloride, 

0248 dimethylsilanediyl(2,5-dimethyl-N-phenyl-6- 
aZapentalene)(2-methyl-4-(4-n-propylphenylinde 
nyl)Zirconium dichloride, 

0249 dimethylsilanediyl(2-methyl-4-thiapental 
ene)(2-methyl-4-(4-n-propylphenylindenyl)Zirconium 
dichloride, 
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0250) dimethylsilanediyl(2-methyl-5-thiapental 
ene)(2-methyl-4-(4-n-propylphenylindenyl)Zirconium 
dichloride, 

0251 dimethylsilanediyl(2-methyl-6-thiapental 
ene)(2-methyl-4-(4-n-propylphenylindenyl)Zirconium 
dichloride, 

0252 dimethylsilanediyl(2,5-dimethyl-4-thiapental 
ene)(2-methyl-4-(4-n-propylphenylindenyl)Zirconium 
dichloride, 

0253 dimethylsilanediyl(2,5-dimethyl-6-thiapental 
ene)(2-methyl-4-(4-n-propylphenylindenyl)Zirconium 
dichloride, 

0254 dimethylsilanediyl(2-methyl-4-oxapentalene)(2- 
methyl-4-(4-n-propylphenylindenyl)Zirconium dichlo 
ride, 

0255 dimethylsilanediyl(2-methyl-5-oxapentalene)(2- 
methyl-4-(4-n-propylphenylindenyl)Zirconium dichlo 
ride, 

0256 dimethylsilanediyl(2-methyl-6-oxapentalene)(2- 
methyl-4-(4-n-propylphenylindenyl)Zirconium dichlo 
ride, 

0257 dimethylsilanediyl(2,5-dimethyl-4-oxapental 
ene)(2-methyl-4-(4-n-propylphenylindenyl)Zirconium 
dichloride, 

0258 dimethylsilanediyl(2,5-dimethyl-6-oxapental 
ene)(2-methyl-4-(4-n-propylphenylindenyl)Zirconium 
dichloride, 

0259 dimethylsilanediyl(2-methyl-4-azapentalene)(2- 
methyl-4-(4-iso-propylphenylindenyl)Zirconium 
dichloride, 

0260 dimethylsilanediyl(2-methyl-5-azapentalene)(2- 
methyl-4-(4-iso-propylphenylindenyl)Zirconium 
dichloride, 

0261 dimethylsilanediyl(2-methyl-6-azapentalene)(2- 
methyl-4-(4-iso-propylphenylindenyl)Zirconium 
dichloride, 

0262 dimethylsilanediyl(2-methyl-N-phenyl-4-azap 
entalene)(2-methyl-4-(4-isopropylphenylindenyl)Zir 
conium dichloride, 

0263 dimethylsilanediyl(2-methyl-N-phenyl-5-azap 
entalene)(2-methyl-4-(4-isopropylphenylindenyl)Zir 
conium dichloride, 

0264 dimethylsilanediyl(2-methyl-N-phenyl-6-azap 
entalene)(2-methyl-4-(4-isopropylphenylindenyl)Zir 
conium dichloride, 

0265 dimethylsilanediyl(2,5-dimethyl-4-azapental 
ene)(2-methyl-4-(4-isopropylphenylindenyl)Zirco 
nium dichloride, 

0266 dimethylsilanediyl(2,5-dimethyl-6-azapental 
ene)(2-methyl-4-(4-isopropylphenylindenyl)Zirco 
nium dichloride, 

0267 dimethylsilanediyl(2,5-dimethyl-N-phenyl-4- 
azapentalene)(2-methyl-4-(4-isopropylphenylinde 
nyl)Zirconium dichloride, 
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0268 dimethylsilanediyl(2,5-dimethyl-N-phenyl-6- 
aZapentalene)(2-methyl-4-(4-isopropylphenylinde 
nyl)Zirconium dichloride, 

0269 dimethylsilanediyl(2-methyl-4-thiapental 
ene)(2-methyl-4-(4-isopropylphenylindenyl)Zirco 
nium dichloride, 

0270 dimethylsilanediyl(2-methyl-5-thiapental 
ene)(2-methyl-4-(4-isopropylphenylindenyl)Zirco 
nium dichloride, 

0271 dimethylsilanediyl(2-methyl-6-thiapental 
ene)(2-methyl-4-(4-isopropylphenylindenyl)Zirco 
nium dichloride, 

0272 dimethylsilanediyl(2,5-dimethyl-4-thiapental 
ene)(2-methyl-4-(4-isopropylphenylindenyl)Zirco 
nium dichloride, 

0273 dimethylsilanediyl(2,5-dimethyl-6-thiapental 
ene)(2-methyl-4-(4-isopropylphenylindenyl)Zirco 
nium dichloride, 

0274 dimethylsilanediyl(2-methyl-4-oxapentalene)(2- 
methyl-4-(4-isopropylphenylindenyl)Zirconium 
dichloride, 

0275 dimethylsilanediyl(2-methyl-5-oxapentalene)(2- 
methyl-4-(4-isopropylphenylindenyl)Zirconium 
dichloride, 

0276 dimethylsilanediyl(2-methyl-6-oxapentalene)(2- 
methyl-4-(4-isopropylphenylindenyl)Zirconium 
dichloride, 

0277 dimethylsilanediyl(2,5-dimethyl-4-oxapental 
ene)(2-methyl-4-(4-isopropylphenylindenyl)Zirco 
nium dichloride, 

0278 dimethylsilanediyl(2,5-dimethyl-6-oxapental 
ene)(2-methyl-4-(4-isopropylphenylindenyl)Zirco 
nium dichloride, 

0279 dimethylsilanediyl(2-methyl-4-azapentalene)(2- 
methyl-4-(4-n-butylphenylindenyl)Zirconium dichlo 
ride, 

0280 dimethylsilanediyl(2-methyl-5-azapentalene)(2- 
methyl-4-(4-n-butylphenylindenyl)Zirconium dichlo 
ride, 

0281 dimethylsilanediyl(2-methyl-6-azapentalene)(2- 
methyl-4-(4-n-butylphenylindenyl)Zirconium dichlo 
ride, 

0282 dimethylsilanediyl(2-methyl-N-phenyl-4-azap 
entalene)(2-methyl-4-(4-n-butylphenylindenyl)Zirco 
nium dichloride, 

0283 dimethylsilanediyl(2-methyl-N-phenyl-5-azap 
entalene)(2-methyl-4-(4-n-butylphenylindenyl)Zirco 
nium dichloride, 

0284 dimethylsilanediyl(2-methyl-N-phenyl-6-azap 
entalene)(2-methyl-4-(4-n-butylphenylindenyl)Zirco 
nium dichloride, 

0285) dimethylsilanediyl(2,5-dimethyl-4-azapental 
ene)(2-methyl-4-(4-n-butylphenylindenyl)Zirconium 
dichloride, 

Apr. 15, 2004 

0286 dimethylsilanediyl(2,5-dimethyl-6-azapental 
ene)(2-methyl-4-(4-n-butylphenylindenyl)Zirconium 
dichloride, 

0287 dimethylsilanediyl(2,5-dimethyl-N-phenyl-4- 
azapentalene)(2-methyl-4-(4-n-butylphenylinde 
nyl)Zirconium dichloride, 

0288 dimethylsilanediyl(2,5-dimethyl-N-phenyl-6- 
azapentalene)(2-methyl-4-(4-n-butylphenylinde 
nyl)Zirconium dichloride, 

0289 dimethylsilanediyl(2-methyl-4-thiapental 
ene)(2-methyl-4-(4-n-butylphenylindenyl)Zirconium 
dichloride, 

0290 dimethylsilanediyl(2-methyl-5-thiapental 
ene)(2-methyl-4-(4-n-butylphenylindenyl)Zirconium 
dichloride, 

0291 dimethylsilanediyl(2-methyl-6-thiapental 
ene)(2-methyl-4-(4-n-butylphenylindenyl)Zirconium 
dichloride, 

0292 dimethylsilanediyl(2,5-dimethyl-4-thiapental 
ene)(2-methyl-4-(4-n-butylphenylindenyl)Zirconium 
dichloride, 

0293 dimethylsilanediyl(2,5-dimethyl-6-thiapental 
ene)(2-methyl-4-(4-n-butylphenylindenyl)Zirconium 
dichloride, 

0294 dimethylsilanediyl(2-methyl-4-oxapentalene)(2- 
methyl-4-(4-n-butylphenylindenyl)Zirconium dichlo 
ride, 

0295) dimethylsilanediyl(2-methyl-5-oxapentalene)(2- 
methyl-4-(4-n-butylphenylindenyl)Zirconium dichlo 
ride, 

0296 dimethylsilanediyl(2-methyl-6-oxapentalene)(2- 
methyl-4-(4-n-butylphenylindenyl)Zirconium dichlo 
ride, 

0297 dimethylsilanediyl(2,5-dimethyl-4-oxapental 
ene)(2-methyl-4-(4-n-butylphenylindenyl)Zirconium 
dichloride, 

0298) dimethylsilanediyl(2,5-dimethyl-6-oxapental 
ene)(2-methyl-4-(4-n-butylphenylindenyl)Zirconium 
dichloride, 

0299 dimethylsilanediyl(2-methyl-4-azapentalene)(2- 
methyl-4-(4-s-butylphenylindenyl)Zirconium dichlo 
ride, 

0300 dimethylsilanediyl(2-methyl-5-azapentalene)(2- 
methyl-4-(4-s-butylphenylindenyl)Zirconium dichlo 
ride, 

0301 dimethylsilanediyl(2-methyl-6-azapentalene)(2- 
methyl-4-(4-s-butylphenylindenyl)Zirconium dichlo 
ride, 

0302) dimethylsilanediyl(2-methyl-N-phenyl-4-azap 
entalene)(2-methyl-4-(4-S-butylphenylindenyl)Zirco 
nium dichloride, 

