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SUPPORTABLE BISCYCLOPENTADIENYL METAL COMPLEXES 

This invention relates to metal complexes containing two cyctopantadianyl or 

substituted cyclopentadianyl moieties and to addition polymerization catalysts fanned there from 

that have improved catalytic performance, especially when supported on aluminum or silicon 

5 containing supports. More particularly such complexes are Group 3, 4, or Lanthanide metal 

con.,lexes containing one or more hydrocarboxy substituted silana bridging groups. In addition, 

the present invention relates to the process for preparing supported derivatives of such 

complexes and to a method of using such complexes in an addition polymerization process for 

polymerizing addition polymerizable monomers. 

10 In US-A-4,892,851 there are disclosed biscyclopentadienyl Group 4 metal complexes, 

especially C0"1)1exes of zirconium or hafnium that are usefuly employed with alumoxane 

activating cocatalysts for use fn addition polymerizations, especially the polymerization of 

aliphatic a-olefins. In a series of patents, W. Spaellck has disclosed certain ring substituted 

stereorigid bisindenyl complexes and their use as olefin polymerization catalysts. The bridging 

15 group of such complexes generically includes silicon, gennanium or tin containing divalent 

groups containing hydride, halogen, C 1.10 alkyl, C1-10 fluoroalkyl, C..10 aryl, Cs-10 fluoroaryl, C,.,0 

al<Oxy, C2-10 alkenyl, (h..., aralkyl, Ca..., aralkenyl or Ch..t0 alkylaryl groups or ring fonning 

combinations thereof. Such disclosure may be found in USP's 5,243,001. 5,145,819, 5,304,814 

20 

and 5,350,817, among o1hers. 

It would be desirable if there were provided improved metal complexes that are more 

readily adaptable to forming supported catalyst systems as well as an improved addition 

polymerization process utilizing such catalyst systems. 

As a result of investigations carried out by the present inventors there have now been 

discovered new and improved Group 3, 4, or Lanthanide metal complexes COl1'8Sp0nding to the 

Z-L 
/I 

25 formula: 
L -MX'nX'', 

or a dimer, solvated adduct, chelated deriVative or mixture thereof, 

wherein: 

L independently each occurrence is a delocalized, K-bonded group that is bound to M, 

containing up to so nonhydrogen atoms; 
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M is a metal of Group 3, 4 or the Lanthanide series of the Periodic Table of the 
Elements; 

Z is a covalently bound, divalent substituent of up to 50 non-hydrogen atoms having the 

formula, -(ER*z)m-. wherein E independently each occurrence is carbon, silicon or germanium, 

5 R* Independently each occurrence Is selected from the group consisting of C1-20 hydrocarbyl. 

and C,-20 hydrccarbyloxy, with the proviso that in at least one occurrence R* is c,40 

hydrocarbyloxy. and m is an integer from 1 to 3; 

X' is a neutral Lewis base ligand having up to 20 non-hydrogen atoms; 

X" independently each occurrence is a monovalent. anionic moiety selected from 

1 O hydride, halo, hydrocarbyl, silyl, gennyl, hydrocarbyloxy, amide, siloxy, halohydrocarbyl, 

halosilyl, sllylhydrccarbyl, and amlnohydrocarbyl having up to 20 non-hydrogen atoms, or two X" 
groups together form a divalent hydrocarbadiyl or neutral hydrocarbon group; 

n is a number from 0 to 3; and 

pis an integer from Oto 2. 

15 There are also provided improved catalyst compositions comprising one or more of the 

foregoing Group 3, 4 or Lanthanide metal complexes and one or more activating cocatalysts. 

In a further embodiment there is provided a supported catalyst system comprising one 

or more of the foregoing metal complexes, one or more activating cocatalysts, and an aluminum 

or silicon containing support material. 

2 0 Finally there is provided an improved method for polymerization of addition 

polymerizable monomers using one or more of the above addition polymerization catalysts or 
catalyst systems. Such addition polymerization processes may be used to prepare polymers for 

use In molding, film, sheet, extrusion foaming and other applications. 

All reference to the Periodic Table of the Elements herein shall refer to the Periodic 
2 5 Table of the Elements, published and copyrighted by CRC Prass, Inc., 1989. Also, any 

reference to a Group or Groups shall be 1D the Group or Groups as reflected in this Periodic 

Table of the Elements using the IUPAC system for numbering groups. 

Suitable L groups for use herein iiclude any neutral or anionic x-electron containing 

moiety capable of tonning a delocalized bond with the Group 3, 4 or Lanthanide metal. 

3 O Examples of such neutral groups include arena moieties such as benzene, anthracene or 

naphthalene, as well as substituted derivatives of such groups. Examples of anionic x-electron 

containing moieties include allyl, pentadlenyl. cyclopentadienyl. cyclohexadienyl, as well as 
substituted derivatives of such groups. 
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By the term "derivative• when used to describe the above substituted, delocalized n· 

bonded groups is meant that each atom in the delocalized 11:-bonded group may independently 

be substituted with a radical selected from the group consisting of hydrocarbyl radicals. halo-. 

alkoxy-, amino- or cyano-substituted hydrocarbyl radicals, and hydrocarbyl-substituted me1alloid 

5 radicals wherein the metalloid is selected from Group 14 of the Periodic Table of the Elements. 

Suitable substituents of the delocalized n-bonded groups contain from 1 to 20 nonhydrogen 

atoms. Suitable hydrocarbon substituents include straight and branched alkyl radicals, 

cycloalkyl radicals, aryl radicals, and alkyl-substituted cycloalkyl or aryl radicals. In addition two 

or more such radicals may together form a fused ring system or a hydrogenated fused ring 

10 system. Examples of the latter are indenyl-, tetrahydroindenyl·, fluoranyl-, and 

octahydrofluorenyl- groups, as well as ring alkyl substituted derivatives thereof. Examples of 

suitable hydrocarbyl-substituted organometalloid radicals include trimethylsilyl, triethylsilyl, 

ethyldimethylsilyl, methyldiethylsilyl, triphenylgermyl, and trimethylgermyl. 

Preferred L groups are anionic L groups, including, cyclopentadienyl, indenyl, fluorenyl, 

15 tetrahydroindenyl, tetrahydrofluorenyl, octahydrofluorenyl, pentadienyl, cyclohexadienyl. 

dihydroanthracenyl, hexahydroanthracenyl, decahydroanthracenyl groups, and C,.,o 

hydrocarbyl-substituted derivatives thereof. Most preferred anionic L groups are 

pentamethylcyclopentadianyl. 2-methylindanyl, 3-methylindenyl, 2,3-dimethylindanyl, 2-methyl-4-

phenylindenyl, and 2-methyl-4-naphthylindenyl. 

