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. CATALYSTS Technical Field This invention relates to a catal yst system
“conprisin tituted, 10 bridged indenyl netallocene s rt a

pol ymer i calsoﬂ%%g?'t% wherein the netall ocene is activated for q’%&?‘fﬁﬁé??ggti on
by an ionizing reaction and stabilized in cationic formwth a R 7003
noncoor di nati ng ani on. Propyl ene pol yners produced by these suppolee%)
catal yst systens have nelting points and pol yner mcrostructures sim.lar to
propyl ene pol yners produced using anal ogous unsupported catal yst systens.
Background 15 The use oPOLMMERI&SURBORTED OAEALY Y yner i zm,"ﬂmmm
organonetallic 20 25 transition netal (i.e., netallocene) cat "”m,m
stabilized in an active polynerization state by conpati bl e, noncoesdi.nating
anions is a well-recognized field in the chemcal arts. Typically such
organonetal lic transition nmetal cations are the chemical deri 3@"‘“&”’%‘”’%““"“
organonetal lic transition nmetal cdrgmicalFiblalvi ng both ancilla
which help stabilize the conmpound in an active el ectropositive st at@zand
| abiie | i gands at | east one of which can be abstracted to render 't he
conpound cati oni ghigdhfleffion RAstks BNatllystysién RBR pAkingh stbstitdtegui t abl e for
olefin insertion. Technol ogy for supporting these ionic catalysts is also
known. U. S. brikégedmdeByngtafiodendsspportied ontatpelyrhemd sppots ovhadreiry thf

di natipg 30 anj oni tivat t ts t ol yani oni
Rotivator s REOCSHE YAl Pt pel R saibd by ST = R RESTARER SoBREDr ol ems
of cat al yst indQsienieforaNwhl Relonesyigitlatiiieihib® NP pIRhebyiyhierdvaicealbtyy adsor bed

on inert supports are utilized in solution or slurry polynerization. The
suppbrts ar Besenipperted qatalyst sestempbasreelfing peintgyandadl ymengaicyestucieresr et al

noncoor i nat g it apuate pIgREsBRieb b bl AR IR BT BGRLY or oni

activators fysemshydrocar byl conpounds entails a nunber of reactions. A
typical reaction fox a polyneric core conponent begins with use of the
lithiating agent n-13u.Li, or optionally lithiating polynerizabl e nononer
fol l owed by polymerization of nonopgLReriddin@ @ S pol yneric segnent to
produce a pol yner ox cross-|inked p'O‘I'y%r'E‘r—fTavi ng pendant hydrocar byl

it APum groups ' These arc subsequently treated with the bulky Lewis acid

trisperfluorophepyl bor o iBERhRAD ko b1 PAL ek dlidhQuRtte b¥AnSHERRRI®

reaction

transition metal (i.e., metallocene) cations are stabilized in an active
polymerization state by compatible, noncoordinating anions is a well-recognized
field in the chemical arts. Typically such organometallic transition metal cations
20 are the chemical derivatives of organometallic transition metal compounds having
' both ancillary ligands which help stabilize the compound in an active
electropositive state, and labile ligands at least one of which can be abstracted to
render the compound cationic and at least one of which one of which is suitable

for olefin insertion. Technology for supporting these ionic catalysts is also known.

25
U.S. Patent 5,427,991 describes the chemical bonding of noncoordinating
anionic activators to supports to prepare polyanionic activators that, when used
with the metallocene compounds, avoid problems of catalyst desorption
experienced when ionic catalysts physically adsorbed on inert supports are utilized
30 in solution or slurry polymerization. The supports are derived from inert

monomeric, oligomeric, polymeric or metal oxide supports which have been

modified to incorporate chemically bound, noncoordinating anions.



wi th di net hyl ani i ni um hydrochloride ([DMAH i[O ) which results in a

-~ pol yrrxer surface having covalently |inked activator groups of

[DM-1-3]" "[(pfp)3EP]-, ~yhere P 10 is the polyneric core conponent, Another
_nmethod for attaching a noncoordinating anion activator to the suppoyyg APRS1003
descri bed and detailed herein. An aginated polyner is prepared for exarnple:
by treating a cross-linked polystyrene with a dinethyl am ne. The 15 i
pol ymer bound amine is then quarernized by ion transfer from

[ PANMVe2H] [ H( r ANE r , j hked acti vat or
groups of | Pﬁ@?ﬁ%@{@ﬂﬁé%\%ﬁ%gﬁéggwgrg&@?@)tﬁﬁ\égljggr@%ro}ﬂé&cor e conponent ..
The functeheflglaimaibeoss relctiond. yARYpitad sdabti LS pblyneris €oseicommporenpr epar at i on of

20 heterogeneous catal ytic species s _also known. See, e.g., Frechet, J. M.
J., Farr &kpins With useofthedihighing seeatn-Balppr aitiesally kol yst yr ene by

Chem cal i fh ion" ] ropertj f Cx I i nked Pol yner
59- 83 (A@%ﬁ?’iﬁﬁ%’g@mfgﬁm?@%@ ﬁ‘gﬂ’ﬁg‘%ﬁgﬂ %@?P‘%PF’%’%E% Hsu J.C., yBacon
D. W5 Stidflingsrid seBinefli 18 prodat£s §6lyaoredsalkedpd 1Py havthg fRadarand U. S,

Pat ent 4,246, 134 whi ch descri bes 25 polyneric carriers of macroporous

copol ymehydmicatkiyhlithivm growpsi Hlydse pnosobasquenily tisatspadihfthebyky Lewis areas of 3 0
to 700 nR/g. .and_.the use of s for vinyl noner polynerization, |In gas
phase an (TC@I tUPPVﬂB%TW#é'V]b?m”i @%’t}mﬁ }Féldlﬁl@g‘éf &T&P&dBP fgfgl € rﬁﬁélﬁat er ogeneous
catal ysts increase process effjciencies by assuring that the formng WO
001 25916 vgitipdisneAipferpiyymbyiacklorige ﬁHM/*éi]é\Ellladm@v«/@swsghayeh'awa density that
i nproves reactor operability and ease of handling. However, substituted,
bridged isHE@ss havingreovaisply l@@ér@é‘éYm@L&BWPéH)MﬁHgi[(lPﬁ%@P&sWb@ilc)}’ner supports,
have bjong Beenlobesecrc\gegctooglr otduce pol ypropyl enes with nore regi o defects
and $8bsdyIERIYPEITFLFOMIYS™ un | engt hs as determined by 13C NMVR conpar ed:
to polynmers produced by the ' respective unsupported netall ocenes in ‘

solution. These defects result in a decrease in the polyner nelting point
whi ch i s undesfreibtrangthed iepatiachpgiaineasqosdiBativganion astiases tadbor ovi des a neans:
for mningzing: b -natd ng. t t; L ficity normally.
obser ved%&ngﬂsg{eﬁ‘g}ﬁ%ﬁggia%g@%e%ngg aﬁﬁ%@g’%@?’t‘i’d?ﬁ’gg %g(ﬁd\r Consequent |y,

t he propykemnelqol ysating acfost-Hinked polysntrerenwittay dinfedwd mmilef ddes and hi gher

' oht ai nahbl ﬁ, in commercial processes.
5‘6‘53 t

| t ints th th i |
'rll'ﬁi sllgghg%g Sﬂ%n?Ouggﬁ?’ggégih"r‘gy’éﬁ?%ﬁ?‘%lq AT 4Be for polymer producers

and t hei MPENSMQHEIBICFLR) Snrevesyitisy suppért hitwenileaty Tiied abtveedit i on rel ates

generally to pal ri i on catal yst conpositjons conprising the reaction .
product oFOupF A IEW}%&C epbBPere £ 1289 Ha PPYEYIRICON CRMBPBTGnat ed ammoni um

salt of a noncoordinating anion and b) one or nore 20 substituted, bridged
i ndenyl netall ocene conpounds.
The functionalization of polymer rxesin beads for use with or preparation of

20  heterogeneous catalytic species is also known. See, e.g., Fréchet, J. M. J., Fanall,
M. L., “Functionalization of Crosslinked Polystyrene by Chemical Modification”,
Chemistry and Properties of Crosslinked Polymers, 59-83 (Academic Press,
1977): and, Sun, L., Shariati, A., Hsu, J.C., Bacon, D. W., Studies i Surface
Science and Catalysis 1994, 89, 81, and U.S. Patent 4,246,134 which describes

25  polymeric cariers of macroporous copolymers of vinyl and divinyl monomers
with specific surface areas of 30 to 700 m?/g. and the vse of such for vinyl

monomer polymerization,

In gas phase and slurry polymerization, the use of supported or

30  heterogeneous catalysis incieases process efficiencies by assuring that the forming



Description of the Invention As used herein the term"isotactic propyl ene
-polymer” means a 25 honopol ymer, copol ymer or terpolynmer conprising at
| east 50% pro I ene unl ts having at |east 60% i sotactic pentads accarding
to analysygoﬂﬁy 2 a APR 208 - . As used herein t h@GTHETYGi o
"def ect” neans the |nsertion of the nomoner unit in the opposite direction
relative to the prevailing insertion direction, Wth propyl ene as? 2APR 2003
-exanple with the nmethyl ene carbon | abeled as | and the emt hyne 5 carbon
| abel ed as 2, tire msinsertion would be that of a 2,1 insertion relative
to the usualpolynikricrpmetidléstithide Mshapk 321d216i11311y ﬂlaﬂ.mﬂjrd.veB réh&tdﬂ@pdrabﬁll‘tyei n the
term"stereo defect" neans the insertjon of unit in the

opposi te chidpdrassahdenHings quﬁatsu*éﬁ'“ﬂ}ﬁé»\hftﬁ%ﬂ queﬁ&léyneéaetwowm, Two
di ad.
Uner eas, - weepREbhflictl? Bohiifer SR RIBAE BecioBs gy polieed 7220, 95T,

to be a racepﬂi)(prdjjydadnes An&unmsegnoﬂehfztsmd@u@heqdaulgcshmertmﬂsesumn i sota~ctic
sequence. A successjon of aqemc di ads constl utes a sy diotactic

sequénce. 20engtts 28 detepmpped by, “C NMR comparedApRoygsss produdes bydbel herein the
term"ms-i gés‘f)&tg\%ﬁngﬁ?é? Wfﬂfotcler%g ih SS1dkibh. n?hés@ d@fe%@%suitqg!ao or stereo

def ect s. I nv ymeri zation cat conposition is the
pr oduct of Hetxhaenﬁamdpcjymaohelaug@obnyumm1ao:mdngrabxle§mnrbatyl applivatnsonal i zed

aromati c pol.ynmeric suppor.t accordln to faornmulas | or I] with one or nore
Subst i t ut 6d THE RPN RRRNASH 2 MERn| TR RUHENZIE OF Fvesred iR R BB TS shbr

detal | D€l Oerdbbeifeifpiinalls oBURROREPEhOTlete AL FATBASIA on havi ng

a substi tut e n cation and a conpl enmentary no Coordl nating

ani o, t hi s_fcmnn@@sleqwmnlyb@mpgomdmemoabhgrs of thas imacmgmrkewﬁzlwerdekpter sed in

Lgﬁngolhgﬁ[);?gd i?é?xgg&%g{rr]%@\rgéﬁs {hﬂa%({Sﬁ%F&SIO\}gly g%tamgt)"ie 1n_co|n|11r¥1grr(]:1da ng to being
processes. This achievement represents a significant advantage for polymer

producers and their customers.

15 Summary of the Invention

This invention relates generally to polymerization catalyst compositions
comprising the reaction product of a) a polymeric support functionalized with a
protonated ammonium salt of a noncoordinating anion and b) one or more

20 substituted, bridged indenyl metallocene compounds.

Description of the Invention

As used herein the term "i1sotactic propylene polymer" means a
25 homopolymer, copolymer or terpolymer comprising at least 50% propylene units

having at least 60% isotactic pentads according to analysis by BCNMR



exi sts a dative interaction between the transition netal canon and the

-am ne functionality of the polyneric support matrix. The strength of this

i nteraction shoukd depend on the Lewis acidity of the transition netal
cation and especially 15 the Lewis basicity of the am ne functionality.
.This interaction would act to reduce any tendency of the ionic catalyst
species to desorb fromthe polynericdsupport matrix.. It will be npgedR et
extrenely strong Lewis bases and/or Lewis bases with mnimal steric bulk ;.
are known to strongly coordinate to the vacant coordination site at the
cationic nmetal center (e.g., pyridine). In general, this neans that 20
secondary am nes are preferred aver primary am nes. The fiuzctionalized
aromati ¢ pol ymAsiuscdshgppio thedersuiegibldelecrmazhns Seiimpenioniof the mewamati se a

pr ot onated . nium sal.t functionality coval ently bgund to pol yneric
support n%@ﬂ@ls ORRIEh di'rgmﬁf’é?]@‘lﬂéfap}h%ﬁ’r&v ’?ﬁ?ﬁf"ir%o’b‘gfeﬁﬁﬁ?'i Wppozt 25
material . ;rbpeleRt by %@%ﬂﬁé?mimfthé REhPIeat eRssLRbLABIRNY Ml dakindysactional ity
is substituted with one'to three groups at |east one of which |inks the :
armmonbum daglrot Jabelad 2t ¥, themismsepohyymid be etnfard,] asertiepradgisttetheby formul a |
or I'l. 30 Pllc\)‘—érrer-g R )-N(R2) (R3)HJ+ [T1CA] Polymer - )3(pfp)3~ :
(R~) (R~) (12352 1HSeTtigB. 5 5 APR 2003 where RL in formulas | or Il may be '
hydr ocar byl or substituted hydrocarbyl; and where R2 and R3 in fornulas 1
or 11 may be the sane or different and are selected fromthe group

consi sting of: hydrogen; hydrocarbyl, and a substituted hydrocarbyl.
Preferably, R, R2 and R3 contain from1l to 30 carbon atones, nore 5
preferably 1 to 20. As used herein, the term"substituted hydrocarbyl"
meangga hydrocarbyl radical wherein one or nore of the hydrogen atons of
the hydrocarbyl radical R, R2 and R3 are replaced by a nenber of the
groups selected from hal ogens; a substantially hydrocarbyl group
containing from1l to 3 heteroatons selected fromthe group consisting of N
O S, and p; a hydrocargyl 10 substitgted organonetwl | 0i d; a hal ogen
substituted organonet al i f substituted with at

v

| east one substantial | fromlto 3
het er oat onms sel ec romdime gr consistin N, S, and P. NC A
refers to a conpatible "nohcoordinating anion''. 15 The R, R2 and R3

groups of the ammoni um sal£s include those wherein two or three R groups
are joined to forman alicylic or aromatic ring having a ring nitrogen
atom For exanpl e:

1 2 2 1 1 2 1 2 1 2

As used herein the term "stereo defect” means the insertion of the
monomer unit in the opposite chiral handedness as that of previously inserted
15 units. Two monomer units inserted with thc same handedness are said 1o be a
meso diad. Whereas, two monomer units inserted in the opposite handedness are
said to be a racemic died. A succession of meso diads constitutes an isotactic

sequence. A succession of racemic diads constitutes a syndiotactic sequence.