0303 dimethylsilanediyl(2-methyl-N-phenyl-5-azap 
entalene)(2-methyl-4-(4-S-butylphenylindenyl)Zirco 
nium dichloride, 
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0304 dimethylsilanediyl(2-methyl-N-phenyl-6-azap 
entalene)(2-methyl-4-(4-S-butylphenylindenyl)Zirco 
nium dichloride, 

0305 dimethylsilanediyl(2,5-dimethyl-4-azapental 
ene)(2-methyl-4-(4-S-butylphenylindenyl)Zirconium 
dichloride, 

0306 dimethylsilanediyl(2,5-dimethyl-6-azapental 
ene)(2-methyl-4-(4-S-butylphenylindenyl)Zirconium 
dichloride, 

0307 dimethylsilanediyl(2,5-dimethyl-N-phenyl-4- 
aZapentalene)(2-methyl-4-(4-S-butylphenylinde 
nyl)Zirconium dichloride, 

0308) dimethylsilanediyl(2,5-dimethyl-N-phenyl-6- 
aZapentalene)(2-methyl-4-(4-S-butylphenylinde 
nyl)Zirconium dichloride, 

0309 dimethylsilanediyl(2-methyl-4-thiapental 
ene)(2-methyl-4-(4-S-butylphenylindenyl)Zirconium 
dichloride, 

0310 dimethylsilanediyl(2-methyl-5-thiapental 
ene)(2-methyl-4-(4-S-butylphenylindenyl)Zirconium 
dichloride, 

0311 dimethylsilanediyl(2-methyl-6-thiapentalene)(2- 
methyl-4-(4-s-butylphenylindenyl)Zirconium dichlo 
ride, 

0312 dimethylsilanediyl(2,5-dimethyl-4-thiapental 
ene)(2-methyl-4-(4-S-butylphenylindenyl)Zirconium 
dichloride, 

0313 dimethylsilanediyl(2,5-dimethyl-6-thiapental 
ene)(2-methyl-4-(4-S-butylphenylindenyl)Zirconium 
dichloride, 

0314 dimethylsilanediyl(2-methyl-4-oxapentalene)(2- 
methyl-4-(4-s-butylphenylindenyl)Zirconium dichlo 
ride, 

0315 dimethylsilanediyl(2-methyl-5-oxapentalene)(2- 
methyl-4-(4-s-butylphenylindenyl)Zirconium dichlo 
ride, 

0316 dimethylsilanediyl(2-methyl-6-oxapentalene)(2- 
methyl-4-(4-s-butylphenylindenyl)Zirconium dichlo 
ride, 

0317 dimethylsilanediyl(2,5-dimethyl-4-oxapental 
ene)(2-methyl-4-(4-S-butylphenylindenyl)Zirconium 
dichloride, 

0318 dimethylsilanediyl(2,5-dimethyl-6-oxapental 
ene)(2-methyl-4-(4-S-butylphenylindenyl)Zirconium 
dichloride, 

0319 dimethylsilanediyl(2-methyl-4-azapentalene)(2- 
methyl-4-(4-tert-butylphenylindenyl)Zirconium 
dichloride, 

0320 dimethylsilanediyl(2-methyl-5-azapentalene)(2- 
methyl-4-(4-tert-butylphenylindenyl)Zirconium 
dichloride, 

0321 dimethylsilanediyl(2-methyl-6-azapentalene)(2- 
methyl-4-(4-tert-butylphenylindenyl)Zirconium 
dichloride, 
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0322 dimethylsilanediyl(2-methyl-N-phenyl-4-azap 
entalene)(2-methyl-4-(4-tert-butylphenylindenyl)Zir 
conium dichloride, 

0323 dimethylsilanediyl(2-methyl-N-phenyl-5-azap 
entalene)(2-methyl-4-(4-tert-butylphenylindenyl)Zir 
conium dichloride, 

0324 dimethylsilanediyl(2-methyl-N-phenyl-6-azap 
entalene)(2-methyl-4-(4-tert-butylphenylindenyl)Zir 
conium dichloride, 

0325 dimethylsilanediyl(2,5-dimethyl-4-azapental 
ene)(2-methyl-4-(4-tert-butylphenylindenyl)Zirco 
nium dichloride, 

0326 dimethylsilanediyl(2,5-dimethyl-6-azapental 
ene)(2-methyl-4-(4-tert-butylphenylindenyl)Zirco 
nium dichloride, 

0327) dimethylsilanediyl(2,5-dimethyl-N-phenyl-4- 
azapentalene)(2-methyl-4-(4'-tert-butylphenylinde 
nyl)Zirconium dichloride, 

0328 dimethylsilanediyl(2,5-dimethyl-N-phenyl-6- 
azapentalene)(2-methyl-4-(4'-tert-butylphenylinde 
nyl)Zirconium dichloride, 

0329 dimethylsilanediyl(2-methyl-4thiapentalene)(2- 
methyl-4-(4-tert-butylphenylindenyl)Zirconium 
dichloride, 

0330 dimethylsilanediyl(2-methyl-5-thiapental 
ene)(2-methyl-4-(4'-tert-butylphenylindenyl)Zirco 
nium dichloride, 

0331 dimethylsilanediyl(2-methyl-6-thiapental 
ene)(2-methyl-4-(4-tert-butylphenylindenyl)Zirco 
nium dichloride, 

0332 dimethylsilanediyl(2,5-dimethyl-4-thiapental 
ene)(2-methyl-4-(4-tert-butylphenylindenyl)Zirco 
nium dichloride, 

0333 dimethylsilanediyl(2,5-dimethyl-6-thiapental 
ene)(2-methyl-4-(4-tert-butylphenylindenyl)Zirco 
nium dichloride, 

0334 dimethylsilanediyl(2-methyl-4-oxapentalene)(2- 
methyl-4-(4-tert-butylphenylindenyl)Zirconium 
dichloride, 

0335 dimethylsilanediyl(2-methyl-5-oxapentalene)(2- 
methyl-4-(4-tert-butylphenylindenyl)Zirconium 
dichloride, 

0336 dimethylsilanediyl(2-methyl-6-oxapentalene)(2- 
methyl-4-(4-tert-butylphenylindenyl)Zirconium 
dichloride, 

0337 dimethylsilanediyl(2,5-dimethyl-4-oxapental 
ene)(2-methyl-4-(4-tert-butylphenylindenyl)Zirco 
nium dichloride, 

0338 dimethylsilanediyl(2,5-dimethyl-6-oxapental 
ene)(2-methyl-4-(4-tert-butylphenylindenyl)Zirco 
nium dichloride, 

0339 dimethylsilanediyl(2-methyl-4-azapentalene)(2- 
methyl-4-(4-n-pentylphenylindenyl)Zirconium dichlo 
ride, 
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0376 dimethylsilanediyl(2-methyl-6-oxapentalene)(2- 
methyl-4-(4-n-hexylphenylindenyl)Zirconium dichlo 
ride, 

0377 dimethylsilanediyl(2,5-dimethyl-4-oxapental 
ene)(2-methyl-4-(4-n-hexylphenylindenyl)Zirconium 
dichloride, 

0378 dimethylsilanediyl(2,5-dimethyl-6-oxapental 
ene)(2-methyl-4-(4-n-hexylphenylindenyl)Zirconium 
dichloride, 

0379 dimethylsilanediyl(2-methyl-4-azapentalene)(2- 
methyl-4-(4-cyclohexylphenylindenyl)Zirconium 
dichloride, 

0380 dimethylsilanediyl(2-methyl-5-azapentalene)(2- 
methyl-4-(4-cyclohexylphenylindenyl)Zirconium 
dichloride, 

0381 dimethylsilanediyl(2-methyl-6-azapentalene)(2- 
methyl-4-(4-cyclohexylphenylindenyl)Zirconium 
dichloride, 

0382 dimethylsilanediyl(2-methyl-N-phenyl-4-azap 
entalene)(2-methyl-4-(4-cyclohexylphenylindenyl)Zir 
conium dichloride, 

0383 dimethylsilanediyl(2-methyl-N-phenyl-5-azap 
entalene)(2-methyl-4-(4-cyclohexylphenylindenyl)Zir 
conium dichloride, 

0384 dimethylsilanediyl(2-methyl-N-phenyl-6-azap 
entalene)(2-methyl-4-(4-cyclohexylphenylindenyl)Zir 
conium dichloride, 

0385) dimethylsilanediyl(2,5-dimethyl-4-azapental 
ene)(2-methyl-4-(4-cyclohexylphenylindenyl)Zirco 
nium dichloride, 

0386 dimethylsilanediyl(2,5-dimethyl-6-azapental 
ene)(2-methyl-4-(4-cyclohexylphenylindenyl)Zirco 
nium dichloride, 

0387 dimethylsilanediyl(2,5-dimethyl-N-phenyl-4- 
aZapentalene)(2-methyl-4-(4'-cyclohexylphenylinde 
nyl)Zirconium dichloride, 

0388 dimethylsilanediyl(2,5-dimethyl-N-phenyl-6- 
aZapentalene)(2-methyl-4-(4'-cyclohexylphenylinde 
nyl)Zirconium dichloride, 

0389) dimethylsilanediyl(2-methyl-4-thiapental 
ene)(2-methyl-4-(4-cyclohexylphenylindenyl)Zirco 
nium dichloride, 

0390 dimethylsilanediyl(2-methyl-5-thiapental 
ene)(2-methyl-4-(4-cyclohexylphenylindenyl)Zirco 
nium dichloride, 

0391 dimethylsilanediyl(2-methyl-6-thiapental 
ene)(2-methyl-4-(4-cyclohexylphenylindenyl)Zirco 
nium dichloride, 

0392 dimethylsilanediyl(2,5-dimethyl-4-thiapental 
ene)(2-methyl-4-(4-cyclohexylphenylindenyl)Zirco 
nium dichloride, 

0393 dimethylsilanediyl(2,5-dimethyl-6-thiapental 
ene)(2-methyl-4-(4-cyclohexylphenylindenyl)Zirco 
nium dichloride, 
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0394 dimethylsilanediyl(2-methyl-4-oxapentalene)(2- 
methyl-4-(4-cyclo-hexylphenylindenyl)Zirconium 
dichloride, 

