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Bl SCYCLOPENTADI ENYL NMETAL COVPLEXES This invention rel ates
to nmetal conpl exes containing two cycl opentadi enyl or substituted
cycl opent aai enyl noieties and to addition polynerization catal ysts forned

there fromthat have I nproved catal ytic performance when supported
on al um num or w3j daly contai ning supports. 5 More parti eetkeenseCh
conpl exes are oup 3. 4, or Lanthanide netal conpl exes containing one

~or nore hydrocarboxy substituted silane bridging groups. In addition, the
present invention SUPPORTABLE!BISCY CLOPENVADIENYISMETALSCOMPLEXES| €X€s in an ;
~addition polynerization process for polynerizing addition '
pol ymer i zabl € MDNOMEYs invention relates to metal deCortaifingiWe o’ €

e e T s
acti vating cocathat kave inprayed eatalytic perforrnancs, Wv%mummglump@cmmohy t he
\%Jliséner: _zaLish)n ©dntaining suppoRt.i GY8 parfulally subh cdmpleiddare Group, 4,9k Létthafile MBlaENt S,
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~bi si ndenyl corrp e es &ﬁgtn&gok%s%gka ol e M’ ﬁ%ﬁ%ﬁgﬁ%ﬁﬁyﬂd&mm
bridgi ng ton
germani um or ti mmnhxeaandltmgmdﬂlmmaingsgcmmle& in an additionplyrherization procebs for
hal ogen, C[errr ﬁgﬁy},gangﬁ,gﬁmwggmmm Cerr] aryl, Cerr] fluoroaryl,

Cl err al koxy, err] al kenyl, Cerr] aralkyl. C[err] aral kenyl or
Cerr] alkygryl gro )1 I mh% Such
di scl osure JJLmay be f H%‘P 8 éd&gm&gam%gﬁ ﬂb&n%ﬁﬁ Gmu%‘"%%%ﬁg%4 614
and US- A5, 350, W ¢f Zirconiurn or ha’fn that are usefullyem with alumoxane

activating cocatalysts for use in addition polymerizations, especially the polymerization of
afiphatic a-olefins. In a series of patents, W. Spaelick has disclosed certain ring substituted
stereorigid bisindenyl complexes and their use as olefin polymerization catalysts. The bridging

15  group of such complexes generically inciudes silicon, germanium or tin containing divalent
groups containing hydride, halogen, Cy.yo alkyl, Cy.o fluoroalkyl, Ce.10 aryl, Ce.10 fluoroaryl, Cy.40
akoxy, Co.10 alkenyl, C,.4 aralkyl, Cg.40 aralkenyl or C;.4 alkylaryl groups or ring forming
combinations thereof. Such disciosure may be found in USP’s 5,243,001, 5,145,819, 5,304,614
and 5,350,817, among others.

20 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 corresponding to the

Z-L
v
L —MX X"
25 formula: P
or a dimer, solvated adduct, chelated derivative or mixture thereof,
wherein:

L. independently each occurrence is a delocalized, n-bonded group that is bound to M,
containing up to 50 nonhydrogen atoms;
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EP— A- 0659757 discl oses ol efin polynerization catalysts conprising a 20
bl s(i ndenyl )netal | ocene of a Group 4, 5 or 6 metal in which the indenyl
groups have different substitution patterns fromeach other and are

bridged by the group (CRlerr]Rerr])[err]-Rerr-(CRerr]Rerr])[err], in
which mand nweoerdssk or 2, mn is 0, 1 or 2, Rerr] is sel exdrpshobisgfa | Nt er
alia, certain silanediyl or ger manedi yI groups which nmay have (err]
al koxy substituents, and Rerr] and R err] are selected from i nter
alia (Jerr] alkoxy and certain hydrocarbyl groups. There is no
exenplification of anyisXmetal dhiip Bde@nthk Lantiaeitié stiesd thedeticdicTablg oBke al koxy

- group at any | ocglmess;i N the bridging group. WO A- 95/ 06071
di scl oses ol efin polynerization catal ysts conprising a nono- or di-am do

il diyl bridged b n a Gro 4 5
ool Y Pr 600 D12 ey ol Ghjenl i o i S0 Rl Rerondh

i nproved netal cBAfHES %W’Sﬁ"@"?ﬂﬁ?@dm‘ye”hwmkiﬂﬂﬂbﬁ' mergpmahumm ng
supported cat3al yBtindsperdently each acedrienceds selectedrfronothe groapletintisting o) o0 hydrocarbyl,

pol ynmer i zati on parfaes %ﬁ@nﬁﬁ&%ﬂﬁﬁ@tﬁ%ﬂeﬂﬁﬁ%mmeR'nsc.As a result
of |nvest|gat|on Eg{éilﬁ‘g t he f@g} inventors there have now been
di scover ed new | rrprov E%'P cat aI ysts for use as addition

pol ymeri zation catal yst s . npri si ng

REPLACEMENT SHEET s aneutra Lowis base "93%‘1 having '{&'8 %"@'Wﬁwﬁﬂrmﬂ‘&nt hani de net al

conpl ex correspondi ng;(_to the formul a:
independently each occurrence is a monovalent, anionic moiety selected from

10  hydride, halo, hydrocarbyl, silyl, germyl, hydrocarbyloxy, amide, siloxy, halohydrocarbyl,
halosilyl, sitylhydrocarbyl, and aminohydrocarbyl having up to 20 non-hydrogen atoms, or two X"
groups together form a divalent hydrocarbadiy! or neutral hydrocarbon group;

n is a number from O to 3; and
pis an integerfrom O 10 2.

15 There are aiso 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.

20 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, fifm, sheet, extrusion foaming and other applicatiéns.

All reference to the Periodic Table of the Elements herein shall refer to the Periodic
25  Table of the Elements, published and copyrighted by CRC Press, Inc., 1989. Also, any
reference to a Group or Groups shall be to 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 include any neutral or anionic x-electron containing
moiety capable of forming a delocalized bond with the Group 3, 4 or Lanthanide metal.

30 Examples of such neutral groups include arene moieties such as benzene, anthracene or
naphthalene, as well as substituted derivatives of such groups. Examples of anionic n-electron
containing moieties include allyl, pentadienyl, cyclopentadienyl, cyclohexadienyl, as well as
substituted derivatives of such groups.
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[err] or a diner, solvated adduct, chel ated derivative or

m xture thereof. wher ei n: _ 5 L i ndependentl|ly each -
occurrence Is a group containing up to 50 nonhydrogen atons and bound
to Mby a delocalized [err]-bond; Mis a netal of Goup 3,
4 or the Lanthanide series of the Periodic Table of the Ele .

Zis a covaleﬁ’f‘?g7 nd, dival ent substituent of up to 50 ngﬁﬁh§%?%ﬁﬁh
atons having the formula, -(ERerr])[err]-, wherein E independently
each occurrence is carbon, silicon or germanium Rerr] 10 i ndependent | y

each occurrence is Sebﬁﬁlﬁ%ﬁ}eﬁﬂtﬁlwm i g ?&s@ﬁd@% Qubshitolel ldelocalized #-

hydr ocar byl oxy, with ) € proviso I'n at | east one occurrence
Rlerr] is d err] bprAss sreunsis meaplthatach aign in thg delpGalized mbonded grpyp may indepengentiy -
X .1s a neutral besbstititaswith d rgdicatiscited figin thp giotp cbdsising efthydroatyitadidaiz) Falo-,
omt oyl e 15 AL e RS ool AR i, 08 SIS
si Fox y?/ hal ohydr B9%P EVFé,'eiﬂ ﬁé‘?ﬁﬂvﬁ?x sélecied f'xmigi"ﬁ?ﬂ Hy(ﬂ’% C%Pﬂﬁfﬁeé’x@e Eleinents.
am nohydr ocar by| Shitable supstityertsof 1@ delocalized a-bongedh grawrs gentainirom W 2 horhydreges
together form a gioial SunhbléMirdRarBénuabetibnthchiid dtrdigh ardibrinasedlalkp fadithisUP;
nis a number fr %Ecqoglk)gl Padi%-als,%@gradicals. and alkyl-substituteg c;'wl%alﬁg of J?]}I ?agl%gls.flrr\ E’J&ign Ew% 2.
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-, fluorenyl-, and
octahydrofluorenyl- groups, as well as ring atkyl substituted derivatives thereof. Examples of
suitable hydrocarbyl-substituted organometalloid radicals include trimethyisilyl, triethyisilyl,
ethyldimethylsilyl, methyidisthyisilyl, triphenyigermyl, and trimethylgermyi.

Preferred L groups are anionic L groups, including, cyclopeniadienyl, indenyl, fluorenyl,
15 tetrahydroindenyi, tetrahydrofiuorenyl, octahydrofluorenyl, pentadienyl, cyclohexadienyl,
dihydroanthracenyl, hexahydroanthracenyl, decahydroanthracenyl groups, and C.so
hydrocarbyl-substituted derivatives thereof. Most preferred anionic L groups are
pentamethyicyclopentadienyl, 2-methylindenyl, 3-methylindenyl, 2,3-dimethylindeny!, 2-methyl-4-
phenylindenyl, and 2-methyi-4-naphthyiindenyl.

20 Examples of highly preferred complexes according to the present invention correspond
to the formula:
R! Rl
/ Ré &
(R*.E).. MX’ X",
R R,
R R
wherein:

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

- 25 . Eindependently each occurrence is carbon or silicon;
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20 (ii1) an activating cocatal yst. and (rii) an
al umi num or silicon-containing substrate (a) containing hydroxyl, or
pendant silane -(Si-R)=. or chiorosilane -(Si-C )= functionality,
wherein Ris a Cerr] hydrocarbyl group, with the proviso that the
surface hydr oxyd omaesgeent of a hydroxyl functionalized subst rpgtrRisb@1shASS

t han 0.8 mmol per gram support or (b) that has been treated with an
al unoxane or with an al um num 25 conmpound of the formula AIR[err]Rerr],
wherein R err] independently each occurrence is hydride or R Rferr]

I's hydride, R or OR FRindiegenﬂeme%hpcqmericsiseelmeﬂmmnnbgrbuacsnsistirmfofQw and vy’

is 3. .byT BRE €, fioky! Al kbasiovied tHatih QY EondBLdIRShct AF is Cy g

pol ymeri zati on awada foe2n POy rrerl zabl e nononer s usi ng one or nore
of the above ad PN pé’(‘yrrerl zation catal yst systens. Such

- 3 - addi tion polynerization processes may be used to prepare
polynmers for use in rﬂ)\sdl“ﬁ't} film sheet, extrusion foam ng and
other applications. Al'l reference to the Periodic Table of
t he El ements Sher ei n $hisdepepdentiytin paghoepurence is selpatedfzem tee group consistirfg of hydlrogen,

El ements, publi Sﬂymdcaﬁjw sil) PermyiEyany] hdkyandGémbiitiations theredf, said Ah3fng uPE 20 noRNy

f t
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ydrocarbadiyl, sil or germadiyl group;

X' is a conjugated diene having from 4 to 30 non-hydrogen atoms, which forms a n-
10 complex with M when M is in the +2 format oxidation state, whereupon nis 1 andp is 0;

X" each cccurrence is an anionic ligand group that is covalently bonded to M when M is
in the 43 or +4 formal oxidation state, whereupon n is 0 and p is 1 or 2, and optionally two X"
groups together for a divalent anionic ligand group.

Preferably, R’ independently in each occurrence is selected from the group consisting
15 of hydrogen, methyi, ethyl, and all isomers of propyl, butyl, pentyt and hexyl, as well as
cyclopentyl, cyclohexyi, norbornyl, phenyl, naphthyl, benzyl, and trimethyl silyl; or adiacent R’
groups ara linked together thereby forming a fused ring system such as an indenyt, 2-
methylindenyl, 3-methylindenyl, 2,3-dimethylindenyl, 2-methyl-4-phenylindenyl, 2-methyl-4-
naphthylindenyl, tetrahydroindenyl, fiuorenyl, tetrahydrofiuorenyl, or octahydrofiuorenyi group.

20 Preferred L groups include cyclopentadienyl, tetramethylcyclopentadienyl, indenyl,
tetrahydroindenyt, fiuarenyl, tetrahydrofiucrenyl, octahydrofluorenyl, or one of the foregoing
groups further substituted with one or more methyl, ethyl, propyl, butyl, pentyl, hexyl, (including
branched and cyclic isomers), norbomyl, benzyl, or phenyl groups.

Examples of suitable X' moisties include: n°-1,4-diphenyi-1,3-butadiene; n*-1,3-
25  pentadiene; n*-1-phenyi-1,3-pentadiene; n*-1,4-dibenzyl-1,3-butadiene; n'-2,4-hexadiene; n*-3-
methyl-1,3-pentadiene; n*-1,4-ditolyl-1,3-butadiene; and n°-1,4-bis(trimethyisilyi)-1,3-butadiene.
Of the foregoing, 1,4-diphenyl-1,3-butadiene, 1-phenyl-1,3-pentadiene, and 2,4 hexadiene are
preferred.

Examples of suitable X" moieties include hydride, chioride, methyl, benzyl, phenyl, tolyl,
30 t-butyl, methoxide, and trimethyisilyl or two X" groups together are 1,4-butanediyl, s-cis(1,3-
butadiene), or s-cis{2,3-dimethyl-1,3-butadiene).
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El ements using the | UPAC system for nunbering groups.
Suitable L groups for use herein include any neutral or anionic

[erT]-electron contalning noi ety capable of form ng a del ocalized
bond with the Goup 3, 4 or Lanthanide netal. Exanples of such
neutral groups include arene noieties such as benzene, anthr ko
napht hal ene asW@8"1558%\e| | as substituted derivatives of such %5/3 74
Exanpl es of anionic [err]-electron containing noi eties include

all'yl, pentadienyl, cyclopentadienyl, cyclohexadienyl, as well as

substituted .in erm
"derivative" when useg‘ \é%g%?r r° tﬁrg %ove su '§t"f'°°“'"" ! aglnoc?/'fgzsggwt
[err]- borfagtTeRredt met ?’gden%%ﬂ’flde'tpﬁa?"déQEW?i‘! Bmin the del ocal i zed

[err]-bonded group may i ndependently be 15 substituted with a radi cal
sel ect ed from hydr ocalripe most@refesied emppgiment -Z-is etboxymethyhsilergsivi. or  cyano-

substdi tut ed hydr aeploposymstaylsianddiy, 2-Buckyinythlisianadiiydietimnyxiidriediy ] disbpripdxpditridi,
radi cal s whergin o?@lﬁa-b )s:lanéHﬁ)i alloid is selected from Goup 14 of the

Peri odi ¢ Tabl e of mant S. Suitable substiuents of the

del ocal i zed 7r-bonded s, cont ai 1 to 2 nagny en at

Sui t abl e hydr og'g tﬁ’gﬁ B defysiiyes oﬂ%rm:p [ithanide,mes 'ﬁ?‘g’%ﬁg"ﬂ?"im@&“

al kyl radicals, ®psticesf g prepentjinvantion inchidex| 2 0 r adi caI s, and

al kyl - substi t ut ed cycloalkyl or aryl radicals. In addition two or more such

radi cal s stiig il plexes: used ring system or a hydrogenat ed
fused ring system Exarrpl es of the | atter are indenyl -

t et rahydr oi ndeny|em°xyidmsmyd-s(cyc»a¢udm&sﬁmdiuaiﬂ)u;zrdmnyriqu,gbm as well as

Liyggoc ar byl - sull:())s”t | t%ﬂk%ﬁ Wa%éy&ﬁ%t"%@ﬁ&% Jgﬁh Lﬂfﬁhsﬂ%ld %%h&ﬁme,
trimethylsilyl, Wﬂ?’ﬂ@ﬁﬂ'ﬂ'@’l”'?’l‘”“‘% B?"?Pﬁ% silyl, 25
tri phenyl ger rryl emmmmmtbﬁ(qdomladlenﬁ)ﬂmmum () 2{NoK-dimethylaginoibgneyl.ar e

et ?Qhﬁd?o?ﬁﬁéﬁif“; i mﬁ“““"“‘*ﬂ*"“’““‘! R Bl pent adi enyl
cycl ohexadi eng Eﬁéb@s}%ﬁﬁ@ﬁtﬂé fﬁt&@%&@frﬁ djﬂg(ga\ﬁgﬁle tY,'en | .

