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METALLOCENES W TH A BRI DGED 4- PHENYL- | NDENYL- LI GAND FOR OLEFI N

POLYMERI ZAJHL@No2s7d i s invention relates to netall ocene CO”F@?h%Bﬁﬂﬁr@nd
their use In the preparation of catalyst systens for ol efin pol'ynerization,
particularly propyl ene pol ynerization. 10 BACKGROUND The use of netall ocene
conpositions in olefin polynerization is well known. Metaliocenes

cont ai nimgLsodystzs twitteda Brrbeigred - budebyinpdeti-vatinte soioeedy poleartotrIbhei r
ability to produce isotactic propylene polyners having high isotacticity
and narrow nol ecul ar wei ght distribution. Considerable effort has been nade

toward obtai ni ng ne duced propyl ene pol yners I hi gher
" nol ecul ar wei ght angdmﬂm“mﬂmnuﬁ&ﬁm whi | e nai ntai ni ng sui mmm,lmummm"m
activity. 20 Toward has been found that there is s ect

rel ati énship between the'3¥a¥ i n whi ch EIBEDal | ocene is substituted, and the
nol ecul ar structure of the resulting polyner. For the substituted, bridged
i ndenyl type net al Thigeinesntiont relSes"meRlibe@st @tgoshivds bhdtndihesd wpeneand
arrangenment of 25 substituents on the indenyl groups, as well as-the type
of bridge conhEpdHen of&atalygepyaterey Eupelinipelymerization, padiculsslyynrepylene
attributes aspwhgﬁ?&?orn wei ght and nelting point. Unfortunately, it is

i npossi bl e at I'stime'to accurately correl ate specific substitution or
bridgimg patterns with specific polynmer attributes, though trends nay be
identified. n 30 For exanple, U S. Patent No. 5,840,644 describes certain
net al | ocenes cont ai ni ng aryl - subst iBACKEROUM|  derivatives as |igands,
which are said to provide propyl ene polyners having high isotacticity,
narrow nol ecul ar wei ght distribution and very high nol ecul ar wei ght. WO
02/ 02575 PCT/ USO1THE4RS dfi ketallsesne Wontposmhernh dlefin pof3teraodes ardlibes

certain netal] ocene ¢ ounds said.to be usefu| .for producing high

nol ecul ar wei J§fl"ﬂwrbr owg@ﬂ‘éenﬁﬁ)l%?ﬁ?ﬂ@}g 'Pﬁgg’éutﬁ@t g’f‘@%ﬁ@eﬁ@nﬂa@@”&ngﬁ%éﬁ ic
hyd b i fhiaRs; ' it it I
ydrogarbon sudisd i fokl&Réir adbilttheto? prodReSiitd: 2 rc\??x@g?ﬁné’%?‘ﬂtﬁ%ﬂg ﬁr&e@% F%%‘ene

substituent at the 4 position, on each in oup ‘o
conpound. WD Bgtad@eityoanch dangw 90k aulsr7 weighh disiortione Cengidérabls wifoor haxd

catal yst systens fo rodyci.ng _propyl ene pol rs having high | ting

poi nt. 1 o Nelar! BedH P hRR e Raliorenh arddiced o pRlEnER Ao mbi ned
Wi th a supporéveiigiet aholleBul@ %gﬁtoalﬁp%’élﬁh%ﬁ ot alwhife ﬁiéﬁftﬁﬁ?n%h%itab% I ess
i kely to cause reactor fouling. However, it is known that supporte

net al | ocene ceAtdySigetivi{dst ens tend to result in a pol ynmer having | ower

mel ting point than would otherw se be obtained if the netallocene were not
supported. 15 Much of the current research in this area has been directed
toward usi ng net al Towadethisiead \is thas fetefsunthden thernBr &iditecy rélehi ensait
process conditions, %o obt ai n propyl ene pol yners_ having nelting points

P ;
hi gher than KXSWREHERSIWAC dheViigh f yastallopenceis sublitgpdsand dhe grolaenlasi gh as,
propyl ene pol ¥ARhge A AL NRshitss [F)%lg%gerr.c oY e QitRtitutdd, %gidgéd '}ﬁ&é@l ?}ap}eal yst

systens, i.e., |160C or higher. esent
metallocenes, it is now well established that the type and arrangement of

25 substituents on the indenyl groups, as well as the type of bridge connecting the
indenyl groups, determines such polymer attributes as molecular weight and
melting point. Unfortunately, it is impossible at this time to accurately correlate
specific substitution or bridging patterns with specific po\lymer attributes, though
trends may be identified.

30

For example, U. S. Patent No. 5,840,644 describes certain metallocenes
containing aryl-substituted indenyl derivatives as ligands, which are said to
provide propylene polymers having high isotacticity, narrow molecular weight

distribution and very high molecular weight.



i nventors have di scovered netal |l ocene conpounds that have this capability.
SUWARY 2s The present invention relates generally to rret al | ocene conpounds

represent gy Byodshe fornul a: WO 02/02575 -3 F R~ %ﬁgﬁ/ J{PpR1/ 16425

wherein: Mis a netal of Goup 4, 5 or 6 of the Perlodlc e preferably,
zirconium hafniumand titanium nost preferably zirconium 5 Rl and R2 are
identical or different, preferably identical, and are one of a hydrogen
atom a G 1-C 10 al kyl group, preferably a C 1-C3 al kyl group, a C 1-C 10
al koxy group, preferably a C 1-C3 al koxy group, a C6-C 10 aryl group,
preferably a C6-Cg aryl group, a C6-Cl0 aryloxy group, preferably a C6-Cg

aryl oxy group, a 10k&RisE; 10 8! keatunt 196.08836/581 @scAbly céna% fttatbéengny !
group, a C--Cqg @‘3” al kyI group, preferably a C--Cl0 aryl al kyl group, a

C~- IcqI E al rylcgﬂmou SoE??d tarles apefl Joraproducing haghk ynelegulargweight peop@leneq. O
o pr o er sPtRers TR AlafioBerdd 1t aNpEt e 1 MNcnoR Bosy et el o 4"

substifuted vioksitionnadan wiubsthytdd Qeyalrduks!;muérrtlaé el GroaitioN | 018 ehoH maémgr oups
or tri(hydrocarbyl)silyl hydrocarbyl groups, said diene haV|ng up to 30

atoms not coulieyrhef thy Bictllorenereomuoyn®ks are i dentical or different,
preferably identical, are one of a hydrogen atom a hal ogen atom
preferably a fluorine, chlorine or bromine atom a 20 C 1-C 10 al kyl group,
preferably a C 1- woapwm1@rmﬂpwm@9/@h49vayotbeiembegﬁﬁamesdppméa&aﬁlﬂs@ aryl

group, which may be _hal ogenated, prefer ably a Cg-Cg grou (R~~),,
WO 02/ 02575 -SYSt ééfr/ B§019rg coropyleng, mplvEKT Rivire, hlﬁgeff@“alﬁﬁ yp%mtz C4

al kenyd gr OUFMetﬁll&en%&n bytighd £l thgﬁ % tCB}E %;e%ﬁ%llé'on"i‘bx&d $ith alpsugpgllt al kyl

group, a C~-C4p al kylaryl group, pref e l'ary oup, a
Cg- C4p aryl alrk%mdl 1gromdﬁp tomlmiaraabatylyst @gteﬁz that- isaiegh dulkkl@ntxol cagsOtiactor - NR~
15, -SR s, O?l F’AlSr |cI1 5 wherein: R 15 is one of
a hal ogen at cfﬂlﬂ 0% JTI%‘Y%VBF Qt ’é kc‘f‘m"'(‘}rt ‘ﬁéu]éﬂoé??a metgtlogee qata]ystisysteme fead o
preferably arGui-icd Riiynibr x KHVAPIOWRE n Ity foitt MaRWoulOs@ERvisPbELREARYY 2
C6-Cg aryl group; R-i’s
if the metallocene were not supported
15
Much of the current research in this area has been directed toward using
metallocene catalyst systems under commercially relevant process conditions, to
obtain propylene polymers having melting points higher than known metallocene
catalyst systems and close to, or as high as, propylene polymers obtained using
20 conventional, Ziegler-Natta catalyst systems, i.e., 160°C or higher. The present

inventors have discovered metallocene compounds that have this capability.
SUMMARY

25 The present invention relates generally to metallocene compounds

represented by the formula:



\'\ RoR1/ \ /| R4 10 wherein: R ~to R24 are as def ned for R 1 and
R2, or two or nore adj acent radicals RL ~ to R-4, including R2p and R21,

t oget her wyphhhesat ons connecting themformone or nore rj ' is
car bon, s”?céﬁ,&@ger manium or tin; the radicals R3, R4, angegé%smzér'é%
identical or different and have the meanipngs stated for RS and R6, or two
adjacent RL p radicals are joined together to forma ring, preferably a
ring containing fromabout 4-6 carbon atons. 20 More specifically, the
present invention relates generally to netall ocene conpounds represented by
the formula: WD 02/ 02575 PCT/US01/164%% -5 Rin R RL R6 ~5 12 11 R lu (1)
wherein: M1 is selected fromthe group cbnsisting of titanium zirconium
" haf nium vanadi um niobium t m chrom um nol ybdenum and tungsten; s