20




Pol ymer Pol ynmer Pol yner olynmer Polymer N. I NJ ~ NN'. NH." 20 As used
‘herein the term "noncoordi nati ng ani on” or "NCA" neans an ani on whi ch when
associated with a transition netal cation, either does not coordinate to
the transition netal cation or which is only weakly coordi nated to said
cation thereby remaining sufficientlsy labile to be displaced by a?5eiPRral; ?{
Lew s base under polynerization conditions. "Conpatible" noncoordinating @’
anions are: 25 those which are not degradcd to neutrality under

pol ymeri zati on,condi.ti on en. t.he ¢ | exes -between them.and the I
transition metaf “%“gthiciﬁlﬁ @cﬁpaln%'fnsgﬁﬁgo‘ﬂﬁ% msc%ngmsglg@%n? T5 APR 2003
are formed Rl ltdhels, ddftgs anion will not transfer an anionic substituent or -
fragment t0 the canon so as to cause it to forma neutral four coordinate
metal compound and a neutral by-product fromthe ani on under polynerization
condi tions. As, used her e“]), the term"transition. metal cat({ 0{;", means the
cation creat edrb\%’éﬁerﬁ{%‘]”@é’ﬁ DpeIZaljody R 3‘[%60_“?1?06%‘35 1§ hg pL§ ok of met al

conpl gx. HORCRARHbMAAY 851, RSHatSRhtors R AGSARARNEBMAD L i S .

i nvention are those which are conpatible, stabilize transition netal cation.
in the sengpoxfachadiagtd fogneles! ordhvith ohaomgeoreysebstingedibnidged fndenydnt | ability

to permt displacengnt by, 10, an,.ol efinic¢al sat ur.ated nononer during ;
pol yner i z@ﬂa_ﬁﬁ‘?mﬁj{‘}gﬁcf‘ GﬁaﬂcF%f_}beB W&Wi%ﬁ;‘%' _uﬂg_%ﬁ_?fi“‘?tﬁs this invention will
be of suffGha0M; HElcgﬁWs%onﬁio%ﬁioﬁﬂa\F?ﬁ% § bulstidbndaBs el in Eyl%ltignto prevent,

. o f
neutrallzatp?’on olf the transi‘tion metal cation by Lew s bases other than the

pol yrer i zathl zecamplementaynhatoondiyating apioesibistcompositien pohy mefirgldyi on process.

Sui t ahl e noncoor di pat.i n ni ons _are _.described.in, ,f.ar ex le, U S
oat s oagsas b el Py poRreo oL Tetu TaoShud By SHEPR,
i ncor por afn@hditey e beink botef IRF€YCR)s HRliefeariadiheré hey will be the labile proton

cont ai ni ng, nitrogen-based salts described in these docunents. Particularly
pr ef er r edeNEtA8 dafi v iplserstion bylregdhe Bapsiipnyndakgnan g the emimsar ~Ar 2X3X4)

di 71 or ent < ae S s B B e e A i S el ey Do
| i nked t osheabhdapeineon thiadewiracalitytod Hedrabsilidgimatal cation and especially
15 the Lewis basicity o 1the amine functionality. This interaction would act to reduce
any tendency of the ionic catalyst species 10 desorb from the polymeric support
matrix. It will be noted that extremely strong Lewis bases and/or Lewis bases with
minimal steric bulk are known to strongly coordinate to the vacant c‘oordinati on

site zt the cationic metal center (e.g., pyridine). In general, this means that

20  secondary amines are preferred over primary amines.

The functionalized aromatic polymeric supportis suitable for this invention
comprise a protonated ammonium salt functionality covalently bound to a
polymeric support material which is preferably an aromatic polymeric support

25 material,

The nitrogen atomn of the protonated ammonium salt functionality is
substituted with one to three groups at least one of which links the ammonium
functionality to the polymeric support as represented by formulal or II.

30
[Polymer-( R1)-N(R?2) (R3)H]* [NCA] - J
Polymer - B(pfp)s” (R")RHRHNH' 11



group; and X3 and X4 are independently selected fromthe group consisting
of- 30 hydride radicals, halide radicals, hydrocarbyl radicals,

substi t ut ed- hydrocar byl PCT/ US99/ 25336 radi cals and orgaononetal | oi d

radi cal s. WO 00125916 8 z 5 APR zoo3 Preferably, at |east one of Are and .,
Ar2 are substituted with a fluoro rgdical, nore preferably perfl oufdphemy! - :
radi cals Preferably, X3 is also a perfluorophenyl radical and ?C4 is eitherii
a perfluorophenyl radical or a straight or branched al kyl radical. The i
pol ymeri c supﬁgrt conpri ses pol yneric conpound whi ch may be any hydrocarbon.
based polwheee Rc ivdorpoussd dplbmey gbhxdr@cnd)yéupwbﬂumieﬁ hagroamrdyaend hydr ocar bon
pol yneric cogg&und}g?jch has a surface area in the range of from about "
1- 400 n2/wherenBrengfet orfamhyiad leydl mpanhe o stme ondiffereyt endcrrerddectest ef erabl y 10

to nk/ | to. id [ 8 to th ti

cat al yst 158 B e EFPLpE €T A aBECERPEDS). Ui ¢ BFATY i stributed

th h th f t I f ' ted
funct  ondVbAUNE. DR THRRD PR by PP Ceat bR s SR ANGE ech {01 B 1 ©

Por os§ty prsfe UkeP0.ass asedliHegdi tiolefh "subititoge hy &okarbyl" (Batw@muer, S.,
Ermmet, P.H., Teller, E., JACS 1938, 60, 309) and can be exenplified by the.
use of pdiyysecprian sadies edhesaners wmage pkthe ydregerndems obthegel s are 1ightly

cross-1linked and rapdomd,y_functionalized with the ni um salt conpounds.
Thus t he dpserry! §ﬁ£€ﬂla‘lbg Fﬂﬂ&?@{ﬂréplawgéa A TBERB Ogggﬂﬁ?ﬁszat i on operating
conditio , f i - b Sardl m: es of wuniform,
di nensi on@%ﬁgl\%‘:anfg&g' lﬁ%(r?#é%/’ ﬂssingsééﬁr{’gﬁgHe]S (gg%rﬁ er%htllgaocfogaa@ 13%88%@6('65% sizing (
30 to | OherdrcstonBtselesied Soit thb ke up umedstiopaf Nz6dS, arddhathydropadbyheri ¢ supports

can obt ai ned commercially, e . g., polystyrene beads or, gels, or prepared

synt Egti cf‘éf?ftifufeﬁ 02%35885&?]8%8é‘a\ﬂg?rhsugétﬁé?éﬁ%ﬂwtéﬁ@g' ™ %Phe art. The

pref er r echrsaRREh1IAE stEbhifitd WRN b 1643t SeesuBdtaRlly DkedcRBLYEbYF ene beads and

gel s produced by enul sion pol ymerization techni ques. Exarr%lt es of commerci al
o 94N oS! -

product s K@PEIRIRE Teay A ie &dctreripmsiscloyisd Eam the 8108B SemYEIng
Johns- Ma id | tul i ar bon pol ynmers such as but
’H’ﬁg'ﬁ. ﬁc%%?é??&o{ ﬁmg!r?éﬁgg h&%bfdéﬁﬂg%@%ﬂ? poly u ut

not limted to hal ogenate am nat propyl ene or pol yet hyl ene
produced from netal oxide supported or netal halide supported transition
met allscat al ysts ar SO ]Qg)ssi bl e supports.

The R?, l%i and R groups of the ammonium salts include those wherein
two or three R groups are joined to form an alicylic or aromatic ring having a ring

nitrogen atom. JFor example:

olymer Fl’olym er Polymer olymer Polymer
2 O ? @
”
N N 1 NH

20 As used herein the term "noncoordinating anion” or "NCA" means an
anion which, when associated with a transition metal cation, either does not
coordinate to the transition metal cation or which is only weakly coordinated to
said cation thereby remaining sufficiently labile to be displaced by a neutra] Lewis
base under po)ymerization conditions. "Compatible" noncoordinating anions are

25  those which are not degraded to ncutrality under polymerization conditions when

the complexes between them and the transition metal cationic catalyst compounds



WO 001 25916 PCT/ US99/ 25336 2 5 APR 2003 9 Support synthesis generally

. consists of the copol ynerization of vinyl nononmers with conononers havi ng

functi onal\%&@&dsg% suitabl e for nucl eophilic substitution bypca‘%gw}%%sal ts

ei ther by direCt copol ynerization or by 5 copolynerization and subSéquent

‘chemi cal reaction that places the appropriate functional groupgfapRoygi ng
h

to Formulas | or Il on the hydrocarbon pol yneric chains naking up the
supports. A specific exanple is polystyrene-divinyl benzene copol yner gels
or beads. The relative strength, i.e., resistance to fracture, is provided

by the cont @t fogmedi Kurigr. ssmaniore wilbvas)ransien ab apnicisbgivenypr fragment

commerci al | val J. e R t. in . 0 The hi gher
ranges of D¥ ﬁ]ega Jé&?g"ﬁqu’ gg%% lt\?\}tocfg)q[M %rn 8‘\’/%35'%%8?’%‘%“&%%&’ r‘é ?e)ﬁgﬁhndbut t he
resul ting adgdbnena bgrppedict fikinnbe BRiyn bhdergo)ynhdihiies cdydinaisi mg t he bead
resistant to the shrinking and swelling necessary for nornal polynerization
oper at i ons. UFEhesingbe teaym [HORGEPR efal calin Inenns Berptige Freatedgrhesp

di vi nyl benzeg. t ntents of 5 to 10 wt. % can

yi elg restr?’g?“e(gggé %%erdﬁg(g %gfﬁgéﬁﬁ;g %&aslgé(ﬁpfegbl e for high activity

pol yneri zation catalysis, DVB contents of 1 to 5 wt.% can provide |ess
restricted polynerization kinetics suitable for |ower activity

pol yneri zati on caloarqespipatinganipes mestysefiyl Hcagegidagee widh His VeI | yst
systems cap s@v%chaaq%!cghbétﬂﬁe %{aggfzgﬁrahgﬁe %‘&HE t]'oﬁ(inéﬂg enseof . .

g- pol ymer/ ol . -transition netdl corrpounlal-at moAre an PBW acti vi ty" can
be under st obdlaasiny &k toniaticiuge, ybaetagnauffitientGabifiouogeim ais pheeepespgr ed from
t he correspon%’w.g.ngutral am ne defi laed informula Il1]: .25 Polynmer-(

R) (%) (RapROlqhnicely pnggurgied menogyes dpengiBelyReE2alny &) ddiyonalyiae

prot onat i on Jhin@nfSel REAPEFAASINOENRR ARIKL dftiTd Al hesIR KidkaBpaiaRange with
a salt of a conpatible 30 noncoordinating anion M +NCA-. | n the nost

gener a) t er nghibit,or belp tb prevant, peutiabritonsyfebé wansitmh nxetabeayionbiydremis speci es.

It will be lavi Olﬂ_{s ;o &He cﬁki I I.eag)li n V\Dr%)l 259]b6 PgTI &59,( | 25336 70 2 5
APR 2003 t h&@25F s JEnitas ol yms Ay RoRpR S AN D RISSAL D B | oner pKa val ue
than the compoligdrza@di frobdss| BuitdMiélhéricobalinatinilanidvng are destrgsdddn fer chosen so
that the byproduct of the ion exchange reaction, is either soluble

M +X-
in tHe reactamPoV\eRatealds%. AN, 22 b ApatH1A7E 8 AOS 0P Ldpich fildbr esent at i ve
non-limtin : ' ' I | chl orate,
per chl or at e?n%gf%?tg?é?éggéyh%ﬁé%%% g?&%tg# %x#@%&gﬁg‘@@bt{’g@ esentative
non- | i m ti ngorteannd, egragen-bajadshlteddscribagt inupsseidocimegs.al kal ai netal cations
and anmonium cations. Finally it should be noted that the protonation of
amnes to yield ammoniumsalts is a technique well known in the art,
sinplifying the PahbsldrBpréferrbt KCAsRiretisekipyesthved by fiefduatiaof 1 can be
prepared in a single reaction by reacting the product of Il with the
anmol¥i um salt of a conpati bl e noncoordi nating ani on, RARSRENH+NCA-. R4, RS,
and R6 are choseRBf rng,[pj(b&-sarre group of radicals as Rl, R2 and R3 above,
wth the additio afﬁk crfterl]on that they should be chosen so as to yield an
anmonium salt with a | ower pKa val ue than that of the product of | above.
15 Methods to calcul ate pKa are well known in the art, and experinentally
measur ed pKa are WK for a vari ety of amnes. This provides know edge of
general guiding principles on the part of those skilled in the art (e.g.,
aryl substituents |ower pKa relative to al kyl substituents). See, for
exarddl e, Penrin, BisbororDergyadance Bate &, j eant, E.P., pKu Predictions for

Organi ¢ Aci ds and, Bas 20 (,Chapman d Hall .. London. ..1981). i table
solgvent s include ‘Aélrl1 ?rbcﬁéfzi e gﬁcf"&? 85‘3&%&6%3?‘&9588@?‘%85%@at'g?'ﬁéaos?arﬁg'ﬁcI udi ng
cyclic et hergdicaddhivl radiadl essbd 1pXed t@bddBaldréhongh aE@PRIrdghgdr ocar bons) .
The conpound of Tl can be prépared fromthe direct copolynerization of 25

t he functi or8iP¥Red nononmer with the nononeric precursors of the polyneric
support. Specificall ra- di net hyl,am nost yrene can bhe ¢o- pol rized with
stefene ang di vi rﬂ')fjt%r?ggr@ %' F%%ge?ﬂyesezen%eﬁgﬁ %&Eetg%%fz?r?gs né?’gcursor of
the jonvent i diydeiat aldieals, hatidefradiadis, nybloceAR] RAidalseadstithtdd-Wydracartynct i onal i zed

pol ymeric precursor of I11: i _
radicals and orgaonometalloid radicals.