decahydr oant & acéﬁ?ﬂ"@l“ﬂﬁ'l?@e(%ﬁﬂe"ﬁd@w)fmﬂmm othyl, subst i tuted
derivatives ther emﬁxynmslsulapem‘(mwdtmmmwn@zmmn fiy)giit@nzyi,

pent anet hyl cycl Omhﬁﬁléhemﬂz ﬁ&ﬁﬁiﬂeﬂﬁﬁﬂ%ﬁmﬂt ﬂ%ﬁNAWﬂﬁtﬁden&

2, 3-di met hyl i ndenyl . h ﬁg*!
2- met hyl - 4- napht P s'f Xbis(z-memylmdenyl)z%oﬁu '21!'1 diaf"ghl ghly preferred

conpl exes for us @WM&IHMS(%M!@W"@E'W'W ) zt(ﬂ Nrdipgethylamino)benzyl,
20 ethoxymethyisilanebis(2-methylindenyl)zirconium (1V) dimethyl,

ethoxymethyisilanebis(2-methylindenyl)zirconium {IV) dibenzyl,
ethoxymathyisilanebis(3-methylindenyf)zirconium (1) 1,4-diphenyi-1,3-butadiene,
ethoxymethytsilanebis(3-methylindenylzirconium (if) 1,3-pentadiene,
ethoxymethylsilanebis{3-methylindenyl)zirconium (l1l} 2-(N,N-dimethylamino)benzyl,

25  ethoxymethyisilanebis(3-methylindenyf)zirconium (IV) dimethyl,
ethoxymethylsilanebis(3-methylindenyl)zirconium (fV) dibenzyl,
ethoxymethyisilansbis(2,3-dimethylindenyl)zirconium (lI) 1,4-diphenyl-1,3-butadiene,
ethoxymethyisilanebis(2,3-dimethylindenyl)zirconium (1l) 1,3-pentadiene,
ethoxymethyisilanebis(2,3-dimethylindenyl)zirconium (Hl) 2-(N,N-dimethylamino)benzyi,

30 ethoxymsthylsilanebis(2,3-dimethylindenyi)zirconium (V) dimethyl,
ethoxymethyisilanebis(2,3-dimsthylindenyl)zirconium (IV) dibenzyl,
ethoxymethylsilanebis(2-methyl-4-phenylindanyl)zirconium (Il) 1,4-diphenyl-1,3-buladiene,
ethoxymethylsilanebis(2-methyi-4-phenylindenylzirconium (Il) 1,3-pentadiene,
ethoxymethyisilanebis(2-methyi-4-phenylindenyl)zirconium (Ill) 2-(N,N-dimethylamino)benzyl,

35  ethoxymethyisilanebis(2-methyl-4-phenylindenyl)zirconium (IV) dimethyi,




present invention correspond to the fornula:

-4- Jerr] wher ei n:
+ Mis titanium zirconiumor hafnium in the +2, +3 or +4 formal oxidation
state: E i ndependently each occurrence is
: carbon or sil IvW® insss2 PCT/US96/15074

{sthoxymethyisilanebis(2-methyl-4-phenylindenyl)zirconium (IV} dibenzyl,
ethoxymethyisilanebis(tetrahydrofluorenyl)zirconium (i} 1,4-diphenyl-1,3-butadiene,
ethoxymethylsilanebis(tetrahydrofiuorenyl)zirconium (If) 1,3-pentadisne,
ethoxymethylsilanebis(tetrahydroflucrenyl)zirconium (ill) 2-(N,N-dimethylamino}benzyl,
5 ethoxymethyisilanebis(tetrahydrofiuorenyl)zirconium {IV) dimethyl,
ethoxymethyisilanebis(tetrahydrofiuorenyl)zirconium (1V) dibenzyl,
isopropoxymethyisiianedivi complexes:
isopropoxymethyisilanebis{cyclopentadienyl)zirconium(ll) 1,4-diphenyl-1,3-butadiens,
isopropoxymethylsilanebis(pentamethylcyclopentadienyl)zirconium (i) 1,4-diphenyi-1,3-

10 butadiene,
isopropoxymethyisilanebis(pentamethylcyciopentadienyl)zirconium (l1) 1,3-pentadiene,
isopropoxymethyisilanebis(cyclopentadienyl)zirconium (lil} 2-(N,N-dimethylamino)benzyl,
isopropoxymethylsilanebis(cyclopentadienyl)zirconium (1V) dimethyl,
isopropoxymethyisilanebis(pentamethyicyclopentadienyl)zirconium (IV) dimethyl,

15 isopropoxymethyisilane(cyciopentadienyl)(luorenyl)zirconium (IV) dimethyl,
isopropoxymethyisilanebis {(pentamethyicyciopentadienyl)zirconium (IV) dibenzyl,
isopropoxymethyisilanebis(2-methylindenyi)zirconium (I1) 1,4-diphenyl-1,3-butadiene,
isopropoxymethylsilanebis{2-methylindenyf)zirconium (i) 1,3-pentadiene,
isopropoxymethylsilanebis(2-methylindenyl)zirconium (llI) 2-(N,N-dimethylamino)benzyl,

20  isopropoxymethyisilanebis(2-methylindenyl)zirconium (IV) dimethyl,
isopropoxymethylsilanebis(2-methylindenyl)zirconium (IV) dibenzyl,
isopropoxymethyisilanebis(3-methylindenyl)zirconium (1) 1,4-diphenyl-1,3-butadiene,
isopropoxymethyisilanebis(3-methylindenyf)zirconium () 1,3-pentadiene,
isopropoxymethylsilanebis(3-methylindenyl)zirconium (llI) 2-(N,N-dimethylamino)benzyl,

25  isopropoxymethyisilanebis(3-methylindenyi)zirconium (IV) dimethyl,
isopropoxymethylsilanebis{3-methylindenyl)zirconium (IV} dibenzyl,
isopropoxymethylsilanebis{2,3-dimethylindenyl)zirconium (Ii) 1,4-diphenyi-1,3-butadiene,
isopropoxymethylsilanebis(2,3-dimethylindenyl)zirconium (ll) 1,3-pentadiene,
Isopropoxymethylsilanebis(2,3-dimethylindenyl)zirconium (11} 2-(N,N-dimethylamino)benzyl,

30 isopropoxymethyisilanebis(2,3-dimethylindenyl)zirconium (IV) dimethyl,
isopropoxymethyisilanebis(2,3-dimethylindenyl)zirconium (V) dibenzyl,
isopropoxymethylisilanebis(2-methyi-4-phenylindenyl)zirconium (Il) 1,4-diphenyl-1,3-butadiene,
isopropoxymethyisilanebis(2-methyl-4-phenylindenyl)zirconium (i) 1,3-pentadiene,
isopropoxymethylsilanebis{2-methyl-4-phenylindenyl)zirconium (It} 2-(N.N-

35 dimethylamino)benzyl,
sopropoxymethyisilanebis(2-methyl-4-phenylindenyl)zirconium (IV) dimethyl,
{isopropoxymethylsilanebis(2-methyl-4-phenylindenyl)zirconium (IV) dibenzyl,
isopropoxymethylisilanebis{tetrahydrofluorenyl)zirconium (U} 1,4-diphenyl-1,3-butadiens,



5 Rl err] independently each occurrence is selected fromd{err]

Hydrocar byl . and Cerr] hydrocarbyloxy, with the
proviso that in at |east one occurrence R err] is (Jerr] hydrocarbyl oxy;
mis 1 or 2: Rlerr] independently in each
occurrence is _selected from hydrogen, hydrocarbyl, silyl,

gernyl, cyano, 91%"% nd conbi nati ons thereof, sai d R haV| ng up s?msgrd

non- hydr ogen at ons each, 10 or adjacent R groups

together forma divalent derivative that is a hydrocarbadlyl, siladiyl or

germadi yl  group; isooranoxym s ol nj ugat ed di ene

having from4 to P on- '%/ "an%:wmhgdmmvxﬂwz’ﬁowﬁwésl ! éér%} e

conpl ex with M wisepfoRgrymetiyis WWN&'P“ Zircopiym (IR 24h. W?E\'"@l?ﬁ’lfﬁ' nis 1
and p is O: isopropoxymethylsilanebis{tetrahydrofiuorenyl)zirctiusni@ diethuk r ence i s an

ani oni ¢ |igand gfsewsbomhygﬁnmséﬁdr@wr&wmbﬁwd%.mnwwm Mis

15 -in the + eon_state whereupon nis 0 and pis 1 or

2.+ and option | | Ry Rt _gr ups together for a
di val ent ani oni c2putgamethyjsilangbis(cyclopentadienyl)zirconium(il) 1,4 iphenyi-1,3-butadiene, pr of er abl Y,

R inhdependentl yz-bmo:qmemylﬂa:mm(pemmmyscyaadamm)zﬁdomumm;)drmmw-mmd»qne.
ﬁte%: as wel | C cr'(e)thy's“t cycl oh xa %@%ﬁfmgﬁﬂ%lh&&m&m pentyl and
phenyl , napht hyl 2 2 Y’é’iﬂ?ﬁﬁn’ 'i%'s{cﬁ{% yle, @rzr}ﬁﬁi'%l@ﬁmh'?@%ef}ﬁbs are
linked togetHer 8—h@9)e'm'hvlsﬂanebis(cvdopentadlenvl)zmum (IW)slimathyy) a fused ring system
such as an i nden?meéiMﬁ@ﬁﬁmthyﬁydﬁbﬂﬂwndnﬂﬁmhm (1%) dimethy,

di met hyl i ndenyl , ?h&@%sﬂ&re%ﬁ%&h&%&ﬂm»ﬁlﬂh ,Y)d te{mt hyl i ndenyl ,

t et r ahydr oi ndeny ranze/dr of | uor enyl
or oct ahydr of | uof Btowmefhyigianebis (pertamethylcyciopentadienyhziconiuim (V) dibs Preferred L

~ groups include cibitopsethisianshipi2;methylindenybzingrium/(t) 1otdinhend Srbyladienendeny | |

. tetrahydroi nﬂ;enyé.putjdymaﬁmydebispeﬁd@hmmﬂc@mqmwI,a.peaﬁaiadwdr of l uorenyl, or

one of the foregp},fdymethyisianebis(2-methylindenyi)zirconium () 2-(N,N-dimethylaminojbenzy,
2-butoxymethylisilanebis(2-methylindenyl)zirconium (V) dimethyl,
2-butoxymethyisilanabis(2-methylindenyl)zirconium (IV) dibenzyl,
2-butoxymethylsilanebis(3-methylindenyl)zirconium (If) 1.4-diphenyl-1,3-butadiene,

20  2-butoxymethyisilanebis(3-methylindenyl)zirconium (ll) 1,3-pentadiene,
2-butoxymethyisilanebis(3-methylindenyl)zirconium {ill) 2-(N,N-dimethylamino)benzyi,
2-butoxymethyisilanebis{3-methylindenyl)zirconium (IV) dimethyl,
2-butoxymethyisilanebis(3-methylindenyl)zirconium (IV) dibenzyl,
2-buioxymethyisilanebis{2,3-dimethylindenyl)zirconium (i) 1,4-diphenyi-1,3-butadiene,

25  2-butoxymethylsilanebis(2,3-dimethylindenyl)zirconium (il) 1,3-pentadiene,
2-butoxymethyisilanebis(2,3-dimethylindenyl)zirconium (lil} 2-(N,N-dimethylamino)beanzyi,
2-butoxymethylisilanebis(2,3-dimethylindenyl)zirconium (IV) dimethyl,
2-butoxymethyisilanebis(2,3-dimethylindenyl)zirconium (V) dibenzy!,
2-butoxymethyisilanebis{2-methyi-4-phenylindenyl)zirconium (it} 1,4-diphenyl-1,3-butadiene,

30  2-butoxymethyisilanebis{2-methyl-4-phenylindenyi)zirconium (ll) 1,3-pentadiene,
2-butoxymethyisilanebis(2-methyl-4-phenylindenyljzirconium (i) 2-(N,N-dimethylamino)benzyl,
2-butoxymethyisilanebis(2-methyl-4-phenylindenyl)zirconium (IV} dimethyl,
{2-butoxymethylsilanebis{2-methyi-4-phenylindenyl)zirconium (IV) dibenzyl,
2-butoxymethyisilanebis(tetrahydrofiuorenyl)zirconium (It 1,4-diphenyl-1,3-butadiene,

35  2-butoxymethyisilanebis(tetrahydrofiuorenyl)zirconium (ll) 1,3-pentadiene,
2-butoxymethyisilanebis(tetrahydrofiuorenyl)zirconium (il} 2-(N,N-dimethylamino)benzyl,
2-butoxymethyisilanebis(tetrahydrofluorenyl)2irconium (}V) dimethyl, and
2-butoxymethyisilanebis{tetrahydrofiuorenyl)zirconium (IV) dibenzyl.




- 4a- groups further substituted with one or nore nethyl, ethyl,

propyl, butyl, pentyl, hexyl, —-ncl udi ng branched and cyclic
~isoners), norbornyl, benzyl, or phenyl groups. Exanpl es of
suitable X noieties include: [err]-1,4-diphenyl-1, 3-butadiene; [err]-1, 3-
- pent adi ene: [ agployvdesgprenyl - 1, 3- pent adi ene; [err]- PCT/US96/15074

- 1,4-di benzyl -1, 3-but adi ene; [err]-2,4-hexadiene: [err]-
. nmet hyl -1, 3-pentadiene; [err]-1,4-ditolyl-1, 3-butadi ene: and

[err]-1,4-bis(trinethylsilyl)-1,3-butadiene. O the foregoing, 1

., 4-di phenyl - 1, 3- but adioa metht dofpieyes espetialhddinpslindsicontaining olferBrbip@dbene are

. preferred. tfﬁﬁﬁi sk{gp&,ﬁ I ncl ude hydri de,
. chloride, nethyl, tg?]n%delme mﬁﬁ?‘%%?wﬂmgkﬁi& t Pgﬁmt hoxi de, and

ATy o ;% o A b L s Sy 2 10
. PCT/ US96/ 15074 cocata yst or by use of an actwatmg technique. Sultable aclivatmg cocatalysts for use herein
3 5 include polymeric or oligomeric alumoxanes, especially methylaiumoxane, triisobutyl aluminum-
modified methylalumoxane, or diisobutylaiumoxane; strong Lewis acids, such as C4_3¢
hydrocarbyt substituted Group 13 compounds, especially tri(hydrocarbyl)aluminum- or
tri(hydrocarbyl)boron- compounds and halogenated derivatives thereof, having from 1 to 10
carbons in each hydrocarbyl or halogenated hydrocarbyl group, especially
10 tris(pentafiucrophenyl)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 activating techniques have been previously
15 taught with respect to different metal complexes in the following references: EP-A-277,003, US-
A-5,153,157, US-A-5,064,802, EP-A-468,651, EP-A-520,732, and W093/23412.

Suitable nonpolymeric, inert, compatible, noncoordinating, ion forming compounds
useful as cocatalysts in one embodiment of the present invention comprise a cation which is a
Bronsted 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, parlicularly
such compounds containing a single boron atom in the anion portion, are available
commercially.