R 1 and R2 are identical or di and are one of a hydr ogen atom a C
1C 10 al kyl group, a C 1-C 10 group, a Cg-C 1 p aryl group, a C6-C
10 aryl oxy group, a C--C 10 al | ce group, a C--C40 al kenyl group, a

C~- 40 arylal kyl group, a Cﬁ-ﬁéi 5 group, a Cg-C40 aryl all cenyl
group, an OH group or a halogﬁﬁ at ated dinme which is
optionally substituted with o JrR/car byl , :

tri (hydrocarbyl)silyl groups qélzrr pyl ) si | yl hydr ocar byl groups,
said diene having up to 30 atonms n#t sptnt jhg hydrogen; R3 are identical or
different and are each a hydrogen ato hal ogen ' atom a C 1-C 10 al kyl
group whi ch may be hal ogenated, a Cg- aryl group 1 s which may be

hal ogenated, a C2-C | 0 al kenyl group &-CAp -arylallyl group, a C--C4p
al kylaryl group, a Cg-C40 aryl al |l enyl\\grou a-NR2 -SR, -OR, WO
02/ 02575 PCT/ USO1/ 16425 -G CSiR 3 or S 4aﬂ@a|, wherein: R~ is one of a
hal ogen atom a C 1-C 1 p al kyl group, or a C6-C ﬁ p aryl group; ' R4 to R~
are identical or different and are hydrogen, as defined for R3 or two or

nore adjacent radicals RS to R~ together with t t os, connecting them5
formone or nore rYt eﬁgl,nl':{%ﬁ ai@etﬁt%g(g’é"élﬂt“egf RO PE@"’%@F‘%FJ@&G preferably,

zirconjum, hafnium and titanium, most preferably zirconium;

R! and R? are identical or different, preferably identical, and are one of a
hydrogen atom, a C1-C1 alkyl group, preferably a C1-C3 alkyl group, a C1-C10
alkoxy group, preferably a C1-C3 alkoxy group, a Cg-Cq0 aryl group, preferably
a Cg-Cg aryl group, a Cg-Cq aryloxy group, preferably a Cg-Cg aryloxy group, a

10 C2-Cyg alkenyl group, preferably a Cp-Cy4 alkenyl group, a C7-C4¢ arylalkyl
group, preferably a C7-C1( arylalkyl group, a C7-Cyq() alkylaryl group, preferably
a C7-Cq alkylaryl group, a Cg-Cy4q arylalkenyl group, preferably a Cg-C12
arylalkenyl group, or a halogen atom, preferably chlorine; or a conjugated diene
which is optionally substituted with one or more hydrocarbyl, tri(hydrocarbyl)silyl

15 groups or tri(hydrocarbyl)silylhydrocarbyl groups, said diene having up to 30
atoms not counting hydrogen;

R5 and RO are identical or different, preferably identical, are one of a
hydrogen atom, a halogen atom, preferably a fluorine, chlorine or bromine atom, a

20 C1-Cqg alkyl group, preferably a C1-Cy4 alkyl group, which may be halogenated,
a Cg-Cj ¢ aryl group, which may be halogenated, preferably a Cg-Cg aryl group, a



RRS$ 19 20 21 22 1o wherein: Rl~ to R24 are as defined for RL and R2, or
two or nore adjacent radicals RL ~ to R24, including Ryp and R21, together
with the & necting themformone or nore rings; M } <
silicon, g%‘?%%ﬁﬁpn or tin; Rg, RO~ Rp R11 ~d RI2 ~. e idenf'E(ljgrc/gf’(ﬁ't(;l?&a
different and have the neanings 15 stategd for R4 to R-. The present
invention further relates to netall ocene catal yst systens conprising one or
nore or the above conpounds and one or nore activators or ' cocatal ysts,
and optional |

Catalyst Sys(GHETY RGP AR PR Yat (BrCd FAIETLAruR § 7ol BHEIH0I yrer
Cboa ment - SRRt R C2 (e B iRk SR meeiE e as
1 posi i one. & CTRe? AeRoy BR8RCe OTERN S kil BRBEECE ARRIET L2
and are oach @S ARGRR I 8o R R0 ORTSY HRIET kr CPRa® pgaf Cos
oroup.® & co. cheEpRci? 1800t smigosk prafbell € gRissfe Hom-2 aoCakyl ar
vor e ad) acentinhBiouE; eroBgly BICRD: A Bl P et B aoRED%P BhBt i 1

the int erveni(&gcg% .t he phenyl group{s) formone or nore rings fused
rou fs

wi th the phen ? and M2 is carbon, silicon, 15 germaniumor tin,

and optionally substituted on the remai ning positions of the indenyl rings.
I n one enbodi nent; t'ie metal | ocenes of the present invention nmay be
represented by the fornul a: WO 02/ 02575 -s R7 "'1 ~ )4 PCT/US01/ 16425

wherein: Mis a netal of Goup 4, 5 or 6 of the Periodic Table preferably,
zirconium hafniumaid titanium nost prlfﬁerabl y zirconium s Rl and R2 are
identical or different, preferably identftcal, and are one of a

R]7 R19

10

wherein:
R17 to R24 are as defined for R1 and R2, or two or more adjacent radicals

R17 1o R24, including R20 and R21, together with the atoms connecting them

form one or more rings;
15 M2 is carbon, silicon, germanium or tin;
the radicals R3, R4, and R10 are identical or different and have the

meanings stated for RS and R9, or two adjacent R10 radicals are joined together to

form a ring, preferably a ring containing from about 4-6 carbon atoms.

20 More specifically, the present invention relates generally to metallocene

compounds represented by the formula:



hydrogen atom a C 1-C 1 p al kyl group, preferably a C 1-C3 al kyl group, a
C 1-C 10 al koxy group, preferably a C 1-C3 al koxy group, a C6-C 10 aryl
group, preg ¥z a Cg-Cg aryl group, a Cg-C 1 p aryloxy g referably
a C6-Cg aﬁf/ gg@%’r oup, a o C2-C 10 al kenyl group, prefer abfgﬂgs%ﬂﬁgﬂj
al kenyl group, a C--C40 aryl al kyl group,<preferably a C~-C 10 aryl al | cyl
group, a C--C40 al kylaryl group, preferably a C~-C 1 ~ al kyiaryl group, a
Cg- 40 aryl al kenyl group, preferably a Cg-C 1 ~ aryl al kenyl group, or a
hal ogen atom preferably chlorine; R and R2 may al so be joined together to
fornl an al kanediyl group or a conjugated C4_40 dine ligand 15 which is
. coordinated to M in a netall gcyclopentene fashion; Rl and R2 may al so be

i dentical or different conjudated dines, optionally substituted with one or
nmore hydrocarbyl, tri(Rydrocarbyl)sjlyl groups or
tri (hydrocarbyl)silyl hydrec oups, said digres having up to 30 atoms
not counting hydrogen and " conplex/with M exanpl es include,
but are not limted to: 1, enyl -1,3 20 butadi ene, 1, 3-pentadi ene,
2-met hyl - 1, 3- pent adi ene,, 2, 4 j , l-phenyl-1,3 (R-0)~ WD 02/02575;
PCT/ US01/ 16425 -9 pent®disene, Rbenzyl - 1/ 3- but®di ene,
1,4-ditolyl-1, 3-but adi eney trinme @H yl)-1, 3- but adi ene, and
1, 4-di napht hyl - 1, 3- but adi e —anckR6 arg identical or different,
preferably identical, are 5 hydrogen, atong?a hal ogen atom
preferably a fluorine, c orlthe or ing atgm a|C 1-C.10 al kyl gy oup,
preferably a C 1-C4 algyl group, which ) Bd, a C6-Cp aryl
group, which rnay be hal ogen®t ed, preferably a\:c5° aryl group, a C2-Cl10
al kenyl group, preferably a C2-C4 al kenyR grouyp -C40 -arylallcyl
group, preferably a C--C p arylal kyl group, C §aryl group,
preferably 1 o a C--C 1 ~ al kylaryl group, al kenyl group,
preferably a Cg-C 1 ~ aryl al kenyl group, & -NR 6% - OR15, -OSi R315
or -PR2I S radical, wherein: R15 is one of a hal atom preferably a
chlorine atom a C 1-C 10 al kyl group, preferabl 1-C3 al kyl group, or
a C6-C 10 aryl group, preferably a Cg-Cg aryl g R~ is R18 19 ~-M R2a
wherein: 20 2~ 22 Rl~ to R24 are as defined R4r R¥ or two or nore
adj acent radicals 20 RL ~ to R24, including RO and;,,R21, together with the
atons connecting themformone or nore rings; M i® carbon, silicon,
germa~liumor tin; and WO 02/ 02575 PCT/ USO01/ 16425 -10 the radicals R3,
R4, and R fl are i : lefi : i Ng d for
RS and R6, or two a%?g%eﬁtﬂj llgl%lfgﬂregcﬁlgﬁse %regp Fgl}/sﬁsgtc?gteo 53@%&%‘?’ It%f)C% g%nr?h a
ring, prefer digfyiua, vinadivantiehininngnialum chberuiung nfolgladdnom st oumgsten;
Particularly preferyed tal | ocenes of the present invention are
represented by t heR¥ gqachg?é\;e idewticpl ¢y different, and are one of a hydrogen atom, a C1-