0395 dimethylsilanediyl(2-methyl-5-oxapentalene)(2- 
methyl-4-(4-cyclo-hexylphenylindenyl)Zirconium 
dichloride, 

0396 dimethylsilanediyl(2-methyl-6-oxapentalene)(2- 
methyl-4-(4-cyclo-hexylphenylindenyl)Zirconium 
dichloride, 

0397) dimethylsilanediyl(2,5-dimethyl-4-oxapental 
ene)(2-methyl-4-(4-cyclohexylphenylindenyl)Zirco 
nium dichloride, 

0398 dimethylsilanediyl(2,5-dimethyl-6-oxapental 
ene)(2-methyl-4-(4-cyclohexylphenylindenyl)Zirco 
nium dichloride, 

0399 dimethylsilanediyl(2-methyl-4-azapentalene)(2- 
methyl-4-(4-tri-methylsilylphenylindenyl)Zirconium 
dichloride, 

0400 dimethylsilanediyl(2-methyl-5-azapentalene)(2- 
methyl-4-(4-tri-methylsilylphenylindenyl)Zirconium 
dichloride, 

0401 dimethylsilanediyl(2-methyl-6-azapentalene)(2- 
methyl-4-(4-tri-methylsilylphenylindenyl)Zirconium 
dichloride, 

0402 dimethylsilanediyl(2-methyl-N-phenyl-4-azap 
entalene)(2-methyl-4-(4-trimethylsilylphenylinde 
nyl)Zirconium dichloride, 

0403 dimethylsilanediyl(2-methyl-N-phenyl-5-azap 
entalene)(2-methyl-4-(4-trimethylsilylphenylinde 
nyl)Zirconium dichloride, 

0404 dimethylsilanediyl(2-methyl-N-phenyl-6-azap 
entalene)(2-methyl-4-(4-trimethylsilylphenylinde 
nyl)Zirconium dichloride, 

0405 dimethylsilanediyl(2,5-dimethyl-4-azapental 
ene)(2-methyl-4-(4-trimethylsilylphenylinde 
nyl)Zirconium dichloride, 

0406) dimethylsilanediyl(2,5-dimethyl-6-azapental 
ene)(2-methyl-4-(4-trimethylsilylphenylinde 
nyl)Zirconium dichloride, 

0407 dimethylsilanediyl(2,5-dimethyl-N-phenyl-4- 
azapentalene)(2-methyl-4-(4-trimethylsilylphenylin 
denyl)Zirconium dichloride, 

0408) dimethylsilanediyl(2,5-dimethyl-N-phenyl-6- 
azapentalene)(2-methyl-4-(4-trimethylsilylphenylin 
denyl)Zirconium dichloride, 

04.09 dimethylsilanediyl(2-methyl-4-thiapental 
ene)(2-methyl-4-(4-tri-methylsilylphenylindenyl)Zir 
conium dichloride, 

0410) dimethylsilanediyl(2-methyl-5-thiapental 
ene)(2-methyl-4-(4-tri-methylsilylphenylindenyl)Zir 
conium dichloride, 

0411 dimethylsilanediyl(2-methyl-6-thiapentalene)(2- 
methyl-4-(4-tri-methylsilylphenylindenyl)Zirconium 
dichloride, 
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0412 dimethylsilanediyl(2,5-dimethyl-4-thiapental 
ene)(2-methyl-4-(4-trimethylsilylphenylinde 
nyl)Zirconium dichloride, 

0413 dimethylsilanediyl(2,5-dimethyl-6-thiapental 
ene)(2-methyl-4-(4-trimethylsilylphenylinde 
nyl)Zirconium dichloride, 

0414 dimethylsilanediyl(2-methyl-4-oxapentalene)(2- 
methyl-4-(4-tri-methylsilylphenylindenyl)Zirconium 
dichloride, 

0415 dimethylsilanediyl(2-methyl-5-oxapentalene)(2- 
methyl-4-(4-tri-methylsilylphenylindenyl)Zirconium 
dichloride, 

0416) dimethylsilanediyl(2-methyl-6-oxapentalene)(2- 
methyl-4-(4-tri-methylsilylphenylindenyl)Zirconium 
dichloride, 

0417 dimethylsilanediyl(2,5-dimethyl-4-oxapental 
ene)(2-methyl-4-(4-trimethylsilylphenylinde 
nyl)Zirconium dichloride, 

0418 dimethylsilanediyl(2,5-dimethyl-6-oxapental 
ene)(2-methyl-4-(4-trimethylsilylphenylinde 
nyl)Zirconium dichloride, 

0419 dimethylsilanediyl(2-methyl-4-azapentalene)(2- 
methyl-4-(4-adamantylphenylindenyl)Zirconium 
dichloride, 

0420 dimethylsilanediyl(2-methyl-5-azapentalene)(2- 
methyl-4-(4-adamantylphenylindenyl)Zirconium 
dichloride, 

0421 dimethylsilanediyl(2-methyl-6-azapentalene)(2- 
methyl-4-(4-adamantylphenylindenyl)Zirconium 
dichloride, 

0422 dimethylsilanediyl(2-methyl-N-phenyl-4-azap 
entalene)(2-methyl-4-(4-adamantylphenylindenyl)Zir 
conium dichloride, 

0423 dimethylsilanediyl(2-methyl-N-phenyl-5-azap 
entalene)(2-methyl-4-(4-adamantylphenylindenyl)Zir 
conium dichloride, 

0424 dimethylsilanediyl(2-methyl-N-phenyl-6-azap 
entalene)(2-methyl-4-(4-adamantylphenylindenyl)Zir 
conium dichloride, 

0425 dimethylsilanediyl(2,5-dimethyl-4-azapental 
ene)(2-methyl-4-(4-adamantylphenylindenyl)Zirco 
nium dichloride, 

0426 dimethylsilanediyl(2,5-dimethyl-6-azapental 
ene)(2-methyl-4-(4-adamantylphenylindenyl)Zirco 
nium dichloride, 

0427 dimethylsilanediyl(2,5-dimethyl-4-azapental 
ene)(2-methyl-4-(4-adamantylphenylindenyl)Zirco 
nium dichloride, 

0428 dimethylsilanediyl(2,5-dimethyl-N-phenyl-4- 
aZapentalene)(2-methyl-4-(4-adamantylphenylinde 
nyl)Zirconium dichloride, 

0429 dimethylsilanediyl(2,5-dimethyl-N-phenyl-6- 
aZapentalene)(2-methyl-4-(4-adamantylphenylinde 
nyl)Zirconium dichloride, 
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0430) dimethylsilanediyl(2-methyl-4-thiapental 
ene)(2-methyl-4-(4-adamantylphenylindenyl)Zirco 
nium dichloride, 

0431 dimethylsilanediyl(2-methyl-5-thiapental 
ene)(2-methyl-4-(4-adamantylphenylindenyl)Zirco 
nium dichloride, 

0432 dimethylsilanediyl(2-methyl-6-thiapental 
ene)(2-methyl-4-(4-adamantylphenylindenyl)Zirco 
nium dichloride, 

0433 dimethylsilanediyl(2,5-dimethyl-4-thiapental 
ene)(2-methyl-4-(4-adamantylphenylindenyl)Zirco 
nium dichloride, 

0434 dimethylsilanediyl(2,5-dimethyl-6-thiapental 
ene)(2-methyl-4-(4-adamantylphenylindenyl)Zirco 
nium dichloride, 

0435 dimethylsilanediyl(2-methyl-4-oxapentalene)(2- 
methyl-4-(4-adamantylphenylindenyl)Zirconium 
dichloride, 

0436 dimethylsilanediyl(2-methyl-5-oxapentalene)(2- 
methyl-4-(4-adamantylphenylindenyl)Zirconium 
dichloride, 

0437 dimethylsilanediyl(2-methyl-6-oxapentalene)(2- 
methyl-4-(4-adamantylphenylindenyl)Zirconium 
dichloride, 

0438 dimethylsilanediyl(2,5-dimethyl-4-oxapental 
ene)(2-methyl-4-(4-adamantylphenylindenyl)Zirco 
nium dichloride, 

0439 dimethylsilanediyl(2,5-dimethyl-6-oxapental 
ene)(2-methyl-4-(4-adamantylphenylindenyl)Zirco 
nium dichloride, 

0440 dimethylsilanediyl(2-methyl-4-azapentalene)(2- 
methyl-4-(4-tris-(trifluoromethyl)methylphenyl 
indenyl)Zirconium dichloride, 

0441 dimethylsilanediyl(2-methyl-5-azapentalene)(2- 
methyl-4-(4-tris-(trifluoromethyl)methylphenyl 
indenyl)Zirconium dichloride, 

0442 dimethylsilanediyl(2-methyl-6-azapentalene)(2- 
methyl-4-(4-tris-(trifluoromethyl)methylphenyl 
indenyl)Zirconium dichloride, 

0443 dimethylsilanediyl(2-methyl-N-phenyl-4-azap 
entalene)(2-methyl-4-(4-tris(trifluoromethyl)meth 
ylphenylindenyl)Zirconium dichloride, 

0444 dimethylsilanediyl(2-methyl-N-phenyl-5-azap 
entalene)(2-methyl-4-(4-tris(trifluoromethyl)meth 
ylphenylindenyl)Zirconium dichloride, 

0445 dimethylsilanediyl(2-methyl-N-phenyl-6-azap 
entalene)(2-methyl-4-(4-tris(trifluoromethyl)meth 
ylphenylindenyl)Zirconium dichloride, 

0446 dimethylsilanediyl(2,5-dimethyl-4-azapental 
ene)(2-methyl-4-(4-tris(trifluoromethyl)methylphe 
nylindenyl)Zirconium dichloride, 

0447 dimethylsilanediyl(2,5-dimethyl-6-azapental 
ene)(2-methyl-4-(4-tris(trifluoromethyl)methylphe 
nylindenyl)Zirconium dichloride, 





US 2004/0072975 A1 
15 

0486 dimethylsilanediyl(2,5-dimethyl-4-azapental 
ene)(2-methylindenyl)-Zirconium dichloride, 