30 Preferably such cocatalysts may be represented by the following general formula:
(L*-H)*4 AS- wherein:
L* is a neutral Lewis base;
(L"-H)* is a Bronsted acid;
Ad-isa noncoordinating, compatible anion having a charge of d-, and
35 d is an integer from 1 10 3.
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Most preferred Z groups are those wherein Eis silicon, mis 1, and R* in

at | east one - occurrence is nethoxide, ethoxide, propoxide or
butoxi de. In the nost preferred enbodinent -Z- is
et hoxynet hyl - si | anedi yl , I sopr opoxynet hyl si | anedi yl ,
2- butoxynethyIS|Ianed|yI di et hoxysi | anedi yl , dllsopropoxy5| 5
or di (2-but ox W18 i yi . IIlustrative derplksat%eguof

- Goup 3,4 or Lanthanide netals that may be enployed in the practice
of the present invention include: et hoxynet hyl si | anedi yl conpl exes:

h hyl si | bi | Ad- [ [
et hoxymet iy si | anebi sy o GRgRladng i krAd-Ro0 U1 1)

. et hoxymet hyl si | anebi s(pent amet hyl cycl o di enyl conium (11)
. 1, 4-di phenyl - 1, 3- but 5 qerablyx o¥respoﬁcf‘\sr}ogn %o Ma}&igi Whtrein!

et hoxynet hyl si | anebi sﬁ(pbﬂpanﬂﬂf?ﬂw&”wpﬂmmwﬂﬂ Yzirconium (I1)

. 1, 3- pent adi ene, om@&d&%ﬂﬁebvdcsmaambsae(cwabmpmsadawwc)czhmmn| um
S (TE) 2-(N, N, |
et hoxynet hyl si | a?‘n% ’*"%5{'/’11%% 'ﬁwlraggﬂ?'%sr'ﬁb 'Tm dms’ said @
et hoxyret yl si | ankaying pBO0S ?WWVEPBM%W oh P %\505‘?“9@1 hyl ,
15 et hoxynet hyl si | ane(cycl opent adi enyl ) (f 1 uor enyl )ZI rconi um ’i’y
di met hyl , et hdsg meterhjdhlyiprefatres prabodiment, Q is a fluorinated Cy.z0 hydrocarbyi group, most

(pent anet hyl cycl gireRbip@ tRoinktsd aryigidp, bspdciakj) pehtducoicpyényl.
et hoxymet hyl si | anebi s(2-met hyl i ndenyl) zironium (11) 1

, 4- di phenyl -1, 3- but aqg {?ﬁwe but ot liiting, examplesofuon formn compounds comprising proton

e RSl ol A 8 1 PO i i Bl

~ 2- (N, N-di net hy aaetalysts lotthis jriventigware tri-substituted ammomum salls such as:

et hoxynet hyl si | afmbthyidrimdiint tikphehgibathtezi r coni um (V) di met hyl ,

~ ethoxymet hyl si | ap @%n%tﬁ%}:ﬁeﬂg {,) zirconium (1V) dibenzyl,
en

et hoxynet hyl si | ane - et zirconium (11)
1, 4- di phenyl - 1, 30RPRYIAMMORM ¢

et hoxy et hyI1<5| I anmmosnmmwranmvmm rconium (1) 1, 3-pentadi ene,
[

et hoxynet hyl si | apgbitgfammRil xérbphdmyiborate;i r coni um (111)
~ 2-(N, N-di et hyl aﬁh%ﬁe&%ﬁﬂf*uﬂm tetraphenyiborate,

N,N-diethylanilinium tetraphenyiborate,
N,N-dimethyl(2,4,6-trimethylaniliniur) tetraphenylborate,

20 trimethylammonium tetrakis-(penta-fluorophenyl) borate,
triethylammonium tetrakis-(pentafiuorophenyt) borate,
tripropylammonium tetrakis(pentafiuorophenyl) borate,
tri{n-butyl)-ammonium tetrakis(pentafiuorophenyl) borate,
tri(sec-butyl)ammonium tetrakis(pentafiuorophenyl)borate,

25  N,N-dimethylanilinium tetrakis(pentafiuorophenyl) borate,
N,N-diethylanilinium tetrakis(pentafiuoro-phenyl) borate,
N,N-dimethyl(2,4,6-trimethyl-anitinium) tetrakis(pentafluorophenyl) borate,
trimethylammonium tetrakis(2,3,4,6-tetrafluorophenyiborate,
triethylammonium tetrakis(2,3,4,6-tetraflucrophenyt) borate,

30 tripropylammonium tetrakis(2,3,4,6-tetrafluorophenyl) borate,
tri(n-butyl)ammonium tetrakis(2,3,4,6-tetrafluorophenyl) borate,
dimethyl(t-butyl)lammonium tetrakis(2,3,4,6-tetrafluorophenyl) borate,
N,N-dimethylanilinium tetrakis(2,3,4,6-tetrafluorophenyl) borate,
N,N-diethylanilinium tetrakis(2,3,4,6-tetrafiuorophenyl) borate, and

35 N,N-dimethyl-(2,4,6-trimethylanilinium) tetrakis-(2,3,4,6-tetrafluorophenyl) borate.
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25 et hoxynet hyl si | anebi s( 3- et hyl i ndenyl ) zi rconi um (1V) di net hyl,

et hoxynet hyl si | anebi s( 3- net-hyl i ndenyl ) zi rconi um (1V) di benzyl,

et hoxymet hyl si | anebi s(2, 3-di met hyl i ndenyl ) zi rconium (11)

1, 4- di phenyl - 1, 3- but adi ene, :

et hoxynmet hyl sybafrgesxs (2, 3-di met hyl i ndenyl ) zirconium (11) 1, Bexresveasizene,
et hoxynet hyl si | anebi s(2, 3-di net hyl i ndenyl ) zirconium (I111)

2- (N, N-di net hyl am no) benzyl, 3 0 :

et hoxynet hyl si | anebi s(2, 3-di met hyl i ndenyl ) zirconium (1V) dinethyl,

et hoxynet hyl si | anebi Sialkylamgioniumisgitsisnchaas)di-Ji-propyemmoniont tetikisépebiaitiytphenyl)

et hoxymet hyl si | a5@ial srid2nchaishBMAantmoRidMWilakislpéhiitiorsphériyP Béria) (1 1)
1, 4- di phenyl - 1, 3- but adi ene,

et hoxynet hyl si | anebi ?ﬁ&'@ﬁt@%ﬂﬂﬁﬂ%gﬁﬁwwpﬁ%ﬁ%%ﬁnl 1)

1, 3-pent adi ene, . .

et hoxynet hyl si | Mgfaksesniafivaraphend pomi-tiortohdrhrsphosivm tayakis{penta flupipphenyl) borate,
2~ (N, N- di net byl and ¥i(2)Gdimetiyipherf/f)-phosphonium tetrakis(pentafluorophenyl) borate.

et hoxynet hyl si | anebi s(2- et hyl - 4- phenyl i ndenyl ) zi rconi um (1V) di et hyl,
WD 97/ 15582 Preferred are N,N-dimethylanilinium tetrakis(pentafiuorophenyl)borate and

PCT/ US96/ 15074

(et hoxynet hyl si fﬁg?l%lsﬁ"wqmnet Hyi‘?"ﬂ‘-‘%‘ﬁgﬁi‘/‘f"ﬁ"?n”&_’eaﬁy| ) zi rconium (1V) di benzyl,
e'zhgxy[‘ret h?ll ?_I gage?l gﬁ(oglﬁégu ediEar?Iolm%r?gr g%t?néé&gtgl{(]sltgmm‘p%és)a sjéltofacationic

» 4-dl phenyl - 1, 5-but a ) ! .

et hoxynet hyl si | a¥dangRoeaErEmInceRdinaing: Agmoatibia anioh raprpegmed by thedormulat adi ene,
et hoxymet hyl@i | anebi s(t et r ahydr gxetigiashyy| whsteinconi um (111)

2- (N, N-di net hyl am no Lationic akidizi : .

et hoxynet hyl si | anebias) tet%aﬂonéﬁéé?dfmgra wilTisv???hc?gﬁieﬁ'm (1V) dinethyl,
et hoxymet hyl si | anebi & BERIMEIATRPLYPIA®ny | ) zi r coni um (1V) di benzyl ,
i sopropoxymnet hyl si | aAtdand|d aranspreviously defined.

Examples of cationic oxidizing agents include: ferrocenium, hydrocarbyl-substituted
15 ferrocenium, Ag*, or Pb+2. Preferred embodiments of Ad- are those anions previously defined
with respect to the Bronsted acid containing aclivating cocatalysts, especially
tetrakis(pentafiuorophenyl)borate.

Another suitable ion forming, activating cocatalyst comprises a compound which is a
sait of a carbenium ion or silylium ion and a noncoordinating, compatible anion represented by
20  the formula: :

StA
wherein:

©* is a C4.p¢g carbenium ion or a silylium ion of up to 20 noncarbon atoms; and
A" is as previously defined.

25 A prefemred carbenium ion is the trityl cation, that is triphenylcarbenium, a preferred
silylium ion is triphenyisilylium.

The foregoing activating technique and ion forming cocatalysts are also preferably used
in combination with a tri(hydrocarbyllaluminum compound having from 1 to 4 carbons in each
hydrocarbyl group, an oligomeric or polymeric alumoxane compound, or a mixture of a

30 trithydrocarbylaluminum compound having from 1 to 4 catbons in each hydrocarbyl group and
a polymeric or oligomeric alumoxane.

-10-



I sopr opoxynet hyl si | anebi s(cycl opent adi enyl ) zi rconi un(11)

1, 4-di phenyl - 1. 3- but adi ene,
|sopropoxynethyIS|Ianebls(pentanethylcyclopentad|enyl)2|rconlun1(ll)
1, 4-di phenyl -1, 3- 10 but adi ene,

|sopropoxyneth IS|Ianebls(pentanethylcyclopentadlenyl)2|rco

(11)1, 3- pent aﬁ 5582 r}curlusgﬁllmﬂi
|sopropoxynethyIS|Ianebls(cyclopentadlenyl)2|rconlun1(lll)

2- (N, N-di net hyl ani no) benzyl ,

t hyl si |
dBt hﬁliﬁt ny! g I %&gﬁ%&*ﬂ’ “ﬁﬁ?@%ﬁﬁwﬁﬁ%ﬂgﬁ%ﬁﬁﬁﬁh >
I me [ | ni um
(1Vv) diyrret hyl ,  tetrakis(pentafignraphenyl)ivosstés ynl ssrndlarmatioifram 0.1:1 to 1:0.1, optionally up to 1000 mole

(pentamet hyl cycl gred aichn QRyiailrdxiareVih1bpbct 1M, U 48 Brakent.
| sopt opoxynet hyl si | anebi s(2-nmet hyl i ndenyl ) zirconium (11)

1, 4- di phenyl -4, 3- but a
S opr opoxy et yI sSi | an?ll'oel S " tecﬂmﬁue ootk TI tro és(;?lvloiﬁer%tﬁ 7'3ﬂrich§m'ca' Hi"%%!”%ﬁ’e
i sop? opoxynet hyl g\"l“?ﬂ?éfﬂ"?g!"l‘f’éf ﬂ%ﬁ"?')‘ﬁﬁa‘???‘l’ # indherpresence pig ’)“PE’J'("RIGH"WMG

di et hyl am no) bepmgnnst@noncoordinatmg. inert anion. In the technique, solvents, supporting electrolytes

: zgp: gpgiygt Ey: and MLBbItR tﬂ‘ﬂ%ﬁ:ﬂhh@ﬂ&%& gff:uscégﬁf:dhfiﬂaﬁ Muoﬁj.&prtubm that
[ sogr ogoxzrret hyl §'? %%ﬁ% %‘ ﬁ?@%ﬁ“ﬁ%‘&l P‘é‘&ﬁ'ﬁ ia 'b"m“"ﬁ"gme

1, 4- di phenyl q 3:qgg}pa.dMgﬁ garticularly, suitable solvents are materials that are: liquids under the conditions
i sopr opoxynet hyl eﬁdneenﬁmlys(sagmmlwbmpww fjomn 0 10 000°C)1eaphble of HissSolagytherdi ene,

| sopr opoxymet hyl gjgh :e%{m?nmm&d ARG 96tk afethtiss that(ard Aok reduced or oxidized
2- (N, N-di nethyl a

i sopr opoxynet hyl én'fdp 'ﬁ%ﬁf %mﬁém PRIRNEA {Ar 119 SlPctipiveis, 1 12 PROPrally RRESIRIS, fn view of the
i sopr opoxynet hy| desiregriastralys.reasiane ehecrermsolvent ardA-AupRering Slipctiglyiediat gre unafiected
i sopr opoxy matshy I sy thmedmcsupamauamsaaabkmb uaﬁaudcitays&c Piafetted $divents include

1, 4- di phenyl - ];dgg.l)zg

| sopropoxyrret hyI SI | anebi s(2 3 Is) D E gﬁ';fSh§| rconium (I1)

1, 3- pent adi ene, .

i sopr opoxynet hyl si | anesi m’yﬁfsﬁaﬁe"[%“‘f%@ AFFIN AP opl qoripining an anode

2- (N, N-di net hyl WW referged o as the working electrode and counter alectrode respectively).

i sopr opoxynet hyl Smthmmmheddszaf cbnstruetiiniforitherveibary blhssi plastic) ceramic lah glatis 0Bdtéd hetal.
| sopr opoxy neighy| ﬁiele&e@&hﬂra p.%padwmuéd d%ﬂ&%)e)rﬂeﬁﬁé)w WARH drd/inesti BHaddtive

| S0pr opoxy et hyI S b a ﬁrg%narﬁcteytly'th rgacgor}/ mmgg%pr\éac)ngﬂ donditions rTﬁgt‘nu)n or

1, 4- di phenyl -
i sopr opoxymet hyI @i‘#"&ﬁbﬁsﬁ prefarragkingr,conductiye naterials Nomyally. 2 joppatmenbls metpbrane

1, 3- pent adi ene, such as a fine glass frit separates the cell into separate compartments, the working electrode

gsgpropoxyﬁet Pﬁlf’h @ ouf Dol G pEMthdnk Y38 Wbrkib) G164 nirhdrbal s (N N
ﬁwhw%@ﬂwmww QU PHPRCT09 Sartioben, |

sopr opoxymel2 yl JP§
(i sopr opoxymet hyand anyaiesn materals fesire ffor mogerating the qleetrelysis o stablijzing the (esuking
di benzyl , complep ' The eaupeeélbutiods ik ivintdised (i sarhiktard yitheddiventiafd silppartifigc ONi UM
(1'1) 1, 4- di phenydigetoiyta. ik 36kiréd\otage may be determined by theoretical calculations or
experimentally by sweeping the cell using a reference electrods such as a silver electrode
30 immersed in the cell electrolyte. The background cell current, the current draw in the absence
of the desired electrolysis, is also determined. The electrolysis is completed when the current
drops from the desired level o 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,
35 noncoordinating anion, A- . Preferred supporting electrolytes are salts comesponding to the
formula:

=11-



REPLACEMENT SHEET - 8- _ O her netal conpl exes,

especi al |y conpounds containing other Goup 3, 4 or Lanthanide net al s
- will, of course, be apparent to those skilled in zhe art.

* The conpl exes are rendered catal ytically active by conbination with an

- activating wo ovasgt al yst or by use of an activating techrecassesiddor4 abl e
~activating cocatal ysts for use herein I ncl ude polyneric or oligoneric
+ al unoxanes, escecially mnethyl al unoxane, triisobutyl alum num

nodi fi ed net hyl al unoxane, or diisobutylal unoxane; strong Lewi s acids, such

as (err] hydr ocar byl substG*agted G oup 13 conpounds, especially
tri (hydrocarbyl)al um num or tri (hydrocarbyl)boron- conpounds and
hal ogenat ed deri \whblees t hereof, having from1 to 10 carbons in each

hydrocar byl or hal ogenated hydrocarbyl group, especially 10

tris(pentafl uorophenyziﬂ%ré{%wnﬁzﬂﬁérﬂm &l?’rds‘iheéta[ﬁﬁmgfand&&ﬁg@h&r@&f d h

noncoordi nating, ion far m‘@'% (including t
compounds under oxi di2i'hg" W'W‘%&m" RANPab| e activating
technique is bulk electrolysis (explained in nore detail hereinafter).

Conbi nat i ons ®f Exapples pirations, Gify ingludeitatrghydmgarby substitutod ammenivh arechni ques

may al so be enpl phweshohiimaativing Reling U © 40 nonhydrogen aRME. A prefbirbd safidn il tetra-n-
cocatal ysts and g&},&ﬁ{,@éﬁ, i&£hni ques have been previously taught with 15
respect to different nmetal conplexes in the follow ng references:

EP- A- 277, 003. US-A-5, YA - A- 5 064, < 6

EP- A-520. 732, and WO Kl Aejieion of the compleies o e Fiashfventoh by b ;h‘o%ﬁg 5’9‘%’?‘1 c,

i nert, conpati bl eationesthasyprerting elesirplyiejpasses t9 the caunter slepiede and Aj migrates to the as
cocat al ysts 10 owekisglediodein becainetiieamnion afsmrbsulting @diized produelEither theaolegtit broN
which is a Bronsjggation 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 tetrahydrocarbylammonium salts of
tetrakis(perfluoroaryl) borates having from 1 to 10 carbons in each hydrocarbyl group, especially
15 tetra-n-butylammonium tetrakis(pentafiuorophenyl) borate,

The molar ratio of catalyst/cocatalyst employed preferably ranges from 1:10,000 to
100:1, more preferably from 1:5000 to 10:1, most preferably from 1:10 to 1:2.

in general, the catalysts can be preparéd 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
20  separately prepared prior to use by combining the respective components or prepared in situ by
combination in the presences of the monomers to be polymerized. It is preferred to form the
catalyst in situ due to the exceptionally high catalytic effectiveness of catalysts prepared in this
manner. The catalysts’ components are sensitive to both moisture and oxygen and should be
handled and transferred in an inert atmosphere.