2 0 Examples of highly preferred complexes according to the present invention correspond 

to the formula: 

A' A' 

(R",El.~X'.)C", 

wherein: 

M is titanium, zirconium or hafnium, in the +2, +3 or +4 formal oxidation state; 

2 5 E independently each occurrence is carbOn or siliccn; 
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R* independently each occurrence is selected from the group consisting of c, ... 
hydrocarbyt, and C1.s hydrocalbyloxy, with the proviso that In at least one occurrence R* is C1.a 

hydrocarbyloxy; 

mis1 or2; 

5 R' independently in each occurrence is selected from the group consisting of hydrogen, 

hydrocarbyl, sDyl, gennyl, cyano, halo and combinations thereof, said A' having up to 20 non­

hydrogen atoms each, or adjacent R' groups together form a divalent derivative that Is a 

hydrocarbadiyl, siladiyl or germadiyl group; 

X' is a conjugated diene having from 4 to 30 non-hydrogen atoms, which fonns a n-

10 complex with M when M is in the +2 formal oxidation state, whereupan n is 1 and p is O; 

X" each occurrence is an anionic ligand group that is covalently bonded to M when M is 

in the +3 or +4 formal oxidation state, whereupan n is o and p is 1 or 2, and optionally two X" 

groups together for a divalent anionic ligand group. 

Preferably, R' independently in each occunence is selected from the group consisting 

15 of hydrogen, methyl, ethyl, and all isomers of propyl, butyl, pentyl and hexyl, as well as 

cyclopentyl, cyclohexyl, norbomyf, phenyl, naphthyl, benzyl, and trimethyl silyli or adjacent R' 

groups are linked together thereby forming a fused ring system such as an indenyl, 2-

methylindenyl, 3-methylindenyl, 2,3-dimethylindenyl, 2-me1hyl-4-phenylindenyl, 2-me1hyl-4-

naphthylindenyl, tetrahydroindenyl, fluorenyl, tetrahydrafluorenyl, or octahydrofluorenyl group. 

2 0 Preferred L groups include cyclopentadienyl, tetramethylcyclopentadienyl, indenyl, 

tetrahydroindenyl, fluorenyl, tetrahydrofluorenyl, octahydrofluorenyl, or one of the foregoing 

groups further subs1ituted with one or more methyl, ethyl, propyl, butyl, pentyl, hexyl, {including 

branched and cyclic isomers), norbornyl, benzyl, or phenyl groups. 

Examples of suitable X' moieties include: ri4• 1,4-diphenyl-1,3·butadlene; 114-1,3-

2 5 pentacliene; 114·1-phenyl-1,S·pentadiene; 11' • 1,4-dibenzyl-1 ,3-butadlene; 114-2,4-hexadiene; f14-3· 

methyl-1,3-pentadiene; Tl 4·1,4-ditolyl-1,3-butadiene; and 114-1,4-bls(trimethylsilyl)-1,3-butadiene. 

Of the foregoing, 1,4-diphenyl-1,3-buladiene, 1-phenyl-1,3-pentadiene, and 2,4 hexadlene are 

preferred. 

Examples of suitable X" moieties include hydride, chloride, methyl, benzyl, phenyl, tolyl, 

30 t-butyl, methoxide, andtrimethylsilyl ortwo X" groups together are 1,4-butanediyl, s-cis(1,3-

butadiene), or s-cis{2,3-dirnethyl· 1,3-butadiene). 

--·-------·--------
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Most preferred Z groups are those wherein E is silicon, m is 1, and R• in at least one 

occurrence is methoxide, ethoxlde, propoxide or butoxide. 

In the most preferred embodiment -Z- is ethoxymethyl-silanediyl, 

isopropoxymethylsilanediyl, 2-butoxyrnethylsilanediyl, diethoxysilanediyl, diisopropoxysilanediyl, 

5 or dl(2-butoxy)silanediyl. 

Illustrative derivatives of Group 3, 4 or Lanthanide metals that may be employed in the 

practice of the present invention include: 

ethoxvmethvtsilan@dM comolexes: 

ethoxymethylsllanebis(cyclopentadienyl)zirconium(ll) 1,4-diphenyl-1,3-butadiene, 

10 ethoxymethylsilanebis(pentamethylcyclopentadienyl)zirconium (II) 1,4-diphenyl-1,3-butadiene, 

ethoxymethylsilanebis(pentamethylcyclopentadienyl)zirconium (II) 1,3-pentadiene, 

ethoxymethylsilanebis(cyclopentadienyl)zisconium (Ill) 2-(N,N-dimethylamino)benzyl, 

ethoxymethylsilanebis(cyclopentadienyl)zirconium (IV) dimethyl, 

ethoxyrnethylsilanebis(pentamethylcyclopentadlenyl)zirconium (IV) dimethyl, 

15 ethoxymethylsilane(cyclopentadienyl)(fluorenyl)zirconium (IV) dimethyl, 

ethoxymethylsilanebis (pentamethylcyclopentadienyl)zirconium (IV) dibenzyl, 

ethoxymethylsilanebis(2-methylindenyl)zlsconium (II) 1,4-diphenyl-1,3-butadiene, 

ethoxymethylsilanebfs(2-methylindenyl)zlsconlum (II) 1,3-pentadiene, 

ethoxymethylsilanebis(2-methylindenyl)zirconium (Ill) 2-{N,N-dime1hylamino)benzyl, 

2 O ethoxymethylsilanebis(2-methylindenyl)zirconium (IV) dimethyl, 

ethoxymethylsilanebis(2-methylindenyl)zlrconium (IV) dibenzyl, 

ethoxymethylsilanebis(3-methylindenyl)zlrconium (II) 1,4-diphenyl-1,3-butadiene, 

ethoxymethytsilanebis(3-methylindenyl)zirconium (II) 1,3-pentadiene, 

ethoxymethylsilanebis(3-methylindenyl)zirconium (Ill) 2-(N,N-dimethylamino)benzyl, 

2 5 ethoxymethylsilanebis(3-methylindenyl)zirconium (IV) dimethyl. 

ethoxymelhylsilanabis(3-melhylindenyl)zirconium (IV) dibenzyl, 

ethoxymethylsilanebis(2,3-dimethylindenyl)zirconium (II) 1,4-diphenyl-1,3-butadiene, 

ethoxymethylsilanebis(2,3-dimethyllndenyl)zirconium (II) 1,3-pentadiene, 

ethoxymethylsllanebis(2,3-dimethylindenyl)zirconium (Ill) 2-(N,N-dimethylamino)benzyl, 

3 O ethoxymethylsilanebis(2,3-dimethylindanyl)zirconium (IV) dimethyl, 

ethoxymethylsllanebis(2,3-dimethylindenyl)zirconium (IV) dibenzyl, 

ethoxymethylsilanebis(2-methyl-4-phenyDndanyl)zirconium (II) 1,4-diphenyl-1,3-butadiene, 

ethoxymethylsilanebis(2-methyl-4-phenylindenyl)zirccnium (II) 1,3-pentadiene, 

ethoxymethylsilanebis(2-me1hyl-4-phenylindenyl)zirconium (Ill) 2-(N,N-dimethylamino)benzyl, 

3 5 ethoxymethylsilanebJs(2-methyl-4-phenyllndenyl)zirconium (IV) dimethyl, 
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(alhoxymelhylsilanebis(2-rnathyl-4-phenyllndenyl)zirconium (IV) dibenzyl, 

ethoxymethylsilanabis(tetrahydrofluorenyl)zirconium (II) 1,4-diphenyl-1,3-butadiene, 

ethoxymethylsilanebis(tetrahydrofluorenyl)zirconium (II) 1,3-pentadiene, 

ethoxymethylsilanebis{tetrahydroftuorenyl)zirconium {Ill) 2-(N,N-dimethylamino)benzyl, 