0487 dimethylsilanediyl(2,5-dimethyl-6-azapental 
ene)(2-methylindenyl)-Zirconium dichloride, 

0488 dimethylsilanediyl(2,5-dimethyl-N-phenyl-4- 
aZapentalene)(2-methylindenyl)Zirconium dichloride, 

0489 dimethylsilanediyl(2,5-dimethyl-N-phenyl-6- 
aZapentalene)(2-methylindenyl)Zirconium dichloride, 

0490 dimethylsilanediyl(2-methyl-4-thiapental 
ene)(2-methylindenyl)-Zirconium dichloride, 

0491 dimethylsilanediyl(2-methyl-5-thiapental 
ene)(2-methylindenyl)-Zirconium dichloride, 

0492 dimethylsilanediyl(2-methyl-6-thiapental 
ene)(2-methylindenyl)-Zirconium dichloride, 

0493 dimethylsilanediyl(2,5-dimethyl-4-thiapental 
ene)(2-methylin-denyl)Zirconium dichloride, 

0494 dimethylsilanediyl(2,5-dimethyl-6-thiapental 
ene)(2-methylin-denyl)Zirconium dichloride, 

0495 dimethylsilanediyl(2-methyl-4-oxapentalene)(2- 
methylindenyl)-Zirconium dichloride, 

0496 dimethylsilanediyl(2-methyl-5-oxapentalene)(2- 
methylindenyl)-Zirconium dichloride, 

0497 dimethylsilanediyl(2-methyl-6-oxapentalene)(2- 
methylindenyl)-Zirconium dichloride, 

0498 dimethylsilanediyl(2,5-dimethyl-4-oxapental 
ene)(2-methylindenyl)-Zirconium dichloride, 

0499 dimethylsilanediyl(2,5-dimethyl-6-oxapental 
ene)(2-methylindenyl)-Zirconium dichloride, 

0500 dimethylsilanediyl(2-methyl-4-azapental 
ene)(indenyl)Zirconium dichloride, 

0501) dimethylsilanediyl(2-methyl-5-azapental 
ene)(indenyl)Zirconium dichloride, 

0502 dimethylsilanediyl(2-methyl-6-azapental 
ene)(indenyl)Zirconium dichloride, 

0503 dimethylsilanediyl(2-methyl-N-phenyl-4-azap 
entalene)(indenyl)-Zirconium dichloride, 

0504 dimethylsilanediyl(2-methyl-N-phenyl-5-azap 
entalene)(indenyl)-Zirconium dichloride, 

0505 dimethylsilanediyl(2-methyl-N-phenyl-6-azap 
entalene)(indenyl)-Zirconium dichloride, 

0506 dimethylsilanediyl(2,5-dimethyl-4-azapental 
ene)(indenyl)-Zirconium dichloride, 

0507 dimethylsilanediyl(2,5-dimethyl-6-azapental 
ene)(indenyl)-Zirconium dichloride, 

0508) dimethylsilanediyl(2,5-dimethyl-N-phenyl-4- 
aZapentalene)-(indenyl)Zirconium dichloride, 

0509 dimethylsilanediyl(2,5-dimethyl-N-phenyl-6- 
aZapentalene)-(indenyl)Zirconium dichloride, 

0510) dimethylsilanediyl(2-methyl-4-thiapental 
ene)(indenyl)Zirconium dichloride, 

0511 dimethylsilanediyl(2-methyl-5-thiapental 
ene)(indenyl)Zirconium dichloride, 
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0512 dimethylsilanediyl(2-methyl-6-thiapental 
ene)(indenyl)Zirconium dichloride, 

0513 dimethylsilanediyl(2,5-dimethyl-4-thiapental 
ene)(indenyl)-Zirconium dichloride, 

0514 dimethylsilanediyl(2,5-dimethyl-6-thiapental 
ene)(indenyl)-Zirconium dichloride, 

0515 dimethylsilanediyl(2-methyl-4-oxapental 
ene)(indenyl)Zirconium dichloride, 

0516 dimethylsilanediyl(2-methyl-5-oxapental 
ene)(indenyl)Zirconium dichloride, 

0517 dimethylsilanediyl(2-methyl-6-oxapental 
ene)(indenyl)Zirconium dichloride, 

0518) dimethylsilanediyl(2,5-dimethyl-4-oxapental 
ene)(indenyl)-Zirconium dichloride, 

0519 dimethylsilanediyl(2,5-dimethyl-6-oxapental 
ene)(indenyl)-Zirconium dichloride, 

0520 dimethylsilanediyl(2-methyl-4-azapentalene)(2- 
methyl-4-phenylin-denyl)Zirconium dichloride, 

0521 dimethylsilanediyl(2-methyl-5-azapentalene)(2- 
methyl-4-phenylin-denyl)Zirconium dichloride, 

0522 dimethylsilanediyl(2-methyl-6-azapentalene)(2- 
methyl-4-phenylin-denyl)Zirconium dichloride, 

0523 dimethylsilanediyl(2-methyl-N-phenyl-4-azap 
entalene)(2-methyl-4-phenylindenyl)Zirconium dichlo 
ride, 

0524 dimethylsilanediyl(2-methyl-N-phenyl-5-azap 
entalene)(2-methyl-4-phenylindenyl)Zirconium dichlo 
ride, 

0525) dimethylsilanediyl(2-methyl-N-phenyl-6-azap 
entalene)(2-methyl-4-phenylindenyl)Zirconium dichlo 
ride, 

0526 dimethylsilanediyl(2,5-dimethyl-4-azapental 
ene)(2-methyl-4-phenylindenyl)Zirconium dichloride, 

0527 dimethylsilanediyl(2,5-dimethyl-6-azapental 
ene)(2-methyl-4-phenylindenyl)Zirconium dichloride, 

0528 dimethylsilanediyl(2,5-dimethyl-N-phenyl-4- 
azapentalene)(2-ethyl-4-phenylindenyl)Zirconium 
dichloride, 

0529) dimethylsilanediyl(2,5-dimethyl-N-phenyl-6- 
azapentalene)(2-methyl-4-phenylindenyl)Zirconium 
dichloride, 

0530 dimethylsilanediyl(2-methyl-4-thiapental 
ene)(2-methyl-4-phenylin-denyl)Zirconium dichloride, 

0531 dimethylsilanediyl(2-methyl-5-thiapental 
ene)(2-methyl-4-phenylin-denyl)Zirconium dichloride, 

0532 dimethylsilanediyl(2-methyl-6-thiapental 
ene)(2-methyl-4-phenylin-denyl)Zirconium dichloride, 

0533 dimethylsilanediyl(2,5-dimethyl-4-thiapental 
ene)(2-methyl-4-phenylindenyl)Zirconium dichloride, 

0534 dimethylsilanediyl(2,5-dimethyl-6-thiapental 
ene)(2-methyl-4-phenylindenyl)Zirconium dichloride, 

0535 dimethylsilanediyl(2-methyl-4-oxapentalene)(2- 
methyl-4-phenylin-denyl)Zirconium dichloride, 
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0536 dimethylsilanediyl(2-methyl-5-oxapentalene)(2- 
methyl-4-phenylin-denyl)Zirconium dichloride, 

0537) dimethylsilanediyl(2-methyl-6-oxapentalene)(2- 
methyl-4-phenylin-denyl)Zirconium dichloride, 

0538 dimethylsilanediyl(2,5-dimethyl-4-oxapental 
ene)(2-methyl-4-phenylindenyl)Zirconium dichloride, 

0539 dimethylsilanediyl(2,5-dimethyl-6-oxapental 
ene)(2-methyl-4-phenylindenyl)Zirconium dichloride, 

0540 dimethylsilanediyl(2-methyl-4-azapentalene)(2- 
methyl-4,5-benzoindenyl)Zirconium dichloride, 

0541 dimethylsilanediyl(2-methyl-5-azapentalene)(2- 
methyl-4,5-benzoindenyl)Zirconium dichloride, 

0542 dimethylsilanediyl(2-methyl-6-azapentalene)(2- 
methyl-4,5-benzoindenyl)Zirconium dichloride, 

0543 dimethylsilanediyl(2-methyl-N-phenyl-4-azap 
entalene)(2-methyl-4,5-benzoindenyl)Zirconium 
dichloride, 

0544 dimethylsilanediyl(2-methyl-N-phenyl-5-azap 
entalene)(2-methyl-4,5-benzoindenyl)Zirconium 
dichloride, 

0545 dimethylsilanediyl(2-methyl-N-phenyl-6-azap 
entalene)(2-methyl-4,5-benzoindenyl)Zirconium 
dichloride, 

0546) dimethylsilanediyl(2,5-dimethyl-4-azapental 
ene)(2-methyl-4,5-benzoindenyl)Zirconium dichloride, 

0547 dimethylsilanediyl(2,5-dimethyl-6-azapental 
ene)(2-methyl-4,5-benzoindenyl)Zirconium dichloride, 

0548 dimethylsilanediyl(2,5-dimethyl-N-phenyl-4- 
aZapentalene)(2-methyl-4,5-benzoindenyl)Zirconium 
dichloride, 

0549 dimethylsilanediyl(2,5-dimethyl-N-phenyl-6- 
aZapentalene)(2-methyl-4,5-benzoindenyl)Zirconium 
dichloride, 

0550 dimethylsilanediyl(2-methyl-4-thiapental 
ene)(2-methyl-4,5-benzoindenyl)Zirconium dichloride, 

0551 dimethylsilanediyl(2-methyl-5-thiapental 
ene)(2-methyl-4,5-benzoindenyl)Zirconium dichloride, 

0552) dimethylsilanediyl(2-methyl-6-thiapental 
ene)(2-methyl-4,5-benzoindenyl)Zirconium dichloride, 

0553 dimethylsilanediyl(2,5-dimethyl-4-thiapental 
ene)(2-methyl-4,5-benzoindenyl)Zirconium dichloride, 

0554 dimethylsilanediyl(2,5-dimethyl-6-thiapental 
ene)(2-methyl-4,5-benzoindenyl)Zirconium dichloride, 