25 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

30 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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acid capabl e of donating a proton and a conpati bl e, noncoordi nating, anion,
Aferr]. Preferred 20 anions are those containing a single coordination
conpl'ex conprising a charge-bearing netal or nmetal |l oid core which
anion is capable of balancing the charge of the active catal yst species

(the metal cation) which is formed when the two conp
conbi ned. Al sdVO8%15882ani on can be di spl aced by ol efi W%W%Zﬁl ni c

and acetyl enically unsaturated conmpounds or other neural Lew s bases
such as ethers or nitriles. Suitable netals include, but are not limted

to, alumnum gold 2; an | i t.abl . ' ' re
not limted to, boron, hqg’ﬁ%ﬁ%“%%?g%ﬁ'ﬂ?@%ﬁ’?ﬁimemh@%’#%%ﬁ%%&&%ﬁ%ﬁ‘m n
ani ons whi ch comsuminas.aimingsificates.aRd Mixhims thereet- TR Mast prefeged;supportrateriabis siica.
or,netal | oi d at orThesuppoveintetaimay bedmghanutan aggigrierdted; pelletized; osang othexphipsicahidsn.
ggmlr nng 3 Si N@yfable materialslﬂ%%?g@tgfl}?gfl mmg&% sAasLDailts fé&ngﬁrao@bé‘v(iaﬁ?{ﬁi\}isﬁ:hl e
represented by t FEWF Plracfﬁn&r?é")Q'é'{?é&"%wspﬂ%mu%lségé&baﬁ%"tsybmxs’ Bvison 48
(L[err]-H[err] ApéPaysonaF:pnsfiem Degussa AG under the desighatiop erpsil 812;9ad aluminag_ ewi s
base; availablé frdn® Akzb-Chbrhicals the. udefth$ddagndtion]Ketoin Girade B.

Alerr] is a noncoordinating, conpatible anion having a charge of d-, and

dis an integer from1 to0 Suppori stitable for the present iWrénfonPheidratiyAtabe a SuriaSe 8€as t Nat
's, Alerr] i's AlGLL ined by nitrogen porosimetry using the B.E.T. method from 10 to 1000 m2/g, and
10  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 cm®/g, preferably from 0.2 to 2 cm3/g. The
average particle size is not critical, but typically is from 0.5 to 500 um, preferably from 1 to 100
pum.

g

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 and/or chemical treatment to reduce the
hydroxy! content thereof. Typical heat treatments are carried out at a temperature from 30 to
1000°C for a duration of 10 minutes 1o 50 hours in an inert atmosphere or under reduced
pressure. Typical chemical treatments include contacting with Lewis acid alkylating agents

20  such as trihydrocarbyl aluminum compounds, trihydrocarbyichloro-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 hydroxy! groups per
gram of solid support, more preferably less than 0.5 mmol per gram. The hydroxy! content may
be determined by adding an excess of dialkyl magnesium to a slurry of the solid support and

25  determining the amount of dialkyl magnesium remaining in solution via known techniques. This
method is based on the reaction:

S-OH + Mg(Alk)o —> S-OMg(Alk) + (Alk)H,
wherein S is the solii support, and Alk is a C;.4 alkyl group.

The support may be unfunctionalized (excepting for hydroxyl groups as
30 previously disclosed) or functionalized by treating with a silane or chiorosilane functionalizing
agent to attach thereto pendant silane -(Si-R)=, or chlorosilane -(Si-Cl)= functionality, wherein R
is a Cy.10 hydrocarbyl group. Suitable functionalizing agenis are compounds that react with
surface hydroxyl groups of the support or react with the silicon or aluminum of the matrix.
Examples of suitable functionalizing agents include phenyisilane, diphenyisilane,
35  methylphenyisilane, dimethylsilane, diethylsilane, dichlorosilane and dichlorodimethylsilane.
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Highly preferasly. Alerr] corresponds to the fornula: [BQerr]][err],

wher ei n: Bis boronin the +3 fornmal oxidation state; and
Q i ndependently each occurrence is selected from hydride, dialkylan do,
hal i de, al koxi de, aryl oxi ce, hydrocarbyl, hal ocarbyl, and

hal osubsti t ut gy dmeésacar byl radicals, said Q having up to Pcrwsséhsony bons
with the proviso that in not nore than one occurrence is Q halide.

In a nore highly preferred enbodinment, Qis a fluorinated Cerr]

hydr ocar byl group, nost preferably, a fluorinated aryl group,
especi al |y, pent Zéchniquesjidrdomping such functionalized silica or aluiink oarhpctihds\were plavioushp t

limting, exanpl g&,&gdh%pfs(ymg&&gmms conprising proton
donat abl e cations which may be used as activating cocat al yst s in the

preparation of the catal yg..f:i.,1 stpportgng?ﬁ?otb%quéat% wMHnsalum\ sg?ﬁ,edf,om

tri-substituted ammoni um

t et r aphenyl bor at @ alumoxane or ap AlIEINKR CRARPHAA %Fh‘t*‘iﬂ"\"&ﬁﬁe -B’de"@q independently
t r.i propyl anmohi umchewuﬂgbefsyiy&tnaatkﬂzlshydnde.RbrrOF(,n-lmubr)a:immaumesumof

tetraphenyl borat@andpis s, é:&ﬁaél&sé?%%ﬁ mrﬁzlgmuﬁawm R, GG, Sy, ethoxy
Nl\l-dlrrethylanlllnl etr hen [ate | & l'ani | 'nium”

t et raphenyl bor at ¥° le '%RP 5@4&% ) bé'ty!l(a“ BW)%%‘%{‘EMi W

t et raphenyl bor at phenoxy, benzy, ﬁt\ﬂ!qml %(#ﬂ@hlv @hﬁd%@ﬂ@@ﬂ?‘p@rﬁ%@dﬁm@henyl )
borate, 2 0 tg&ﬁd&h&:ﬁﬂﬁﬁﬁ‘ﬂdﬁh&ﬁfeﬁ SGINE LMPErocRyRInSRUNC SO ipdunbs) 'MSE

tripropyl anmpp qmﬂm*h)e .
tri(n-butyl)- anﬁ%&fl um%rrﬁ"ﬁl s per'#gh uorop en?ﬁ%ﬁ?‘%ﬂg‘m trethy! aluminum, tr
tri(sec-butyl )ar‘r'i’t‘lf’i"ﬂy rpigym. 2pd Opyees therect, o1 ophenyl ) bor at e,

N, N-di met hyl ani | i ni um tetraki s(pentafluorophenyl) borate, 25 N,

N-di et hyl ani liniumtet rak|Wﬂ°&(ﬂ"&(ﬁ‘%’mﬁm¢)ﬂ'§“"@&“&¥)@m°"9°"'°"° or polymeric
N, N- di met hyl ( 2, Jalémitwim mtobmbomm domamiugréhahebtrm&hawsamﬁm iR oxyjen awmp, bor at e,

trimet hyl ammoni ugg g.EIg, éﬂmﬂs?ssz&lﬁ uoro f;,t:gg @t‘lﬂestmctureof

tri et hyl ammo umtetr tetr :
y é-AI(H)—O) . fora

tripropyla cycltc alumoxane, and RzAI-O(-AI(R)-O)m--AIRZ, 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

20 compounds, such as for example trimethyl aluminum and tri-isobutyi aluminum, with water

yields so-called modified or mixed alumoxanes. Preferred alumoxanes are methylalumoxane
and methylalumoxane modified with minor amounts of C. alkyl groups, especially isobutyi.
Alumoxanes generally contain minor to substantial amounis of starting aluminum alkyi
compound.

25 Particular techniques for the preparation of alumoxane type compounds by
contacting an aluminum alkyl compound with an inorganic salt containing water of crystallization
are disclosed in US-A-4,542,119. In a particular preferred embodiment an aluminum alkyl
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

30 may be incorporated into the suppost by reaction of a hydrated alumina or silica material, which
has optionally been functionalized with silane, siloxane, hydrocarbyloxysilane, or chlorosilane
groups, with a tri(C4.,o alkyl) aluminum compound according to known techniques.

The treatment of the support material in order to also include optional
alumoxane or triatkylaiuminum loadings involves contacting the same before, after or
35 simultaneously with addition of the complex or activated catalyst hereunder with the alumoxane
or triatkylaluminum compound, especially triethylaluminum or triisobutylaluminum. Optionally

This Sheet Has Been Rerlaced -14-

L




30 tri(n-butyl)ammoniumtetrakis(2,3,4,6-tetrafl uoraphenyl) borate,
dirnethyl (t-butvl)ammoniumtetrakis(2 3. 4. 6-tetrafl uorophenyl) borate
N, N-di methyl aniliniumtetrakis(2,3,4,6-tetrafl uorophenyl) borate,

N, N-di et hyl ani liniumtetrakis(2,3,4,6-tetrafluorophenyl) borate, and

N, N-di net hyl - 2 r1methyl ani | i ni um P 5074
tetrakis-(2, 3,4, 694?%8% af | uor ophenyl ) borate. WO 9‘77’?%9‘:?,8‘2

PCT/ US96/ 15074 More preferably d is one, that is, Aerr]
is Alerr]. Hi ghly preferably, A- corresponds to the

fornula: [BQ err ]Mﬁﬁﬂu}ecamﬂﬁbdedunderaninenatmspherﬁoﬂa}ehﬁé?ﬂaii‘te

formal oxidation state: d i hdependent | ach oc urgrence
is selected from ?'é"ﬁ'?ﬁa"e&% %W?ﬁ"ﬂﬁ"’%’f"ﬁ%’f‘”" wm’iﬁ?&é’%@?“ﬁﬂ"ﬁ%&? de,
hydr ocar byl , hal owmppagy Optiagally. thetreptegisupriort gererenent epnisiving Bymoxageierdhd s, said Q
having up to 20 aadliyaiminamicbmpdifd mapbe subjedtéitb onedr Mbie waish steps icdmovealumoxane

occurrence isgQ %I”i’ﬂﬂ"“"‘*""m"ﬁﬁ"c"["éﬁtﬁ‘f“"ﬁ°’{ n a nore highly preferred

enbodi ment, Qis a tluorinate ydrpcar byl group, nopst
st rativer but not L m Prities S iSkiagontn hrmPars 6o abimisalie e be
conpri sing pr ot orgenerated in situ by contacting an unhydrolyzed silica or alumina or a moistened silica or
alumina with a trialky! aluminum compound optionally in the presence of an inert diluent. Such
a process is well known in the ant, having been disclosed in EP-A-250,600, US-A-4,912,075,
10  and US-A-5,008,228. Suitable aliphatic hydrocarbon diluents include pentane, isopentane,
hexane, heptane, octane, isooctane, nonane, isocnonane, decane, cyclohexane, methyi-
cyciohexane and combinations of two or more of such diluents. Suitable aromatic hydrocarbon
diluents are benzene, toluene, xylene, and other alkyl or halegen substituted aromatic
compounds. Most preferably, the diluent is an aromatic hydrocarbon, especially toluene. After
15  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 ethylenically and/or acetylenically unsaturated monomers having from 2 to

20 100,000 carbon atoms either alone or in combination. Preferred monomers include the Co.5g

 a-olefins espocially ethylene, propylene, isobutylene, 1-butene, 1-pentene, 1-hexene, 3-methyi-
1-pentene, 4-methyl-1-pentene, 1-octene, 1-decene, long chain macromolecular a-olefins, and
mixtures thereof. Other preferred monomers include styrene, C4.4 alkyl substituted styrene,
tetrafluoroethylene, vinyibenzocyclobutane, ethylidenenorbornene, 1,4-hexadiene, 1,7-

25 octadiene, vinyicyclohexane, 4-vinylcyclohexene, divinylbenzene, and mixtures thereof with
ethylene. Long chain macromolecular a-olefins are vinyl terminated polymeric remnants formed
in situ during continuous solution polymerization reactions. Under suitable processing
conditions such ong chain macromolecular units are readily polymerized into the polymer
product along with ethylene and other short chain olefin monomers to give smail quantities of

30 long chain branching in the resulting polymer.

In genera), the polymerization may be accomplished at conditions well known in the
prior art for Ziegler-Natta 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 conditions may be employed if desired.

35  The suppon, 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

. T i \\
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10 donat abl e cations which may be used as activating cocatalysts in the

preparation of the catalysts of this invention are tri-substituted
anmoni um sal ts such as: trimet hyl anmoni um t et r aphenyl bor at e,
triethyl ammoni um t etraphenyl bor at e, tripropyl anmoni um
t et raphenyl borwoe71s882 tri (n-butyl)amoni umtetraphenyl bor ap€Ermusosisers
tri(t-butyl)amoni umtetraphenyl borate, N, N- di net hyl ani | i ni um

. tetraphenyl bor at e, N, N-di et hyl ani I'i ni um tetraphenyl borate,

N, N-di mret hyl (2,4, 6-trimethylanilinium tetraphenyl borate, 2 0
tri met hyl ammoni ummwssmtm‘&’om %R9r Spitableyghs phberr rasctions may utilize condensation

triethyl anmoni unofire sordomr éridtibmdrk ergicYBdA M6 rbackiéh, GHofan inert diluent to remove heat

tripropyl anmoni umh #e'rélélos ( PENt @f | UuOr ophenyl ) bor at e,
tri(n-butyl)-anmmoni unt et rak| s(pent af | uor ophenyl ) borate,

tri(sec-butyl )arrrmnl tetrmvz%g%nt af | uor ophen bor at e,

N, N- di net hyl ani liniu reactons th Sﬂ'ﬁ F‘ﬁ Sﬂ?‘!ﬁ‘@dymembbmmums

N, N- di et hyi anf | |¢mmne¢@tfwm05*qotenoaf m@mcafq;mmm%mne 1.

N, N-di met hyl (2, 4, 6-trinmethyl-aniliniun) tetrakis(pentafl uorophenyl) borate,

trimet hyl ammoni um t et Susible §dlvedts for foljnetizatibnl widd syRMi6PHO0RSY 6 Roncoordinating, inert
triethyl i

tri o o%y??n?éEhh{? e '?’?‘“'f. Eﬁ"a"fgféf'?é’éﬂ m“ﬁ *ﬁ%‘%@as%’m-

tri (n-butyl anmon §’f°2 ng. qetap yxg[lﬁagggllcycﬁc

di met hyl (t - but yIUVQWM@mMpmm Whm.tmeﬂfvmmhmnemﬁhmmw

N, N-di met hy| 5011 | an@imbiurestheredsi ﬁaﬁi&oﬁmﬂd RydtcRhrbsts|suihia @ g
N, N-di et hyl am | dfiri s bl %é«%&%&%ﬁm%ﬂe Eémr?e BRLA Sl S 5

N, N- di nmet hyl - tri et
tetrakis- (32/ 3, 4, St poent Fsb'ﬁ'aw'ﬂv'd #efinsvich may act as monomers or comonomers

inciuding ethylene, propylene, 1-butene, butadiene, cyclopentene, 1-hexane, 3-methyi-1-
pentene, 4-methyl-1-pentene, 1,4-hexadiene, 1,7-octadiene, 1-octene, 1-decene, styrene,

15 divinylbenzene, ethylidane_norbomene. allylbenzene, vinyltoluene (including all isomers alone or
in admixture), 4-vinyicyclohexene, and vinyicyciohexane. Mixtures of the foregoing are also
suilable.

The catalysts may also be utilized in combination with at least one additional
homogeneous or heterogensous polymerization catalyst in the same or in separate reactors
20  connected in series or in parallel to prepare polymer blends having desirable properties. An
example of such a process is disclosed in WO 94/00500, as well as WO84/17112.

One such polymerization process comprises: contacting, optionally in a solvent, one or
more a-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
ant.

The foregoing technique also aliows for the preparation of ethylene/a-olefin
interpolymer compositions having a broad range of molecular weight distributions and
30  composition distributions. Particularly desirable c-olefins for use in the foregoing processes are
C4-g a-olefins, most desirably 1-octene.

The skilled artisan will 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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WD 97/ 15582

PCT/ US96/ 15074 Dial kyl amoni um salts such as:

di - (i-propyl)anmoni um tetraki s(pentafl uorophenyl) borate, and
di cycl ohexyl ammoni um t et r aki s( pent af | uor ophenyl ) borat e.
Tri-substituted phosphonium salts such as: triphenyl phosphony
t et raki s( pent P henyl) borate, tri(o-tolyl)phosphoni um
t etraki s(pent a-fl uorophenyl) borate, 5 and

tri(2,6-dinethyl phenyl)-phosphoni um tetraki s(pentafluorophenyl) borate.

Preferred are N, NegioiEbhyirilited] 'm&m&hstgh' a{gg@gg.fe'nmm&ﬁ%amm& and

tributyl amoni um tetrakl s(pentaflugro

Anot her sui t abl e YnigsF a8 ,”ﬁ@f’?a&ﬁ‘f’@ﬁ&’ alpgRs\ae expIgRRep pRa weight bagisy of o

$96/15074

cationic oxi di zi ng agent and a noncoordinating, conpatible anion
represented by t mul a: 10

(OX[err])[err](Aerr])[err], wherein: Ox[err] is a cationic
oxi di zi ng agent havi ng charge e+; e is an integer from1l to
3; and Materials exjddMethods.and d are as previously defined.