30 WD 00l 25916 PCT/ US99/ 2533G 11 ~ 5 APR 2003 Polynmer-Y Il wherein Y is
. a functio p known to be : easily convertible to the ].ne

functi onapﬁgl HSRZRSN- descri bed above Methods for convertpﬁ?éu%”@f"'ag
variety of functional groups to the agine functionality are well known in
“the art, suitable functional groups include but are not |inited tlod APR 2003
Al kanes, al kenes, al kyl halides, aryl halides, azides, nitro conpounds,
al cohol s, al dehyes and ketones, nitriles, and organonetalloids (for a
gener al di scussi BreferablyRat l€ast ba¢ oA anddyrp pedvubstituted rigamileoro radical,

Transformations: ide to functional, gLo repar ati ons” S. 385-438,
Lo (VO pubtoEnireleratiyg8yicorasieey oricrs "Rty R? e DrenePoReaY] ypes
described ah@y&) 45y R, Re§ihRr 8be AR Ren N8N 3 2 Qfakht HBrRBed bIRY) €xchange)
known in the art, reactions which proceed with high selectivity and with

essenti al | yragirahtitative yields, the 15 polyneric supported activators can
be readily produced in essentially pure form i.e., as single nolecular
struttures without any significant amount of reaction byproducts. Infrared

spectroscopy pr 0Th€'§§ly§1e¥i%%ﬁﬁbor@&ﬁhyﬁ§e§ﬁblyﬁﬁrf&%nffpﬂﬁnmﬂich%dm dnje extent

of the reaction to OBtlﬁlze reaction conditions, further assaring a high
purity produydrocasper bised ablymercaomposndl Preferetlyithdsuppon icdn wematet hyl at ed

pol ystyrene; cy-di vi nyl benzene bead an.be treated with a varjiety of

Gt hydr ocar bYOeEBNBPYMERESEPEET it naSa sl i dre A ome r esin,
cor r espondi fghut 9-4V08GYE SAbre Pref3adty iciihed abha2e Mg eid Mbs préftfbly 10

di met hyl ani | i,ni um tetrakis(perflurophenyl)borate yields a conpound of type

|, tife prot BrigadesrrosilunYadrTcesite Pospmier eegsyisithniative catalypiavites, 25 The
reaction be&‘ﬁ?c%%ittep%eselég&t?;rﬁgy %E?%Wg g%?ﬁ&lt&fgﬁ@f%%prg@%ﬂaxa9§?ﬁﬁgd“‘3t ed to

facilitate permeation 0 ene 1n e polyneric
support. Praipgpoaldyyirtubef tikoeisiont y pporjoeated Gl ctiahalrgrauas onchepol wnerid r eat ed
with a solutjon of the tall ocene. Suitable solvents for the netall ocene
may be 30 afWBW%PP@“&PPgﬁ%ﬂﬁWPE; dependi ng upon the ligation, the chenica
conposition of the support material, and the degree of crosslinking of the
support. Toluene and hexane are typical. It is particularly desirable to
use 14 sol vent t oPswesitly it measmghasra singl\@rdOr2B8ge6 BACT/ @50826836 ~ 2 2 5 APR

Cenper at ur cETT S EX s 8 075 1985 8re e Reh peteliafivde vi R AR TS and
the carrier ofpdlysi9idnB@®ased beads or gels. These beads or gels are lightly cross-linked
and randomly functionalized with the ammonium salt compounds. Thus the
support should be insoluble under normal polymerization operating conditions.
20 Preferably the support is in the form of spheres of uniform dimension having a

normal size range between 100 and 400 US Mesh sizing ( 30 to 100 micrometers)

Suitable functionalized, aromatic polymeric supports can be obtained
commercially, e.g., polystyrene beads or gels, or prepared synthetically in
25 accordance with general knowledge in the art. The preferred support of this
invention are crosslinked polystyrene beads and gels produced by emulsion
polymerization techniques. Examples of commercial products are the Advanced
Polymer Systems Microsponge® and the Johns-Mannville Chromosorb®.
Functionalized hydrocarbon polymers such as but not limited to halogenated or
30 aminated polypropylene or polyethylene produced from metal oxide supported or

metal halide supported transition metal catalysts are also possible supports.



degraded nor rendered unreactive. Anbient conditions are suitable. The
-resulting ' activation by protonation and stabilization with the

noncoor di [ ions is well 5 known. A mxture of two or

netal | oce@o%iﬁge used to tailor polynmer 10 conposition df%f/@?gg/zt%% One
solution containing all of the netall acenes should be nmade and al 1284
net al | ocenes shoul d be conpletely dissol ved. Sequential addition of

nmet al | ocenes or insufficient dissolution of one or nore of the netall ocenes
may result in a inhonbgeneous distribution of active centers within the
catal yst granule. The "substituted, bridged indenyl" are defined to nmean
nmetal | ocenes, i.e. , 15 transition tal. conpounds, which are.consi stent
with the formul a%ueﬂgéfxn%wwm'ﬁe@nﬂétsﬁ@%?ﬂpe’y%“ﬁ_@“%" ?fev("?-ifi )4 20
wherein M i shéhdMdralvi@icocAbR et having@lin&Qidphlizdidn BekdtPE o nifabdégmw eferably,
zirconium hafniumand titanium nost preferably zirconium and R2 are

i denti cal omsubltftiteareby ammosium sddisyeitherdrn diest coppliymenzatiomer &f a hydr ogen
atom, a C1-Cl0 .al kyl group, preferably.a Cl-C3 alkyl gr,ou a Cco6-Cp WO
00/ 25016 perPoRbbasts SRt Risgu 8GRt hiehith Prl pest R Bredebiy P co- o
aryl group, fandthmél grofipfddtbifng @FMRAulapT ef Broakhy hpdré&erbeh glyhesy group, a
C2-C ~ p al kenyl group, preferably a C2-Cq al kenyl group, a C7-C40

aryl al kyl grebaips npkefeeymathlepuppans- @ gpesifig expmple igpelyptyreaedivinylhenzgniky| ar yl
group, prefer ~C 12 a | ar.vl oup, - - | al yl group,
roforabl y SRR gt ol bafiol 1Y ile sHepR, 6 @ SRERICTY
different, preVidedby shelcdattht 6&divingivensune (DVB) comoagasr @teight %9 ef erably a
fluorine, chlorine or brom ne atom a_Cl-CIE al kyl o/grou , _preferably a C
1- Coilal kyl geBuRercigly availaie pradees erjiaindiom 2 o SWe % r e jgberp, whi ch
may be hal o ef er Pl - I yl group,
preferably ga}g@ts%gl)ﬁegfﬁi f’dg;!r(%zup, a’ %—v %{%ﬁdd gg@’?gﬁ“ﬁaﬁt@r" %ﬁ?e%#te erably a
C~-Cl p ar yladbikiphalgrosspinkmgGrayGgpdealkinegtias by ngpkowgphe beadfresistimtyto eheC~C ~ 2

al kylaryl group,. a Cqg-CAp. aryl al kenyl group, preferably a Cg-Cl2
ey ar kony b sGHBkiaE aid syefind phodsaspiractngip et soRapdators; Therp1 5
radi cal, whefRiciivd{drodity BRGjuSfabR ByXeRE8N 8f AMnyeBikabhién®? Kl ori ne atom

a Cl-dp al kyl grou%,@preferably a C 1-C3 al kyl group, or a C6-C 1 p aryl
groul, pref exapple, BVEScontenty pf §ipipwiBe-cansyigid Testrigypd polpmerization

kinetics suitable for high activity polymerization catalysis, DVB contents of 1 to 5

wt.% can provide less restricted polymerization kinetics suitable for lower activity
polymerization catalysis. The term “high activity” relates to catalyst systems
capable of activities greater than about 1 x 107 g-polymer/mol -transition metal

20 compound-atm-hr and “low activity” can be understood as below about that

amount.

Compound 1 can be prepared from the corresponding neutral amine

defined in formula I1I-

25
Polymer-( RD(R2) (RN 1)
(all of R1, RZ and R3 defined above) by either protonation by a molar excess of
an acid HTX- followed by ion exchange with a salt of a compatible
30 noncoordinating anion M"*NCA-. In the most general terms M'F can be any

cationic species and X~ any anionic species. It will be obvious to one skilled in



R11 0 M 0 R12 R11 R11 R11 M M2 R12 R12 R11 - , ~ C_ R12 M (CR213~ , R12
. R11 0 M R12 WO 40125916 14 z ~ aPR Zone g(R 1) _, -A (R 1) _, _Ge-,
-Sn-, -0-)WO&1259160 | -S02-, -N(R11) CO~ -p(RL | ) _~ CIC/PSYER611 )
wherein: R1 1 , R12 and R 13 are |deFQ|caI or different and are a hydrogen
“atom a halogen 5 atom a C 1| -C2p al kyl group, preferably a C 172G APRp2003

al kyl group, a C 1-C20 fluoroal kyl group, preferably a C1-C 1 p

fluoroal kyl group, a C6-C3 p aryl group, , preferably a C6-C2p aryl group,

a C6-C3p fl 0 f I , a d-C2
P14 pre?erafk) H%u]dg;@@%rs@}p%oyas%g@vgfb“‘;ér‘ﬁféﬁ%méthzglr fep P

al koxy group, koxy group, a C2p al kenyl group,

preferably Rert ggoq, oup,

preferably gongig &LC]B Oﬁl I M‘“‘g‘ro &d% ]Cgtrs% E’}é%l%/fhgtgt?(%up, preferably
a Cg-C22 ary )éﬁb&?d?%ktl&rlgﬁlgxclﬁngé regai%nawykanykmwrwabienﬁﬂf&@@&i@a a C-—-C2p
al kyl aryl up or : R11 and R13, together with the atoms

bi ndi ng themlvmnh(bmnmrralcnglpaylslt&msh sdlgervp Rlegreseﬂtatwmongemnmgl umor tin,
preferably silicon or germanium nost preferably silicon; R8 and'R9 are
i denfi cal oexagiplé¢scofomwitallnd" rﬂwsnmumhdngéﬂgmt patchlorateRiriflate,20 m and n
are identical and a

plus n bei nY Eé%orafe Bngfoa%”B?réaﬁ%bl%%ePrr%e?Pétlg? "?d'hﬁﬂteng? %xga%pi |§;IOsorR3 ,Rq
and R are 'ﬂﬁﬁéieﬁ@l“ ghf_.@é fncﬁ@? Fﬁ?ﬂneﬂ?&ﬁ:&ﬁ%ﬁ’gﬁmdﬁgﬁn%&%@d iy 1, R12

and R13. T acen s can
it should be noted that the protonation of amines to yield ammonium salts is a

technique well known in the art, simplifying the selection of HYX". Preferably the

10 product of I can be prepared in a single reaction by reacting the product of II with
the ammonium salt of a compatible noncoordinating anion, R4RSRENHTNCA-.

R4, R3, and RO are chosen from the same group of radicals as Rl R2andR3
above, with the additional criterion that they should be chosen so as to yield an
ammonium salt with a lower pK, value than that of the product of I above.

15 Methods to calculate pKa are well known in the art, and experimentally measured
pKa are known for a variety of amines. This provides knowledge of general
guiding principles on the part of those skilled in the art (e.g., aryl substituents
lower pKj relative to alkyl substituents). See, for example, Perrin, D.D.,
Dempsey, B., Serjeant, E.P., pK, Predictions for Organic Acids and Bases

20 (Chapman and Hall, London, 1981). Suitable solvents include aliphatic and
aromatic hydrocarbons, ethers (including cyclic ethers) and halocarbons (both

aliphatic and aromatic hydrocarbons).