0555 dimethylsilanediyl(2-methyl-4-oxapentalene)(2- 
methyl-4,5-benzoin-denyl)Zirconium dichloride, 

0556 dimethylsilanediyl(2-methyl-5-oxapentalene)(2- 
methyl-4,5-benzoin-denyl)Zirconium dichloride, 

0557 dimethylsilanediyl(2-methyl-6-oxapentalene)(2- 
methyl-4,5-benzoin-denyl)Zirconium dichloride, 

0558 dimethylsilanediyl(2,5-dimethyl-4-oxapental 
ene)(2-methyl-4,5-benzoindenyl)Zirconium dichloride, 

0559) dimethylsilanediyl(2,5-dimethyl-6-oxapental 
ene)(2-methyl-4,5-benzoindenyl)Zirconium dichloride, 

Apr. 15, 2004 

0560 dimethylsilanediylbis(2-methyl-4-azapentalen 
e)Zirconium dichloride, 

0561 dimethylsilanediylbis(2-methyl-5-azapentalen 
e)Zirconium dichloride, 

0562 dimethylsilanediylbis(2-methyl-6-azapentalen 
e)Zirconium dichloride, 

0563 dimethylsilanediylbis(2-methyl-N-phenyl-4- 
azapentalene)Zirconium dichloride, 

0564 dimethylsilanediylbis(2-methyl-N-phenyl-5- 
azapentalene)Zirconium dichloride, 

0565 dimethylsilanediylbis(2-methyl-N-phenyl-6- 
azapentalene)Zirconium dichloride, 

0566 dimethylsilanediylbis(2,5-dimethyl-4-azapen 
talene)Zirconium dichloride, 

0567 dimethylsilanediylbis(2,5-dimethyl-6-azapen 
talene)Zirconium dichloride, 

0568 dimethylsilanediylbis(2,5-dimethyl-N-phenyl 
4-azapentalene)-Zirconium dichloride, 

0569 dimethylsilanediylbis(2,5-dimethyl-N-phenyl 
6-azapentalene)-Zirconium dichloride, 

0570) dimethylsilanediylbis(2-methyl-4-thiapentalen 
e)Zirconium dichloride, 

0571 dimethylsilanediylbis(2-methyl-5-thiapentalen 
e)Zirconium dichloride, 

0572 dimethylsilanediylbis(2-methyl-6-thiapentalen 
e)Zirconium dichloride, 

0573 dimethylsilanediylbis(2,5-dimethyl-4-thiapen 
talene)Zirconium dichloride, 

0574 dimethylsilanediylbis(2,5-dimethyl-6-thiapen 
talene)Zirconium dichloride, 

0575 dimethylsilanediylbis(2-methyl-4-oxapentalen 
e)Zirconium dichloride, 

0576 dimethylsilanediylbis(2-methyl-5-oxapentalen 
e)Zirconium dichloride, 

0577 dimethylsilanediylbis(2-methyl-6-oxapentalen 
e)Zirconium dichloride, 

0578 dimethylsilanediylbis(2,5-dimethyl-4-oxapen 
talene)Zirconium dichloride, 

0579 dimethylsilanediylbis(2,5-dimethyl-6-oxapen 
talene)Zirconium dichloride. 

0580 Further examples of metallocenes which can be 
used according to the present invention are the metallocenes 
in which the zirconium fragment "-zirconium dichloride” is 
replaced by 

0581 zirconium 
tylphenoxide), 

0582 zirconium 
tylphenoxide), 

0583 zirconium 
tylphenoxide), 

0584) zirconium 
tylphenoxide), 

monochloride mono(2,4-di-tert-bu 

monochloride mono(2,6-di-tert-bu 

monochloride mono(3,5-di-tert-bu 

monochloride mono(2,6-di-Sec-bu 
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mono(2,4-dimeth 

mono(2,3-dimeth 

mono(2,5-dimeth 

mono(2,6-dimeth 

mono(3,4-dimeth 

mono(3,5-dimeth 

monochloride monophenoxide, 
mono(2-methylphe 

mono(3-methylphe 

mono(4-methylphe 

monochloride mono(2-ethylphenox 

monochloride mono(3-ethylphenox 

monochloride mono(4-ethylphenox 

monochloride mono(2-sec-butylphe 

monochloride mono(2-tert-butylphe 

monochloride mono(3-tert-butylphe 

monochloride mono(4-Sec-butylphe 

monochloride mono(4-tert-butylphe 

0585 zirconium monochloride 
ylphenoxide), 

0586 zirconium monochloride 
ylphenoxide), 

0587 zirconium monochloride 
ylphenoxide), 

0588 zirconium monochloride 
ylphenoxide), 

0589 zirconium monochloride 
ylphenoxide), 

0590 zirconium monochloride 
ylphenoxide), 

0591 zirconium 
0592 zirconium monochloride 
noxide), 

0593. Zirconium monochloride 
noxide), 

0594 zirconium monochloride 
noxide), 

0595 zirconium 
ide), 

0596) zirconium 
ide), 

0597 zirconium 
ide), 

0598 zirconium 
noxide), 

0599 zirconium 
noxide), 

0600 zirconium 
noxide), 

0601 Zirconium 
noxide), 

0602 zirconium 
noxide), 

0603) 
methylphenoxide), 

0604 zirconium monochloride 
methylphenoxide), 

0605 zirconium monochloride 
methylphenoxide), 

0606 zirconium monochloride 
methylphenoxide), 

0607 zirconium monochloride 
thyl-2-butyl)phenoxide), 

0608) 
tyl-4-methylphenoxide), 

0609) 
noxide), 

0610) 
0611) 

Zirconium monochloride mono(2-isopropyl-5- 

mono(4-isopropyl-3- 

mono(5-isopropyl-2- 

mono(5-isopropyl-3- 

mono(2,4-bis-(2-me 

Zirconium monochloride mono(2,6-di-tert-bu 

Zirconium monochloride mono((4-nonylphe 

Zirconium monochloride mono(1-naphthoxide), 
Zirconium monochloride mono(2-naphthoxide), 
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0612 zirconium monochloride mono(2-phenylphe 
noxide), 

0613 zirconium monochloride mono(tert-butoxide), 
0614 zirconium monochloride mono(N-methylanil 

ide), 
0615 zirconium monochloride mono(2-tert-butylanil 

ide), 
0616) zirconium monochloride mono(tert-butyla 
mide), 

0617 zirconium monochloride mono(di-isopropyla 
mide), 

0618 monomethyl zirconium monochloride, 
0619 monobenzyl zirconium monochloride, 
0620 mononeopentyl zirconium monochloride. 

0621 Preference is also given to the corresponding dim 
ethyl zirconium compounds and the corresponding m'-buta 
dienezirconium compounds. 
0622. The catalyst systems of the present invention pref 
erably comprise at least one alkyl compound of an element 
of main group III or IV of the Periodic Table of the 
Elements, which preferably corresponds to the formula (III), 
usually an organometallic compound which can be reacted 
in any Stoichiometric ratio with compounds of the formula 
(I) or (II). 