Exanpl es of cationic oxidizing agents include: ferrocenium
hydr ocar byl - sgbst,i t ut ni Aglerr r Pblerr]. Preferred
enbodi nent s o$ Agb’g%rog‘qf ?gosséat%%&,(’)cﬁgﬁﬁér' }eﬁ\%'%"t'?g%f “85‘?%%’5"9[’“"{" ']mﬂf"['ﬁe Hect

to the Bronsted KetamesRbegiave boxoren 4nivqoppivasisimsoyble marifolddising.standarm Behelenk
t et r aki s( pent af | techniqubee r&ircorim tetraehloride, dichlorodimethylsilane, fiethylaraine, sndi 2tprdphdl 4re N

formng, activat g a6 Reated ibH AGRRBIdmER 1. conpound which i's a

10  Preparation of(isopropoxy)methyldichiorosilane

To 45 mL (0.38 moles) of trichicromethyisilane in 1.5 L of anhydrous ether cooled at 0
°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 filtration and washed with 2 x 100 mL

15  portions of ether. The ether filtrate and washings were then combined and the solvent removed
under reduced pressure ieaving the desired product.

Preparation of isopropoxymethylisilanebis{tetramethyicyclopentadiene)

To 7.9 g {(0.05 moles) of MeSi(OiPr)C), dissolved in 500 mL of tetrahydrofuran at 0 °G is
added 16.0 g (0.10 moles) of potassium tetramethyicyclopentadienide over a 1 hour period.
20  The mixture is brought to refiux and then stirred at room temperature for 4 hour. The slurry is
fitered, and washed with tetrahydrofuran and the solvent removed under vacuum to yield the
desired product.

Preparation of Dilithium[isopropoxymethyisilanebis-(tetramethyicyclopentadienide}]

To 2.0 g (5.8 mmoles) of isopropoxymethyisilanebis-(tetramethyicyclopentadiene in 50
25 mlL of diethylether at 0 °C is added dropwise 2.3 mL of n-BuLi (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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salt of a carbeniumion or silyliumion and a noncoordi nating, conpatible
ani on represented by 2 0 the fornul a: '

[err] Alerr] . wherein: [err] is a CJerr] carbenium
ion or a silyliumion of up to 20 noncarbon atons; and

~Alerr] is as pwevresasy defined. 2 5 A preferred capBRpsdeAsdren | S
the trityl cation, that is triphenylcarbenium a preferred silylium
ion is triphenylsilylium The foregoing activating
techni que and ion form ng cocatal ysts are al so preferably used in
conbi nati on wi t h Rreparatibhyfdsopopaxipydtyisiianabisiteharsahybeylopbntadianyl)grodriivmdidhidrige 4
carbons in each hydr ocar byl group an oligoneric or polyneric
al unoxane conpound, or. re.of .a. tri rocarbyl)alunlnum
conpound  havi ng from 1° ?ﬁﬂié%5WW@ﬁ‘mﬁW' bS5 oup and a

pOl yn‘er i ¢ or ol i dtetremethylaycionentedienyl) in 50 mLofTHF is slowly added 1.3 g (5.6 mmol) of ZrCl, over a
30 minute period. After further stirring for three hours the solvent is removed under reduced

5 pressure and the remaining solid recrystallized from n-psntane at-37 °C to yield the desired
product.

Polymerizati

A two-liter Parr reactor was charged with 740 g of Isopar-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 psig (3.4 MPa). 2.0 umol 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 polymerization conditions are maintained for 15 minutes with ethylene on
demand. The resulting solution is removed from the reactor, and a hindered pheno! antioxidant
(Irganox™ 1010 from Ciba Geigy Corporation) is added to the solution. The polymer formed is
dried in a vacuum oven set at 120 °C for 20 hours.
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-12- Gerr]Aerr] wher ei n:
Jerr] is a cation whicn is nonreactive towards the starti gandresultlng
. conpl ex, and Alerr] is a noncoordinating, conpatible anion.

- Exanpl es of cations. {err], include tetrahﬁdrocar byl substituted amoni um

or phosphoni um cat i ons havu EI m:ydrogen at ferred
. cation is the QY8 but H Fin ring

“activation of the conplexes of the catal yst systens of the present

i nvention by bul k electrolysis the cation of the supporting

el ectrol yte passgaaischamMepyst er el ectrode and Alerr] 10 mgrates to the
wor ki ng el ectrode to %econe t he ani on of the resulting oxidized product.

Ei t her the solvent or the cation of the supporting electrolyte is
reduced at the counter el ectrode in equal nmol ar quantity with the
amount of oxidized netal conplex forned at the working el ectrode.
Preferred supporting dtectrol yt e&msfabeomplex gapenopeing BICRMMK um sal ts of
tetraki s(perfluoroaryl) beratesghaving from1l to 10 carbons in each
hydrocar byl group, especially ¥5) tetra-n-butylamoni um
tetrakls(pentafluorophenyl)lpoLayﬁx X5 The nolar ratio of
cat al yst/ cocat al yst enpl oyed preferably ranges from 1:110,000 to 100: 1,
nore preferably from 1:5000 to 10:1, nost preferably from1:10 to 1:2.

In general, the oraddihgrsdoivated addoet, gholatpcidetioatiog orawixtive themgf, t he t wo conponent s
in a suitable

wherein:

L independently each occurrence is a delocalized, n-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 to 50 non-hydrogen atoms having the
formula, -(ER"2)m-, wherein E independently each occurrence is carbon, silicon or germanium,
R* independently each occurrence is selected from the group consisting of C1.a9 hydrocarbyl,
and C,.z0 hydrocarbyloxy, with the proviso that in at least one occurrence R* is Cy.20
1S5  hydrocarbyloxy, and m is an integer from 110 3;

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

X" independently each occurrence is a monovaient, 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"

20  groups together form a divalent hydrocarbadiyl or neutral hydrocarbon group;

n is a number from O to 3; and

pis anintegerfromOto 2.

2. A metal complex according to claim 1 comresponding to the formula:
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solvent at a tenperature mﬁthTﬁ_FEE‘Féﬁge~+fﬁﬁ+~100[err]C to 300[err]C. The

cat al ytsft may be sep?r ately 20 ”‘m,”"mmﬂm[@ ;beto ;J_Se by conbi ni n?ht he
respective conponents or prepa ’ i nation in the
presence of the nononers to be pol yneri 2ed.s is preferred to formthe
catalyst in situ due to the exceptionally high catal ytic

ef fecti veness WR9785%83| ysts prepared in this manner. The PCT/USS$/M03St S'
conponents are sensitive to both noi sture and oxygen and shoul d be handl ed

and transferred in an inert atnosphere. 25 The
presence of the al koxy fRInctiBhality in the bridging group has been
di scovered to be p Hcuylarly beneficial in allow ng the conpl exes

r silicon atons of the matrix or

ne functionality of the substrate materi al s.
i nclude alumna or silica. Suitable

readfly prepared by contacting the

present mnetal conpl ex substrate optionally while subjecting 30

to heating and/or reducC sures. A Lewis base, especially a

trial kyl am ne can be pre R assist in the reaction between the

support and the si | oxarf® functionality of the netal conpl exes;

- 13- Preferred supports for use in the catal yst

systens of thegRkfsent invention i ncl ude highly porous silicas,

al um nas, alumnosilicates, and m xtures thereof. The nost preferred

support material | ll.l.ca. .The support .nateri al be i.n. granul ar,
aggl oner at ed, L %QH'@% z'z'g(’i",'umoorr Rgfﬂvm'd'?ﬁg?é' ﬁg %ggé'fmf%d%ﬂ &t abl e
materials include, hut are not limted to, silicas

Ein ndently each occurrence is carbon or silicon;

to chemcally bind to
hydroxyl, silane or
Especial ly (R.B
supported catal yst s

5 R* independently each occurrence is selected from the group consisting of Cy.¢
hydrocarbyl, and C..s hydrocarbyloxy, with the proviso that in at least cne occurrence R* is Cy.¢
hydrocarbyloxy;

mistor2;

R’ independently in each occurrence is selected from the group consisting of hydrogen,
10 hydrocarbyl, silyl, germyl, cyano, halo and combinations thereof, said R’ 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 forms a n-
complex with M when M is in the +2 formal oxidation state, whereuponnis 1 andpis 0;

15 X" each occurrence is an anionic ligand group that is covalently bonded to M when M is
inthe +3 or +4 formal oxidation state, whereupon nis 0 and p is 1 or 2, and optionally two X"
groups 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
20  propyl, butyl, pentyl and hexyl, as well as cyclopentyl, cyclohexyl, norbornyl, benzyl, and
trimethyl silyl; or adjacent R’ groups are finked 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, n*-1 +A-diphenyl-1,3-butadiene;
1'-1,3-pentadiene; n*-1-phenyl-1,3-pentadiene; n*-1,4-dibenzyl-1,3-butadiene; n*-2,4-

This Sheet Has Been Repla

LTTITIR -




5 available from G ace Davison (division of WR Gace & Co.) under the

desi gnations SD 3216, 30. Davison Syloid 245 Davisaon 948 and Davi son
952, and from Degussa AG under the designation Aerosil 312; and

al um nas avail abl e from Akzo ' er the designation Keaen

G ade 3. (ﬂm“nmllgﬂmm ble for the catal yst systens
of the preseniyoosees i on preferably 20 * Rave a surface ar eerasesdsdzer m ned
by nitrogen porosinetry using the B.E. T. nmethod from 10 to 1000
merr]/g, and preferably from 100 to 600 nferr]/g. The pore volume of the
support, as dethexadiens: ¢f*-3-methyi-1,3sgentatlieneonysit-ditcigleh; hitasiene; aein sh-bisfometbyisiyl)- S
between 0.1 and spufedieRd,’]1/ 9. preferably from0.2 to 2 cnferr]/g. The

average particle size is not. critical. but tvoicallv.is fromO0.5 to 500
[err]m prefer Sof éimer, deaterafa PS‘F%{ fhﬁl"ge%ﬂiwv&p f ﬁ‘%:"mqﬁqggot

Both silica and alum na are known to inherently possess small quantites of
hydroxyl functional Pty affeHEReeasingiechin g syhersing”is hydrgecchiofga. methd.banzds o
support her &i n,phinyictoigl, t-butyl, methoxides pi terthethyisilykoniweX"areups tpgethds predidditabalivh sheat
treat ment and/ Qisu@ehkiend), drsRRi2EdihethyR1,5-Bilatfche), N hydr oxyl content

thereof. Typic Lagf@-%\{ﬂ@%ﬁ%ﬁeﬁﬁ %gg"&yk"%”@ tenperature from 30

to 1000[err on o m nutes to 50 hours in an inert

at nrosphere or under _reduced 0 ressure. Typical chencal treatnments
i ncl ude contacting %ith MéW"&I‘?( i i gilicon, 1§ 1, and R* in aplgast

tri hydrocar byl opéasatirrenee is swihoxidegethoxide otigaghropexideby | chl or o- si | ane conpounds,
trihydrocanby! af k@nersidhvaien aBauleneatta dérvative i rhijtire@@fidl.S. The silica or

alum na materials for use herei n have a surface hydroxyl content
that is less than 078 MRlongyetiacebidingi QRS whtbin € is2Ydictentadienyt, SO i d
support, nore preferably [ess tha g.S | pe ram. The droxyl content
my be 25 dgf 'h'ﬁ‘%& '@?@M’M ﬁﬁ"ﬂ?"%ﬂ%&?ﬂh to a

slurry of the oehydroliugranyrqr ongef the foregoing groursityrthar sybstitprd with aea-ar more methal, ky |
Magnesi um r e maiethid/ Kgopiinbutyh| pehtyl eyl (iachiding bianéhe B oyelie somdrs), Sorbomyl, benzyket hod i s

g?sdc\a/g(zlnk;fg EAI k,h@mmhy'gmzzhg‘r %&Q S is the sogi—ﬁgj—| :pg/gﬁf\l ;Z}ge;\lr{( |: a
Clerr] al kyl gf’gm'f"’s\?ﬁ'ﬁma"d » Chelated derivative or rjyiure EB'(S)rt may be

unfunctionalized (excepting for hydroxyl groups as .
8. Aca t systemn 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
20  andan aluminum or silicon containing substrate.

10. A process for polymerizing an a-olefin, comprising contacting an o-olefin ora
mixture of a-olefins with a catalyst system according to claim 8 or 8.
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pr evi dUS'JY?B{P gl%[):gres ,Qfﬁl?ﬁﬂﬁe by treating with a silane ofl¥v%ol8-2

chl orosi | gent to attach thereto pe .
-(Si-R = g((gsr °t 7’ u ctionality, wherein R mcf@tgﬁ%mﬂ
Cerr] hyd r Su -fun tionalizing agents are co

t hat reactq/\ﬁl)ﬁf Br+-al0eP3EF r"oxy groups of the support or HEZEE@W

the silidon or al um num of ’c"-i’i TiX. s - 14- Exanpl es

of suitall ®ATIOF (REﬂfEIPiI‘ng i nc| ude phenyl si il ane, di phenyl sil ane.

met hyl phenyTsTTane, dsnﬁaemema%cv@ ebamxbulsweMs%E@dm&kkene and

di chl or odi net hyl si | ane. . Techni ques for formng such f.uncti onal i zed

silica or alum na_ wer e previ ousl é’ di scl osed i n US-A-
3. 687, 920 and US- A xér@%iogé%ates te metal camplexes containing twa c;clpﬁ@t%q_ﬂ%lcﬁrﬁuq?ﬁyte@ SO
be treated weidppanaciényninaetiascodrosteisn gbimeetaitn tardystairmed thera irdih thBihaaee or

an al um num n R ﬁg \

| ndependent I 39 ea § ,Q:aQch Jepfgg{:éﬁﬁggh%eﬁ# é‘lﬂdﬁlkg'% bf:{" Eéi gom"‘]"ﬁlg S %‘é(ﬁ? i de, R
or OR, x'Zis \E”%?"'E”'ESW s\cg cgmgipxes agfgcemd 45‘{’Irh3@$f'30kde Biel compiexes cyntaining Ge
Exanpl es of %th@biv@‘cﬂi‘@:fx? butatdteRlsmine bnﬁr@lgﬂﬁ:pi NG laedleonn®E Bikkent MRIAROXY

et hyl , et hoxy al | |sonersz but yl

opy
(all isoner s)éld UPSXT r%‘%IC’I' YIS THED S’jmp?ﬁﬁ%ﬁ'ff" 3315??2‘#8%?&"55‘8‘?&%“510 and
benzyl oxy. Prelfweringadditidneclymentaplemarompenent is sel ected from al um noxanes
and tri(Cerr] hydr ocar byl ) al um num conpounds. Most preferred

al um num corrponentuﬁu@.rae: a%‘tam %Yeaé?@&sc.osed bnscyc%ﬁéd@ﬁéﬂ?’l%r@tﬂ%%%mbl&e@t hyl
alumnu tri-iso m Xt ur es

Al unox an‘e% ( RGP é’PPéﬁs T’&‘r %?§'”51 'h H?fﬂ'HSE’é'??é %P U7l SRR R VIt AROERA yiver i ¢

activating cscatalysts for use in addition polymenzahons especially the polymerization of

aliphatic a-clefins. In a series of patents, W. Spaglick has disclosed certain ring substituted
stereorigid bisindeny! complexes and their use as olefin polymerization catalysts. The bridging
group of such complexes generically includes silicon, germanium or tin cantaining divalent groups

15 containing hydride, halogen, C,.,q alkyl, C,.;, flucroalkyl, Ce.q aryl, Cs.io fluoroaryl, C, ., alkoxy, C..
10 @lkenyl, G, aralkyl. Cq4q aralkenyl or C,_q, alkylaryl groups or ring forming combinations
thereof. Such disclosure may be found in US-A- 5,243,001, US-A-5,145,819, US-A-5,304,614
and US-A-5,350,817, among others,

EP-A-0659757 discloses olefin polymerization catalysts comprising a
20 bis(indenyl)metallocene of a Group 4, 8 or 6 metal in which the indenyi groups have different
substitution patterns from each other and are bridged by the group (CR®R3),-R’4CR®R?),., in
which mandnare 0,1 or 2, m¥nis 0, 1 or 2, R’ is selected from inter glia certain silanediyl or
germanediyl groups which may have C, 5, alkoxy substituents, and R® and R? are selected from
inter afia C, 5, alkoxy and certain hydrocarbyl groups. There is no exemplification of any

25 bis(indenyl)metallacene containing an alkoxy group at any lecation in the bridging group. X

WO-A-95/06071 discloses alefin palymerization catalysts comprising a mono- or di-amido
silanediyl bridged bis(cyclopentadienyl) metallocene of a Group 4, 5 or 8 metal,

It would be desirable if there were provided impraved metal complexes that are more
readily adaptable to forming supported catalyst systems as well as an improved addition
30 polymerization process utilizing such catalyst systams.