C10 alkyl group, a C1-Cj( alkoxy group, a Cg-Cy g aryl group, a Cg-Cj( aryloxy

group, a Co-Cqq alkenyl group, a Cp-Cy4q alkenyl group, a C7-C4q arylalkyl
group, a C7-Cyq alkylaryl group, a Cg-C4( arylalkenyl group, an OH group or a
halogen atom; or a conjugated diene which is optionally substituted with one or
10 more hydrocarbyl, fri(hydrocarbyl)silyl groups or,
trithydrocarbyl)silylhydrocarbyl groups, said diene having up to 30 atoms not
counting hydrogen;
R3 are identical or different and are each a hydrogen atom, a halogen
atom, a C1-Cyq alkyl group which may be halogenated, a C4-C1q aryl group
15 which may be halogenated, a C3-Cj alkenyl group, a C7-C4 -arylalkyl group, a

C7-C49 alkylaryl group, a Cg-Cqq arylalkenyl group, a -NR'5, -SR’, -OR, -



Rs R5 12 11 Rlu (I) wherein: ML is selected fromthe group consisting of
titanium zirconium 1 o hafnium vanadium niobium tantalum chrom um

ol ybdenug@pgyksngst en, preferably zirconium hafniumor pitaeduay,snost
preferably zirconium Rl and R2 are identical or different, and are one of
a hydrogen atom a CIC 1 p alkyl group,_ a. C 1-C 1 p alkoxy group, a C6-C 1
p aryl group, a C6-C 1 p aryloxy group, a C2-C 1 p al kenyl group, a C2-C4p
al kenyl group, a C--C4p arylalkyl ~ s group, a C--C~.p al kylaryl group, a
Cg- C4p aryl al kenyl group, an OH group ,or a halogen atom or are a

conj ugat ed di@¥i& AT HR'pgadipeli shateiy B ubsmetaftaebaloganhatome aof1-fgpealkyl

hydr ocar byl , tri (hydrocar byl asi | yl groups or, WO 02/ 02575 PCT/ USO01/ 16425
-11 tri (hydr EESHbLOT §# S6r§ 1 hPE 8048Pby | groups, said dime having up to 30
atons not counti n%eétydr gen, preferably RL and R2 are identical and are a
O -C3 al kyl or al Kkip B atapidentiadhorgiffersnt and ape hydsegeng o defined forRearal keny!
group, a C--Cl0 aiylallyl group, 55a C-; C12 al kyl aryl group, or a hal ogen
atom  pr ef er BPy! aRpig adiReentiadisals RdierR | tagethsy wathfthe pioms eonaecting themh a
hydr ogen ato m a Cl-Cl10 al kyl group which may be

hal oggﬁat ed, rﬂén%gg% Igﬁggy]?ﬁ%foup whi ch may be hal ogenated, a C~-C 10

al kenyl group, a @&+HQesralehtcalithe HrpuR: a G- CA40 alkylaryl group, a

Cg- 40 aryl al kenyl group, a -NR"2, -SR, -OR~, OSIR 3 or -PR 2 radical,
wherein: R~ is one of a halogen atom a C 1-C 10 al kyl group, or a C6-C10
aryl group; preferably R3 is not a hydrogen atom preferably each R3 is
identical and is a fluorine, chlorine or brefine, atom a Cl-C4 al kyl group
which may be hal ogenated, a Cg-Cg aryl group which may be hal ogenated, a
-NR 2, -SR, -OR, -CSiR3 or -PR 2 r&d| cal R€in: R~ is 15 one of a
chlorine atom a C-C4 al kyl group, or ayeéo aryl group; R4 to R~ are
identical or different and are hydrogen, ined for R3 or two or nor a
adj acent radicals RS to R~ together~uit Y 5 connecting them form one
or nore rings; R13 is represented by Mie fof mul ap2120 WO 02/ 02575 -12R18
R19 R20 R21 R22 PCT/ US01/ 16425

10 wherein: R17 to R24 are as defined for R! and R2, or two or more
adjacent radicals R17 to R24, including R20 and R21, together with the atoms
connecting them form one or more rings;

M2 s carbon, silicon, germanium or tin;
R8, R9 R10 R11 and R12 are identical or different and have the meanings

15 stated for R4 to R7.

The present invention further relates to metallocene catalyst systems
comprising one or more or the above compounds and one or more activators or
cocatalysts, and optionally, support material, and to the use of such metallocene

20 catalyst systems in olefin polymerization, particularly propylene polymer

polymerization.



wherein: RL ~to R24 are as defined for RL and R2, or two or nore adjacent
radicals Rl~ to R24, including R0 and R21, together mﬁth the at ons
connect i ngygheMshor m one or nore rings; preferably, Rl~ 1%42\
hydrogen. M2 I's carbon, silicon, germaniumor tin, preferaB y SI I cCon; and
5 R8, R9, Rl ~, R11 and R12 are i dentical.or different and have the

meani ngs stated for R4 to R~. As utilized herein, the term"al kyl", al one
or in conbination, neans a straight-chain, branched-chain, or cyclic alkyl

radi cal which nmay be optionally 1 pruted. Exanpl es of such radicals
include, but are not Iimted to, nﬂDﬁﬁ&ﬁﬁkl Oﬁ' n- propyl, isopropyl,

~n-butyl, isobutyl,Insege bubydimeh€nthe bh'étéﬂ'loce@@nbﬁ/ the b&@elﬁqﬁ{/entﬁﬁﬁxﬂﬂﬁ pactyl
cyclopropyl cycl obutyl, cyclogentyl cycl ohexyl, cycl ooctyl, dythe i ke

i ncl udi ng t heleseriigdsas bridesd bis
chain, branc ; arbon ra V|ng one or nore
' double 15 boﬂ%ﬂwg q%§é1ﬁFﬁ@ﬁ§ &w3¥ l%%?bﬁg gBFﬁgﬂﬂ Fy substi t ut ed.
Exanpl #s of suitabl e al kenyl radlcals i nclude, but are not limted to,

et henyl, propenyl, allyl, 1,4butadienyl cyclopropenyl, cyclobutenyl,

cycl opentenyl, cycl ohexenyl, cyclocteny}isand the like including their
substituted anal ogues. The term "al koxy] neans an al kyl ether radical
wherein: the termal kyl is as defir éd apove, rExanpl es of 20 suitable alkyl
et her radicals include, but are not el to, nethoxy, ethoxy, n propoxy
isopropoxy, n- but oxy, i so-butoxy, sec
teen "aryl" nmeans a phenyl, azukenyd] pohyl radical and the |ike
whi ch optionally contains a het er a4t om hnd/ o jjcarries one or nore
substituents, for exanple, alkyk/ R ral' ogen, hydroxy, amno, vitro
etc. 25 VO 02575; PCT/ USO1/ 16425 - e followng are particularly
preferred netall ocenes: 22
rac- 9-sil af | uorendi yl ( 2- et hyl - 4}bhenyl ndeﬂ§l)zzirconiun1dich|oride;
rac-9-sil afl uorendiyl (2-ethyl -4-phenyl iggdenyl ) ~zi r coni um di chl ori de;
rac-9-sil afl uorendiyl (2-n-propyl -4-phenylindenyl ) 2zi rconi um di chl ori de;
rac-9-si|af|uorendiy|(2 i so- propyl - 4- phenylindenyl)Zzirconiunldichloride;

rac-9-sil afl uor endi ut enyl irco i chl ori de;

rac-9-sil afl u‘gl? éﬂﬂi@// 4b %h’?llddgl &‘H %@%%ﬁereé A RgREM PIOPY. de:
9-sil afl 1 d

fac-9-si | af | vorend y?l%%‘ %"’Sﬁ% b%E%fy‘%f%‘*Eﬁ’%‘i"PﬁSﬂ#ﬁc@ PR, A PRRD: e,

0 raci®-si | afdryloxergtoyp, (2-CpChy| alkeryheiyiy, ndemyt) Akafyni gougli &£hd-no,de;
rac-9- S|Iafluorendﬁgl?£ et hyl - g %héﬁ&??n enyﬁ? ZEafnlaﬂfglgﬂlorf§e4g

rac-9-sil af | woylelisl] gtoup; a-Gor-Gpy lalldigplegyphip,na €gyC) o Ayadlbényingeiuphberomde;
rac-9-silafluorendiyl (2-iso-propyl -4-phenyl i ndenyl) 2haf ni um di chl ori de;