5 ethoxymethylsilanebis(tetrahydrofluorenyl)zirconium (IV) dimethyl, 

ethoxymethylsilanebis(tatrahydrofluorenyl)zirconium (IV) dibenzyl, 

!soprgpoxymetbvlsllanadjvl 90mp1exts: 

isopropoxymethylsilanebis(cyclopentadienyl)zirconlum(ll) 1,4-diphenyl-1,3-butadiane, 

isopropoxymethylsilanebis(pentamathylcyclopantadienyl)zirconium (II) 1,4-diphenyl-1,3-

1 O butadiane, 

isopropoxyrnethylsilanebis(pentamethylcyclopentadienyl)zirconium (II) 1,3-pentadiene, 

isopropoxymethylsllanebls(cyclopentadienyl)zirconium {Ill} 2-(N,N-dimethylamino)benzyl, 

isopropoxymalhylsilanebis(cyclapentadienyl)zirconium (IV) dimethyl, 

isopropoxymethylallanebis(pentamethylcydopentadienyl)zirconium (IV) dimethyl, 

15 isopropoxymathylsilane(cyclopantadienyl)(fluorenyl)zirconium (IV) dimethyl, 

isopropoxyme1hylsilanebls (pantamethytcyclopentadienyl)zirconium (IV) dibenzyl, 

~ropoxymethylsilanebis{2-rnathylindenyl)zirconium (II) 1,4-diphenyl-1,3-butadiene, 

isopropoxymethylsilanebis(2-rnethylindenyl)zirconium (II) 1,3-pentadiene, 

isopropoxymethylsilanebis(2-methylindenyl)zirconium (Ill) 2-(N,N-dirnethylamino)benzyl, 

2 O lsopropoxymethylsllanebis(2-methylindenyl)zirconium (IV) dimethyl, 

isopropoxymethylsilanabis(2-methylindenyl)zirconium (IV) dibenzyl, 

isopropoxymethyfsilanebls(3-methyllndenyl)zirconium (II) 1,4-diphenyl-1,3-butadiene, 

isopropoxymethylsilanebis(3-methylindenyl)zirconium (II) 1,3-pentadiene, 

isopropoxymethylsilanebis(3-methylindenyl)zirconium (Ill) 2-(N,N-dimethylamino)benzyl, 

2 5 isopropoxymethytsilanebis(3-rnethylindenyl)zlrconium (IV) dimethyl, 

isopropoxymethylsllanebis(3-methylindenyl)zirconium (IV) dibenzyl, 

isopropoxymethylsilanebis(2,3-dimethylindenyl)zirconium (II) 1,4-diphenyl-1,3-butadiene, 

isopropoxymethylsilanebis(2,3-dimethylindenyl)zirconium (II) 1,3-pentadiene, 

lsopropoxymethylsllanebls(2,3-dlrnathylindenyl)zirconium (Ill) 2-(N,N-dimethylamino)benzyl, 

3 0 isopropoxymethylsilanebis{2,3-dimethyllndenyl)zlrconium (IV) dimethyl, 

isopropoxymethylsilanebis(2.3-dirnathylindenyl)zlrconium (lV) dibenzyl, 

isopropoxymethylsilanebis(2-methyl-4-phenylindenyl)zirconium (II) 1,4-diphenyl-1,3-butadiene, 

isopropoxymethylsllanebls(2-methyl-4-phenylindenyl)zirconium (II) 1,3-pentadiene, 

isopropoxymethylsilanebis(2-methyl-4-phenyllndenyl)zirconium (Ill) 2-(N,N-

3 5 dimethylamino)benzyl, 

sopropoxymethylsilanebis(2-rnethyl-4-phenylindenyl)zirconlum (IV) dimethyl, 

(isopropoxyrnethylsilanebis(2-methyl-4-phenylindenyl)zirconium (IV) dibenzyl, 

isopropoxymethylsllanebis(tetrahydrofluoraiyl)zirconium (II} 1,4-diphenyl-1,3-butadiene, 
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isopropoxymethylsilanebis(tetrahydrofluorenyl)zirconium (II) 1,3-pentadiene, 

isopropoxymethylsilanebis(tetrahydrofluorenyl)zirconium (Ill) 2-(N,N-dimethylamino)benzyl, 

isopropoxymethylsilanebis(tetrahydrofluorenyl)zirconium (IV) dimethyl, 

isopropoxymethylsilanebis(tetrahydrofluorenyl)zirconium (IV) dibenzyl, 

5 2-butoxymethylsUanedM comolexes; 

2-butoxymethylsilanebis(cyclopentadienyl)zirconium(ll) 1,4-cliphenyl-1,3-bLitadiene, 

2-butoxymethylsilanebis(pentamethylcyclopentadienyl)zirconium (II) 1,4-diphenyl-1,3-butadiene, 

2-butoxymethylsilanebis(pentamethylcyclopentadfenyl)Zirconium (II) 1,3-pentadlene, 

2-butoxymethyjsilanebis(cyclopentadienyl)zircooium (Ill) 2-(N,N-climethylamino)benzyl, 

10 2-butoxymethylsilanebis(cyclopentadienyl)zirconium (IV) dimethyl, 

2-butoxymethylsilanebis(pentamethylcyclopentadienyl)zirconium (IV) dimethyl, 

2-butoxymethylsilane(cyclopentadienyl)(fluorenyl)zirconium (IV) dimethyl, 

2-butoxymethylsilanebis (pentarnethylcyclopentadienyl)zirconium (IV) dibenzyl, 

2-butoxymethylsilanebis(2·methylindenyl)zirconium (fl) 1,4-cliphenyl-1,3-butadiene, 

15 2-butoxymethylsilanebis(2-methylindenyl)zirconium (II) 1,3-pentadiene, 

2-butoxymethylsilanabis(2-methyUndanyt)zirconium (Ill) 2-(N,N-dimethylamino)benzyt, 

2-butoxymethylsilanebis(2-methyllndenyl)zlrconium (IV) dimethyl, 

2-butoxyrnethylsilanebis(2-methylindenyl)zirconium (IV) dibenzyl, 

2-butoxymethylsilanebis(3-rnethylindenyl)zirconium (II) 1,4-cliphenyl-1,3-butadiene, 

2 0 2-butoxymethylsilanebis{3-methytindenyl)zirconium (II) 1 ,3-pentadiene, 

2-butoxymethylsilanebis(3-methyllndenyt)zlrconium (Ill) 2-(N,N-dimethylamino)benzyl, 

2·butoxymethylsilanebis(3-mathylindenyl)zirconium (IV) dimethyl, 

2-butoxymethylsilanebis(3-methylindenyl}zirconium (IV) dibenzyl, 

2-butoxymethylsilanebis(2,3-dimethylindenyl)zirconium (II) 1,4-cliphenyl-1,3-butadiene, 