'As a result of investigations carried out by the prasent inventars there have now been discovered

new and improved supported catalysts for use as addition polymerization catalyst system
comprising:



al uni num oxy conpounds cont ai ni ng chains of alternating al um num and oxygen

at ons, whereby 15 the alum num carries a substituent, preferabl W
group. The structure of al unbxane is believed to be represeAJ SHEET

the foll owing general fornulae (-Al(R-OfJerr], for a cyclic

al unoxane, aagk:REenr] Al-O(-Al (R)- O)[err] -AL_R[err] for a |linear cbrﬁa_&ﬂﬂdlggg-
wherein Ris as previously - .defined, and m is an integer ranging
from1l to 50, preferably at- I east 4. Al unpxanes are typically t he
reaction product sihefGeaad &4, ardnhanidd oethicompiat doyrespondling lo Mherforraitii t i on to an
al kyl group nmay 20 contain halide or al kOXI de groups. Reacting several
different alum-.-num alkyl conpounds, such @ for exanple trinmethyl

al umi num and tri-isobutyl alumnum wth vv:ilt er yields so-called nodified or
m xed al unoxanes. Preferred al umaxanes a/ I e\pRER { al unoxane and

- met hyl al unoxane nodified : wi th mnor anolinfs of Clerr] al kyl groups,
especially isobutyl. Al um)xanes general I y cont ain m nor to

substanti al anounts f st gund 25

Particul ar t¥HHTguE" f'ﬁ:é "ﬁe'%ﬁ‘ﬂ ?'5?\" ¥'5I fdX&ne type conpounds by:

contacting an al um num aI kyl compound with an inorganic salt containing
wat er of crywhesgihd zati on are disclosed in US-A-4,542,119. In a
parti.cul ar preferred enbodi nent an al um num al kyl conmpound i s

contacteds wi t h a Lﬁ\a@&ﬁa&wbé@x dﬁQIr@ﬁceG@Qtgﬁhﬁli:d’lhﬁhirﬁgb&tt@w@onﬁt&ébeﬁ%tohﬁ@h@t ed
al um na, si I 8t hg bst ? This is disclosed in EP-A-338,044. Thus
t he al um)xan %"g ya OFated into the support by reaction of a
hydrated al unina or sili ca rraterl al, which has optionally been
functional i zed wi Mis 8 metahef Greyd Hrantbe Lanttanide aeries PURY Bedcdicd able of thd Elemes:| ane
groups, with atri(Cerr] alkyl) alum num conpound according to

K n?Wn t FC hni ques. zis 3 covalently bound, dwalentt subshtueTlh& ub E@Sﬁ ﬁBﬂ%dr@&ent J&ﬁnﬂb@ﬂ@ﬁﬁ

material in i nclu i.onal al unobx

[T ol kol al nPrOF Ko er i, GiTTERsPRaH AR oG TS ecarem sy & segrarim. &7

si mul t anebusingependéntiBéach oaclaiehesnn sadctedlomun plydncarbyl ot Cv.g hpiiocaedyaky with

hereunder W ) otdife HatHRKBER oS odelirdde& Mt Rl MMM arbyioxy, 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 @ monovalent, anianic moiety selected from hydride,
15 halo, hydrocarbyl, silyl, germyl, hydrocarbyloxy, amide, siloxy, halchydrocarbyl, halosilyl,
silylhydracarbyl, and aminchydrocarbyl having up to 20 non-hydrogen atams, or two X" groups
together form a divalent hydrocarbadiyl or neutral hydrocarbon grOLIp;
n is a number from 0 to 3; and
pis an integer rom 0 to 2.

20 (i) an activating cocatalyst, and

(iii) an aluminum- ar silicon-containing substrate (a) containing hydroxyl, or pendant
silane (Si-R)=, or chloresilane -(Si-Cl)= functionality, wherein R is a C,_,, hydracarby! group, with
the proviso that the surface hydraxyl content of a hydroxyl functionalized substrate is less than
0.8 mmoi per gram suppert or (b) that has been treated with an alumoxane or with an aluminum

23 compaund of the formula AIR‘:-RI,, wherein R’ independently each occurrence is hydride or R; R
- is hydride, RerOR; x'is 2 or 3; y* is 0 or 1 and the sum of X' and y'is 3.

There is also provided an improved method for polymerization of addition polymerizable
manomers using one or more of the above addition polymerization catalyst systerms. Such



conpound, especially triethylal uni num or tri| sobut yl aum num Optional Iy the

m xture can also be . . heated under an inert atnosphere for ap 'EMEN'IE(SHEET
at a tenmperature sufficient to fix the - al unoxane, trial kyl alum num
conmpound, conplex or catalyst systemto the suoport. Optionally, I#Ap@
treated suppski »cennponent contai ni ng al ugexane or the trial kyl al um¢ na

conpound may be "~ 5 subjected to one or nore wash steps to renove
al unoxane .or trialkylalum numnot fixed to the support .
Besi des conteaticnmgy tnhezatenqienstseniTal ba lisddx ereeare n@yrmrafmmnewwyg ki,

generated i DqéLtpqu%nC%%qnhﬂg‘e%pﬁHgmgrm yzed silica .or alumna or a

noi stened silica or al um na a trial kyl al um num corrpound
optionally in the presence of. an. |1nert Luent . SuchB% process, is well
known in the art "FEPG HEEA2REC Iaﬁ‘gebm? FEERNATTIBR sEsere R TR "‘@FPZTBG“FS

and US- A-  cfthe Ee‘:‘r,e&@ﬂ:uﬂl%ﬂed Sui oaraeaby PRAPress. yed regsarAmenaryi-tfaendssio ancl ude
et ane: o SRS %ol ERAG o e Group oERLAR e BELANSs PIRGE TS or PO AN

i sononane, cane, cyclohexane, Tcycl ohexane and I nati ons
of two or mitements using thedVPAR Atsem fSILﬂ"["‘&Bﬂ"‘@ gEuEfrat i ¢ hydrocar bon d| I uents are
benzene, toluene, xylene, and other alkyl or hal ogen substituted aromatic

conpounds. Most Iutable Lpgrelﬁ;ﬁr:&bisyheréuhmclddzé mrmteuti'axoraamoakc-}r&b‘dr@ ddimdgar bon,
especi al l'y tol ue Aft.er Lipon in n ner t he
resi dual hyd‘?"’%fapégﬁ?”ﬂ'f" et e% %e b“"c'm’%'mﬂ;I gl%l 3dﬁ@e gmge 'ﬂ%@ fIORES { han
1.0 neq of OFsysbmegrabgrrieHs rsmdperene mylemﬁumasﬁwq@ﬁmmgwordamawems _
techni gUgs. ey as sybstituted denvawl:@sf sﬁa«t GhopS! ERMTIR R aflBhic @Qeé&%ﬁgontté?mﬁ)l ynerize

ethylenically acetylenically unsat urat ed nononers havi ng from
2 to 100, OO(D“Q’ﬂi'Pﬁtﬂﬁ’”%&%ﬂWsPe@HdﬁéY' YFiensa=girny. FYLAINAYRAY Frivell as gubstitieds er r ed
MONONEr s | NGekndflivds®such@rdups.[ err] -ol efins especial ly ethyl ene, propyl ene.

| sobutyl ene, 1- but ene, 1-pentene, 1-hexene, 3-nethyl-1-pentene,
(=MLY’ - L Pent g pd e Al &RRe! whHiRATL JanQ'ﬂet i bove sGBGh LA RGIQERY gOUI ar
[err]-ol efins, and m Xtures ther eof her Féryed Mononers T he

styrene, é’PF‘}edaﬂr%w isqnagnt that gaehchatenm 9@@\@'0‘:@'@% hensied gumpReingspendently be
vi nyl begg 003&%&@!@%@ radical selected from hydrocarbyl radicals, halo-, alkoxy-, amino- or cyana-

substituted hydracarbyl radicals, and hydracarbyl-substituted metalioid 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

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

© may together form a fused ring systém or a hydrogenated fused ring system. Examples of the

latter are indenyl-, tetrahydreindenyl-, fluorenyl-, and octahydrofluorenyl- groups, as well as ring
alkyl substituted derivatives thereof. Examples of suitable hydracarbyl-substituted organo-
metalloid radicals include trimethylsilyi, triethyisilyl, ethyldimethylsilyl, mathyldiethylsily!,

25 uiphenylgennyl, and trimethylgermyl. -

Preferred L groups are anionic L groups, including, cyclopentadienyl, indenyl, flucrenyl,
tetrahydroindeny!, tetrahydrofluorenyl, octahydraflucrenyl, pentadienyl, cyclohexadienyt,
dihydroanthracenyl, hexahydroanthraceny!, decahydroanthraceny! groups, and C,.,, hydrocarbyl-
substituted derivatives thereof. Most preferred anionic L groups are

30 pentamethylicyclopentadienyl, 2-methyii_ndenyl. 3-methylindenyl. 2,3-dimethylindenyl; 2-methyl-d-
phenylindenyl, and 2-methyl<4-naphthylindenyl. :

Examples of highly preferred complexes for use in catalyst systems accordin§ to the
present invention correspond to the formula:



et hyl irdenenor bor nene, 1, 4- hexadi ene, 1,7-octadiéne, VinleyC'Oﬁﬁaﬁﬁﬁw L
ENT SHEET]

4-vinyl cycl ohexene, 25 di vi nyl benzene, and m xtures thereo
et hyl ene. Long chain macronol ecul ar [err]-olefins are Vi ny q W 1999
term nated polyneric remmants fornmed in situ during continuous soluti

pol ynmeri zati @Rss s3s99 reactions. Under suigt-abl e processing conditions such
| ong chai n macronol ecular units are readily pol yneri zed into the
pol ymer product along with ethyl ene and other short chain ol efin nmononers
to give small quantities of |ong chain I®RanchRhg in the resulting pol yner.
30 In general, the polynerizatiog nmay be acconplished at
conditions well known in the prior r Ziegler-Natta or

Kam nsky- Si-nn type porynerization r eacjiA such as tenperatures from
0-250[err] C and pressures from 0 t mospheres (0.1 to 100
MPa) . Suspensi on. sol uti Iurry, gas or other process’
condi tions may be enpl oyed if deS|red. Thg support Is preferably
enpl oyed in an anount to provide a wei | & of catal yst (based on
nmet al ) : support 35 from 1:100,000 to 1: re preferably from 1:50, 000
to 1:20, and nost preferably from 1: 10,000 to 1:30.
Sui t abl e gas phase reactions may utilize concensation of the nononer or
nononers enployed in the reaction, or of an inert diluent to renove heat
fromthe reaghgfain: I n nost pol ynmerization reactions the

nol ar ratio of catal ystpolynerizabl e conpounds enployed is from

10[err]:1 to 10 erhﬁ Js txémum Zirc rlx’it?xg g,f haapnlu.){'nfxr{ tgén +£‘%%F Ll icgmatl QXiJEgLne £t£tL:: 1.

E independently each occurrence is carbon or silicon;

S Fi' independently sach occuirence is selected from C,; hydrocarbyl, and C, 4
hydrocarbyloxy, with the proviso that in at least one occurrence R* is C. 4 hydrocarbyloxy;

mistarz;

R’ independently in @ach occurrence is selected from hydrogen, hydrocarbyl, silyl,
germyl, cyano, halo and combinations thereof, said R’ having up to 20 non-hydrogen atoms each,
10 or adjacent R’ groups together form a divalent derivative that is a hydracarbadiy!, siladiy! or
' germadiyl group;

X' is a conjugated diene having from 4 to 30 non-hydrogen atoms, which forms a - -
complex with M when M is in the +2 formal oxidation state, whereuponnis 1 and pis 0;

X" each occurrence is an anionic ligand gfoup that is covalently bonded to M when M is
15  inthe +3 ar +4 farmal oxidation state, whereupon nis Qand pis 1 ar 2, and optionally twa X~
groups together for a divalent anionic ligand group.

Preferably, R’ independently in each occurrence is selected from hydrogen, methyi, ethyl,
and all isomers of propyl, butyl, pentyl and hexyl, as well as cyciopentyl, cyclohexyl, norbarmyl,
phenyl, naphthy!, benzyl, and trimethyl silyl; or adjacent R’ groups are linked together thereby

20 forming a fused ring system such as an indenyl, 2-methylindenyl, 3-methylindenyt, 2,3-
dimethylindenyl. 2-methyl4-phenylindenyl, 2-methyl-4-naphthylindeny), tetrahydroindenyi,
fluorenyl, tetrahydrofluerenyl, or octahydrofluorenyl group.

Preferred L, groups include cyclopentadienyl, tetramethylcyclopentadienyl, indenyl,
tetrahydroindenyl, fluorenyl, tetrahydrofluorenyl, octahydrofiuorenyl, or one of the foregaing

1o



5 ‘ ~ Suitable solvents for polynerlzatlon via a sol utjon pr.o
are noncoordi nating, inert i quids. Exanpl es include st rBE M%ﬁi%HEET
branched- chai n hydrocarbons such as isobutane, butane, ' pen%ﬁgeMAR‘EBB
hexane, heptane, octane, and nixtures thereof, cyclic. and alicycli

hydr ocar bonsi2&y9cti/?s as cycl ohexane,-4a&+cl.ohept ane, net hyl cycl ohexane,

nmet hyl cycl ohept ane, and m xtures thereof, perfl uorinated

hydr ocar bons such as perfluori nated C[err] al kanes, and aromatic and al kyl -

10 subst i reure duriipOvRSIted Wi RFG R0ITO8 eyl SthyjeRroryh Sutyl zsintyb exyl érriudingl ene.

Sui t abl e sol parthed Mas9ciic ;somers)Iﬁaﬁbbmgebdntﬂwrdn&wjmuas which may act as
nonomMers or conononers including et hyl ene, propylene 1- but ene,

but adi ene, cycl opent e RNt en xl pent ene,
1, 4- hexagﬁéwggs pf spi }LE;‘ %d“déeﬁ%s n ""@c/‘t‘ ene. 'prie"é'e'cé?l%a 'eé'Fy%e

di vi nyl benzm;adenhmr-rﬂbewhmp{weme n'-1,4-dibenzyH1)3-huéadieen e, -2\4+nayddienb ugale
(inct udi B9 ahlnsSOfRnEaRhERE it SURIHL Sha n 41X LMHAFIRAE S BRac@ld 15
V|nylcyclchexane xtures of e foregoing are also su

The cat al ystSf theafpragpiod Uvediphisnyl utadiene. drthenid ! iScientatiete. and 3. asxrdierasare

addi tional preferred. NONDgeneous or het erogeneous pol yneri zation catalyst in
the sane or in separate reactors connected in series or in parallel

to prepare polyneL blen desir bIe erties n i exa Ie of
such a process isé’ﬁ’lmgg gi%”gg? Q%E%%E Wgn&og‘ '?A@Flmeé@"\ﬂfﬂz& BEMYeh

0 butih.emethaxide panid yrireethylsilyl oo X7 w%ﬂ%cpanegedsbutaueml aedis(hg;
optionaklgy i gutskiehe), ¥eikis(2 8fim&hyl-1,3-butadiet®r € [err]-olefins with a catal yst
system according to the present invention, in one or nore cont i nuous
stirred tank or tubular reactors, or in the absence of solvent, optionally
in a fluidized bed gas phase reactor, connected in series or
parallel, and recovering the resulting polyner Condensed nononer or
sol vent may be added to the gas phase reactor as is well known in the 25
art. The foregoing technique also allows for the
preparation of ethylene/[err]-olefin interpolyner conpositions
havi ng a broad range of nol ecul ar wei ght distributions and conposition
distributions. Particularly desirable [err]-olefins for use in the
foregoi ng processes are (Cferr] [err]- ol efins, nost desirably
l-octene. 3 0 The skilled artisan will appreciate that the

i nvention disclosed herein may be practiced in



the absence of any conponent whi ch has not been specifically discl osed. The

fol |l owi ng exanples are provided as further illustration thereof and
.are not to be construed as limting. Unl ess stated tOREPEAGE‘MENTaSHEEr
all parts and percent ages are expressed on a wei ght basi s.