rac-9-sil af | ypowneli y hildgen froiny br Avpbemykd atjest Jadhalsk UgdR2hlingidag 15
rac-9-sil afl uorendiyl (2-iso-butyl-4- phenyllndenyI)Zhafnlunldlchlorlge;
rac-9-sil afl emldllﬁl( Dogsder bithythe qhernyd atonhs f theditrbivi grous(s)clotmronde;
rac-9-silafl uorendiyl (2-tent-butyl -4-phenylindenyl 2h§fn|un1d|chlor|de
rac. - 9-sil af |qaolfner¢d|ryllg§ Auped 1with Ahey pherili grgepis);) 2 rMonisUmlbl@meuhmn

rac-9;sil afl t hwi onlun1d|net

rac- 9- 5; | af | ogﬂéglr}{c:'{n){l (%12’(11? ‘mﬁ @}&Hﬁ@é{éﬁr’lﬂ T nden%ﬁ? Y g iRy ?ﬁltbqrﬁecffhtw
rac-9- S|Iaflumkmyunyg42 |so propyl - 4- phenyl i ndenyl ) zzi r coni um di net hyl ;
rac-9-sil afl uorendi yl (2- n-butyl - 4- phenyl i ndenyl ) 2zi r coni um di net hyl ;
rac-9-silafluorendiyl (2-iso-butyl-4- phenylindenyl)Ozirconiun1dinethyl

rac-9-sil afl uor engi,yl{f=2s Ve 4= )

rac-9-silafluoren h # 26?2%?9%%%;P62g%ﬁeny eﬁ?léé%#?g%ﬁﬁﬁﬁgdﬂsﬁggh
rac-9-sil afl uoprefredteﬂlt()zhcrﬁtrmdla4 phenyl i ndenyl ) Zhaf ni um di net hyl ;
rac-9-sil afl uorendiyl (2-ethyl - 4-phenyl i ndenyl) 2hafniiun dinethyl;
rac-9-sil afl uorendiyl (2-n-propyl -4-phenylindenyl) Zhafni um di met hyl ;
_rac-9-silafluorendiyl (2-iso-propyl -4-phenylindenyl ) Zhaf ni um di met hyl; 30
rac- 9-sil af l uorendi yl (2- n- butyl - 4- phenyl i ndenyl ) Zhaf ni um di et hyl ;
rac-9-sil afl uorendiyl (2-iso-butyl - 4-phenyl i ndenyl ) 2haf ni um di et hyl ;
rac-9-sil afl uorendiyl (2-sec-butyl - 4- phenyl i ndenyl ) Zhaf ni um di et hyl ; WO
02/ 02575 PCT/ USO1/ 16425 -14

rac-9-sil afl uorendiyl (2-tert- butyI 4- phenyl i ndenyl ) 2haf ni um di et hyl ;
rac-9-silafluorendiyl (2-methyl, 4-[3,S - d|-tbutylphenyl]|ndenyl)22|rcon|u
di chl ori de;

@Qmﬁsmefar}i@cenerqompoand@eny whlcrlne@ﬂnsbradgst rai ght

tent-butoxy and the like. The

1

m



rac-9-silafluorendiyl (2-ethyl, 4-[3",S -di-tbutyl phenyl]indenyl)2zirconium
di chl oride; rac-9-silafl uorendiyl (2-n-propyl,

4-[3",5" - dig §KE3d phenyl Ji ndenyl ) ZZi r coni um di chl ori de;
rac- 9- S|Ia#fuorendiyl(2 i so- propyl,

4-13",5' dl-tbutylphenyl]lndenyl)22|rcongun1lo di chl ori de;
rac-9-silafl uorendiyl (2-n-butyl,

4-13',5' dl-tbutylphenyl]lndenyl)22irconiun1dich|oride;
rac-9-sil afl uorendiyl (2-iso-butyl,

4-13",S - dl-tbutylphenyl]lndenyl}22q¢§6h|un1d|chlor|de 15
rac-9-silafl uorendiyl (2-sec-butyl,
4-13',S - dl-tbutylphenyl]lnde '|rcon|un1d|chlor|de
rac-9-sil afl uorendiyl (2-tent- bt ‘j

4-13',S -di-tbutyl phenyl]inden ~'
rac-9-sil afl uorendiyl (2-nethyl ‘
20 dichloride; rac-9- S|IafluqR-»o y

4-[3',5'-di-tbuty|pheny|]|ndeégl) ha‘q£@n1s'ch oride;

PCT/US01/16425

coni um di chl ori de;
' -di -tbutyl phenyl ]i ndenyl) 2haf ni um

rac-9-silafluorendiyl (2-n-pro i Abutyl phenyl ]i ndenyl)
2haf ni um di chl ori de; 25 rac-9 (2-1so-propyl,
4-13',S -di-tbutyl phenyl]indenyl)

di chl ori de;
rac-9-sil afl uorendiyl (2-n-butyl, di -t butyl phenyl ] i ndenyl ) 2haf ni um
di chloride; rac-9-silafluorendiyl (2-i¢

utyl,
4-[3', S -di-tbutyl phenyl ]i ndenyl ) 2haf i ta\30 di chl ori de:
rac-9-sil afl uorendi yl (2-sec-butyl, (,
4-13',5" -di -tbutyl phenyl ]i ndenyl ) 2haf it o'cﬁﬂgbhde WO 02/ 02575
PCT/ USO1/ 16425 -15 rac-9-silafluorendiyl (2-tert-butyl,
4-[3",5" -di -tbutyl phenyl ]i ndenyl ) ~haf ni um di chl ori de;

rac- 0- i af | uor endhl (2ot Lyl -5t g1 Rhenyl i pdemyl ) 271 rconi um
4-[3',5' - di - LhednthmhRMiiubi At i GOl MREdMhn;

rac-9- S|Iafluorend|yl(2 n- pr opyl ,
4-13" 5~ dl-tbutylphenyl]lndenyl)92|rconlun1d|nethyl
rac-9- S|IafluorendHyI(2 %so pro

4-[3',5' -di -t butyRphidyR PWdéiW}CFIZQIi ﬁhéfémlhrﬁr%ﬁewbbhgdlentlcal and are one of a

(53 L1 BB M B sty 0 o -

rac-9- Sl|af|ulkb kotlp( BreifAblp Wt ¢ -C3 alkox ro Cg-C 1 ferably
4-13", ~' -dl-tbufggphgngl]lndZnyl 22|rco%1%n$p T ? ¥)mY Sroup, preferably

rac-9-sil af | adrge@gliampll gibupes CRLC ] aryloxy group, preferably a C6 Cg aryloxy group, a

4-13',5" -di -t butyl phenyl ]i ndenyl ) ~zi rconi um di met hyl ;

rac- 9i0si | af | Gorerylalkenyd- gronp.- preferably a Co-Cy4 alkenyl group, a C7-C4q arylalkyl
4-13",5' dl-tbutylphenyl]lndenyI)ZZ|rcon|un1d|neth

rac- 9-si | af | GeMenefelargbly #&m?uo arplplgyl gouma-@b&mlaéﬁéwl pionpeprgfeyabthaf ni um
20 di nethyl; rac- 9 si ] af | orendlyl 2-et hyl ,

4-13', 5 -di - BouT-{Hiphakylpm; r&a@ﬂﬁnf) mgﬂwaﬁﬂ?]&P%tﬁ?PPa preferably a Cg-Ci2
rac-9-silafluorendiyl (2-n-propyl, 4-[3,5 d|-tbutyI£ g £|ndenyl)

Zhaf ni um di magylatkeny a@us;,@r 3 balpgesy atpmi preferatiy @hbmp R< may also be

fa£39 gl I g:‘ I Lor engg%% O]fo "{}ﬁﬁ\%ﬂﬁg‘n gg(mpza g ?Jf/llggtﬁ ncy*l ‘f(? ﬁggﬁ%g)ﬁ%af ni um

di met hyl ; ra 9 Si.| fluo 2-1 sos.but

4- 3 1@5 " di - lfth;}F éﬂwﬁeﬁﬁ%h’% idamseip ﬁilod’eﬂfﬁP?w%Shloﬁ‘oRl and R2 may also
rac-9-silafl U@fd%ﬂﬁlcbeﬂ bf diffeedrt BojMEated dienes, optionall subst1tuted w1th one or more
4-13',5" -di-thbuty g?enyl ] i ndenyl 2haf ni um di met K WO (12/02S75
PCT/ USO1/ 164hﬁdrocaer Iy ate(lyquaml)&dyle rEoUps ( 2.0t etri( Idnoo;arbyl)sﬂylhydrocarbyl

4-13",S -di-tbut ndenyl ).2haf ni um
h aE: 9-silafl %r&ug% a?@l «{f%xek%)? ¥1 )to B% atoms no countn}/g hydrogen and forming a =

4-[3',5' - bi StarhplekOFEHRY, hé(}laﬂﬁﬂéhymclmewﬂ ARZhSICRRIEENSH CNLfplRy1-1,3-
rac-9-silafluorendiyl (2-eth

yl
4-13'205' - pj sbutﬁtilp@mrloﬁwmmdlme@ymﬁhmhé,a;pep@zhmomm@ﬁ@m,drph@eyl 1,3-
rac- 9-sil af |l uorendi yl (2- n- propyl,
4-[3',5'-bistrifluoronethylphenyl]indenyl)zzirconiunldichloride;
rac-9-silafluorendiyl (2-iso-propyl, 4-[3",5 -bis