The compound of 1l can be prepared from the direct copolymerization of
25 ihe functionaiized monomer with the monomeric precursors of the polymeric
support. Specifically para-dimethylaminostyrene can be co-polymerized with
styrene and divinylbenzene to yield the amine functionalized precursor of the
invention catalyst. Preferably Il can be prepared from a functionalized polymeric
precursor of III:

30



PCT/ USy9/ 25336 25 together to forma ring system preferably a ring system
-contai ning fromabout 4-6 carbon atons. WO 001 25916 PCT/ US99/ 2533G 15 2 5
APR 2003 Alkyonksqagers to straight or branched chain substitpgpigediahfoen 5
~(hal ogenated) refers to fluorine, chlorine, brom ne or iodine atons,
preferably fluorine or chlorine. Partii¢ularly preferred substituted,

bri dged i ndeny conpounds of the structures (A and (B) R5 R8ROC 25~APR(2|MEO)4
R~1 M\ R (A) R11 R120 ~ R6 R10)4 wherein: RS R11 \ Si R12 / (R10)4 M is
Zror Hf, R1 and R2 are nethyl or chlorjne, and R5, R6 Rg, R9,R10, |10 Rl1l1
and R12 have the above- menti oneHOW#8Hi'ngs. These chiral netall océlles may be
used as a racemate for the preparation of 15 highly isotactic pol ypropyl ene
copolynmers. It is also possible to use the pure Ror S form An optically
active pol ynehiereialy ise fonapaakgtoup kiowhese padity aneertiblcstortbe amirfeor ms.
Preferably t he neso for f the netallocene is renoved to ensure the center
(i.e., the rfenetionality! -dbscrskteérab@reegdethpdqafﬂrywmmamdeseqaslatyat|on of

t he stere0| S rs. c nown erat.ur ues. For
special pr Odgrere %Ct‘of‘aall%o‘ﬁﬁsé?ﬁ’ﬁ%%’ F”ém['%’yadé arleia\xglm&v%n)gﬁw@ qibg

Il ustrati verumttona% &ﬁsﬂh&lhﬂ'&bﬁmtﬁ‘ﬁm@d 18" XN 1RAeg hlisdAs tal ik haRdesbr | dged
I ndenyl s i ncl ude: | andi yl b

(2- met hyl - 4- quﬂéwyﬂeslazld@enyﬂo)cpm(;@pleqsakcehqlﬂlaquxymaMket@es nitriles, and
organometalloids (for a general discussion see R. C. Larock, "Comprehensive
Organic Transformations: a guide to functional group preparations", pgs. 385-438,
10 (VCH publishers, 1989)).

Since there are many reactions of the types described above (synthesis of
amines, protonation of amines, ion exchange) known in the art, reactions which
proceed with high selectivity and with essentially quantitative yields, the

15 polymeric supported activators can be readily produced in essentially pure form,
1.e., as single molecular structures without any significant amount of reaction by-
products. Infrared spectroscopy provides a useful analytical method for
monitoring the extent of the reaction to optimize reaction conditions, further
assuring a high purity product. Specifically, commercially available

20 chloromethylated polystyrene-co-divinylbenzene beads can be treated with a
variety of dihydrocarbyl secondary amines to form weakly basic anion exchange
resin, corresponding to precursor II. Reaction of these materials with
dimethylanilinium tetrakis(perflurophenyl)borate yields a compound of type 1, the

protonated ammonium salt functionalized polymeric support.

25
The reaction between the support and the metallocene should be conducted
to facilitate permeation of the metallocene into the matrix of the polymeric
support. Preferably, therefore, supported activator particles are treated with a
solution of the metallocene. Suitable solvents for the metallocene may be
30 aliphatic or aromatic, depending upon the ligation, the chemical composition of

the support material, and the degree of crosslinking of the support. Toluene and

hexane are typical. It is particularly desirable 10 use a solvent to swell the support



D net hyl si | andi yl bi s(2- net hyl - 4, 5- benzoi ndenyl ) Zr(CH;) ~; 2 5 APR 2UU3

-y, ~.~ -16- | h Isilandi Ibis 2-neth 1-4,6-diiso ro lin i y Y

( Y PPY YW)O‘BI%J‘ ~ Di met hyl si | andi yl hi s(2- et hyl - 4- pl aenyl %ﬁﬁ‘%@é@ﬁ

Zr(CH3)2; T~imethylsilandi)~lbis (2-ethyl-4-n.aphthy)-1 -indenyl ¥ 5ZARRCH) 2.
, Phenyl (nethyl)silandiylbis(2-nethyl-4-phenyl-1-indeaayl) 7z(CH3)2,

D et hyl si | andi yl bi s(2-nmet hyl - 4- (1-napht hyl )-1-i ndenyl) Zr(Cl-13)2,

D net hyl si | andi yl bi s(2- et hyl - 4- (2- napht hyl )-1-i ndenyl ) zz(CH3) 2,

Di et hyl si | amen)ishas surtase eieg iat pikpdeny RboutS0apEp2 The réaction temperature

Di net hyl si | i i s(2- |- 4, 5-dii Pyl I

Di met hyl si | :aﬁgiﬂyésg?%(c%?%wr'f’%?%‘%fﬁa?%hgse%‘élfﬁg”‘%wﬁ%f@% g"%@‘%er

Phenyl ( met hydepgide@ndi senbéed dnieéthel |Anbientiondaiene melsuikablbdERY tesuldng CH3) 2,
1, 2- Lt handi yl bi s(Z-net hyl -4, G di i sopropyl -1 -indenyl) Zr(d -13)2,

1, 2- But andi yAcHV&{0n-banprotapatian elcbﬁtalyBpa{@pwuhﬁhiermemqmzm(m@,rs well

Di mel.;yl sil % | bi s(2-nmethyl -4-ethyl-1-indenyl) Zr(CH3) 2, '

D n~et hyl si I'andi'yl bi s(2- net h) ~1- 4-i sopropyl - 1-i ndenyl ) Zr{Cl-13)2, 15

Di xx~et h~~I si | andi 5~I bi s(2-met hyl -4-t-butyl -1-i ndenyl) Zr(CH3) 2,

Phenyl (et hyl ) si | andi yl bi s(2- et hyl - 4-i sopropyl -J-indenyl) Zr(CH3) 2,

Di met hyl si | andi yIhbinigreehiyoof mede agliacengsipanls ysed i oy polymer

Di net hyl si | Iyl [ | o dad :

bi met hyl o1 1 aagpEioB (b O sobloREBRning bl CEb Bpsgiipeengs should

Di met h) ~| si [wndadd dnds{]Pofited inylallacaes sisquid by torbpletetiedigdqived. {Sekidential
Phenlﬂﬂ( met hyJ ) si | andi yl bi s( 2- net 1iyl.—4; o- g&rtlzo- -indenyl) Zr(Chl 3) 2,

Phenifl (et hyddpEiongidnstplincenss.qrdpswiiciantsisaRiuRY ohepe o) myrg Hdey | ) zr (CmB) 2,
Phenyl (et i j ' = - = : I <4 nyl )

G (11 3)2, BEOGRRCI N PRl PN ag U ASITRA LB Ghects WHR
(2-ynetl ayl _-the eatelyapgraimit- 1- i ndenyl ) Zr (CH3) 2, .

1, 2-Ltl " andi yl bi s(2-net hyl -4; 5- benzo-J-i ndenyl) Zr(CH3)2, 1, 2-Butandiyl

hi s(2-rnct h~~l - 4, 5- be~a~0- 1-i aadenyl ) Zr (CH3) 2,

Di net 3~yl si | andi ~ThdssbAmied b dedd IdeRIZ Arelddfinde iy kariefatiddedres, i.el’ VO

001 2591 G 17 1, 2- Et handi yl bi 382, 4, 7-trinmethyl -1-indenyl) Zr(CH3) 2,

Di nethyl si | dFrfisifiopim¢tal gasrepndst whichedig conspsterntpg)inthe formula:

1, 2- Et handi yl bi s(2- et hyl - 1-i ndenyl ) Zr (CH3) 1,

Phenyl (et hyl ) si | andi yl bi s(2-nmet hyl -1-i ndenyl) Zr(CH3)2, 5

Di phenyl si | andi yl bi s(2- et hyl - 1-i ncé )ﬂ)) Zr (CH3) 2,

1, 2- But andi yl bi s(2- et hyl - 1-i nden %{1 r'‘aCH3) 2,

Di net hyl si | andi yl bi s(2- et hyl 2N\ denyl ) Zr(CH3) 2,

Di net hyl si | andi yl bi s(2- et hy ‘Iobutyl -1-indenyl) Zr(CH3) 2,

Phenyl (met hyl ) si | andi yl bi s(2-wetfiyk- 5-i sob gJ ndenyl) Zr(CH3)2, to

Di net hyl si | andi yl bi s(2- et hyl - @.’ ﬁegﬁi/ll))n Zr (CH3) 2,

Di net hyl si | andi yl bis(2,5, 6-tgd me

These and other preferred substitjuted, dridg
described in detail in U S. RatersNos.R5, 145,

wherein M is a metal of Group 4, 5, or 6 of the Periodic Table preferably,
zirconium, hafnium and titanium, most preferably zirconium;

20

R1 and R are identical or different, preferably identical, and are one of a

hydrogen atom, a C-Cjq alkyl group, preferably a C-C3 alkyl group, a Cg-Cyg



t5 5,329,033; 5,296,434; 5,276,208; 5,672,668, 5,304,614 and 5,374,7S2; and
-EP 549 900 and S76 970 all of which are herein fully incorporated by

ref erencewd\dglhdohonal |y, nmetall ocenes such as those descri Mﬂi{%g%%%
Patent No. 5,510,502, US. Patent No. 4,93l,417, U S. Patent .

5,537,396, U.S. Patent 20 No. 5,543,373, WO 98/014585, EPbl 1 773)4RR 10D
98/ 22486 (each fully incorporated herein by reference) are suitable for use
in this invention. Cenerally, the polyneric support should contains from
about 0.01 to 0.7 neq, substjtuted bridgéd(%nden I conpoumg r gram

pol ymer, mod¥l grospchatsraplya Cp-0a 2pvb emun. Hka:C sy losy gravpi rre L@@ %t ed

L B b A i
invgnyyon, ?§€§?ﬁigwﬁ®gg§¥$¥}p%%?%%§§gfﬁééggﬁg%ﬁgvggﬂ%gé%ﬁ“ﬁhéitionalIy

VLS5 A SRR OB U SO L
can Be 1 nach o PeRE A R R, " he, pol ymor i zati on reacti on

conponents, particularly with sol vent, nononmer and catal yst feed.

I mpurities can result in decreased, variable or even elimnation of

catal ytic acti vi RP.and\RS £r8hidenbipalior Giffeserit atieehd ywhlettical, axy/@R1f anet al
inpurities, etc Typically the scavenging coppound w Il be an organonetallic
compound subHogen 41pB, preipP!Y 2 fhiogas weor BIyRp oAU e (9rC1e dkylpat ent s

S, 153,157, 10 5, 24}, 025 and A; 93/ 141 32, WO A-94/ 07927 t hat of

VO- A- 95/ 079810UP @fé&%ﬁ&??‘le%ﬁv%@ﬂhwﬁn ’?léawheéﬂ%ﬁn B0 7] et hyl
borgpe, trij ug v ] o~ethyl e,0d upi noxane, and
tri?g-octylggﬁ8h$ﬁﬁﬁﬁk h&éeﬂ%ﬁ@%@@d?%%E@Bﬁggééﬁ%gﬁQQ%%%aE%ﬁEioor Cg- C20

| i near hydr i t S | . or netalloid
center beingﬁgﬁé é?%ggﬁ#g%ngﬁg%?ﬁ%?gﬁg%%é?ggy?ﬂ€%§a%?§gﬁ¢gﬁ%% the active
catal yst. Tprf@aBIyRlCAC§aaMaRg] HOuRATH-CYE alglasiigowy, phfgapard-ed
transition-netal cation-noncoordinating anton pairs is mnimzed durinb
pol yrer i zat Cep atkgdayl grosp,tadCg-Gat asytdiety! efdupcpielerattipa €gh@ce activity. 2o
The catal yst conpositions of this invention may be used in a wide variety
of pol yneri z8ldlkenyd gaupssasRs B, psRbREORAS WOSER yBY 6o PR, b% radizhlyner s, but

t hese catal yst conpositions particularly suitable for propyl ene

pol yiger i zat WiBfein AMY I8 RTShalBién RRdn) pederably HeHIE caidn, At %La%ian@u ions are
nost comonly conducted using a slurry processes in which the

pol yner i zat goupnpdfaably ail€ 1b€3 2Byégohprora C4-6Gyp dryhgrmompeprefelabkea Bgopyl ene, or
a hydrocarbon solvent or diluent, propane, isobutane, hexane, heptane,

cycl ohexaneCoeryl grevp;an aromatic di l uent such as tol uene. The

pol ymeri zation tenperatures nmay be those considered low, e.g., |less than 50
C, preferably O 87-is30 C, or may be in a higher range, such as up to about
150 C, preferably from50 C up to about 80 C, or at any ranges between 30
the end points i Ritated. Pregsires RdM vary fromidbout 100 to about 700
psia (0.76-4.8 MAa. Additional} description is givyen in U S. Patents
5,274,056 and 4, 182,810 and 94/ 21 962 which arg fully incorporated by

ref erence. M2 , M2 — M2 ., — M2 — (CRp13)—
L12 L12 L12 l12
R11 R11 R11
0 !VIZ 0 , lc , 0 !\42

R12 R12 R12



WO 00/ 25916 PCT/ US991 2533G 19 2 5 APR 2003 Propyl ene honopol yners may be
~formed with this system using conventional batch slurry techniques. The

m crostruc %824t he honopol ync~r will preferably possess RO TSE A58

| engt h as nmeasured by 13C NWVR 65% or greater relative to that prgp

wi th the unsupported netall ocene catalyst. Copolyners with ethyl ene may be
formed by introduction of ethylene to the propylene slurry or bas phase

pol ynmeri zati on of gaseous proyl ene and et hyl ene conononers. Copolynmers with
et hyl ene pr eflg?(kab}_y—/gmtB)L,ngQ_,tgn-,lQ)- £S- B! I-N(R B egirgLiRi ).

honopol yners and copolyner's of a-olefins may be 1o fornmed wth tHi's system
by introductéro_@ &(Rt]lpg_ appropriate nononer or nononers to a slurry or bulk
propyl ene proceés. Exahpl es 15 Unfunctionali zed

pol yst yr ene- GHerdinvi nyl benzene beads (1% DVB, 200 400 nesh) were supplied by
Bi orad Laboratories (Hercules, Ca.) and washed carefully prior to use.