2 5 2-butoxymethytsilanabis(2,3-dimethylindenyt)zircorium {II) 1,3-pentadiane, 

2-butoxymethylsilanebis(2,3-dimethylindenyl)zirconium (Ill) 2-(N,N-climethylamino)benzyl, 

2-butoxymethytsUanebis(2.3-cllmethylindenyl)zirconium (IV) dimethyl, 

2-butoxymethylsilanebis(2.3-dimethylindenyl)zirconium (IV) dibenzyl, 

2-butoxymethylsilanebis(2-methyl-4-phenytindenyl)zirconium (II) 1,4-diphenyl-1,3-butadiene, 

3 0 2-butoxymethylsilanebis(2-methyl-4-phenyllndenyl)zirconium (II) 1,3-pentadiene, 

2-butoxymethylsilanebis(2·methyl-4-phenylindenyl)zirconium (Ill) 2-(N,N-dimethylamino)benzyl, 

2-butoxymethylsilanebls(2-methyl-4-phenyfindenyl)Zirconium (IV) dimethyl, 

(2·butoxymethytsilanebis(2-methyl-4-phenylindenyl)zirconium {IV) dibenzyl, 

2-butoxymethylsilanebis(tetrahydrofluorenyl)zirconium (II) 1,4-diphenyl-1,3-butadiene, 

3 5 2-butoxymethytsilanebis(tetrahydrofluorenyl)zirconium (II) 1,3-pentadiene, 

2-butoxymethylsilanebis(tetrahydrofluorenyl)zircorium (Ill) 2-(N,N-climethylamino)benzyl, 

2-butoxymethylsllanebis(tetrahydrofluorenyt)zirconiUm {IV) dimethyl, and 

2-butoxymethylsilanebis(tetrahydrofluorenyl)zlrconium (IV) dibenzyl. 
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Other metal complexes, especially compounds containing other Group 3. 4 or 

Lanthanide metals will, of course, be apparent to those skiRed in the art. 

The complexes are rendered catalytically active by combination with an activating 

cocatalyst or by use of an activating technique. Suitable activating cocatalysts for use herein 

5 include polymeric or oligomeric alurnoxanes, especially methylalumoxane, triisobutyl aluminum­

rnodHled methylalumoxane, or dllsobutylalumoxane; strong Lewis acids, such as C1-30 

hydrocarbyl substituted Group 13 compounds, especially tri(hydrocarbyl)alumlnum- or 

tri(hydrocarbyl)boron- compounds and halogenated derivatives thereof, having from 1 to 10 

carbons in each hydrocarbyt or halogenated hydrocarbyl group, especlally 

10 tris(pentafluorophenyl)borane; and nonpolymeric, inert, compatible. noncoordinating, ion 

forming compounds (Including the use of such compounds under oxidizing conditions). A 

suitable activating technique is bulk electrolysis (explained in more detail hereinafter). 

Combinations of the foregoing activating cocatalysts and techniques may also be employed if 

desired. The foregoing activating cocatalysts and adivating techniques have been previously 

15 taught with rasped to different metal complexes in the following references: EP-A-2n,003, US­

A-5, 153, 157, US-A-5,064,802, EP-A-468,651, EP-A-520,732, andW093/23412. 

Suitable nonpolymeric, inert, compatible, noncoordinating, ion forming compounds 

useful as cocatalysts in one embodiment of the present Invention comprise a cation which is a 

Bronstad acid capable of donating a proton, and a compatible, noncoordinating, anion, A". 

20 Preferred anions are those containing a single coordination complex comprising a charge· 

bearing metal or metalloid core which anion Is capable of balancing the charge of the active 

catalyst species (the metal cation) which Is formed when the two components are combined. 

Also, said anion can be displaced by olefinic, diolefinic and acetylenically unsaturated 

compounds or other neutral Lewis bases such as ethers or nitriles. Suitable metals include, but 

25 are not limited to. aluminum, gold and platinum. Suitable metalloids include, but are not limited 

to, boron, phosphorus, and silicon. Compounds containing anions which comprise coordination 

complexes containing a single metal or metalloid atom are well known and many, particularly 

such compounds containing a single boron atom in the anion portion. are available 

commercially. 

30 

35 

Preferably such cocatalysts may be represented by the following general formula: 

(L *·H)+ d Ad-. wherein: 

L * is a neutral Lewis base; 

(L •-H)+ is a Bronstad acid; 

Ad- is a nonccordlnating, compatible anion having a charge of d·, and 

d is an integer from 1 to 3. --------
liiiiiliiiir ·8· 
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More preferably d is one, that is, Ad- is A-. 

Highly preferably, A- corresponds to the formula: [BQ4]· , wherein: 

B is boron in the +3 formal oxidation state; and 

Q independently each occurrence is selected from hydride, dialkylamido, halide, 

5 alkoxide, aryloxide, hydrocarbyl, halocarbyl, and halosubstituted-hydrocarbyl radicals. said a 
having up to 20 carbons with the proviso that in not more than one occurrence is Q halide. 

In a more highly preferred embodinent, a is a fluorinated C1-20 hydrocarbyl group, most 

preferably, a fluorinated aryl group, especially, pentafluorophenyl. 

Illustrative, but not limiting, examples of ion forming compounds comprising proton 

10 donatable cations which may be used as activating cocatalysts in the preparation of the 

catalysts of this invention are tri-substituted ammonium salts such as: 

trimethylammonlum tetraphenylborate, 

triethylammonium tetraphenylborate, 

tripropylammonium tetraphenylborate, 

15 tri(n-butyl)ammonium tetraphenylborate, 

tri(t-butyl)ammonium tetraphanylborate, 

N,N-dimethylanilinium tetraphenylborate, 

N,N-diethylanilinium tetraphenylborate, 

N,N-dimethyl(2,4,6-trimethylanilinium) tetraphenylborate, 

2 0 trimethylammonium tetrakis-(panta-fluorophenyl) borate, 

triathylammonium tetrakis-(pantafluorophenyl) borate, 

tripropylammonium tetrakis(pentafluorophenyl} borate, 

tri(n-butyl)-ammonium tetrakis(pentafluorophenyl) borate, 

tri(sec-butyl)ammonium tetrakis(pantafluorophenyl)borate, 

25 N,N-dimethylanilinium tetrakis(pentafluorophenyl) borate, 

N,N-diethylanilinium teb'akls(pentafluoro-phenyl) borate, 

N,N-dimethyl(2,4.6-trimethyl-anDinium) tetrakis(pentafluorophenyl) borate, 

trimethylammonium tetrakis(2,3,4,6-tetrafluorophenylborate, 

triethylammonium tatrakis(2,3,4,6-tetrafluorophenyl) borate, 

3 0 tripropylammonlum tetrakis(2,3,4,6-tetrafluorophenyl) borate, 

tri(n-butyl)ammonium tetrakis(2,3,4,6-tetrafluorophenyl) borate. 

dimethyl(t-butyl)ammonium tetrakis(2,3,4,6-tetrafluorophenyl) borate, 

N,N-dimethylanilinium tetrakis(2,3,4,6-tetrafluorophenyl) borate, 

N,N-diethylanillnlum tetrakis(2,3,4,6-tetrafluorophenyl) borate, and 

3 5 N,N-dimethyl-(2,4,6-trimethylanilinium) tetrakis-(2,3,4,6-tetrafluorophenyl) borate. 