" 20 2haf nium dic

| O trifluoronethyl phenyl]indenyl)2zirconiumdichloride;
rac-9-si|af|uorendiy|(2 n- but yl ,

4-13', Q¥?%5m;hyoronethylphenyl]lndenyl)92|rconlun1d|chlpéhggouuuzq
rac-9-sil af l'uorendiyl (2-i so-butyl

4-[3',5" -bistrifluoronethyl phenyl]indenyly).2zi rconi umdichloride; i5
rac-9-silafluorendiyl (2-sec-butyl, 4-[3",S -bis

trifluoromnethyl phenyl]indenyl)?zirconium dichlori de;

rac-9-silafl uor I(2 ri{-buty

4-[3",5' -Dbi st P?‘%“ﬂ# &%‘??@ﬁx}ri P RuEdinso i rlebAitehd-dddmiatisnge:  1.4-
rac: 9-si| af | ugiandi (s%yryelt Sipbuadfbn $nd% ¢-Binspib i YokeRRRY| pheny! 1 ndenyl )
Ior| rac- 9-si |l af’l uor éndi P(Z-et yl,
4-[3',5'-bis-trlfluoronethylphenyl]lndenyl)2hafniunldichloride
rac-9-sil afl uorendiyl (2-n- pro bi s-

" trifluoronethyl pheﬁélf]nid nB&raye ) nﬁaatln@mdﬁfﬁr@m prefatebly Agentical, are one of a

rac 9-gilaflu 0,

e éor orret ﬁvﬁg eryn%} xf\i én § gﬁ%rB %Xlrlgxa{pr%;fév{%bla LP)I‘I%G Gchlorme or bromine atom, a
rac- 9-si | af | uQy «@j alk¥1roum yirsterabli- 4 81,6, allklyBgroup, which may be halogenated,
trlfluoronethylphenyl]lndenyI)Zhafnllun di chl ori de;

rac-9-sil af umC@F@] qyary Petiosp.-wehitly may be[lalogbhated, spr&érably a Cg-Cg aryl group, a
trifluoromethyl phenyl ]indenyl)zhafni um di chl ori de;

rac-9-sil afl ué@&m kel ﬁ@ulbu:tlsrﬁerabm p32-84-gkenyl group, a C7-Cy4q -arylalkyl
trlfluoronethylpheny}]lnden | ) 2haf ni um di chl ori de; WO 02/ 112575 -17
rac- 9-si | af | uBicBRdigicrably a7-6ia gﬁlvlalkyl group, a C7-C4( alkylaryl group, preferably

fa£:39 | | g:‘ Fbélgggéﬁa@l%i phen la] ICrg] nyI 2yﬁlﬁgnnyll ugrrnm%,clbrle elab?y a Cg-C1o

4-13",~" -bistri uoronethylphen I |nde I)22 oni u i meth

rac-9-sil afl U@WLHEEW | @ow hsyI-N % br(% H‘.IT mfl /ar @}5215 radical,
trlfluoronethylphenyl]lndeny ZZ|rcon|un1d|nethyI,

rac- 9-si | af | ubhers \RIC2isngneoply halpgpr'ai@n,- pieferably a chlorine atom, a C1-Cqg
trlfluoronethénggnyl]lnden I)ZZ|rcon|un1d|net%&

rac-9-silaflu P PpetrEag g Gy alleyl groupy arggj Gg-C1 aryl group, preferably a
trifluoroneth§ Q%H? 1%|ndenyl)22|rcon|un1d|nethyl lo0

rac-9-sil af | uofe § M- butyl, 4-[3',5 -bis

trlfluoronethylph ﬁ- %lndenyI)ZZ|rconiun1dinethy|;

rac- 9-'3i | af | uor end vy 2-i so- butyl,

4-13",5 -bistrifluoronethyl phenyl]indenyl)~zirconi um di net hyl ;
rac-9-silafluorendiyl (2-sec-butyl, 4-[3,5 -bis 15
trlfluoronethylphenyl]|ndenyl)22|rconlun1g;nethyl

rac-9-sil afluorendiyl (2-tert-butyl, 4- [3 5'-bis
trlfluoronethylphenyl]lndenyl)22|rqgﬁ|un1d|ne ey | ;

rac-9-silafluorendiyl (2-methyl, 4-[3N\5~¥% r|quoronethyIphenyI]|ndenyl)
2haf ni um di net hyl ; 2o rac-9- S|Iafluore (2-ethyl,
4-[3',5'-bis-trifluoronethylphen I ]i -hﬁﬂnlun1d|nethyl

rac-9-sil afl uorendiyl (2-n-propyl, , B' - bi'ss,

trifluoronethyl phenyl]indenyl)Z pafn'un1e'ne ﬁyl;

rac-9-sil afl uorendiyl (2-iso-propyl, ' i
trifluoronethyl phenyl]indenyl)?2 25 loimgthyl;
rac-9-silafl uorendiyl (2-n-butyl, ", i 3R
trifluoronethylphenyl]indenyI)Zhafnlun1d)mEthyI;
rac-9-silafluorendiyl (2-iso-butyl, 4-[3 75 -bis

trifluoronethyl phenyl]indenyl)zhafni um di net hyl; 3o

rac-9-sil af | ugprgegt vl (2-sec-butyl, 4-[3",5 -bis

trifluoromethyl phenyl]indenyl) Zhaf ni um di met hyl ; WO 02/ 02575 -~s

. PCT/ USQ / 1(~25 racrRY7 & R24 hreaiathad o2 Rledrd- I@JTOY kwo or more adjacent radicals
4-13',5' blstrlfluoronethylphenxl]lndenyl)2hafn|un1d|nethyl

rac- 9—29| | af | uRt}EmiR)Z ( Zachoetigy R2V and R21 together with the atoms connecting them
4-13",5' dI_IPO propYHBpen IJlndenyl)22|rconiun1dich|oride;

orm one o e Il

M2 is carbon, silicon, germanium or tin; and



rac-9-sil afl uorendiyl (2-ethyl,

4-[3",5" -di-iso-propyl phenyl]indenyl)zzirconi um di chl ori de;

rac-9-sil &fd posendi vyl (2- n- propyl, p <
4-[3",5 -di-iso-propyl phenyl ]indenyl ) ZZi r coni um di chl ori de. " Lo /16428
rac-9-sil afl uorendiyl (2-iso-propyl, -10 -

4-[3",5" -di-iso-propyl phenyl]indenyl)Lzirconiurn 1 o dichloride;
rac-9-sil afl uorendi yl (2-n-butyl,

4-13",5" -di -iso-propyl phenyl]indenyl)?zirconiumdi chl ori de;

rac-9-sil afl uor end}lgﬂrgcgcqlgc}{iu][(gd and Rﬁ) are identical or different and have the

Aol oi 1 af | GEPBRE A K B E, 1 b adidcont KD fftls e foried ogethe o
4-[3',5' -di -ifgen B i | £ CONiHM A L de:

oo vl a1 o B gyxgngét?@g% }atr)@g?pﬂa}x&ag F6RMH A CH3H lafds.

4-[3',5' -di-iso-propyl phenyl ]indenyl ) ZZirconi um di chl ori de;

rac-9-silafluorendj yl (2-nethyl, 4-[13 ,5" -di.-iso-propyl phenyl]i ndenyl)
2haf ni 53m 20 di chl ?P?tbcgs’?af&g& 9%%? F&Lﬁl&’&?@ﬁ @i thepessphipvention are represented
4-[3', 5" -di - ipgehfeR¥lahenyl ] i ndenyl) 2hafni um di chlori de;
rac-9-silafl uorendiyl (2-n-propyl,
4-13',5"' -di-iso-propyl phenyl ]i ndenyl ) zhaf ni um di chl ori de; 25
rac- 9-sil afl uorendiyl (2-i so-propyl,
4-13',5' -di-iso-propyl phenyl§'Pndenyl ) Zhaf ni um di chl ori de;
rac-9-sil afl uorendiyl (gan-bufyl,
4-13',5" -di-iso-propyl phenyl i nd
rac-9-sil afl uorendiyl (2-i bt VI ,
4-[3',5'-di-iso-propy|phen"‘ denyl ) Zhaf ni um 3o di chl ori de;

ecxputwyl ,

d

rac-9-silafluorendiyl (2-5 )
g9 Zhaf ni r/LcRIoride; WO 02/ 02575

4-[3',5' -di-iso-propyRphenyl i
" fl ugrendi yl Merrt-butyl,
e Yy Z af ni um di chl ori de;

PCT/ US01/ 16425 -19 rac-®xsi Ll
RS (1)

Ryl ) 2haf ni um dli{phl ori de;