Chl or onet hy | B ER FeanisR Wb e idavjoalree differarnasil aresahyddogen ataqn, G Hajog200- 400

?‘8?2;31;_2%'1_; égmfg&éé’a? ’g@éﬁ%‘oﬁﬁ%&?ﬁaﬂ@rfﬁgéﬁ%ééfxlga%%Céﬁzaéféét _25:5{ get 2’3;1% 0
veahino 1 solle s Pl e B ACR AT SRS o2
CH2C12 i i

ol vent s andP P Rag0aO6EA0 A L PR CRlnrb i Bferb e ot

chl or onet hylﬁ&&qagﬁg@g,(?g%gf@g,kgygéum@fgeﬁB@mcgéax]M? g&iged of J.T.

Sparrow, Tet. Let | urry “pol rizations were

conduct ed i nC3.Cx, dik&iyl Brdup, prefpatl #BELVE { Dalkeh Aighytlpak ammﬁmﬂymmz L

aut ocl ave. Abbreéviations in these exanples include the following : THF

(t et n@hydr of groap,) preférablp b€y alyialyigtdup] § CaBoy( elalkehyl.gr8@p,’ Di fferenti al
scanning calorinetry (DSC) data was collected using a Perkin El mer DSC 7.
Appr oxi mat el preferablyg Gd-Cpolayyalbpmll greapgr @l asalliglaryharospdreferablna sanpl e pan
and the follow ng, thermal programwas used, The pol ynmer was WO 001 2591 G
PCT/ US99/ 25386 C (pal Ryl5ryABRWOBR 'd rand R 1 & gorfRo} ! @dﬂilﬁ%t@th@t WA atbinswas
subsequently cooled to 25C at_a rate of i 0OC/mn The tenperature was held
for 5 m nut eBindingabem, candosn mpR Sysiems;t hen

15 M2 is silicon, germanium or tin, preferably silicon or germanium, most

preferably silicon;

R8 and R? are identical or different and have the meanings stated for R11;

20 m and n are identical or different and are zero, 1 or 2, preferably zero or 1,

m plus n being zero, 1 or 2, preferably zero or 1; and

the radicals R3, R4, and R10 are identical or different and have the

meanings stated for R11, R12 and R13. Two adjacent R10 radicals can be joined
25 together to form a ring system, preferably a ring system containing from about 4-6

carbon atoms.



heated to 200C at a rate of 10C/ mn. The peak nelting tenperature was
-recorded 5 '3C NWR data was obtained at 100 MHz at 125C on a Varian VXR 400
NMVR spectr Le. A 90C pul se, an acquisition tine of 3.0 s n and a
_pul se del aﬁlqig@s%wseconds was enpl oyed The spectra were br o'g't%%b)g%’ézsz’“
decoupl ed and were acquired w thout gaged decoupling. Simlar rel afglt lPﬁ)?
times and nucl ear 1o Overhauser effects are expected for the nethy APR 2003
resonances of pol ypropyl enes, which were the only honopol ynmer resonances
used for quantitative purposes. A typical nunber of transients collected
was 2500. The sanpilke! vgders ¢ stsvghiedbianchedichansubstaueninetalpsen a

concentrati f %0 ight. All spectral frequencies [ e recorded
wth respectipgeghtedidbtR Fline RO PR of SIHEME A¥Blace °°5 o
t he pol ypr opyleine dneappat ynmer, the nethyl resonances were recorded with
respect to 21.81 ppmfor mmm which is close to the reported literature
val ue of 21.8S5 ppmfor an internal tetranethylsilane standard. The pentad

assi gpnments used I t ablished. . 20 .PS: CHPN( CH3) 2H] + C6F5) 4]
Chl org(;mst hyl at ed %{) ‘%ﬁ% Bﬁﬁqr% -Sagi}ﬁlﬂf/ﬁi’é’élr%%dn@dﬁ Yol L{ﬁhs Fgéai ngs of 0.15
- 4.0 Cl/g wefierusawold)@nd (B) a sol ution of dimethylanmine in THF (2M 25
Al drich), and stirred for two days at roomtenperature. They were then
rinsed with THF, RPHF/ w 2:1, THF/ water 1:2, pgater (tw ce), THF/ water
1.2, THF/ water 2. |, M ce) and dried under at 60C over ni ght.
The am nat ed beads i

anq t hen

(o

[ PhNMVe2H] [ B( C6F } . )

filtered and rﬁ’?fg@witfh HZC12 ( Sotir]_:{a]sl) to yfeld t0914boron

| oadi ngs of 0.15-1.|]1 meq. Aoron/g. Boron 't aadin wetehyﬁél uat ed
gravinmetrically and byyan 1R assay. These beads wer :t] en treated with a
variety of Goup 4 |mei al boeepes to(generate the acti ve.cat |ytiC(B w0
00/ 25916 PCTRL@%QE 533G 21.2 5 APR 2003 Rlgeti es\ at Iq)a%'ﬁ‘g of 0.14-0 7 nmeq
catal ystJgramo ads. T ‘

basis of quantitati
beads were typically ed with 3 equival ents of «* | ocene conpound. 5
PS- CH2NPh( CH3) H] +[ B( 4) Chloronmethyl ated pol ystyxefje- c-di vi nyl benzene
beads wi th | oadi ngs of - 4.0 neq /g were swol n neat

N-net hyl ani | i ne and st : oy{ wo days 1o at roo ergher e. They were
then rinsed with THF, Wa{Fgr) -1, THF/ water | : er(ﬂ?P‘Sﬁ ce),

THF/ water 1. 2, THF/water 2 1, THF (twice) and dried under vacuum at 60C
overni ght. The anvhertiod beads were treated with a 0.07 M sol ution of

[ Ph2NH2] [ B( C6F5) 4] ,i.n_CH2C12 (1.5 .equivalents) for 1.5.h, .and then filtered
and rinsed with é‘lé(‘ﬁér?rﬂd}‘fjre@)j ﬁzce)afﬁfmﬁﬂb’l Beeiaring. @pd BgrB%R%BRIbéﬁ@i ngs of

0. 36-0. 87 11 bo . rogn | oadings, were evaluated gravinetrically after
carei”gl dryi g.a@g%ﬁ@’ei Qﬁtﬁé'ﬁé?%‘f’g% BFEPSESation 20 I'n an inert

at nosphere glove box, | .0 gramof the protonated ammoni um salt activator
PS- CH2N( CH3) 2H] +[ B(C6F5) 4] - with 0.67 nmmol avail able functional group per
gram of beads (i .Bhese chigih mesajlocpies gaaydt used 8 sragemel fabbe grepartishofred in

20 L of dr yhiglﬂ§¥§)?:ﬂ:tifc rpgﬁfph%yllle%re]ecos&yl%%rs.cltulQ QEB prcl)gs:[ilglggoe lrjlsei e 8ure Ror

S form. An optically active polymer can be prepared with these pure

15 stereoisomeric forms. Preferably the meso form of the metallocene is removed to
ensure the center (i.e., the metal atom) provides stereoregular polymerization
Separation of the stereoisomers can be accomplished by known literature

techniques. For special products it is also possible to use rac/meso mixtures.

20 Hlustrative but non-limiting ex‘amples of preferred substituted, bridged
indenyls include: Dimethylsilandiylbis (2-methyl-4-pheny}-1-indenyl)Zr(CH3),
Dimethylsilandiylbis(2-methyl-4,5-benzoindenyl) Zr(CH3)o;



100 nmL round bottomflask while stirring wwth a nmagnetic stirrer, followed
by the 25 addition of 0.076 g of dinethylsilyl

bi s(2- met hyl - 4- phenyl i ndenyl ) zi rconi um di et hyl in small portions. The
reaction was stirred for I hour. 30 m of pentane was added and t2$5gk§5%re”
was stirred for several mnutes. Thegsol vent was decanted and 40 i
fresh pentane was added. After several nminutes of stirring, the solvent was .
decanted. The solid was vacuum dri ed overnight yielding 0.802 g 30 of s

| oheo B IRl LA Rl AR AR 53, 0.0 9,12, ot of
2o Y R0 YR BB SRANSE,  analogous mamer o
o e S
yi el di xgﬁj(g’fe};%]émé&(g%)S@iﬁ%&%@’éé{’g%g&&?)Jﬁr@qﬁﬂ%l?r(légﬁ%oss due to %/r ansfer),
wth & C@i%ﬂ]?ﬁmﬁ%ﬁi@@%&ﬂy]%-Elggé%?]-gﬂg-inﬁénﬂ)@r‘(@ﬁgzo” metal per gram of

finished catalyst. nparative - Catdl yst preparation In a

ni t r ogen Pecgiep sitraAvabil Xmetﬁy]_lzﬁ(zgm?gg@}%hmnaéﬂywZai(éleﬁ)j,ret hyl - 4- phenyl 15

i ndenyl ) zi rconli um was p?aced in a beaker with™a mini stir bar. 9.3 g.

of a 30 wi%esioylsilimaiyIbik(2méthyllialienyl)mrCd, was added to the beaker. The

m xture was stirred for one hour producing a red solution. The solution was
added sl dWmethylsilddy!bis@fmdayii4 bidi &S2opyi-Il iledeny) Zk€Hpgl at 600C) with

mechani cal, mixing. After the addition was conplete the solid was vacuum
dried. Yildmgthgsidandiyibisi2ifad-tripoetedt laingenyl) 4elig. was cal cul ated to be 0.022

mol . of transjtiqn tal per gr of f.inished.cat S arati ve Exampl e
T 181 s AR et R b BB i et SF S e 1605 4 oF

Davi -Si | i | ci t. 60 d pl di 4 L 3 k
D By EAb b o2 BRI RSCG A Pl oped L, 2.4 L 3 neck
the nixt blrzas\ﬁ%d%)l19{5(2-%1%%%s%i@&rqrgﬁall‘ﬂggbg}ygtiggdﬂf)gg line was added to the -

m xture. After 5 m nutes stir

tri s( pentafleusyioiphanibisanany WasthpdoadenylEr(@ixjur e was stirred for one
hour. 30 17.5 g of D nethylsilyl bis(2-nethyl-4- pzhenyl i ndenyl ) zi r coni um was
added t o Rilvetmylziandéylbin@-méthyledisspriopyledinteny )2Zods)®, After this tinme the
stirring _was stopped and PCT/ US99/ 25336 the sol vent was decanted. The solid:
was Rcultingthdalondiydbig(2-methy)-4-t=pyl-1-indenyl) Zr(CH3)y, '

Phenyl(methyl)silandiylbis(2-methyl-4-isopropyl-1-indenyl) Zr(CH3)»,
Dimethylsilandiylbis(2-ethyl-4-methyl-1-indenyl) Zr(CHgz),,
Dimethy]lsilandiylbis(2,4-dimethyl-1-indenyl) Zr(CHz),,
Dimethylsilandiylbis(2-methyl-4-ethyl-1-indenyl) Zr(CHa)»,

20  Dimethylsilandiylbis(2-methyl-a-acenaphthyl-1-indenyl) Zr(CH3)5,
Phenyl(methyl)silandiylbis(2-methyl-4,5-benzo-1-indenyl) Zr(CHjz)s,
Phenyl(methyl)silandiylbis(2-methyl-4,5-(methylbenzo)-1-indenyl) Zr(CHs)y,
Phenyl(methyl)silandiylbis(2-methyl-4,5-(tetramethylbenzo)-1-indenyl)
Z1(CH3)p,

25  Phenyl(methyl)silandiylbis (2-methyl-a-acenaphthyl-1-indenyl) Zr(CHj3),,
1,2-Ethandiylbis(2-methyl-4,5-benzo-1-indenyl) Z1(CHz),,
1,2-Butandiylbis(2-methyl-4,5-benzo-1-indenyl) Zr(CH3)s,
Dimethylsilandiylbis(2-methy]-4,5-benzo-) -indenyl) Zr(CH3)2.



WO 00/ 2591 6 PCT/ US99/2533G 23 2 5 APR 2003 catal yst | oading was found to
-be 0. 127 mmol of transition nmetal per gramof ' finished catalyst

Conpar at i W@ dgxaspl € 5 - Catalyst E preparation 5 In a nitregepspsged gl ove
box, 1.97 g of Davison 952 silica (calcined at 600C) was rrasseé an% pl aced

ina SOmM round bottomflask containitfhg a stir bar 20 ml of tol u@rbeARRaD3
added and the silica was slurried 0 14 nlL of N, Ndiethyl . aniline was
added to the m xture. After 5 mnutes of stirring, 0.429 g of 10

hour 0. 1 5 bEGORBDIN 7MY S REEH) 2AC T mapht hy1) | ndenyl ) zi rconi um
et R b M SRRt b2, (v, hobrs, Arter this
\é\%i 2}; 3%? idr tlgzgﬁg)"%nﬁé;ll%izsgﬂi’lc%hoyggk ‘fn@"}li&e?g?%ﬁlt ogle;vglz%g:; gal \z/:?ghﬁceiat dried
triethylal gﬂlﬁﬁa%}r@g‘r}ﬁ&ﬁlgrﬁcﬁ}rl@sﬂ%&%ﬁgl%@d?ﬁ tlf%r(gg}géWas ~ 20 a scavenger. 36

mol 5 of Hz Weﬁﬂggﬁ(ﬁﬂbis%qt@y_lggggww Zg?CHQh?pW ene. The reactor

tenperature was taised to 70C. "0.0413°g catalyst A was flushed into the

reactor w th23§ﬁaﬂﬁiy%ﬂs(@#®ﬂﬂlﬂnﬂdexﬁhﬁ2ﬂ@w§m§ri zation mxture was stirred
for 1 hour at 500 rpm The polynerization was stopped by cooling the

react or andDinegthylegandiglbps(BphlykhéndeyBlZk(CR4)3, g, Catal yst Efficiency: 5860
g PP/ g catalyst, 25 Melt Flow Rate: 23 dg/mn, Tm 155.1 C, MAD 3. 87.