III 
R20 R20 
NA1 

R20 

0623) The radicals R' in formula (III) may be identical 
or different and can be a halogen atom, a hydrogen atom or 
a C-Clio group, preferably C1-Co-alkyl, C-C20-haloalkyl, 
Co-Co-aryl, Co-Co-haloaryl, C7-Co-arylalkyl, C7-Cio-ha 
loarylalkyl, C7-Cio-alkylaryl or C7-Cio-haloalkylaryl. R' 
are preferably C-C-alkyl groups, particularly preferably 
C-C-alkyl groups. 
0624. The preparation of the catalyst systems of the 
present invention will be described for boron as represen 
tative for elements of group III of the Periodic Table of the 
Elements. The catalyst System of the present invention is 
prepared using a molar ratio of boron:M. in the compounds 
of the formula (I) and the formula (II) of from 0.01 to 
10,000. Preference is given to using a molar ratio of from 0.1 
to 1000, very particularly preferably from 1 to 100. For this 
purpose, a compound of the formula (III) can be additionally 
added in a molar ratio of Al:M° of from 0.01 to 10,000. 
Preference is given to using a molar ratio of from 0.1 to 
1000, very particularly preferably from 1 to 100. 
0625. The compounds can be brought into contact with 
one another in a variety of ways. In one possible procedure, 
an organometallic transition metal compound of the formula 
(II) is dissolved or Suspended in an aliphatic or aromatic 
Solvent, e.g. toluene, heptane, tetrahydrofuran, methyl tert 
butyl ether, dimethoxyethane, diisopropyl ether, di-n-butyl 
ether or diethyl ether. 
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0626. Subsequently, preferably a compound of the for 
mula (III) is added in dissolved or suspended form. The 
reaction time is from 1 minute to 24 hours, preferably from 
5 minutes to 120 minutes. The reaction temperature is 
generally in the range from -10° C. to +200 C., preferably 
from O C. to 50° C. After this, a compound of the formula 
(I), in particular an organoboron compound of the formula 
(I), is added either as Such or in dissolved or Suspended 
form. The reaction time is generally from 1 minute to 24 
hours, preferably from 5 minutes to 120 minutes. The 
reaction temperature is in the range from -10° C. to +200 
C., preferably from O C. to 50° C. The individual compo 
nents can also be introduced Successively in any order into 
the polymerization vessel. 
0627) If desired, the catalyst system of the present inven 
tion can also be used in Supported form. For this purpose, the 
catalyst System of the present invention can be reacted with 
a Support component: the catalyst System of the present 
invention preferably comprises at least one Support compo 
nent (C) which can be any organic or inorganic, inert Solid. 
In particular, the Support component (C) can be a porous 
Support Such as talc, inorganic oxides and finely divided 
polymer powders (e.g. polyolefins). 
0628 Suitable inorganic oxides may be found among 
those of elements of groups 2, 3, 4, 5, 13, 14, 15 and 16 of 
the Periodic Table of the Elements. Examples of oxides 
preferred as Support include Silicon dioxide, aluminum 
oxide and mixed oxides of the two elements and correspond 
ing oxide mixtures. Other inorganic oxides which can be 
used alone or in combination with the abovementioned 
preferred oxidic Supports are, for example, MgO, ZrO, 
TiO, or B.O. 
0629. The support materials used preferably have a spe 
cific surface area in the range from 10 to 1000 m/g, a pore 
Volume in the range from 0.1 to 5 ml/g and a mean particle 
size of from 1 to 500 nm. Preference is given to supports 
having a Specific Surface area in the range from 50 to 500 
tim, a pore Volume in the range from 0.5 to 3.5 ml/g and a 
mean particle size in the range from 5 to 350 lum. Particular 
preference is given to Supports having a specific Surface area 
in the range from 200 to 400 m/g, a pore volume in the 
range from 0.8 to 3.0 ml/g and a mean particle size of from 
10 to 200um. 
0630. If the Support material used naturally has a low 
moisture content or residual Solvent content, dehydration or 
drying before use can be omitted. If this is not the case, for 
example when using Silica gel as Support material, dehydra 
tion or drying is advisable. Thermal dehydration or drying of 
the Support material can be carried out under reduced 
pressure with simultaneous blanketing with inert gas (e.g. 
nitrogen). The drying temperature is in the range from 100 
to 1000° C., preferably from 200 to 800° C. The parameter 
preSSure is not critical in this case. The drying time can be 
from 1 to 24 hours. Shorter or longer drying times are 
possible, provided that equilibrium with the hydroxyl groups 
on the Support Surface can be established under the condi 
tions chosen, which normally takes from 4 to 8 hours. 
06.31 The support material can also be dehydrated or 
dried by chemical means, by reacting the adsorbed water and 
the hydroxyl groups on the Surface with Suitable passivating 
agents. The reaction with the passivating reagent can convert 
all or Some of the hydroxyl groups into a form which leads 
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to no adverse interaction with the catalytically active cen 
ters. Suitable passivating agents are, for example, Silicon 
halides and Silanes, e.g. Silicon tetrachloride, chlorotrimeth 
ylsilane or dimethylaminotrichlorosilane, or organometallic 
compounds of aluminum, boron and magnesium, e.g. trim 
ethylaluminum, triethylaluminum, triisobutylaluminum, tri 
ethylborane or dibutylmagnesium. The chemical dehydra 
tion or passivation of the Support material is carried out, for 
example, by reacting a Suspension of the Support material in 
a Suitable solvent in the absence of air and moisture with the 
passivating reagent in pure form or as a Solution in a Suitable 
Solvent. Suitable Solvents are, for example, aliphatic or 
aromatic hydrocarbons Such as pentane, hexane, heptane, 
toluene or Xylene. Passivation is generally carried out at 
from 25°C. to 120° C., preferably from 50° C. to 70° C. The 
reaction time is usually from 30 minutes to 20 hours, 
preferably from 1 to 5 hours. After chemical dehydration is 
complete, the Support material can be isolated by filtration 
under inert conditions, washed one or more times with 
Suitable inert Solvents, like those described above, and 
Subsequently dried in a stream of inert gas or under reduced 
preSSure. 

0632. Organic support materials such as finely divided 
polyolefin powders (e.g. polyethylene, polypropylene or 
polystyrene) are likewise Suitable for use according to the 
present invention. These should preferably likewise be freed 
of adhering moisture, Solvent residues or other impurities by 
appropriate purification and drying operations before use. 

0633) To apply the catalyst system of the present inven 
tion to a Support, the catalyst mixture prepared as described 
above is generally mixed with a dehydrated or passivated 
Support material, the Solvent is removed and the resulting 
Supported metallocene catalyst System is dried to ensure that 
all or most of the solvent is removed from the pores of the 
Support material. The Supported catalyst is obtained as a 
free-flowing powder. 

0634 Preference is given to polymerizing olefins of the 
formula R-CH=CH-R, where R and Rare identical 
or different and are each a hydrogen atom or an organic 
radical having from 1 to 20 carbon atoms, in particular from 
1 to 10 carbon atoms, or R and R together with the atoms 
connecting them may form one or more rings. 

0635 Examples of such olefins are 1-olefins having 2-40, 
preferably from 2 to 10, carbon atoms, e.g. ethene, propene, 
1-butene, 1-pentene, 1-hexene, 4-methyl-1-pentene or 
1-octene, Styrene, dienes Such as 1,3-butadiene, 1,4-hexadi 
ene, Vinylnorbornene, norbornadiene or ethylnorbornadiene 
and cyclic olefins Such as norbornene, tetracyclododecene or 
methylnorbornene. In the process of the present invention, 
preference is given to homopolymerizing propene or ethene 
or copolymerizing propene with ethene and/or with one or 
more 1-olefins having from 4 to 20 carbon atoms, e.g. 
hexene, and/or one or more dienes having from 4 to 20 
carbon atoms, e.g. 1,4-butadiene, norbornadiene, eth 
ylidenenorbornene or ethylnorbornadiene. Examples of Such 
copolymers are ethene-propene copolymers and ethene 
propene-1,4-hexadiene terpolymers. 

0636. The polymerization is generally carried out at from 
-60° C. to 300° C., preferably from 50° C. to 200° C., very 
particularly preferably from 50° C. to 80°C. The pressure is 
generally from 0.5 to 2000 bar, preferably from 5 to 64 bar. 
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0637. 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. 
0638. The catalyst system prepared according to the 
present invention can be used as Sole catalyst component for 
the polymerization of olefins having from 2 to 20 carbon 
atoms, or preferably in combination with at least one alkyl 
compound of an element of main groups I to III of the 
Periodic Table, e.g. an aluminum, magnesium 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 adversely affect the 
catalyst activity. The amount of alkyl compound added 
depends on the quality of the monomers used. 
0639 If necessary, hydrogen is added as molar mass 
regulator and/or to increase the activity. 
0640 The supported catalyst system can be used directly 
for the polymerization. However, it is also possible to 
remove the Solvent and resuspend the catalyst System for use 
in the polymerization. The advantage of this activation 
method is that it makes it possible to allow the polymeriza 
tion-active catalyst System to be formed only in the reactor. 
This prevents partial decomposition from occurring on intro 
duction of the air-sensitive catalyst. 
0641 Furthermore, an additive such as an antistatic can 
be used in the process of the present invention, e.g. for 
improving the particle morphology of the polymer. 

0642. It is generally possible to use all antistatics which 
are Suitable for polymerization. Examples are Salt mixtures 
of calcium Salts of Medialan acid and chromium Salts of 
N-stearylanthranilic acid, as described in DE-A-3,543,360. 
Further Suitable antistatics are, for example, Ca-Ca-fatty 
acid Soaps of alkali or alkaline earth metals, Salts of Sulfonic 
esters, esters of polyethylene glycols with fatty acids, poly 
oxyethylene alkyl ethers, etc. A review of antistatics is given 
in EP-A-O 107 127. 

0643. It is also possible to use a mixture of a metal salt 
of Medialan acid, a metal Salt of anthranilic acid and a 
polyamine, as described in EP-A-0 636 636, as antistatic. 
0644 Commercially available products such as StadiscE) 
450 from DuPont, namely a mixture of toluene, isopropanol, 
dodecylbenzeneSulfonic acid, a polyamine, a copolymer of 
1-decene and SO plus 1-decene or ASAR-3 from Shell and 
ARU5R(E) 163 from ICI can likewise be used. 

0645. The antistatic is preferably used as a solution. In 
the preferred case of StadiscE) 450, preference is given to 
using from 1 to 50% by weight of this solution, preferably 
from 5 to 25% by weight, based on the mass of the Supported 
catalyst used (Support together with covalently bound met 
allocenium-forming compound and one or more metal 
locene compounds, e.g. of the formula (II). 
0646) However, the required amount of antistatic can 
fluctuate within a wide range, depending on the type of 
antistatic used. 