4-13',5 -di-iso-propyl phe
rac-9-silafl uorendiyl (2-
4-13',5"' -di-iso-propyl phe
rac-9-sil afl uorendiyl {2 ,
4-13',5" -di-iso-propyl phenyi®’i ndenyl ) 2zi rcon
rac-9-sil afl uorendiyl (2-n-propyl, R?
4-13',5"' -di-iso-propyl phenyl ]i ndenyl)~zircon
rac-9-sil afl uorendiyl (2-iso-propyl, + R
4-[3',5' -di -iso-propyl phenyl ]indenyl }zircBniu di mathyl ;
rac-9-silafl uorendiyl (2-n-butyl,
4-13',5"' -di -iso-propyl phenyl ]i ndenyl ) 2zi r coni um
rac-9-sil afl uorendiyl (2-iso-butyl,
4-[3',5'-di-iso-propylphenyl]indenyl)zzirconﬂUn1d%nethyP} 15
rac-9-sil afl uorendiyl (2-sec-butyl, 10

4-13',5" -di -i so-propyl phenyl ]i ndenyl ) ZZi r coni um dRnet hyl ;

rac-9-sil afl uorendiyl (2-tent-butyl,

f ag:? 9: gi | g:‘ | qug egg@%}éilg I}?ﬁgﬁéﬁle%ge%n%é&%% éﬁ)%]qlc%rrpsis %nréeéfm{[!dﬁium, zirconium,
4-[3'105' - di - hafoiupt, opinb@ines) Widbinge Axtd G, BRI, 2Ro1dhdBALAY hnd tungsten
rac-9-silafluorendiyl (?-ethyl, 4-[3 ,S -di-iso- ro?prhenyI]lndenyl}
haf ni um di mePis{Rrably gecenium Bafpiysy enfépyinmy nmsppreg»yab, y zirconium;

fégfg_ ; |- g:c |- Li?-eﬁg?;%'@ %Q?agn%{_%l}lad Bly !il) err]eanfc,nainlcirgregI (i)nrge(;[fgylly;drozgSen atom, a C1-
fac-0' ol 1 at 1 G0 ARF BB E Bl MRSy S 0 o e o CorCrg arytony
4-[3°,5 -di -%%?%’E%%FEB%#&L?&{WQ 69-%4%' Mﬂ%ﬁj}]l rrg%&?ﬁfla C7-Cyp arylalkyl

rac-9-sil afl

4-[3'155' - di - g158p,Af ChYE AhARYIhdy ?WE@@E&MI@&}@@%&)FH OH group or a

rac-9-silafl uorendiyl (2-sec-bu _ _
4-[3', 5" - di -haiepenraoml shaew ddnjidardl dighadRicd Tt 8pidtaly lsubstituted with one

or more hydrocarbyl, trithydrocarbyl)silyl groups or,



WO 02/ 02575 PCT/ US01/ 16425 -20 rac-9-silafluorendiyl (2-tert-butyl,
4-[3",5" -di-iso-propyl phenyl ]i ndenyl ) Zhaf ni um di net hyl ;
rac-9-sil g{pyonandi yl (2-nmethyl, 4-[3",5'-di-phenyl phenyl]i pgﬁrﬁg}n)/]%_zd;rconi um
di chl oride; rac-9-silafluorendiyl (2-ethyl, )
4-[3',5"' -di - phenyl phenyl ] i ndenyl ) 2zi r conj;um di chl ori de;
rac-9-sil afl uorendiyl (2-n-propyl,
4-13',5"' -di - phenyl phenyl ] i ndenyl ) ~zi ~~coni um di chl ori de;
rac-9-silafluorendi yl.(2-i.s0-gropyl o g ,
o e R ot BB RaL, arave s gieng baving pado 30 atoms ot

rac- 9-sil af | ugrangl Wy drdpér but yl ,
" 4-13",5" -di - phenyl pheny%] i'ndenyl ) 2zi rconi um di chl ori de;
rac- 9-si | af | uor endprefetably R3-ddtRA are identical and are a C1-C3 alkyl or alkoxy group,
~4-[3',5" -di -phenyl phenyl ] i ndenyl) 2zi rconi um di chl oride; 15
rac-9-sil af | unCgity arlyl @ dreloky lpudupl, a Co-Cy alkenyl group, a C7-Cq arylalkyl group,
4-13',5" -di - phenyl phenyl ]i ndenyl ) 2zi r coni um di chl ori de;
rac- 9- 8i | af | tbEekdndliylayegrobpt grla halogen atom, preferably chlorine;
4-[3', 5" -di - phenyl phenyl ] i ndenyl ) ZZi r coni um di chl ori de;
rac-9-sil af | uor endiRA &2- itentival or 4iff@entSanddire pdaei ! ipfieoen] atoshe pyhalddeal ni um

20 di chl ori de; -9-sj | af di yl.(,2- et hyl

4- 3! ,C5j ?EI: - %ﬁ%ﬁ;g‘ﬁb%pf %li‘aagéﬁ??ﬂl? Ié%ﬁéhwg‘ah%q EﬂP%@fia&é; a Cg-Cqp aryl group _
i ot e SSBRR R e i ) R AR 2o
4-13",5 -di- | | i ndenyl ) 2haf ni i chl ori de; ,

ol o1 af | Uarodar g RTBnh v Caoan o5 PRy ph e 3 RonyPR 2tat ni um

dichloride; rac-9-silafluorendiyl(2-iso-butyl,

4-[3' 18 - di - fHRIRA phelPBb]pdigalnyhernifRi isansofdi balpzan afem, a C1-Cqq alkyl
rac-9-sil afl uorendi yl (2-sec-butyl,

4-13',5" -di - reviglophadry ] o nd(égpdu)DZPnafanitblyrRéiishbt@rh}cﬂquen awmnp2/ 02575
PCT/ US01/ 16425 -21 rac-9-silafluorendiyl (2-tert-butyl,

4-[3',5' -di - pheny|phieratl} ieacte ®A| Js2idafitivalirndiictd Andes, chlorine or bromine,

rac-9-sil af |l ugr endi-yl (2- hyl , 4-[.3',5'-di-phen nyl ] i ndenyl ) 2zi rconi um
ety 1 acHOSt 4 4afkaheRoyp At gy be DaloBerated. & s sl o Ml
4-13',5" -di - phenyl phenyl ] i nden I)Zzirconiiun.dirretrﬁll; ) ) .
rac-9-sil af | UBf% ﬁﬁ@lpgegl_a dyy 2, -SR’, -OR,, -OSiR'3 or -PR') radical, wherein: R is

4-13", 5" -di - phenyl phenyl ]i ndenyl )zzirconi um di net hyl ; 10

rac-9-3i | af | m&?’f&@ﬁé@ia&%@& b alkyl group, or a G-Ci i group:

4-13',5' -di- phenyloti;\wenég] i nden%(l )]ZZi rconi um di net hyl ; 3
rac- 9-si | af | uor endtyfq B ipistepfical or different and are hydrogen, as defined for R> or

f' agfgl gi | g:c | 3%/?02%&9@%?%&4%%%%3%'@1%% R Itougrg:][h(%lr %‘?ﬁﬂﬁ'e atoms connecting them
4-[3", ~' - di - poanyhpbempld fimgenyl ) ZZi r coni um 15 di net hyl ;
rac-9-siIafIuorendiﬁ£é2-sec-6utyl,

4-[3', 5" -di - phenylPheRybjresetesdyty)tiZ forgais: um di net hyl ;

rac-9-silafl uorendiyl (2-tent-butyl,
4-[3'?é'-di-phenylphenyl]indenyI)ZZirconiun1dinethyl; 20
rac-9-silafluorendiyl (2-methyl, 4-[3",5"-di-phenyl phenyl ]indenyl) Zhaf ni um
di met hyl ; rac-9-silafl uorendiyl (2-ethyl,

4-13',5' -di - phenyl phenyl ]i ndenyl ) Zhaf ni um di chl ori de;
rac-9-silafluorendiyl (2-n-propyl, 4-[3',5' -di-phenyl phenyl]indenyl) ?haf ni um
25 dinethyl; rac-9-silafluorendiyl (2-iso-propyl,

4-13',5" -di - phenyl phenyl ] i ndenyl ) 2haf i uum di et hyl ;

"rac-9-silafluorendiyl (2-butyl, 4-[3',5'-di-phenyl phenyl]indenyl) Zhaf ni um
di met hyl ; rac-9-silafluorendiyl (2-nethyl, :