Pol yner i zat PumetExlarpidyRisihmetlghdtisobuigls] -prdepd) 8dCllg)2,n Exanpl e | except
0.6 M of a IMsolution 30 of triethylalum numsolution and 25 mml of H2

were used. Rhepymetini)sdandiyVis(2-mepad-Srisokiizd! indeeyl) BECHsazt or wit h
| tQ.injtjate, .t | i ti . Th 0,001 2591 G
Ing(':I)'B Sgg/e 25 ‘E’,’I@g YLIIS a%nﬂ%&(l&%&ﬁ%‘r%&? '&qeﬂﬁ)ﬁ(&b% was stirred for 1
h Yield = | ffi.ci 8020 L vs. Melt FI Rat e.
EVEEE T e N e T

The reactor was prepared as in Exanple 1 except 0.25 m of a | Msolution

of triethylalum num solution and 25 mvl of HZ were used 0.101 g of
Cat al yst C was f Thedeenidiotiten ptefieredsmbstituted; brindged aplehgentpounds are at e t he

ol yneri zation.. The pol.ynerization, m tirr 1 hour Yield
I[2)72yg, Cat a‘il"?g‘i‘b‘é]‘f“i%‘%K’g@-higa‘%%’sgﬁ&g]xé\gf%ﬁ%;ﬁé’tliEﬁ/@v&%l ow Rate: 1 6
dg/nsn, Tms5 3280855 MMUF4: B 576 C0RPRE7E, 668 SPOUGIRRAE 8BTANSEeadmPe 4 The
react or vvasﬁ{)re ared as in Exanmple | exc_:eglté 0.2S mM of a 1 Msolution 15 of
triethyl al utfi*hith et 2t6 B9 Al vachensihegsin fdlyia¢asparated by gefergncey of Cat al yst
D was flushed into the reactor with propylene to initiate the

pol yneri zati on. The pol ynerization m xture was stirred for 1 hour. Yield:
265 g) Cat al yst BAiflitonethgymetalld®oneg sBEh gs GatadesetibedVe Ul SFPatentRéd.e: 0. 44

dg/mn, Tm ' 2. 44, tive Pol rizat] Exanpl e 5 The
rgact or wass’%iséaé}gé&%afeﬁt Qa%g?gg{gﬁ;%e f‘teﬁt.rg%ysﬁzéégab%h K/F‘§’6‘Irr3ti on of
triephyl al unbnsigysabitwonsamd s85 ppml o JHd wene/2uagel(@cPiliyg of Eatalyst E

was flushed into the reactor with propylene to iniiiate the polynerization.
The icorporated herein by reference) are suitable for use in this invention.

Generally, the polymeric support should contains from about 0.01 to 0.7
meq. substituted, bridged indenyl compound per gram polymer, more preferably

25 0.01 to 0.3 meq. The polymeric supported cocatalyst activator should contain
0.01 to 0.9 meq. metal atom per gram of polymer, preferably from about 0.02 to

about 0.3 meq. metal patom per gram of polymer.

When using the supported ionic catalysts of the invention, the total catalyst

30 system can additionally comprise one or more scavenging compounds. The term



25 polynerization m xture was stirred for 1 hour. Yield: 289 g, Catalyst
_Effici ency\&é 2% PP/ g Catalyst, Melt Flow Rate: 3.5 dg/nin, Tm 152.2C, '
MAD 6. 90. 993 PHbi ve Pol yneri zation Exanple 6 30 The react%?T%%g’zﬁ?@par ed
as in Exanple ) except 500 ml of dry Rhgxane was added as a solvent 0.25 ni
-of a 1 Msolution of triethylalum numsolution, 149 mol of HZ ang 5@% ﬁ‘d
of propyl ene were subsequently added. The reactor WO 00/ 2591 G é 5? APR
2003 tenperature was increased to 70C 0 023g of .
Di met hyl s~I ylsbdvepRingepmpoudgtseans thesg¢enpippueidseistuna Rnenove83 g of
N, N- di et hyl._ani .It.i ni.um bet ~ ﬁki sl%]\pent afl t}lor o%}il{)or at eqwer ai S olved in 20 m
of tol uene. PRAUGE HOR QS IBCULR HRTRRDP OHREG PR YHBFERETEr with 250 m)
of propyl eneintdbg.ea vAgd Wﬂt?@ﬁél?ﬁleﬂkéfh%rrﬁac‘ﬁ@ﬁ cShpshees, paticdizrn iyt es. The
reaction was stopped by cooling the reactor and venting the propylene. The
hexane sol veyulvansnenapwaad eatabnidfeehelnppirines canvgsultinydedreasddevatiable7. 0 g,
Cat alé/st Efficiency:.4.3 X.I .g_PP/. | Zr,  Tme 155, My 37000, MAD:
174.% o Pol JTRFD SURVHIOROL AP 250ty aaeical mlist BRWE S i Exanpl e 1
except 0.4 r@x)%gn’ané{aMmlngg,Q[b of triethylal um num solution and 25 nmol of
HZ were used. "0.041 g of catalyst A was flushed into the reactor with
propylene to initiate the polynerization. The 15 polynerization m xture was
stirred for 15 m.aut.e Yield: 28 8 Catal yst. Efficie - 699 gPPR/ g
catal yst, Tm 155. ?’p'ﬁﬁj\}thgﬁﬁfﬁve% Cg’?‘g%‘?“déﬁpr{rl;oaeraé]ﬁr aenoﬁlorll?%lrlr%%”% cgllngn Exanpl e
8 20 The r eagiichhs WRSGRLE A30eghndmetdlli EXapiuadd of SePhtefis 4,188,187, a 1 M
solution of triethylalum num sol ution an used. 0.102 ¢

d 55 mol of H2 were
of Catalyst T20k82T mbWEHA-RY/ 4137 WQRAEPHOTHE T angighol WbAID A4 i ate t he

| At ot Lon. T Xt . ) Viel d
3070, Cat al S RstIRH BERLER i M AC R DGR MistuEC 00! M
7.08 25 Conpavmtnune rifehylaiimexahée, osobbyaajpiendkREhUEIG &5 pEiaual. yst D was
5000 mppm | AP B TE E ARy AR D PG e0 IReehFSBotRYE. b 2. 70.
Mol I i ght . I i zati

Resul s Pol y SR BS soitslithaud e MGl TLaRE HERG irBEdRFl] 22t o
(©) MWL) ( MmminitnigeRidyEiat Jrtdracdiorowvith drea2tivethyilystBatad2obMditebetditg 3. 84- phen

| zani | i ni unRl1' ol y~t yrene2- net hyl boundZ5800Ul 56. 97NANA4- nepht hyl ' ani | i ni unB
Lo ) St & e e R 2T PR NS aBaBe I SR U AR aging anion

(conmp.)Stli Cﬁ@rsﬂ?hhﬁ{imm%gg@ r#A486n feadidid4o taeab@fieffedtivetd (unnp
) Si hca2- nt ct hyl hound2571( 1Ul1 298 1v6.9t) 4-naphlyylanilinium-6

(conp. ) None2enhaneg/activml i 1494, 3

XI'U155371i 1. 714- napht hyl 7Pol yst yr ene2- et hyl bound25699155. 686k3 88
t4-phenylanilittiunB (conp.)Silica2-nmethyl MAO6523U0151. 1 189h7. U84- phenyl
a9 eeconp ) Sili caPZheredtdlysiivompd SH0NS60bI52vealion ina bétised in a wide variety

t 4- phen) laniliniutn(mppm tgPt'/tnnol ~r ~ dipethylail) [hi~2

met hyl - phcny?flmoagmr%w PrOsTRSGRIUPTRBATE Ryide VETIERbORATAR Py it ese

met hy! - napht Gl adBmEbYighA SO MThA SR8 forpibRENAIShb Loy 2A

nmet hyl - 4- phenyl ?ndeﬁgg)l )l~i rconiirm ﬁ chl ori 8rep‘ kﬂlg\l-%?(ngt hcla eati t{‘)ll’]i um
tcl rtd; i c(pcprocess mgyreenised hotrprapene polymerizations are most commonly

conducted using a slurry processes in which the polymerization medium can be

25 either a liquid monomer, like propylene, or a hydrocarbon solvent or diluent,
propane, isobutane, hexane, heptane, cyclohexane, etc. or an aromatic diluent such
as toluene. The polymerization temperatures may be those considered low, e.g,,
less than 50 °C, preferably 0 °C - 30 °C, or may be in a higher range, such as up to
about 150 °C, preferably from 50 °C uyp to about 80 °C, or at any ranges between

30 the end points indicated. Pressures can vary from about 100 to about 700 psia
(0.76-4.8 MPa. Additional description is given in U.S. Patents 5,274,056 and
4,182,810 and WO 94/21962 which are fully incorporated by reference.



ncNNDu -oWaNOOw O Table 2 Amount of Defects from 13C NWVR
-Pol yneri zati onSupport Met al | oceneActi vat or St ereo Def ect s110KRegi n

def ect s/ | OKbonssgn | . cnl ;

" PCT/US99/25336

t h6None2- et hyl DVAI i 34. 42U. 81814- phenyl 7Pol yst yr ene2- met hyl bound27. 345. 4137
. 64- phenyl ani | i ni unBSi | i ca2- met hyl MAOT'®. 980. U1( | (14- phenyl 9St i i cazlyﬁr@{@)o
undt 9. 275.41 U64-phenylanilinium0 O N~D o, NV n NG- NWn Wc~

WO 00/ 2591 6 PCT/ US99/ 25336 2 8 2 5 APR Z003 Wil e the present invention has
been described and illustrated by reference to particul ar enbodi nents, it
wi || be appreciated by those of ordinary skill in the art that the

i nvention | ends ip® kfen’é‘ﬂoﬂ@ﬁc\/lyﬁﬁiefsfrﬁé)emonﬁEJi@ﬁth@lﬁlijs mukindst rated herein.

For these reasons, en, reference should be nade sol el
claims for pionyesienabbatgeslarmyiterhnguehel hemisrescoparedd! thé

o

to the appended
TPPREBAET | nventi on.

will preferably possess a meso run length as measured by 13C NMR 65% or

5 greater relative to that produced with the unsupported metallocene catalyst.

Copolymers with ethylene may be formed by introduction of ethylene to the

propylene slurry or gas phase polymerization of gaseous proylene and ethylene

comonomers. Copolymers with ethylene preferably contain 0 to 10 wt %

comonomer. Stereoregular homopolymers and copolymers of a-olefins may be

10 formed with this system by introduction of the appropriate monomer or monomers

to a slurry or bulk propyiene process.

Examples

15 Unfunctionalized polystyrene-co-divinylbenzene beads (1% DVB, 200-

400 mesh) were supplied by Biorad Laboratories (Hercules, Ca.) and washed

carefully prior to use. Chloromethylated beads were acquired from Biorad (4.0
meq Cl/g 200-400 mesh; and 1.35 meq Cl/g, 200-400 mesh) and Acros Organics
(Pittsburg, Pa.) (0.4 meq Cl/g, 100-200 mesh) and either used as received or

20 subjected to a modification of the above washing procedure in which the initial

heated washing stages were replaced by 1/2 h in aq K2CO3 to avoid hydrolysis

CH2Cl7 was degassed by bubbling argon for 1/2 h prior to use. Other solvents

and reagents were used as received. Low functionalization chloromethylated

beads (0.15 meq Cl/g) were prepared by the method of 1.T. Sparrow, Tet. Lett.,

25 1975, 53, 4367. Slurry polymerizations were conducted in 1.25 L of bulk

propylene with triethylaluminum in a 2 L autoclave. Abbreviations in these

examples include the following : THF (tetrahydrofuran), Ph (phenyl), Me

(methyl), Bn (benzy)).

30 ‘Differential scanning calorimetry (DSC) data was collected using a Perkin

Elmer DSC-7. Approximately 6.0 mg of polypropylene granules was massed into

a sample pan and the following thermal program was used. The polymer was



Caims 2 5 APR z003 ~. 1. A n catalyst conposition conprising the reaction
. product of_ a) ol ~~meric support functionali2ed wth a co~~al ently bonded
pr ot onat ed"’%ﬁ%’%%?%m salt of a 5 noncoordinating ataion and %T’H%’zé$/36nore
bridged, substituted indenyl naetall ggene compounds. 2, The cat a'ZNSSAPR 2003
connposition of claim1 wherein the support is an ar omat i c pol yneric
support. 10 3. The catal yst conposition of claim1l wherein the support is
pol ystyrene. 4. fhe catal yst coxnposition of claim1l wherein the

met al | ocer ~enieladdpr &senttedattdpOf Gie lfvoasubgequéRty-gabled t0,25°C aR8Rt99>fn ~3 R~ R6
7 ~4 R ~CRS RtO) ~~here G oup 4,
L Tor6 of uhe/piin; She Epsprtu er Hehifors TP GLot cihe POl Yeubght

preferably i o t p al kyI
group, C~-hg§9a {ngr?dyo C?P%&%?%gm/%in anl;ky gggﬁgtrl@ﬁ%?]peﬁa&g%a al kenyl

gr oup, a C~ré&ntdedr yl al kyl group, a C~-qu al kylaxyl ' , 20 group, ox a
chp aryl al kenyl group: RS and R6 are identical or different, preferably
i dent’ical, and are one of a halogen atom a C 1-C 1 p al kyl group which may

be hal ogenat ed, a%CmﬁdeQta%s olbtaméthQ@b?vﬁ%% Pﬁ’b'tl&%gﬁéﬁﬁﬁ%o% 5 APR
2003 group whi ch may be hal ogenated, a al kenyl group, a C--C4p

aryl al kyI gMNR, spect@mdap AP pulyd, agraoq;psman Gg}@m Gsegbudsk emd/a pgsoup, a

- NR~ ca is one
of a hal ogelH QAR EHEHE SRRt TheAmseTe el batomdfspuednlly: s R
is R11 R11 Rkte &I]LITWW]IhWt d:d%uﬁ]ﬁgmﬁ)larrelax% fhés BdnfRlear R11 R11 RI11
OM O~ C~ OM RI2 & pl (R11)-, -Ge-, -Sn-, -O, -S-,
-SO- 10 - 502- va:ph(am_e_t)effects@;@ expecp(e for_’me meﬁryl ;qspgr(ca q_f;[po)lyprowiem@l n: 10 R11
R12 and R13 g q Qr dllfferent and a agen at o g}hal ogen
atom a Cl- lﬂ)c Al kYl ]%?'6 6]°m8&?yf‘ffr5refs9ﬁ%1f8%ﬁ? I ?'%I%’Ba A EEPESp gr oup,
a C6- C3p fl uﬂﬁmmwnbgf@mﬁhns@m@koﬁz.?meatvkpzsocgrm&am@lﬁzammmdﬁqﬁyI group, a

C~Cgp aryl al kyI group Cg- C4p ar%/I al keny grou a C~-C4 aI kyl.aryl
group, or Riqra&h]@rqﬂi@e‘@atmco&ce&ﬁé WlQ,lflégtéXW% Ml,quféra FemENEENdi ng

them form Qage Alorkied WIS efPeBGoSYTh@MRi tetramethylsilane standard. In the case
15 of the polypropylene homopolymer, the methy! resonances were recorded with
respect to 21.81 ppm for mmmm, which is close to the reported literature value of
21.855 ppm for an internal tetramethylsilane standard. The pentad assignments

used are well established.