-17 - PRI es ~ Material$and Met hods. 2 3JI’HAﬂS$999

ot herw se stated, all chem' cal manipul ati ons were performed under nitrogen

in either an el 06 an rﬂ)g h%re?'s'ﬁ x,(écungg_;q,ﬁ e u.g;,sl;lkfg{ FQ,Qle_lfll. A%,

doubl e manifold using s coni
tetrachlori denetﬁ‘@hl”mﬁen@tmmml*‘aﬁe?e FilpeN A i ne, and 2- _propanol are
used as received fromAldrich Chemcals Inc. - Exanple 1

i sopropoxymet hyl s I'L@rtemes:éé SialdmalRY BthiGaeah e 3 do@Biyd:R ivike akddvandlg chl or i de |
Preparati on gz];c:agallyss? 5y Xtyr)apxggztlv}./a{mcélgecch lmgLrleO Séulxtacle activaling cocataiysts for use herein
s include polymeric or sligemenc alumexanes, escecially methyigiumoxane, triiscbutyi aluminum-
modified methylalumaxane, or diisobutylalumoxane; sircng Lawis acids, such as Cq.3g
nydrocaroyl substituted Greup 13 compounds, aspeciaily ri(hydrecarbyi)aluminum- or
iri(hydrocarbyl)boron- compeunds and halogenated denvatives thereof, having from 1 t¢ 10
carbons in each hydrocarbyt or halogenated hydrocarbyi greup, 2speciaily
10 tris(pentaflusrophenylberane; and nenpclymeric, inert, compatible, noncoordinating, ion forming
compounds (including the use of such compounds under oxidizing conaitions). A suitable
activating technique is bulk slectrolysis (explained in more detail hereinafter). Combinaiions of
the foregeing activating cocatalysts and techniques may also be employed if desired. The
~ foregaing activaling cocatalysts and activating techniques have been previously taught with
1S  respect to different metal complexes in the following raferences: EP-A-277,003, US-A-5,1583,157,
US-A-5,06_4.892. EP-A-4868,651, EP-A-520,732, and WC-A-83/23412.

Suitable nonpolymerie, inert, compatible, nonccordinating, ion forming compounds useful
as cocatalysts in one embodiment of the present invention comprise a cation which is a Bronsted
" acid capable of donating a proton. and a compatible, nencoordinating, anion, A-. Preferred

20  anions are those containing a single ccordination complex comprising a charge-bearing metal or
metalloid core which anion is capable of balancing the charge of the active catalyst species (the
metal -caﬁon) which is formed when the two components are combined. Alseo, said anion can be
displaced by olefinic, diclefinic and acetylenically unsaturated compounds or other neutral Lewis
bases such as ethers or nitriles. Suitable metals include, but are not limited ta, aluminum, gold

25 and platinum. Suitable metallaids include, but ars not limited to, boran, phasphorus, and silicon.
Cempounds containing anions which comprise caordination complexes containing a single metal
or metalioid atom are well known and many, particularly such compounds containing a single

baron atam in the anion partion, are available cammercially.

Preferably such cocatalysts may be represanted by thé following general formula:
30 - (L=-H)*q A9~ wherein:

L” is a neutral Lawis base;

(L"-H)* is a Bronsted acid;

A9 is a noncoordinating, compatible anion having a charge of d-, and

d is an integer from 1 to 3. '

35 More preferably d is one, that is, A%~ is A~
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triethylammenium tetraphenyiborate,

tripropylammonium tetraphenyiborate,

tri{n-butyl)ammeonium tetraphenylborate,

tri(t-butyl)ammenium tetraphenylborate,

[
v

N,N-dimethylanilinium tetraphenylborate,
N, N-diethyianilinium tetraphenylborate,
N,N-dimethyl(2,4,8-trimethylanilinium) tetraphenyiborate,
trimethylammonium tetrakis-(penta-fluarophenyl) borate,
20 triethylammonium tetrakis-(pentaflucrophenyl) borate,
tripropylammonium tetrakis({pentafluorophenyl) baorate,
tri(n-butyl)-ammenium tetrakis(pentafiuarophenyl) barate,
tri(sec-butyl)ammonium tetrakis(pentaflucrophenyl)borate,
N,N-dimethylanilinium tetrakis(pentaflucrophenyl) borate,
25 N, N-diethylanilinium tetrakis(pentafiuoro-phenyl} borate,
N,N-dimethyl(2,4,6-trimethyl-anilinium) tetrakis(pentaflucrophenyl) borate,

trimethylammonium tetrakis(2,3,4,6-tetrafluorophenyliborate,
triethylammaniurmn tetrakis(2,3,4,6-tetrafluorophenyl} borate,
tripropylammonium tetrakis(2,3,4,6-tetraflucrophenyl) borate,
30 tri(n-butyl)ammonium tetrakis(2,3,4,6-tetrafluorophenyl) borate,
dimethy|(t-buty!)ammonium tetrakis(2,3,4,6-tetrafluorophenyl) borate,
N, N-gimethyianilinium tetrakis(2,3,4,6-tetraflucrophenyl) bocate,
N, N-diethylanilinium tetrakis(2,3,4,6-tetraflucrophenyf) borate, and
N, N-dimethyl-(2.4.6-trimethylanilinium) tetrakis~(2,3,4,6-tetraflucrophenyl) borate.
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wei ght basi sssz a3/ Exanpl es12- ' - Materials and
Met hods. ' 5 Unl ess otherw se stated, all chem cal mani pul ations
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gl ove box or on a nitrogen/ v&Aum doubl e mani fol d using standard Schel onk
techni ques. Zirconiumtetrachl oride, dichlorodinethylsilane, '
triethyl am ng.pid 2-propanol are used as received from
Al drich Chemcals Inc. Exanpl e 1
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To 45 nlL (0. 38 nwl es)recofootdinatiy, conpatiidagdisn. | ane in 1.5 L of anhydrous et her
cooled at O
5 . Examples of cations. G*, include tetratydracarby! substituted ammanium or

phasphanium catiens having up to 40 nonhydrogen atoms. A preferred cation is the tetra-n-

butylammonium cation.

During activation cf the complexes of the catalyst systems of the present invention by
~ bulk electrolysis the cation of the supponting electrolyte passes ‘o the counter electrode and A”
10  migrates to the working alectrode 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 electralytes are tetrahydrocarbylammonium saits of
tetrakis(perfluoroaryl) barates having from 1 to 10 carbons in each hydrocarkyi graup, especially
15  tetra-n-butylammonium tetrakis(pentafluorophenyl) barate.

The molar ratio of catalyst/cocatalyst employed preferably ranges from 1;10,000 to 100:1,
~more preferably from 1:5000 to 10:1, most preferably from 1:10 to 1:2.

In general, the'cat'alysts 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 separately
20 prepared prior ta use by cambining the respective camponents or preparad in situ by combination
in the presence of the monomers to be polymerized. ltis prefarred to form the catalyst in situ due
to the exceptionally high catatytic effectiveness of catalysts prepared in this manner. The _
catalysts’ companents are sensitive fo both moisture and oxygen and shouid be handled and
transferred in an inert atmosphere.

28 The presence of the alkoxy functianality in the bridging group has been discoverad to be
particularty beneficial in allowing the complexas to chemically bind to aluminum or silicon atoms
of the matrix or hydraxyl, silane aor chiorasilane functionality of the substrate materials. Especially
suited substrates include alumina or silica. Suitable supported catalyst systems are readily
prepared by contacting the present metal complexes with the substrate optionally while Subjectihg

30 to heating and/or reduced pressures. A Lewis base, especially a trialkylamine can be present to
assist in the reaction batween the support and the siloxane functionality of the metal complexes;
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fol  owed by dropw se : addition of 29.5 nlL (0. 38

2-propanol . After stirring for 4 hours, the precipitated whi t €@

solid (triethylam ne hydrochl oride) was renoved by filtration and &géﬁg%
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To 2.0 g (5 8 mpl es) of

| sopropoxyrre‘t'ﬁ‘iﬁ %i 1 anebi s- (tet r amet hyl cycl opent adi ene in 50 25 L
of diethylether at O [err]C is added dropwise 2.3 nL of n-BuU (2.5 Min
hexanes) over a 1 hourSupports suitable for the catalyst system bishgrprrsant isventionsréferalyl at
room t epger %Vé ssuraee Erebl anétermme b?ﬁ’ilré/feﬂtpor'oﬁméﬁj"’&%@%é@ E8T method from 10 to

vacuum and t due wash hexape to yi'eld the desired product.
-17- 1000 m /g, and preferably ‘rcm 100 to 600 m</g. The pore volurmea of the support, as determined

by nitrogen adsorption. advantageously is between 0.1and 3 cm3/g. preferably from 0.2%0 2
cm/g. The average particle size s not critical, but typically is from 0.5 to 500 pm, preferably
from 1 to 100 pm.

15 | Both silica and alumina are known to inherently possess small quantities of
hydroxy! functionality attached to the crystal structure. When used as a support herein, these
materials are preferably subjected to a heat treatment and/or chemical freatment to reduce the
hydroxyl content thereof. Typical heat freatments are carried out at a temperature from 30 to
1000°C for a duration of 10 minutes to SO hours in an inert atmospheres or under reducsd

20 pressure. Typical chemical treatments inciude contacting with Lewis acid alkylating agents such
as trihydrocarby! aluminum compounds, trihydrocarbyichloro-silane compounds,
trinydrocarbylalkoxysilane compounds or simitar agents. The silica or alumina materials for use

. herein have a surface hydroxyl content that is less than 0.8 mmol hydroxy! groups per gram of
solid support, more preferably less than 0.5 mmoi per gram. The hydroxyl content may be

25 detarmined by adding an excess of dialkyl magnesium to a slurry of the solid support and
determining the amount of dialkyl magnesium remaining in solution via known techniques. This

method is based on the reaction:
S-0OH + Mg(Alk); —> S-OMg(AIK) + (AKK)H.
wherein S is the salid support, and Alk is a C,_, alky! group.

30 The support may be unfunctionalized (excepting for hydroxyl groups as
previously disclosed) or functionalized by treating with 3 silane or chiorosilane functionalizing
agent to attach thereto pendant silane -(Si-R)=, or chiorosilane -(Si-Cl)= functionality, wherein R
is a C,.,s hydrocarbyl group. Suitable functionalizing agents are compaunds that react with
surface hydroxyi groups of the support or react with the silicon or aluminum of the matrix.
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pol yneri zati on catal yst system conprising: - (1) a netal.

corresponding to the formula: [err] : 5 or a dinmer, sol _

-adduct, chel ated derivative or mxure thereof, wher ei n: YaﬁeﬁAR .1999
42649 731/%9 -t 4- '

Examples of swtabie functionalizing agents include phenyisilane, giphenyisilane,
methylohenylisilane, dimethylsilane, diethylsilane, dichlorosilane and dichiorodimethylstlane.
Techniques for farming sucn functicnalized silica ar alumina comoaounds were sreviously

disciosed in US-A- 3,387,220 and US-A-3,379,368.

The support may also be ireated with an alummum cmponent salected from an

\n

alurnoxane or an aluminum sompeund of the formula A1R1‘R4,., wherein R1 independently 2ach
nccurrance is hydride or R; R2 is hydride, R ar CR; X' is 2 or 3 y' is 0 =r 1 and the sum of x' and
y' is 3. Examples of suitable R1 and R2 groups include methyl, methoxy, ethyl, sthoxy, propyl (all
isomers), propoxy (all isomers), butyl (all isomers), butoxy {all isomers), phenyl, phenoxy, _benzyl,
10 and benzyloxy. Preferably, the aluminum companent is selected from aluminoxanes and tri(C,
hydreearbyl)aluminum compounds. Most preferred aluminum corﬁponenrs are gluminoxanes,

trimethyl aluminum, triethyl aluminum, tri-iscbutyl aluminum, and mixtures thereof.

Alumoxanes (aiso referred to as aluminoxanes) are cligomeric or polymeric
aluminum oxy compounds containing chains of altemating aluminum and oxygen atoms, whereby
15 the aluminum carries a substituent, preferably an alkyl group. The structure of alumoxane is
believed to be represented by the following general formulae (-Al(R)-0)qy, for a cyclic
alumoxane, and R7AI-O(-Al(R)-0)yy-AlR 2, for a linear compound, wherein R is as praviously
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 fo an alky! group may
20 contain halide or alkoxide groups. Reacting several different aluminum alkyl compounds, such as
for example trimethyl aluminum and tri-iscbutyt afuminum, with water yields so-called modified or
mixed ajumoxanes, Preferred alumoxanes are methylalumoxane and methylalumoxane modified
with minor amounts of C,_, alkyl groups, especially isobutyl. Alumoxanes generally contain minor
to substantial amounts of starting aluminum alky! compound.

25 Particular techniques for the preparation of alumoxane type compounds by -
contacting an aluminum aikyl compound with an inorganic sait containing water of crystallization
are disclosed in US-A-4,542,119. In a particular preferred embadiment an aluminum alky!
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 may

30 be incorporated into the support by reaction of a hydrated alumina or silica material, which has
optionally been functionalized with silane, siloxane, hydrocarbyloxysitane, or chioresilane groups,
with a tri(C,.,, alkyl) aluminum compound according to known techniques.

The treatment of the suppart material in order to also include optional alumoxane
or trialkylaluminum loadings invoives contacting the same before, after or simultaneously with
35 addition of the complex eor activated catalyst hereunder with the alumoxane or trialkylaluminum
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silicon-cont abmdagetsﬂbmmye&cﬁxaé‘mb af OHyariolyzeugsiliey dr aueyihg orar mqistereka islicorAlumina

silane -(Si- g}% 3) |a|u(r)nr|r9.|§n %%E%und(oghongh)m U'Jce EhQRLA ¥ lBAT 8L, ?ace rhcesé

C err] hydroc so that the sur ydr oxyl
content oOf0a wmwmﬂm@m ‘ﬂﬁY&‘Elbz%'tP'%%Ct'FéPe“ 759 qo@&‘ﬁﬁe?ﬁ‘“'s and U§'A8 mol

per gram supp@rdos 853, (Ritadid'@ibhdte hydteRiboh iRRhEGhoicé Pertdhefikspantsnd) BesineWi t h an
al um num heptane, octane, iscactane, nonane, isonanane, decane, cyclohexane, methylcycichexane and
combinations of two or more of sﬁch diluents. Suitable aromatic hydrocarbon diluents are
benzene, toluene, xylene, and other aiky! or haiogen substituted aromatic compounds. Most
15 preferably, the diluent is an aromatic hydracarbon, aspecially toluene. After preparation in the
faregeing manner the residual hydroxyl content thereof is desirably reduced to 3 level less than

1.0 meq of OH per gram of suppart, by any of the previously disclosed techniques.

The catalyst systems may be used to polymerize ethylenically and/or acetylenically
unsaturated monomers having from 2 to 100,000 carbon atoms either alone or in combination.

20  Preferred monomers include the Co.oq a-olefins especially ethylene, propylene. isobutylene, 1-
butene, 1-pentenea, 1-hexene, 3-methyi-1-pentene, 4-methyl-1-pentene, 1-octene, 1-decene, iong
chain macromolecular x-clefins, and mixtures thereof. Other preferred monomers include
styrene, Cq_4 alkyl substituted styrene, tetraflucroethylene, vinylbenzocyclabutane, .
ethylidenenorbomnene, 1 ,4-hexadieﬁe, 1,7-actadiene, vinylcyclohexane, 4-vinylcyclohexene,

25 divinylbenzene, and mixtures thereof with ethylene. Long chain macromolecular a-olefins are
vinyl terminated polymeric remnants formed in situ during continuous salution polymerization
reactions. Under suitable processing conditions such long chain macromoiecular units are readily
polymerized into the polymer praduct along with ethylene and other short chain olefin menomers

to give small quantities of long chain branching' in the resulting polymer.