. 4-[3,5" -di -tbutyl phenyl ]Jindenyl)2zirconiumr4-1, 430

Bi phenyl - 1, 3- but adi ene; rac-9-sil afl uorendiyl (2-ethyl,

4-13',5" -di -tbutyl phenyl ]i ndenyl) 2zi rconi um r~4- 1, 4di phenyl - 1, 3- but adi ene;
WO 02/ 02575 PCT/ US01/ 16425 -22



rac-9-sil afl uorendiyl (2-n-propyl,
4-[3",5" -di -tbutyl phenyl Ji ndenyl ) ~zi rconi um ~4 1, 4- Bi phenyl -1, 3- but adi ene;
rac-9-sil @f pdiyl (2-i so-propyl, T/USO1/16425
4-13",5 -di -b@utyl phenyl ] i ndenyl )22| rconi um ~~41, 4- Bi phenylc {U% 1I)ﬁtzad i ene;
rac-9-sil afl uorendiyl (2-n-butyl, -12-
4-[3',5' -di -tbutyl phenyl]i ndenyl )2zirconi um r~41, 4- Bi phenyl - 1, 3- but adi ene;
rac-9-sil afl uorendi yl (2-i so-butyl, RS
4-13",5' -di-tbutyl phenyl ]i ndenyl )22| reoni u%dl chl ori de;

pni um ~~4 10

rac- 9-sil afl uorendiyl (2-sec- but
@ uorzgndl yl (2 tent - butyI

4-13",5 -di -tbutyl phenyl]iiidenyl)
zi reoni ]rl41 - Bi phenyl - 3 but adi ene;

1, 4- Blphenyl 1, 3- but adi ene; rac-9-
4.[3 5 -di-tbutyl phenyl]i ndéhy
rac-9-sil afl uorendiyl (2-nethyl
4-13", 5 blstrlfluoronethylph//yl] ) 2zi rconi um
r~4-1,4-BiphenyI 1, 3- but adi ene; olnethyIS|Iad|yI(2 et hyl,
4-[3',5'-bistrif|uoronethylphemyf I neNyNRZZi r coni um

ri~~-1, 4-Bi phenyl - 1, 3- but adi ene; rac-3-5|Iafluorendlyl(2-n-propyl,
4-[3',5'-bistrif|uoronethy|phenyIJ|no,ﬁyI)ZZirconium

rli4-1, 4-Bi phenyl - 3;3rhit RAV aBER24 8 U5 debiabd 4o R1dhyd ®R2; IR 0R BPYore
4-13',5' -bis 20 trifluoronethyl phenyl]indenyl)2zirconi um

rl4-1, 4- Bi phedjtent radibalt adi’eeR24 agcRidiigl R20 uad &2 Yo deBired WatH e atoms
4-[3",5 -Dbistrifluoronethyl phenyl Ji ndenyl ) 2zi rconi um

rl4- 1, 4- Bi phenyiectin@tlient facineme or nare fings; padferablyeRAY yo R24 aechydrtigeh,
4-13",5 -bistriflu %orret hyl phenyl ] i ndenyl) 2zi rconi um

rl4-1, 4- Bi phenyl - M<3istnatbogi siheon, 26rmaniui9 os kihaprefepatdy sfiligor; 2nd ec- but yI |

4-13",5" -Dbi strlflu enyl den 2zirconi um

114- 1,%- Bi phenyl - Rge Rg% 1@9 1%1? éalem%aw# Lo diffrapstiapg hewntbe mpegings
4-13",5 -bistyifl o net.hyl phenyl ] i ndenyl ) 2zi rconi um

~~4-1, 4- Bi phémd fjér g%‘biladi ene; rac-9-silafluorendiyl (2-nethyl,
4-[3',5" -di-iso-propyl phenyl Ji ndenyl ) ?zi r coni um 30

r~4- 1, 4- Bi phenyl - 1, 3- but adi ene; WO 02/ 02575 PCT/ US01/ 16425 - 23
rac-9-sil afl uor en@ﬁsyut@lzzeéthﬁyd:ip, the term "alkyl", alone or in combination, means a

4-13",5" -di - I jfum.r~~ .. .

1 461 phenyl SToGRE AP BRI QUGN GBIC SR T 2hich e, optionally
4-[3"1¢6' - di - Isﬁmmt@cpylmbm@ws]dm@mhalzas e muf breAndt, HmBed RS Méthi,
3- but adi ene; rac-9- S|Iafluorend|yl(2 i SO

4-13', 5" - di - c9OL Frnepylo ensePyl Rdaryh )szwtyﬁéw g‘#b’l tert-butyl, pentyl, iso-amyl,
14- 1, 4- Bi ph |
135 d - o RIBRER R, Bl PR SERhELA e and the
~~4- 1, 4- Bi phdiky Ilnducﬂng)mhaﬂsmatutechaneﬂegleh aThaucran'tillyeng P - meams i btydight-
4-13",5" -di - I d I i

AT U T ——
4- 5'-d I i
1191 B phoos* THEYcBRANY bl ARARY W Guronalt Wistiyted. Bramples of spitgble
4-[3',5' -di - abkenylr mydidajshimeltidej bdenyd haZlimiedi Ilomethenyl propenyl, allyl, 1,4-
2~E13 L g B:j PP%n%dlﬁpglg%ycBWéwpyf ﬁ&éﬂwt?n)ih%’f:’ﬂpﬁﬁéen}?lr Cyc olYelxg:l%;l ng}yc?glcltényl
r~41, 4- Bi pheaid thk Bk@!ﬂcﬂﬂiuﬁ%"ﬁhmrr @fbs@tu@dd' Al I30EL "HieYiefrd "80B¥Y" means an

4-13',5" -di-iso-propyl ] i ndenyl) 2hafni um
rl 4, 4- Bi phefljyl ether pedigali wh@relw dhe dersi [aliiyl U rae ndiifiped 2boee. hkgmples of

Hpnenyt 1o FRECHbL PR SEEE AR AT bRERGRes 1o mhosy, ctbosy,

4-13
1, 4-
4-[3',5' -di - phopoxy, pnl@@msbdxyn@hwbﬁ;md B@Ok Beb-bittoky AGr PR ard Brebideadi ene;
C-
[

rac-9- S|Iafluorend| (2-n-p

4-[3',5' -di-ph éﬁﬁﬂ%ﬁéﬂyl‘?qaﬁﬂéﬂilﬁl}ﬂzwl%@m Wwhnephthylragicghand, the diks-whieladi ene;

25 rac 9-silg

4[5 5 - di - SRR A< RAGBLORY andor caries on of gore, BTSN HOF aci ene:
rac-9-sil afl amam;ﬁd; allk)(IZalhenuhylogen hydroxy, amino, nitro etc.

4-[3',5' -di - phenyl phenyl ]indenyl ) ~zirconi um rl 41, 4- Bi phenyl - 1, 3- but adi ene;

rac- Psi | af | uor endi yl (2-iso-butyl,

4-13',5' -di - phenyl phenyl ]i ndenyl )Zzi rconi um a430

1, 4- Bi phenyl - 1, 3- but adi ene; WO 02/ 02575 PCT/ US01/ 16425 - 24

rac-9-sil afl uorendiyi (2-tert-butyl,

4-13',5" -di - phenyl phenyl ] i ndenyl ) 2zirconium r~4 1, 4-di phenyl - 1, 3- but adi ene;
and rac-9-sil afl uorendiyl (2-sec-butyl,

A r ~1 — N I T T SR S Q——— L T Y P —




1, 4-di phenyl -1, 3-but adiene. 5 "9-silafluorendiyl-" refers to the
substituent: ~Si / / The nmetal |l ocenes of this invention are prepared

accor di ng @ ¢gfixek al techni ques known fromthe literature,, s N _I e US.
Pat ent Nos‘&gg, 789, 634 and 10 5, 840,644 (both entirely i ncor%or a%%nﬁer ein

by reference). Generally, netallocenes of; this type are synthesized as
shown bel ow where (R4=H) (a) is an aryl-coupling reaction between a .
4- hal osubstituted i ndene and an aryl Gignard catal yzed by Nid 2(PPh3)2 in

et her-type solvents, at .room15 te rature to reflux. Product is usually
purified by col umf@#yﬁﬁ'f%qrﬁﬁmggﬁﬂﬁipﬁfm? FFBHOCYBY is a deprotonation

via a netal 51@b19-§1faﬂ§8reﬁdr1]il§'lf(b-rﬁ&h§lm- ﬁer@iin@e;r?ﬁ)&ii)cohﬁtﬂ @cMoARe) ndeni de

" followed by reaction with an appropriate gi ng precursor as specified in

t he exanpl es.l‘aR(Qaiikaﬂuﬁmnéib’KQwﬁué-l4I-9hedmimiehml)ﬂi1heaniumyhdﬂ?]ﬁdia4ent s at harrbi egt
t o £ Lnal ct | urifi.ed by colum |t ogr aphy or 2o
dretilatt on b0 en BB o bT R R e i R SehfoBRe o g e BuLi)

to forma di aac-Omsihihbeneis]([Rysd- I-pph¥hyliAdenyTBEiddoniiah bdGIdrRed. ZrC 4).
The reaction are usually go(ne i%@g%hg?-ty)ge orﬂgr omati ¢ sol vents at anbi ent

t enper at ures. rafl‘ﬁeSﬂﬁﬂH%ﬂemﬁib’lﬂﬂbblgyla‘i-@h@bﬂi?dﬂ}?di)ztiyiomiégm giﬁghiridie;\z at i %2 20{ t hg R

R P F RS e BERRRSR Ty R R denlrgteasiist SRR (1) Re i (o)

Pz12 Fz11 rac-9-silafluorendiyl(2-sec-butyl-4-phenylindeny!),zirconium dichloride;
rac-9-silafluorendiyl(2-tert-butyl-4-phenylindenyl),zirconium dichloride;