20

PS-CHaN(CH3)2H]  [B(C6F5)4]”

Chloromethylated polystyrene-co-divinylbenzene beads with loadings of
0.15 - 4.0 Cl/g were swollen in a solution of dimethylamine in THF (2M,

25 Aldrich), and stirred for two days at room temperature. They were then rinsed
with THF, THF /water 2:1, THF /water 1:2, water (twice), THF/water 1:2,
THF/water 2.1, THF (twice) and dried under vacuum at 60°C overnight. The
aminated beads were treated with a 0.07 M solution of [PhNMeaH][B(C¢F5)4] in

CH2Cli2 (1.5 equivalents) for 1.5 h, and then filtered and rinsed with CH2Cl2 (4

30 times) to yield beads with boron loadings of 0.15-1.1 meq. boron/g. Boron
loadings were evaluated gravimetrically and by an IR assay. These beads were

then treated with a variety of Group 4 metallocenes to generate the active catalytic



Mz is silicon, germaniumor tin; Rg and RO are identical or different and
- have the neanings stated for Rl1l; mand n are identical or different and
are zero, wo 0dnsdi¢ M plus n being zero, 1 or 2; and WO 00l Z58¢6v9/25336

PCT/ US99/ 25336 31 T 5 APR Z003 the radicals R3, R4, and R 1 ~ are identical
or different and have the neanings s?ated for RL |, R12 and R13 or ztgl\ﬁb 200
adj acent Rl~ radicals are joined together to form a ring system 5. t&e
catal yst conposition of claim1l wherein the netall ocene is selected from
the group consi.stin

(2- et hyl - 43BHEMA" l‘%di‘r}%é’ﬁgﬂg%?’@%; gart]%égyﬂgam of beads. The metallocene

Di met hyl si | @dyélwdsb»eﬁéa ﬂf@ilh%'teddorﬁh@%%i@bf‘q%ﬂxlla)nvzrréa@f@ﬂ éf metallocene
Di met hyl sil andiy bIS(2 met hyl - 4, 6-di i sopropylindenyl) Zr(CH3)2;

Di met hyl si | anthi bydrhileé beadetﬂqrht-’dbpmsnyﬂe Ly eabrtyda)ed ZviCHeY W valents of

D net hyl sil a | bi s (2-ethyl -4-naphthyl -1-indenyl) Zr(CH3) 2,

Pheny! ( met h)ﬂf’?@rqcﬁ?ﬁ? ‘EHUQPZ met hyl - 4-phenyl - 1-indenyl) Zr(CH3)2, ~ 5
Di netshyl si | andi yl bi s(2-net hyl -4-( 1-napht hyl)-1-indenyl) Zr(CH3) 2,

D net hyl si | andi yl bi s(2- et hyl - 4- (2- napht hyl ) - 1-i ndenyl ) Zr (CH3) 2,

Di net hyl si | h ' 1) Zr (CH3) 2,
D et hgl s: I gggdlj%/quzg @#ﬁlhﬁ@ﬂgﬁgyl )sopr(()pyl ?I -indenyl) Zr(CH3) 2,
Di met hyl si | andi yl bi s(2,4,6-trinmethyl-1-indenyl) Zr(CH#)2, 20

Phenyl (et hyl ) si | andi yl bi s(2- et hyl -4, 6-di i sopropyl - 1-i ndenyl) er( CH3) 2,
1, 2- Et handi yl bi s(CzhlWQWW}'JMCCBPQIVﬁtE@pﬁ@QﬁWleibﬁ@P@Wb?aer“(lth-B’PngS0

1, 2- But andi yl I

D net Ey?gl : g)nlg: ypbl S(gnééveﬁe ?Q’V(gl S'ﬁ I%&FW m%}ie')ﬁlgrfﬁ %&%déﬁ%%)%@o days

Di metohyl si | anfbiopl tenferature! Mty %ﬂe&ﬁ@i fipydd-vhith mHBrryHF/vZaiérQ-lB) 2, 25
DrrethyIsHandlbels -4-1-butyl-1-indeny é_ %WV

Pheny! { met hyliFfk sfwaﬁiﬁd(zwmeé(tw'?ﬁé{ﬂﬁ/“@Ws]o%rHﬁ/M@ Prid &Ryl (fwige] a3d: ) 2,

Di net hyl si |

Di gt hg;l 2: I gﬁ F)}é éri)ﬁagmﬁﬂ ?gﬁdﬁ”}gﬂgtn e%ﬁfﬁ'&féa béﬁ%gé@@cat%d w1th§ 5 APR
002" B R G e
Phenyl (z%Ae@H&ﬂ)e@lfslaﬁmﬂn pd mr@ei w2 lzz @t'd%fﬁ @n@gﬁa@}wy PIOBH3) 2,

;Ih(en l ()m;t hTo ld%lasglslo%%djéy(g E’k m(e ororr%,l Bo’ron knglngngreenezvgl)uat]édl ndenyl )

Phenyl ( et hyrgvdmkaiedily bfvdrsa2fuleinfiyg - 4, 5- (t et r anet hyl benzo) - 1- i ndenyl )
Zr (CH3) 2, Phenyl (rneth3~1)sil a~tdiyl bi s (' 2-met hyl - a- acenapht h- 1-i ndenyl)
Zr(CH3) 2, , 1, Z-Ethandiyl bis(2-nethyl-4,5-benzo-1-indenyl) Zr(CH3) 2,

1. 2- x3ut andlgklampg(z @glag,tshxlprépa%tmnzo 1- |ndenyl) Zr(CH3) 2, |
D nct h3~I sil andi yl bi s(2-"net hyl'-4, 5- benzo- 1-i ndenyl) Zr(CH3) 2,

1, 2-Ethandi yl bis(2,4,7- trlrrethyl 1-inden3~1) Zr(CHg)z, .

D|rrehIS|Iand| Ib|s l,-.1- i,ndenyl AS .
2. t?/-l andi y! %Ilgeﬁ mgt,[r% yqxeren%lg\lzﬁlﬁ%/ )I, %ég»)_g)ﬂ%protonated ammonium

ey et s i o a0y i et

1, 2- But andi fhrﬁhtﬁ»ﬁ%%ﬁ&yér-glrm adeandk Xi.eZf ¢.6F nﬁaljlgzrepared as discussed above

DlrrethyIsHandl | bi s(2-ethyl-J- mdeng
Di net hyl si | aﬁ‘?aﬁi}/m ddp 20 fdy 9fydry5o>iy§5% @9@12@'1% hyE pngerirpsen in a

Pheny! th o ,
preny et bk AR B RS RN Rl Haghe S Dds NG
Di nexshyl si | additiy)hlmf Q(Ozc’»@ o@dtmethﬂtihyllblsxmmdbwyzt )Jhe‘ﬂly(lﬁ‘dienlyB))chﬁluxihe cat al yst
t f cl 1 wh th t f ~~t ey
ot um <SPPSR TUE PGSR a8 DU Y] GRS or 11
-( R'[ ;?%WVRB%JE% a@lld%d‘ MR ikt Wods ke bor sevralRintAEX ‘l)h%(sefv@l?’was
decanted and 40 ml of fresh pentane was added. After several minutes of stirring,

the solvent was decanted. The solid was vacuum dried overnight yielding 0.802 g
30 of finished catalyst. Final catalyst loading was calculated to be 0.13 mmol of

transition metal per gram of finished catalyst.



- ~2a ,There RL in formulas 1 or Il may be hydrca7byl or substituted
i hydrocarby‘k,' gggg 6There R2 and R~ in formulas | or Il aie the sanme or

di fferent AR4¥4r¥8sel ected from t he group consi sting of. hy‘é‘FHB%gr?,/zs"’%
hydrocarbyl, and a substituted |'ydrogaxbyl;, a~~d wherein 2 5 A PR 20@®8 ;"'.

-33 NCA is represented by the formula: [BA r~Ar2X~XgJ 5 wherei n? SQPiRSZUUIJ

boron in a valence state of 3; Are and Art are the sanme or differen
substituted-aromati c h~~drocarbon radicals which radicals nay be linked to
each other through a stable bridging group; | 0 and Ya anal Xa are
i ndependent |y sel ect fro he gr.oup consisting of hydridE radicals,
hal i de radi c%raéf}f"ﬁgd?%éﬂ}‘%@ repggp%gil s, substituted-hydrocarbyl radicals
and orgaononetal loid radicals. 2 5 APR 200. 7. Tlae catal yst system of
claiml| wherein the suppQ 2 is functionalized vaith an 15 amoni um salt of
a noncoor di nat i ngCataiystB sxals getpackdfin @nmalobeusgnaunsr odrasalystiaduof.87t ei sal ti s
per fl uorophenyl borate, ietrakis(3,5-di(tri-fluoronet hy’Iderhen | borate and
t et r aki s( di -8rabeey preseriddsammpyiver fajipstvpReRSCHOH 6HS )21 (it 41y st
conposition conprising the rEaction product of a), a ro jc 20
pol yrr~eric %ﬁgﬁéﬁtm?’ghﬁ‘taﬁ&w& HRRUGNA) SrAUR PE SIAT 8?1??695 S&gﬁ@ 'B?‘ét"&?‘?at ed
angnorri um salse®lvid® mgq,qrdi nating anion selected fromthe group
consisting of tctrakis pérl 7uorophe~nyl borate,
f et r aki s( 3, Sidhiethtyldikyl bis(d-owtythd-(l plaghthlyDbsleay izirgomium dimethyl yielding

tctrak di -t=bu't ilaylsil~~1 | h |l b te. and .b
ot a1 Jocened 280e of BEshr iR D GrabFteaEl-S MR srnsd BRReHeaRband: yi b1 <
(2- meg hyl - 4‘1@5‘@15%'&'@.‘]3ﬁﬂﬁﬂb’éﬂt?d’n@@on%@tﬂ_per gram of finished catalyst.

D net hyl si | andi yI'bi s(2- net hyl - 4, 5- benzoi ndenyl ) Zr (CH3) 2>
D net hyl si | andi yl bi s(2-net hyl -4, 6-di i sopropyl i ndenyl) Zr(CH3) 2;

o oty 51| Bl E¢ Bebior SRR e ditler, 1 2008 2, o

Phenyl (net hyl) si | andi yl bi s(2- et hyl - 4-phen7~I -1 -indenyl) Zz(CH-)?2,
D et byl st andi Yl S e Nraed giove bod ey Dlm b Sbist-hethiyf- et
15 indenyl)zirconium was placed in a 100 m] beaker with a mini stir bar. 9.3 gofa

30 wt% solution of methylaluminoxane was added to the beaker. The mixture
was stirred for one hour producing a red solution. The solution was added slowly
to 10.0 g of Davison 952 silica (calcined at 600°C) with mechanical mixing. After
the addition was complete the solid was vacuum dried. Yield:12.47 g. Final

20 catalyst loading was calculated to be 0.022 mmol of transitian metal per gram of

finished catalyst

Comparative Example 4 - Catalyst D preparation

25 In a nitrogen purged glove box, 180.5 g of Davison 952 silica (calcined at
600°C) was massed and placed in a 4 L. 3 neck flask equipped with an overhead
stirrer. 1.5 L of dry toluene was added and the mixture was slurried. 13.0 m} of
N,N-diethyl aniline was added to the mixture. After 5 minutes of stirring, 39.5 g
of tris(pentafluorophenyl)boron was added. The mixture was stirred for one hour.