-9-
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Dialkyf ammonium salts such as: di-(i-propyl)ammonium tetrakis(pentaflL&Orophenyl) 

borate. and dicyclohexylammonlum tetrakis(pentafluorophenyl) borate. 

Tri-substituted phosphonium salts such as: triphenylphosphonium 

tetrakis(pentaftuorophenyl} borate, trl(o-tolyl)phosphonium tetrakis(penta-fluorophenyl) borate, 

5 and tri(2.6-dirnethylphenyl)-phosphonium tetrakfs(pentafluorophenyt) borate. 

Preferred are N,N-dimethylanilinium tetrakis(pentaffuorophenyl)borate and 

tributylammonium tetrakis(pentafluorophanyl)borate. 

Another suitable ion fonnlng. activating cocatalyst comprises a salt of a cationic 

oxidizing agent and a noncoon:linating, compatible anion represented by the formula: 

10 (Oxff)d (Ad·>e, wherein: 

Oxe+ Is a cationic oxidizing agent having charge e+; 

e is an integer from 1 to 3; and 

Ad-, and d are as previously defined. 

Examples of cationic oxidizing agents include: ferrocenium. hydrocarbyl-substi1uted 

15 terrocenium, Ag+, or Pb+2. Preferred embodiments of Ad- are those anions previously defined 

with respect to the Bronstad acid containing activating cocatalysts, especially 

tetrakis(pentafluorophenyl)borate. 

Another suitable ion forming, activating cocatalyst comprises a compound which is a 

salt of a carbenlum ion or silylium ion and a noncoordinating, compatible anion represented by 

2 0 the formula: 

25 

wherein: 

c+ Is a C1-20 carbenium ion or a silylium ion ot up to 20 noncarbon atoms; and 

A· is as previously defined. 

A preferred carbenium ion is the trityl cation, that is triphenyfcarbenium, a preferred 

silylium ion is lriphenylsllylium. 

The foregoing activating teGhnique and ion forming cocatalysts are also preferably used 

in combination with a tri(hydrocarbyl)aluminum compound having from 1 to 4 carbons in each 

hydrocarbyl group, an oligorneric or polymeric alumoxane comp0und, or a mixture of a 

3 0 tri(hydrocarbyl)aluminum compound having from 1 to 4 carbons in each hydrocarbyt group and 

a polymeric or oligomeric alumoxane. 

-10-



WO 97/15582 PCT/US96/15074 

5 

An especially preferred activating cocatalyst comprises the combination of a triatkyl 

aluminum compound having from 1 to 4 carbons in each alkyl group and an ammonium salt of 

tetrakis(pentafluorophenyl)borate. In a molar ratio from 0.1 :1 to 1 :0.1. optionally up to 1000 mole 

percent of an alkylalumoxane with respect to M, is also present. 

The activating technique of bulk electrolysis involves the electrochemical oxidation of 

the metal complex under electrolysis conditions in the presence of a supporting electrolyte 

comprising a noncoordinating, inert anion. In the technique, solvents, supporting ekK:trolytes 

and electrolytic potentials for the electrolysis are used such that electrolysis byproducts that 

would render the metal complex catalytically inactive are not substantially fonned during the 

10 reaction. More particularly, suitable solvents are materials that are: liquids under the conditions 

of the electrolysis (generally temperatures from Oto 100°C), capable of dissolving the 

supporting electrolyte, and inert. "Inert solventsn are those that are not reduced or oxidized 

under the reaction conditions employed for the electrolysis. It is generally possible in view of the 

desired electrolysis reaction to choose a solvent and a supporting electrolyte that are unaffected 

15 by the electrical potential used for the desired electrolysis. Preferred solvents include 

difluorobenzene (all isomers), DME, and mixtures theieof. 

The electrolysis may be conducted in a standard electrolytic cell containing an anode 

and cathode (also referred to as the working electrode and counter electrode respectively). 

Suitably materials of construction for the cell are glass. plastic, ceramic and glass coated metal. 

2 O The electrodes are prepared from inert conductive materials, by which are meant conductive 

materials that are unaffected by the reaction mixture or reaction conditions. Platinum or 

palladium are preferred inert conductive materials. Nonnally, an ion penneable membrane 
such as a fine glass frit separates the cell into separate compartments, the working electrode 

compartment and counter electrode compartment. The working electrode is immersed in a 

2 5 reaction medium comprising the metal complex to be activated, solvent. supporting electrolyte, 

and any other materials desired for moderating the electrolysis or stabilizing the resulting 

complex. The counter electrode is immersed In a mixture of the solvent and supporting 

electrolyte. The desired voltage may be determined by theoretical calculations or 

experimentally by sweeping the cell using a reference electrode such as a silver electrode 

3 0 immersed in the cell electrolyte. The background cell current, the current draw in the absence 

of the desired electrolysis, is also detennined. The electrolysis is completed when the current 

drops from the desired level to the background level. In this manner, complete conversion of 

the initial metal complex can be easily detected. 

Suitable supporting electrolytes are salts comprising a cation and an inert, compatible, 

3 5 noncoordinating anion, A- • Preferred supporting electrolytes are salts corresponding to the 

formula: 
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wherein: 

G+ is a cation which Is nonreactive towards the starting and resulting complex. and 

A· is a noncoordinating, compatible anion. 

5 Examples of cations, G+, include tetrahydrocarbyl substituted ammonium or 

phosphonlum cations having up to 40 nonhydrogen atoms. A preferred cation is the tetra·n­

butylammonium cation. 

During activation of the complexes of the present invention by bulk electrolysis the 

cation of the supporting electrolyte passes to the counter electrode and A- migrates to the 

10 working electrode to become the anion of the resulting oxidized product. Either the solvent or 

the cation of the supporting electrolyte is reduced at the counter electrode in equal molar 

quantity with the amount of oxidized metal complex formed at the working electrode. 

Preferred supporting electrolytes are tetrahydrocarbylammonlum salts of 

tetrakis(perfluoroaryl) borates having from 1 to 10 carbons in each hydrocarbyl group, especially 

15 tetra-n.butylammonium tetrakis(pentafluorophenyl) borate. 

The molar ratio of catalyst/cocatalyst employed preferably ranges from 1:10,000 to 

100:1, more preferably from 1:5000to10:1, most preferably from 1:10to1:2. 

In general, the catalysts can be prepared by combining the two components in a 

suitable solvent at a temperature within the range from -100°c to 300°C. The catalyst may be 

2 O separately prepared prior to use by combining the respective components or preparad in situ by 

combination in the presence of the monomers to be polymerized. It is preferred to form the 

catalyst in mtu due to the exceptionally high catalytic effectiveness of catalysls prepared in this 

manner. The catalysts' components are sensitive to both moisture and oxygen and should be 

handled and transferred in an inert abnosphere. 