30 in general, the polymerization may be accomplished at conditions well known in the prior
art for Ziegler-Natta or Kaminsky-Sinn type polymeh‘zaticn reactions, such as temperatures from
0-250°C and pressures from atmospheric to 1000 atmospheres (0.1 to 100 MP3). Suspension.
solutien, slurry, gas phase or other process conditions may be employed if desired. The support
is preferably employed in an amount to provide a weight ratio of catalyst (based on metal):support

35 from 1:100,000 to 1:10. more preferably from 1:50,000 to 1:20, and most preferably from
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wherein conmpgRent/sgiii) is an alum num .gg-
silicon-containing substrate (a) containing hydroxyl. or pendant silane
-(Si-R=. or chlorosilane - (Si-d)= functionality,
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Dyaroxyl oM Rahe@bmiofilh HeHackitGl 9 Akh AR BRIl fin hESeckhan 0. 8
mol per gramsu at'al yst
according to Jaim1l or aim?2 vvherel n the metal conpl ex
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employed is from 10721 to 10°:1. more preferably from 10721 t0 1051,

Suitaole solvents for palymerizaticn via a solution pracess are noncsardinating, inert

N

liquids. Examples include straight and branched-chain nydrocarbans such as iscbutane, butane,
pentane, hexane, heptane, octane, and mixtures thereof; cyclic and alicyclic hydrocarbans such
as cyclohexane, cycloheptane, methylcyclohexane, methylcycloheptane, and mixtures thereof;
perfiucrinated hydrocarbens such as perfluorinated C4_1g alkanes, and aromatic and alkyl-

10 substituted aromatic compounds such as benzene, toiuene, and xylene. Suitable sclvents also
include liquid olefins which may act as monomers or comonomers including ethylene, propylene,
1-butene, butadiene, cyclopentane, 1-hexene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1,4~
hexadiene, 1,7-octadiene, 1-cctene, 1-decene, styrene, divinylbenzene, ethylidenenorbornene,
allylbenzene, vinyftoluene (including ail isomers alone or in admixture), 4-vinyicyclohexene, and

15  vinyicyclchexane. Mixtures of the faregoing are also suitable.

The catalysts may aiso be utilized in combination with at least one additional
homogeneous or heterogeneous polymerization catalyst in the same or in separate reactors
connected in series or in paraliel to prepare palymer blénqs having desirable properties. An
example of such 3 process is disclosed in WO—A—_94/00500, as well as WQ-A-94/17112.

20 One such polymerization process comprises: contacting, optionally in a solvent, ane or
mare a~clefins with a catalyst system according to the present invention, in one or more
continuous sfirred tank or tubular reactors, or in the absenca of salvent, optionally in a fluidized
bed gas phase reactor, connected in series or paraliel, and recovering the resulting poiymér.
Condensed maonomer or sglvent may be added to the gas phase reactor as is well known in the

25 art S

The foregeing technique also allows for the preparation of ethylene/a-olefin interpalymer
compasitions having a broad range of molecular weight distributions and composition
distritutions. Particularly desirable a-clefins for use in the foregaing processes are C4 g a-
olefins, most desirably 1-octene.

30 The skilled artisan will appreciate that the inve-rytion disclosed herein may be practiced in
the absence of any component which has not been specifically disciosed. The following
examples are provided as further flusiration thereof and are not to be construed as limiting.
Unless stated to the contrary all parts and percentages are expressed on a weight basis.



10 wher ei n: Mis titanium zir |umor |
haf nium in the +2, +3 or +4 formal oxi dation state; _ _ CEMENT
E i ndependency each occurrence is carbon or sili con; ? SHEE
R* i ndependently each occurrence is selected from C[err] hydr ocar by
Cerr] 12648 03798 ' hydrocar byl.oxy, with the proviso that |n a
| east one occlrrence Rerr] is Cerr] hydrocarbyl oxy; 15
mis 1 or 2; : R independently in each
occurrence i ssgahgeted from hydrogen, hydrocarbyl, silyl, -
gernyl, cyano,—‘ﬁgr‘a and conbi nations thereof, said R having up to 20
non- hydr ogen at ons each, or adjacent R qgroups
t oget her f or nusedkis/fidesethoder i vati ve that is a hydrocarbadiyl, siladiyl or
germadi yl group: 20 X is a conjugated diene
having from4 to 30 non-hydrogen atons, which forns a [err]-
conpl ex with WhicdsethelMisesstated. @l cherficaf manipulationsi ¢ pesiarmedandsr nikgencupitheran i s 1
and p i s - 0;inert atmosphere glove box or on a nitrogenivacuum double manifold using standard Schelenk

S techniques. Zirconium tetrachloride, dichiorodimethylsilane, triethyiamine, and 2-propanol are

used as recaived from Aldrich Chemicals Inc.

Example 1 isopropaxymethylsilanebis(tetra-methylcyclopentadienyl)zirconium dichloride

Preparation of (isopropoxy)methylidichlorosilane

To 45 mi. (0.38 moles) of trichloromethyisilane in 1.5 L of anhydrous ether ccole& at0°C
10 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-propancl. After stiing for 4 hours, the precipitated white solid
(triethylamine hydrochiloride) was removed by filtration and washed with 2 x 100 mL portions of
ether. The ether filtrate and washings were then combined and the solvent removed under
reduced pressure leaving the desired product.

15 Preparation of isopropoxymethylsilanebis(tetramethylcyclopentadiene)

To 7.9 g (0.05 moles) of MeSi(OiPr)Cl, dissalved in 500 mL of tetrahydrofuran at 0 °C is
added 16.0 g (_0.1 0 moles) of potassium tetramethylcyclopentadienide over a 1 hour pariod, The
mixture is brought to reflux and then stirred at room temperature for 4 hour. The siurry is filtered,
and washed with tetrahydrofuran and the scivent removed under vacuum to yield the desired

20 product. z

Preparation of Dilithium{isopropoxymethyisilanebis-(tetramethylicyclopentadienide)]

To 2.0 g (5.8 mmoles) of isopropoxymethylsilanebis-(tetramethylcyclopentadiene) in-50
mL of diathylether at 0 °C is added dropwise 2.3 mL of n-BuLi (2.5 M in hexanes) over a 1 hour
period. The mixture is stirred at room temperature for & hours. The solvent is removed under
25 vacuum and the residue washed with hexane to yield the desired product.



X' each o lonic ligand group that is covalently bonded to
M when Mi m[”j j“ll E&HﬁES or +4 formal oxidation state, ‘HEP KCEMENTSHEETO
€<, L

and pis 1 ally two X" _ groups toget her

di val ent ani onic |igand group. 4. A cata y’it"&:dwl ng
to any one of.4hespseceding clains V\,herel Rk 5 I ndependently in each
occurrence is selected fromhydrogen, nethyl, ethyl, and all isoners of
propyl, butyl, pentyl and hexyl, as well as cyclocentyl cycl ohexyl,

nor borryl benzeh/!x and trimet hyl silyl; or adjacent R groups are

| i nked toget he V§ereby formng a fused ring system 5.

A catal yst according to any one of the preceding clains, wherein X is,
[err]-1,4- di phenyl - 1, 3- but adi ene; [err]-1, 3- pent adi ene;

[err]-1-phenyl -1, 3-pent adi ene, [err]-1, 4-di benzyl-1,3- 10 but adi ene;
[err] -2, 4-hexadi eng ddl =8t tf,gmgegsa%um@mwﬁneamon catalyst system comprising:
[err]-1, 4-di ;(ﬁl yl - s@pgﬁtacgl eyﬁg or [err]- ' _
bis(trimethylsilyl)-1,3-buta g the formula: 6. . Acatalyst
according to ‘é?r?y“?}ﬁ'é"‘"ﬁf“e’f ﬁé"’ﬁ‘?"é’ B9 1o B 4'Fs, wherein X' is hydride,
chloride, nethyl, benzyl, phenyl, tolyl, t- butyI met hoxi de, or

trimethylsilyl or two X' groups togétlher are 1, 4-but anedi yl ,

s-ci s(1, 3-butadi ene), or s-cis(2,3-dinetbyl-1, 3-butadiene). 15

7. - Acatalyst according to any one df I_héllﬁ?égedl ng clains, wherein Eis
silicon, m is 1, and R* in at |east one occurrence is nethoxide,

et hoxi de or isopropoxi de 8. A catal yst according to

Cl ai m 7 wher ejyh difmE¥ 5dbiatdd)ddaudt] chiiate tdrvativaret inixiuss thereefdi v |
I sopr opoxynet hyl si | anedi yl, 2-but oxynet hyl si | anedi yl , dlethoxysilanediyl

dllsopropoxyS|L edi yl, or di(2- butoxy)silanediyl 20 9.

A catal yst according to any one of the preceding clains wherein L is

cycl opent adi enyl , pent anet h cl opent adi enyl , i nden etr dr oi n

f1 uorenyl , E "é nce i§ae 0?8?1"5‘3?“8}%/%0 "°8€§dg°ﬂ3" Sqaggﬁ'w

f or egoi ng. grou&mdfwmtﬂperde&uﬂnﬁéd #-bared Wi th one or nore nethyl,; ethyl,

propyl, butyl, pentyl, hexyl, (including branched and cyclic isoners),
norbonyl,, benzyl. phenylos 3f GRS WY the9aMtiide series of the Periadic Table of the Elements;

Zis a covalently bound, divalent substituent of up to 50 non-hydregen atoms having the
formula, -(ER*;),-, wWherein E independently each occurrence is carban, silicon or germanium, R"
independently each occurrence is selected fram C, . hydrocarbyl, and C, 5, hydrocarbyloxy, with
the proviso that in at least one accurrence R* is C, 5 hydrocarbyloxy, and m is an integer from 1
1s to 3;

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

X* independently each occurrence is a monavalent, anionic moiety selected from hydride,
hala, hydrocarby), silyl, germyl, hydrocarbyloxy, amide, siloxy, halohydrocarby, halosilyl, )
silylhydrocarbyl, and aminohydrocarby! having up to 20 non—hjdrogen atoms, or two X" groups

20 together form a divalent hydrocarbadiyl or neutral hydrocarbon graup;

n is a number from 0 to 3; and

pis an integer from 0 to 2.

(ii) an activating cocatalyst, and

(iii) an aluminum- or silicon-containing substrate (a) containing hydroxyl, or pendant
25 silane -(Si-R)% ar chlorosilane -(Si-Cl)= functionality, wherein R is a C,, hydrocarbyl group, with
the proviso that the surface hydroxyl content of a hydroxyl functionalized substrate is less than
0.8 mmol per gram suppart or (b) that has been treatad with an alumoxane or with an aluminum



' cess for polynerizing an [err]-olefin,
corrprlsmg \:\““u \“m!\ﬁerr] olefin or a - m xture of lerr]-ol efins

with a catal yst*® system according to any one of the preceding CBMENT SHEET
WD 97/ 15582 hexadi ene; [err]-3-nethyl -1, 3- pent adi ene;

[err]-1, 4-di t@kyl mkss3- but adi ene; or [err]:sly4- bi s(trimethylsil y@3HAR

1, - but adi ene, or a dimer, solvated adduct, chel ated derivative or

m xture thereof. 5. A conpl ex according to claim1,

\t/vhgr te| In X" |t ﬁcah')(:dﬂmfiﬂ meﬁdﬂ'hﬂral NN‘ERWH%bdm R a¥8gAdently elch oc&héﬁlts’éhis nyRia¥ b R; R
u met hox! S oget herar e
1;4- bﬁt anedi yF ,g-ﬁe e R 2‘5?6{5 l'BLY]ng?‘E;EDSU%?'%a"%V 15509 |

s-ci s(2, 3-di net hyl -1, 3- but adi ene) , or a dimer, solvated adduct,
chel ated derivativd or Aiatalystacsaingofiaim 1 wherein component (i@ an alurginum- or

conpl exaccor dijRgntcthtihind LpdtrardiF Ezﬁﬁdﬁ‘nﬁ Hy§m§y’l | o f&H3antBidnd -(%n-Rﬁ”Q nﬂordsﬁhn@t
| east one occurrence is hoxid t hoxi de or i sopropoxi de, . or

a dimer, Sol V&EtF Hagieesity. BRRIPARItS G PARRON Q9P 1Y 0 BroRFRIPEte Sirtace.
7. A conpl igdraxgiconteitdga hyredybmatidnaidedrsaistrate is [€sstysh CP@mbaF 68 support
_pentanethylcyclopentadienyl I ndenyl, tetrahydroindenyl, fluorenyl,

tet rahydrof | uor eny ec%taly&%hm@'tgaﬁﬁ %Mglmhz%e?aﬁmgfmew&&p%e90' ng

groups further substit ut one or nore net
corresponds to the formula:

Rl ' RI
: / R ':
RB. MX X"
R’ R’
R R

10 wherain:
M is titanium, zirconium or hafium, in the +2, +3 or +4 formal oxidation state:
E independently each occurrence is carbon or silicon;

R* independently @ach occurrenca is selected from C, 4 hydracarby), and C,,
hydracarbyloxy, with the proviso that in at least one occurrence R* is C,, hydrocarbyloxy;

p mistoeor2; BE

R’ independently it each occurrerce is selected from hydrogen, hydrocarbyl, sily!,
germyl, cyano, halo and combinations thereof, said R’ having up to 20 non-hydrogen atoms each,
or adjacent R’ groups together form a divalent derivative that is a hydrocarbadiyl, siladiyl or
germmadiyl group:

2Q X is a conjugated diene having from 4 to 30 non-hydrogen .atoms, which forms a -
compiex with M when M is in the +2 formal oxidation state, whereupon nis 1 and p is'0;



'?;errgismnmuum!g ||| mr“y' jnexyl . (i neluding branched and cyclic

di mer, .sol vated ,* chel ated derivative or mxture thereoR
8. A catal yst system conprising a netal conplex according to’;cAngmI S:HEET
an actsess@tsbsyg cocat al yst. -21- 9. A support I)@
system conprising a catal yst systemaccording to claim8 2 0 and an
al umi num or silicon containing substrate. 10. A process
~for polymerizing atlsherackurcined isan atianigpigasd grourCtbattincivalgly dondeattd Y-wheeMis or
8 o M Xibig 8hr Lo Qb Sat bRt 8l04Rl R SLAARGREI Wb ©f T m

groups together ior a divalent anionic \igand group.

4, A catalyst according to any one of the preceding claims wherain R’

[F]]

independently in each accurrenca is selected from hydrogen, methyl; ethyl, and ail isomers of
propyl, butyl, pentyl and hexyl, as well as cyclopentyl, cyclohexyl, norbornyl, benzyl, and trimethyl
silyl; or adjacent R’ groups are linked together thereby forming a fused ring system.

5. A catalyst according to any one of the preceding claims , wherein X is, n*~1,4-
diphenyi-1,3-butadiene; n*-1,3-pentadiene; n‘-1-phenyl-1,3-pentadiene; n*-1,4-dibenzyl-1,3-
10  butadiene; n°-2,4-hexadiene; n‘-3-methyl-1,3-pentadiene; n*-1 4-d|tnlyl-1 3-butadiene; or 14
bls(tnmemylsﬂyl)-1 J-butadiene.

6. A catalyst according to any one of the pracading claims , wherein X" is hydride,
chloride, methyl, benzy!, phenyl, tolyl, t-Butyl, methoxide, or trimethylsilyl or two X" groups
together are 1,4-butanediyi, s-cis(1,3-butadiene), or scis(2,3-dimethyi-1,3-butadiene).

1s 7. A catalyst according to any one of the preceding claims , wherein E is silicon, m
is 1, and R~ in at least one occurrence is methaxide, ethoxide or isopropaxide.

8. A catalyst according to Claim 7 wherein (ER™,),, is ethoxymethyisilanediyl,
isopropoxymethyisilanediyl, 2-butoxymethylisilanediyl, diethoxysilanediyl, diisopropaxysilanediyl,
or di(2-butoxy)silanediy!

20 9. A catalyst according to any ane of the preceding claims wherein L is
cyclopentadienyl, pentamethylcyclopentadienyl, indenyl, tetrahydraindeny!, fluorenyl,
tetrahydroflucrenyl, octahydrofiucrenyl, or one of the foregoing groups further substituted with
one or mors methyl, ethyl, propyl, butyl, pentyl, hexyl, (including branched and cyclic isomers),
norbormyl, benzyl. phenyl, ar naphthy! groups.

25 ) 10. A process for polymerizing an a-olefin, comprising contacting an «-olefin or a
mixture of a-clefins with a catalyst system according to any one of the preceding claims.
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(57) Abstract

Metal complexes comresponding to formula (1), wherein L independently each occurrence is a delocalized, x-bonded group that is bound
to M, containing up to 50 non-hydrogen atoms; 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 ~(ER2)m-, wherein E independently each
occurrence is carbon, silicon or germanium, R independently each occurrence is sclected from the group consisting of Cy.20 hydrocarbyl,
and Ci.20 hydrocarbyloxy, with the proviso that in at Jeast one occurrence R is Ci.20 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, hydrocarbyloxyl, amide, siloxy, halohydrocarbyl, halosilyl, silylhydrocarbyl, and
aminohydrocarbyl having up to 20 non-hydrogen atoms, or two X" groups together form a divalent hydrocarbadiy! or neutral hydrocarbon
group; i is a number from O to 3; and p is an integer from O to 2.