30 17.5 g of Dimethylsilylbis(2-methyl-4-phenyl indenyl)zirconium was added to the
mixture and it was stirred for 2 hours. After this time the stirring was stopped and

the solvent was decanted. The solid was vacuum dried. Yield. 210g. Final
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nmet hyl si ] andi yl bi s(2- net hyl - 4-(2- napht hyl )-1-i nden3~l) Zr(C~-13)2,
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Di h~~l si | and | -4, 5 1-i.nd
o Cap Rt Rk P e i) 2 (B2,
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Di et hyl si | poydinglibhsdrde e éhyll 5-t-butyl-1-indenyl) 2r(CH3)2, and

Di et hyl si | andl ylbis(2,S, 6-trinmethyl-1-indenyl) Zr(CH3)2. 9. A nethod for
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Di

Polymerization Example 2

The reactor was prepared as in Example 1 except 0.6 ml of a 1M solution
30 of triethylaluminum solution and 25 mmol of H; were used. 0.041g of Catalyst B

was flushed into the reactor with propylene to initiate the polymerization. The
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aUcaUc ajc the reactor w1t propylene to initiate the pojlymerxzatl

a] ca] cal calvﬁam@&a]&]%aa]reeda%]ﬁéd oRh walheaterl 083 eadaa]yaaimaﬂeﬁa] ca] ca] ca
<JFN vpke' [ d*Xmhc”Y] ca] ca] caUlcalc aUc aUlc a]ca c ajcalc
aU] ca] cal] c 7160 g PP/g Catalyst, Melt Flow Rate: 0.44 dg/min, Tm: 152. °C M D 2.44.
a] ca] ca] cal] ca] cal] ca] calU] ca] caU] ca] cal] ca] ca] ca] caU] caEF*6FacszZ~n| w mhc”Y
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a] capea] ca] capaphrsle Bbialgakfios Example 5
Fz}xsnid_Z]c]]ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]Jca]ca]ca]ca]ca]calcalc
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca!;
=@D3S" 3~} xsni d Z]Tﬁ]:}&d]@io?wag?}éﬁgﬂ v?%l srbaAperkeabeabs tabeahsalaaianl cal cal c
aJca] ca] ca] ca] ca] caJca] ca]ca

of triethylaluminum solution and 25 mmol of H, were used 0.041 g of Eatalyst E

was flushed into the reactor with propylene to initiate the polymerization. The

25 polymerization mixture was stirred for 1 hour. Yield: 289 g, Catalyst Efficiency’

7050 g PP/g Catalyst, Melt Flow Rate: 3.5 dg/min, Tm: 152.2°C, MWD 6.90.
Comparative Polymerization Example 6
30 The reactor was prepared as in Example 1 except 500 ml of dry hexane

was added as a solvent 0.25 ml of a 1M solution of triethylaluminum solution,

149 mmol of H, and 500 m! of propylene were subsequently added. The reactor
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temperature was increased to 70°C 0 023g of Dimethylsilylbis(2-methyl-4-
phenyl indenyl)zirconium and 0 033 g of N,N-dimethy! anilinium
teti akis(pentafluoro)borate were dissolved in 20 ml of toluene. 2 ml of this
solution was flushed into the reactor with 250 ml of propyiene. The
5 polymerization mixture was stirred for 15 minutes. The reaction was stopped by
cooling the reactor and venting the propylene. The hexane solvent was
evaporated and the polymer was dryed. Yield: 17.0 g, Catalyst Efficiency: 4.3 X

10° g PP/ mmol Zr, Tm' 155, Mw: 37000, MWD: 1.74.
10 Polymerization Example 7

The reactor was prepared as in Example 1 except 0.4 ml of a 1M solution
of triethylaluminum solution and 25 mmol of H; were used. 0.041 g of catalyst A
was flushed into the reactor with propylene to initiate the polymerization. The
15 polymerization mixture was stirred for 15 minutes. Yield: 28.8g, Catalyst
Efficiency: 699 gPP/g catalyst, Tm 155.6, Mw 86000, MWD 3.88.

Comparative Polymerization Example 8

20 The reactor was prepared as in Example 1 except 0.4 ml of a IM solution
of triethylaluminum solution and 55 mmol of H, were used. .0.102 g of Catalyst C
was flushed into the reactor with propylene to initiate the polymerization. The
polymerization mixture was stirred for 1 hour. Yield' 230 g, Catalyst Efficiency:
2300 gPP/g catalyst, Tm 151.1, Mw 189000, MWD: 7.08

25

Comparative Polymerization Example 9

Catalyst D was fed into the continuous pilot reactor at 70°C with a
hydrogen setpoint of 5000 mppm. Catalyst Efficiency: 8600 gPP/gcat-hr., Tm
30 152.3, MWD: 2.70. Molecular weight was 105,000.
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2. The catalyst composition of claim 1 wherein the support is an aromatic
polymeric support.
10
3. The catalyst composition of c]laim 1 wherein the support is polystyrene.
4, The catalyst composition of claim 1 wherein the metallocene is represented by
the formula:
10
(R'0),
89
R°R )m
R 5 \
R RE 7
S
8
R CRARY).
10
15 (R™)4

wherein M is o metal of Group 4, 5, or 6 of the Periodic Table;

R and R? are identical or different, preferably identical, and are one of a
hydrogen atom, a Cy-Cjq alkyl group, a Cg-Cy aryl group, a C¢-Cyq aryloxy
group, a C»-Cyq alkenyl group, a C7-Cyq arylalkyl group, a C7-C4q alkylaryl

20  group, or a Cg-Cy arylalkenyl group;

RS and RO are identical or different, preferably identical, and are one of a

halogen atom, a C1-Cy( alkyl group which may be halogenated, a Cg-Cq ary)
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M2 : M2 M2 , M2 (CRp13)—
L L
R11 R11 R11
0 !\/12 0 : lc , 0 !va2
|L12 ,Iq12 L12

BRI -AlRI)-, -Ge-, -Sn-, -O-, -S-, -SO-, -SOy-, -N(R11)-, -CO-, -P(R11)-,
or -P(O)R11)-;
wherein:

10 R RI12 and R13 are identical or different and are a hydrogen atom, a halogen
atom, a C1-Cyg alkyl group, a C1-Cy fluoroalkyl group, a Cg-C3( aryl group, a
Ce-C3q fluoroaryl group, a C3-Coq alkoxy group, a C2-Co( alkenyl group, a C7-
Cy40 arylalkyl group, a Cg-C4q arylalkenyl group, a C7-C4¢ alkylaryl group, or
R11and R12, or R1) and R13, together with the atoms binding them, form one or

15 more ring systems;

M2 is silicon, germanium or tin;
R8 and R? are identical or different and have the meanings stated for R11;

m and n are identical or different and are zero, 1 or 2, m plus n being zero,

1 or2;and
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Dimethylsilandiylbis(2-methyl-4,6-diisopropylindenyl) Zr(CH3)»;

Dimethylsilandiylbis(2-ethyl-4-phenyl-1-indenyl) Zr(CH3)2;
Dimethylsilandiylbis (2-ethyl-4-naphthyl-1-indenyl) Zr(CH3),,
Phenyl(methyl)silandiylbis(2-methyl-4-phenyl-1-indenyl) Zr(CH3)9,

15 Dimethylsilandiylbis(2-methyl-4-(1-naphthyl)-1-indenyl) Zr(CHj3),,
Dimethylsilandiylbis(2-methyl-4-(2-naphthyl)-1-indenyl) Zr(CHz),
Dimethylsilandiylbis(2-methyl-indenyl) Zr(CHz)y,
Dimethylsilandiylbis(2-methyl-4,5-diisopropyl-1-indenyl) Zr(CHz)p,
Dimethylsilandiylbis(2,4,6-trimethyl-1-indenyl) Zr(CH3),, ~

20 Phenyl(methyl)silandiylbis(2-methyl-4,6-diisopropyl-1-indenyl) Zr(CH3)7,
1,2-Ethandiylbis(2-methyl-4,6-diisopropyl-1-indenyl) Zr(CH3)»,
1,2-Butandiylbis(2-methyl-4,6-diisopropyl-1-indenyl) Zr(CH3z)»,
Dimethylsilandiylbis(2-methyl-4-ethyl-1-indenyl) Zr(CH3)»,
Dimethylsilandiylbis(2-methyi-4-isopropyl-1-indenyl) Zr(CH3),,

25  Dimethylsilandiylbis(2-methyl-4-t-butyl-1-indenyl) Zr(CH3)»,
Phenyl(methyl)silandiylbis(2-methyl-4-isopropyl-1-indenyl) Zr(CH3),,
Dimethylsilandiylbis(2-ethyl-4-methyl-1-indenyl) Zr(CH3)5,
Dimethylisilandiylbis(2,4-dimethyl-1-indenyl) Zr(CH3),,
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6. The catalyst system of claim 1 wherein the support is functionalized with an

ammonium salt of a noncoordinating anion represented by formula] or 11:
25 [Polymer-( R1)-N(R2) (R3)H]T [NCA]~ I
Polymer-B(pfp)y” (R)HRYHRNH 1]



- 109%5b& ()- :-10%5b& ()- :-10%5b& ()- : - 10%5b& () - SVGMBS- r R2D
- 10%5b& ()- ;- 10%05b& ()- :-10%5b& ()-5WMBS- - : - 10%5b& () -

.- 10%5b& () - - 10%5b& () - 5vg|v$8- .- 10%5b& ()- :-10%5b& ()-

.- 10%5b& ()- :- 10%05b&' ()-1PD :-10%5b& ()-5 : - 10%5b& ()- - 10%5b& ()-

- 10%5b& ()- :-10%5b& ()- :- 10%)5tﬂ&h()- ;- 10%5b&' ()-& 38jJ*D 25 APR 00 C
- 10%5b& ()- :-10%5b& ()- :-10%5b& ()- :-10%5b& ()- o
. - 109%5b&" () - 5WyMB8- 8=CDEFOTQLD : - 10%5b&" () - : - 10%5b&" () -

- _100 ' _ _ - _-100 _ .

--10 me&uﬁa)ereSl}fg l1\1/?;1801111'131315(2 i bma) ge hydrearby] or substituted hydrocarbyl; and
where R2 and R3 in formulas I or J1 ate the same or different and are selected
from the group consisting of: hydrogen, hydrocarbyl, and a substituted

hydrocarbyl; and wherein
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5 wherein:
B is boron in a valence state of 3;
Arj and Ar, are the same or different substituted-aromatic hydrocarbon
radicals which radicals may be Jinked to cach other through a stable bridging
group;
10 and X3 and Xq are independently selected from the group consisting of
hydride radicals, halide radicals, hydrocarbyl radicals, substituted-hydrocarbyl

radicals and orgeaonometalloid radicals.

7. The catalyst system of claim 1 wherein the support is functionalized with an
15 ammonium salt of 2 noncoordinating anion selected from the group consisting of:

tetrakis perfluoropheny) borate, tetrakis(3,5-di(tri-fluoromethyl)phenyl borate and

tetrakis(di-t-butylmethylsilyDperfluorophenyl borate,

8. A catalyst composition comprising the reaction product of a) an aromatic

20 polymeric support functionalized with a covalently bonded protonated
ammonjum salt of a noncoordinating anion selected from the group consisting of
tetrakis perfluoropheny) borate, tetrakis(3,5-di(tri-fluoromethyl)pheny] borate and
tetrakis(di-t-buty)lmethylsilyDperfluorophenyl borate and b) one or more
metallocenes sclccied from the group consisting of:

25  Dimethylsilandiylbis (2-methyl-4-phenyl-1-indenyl)Zr(CHj);
Dimethylsilandiylbis(2-methyl-4.5-benzoindenyl) Zr(CH3)p;
Dimethylsilandiylbis(2-methyl-4,6-diisopropylindenyl) Zr(CH3)?;
Dimethylsilandiylbis(2-cthyl-4-phenyl-1-indenyl) Zr(CH3)2;
Dimethylsilandiylbis (2-ethyl-4-naphthyl-1-indenyl) Zr(CHz)y,

30  TPheny)(methyl)silandiylbis(2-methyl-4-phenyl-]-indenyl) Zr(CHz),
Dimethylsilandiylbis(2-methyl-4-(1-naphthyl)-1-indenyl) Zr(CH3)2,
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ccf Wyknpq sth}xryﬁmmglsiI%onlBB@Aﬁnﬁthml_ 8@dpRPpE-Didenyl) Zr(CHa)y,
Dimethylsilandiylbis(2-ethyl-4-methyl-1-indenyl) Zr(CH3)2,
Dimethylsilandiylbis(2,4-dimethyi-]-indenyl) Zr(CH3)»,
Dimethylsilandiylbis(2-methyl-4-ethyl-1-indenyl) Zr(CHz);,

15 Dimethylsilandiylbis(2-methyl-o-acenaphthyl-1-indenyl) Zr(CHz)o,
Phenyl(methyl)silandiylbis(2-methyl-4,5-benzo-1-indenyl) Zr(CHj)o,
Phenyl(methyl)silandiylbis(2-mcthyl-4,5-(methylbenzo)-1-indenyl) Zz(CH3)7,
Pheny) (methyl)silandiylbis(2-methyl-4,5-(tetramethylbenzo)-1-indeny))
Zr(CHsz)p,

20 Phenyl(methyl)silandiylbis (2-methy)-a-acenaphthyl-1-indenyl) Zr(CHs)2,
1,2-Ethandiylbis(2-methyl-4,5-benzo-1-indenyl) Zr(CHs3),
1,2-Butandiylbis(2-methyl-4,5-benzo- 1-indenyl) Zr(CH3)o,
Dimethylsilandiylbis(2-mcthyl-4.5-benzo-1-indenyl) Zr(CHz)o,
1,2-Ethandiylbis(2,4,7-trimethyl]-1-indenyl) Zr(CH3)3,

25  Dimethylsilandiylbis(2-methyl- 1-indenyl) Zr(CHz)a,
1,2-Ethandiylbis(2-methyl-1-indenyl) Zr(CHs3)2,
Phenyl(methyl)silandiylbis(2-methyl-1-indenyl) Zr(CHz)7,
Diphenylsilandiylbis(2-methyl-1-indenyl) Zr(CH3)>,
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1,2-Butandiylbis(2-methyl-1-indenyl) Zr(CH3)»,
Dimethylsilandiylbis(2-ethyl-1-indenyl) Zr(CH3)7,
Dimethylsilandiylbis(2-methyl-5-isobutyl-1-incenyl) Zr(CH3)g,
Phenyl(methyl)silandiylbis(2-methyl-5-isobutyl-1-indenyl) Zr(CH3z),,
5 Dimethylsilandiylbis(2-methyl-5-t-butyl-1-indenyl) Zr(CH3)7, and
Dimethylsilandiylbis(2,5,6-trimethyl-1-indenyl) Zr(CH3 )y

9. A method for polymerizing olefins comprising contacting one or more
monomers under suitable polymerization conditions in the presence of the catalyst

10 composition of claims 1 or 8.