2 5 As previously mentioned the present metal complexes are highly desirable for use in 

preparing supported catalysts. The presence of the alkoxy functionality in the bridging group 

has been discovered to be particularly beneficial in allowing the complexes to chemically bind to 

aluminum or silicon atoms of the matrix or hydroxyl, silane or chlorosilane functionality of the 

substrate materials. Especially suited substrates Include alumina or silica. Suitable supported 

3 0 catalyst systems are readily prepared by contacting the present metal complexes with the 

substrate optionally while subjecting to heating and/or reduced pressures. A Lewis base. 

especially a trialkylamine can be present to assist in the reaction between the support and the 

siloxane functionality of the metal complexes. 
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Preferred supports for use in the present invention include highly porous silicas, 

aluminas, aluminosilicates, and mixtures thereof. The most preferred support material is silica. 

The support material may be in granular, agglomerated, palletized, or any other physical form. 

Suitable materials Include, but are not limited to, silicas available from Grace Davison (division 

5 of W.R. Grace & Co.) under the designations SD 3216.30, Davison Syloid 245, Davison 948 

and Davison 952, and from Degussa AG under the designation Aerosil 812; and aluminas 

available from Akzo Chemicals Inc. under the designation Ketzen Grade B. 

Supports suitable for the present invention preferably have a surface area as 

determined by nitrogen porosimetry using the B.E.T. method from 10to1000 m2/g, and 

1 O preferably from 100 to 600 m2/g. The pore volume of the support, as determined by nitrogen 

adsorption, advantageously is between 0.1 and 3 cm3fg, preferably from 0.2 to 2 cm3/g. The 

average particle size is not critical, but typically is from 0.5 to 500 Jim, preferably from 1 to 100 

µm. 

Both silica and alumina are known to inherently possess small quantities of 

15 hydroxyl functionality attached to the crystal structure. When used as a support herein, these 

materials are preferably subjected to a heat treatment andlor chemical treatment to reduce the 

hydroxyl content thereof. Typical. heat treatments are carried out at a temperature from 30 to 

1000°C for a duration of 1 O minutes to 50 hours in an inert atmosphere or under reduced 

pressure. Typical chemical treatments include contacting wilh Lewis acid alkylating agents 

2 0 such as trihydrocarbyl aluminum compounds, trihydrocarbylchloro-silane compounds, 

trihydrocarbylalkoxysilane compounds or similar agents. Preferred silica or alumina materials 

for use herein have a surface hydroxyl content that Is less than 0.8 mmol hydroxyl groups per 

gram of solid support, more preferably less than 0.5 mmol per gram. The hydroxyl content may 

be determined by adding an excess of dialkyl magnesium to a slurry of the solid support and 

2 5 determining the amount of dialkyl magnesium remaining in solution via known techniques. This 

method is based on the reaction: 

S·OH + Mg(Alk)2 -> S-OMg(Alk) + (Alk)H, 

wherein S is the solid support, and Alk is a C1-4 alkyl group. 

The support may be unfunctionalized (excepting for hydroxyl groups as 

3 0 previously disclosed) or functionalized by treating with a silane or chlorosilane functionalizing 

agent to attach ther&to pendant silane -(Si-R)=, or chlorosilane ·(Si-Cl)= functionality, wherein R 

is a ~.10 hydrocarbyl group. Suitable functionalizing agents are compounds that react with 

surface hydroxyl groups of the support or react with the silicon or aluminum of the matrix. 

Examples of suitable functionallzing agents include phenylsilane, diphenylsilane, 

3 5 me1hylphenylsilane, dimethylsilane, diethylsilane, dichlorosilane and dichlorodimethylsilane. 

----------·----
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Techniques forfonntng such functionalized silica or alumina compounds were previously 

disclosed in USP's 3,687,920 and 3,879,368. 

The support may also be treated with an aluminum component selected from 

an alumoxane or an aluminum compound of the formula AIR 1 .. R2V'• wherein R1 independently 

5 each occurrence is hydride or R; R2 is hydride, R or OR; x' Is 2 or 3; y' is O or 1 and the sum of 

~and y' is 3. Examples of suitable R1 and R2 groups include methyl, me1hoxy, ethyl, ethoxy, 

propyl (an isomers), propoxy (all isomers), butyl (all isomers), butoxy (all isomers), phenyl, 

phenoxy, benzyl, and benzyloxy. Preferably, the aluminum component is selected from the 

group consisting of aluminoxanas and tri(C1-c hydrocarbyl)aluminum compounds. Most 
10 preferred aluminum components are alumlnoxanes, trimethyl aluminum, triethyl aluminum, tri· 

isobutyl aluminum, and mixtures thereof. 

Alurnoxanes (also referred to as aluminoxanes) are oligomeric or polymeric 

aluminum oxy compounds containing chains of alternating aluminum and oxygen atoms, 

whereby the aluminum carries a substituent, preferably an alkyl group. The structure of 

15 alumoxane is believed to be represented by the following general formulae (-Al(R)-O)m•· for a 

cyclic alumoxane, and R~-O(-Al(R)-O)m•·AIR2. for a linear compound, wherein R is as 

previously defined, and m' is an integer ranging from 1 to 50, preferably at least 4. Alumoxanes 

are typically the reaction products of water and an aluminum alkyl, which in addition to an alkyl 

group may contain halide or alkoxide groups. Reacting several different aluminum alkyl 

2 O compounds, such as for example trimathyl aluminum and tri-isobutyl aluminum, with water 

yields so-called modified or mixed alumoxanes. Preferred alumoxanes are methylalumoxane 

and methylalumoxane modified with minor amounts of~ alkyl groups, especially isobutyl. 

Alumoxanes generally contain ninorto substantial amounts of starting aluminum alkyl 

compound. 

25 Particular techniques for the preparation of alumoxane type compounds by 

contacting an aluminum alkyl compound with an inorganic salt containing Bel' of crystallization 

are disclosed in US-A-4,542.119. In a particular preferred embodiment an aluminum mkyl 

compound is contacted with a regeneratable water-containing substance such as hydrated 

alumina, silica or other substance. This Is disclosed in EP·A-338,044. Thus the alumoxane 

3 0 may be incorporated into the support by reaction of a hydrated alumina or s1ica material, which 

has optionally been functionallzed with silane, siloxane, hydrocarbyloxysilane, or chlorosilane 

groups, with a tri(CMo alkyl) aluminum compound according to known techniques. 

The treatment of the support material in order to also include optional 

alumoxane or trialkylaluminum loadi'lgs involves contacting the same before, after or 

3 5 simultaneously with addition of the complex or activated catalyst heraunderwhh the alumoxane 

or trialkylaluminum compound, especially triethylalumtnum or triisobutylaluminum. Optionally 
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the mixture can alsO be heated under an inert atmosphere for a period and at a temperatul'8 

sufficient to fix 1he alumoxane, trlalkylaluminum compound, complex or catalyst system to the 

support. Optit>nally, the treated support component containing alumoxane or1he 

trialkylaluminum compound may be subjected to one or more wash steps to remove alumoxane 

5 or trialkylaluminum not fixed to the support. 