0647. The polymers prepared using the catalyst system of 
the present invention display a uniform particle morphology 
and contain no fines. In the polymerization using the catalyst 
System of the present invention, no deposits or cake material 
are formed. 
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0648. The novel compounds of the formula (I) and cata 
lyst Systems according to the present invention containing 
these compounds have the advantage that the Starting mate 
rials are not carcinogenic, mutagenic or extremely toxic. In 
addition, the good Solubility of the compounds of the 
formula (I) leads to virtually completely reacted catalyst 
Systems. This results in high cost Savings and thus advan 
tageous commercial utilization. 
0649. The polymers prepared by the process of the 
present invention are particularly Suitable for producing hard 
and Stiff shaped bodies having a good tensile Strength, e.g. 
fibers, filaments, injection-molded parts, films, sheets or 
large hollow bodies (e.g. pipes). 
0.650. The above-described preparation of a possible 
catalyst System is preferably carried out according to the 
following Sequence: 
0651. In a first step A, an inorganic Support material as 
described under C is reacted with a metal compound of the 
formula (III). The metal compound of the formula (III) is 
preferably added as a Solution to a Suspension of the Support. 
Solvents or Suspension media used are those described under 
B. The amount of metal compounds of the formula (III) can 
be varied within wide limits, and the minimum amount 
depends on the number of hydroxy groups on the Support. 
Temperature, reaction times and preSSures are not critical per 
Se; preference is given to the temperatures and reaction 
times described under step B. After pretreatment of the 
Support, it has been found to be useful to remove the exceSS 
metal compound of the formula (III) by washing, for 
example with hydrocarbons Such as pentane, hexane, ethyl 
benzene or heptane, and to dry the Support. 
0652 This material is then, in a further step B, mixed 
with a metal complex of the formula (II) and a compound 
capable of forming metallocenium ions. It is also possible to 
use mixtures of various metallocene complexes. 
0653 Suitable compounds capable of forming metallo 
cenium ions are, in particular, the novel compounds of the 
formula (I). The conditions for the reaction of the metal 
locene complex with the metallocenium-forming compound 
of the formula (I) are not critical per Se; the reaction is 
preferably carried out in Solution, with Suitable Sovents 
being, in particular, hydrocarbons, preferably aromatic 
hydrocarbons Such as toluene. An amount of from 0.1 to 
10% by weight of metallocene complexes, based on the 
inorganic Support material, is particularly useful. The con 
ditions for this reaction are likewise not critical. Tempera 
tures in the range from 20 to 80° C. and reaction times in the 
range from 0.1 to 20 hours have been found to be particu 
larly useful. 
0654) In a further step C, namely the activation step, the 
material obtained in Step B is reacted with a metal compound 
of the formula (III). This activation can be carried out at any 
desired point in time, i.e. before, during or after introduction 
of the material obtained in step B into the reactor. The 
activation is preferably carried out after the material 
obtained in Step B has been introduced into the reactor. 
0655 The novel compounds of the formula (I) have, in 
particular, a high activity. They can be Stored for a long time, 
are not pyrophoric and are readily Soluble. 
0656. The following examples illustrate the invention. 
Owing to the air- and hydrolysis-Sensitivity of the com 
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pounds, all work was carried out under a protective gas 
atmosphere (argon) within a glove box or using the Schlenk 
technique. All Solvents (including deuterated Solvents) were 
dried and distilled under argon. The compounds used were 
either commercially available pyrrole, boron trichloride in 
hexane (1.0M), n-butyllithium in hexane (1.6M), bromopen 
tafluorobenzene or were prepared by methods known from 
the literature tris(pentafluorophenyl)borane, pyrrolyl 
lithium, furanyllithium). 
0657 NMR experiments were carried out on Varian 
Unity Plus 600, Bruker AC200 P and Bruker ARX300 
spectrometers. Chemical shifts are relative to MeSi 
8H(CDH)=7.15, 8'H(CDCDH)=2.03, 8'C(CD)= 
128.0, 8'C(CDCD)=20.4), pure BF*OEt o'B=0, 
3('B)=32.084 MHz), 2% benzamide('N), 0.2% Cr(acac), 
in DMSO 8'N=-279.3 relative to pure MeNO 8'N=0, 
E('N)=10.133 MHz), CFC18'F=0, E('F)=94.077 
MHz). The assignments in the H- and C-NMR spectra 
were confirmed by APT (attached proton test), GCOSY 
(gradient enhanced H-H COSY), 1D-TOCSY ("H total 
correlation spectroscopy), 1D-NOEDIF ("H nuclear over 
hauser effect difference spectroscopy), GHSQC (H-C 
gradient enhanced heteronuclear Single quantum correla 
tion) and GHMBC (H-C gradient enhanced heteronuclear 
multiple bond correlation) experiments. "N-NMR-experi 
ments were carried out using a GHMBC pulse Sequence 
("J('N, 'H)=10 Hz, n=2, 3). 
0658 IR spectra were recorded on a Nicolet 5 DXC 
fourier transform IR spectrometer, UV spectra were 
recorded on a TIDAS (Transputer Integrated Diode Array 
Spectrometer) from J&M by means of a fused quartz emer 
sion probe from HELLMA (path length: 1.00 mmit0.001 
mm). Melting points were determined by means of differ 
ential scanning calorimetry (DSC 2010 CE from TA Instru 
ments). For elemental analyses use was made of a Foss 
Heraeus CHN rapid elemental analyzer. 

EXAMPLE 1. 

0659 Preparation of N-(2-H-pyrrolium)tris(pentafluo 
rophenyl)borate 
0660) 
rate (1): 

0661 0.531 g (7.27 mmol) of freshly prepared pyrrolyl 
lithium and 3.724 g (7.27 mmol) of tris(pentafluorophe 
nyl)borane were together suspended in 50 ml of diethyl 
ether. After stirring for three hours at 25 C., the ether was 
removed under reduced pressure and the residue was taken 
up in 100 ml of pentane. The resulting Suspension was 
filtered, the residue was washed three times with 20 ml each 
time of pentane and dried under reduced pressure. The 
product obtained was a colorless, hydrolysis-Sensitive pow 
der containing about 1 equivalent of ether per molecule (4.5 
g; about 91% yield). Colorless single crystals crystallized 
from a pentane/ether Solution at 8 C. and an X-ray structure 
analysis was carried out on these. 

a) Lithium tris(pentafluorophenyl)-N-pyrrolylbo 
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0662 Melting point: 137.2° C. 
0663 Decomposition point: 204.6° C. 
0664 Elemental analysis (%) of CHNBF LiO (M= 
659.1): calculated: C, 47.38; H, 2.14; N, 2.13. found: C, 
47.63; H, 2.95; N, 1.90. 
0665 MS (m/e)=578 (pyrrolylB(CF)). 
0666 UV (CH,Cl)() (int))=230.5(0.9158); 
260.5(0.5837) nm. 
0667 IR-(KBR) v=2985.4, 2964.1, 2905.4, 1646.3, 
1628.3, 1517.7, 1463.9, 1445.8, 1386.1, 1372.3, 1280.6, 
1262.7, 1204.7, 1094.4, 1068.7, 1019.8, 979.6, 963.7, 867.8, 
860.1, 802.4, 792.8, 772.5, 76.1.4, 750.8, 697.2, 685.2, 
678.1, 622.9, 613.5, 575.8 cm. 
0668 H-NMR (599.9 MHz, CD, 298K): 8=6.72 (m, 
"J(C.H)=184.8 Hz, 2H, H(2,5)), 5.84 (m, 'J(C.H)=171.9 Hz, 
2H, H(3,4)), 2.80 (q, "J(C.H)=144.3 Hz, 4H, OEt), 0.68 (t, 
"J(C.H)=126.3 Hz, 6H, OEt). 
0669 H-NMR (599.9 MHz, TDF, 298K): 8=6.45 (br., 
2H, H(2,5)), 5.71 (m, 2H, H(3,4)), 3.38 (q, J(H.H)=6.9 Hz, 
'J(C.H)=139.1 Hz, 4H, OEt), 1.11 (t, J(H.H)=6.9 Hz, 
"J(C.H)=125.6 Hz, 6H, OEt). 
0670 °C (1H)-NMR (150.7 MHz, CD, 298K): 
8=148.2 (dim, 'J(F,C)=234.3 Hz, Art), 139.8 (dm, 1J(F, 
C)=249.8 Hz, Ar"), 137.6 (dim, 'J(F,C)=248.5 Hz, 
Area), 121.3 (broad, C.), 125.0 (C(2,5)), 108.9 (C(3, 
4)), 65.9, 14.0 (OEt). 
0671) 'F-NMR (282.4 MHz, CD, 300K): 8=-134.9 
(br., 2F, F.) -157.5 (t, 1F, Far), -162.7 (m. 2F, Fe). 
0672 B{H}-NMR (64.2 MHz, CD, 300K): 8=-8.2 
(v%–50 Hz). 
0673 "B-NMR (192.2 MHz, TDF, 298K): 8=-8.8 (v4= 
20 Hz). 
0674) 
Hz). 
0675 H.H-GCOSY (599.9/599.9 MHz, CD, 298K): 
8'H/8"H=6.72/5.84 (H(2,5)/H(3,4)), 2.80/0.68 (OEt/OEt). 
0676) H.C-GHSQC (599.9/150.7 MHz, CD, 298K): 
8'H/8'C=6.72/125.0 (H(2,5)/C(2,5)), 5.84/108.9 (H(3,4)/ 
C(3,4)), 2.80/65.9; 0.68/14.0 (OEt). 
0677) H.C-GHMBC (599.9/150.7 MHz, CD,298K): 
8'H/8'C=6.72/108.9 (H(2,5)/C(3,4)), 5.84/125.0 (H(3,4)/ 
C(2,5)), 2.80/14.0; 0.68/65.9 (OEt). 
0678 b) 
nyl)borate (2): 

Šices M 65)3 

0679) 3.0 ml (3.00 mmol) of a 1M hydrogen chloride/ 
ether solution were slowly added dropwise to a solution of 
1.50 g (2.56 mmol) of lithium tris(pentafluorophenyl)-N- 
pyrrolylborate in 60 ml of diethyl ether while stirring 
vigorously. After 30 minutes, the diethyl ether was removed 

ortho 

7Li-NMR (77.8 MHz, TDF, 300K): 8=-2.6 (v%=2 

N-(2-H-pyrrolium)tris(pentafluorophe 
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under reduced pressure and the residue was stirred with 20 
ml of pentane. The resulting Suspension was filtered and the 
residue was extracted three times with cold toluene. The 
yellowish toluene phases were combined and the Solvent 
was removed under reduced pressure. The product obtained 
was a light-yellow powder which was purified by fractional 
crystallization from toluene at -18 C. This gave single 
crystals on which an X-ray Structure analysis was carried out 
(0.852 g, 1.47 mmol, 57% yield). 
0680 Melting point: 178.7° C. 
0681 Elemental analysis (%) for CHNBFs 
(M=579.1): calculated: C, 45.63; H, 0.87; N, 2.42; found: C, 
45.50; H, 1.11; N, 2.27. 
0682 UV(CHCl)() (int))=231.0(0.9482); 
254.0(0.8525) nm. 
0683 IR-(KBR) v=2966.3, 2932.8, 1647.0, 1603.1, 
1520.6, 1502.5, 1465.2, 1389.6, 1374.0, 1367.4, 1310.7, 
1285.1, 1269.8, 1262.7, 1120.0, 1099.6, 1086.4, 1063.7, 
104.5.0, 972.3, 953.4, 911.3, 906.3, 800.5, 789.3, 773.6, 
769.5, 744.6, 739.0, 703.8, 689.6, 682.8, 668.9, 625.7, 
614.1,577.5 cm. 
0684) H-NMR (599.9 MHz, CD, 298K): 8-7.35 (br., 
1H, H(2)), 6.34 (m, 1H, H(4)), 5.45 (m, 1H, H(3)), 3.53 (br., 
2H, H(5)). 
0685) H-NMR (599.9 MHz, CDs, 213K): 8=6.93 (br., 
1H, H(2)), 6.07 (m, 1H, H(4)), 5.20 (m, 1H, H(3)), 3.08 (br., 
2H, H(5)). 
0686) °C-NMR (150.7 MHz, CD, 298K): 8-171.1 
(C(2)), 155.5 (C(4)), 148.2(dim, 'J(F,C)=241.4 Hz, Ari), 
140.6 (dm, 'J 
249.1 Hz, Ar 
(C(5)). 
0687) 
(v%=90 Hz). 