Besides contacting the support with alumoxane the alumoxane may be 

generated in situ by contacting an unhydrolyzed sfica or alumina or a moistened silica or 

alumina with a trialkyl aluminum compound optionally in the presence of an inert diluent Such 

a process is well known in the art, having been disclosed in EP-A-250,600, US-A-4,912,075, 

1 O and US-A-5,008,228. Suitable aliphatic hydrocarbon diluents include pentane, isopentane, 

hexane, hep1ane, octane. isooctane, nonane, isononane, decane, cyclohexane, methyl­

cyclohexane and combinations of two or more of such diluents. Suitable aromatic hydrocarbon 

diluents are benzene, toluene, xylene, and other alkyl or halogen substituted aromatic 

compounds. Most preferably, the diluent is an aromatic hydrocarbon, especially toluene. After 

1 S preparation in the foregoing manner the residual hydroxyl content thereof is desirably reduced 

to a level less than 1.0 meq of OH per gram of support. by any of the previously disclosed 

techniques. 

The catalysts, whether or not supported in any of the foregoing methods. may be used 

to polymerize ethylenlcally and/or acetylenically unsaturated monomers having from 2 to 

2 0 100,000 carbon atoms either alone or in combination. Preferred monomers include the C2-20 

a-olefins especially ethylene, propylene, isobutylene, 1-butene, 1-pentene, 1-hexene, 3-mathyl-

1-pentene, +methyl-1-pentene, 1-octene, 1-decene. long chain macromolecular cx-olefins, and 

mixtures thereof. Other preferred monomers iiclude styrene, C1-4 alkyl substituted styrene. 

tetrafluoroethylene, vinylbenzocyclobutane, ethylidenenorbomene, 1,4-hexadiene, 1,7-

2 5 octadiene, vinylcyclohexane, 4-vinylcyclohexene, divinylbenzene, and mixtures thereof with 

ethylene. Long chain macromolecular cx-olefins are vinyl terminated polymeric remnants formed 

in situ during continuous solution polymerization reactions. Under suitable processing 

conditions such tong chain macromolecular units are readUy polymerized Into the polymer 

product along with ethylene and other short chain olefin monomers to give smaU quantities of 

3 0 long chain branching in the resulting polymer. 

In general, the polymerization may be accomplished at conditions well known In the 

prior art for Ziegler-Netta or Kaminsky-Sinn type polymerization reactions, such as temperatures 

from 0-250"C and pressures from atmospheric to 1000 atmospheres (0.1 to 100 MPa). 

Suspension. solution, slurry, gas phase or other process condilions may be employed if desired. 

3 5 The support. if present. is preferably employed in an amount to provide a weight ratio of catalyst 

(based on metal):support from 1 :100,000 to 1 :10, more preferably from 1 :50,000 to 1 :20, and 
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most preferably from 1:10,000 to 1 :30. Suitable gas phase reactions may utilize condensation 
of the monomer or monomers employed in the reaction, or of an inen diluent to remove heat 
from the reactor. 

In most polymerization reactions the molar ratio of catalyst:polymerizable compounds 
5 employed is from 10·12:1 to 10·1:1, more preferably from 10·12:1 to 10·5:1. 

Suitable solvents for polymerization via a solution process are noncoon:linating. inert 

riquids. Examples include straight and branched-chain hydrocarbons such as isobutane. 
butane. pentane, hexane, heptane, octane, and mixtures thereof; cyclic and alicyclic 
hydrocarbons such as cyclohexane, cycloheptane, methylcyclohexane, rnethylcycloheptane, 

10 and mixtures thereof; perfluorinatecl hydrocarbons such as perfluorinated c4-1o abnes, and 
aromatic and alkyl-substituted aromatic compounds such as benzene, toluene, and xylene. 
Suitable solvents also include liquid olefins which may act as monomers or comonomers 
Including ethylene, propylene, 1-butene, butadiene, cyclopentene, 1-hexane, 3-methyl-1-
pentene, 4-methyl-1-pentene, 1,4-hexadiene, 1,7-octadiene, 1-octene, 1-decene. styrene. 

15 dlvinylbenzene. ethylidenenorbomene, allylbenzene, vinyltoluene (including all isomers alone or 
in admixture), 4-vinylcyclohexene. and vlnylcyclohexane. Mixtures of the foregoing are also 
suitable. 

The catalysts may also be utilized in combination with at least one additional 
homogeneous or heterogeneous polymerization catalyst in the same or in separate reactors 

20 connected in series or in paraUel to prepare polymer blends having desirable properties. An 
example of such a process is disclosed in WO 94/00500, as weH as W094/17112. 

One such polymerization process comprises: contacting, optionaHy in a solvent, one or 

more u-olefins with a catalyst according to the present invention, in one or more continuous 
stirred tank or tubular reactors, or in the absence of solvent, optionally in a fluidized bed gas 

25 phase reactor. connected in series or parallel, and recovering the resulting polymer. 
Condensed monomer or solvent may be added to the gas phase reactor as is well known in the 

art. 

The foregoing technique also allows for the preparation of ethylene/a-olefin 
interpotymer compositions having a broad range of molecular weight distributions and 

3 0 composition distributions. Particularly desirable a-olefins for use in the foregoing processes are 

C4-a a-olefins, most desirably 1-octene. 

The skilled artisan wHI appreciate that the invention disclosed herein may be practiced 
in the absence of any component which has not been specifically disclosed. The following 
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examples are provided as further illustration thereof and are not to be construed as limiting. 

Unless stated to the contrary all parts and percentages are expressed on a weight basis. 

Examples 

Materials and Methods. 

5 Unless otherwise stated, all chemical manipulations were performed under nitrogen in either an 

inert atmosphere glove box or on a nitrogenlvacuum double manifold using standard Schelenk 

techniques. Zirconium tetrachloride, dichlol'Ddimathylsilane, triethylamine,and 2-propanol are 

used as received from Aldrich Chemicals Inc. 

Example1 isopropoxymethy!silanabislfetra-methylcyclopentadienyf)zirconium dichloride 

10 Preparation ot(isopropoxy)rnethyk:lichlorosilane 

To 45 ml (0.38 moles) of trichlorornethylsilane in 1.5 l of anhydrous ether cooled at o 
°C in an ice bath was added 51.5 ml (0.38 moles) of triethylamine followed by dropwise 

addition of 29.5 ml (0.38 moles) of 2-propanol. After stirring for 4 hours, the precipitated white 

solid (triethylamine hydrochloride) was removed by fiHration and washed with 2 x 100 ml 

15 portions of ether. The ether flHrate and washings were then combined and the solvent removed 

under reduced pressure leaving the desired product. 

Preparation of isopropoxymethylsilanebis(tetramethylcyclopentadiene) 

To 7.9 g (0.05 moles) of MeSi(OiPr)C'2 dissolved in 500 ml of tetrahydrofuran at o 0 c is 

added 16.0 g (0.10 moles) of potassium tetramethylcyclopentadienide over a 1 hour period. 

2 0 the mixture is brought to reflux and then stirred at room temperature for 4 hour. The slurry is 

filtered, and washed with tetrahydrofuran and the solvent removed under vacuum to yield the 

desired product. 

P1eparation of Dlllthlum{lsopropoxymethylsilanebls-(tetramethylcyclopentadienlde)J 

To 2.0 g (5.8 mmoles) of isopropoxymethylsilanebis·(tetramethylcyclopentadiene in 50 

25 mL of diethylether at O °C is added dropwise 2.3 ml of n-BuU (2.5 M in hexanes) over a 1 hour 

period. The mixture is stirred at room temperature for 6 hours. The solvent is removed under 

vacuum and the residue washed with hexane to yield the desired product. 

-·------------·---
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Preparation of isopropoxymethylsilanebis(tatramathyl-cyclopentadienyl)zirconium dichloride 

To 2.0 g (5.6 mmol) of dilithium [isopropoxymethylsilanebis­

(tetramethylcyclopentac:lienyl) in SO ml of THF is slowly added 1.3 g (5.6 rnmol) of ZrCl4 over a 

30 minute period. After further stirring for three hours the solvent is removed under reduced 

5 pressure and the remaining solid racrystaDized from n-pentane at -37 °C to yield the desired 

product. 

Polymerization 

A two-liter Parr reactor was charged with 740 g of lsopar-E™ mixed alkanes solvent (available 
from Exxon Chemicals Inc.) and 118 g of 1-octene comonomer. Hydrogen is added as a 

10 molecular weight control agent by differential pressure expansion from a 75 ml addition tank at 

25 psi (2070 kPa). The reactor is heated to the polymerization temperature of 140 •c and 

saturated with ethylene at 500 pslg (3.4 MPa). 2.0 µmol each of the above metal complex and 

trisperfluorophenylborane cocatalyst as 0.005 M solutions in toluene are premixed in the drybox. 
After five minutes premix time, the solution is transferred to a catalyst addition tank and injected 

15 into the reactor. The poJymerlzation conditions are maintained for 15 minutes with ethylene on 
demand. The resulting solution is removed from the reactor, and a hindered phenol antioxidant 
(lrganox™ 101 o from Ciba Geigy Corporation} is added to the solution. The polymer fonned is 

~ried in a vacuum oven set at 120 •c for 20 hours. 
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WHAT IS CLAIMED IS: 

1. A metal complex corresponding to the fonnula: 

Z-L 
/I 

L -MX'nX"p 

5 or a dimer, solvated adduct, chelated derivative or mixture thereof, 

wherein: 

PCT/US96/1!074 

L independenfly each occurrence is a delocalized, Jt-bonded group that is bound to M, 

containing up to 50 nonhydrogen atoms: 

M is a metal of Group 3, 4 or the Lanthanide series of the Periodic Table of the 

10 Elements; 

z is a covalently bound, divalent substituent of up 10 50 non-hydrogen atoms having the 

formula, ·(ER*2)m"", wherein E independently each occurrence is carbon, silicon or germanium, 

R* independently each occunence is selected from the group consisting of C1..20 hydrocarbyl. 

and C,-20 hydrocarbyloxy, with the proviso that in at least one occurrence R* is ~-

15 hydrocarbyloxy, and m is an integer from 1 to 3; 

X' is a neutral Lewis base ligand having up to 20 non-hydrogen atoms; 

X" independently each occurrence is a monovalent, anionic moiety selected from 

hydride, halo, hydrocarbyl, silyl. germyl, hydrocarbyloxy, amide, siloxy, halohydrocarbyl, 

halosilyl, silylhydrocarbyl, and aminohydrocarbyl having up to 20 non-hydrogen atoms, or two X" 

2 O groups together form a divalent hydrocarbadiyl or neutral hydrocarbon group; 

n is a number from o to 3; and 

p is an Integer from o to 2. 

2. A metal complex according to claim 1 corresponding to the formula: 
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wherein: 

M is titanium, zirconium or hafnium, in the +2, +3 or +4 formal oxidation state; 

E independently each occurrence is carbon or silicon; 

5 R* independently each occurrence is selected from the group consisting of c, .. 
hydrocarbyl, and c,_. hydrocarbytoxy, with the proviso that in at least one occurrence R* is C1-e 

hydrocarbyloxy; 

mis1or2; 

R' independently in each occurrence is selected from the group consisting of hydrogen, 
10 hydrocarbyl. silyl, gennyl, cyano, halo and combinations thereof, said R' having up to 20 non­

hydrogen atoms each, or adjacent R' groups together fonn a divalent derivative that is a 

hydrocarbacliyl. siladiyl or germadiyl group: 

X' is a conjugated diene having from 4 to 30 non-hydrogen atoms. which fonns a n­

complex with M when M is in the +2 fonnal oxidation state, whereupon n is 1 and p is O; 

15 X" each occu~nce is an anionic ligand group that is covalently bonded to M when M is 
in the +3 or +4 fonnal oxidation state, whereupon n is 0 and p is 1 or 2, and optionally two X" 

gn>UpS together for a divalent anionic ligand group. 

3. A metal complex according to claim 2 wherein R' independently in each 

occurrence is selected from the group consisting of hydrogen, methyl, ethyl, and all isomers of 
2 0 propyl, butyl, pentyl and hexyl, as well as cyctopentyl. cyclohexyl, norbornyl, banzyt. and 

trimethyl Bilyl; or adjacent R' groups are rmked together thereby forming a fused ring system, 

or a dimer, solvated adduct, chelated derivative or mixture thereof. 

4. A complex according to claim 1, wherein X' is, 114-1,4-diphenyl-1,3-butadiene: 

114-1,3-pentadiene; 114-1-phenyl-1,3-pentadiene; 114-1,4-dibanzyl-1,3-butadiene; 1)
4 -2,4-

------------·--------
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haxadiene; 114-3-methyl-1,3-pentadiene; 114-1,4-ditolyf-1,3-butadiene; or '14-1,4-bis(trimethylsilyl)-

1,3-butadiene, 

or a dimer, solvated adduct, chelated derivative or mixture thereof. 

5. A complex according to claim 1, wherein X" is hydride, chloride, methyl, benzyl, 

5 phenyl, tolyl, t-butyl, methoxide, or trtmethytsllyl or two X" groups together are 1,4-butanediyl, s­

cis(1,3-butadiene), or s-cis(2,3-dimethyl-1,3-butaclene), 

or a dimer, solvated adduct, chelated derivative or mixture thereof. 

6. A complex according to clain 1, wherein E is silicon, m is 1, and R* in at least 

one occurrence is methoxide, ethoxide or isopropoxide, 

10 or a dimer. solvated adduct, chelated derivative or mixture thereof. 

7. A complex according to claim 1 wherein Lis cyclopentadienyl, 

pentamethylcyclopentadienyl, inclenyl, tetrahydroindenyl, fluorenyl, tetrahydrofluorenyl, 

octahydrofluorenyl, or one of the foregoing groups further substituted with one or more methyl, 

ethyl. propyl, butyl, pentyl, hexyl, (including branched and cyclic isomers), norbornyl, benzyl, 

15 phenyl, or naphthyl groups, 

or a dimer, solvated adduct, chelated derivative or mixture thereof. 

8. A catalyst system comprising a metal complex according to claim 1 and an 

activating cocatalyst. 

9. A supported catalyst system comprising a catalyst system according to claim 8 

2 0 and an aluminum or silicon containing subltrate. 

10. A process for polymerizing an a-olefin, COfT¥)rising contacting an a-olefin or a 

mixture of a-olefins with a catalyst system according to claim 8 or 9. 
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