(FC).2534 Hz. At 33 

meta 

), 137.6 (dim, 'J(F,C)= 
), 1272 (C(3)), 118.5 (br., C.) 65.5 

"B-NMR (192.2 MHz, CDs, 298K): 8=-7.6 
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0688) 'F-NMR (563.7 MHz, CDs, 298K): 8=-132.3 
(m, 2F, Fortho), -155.7 (t, 1F, Fpara), -162.6 (m, 2F, Fneta). 
0689) H-NOEDIF (599.9 MHz, CD, 298K): 8(irra 
diation point)/8(reply)=7.35 (H(2))/5.45 (H(3)), GCOSY 
(599.9/599.9 MHz, CD,298K): 8'H/8H-7.35/3.53 (H(2)/ 
H(5)), 6.34/5.45 (H(4)/H(3)). 
O690 H, °C-GHSQC (599.9/150.7 MHz, CD, 298K): 
81H/813C-7.35/171.1 (H(2)/C(2)), 6.34/155.5 (H(4)/C(4)), 
5.45/1272 (H(3)/C(3)), 3.53/65.5 (H(5)/C(5)). 
0691) H.C-GHMBC (599.9/150.7 MHz, CD,298K): 
81H/813C-7.35/155.5, 127.2, 65.5 (H(2)/C(43.5)), 6.34/ 
1711, 127.2, 65.5 (H(4)/C(2,3,5)), 5.45/171.1, 155.5, 65.5 
(H(3)/C(2,3,5), 3.53/171.1, 155.5, 127.2 (H(5)/C(2,3,4)). 
0692) H.N-GHMBC (599.9/60.7 MHz, CD 213K): 
81H/815N=6.93, 6.07, 5.20/-145 (H(2.4.3)/N(1)). 

Polymerization Examples and Comparative 
Examples 

0693 Polymerization of Ethene 
0694. In a Bichi laboratory autoclave, a solution consist 
ing of 300 ml of toluene and 2-3 ml of tri(isobutyl)aluminum 
was heated for one hour at the chosen reaction temperature 
and Subsequently Saturated with ethene for one hour. The 
catalyst was freshly generated in 3 ml of toluene by treat 
ment of the organometallic compound with the activator and 
then this toluene Solution was injected directly into the 
autoclave. The polymerization was Stopped by addition of 
20 ml of HCl/methanol (1:5; V/v). The resulting polymer 
was washed in succession with HCl, water, methanol and 
acetone and was Subsequently dried. The amounts of novel 
activator used in the examples according to the present 
invention (activator: N-(2-H-pyrrolium)tris(penta-fluo 
rophenyl)-borate)=HBNF) and the comparative examples 
(activator: MAO, B(CF), BuNHBPH) and information 
on the polymers obtained are shown in Table 1. 

TABLE 1. 

Reac- Activity 
Example/ Organometallic tion. Amount g/mmol Melting 

Comparitive compound. Activator) T P time of poly- Zr bar point 
Example Organometallic compound Activator Img/(umol) mg/(umol) C. bar min merg h C. 

A. Cp2ZrMe, B(CFs). 5(59.5) 30(58.6) 20 1 60 9.9 169 128.0 
2 Cp2ZrMe, HBNF 9(35.7) 21(36.3) 20 1 30 6.4 359 127.2 
B Cp2ZrMe, BuNHBPH 9(35.7) 8(35.6) 20 1 60 O O 
C Cp2Zr(CH) B(CFs). O(33.6) 8(35.2) 20 1 30 9.2 541 128.3 
3 Cp2Zr(CH) HBNF O(33.6) 20(34.5) 20 1 30 10.1 591 129.7 
D MeC(Cp)(1-indenyl)ZrMe, B(CFS) O(29.3) 5(29.3) 20 1 60 O.6 2O 127.5 
4 Me-C(Cp)(1-indenyl)ZrMe, HBNF O(29.3) 7(29.4) 20 1 60 1.2 40 
E HC=C=CH=C(1-NMe2)(1- B(CFs). O(29.0) 5(29.3) 20 1 60 O O 

Cp)(3-Cp)ZrMe, 
5 HC-C=CH=C(1-NMe)(1- HBNF O(29.0) 7(29.4) 20 1 60 0.4 4 

Cp)(3-Cp)ZrMe, 
F MeC(Cp) (1-indenyl)Zr(CH) B(CFS) 3(35.6) 22(43.0) 40 2 40 16.2 341 
6 Me-C(Cp)(1-indenyl)Zr(C.H.) HBNF O(27.4) 6(27.6) 40 2 40 22.2 608 106.3 
7 Me-C(Cp)(1-indenyl)Zr(C.H.) HBNF O(27.4) 6(27.6) 40 2 60 36.9 673 106.1 
G MeC(Cp)(1-indenyl)ZrCl MAO 3(34.0) 2100(36200) 40 2 40 18.2 411 
8 Me-C(Cp)(1-indenyl)ZrMe, HBNF O(29.3) 7(29.4) 40 2 40 13.8 354 129.2 
H H.C=C=CH=C(1-NMe)(1- MAO 7(44.1) 2O 2 60 28.8 31.8 127.1 

Cp)(3-CP)ZrCl, 
9 HC-C=CH=C(1-NMe)(1- HBNF O(29.0) 7(29.4) 40 2 15 5.6 386 129.3 

Cp)(3-CP)Zr.Me, 
I HC=C=CH=C(1-NMe)(1- MAO 9(49.3) 6O 2 40 55.3 842 125.4 
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0695 Polymerization of Propene 
0696. The polymerisation was carried out in the same 
manner as the polymerisation of ethene except that propy 
lene was used as the monomer. The amounts of the novel 
activator used in the examples according to the present 
invention (activator: HBNF) and the comparative examples 
(activator: B(C6F5)) and the information on the polymers 
obtained are shown in table 2. 
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TABLE 2 

Organome- Reac- Activity 
Example/ tallic tion- Amount g/mmol Melting- mm mm. 
Comp. compound. Activator) T P time of poly- Zr bar point *) 
Example Organometallic compound Activator Img(umol) mg(umol) C. bar min merg h C. % 

J Me-C(Cp)(1-indenyl)- B(CFs). 13(35.6) 22(43.0) 40 2 6O 31.8 446 1O 
Zr(CH) 

10 Me-C(Cp)(1-indenyl)- HBNF 11(30.1) 22(38.0) 40 2 90 10.2 113 12 
Zr(CH) 

K Me,C(Cp)(1-indenyl)ZrC1, MAO 13(34.0) 2100) 40 2 6O 15.1 222 1O 
(36200) 

L Me2SiO1-indenyl)-Zr(CH) B(CFs). 15(39.3) 22(43.0) 40 2 45 63.6 1222 77 
11 MeSi(1-indenyl)-Zr(C.H.) HBNF 11(28.8) 19(32.8) 40 2 45 81.9 1894 129.O 88 
M MeSi(1-indenyl)-ZrCl MAO 9(22.6) 21OO 40 2 45 201.8 67O6 69 

(36200) 
12 HC–C–CH=C(1- HBNF 10(29.0) 18(31.1) 40 2 60 O O 

NMe)(1-Cp)(3-CP)Zr.Me, 
N HC–C–CH=C(1- MAO 23(59.7) 2O 2 18O 3O 85 

NMe)(1-Cp)(3-CP)ZrCl, 
O HC–C–CH=C(1- MAO 25(64.9) 60 2 12O 6.8 26 

*) 'C-NMR-Analyse 

We claim: 
1. A Salt-like chemical compound of the formula (I), 

(CR's). MR’ (I) 
where 

R" are identical or different and are each a hydrogen atom, 
a halogen atom, C-Co-alkyl, Co-C-aryl, C1-Co 
alkoxy, C2-Cio-alkenyl, C7-Co-arylalkyl, C7-Co 
alkylaryl, Co-Cio-aryloxy, C-Co-haloalkyl, Co-Cio 
haloaryl, C-Co-alkynyl or C-Co-alkylsilyl, 

M is an element of main group III of the Periodic Table 
of the Elements, and 

R is a substituted or unsubstituted heterocycle. 
2. A Salt-like chemical compound of the formula I as 

claimd in claim 1, wherein the heterocycle is pyrrolium, 
indolium or imidazolium. 

3. A Salt-like chemical compound of the formula I as 
claimed in claim 1, wherein M is aluminum or boron. 

4. A Salt-like chemical compound as claimed in claim 1, 
wherein the heterocycle R is unsubstituted or substituted by 
at least one halogen atom, C-Co-alkyl, C1-Co-alkoxy, 

C2-Cio-alkenyl, C7-Co-arylalkyl, C7-Co-alkylaryl, 
Co-Cio-aryloxy, C-Co-haloalkyl, Ca-Ca-haloaryl, C2-Cio 
alkynyl or C-Co-alkylsilyl. 

5. A Salt-like chemical compound as claimed in claim 1, 
wherein the heterocycle R is unsubstituted. 

6. A process for preparing compounds of the formula (I) 
as claimed in claim 1, in which compounds of heterocycles 
R containing elements of main group I or II of the Periodic 
Table of the Elements are firstly reacted with compounds of 
the formula (CR's)M in a solvent to form compounds of 
the formula (CR's) MRI- which are subsequently pro 
tonated by reaction with a proton donor, where R', M and R' 
are as defined in formula (I). 

7. A catalyst System comprising at least one organome 
tallic compound (A) of a transition metal, at least one 
compound of the formula (I) as claimed in claim 1, if desired 
an alkyl compound (B) of an element of group III or IV of 
the Periodic Table of the Elements and, if desired, at least 
one Support component (C). 

8. A process for the polymerization of olefins, wherein the 
polymerization is carried out in the presence of a catalyst 
System as claimed in claim 6. 

k k k k k 