10 rac-9-silafluorendiyl(2-methyl-4-phenylindenyl) shafnium dichloride;
rac-9-silafluorendiyl(2-ethyl-4-phenylindenyl) hafnium dichloride;
rac-9-silafluorendiyl(2-n-propyl-4-phenylindenyl) hafnium dichloride;
rac-9-silafluorendiyl(2-iso-propyl-4-phenylindenyl),hafnium dichloride;
rac-9-silafluorendiyl(2-n-butyl-4-phenylindenyl);hafnium dichloride;

15 rac-9-silafluorendiyl(2-iso-butyl-4-phenylindenyl),hafnium dichloride;
rac-9-silafluorendiyl(2-sec-butyl-4-phenylindenyl),hafnium dichloride;
rac-9-silafluorendiyl(2-tert-butyl-4-phenylindenyl),hafnium dichloride;
rac-9-silafluorendiyl(2-methyl-4-phenylindenyl),zirconium dimethyl;
rac-9-silafluorendiyl(2-ethyl-4-phenylindenyl),zirconium dimethyl;

20 rac-9-silafluorendiyl(2-n-propyl-4-phenylindenyl),zirconium dimethyl;
rac-9-silafluorendiyl(2-iso-propyl-4-phenylindenyl),zirconium dimethyl;
rac-9-silafluorendiyl(2-n-butyl-4-phenylindenyl),zirconium dimethyl;
rac-9-silafluorendiyl(2-iso-butyl-4-phenylindenyl),zirconium dimethyl;
rac-9-silafluorendiyl(2-sec-butyl-4-phenylindenyl),zirconium dimethyl;

25 rac-9-silafluorendiyl(2-tert-butyl-4-phenylindenyl),zirconium dimethyl;
rac-9-silafluorendiy}(2-methyl-4-phenylindenyl) shafnium dimethyl;
rac-9-silafluorendiyl(2-ethyl-4-phenylindenyl) shafnium dimethyl;
rac-9-silafluorendiyl(2-n-propyl-4-phenylindenyl) ;hafnium dimethyl;
rac-9-silafluorendiyl(2-iso-propyl-4-phenylindenyl),hafnium dimethyl;

30 rac-9-silafluorendiyl(2-n-butyl-4-phenylindenyl),hafnium dimethyl;
rac-9-silafluorendiyl(2-iso-butyl-4-phenylindenyl);hafnium dimethyl;
rac-9-silafluorendiyl(2-sec-butyl-4-phenylindenyl)>hafhium dimethyl;



WO 02/ U2575 -26 PCT/US01/ 16425 The netal | ocenes of this invention are

hi ghly active catal yst conponents for the polynerization of olefins, The
et al | ocepgpgersPr ef erably enpl oyed as chiral racemates. Wé/(ﬁhmi?t is

al so possible to use the pure enantionmer s in the (+) or (- orm The pure
enantionmers allow an optically active pakhynmer to be 5 prepared. However,
the neso formof the netall ocenes should be renoved, since the

pol ymeri zation-active center (the nmetal atom) in these conpounds is no

I hi r al : g | I d i
o Cher of or ¢ ot -neaur AV M Y RS e B Bl dfBh0 ey T e

nmeso formis not renoved, atactic polynmer is forned in addition to

i sotactic pol r.. For certain. 1 o applications this may be entirely

desi rabl e. Ré%‘rnﬁé%g%?%‘ﬁﬂ@é}?@ﬁls‘b[ﬁ -dithuly lear lindenyAkzirqonined when

met al | ocenes K Richi Ng certain bridging groups are prepared. W have found
this to be true when the bridging group, RL', is represented by the
fornulsa: R-~8rad@eilafudrendifRPAethy R223R2ali-ikutytphemil indehl) aidofltm t 0 R24 are as
defi ned abovgli h‘II;/gtc%I | ocenes axe generally used in conmbination with sone
formof 20 all9M%r in order to create an active catal yst system The
terns "activ -sil o _al 1A Used, gg@)b are defined
herein to m%@%ﬁ{/mé%rﬁgﬁﬁg p(y)?cﬁyclz’o431 %ﬁgﬁﬁﬁ uﬂg;ffhgféﬂ@ﬁﬁa i&IrII{C(S)?I H%I)npounds or
conmponent s, d¢ligbddsids; of enhancing the ability of one or nore netallocenes to

pol yneri ze ol ef ,nS.~ Al Kl noxane , as. . ne | al unoxane { MAO) are
commonl y usel%d™ a%fgﬁﬁ%lfg-p}%pﬁ%# BJ 1tPE%’iFg%nﬁé¥1g$1}Y§\g€ﬁ@n§@@i vat or s.
Cenernl |y al lgsdhtdrig@pxanes contain 5 to 40 of the repeating units: R(ALRO

) YALR2 for |inear_species and 5 SAlRO ,; for cyclic species where Ris a
Cl- Cg al kyl Fasc?-sdafiuprendiod @-adbitil.st-[ 36 smigriphieny indatyDBzit@nivet hyl ar e
particul arl Y 4%, Ofrf-arer ed. Al unoxane solutions, particularly nethylal unoxane
sol utions, may be obtai ned fromconmercial vendors as 1 o solutions having

vari ous concent9-silafpsendiIE-Rodityd, [V 3Ldicthity@hheniBinh #i8donRIgPar i ng
al unoxane, ngn-limting exanpl es ygf \[/\hi ch ar gqbdesglgli béeIgﬁI)iznl U. S. Patent Nos.

4,665, 208, 4dwBborkiey 5 091, 352, 5,206,199, 5,204, 419, 4,874, 734,
4,924,018, 4,908 vy , 208.:815 48. 80|,

5. 235 08| . 5%8%,5%%%05%3%&@- %%é’”?éi‘%i’% &%9}@1@%35%%%@12%@%% 594- 218
and WO 15 944itBlkside;.each fully incorporated herein by reference. Ionizing
activators ma I be us to . acti €, al | ocenes.. These activators are
neutral or iBEIIﬁ %Fﬁaquo 13'3 HsHhed, gi@% 'ggIbPFXIK’II?nBU{WFI)‘)éII?ﬁﬁPﬂ%‘Fﬁl

t et r aki s( pentighlodidephenyl ) borate, which ionize the neutral netallocene
conpound. 2o Such ionizing conpounds may contain an active proton, or sone
ot her cat i onrags¥eibafhoeahdisilametbyt, 443t 5' cloobwlyiphted]indengh bhathimas el y

coor(gonat ed e remaining ion of the ionizing conpound. Conbi nations of

0., t.he
activators n%ﬂ?hlél’f“sg& be used, for exanple, alunbxane and ionizing activator
conbi nat i on, ra&yeesifa@ucehaii2eethyMu 99/ 4LaRtyIgienyljindenyl) ;hafnium

dichloride;
rac-9-silafluorendiyl(2-n-propyl, 4-[3',5'-di-tbutylphenyl]indenyl) shafnium
dichloride;
25 rac-9-silafluorendiyl(2-iso-propyl, 4-[3',5"-di-tbutylphenyl]indenyl);hafnium
dichloride;
rac-9-silafluorendiyl(2-n-butyl, 4-[3',5"-di-tbutylphenylJindenyl),hafnium
dichloride;
rac-9-silafluorendiyl(2-iso-butyl, 4-[3',5'-di-tbutylphenyl]indenyl),;hafnium
30 dichloride;
rac-9-silafluorendiyl(2-sec-butyl, 4-[3',5'-di-tbutylphenyl]indenyl);hafhium
dichloride;



Descriptions of ionic catalysts for coordination polynerization conprised
of netall ocene cations activated by non-coordi nati ng ani ons appear in the
early wor Kyphf2m4&-0 277 003, EP-A-0 277 004 and U. S. Pat epg} ANRo1/Ruyk98, 401
and WO A- 92/ 00333 (each incorporated herein by reference). Eese each
desirabl e 30 nethods of preparation V\/ne_rf?fi_n: nmet al | ocenes are protonated by
an ani on precursor such that an al kyl/hydride group is abstracted froma
transition nmetal to make it both cationic and charge-bal anced by the

non- coor di natin i0n. .. 02/ 02575 PCT/ . US01/ 16425 -28 Suitable ionic
salts incl uderaf'g)f Sr?féﬂf‘gr-egﬁ‘é’ﬁ?it?lﬁ'tbléﬁ’ ’b‘gpaggélﬂ u@iﬂ%ﬁpﬂiﬁﬁi@g’ﬂ)@@fﬁ@m ng
fluorided arydickienas;i t uents such as phenyl, biphenyl and napthyl. The term

" "non-coordi nating ani on" (NCA) neans an anion which either 5 does not

coor di nat e t oras&rdlagineieodiyl2-mé¢thyln44[3,56d1-tbuiydplidny ! Jodlengd)mateduho sai d

~cation thereby. %ﬁg'i ning sufficiently labile to be displaced by a neutral

Lew s base. i bl e” non-coordinating anions are those which are not
degraded to nepiordlatiuyrentsN2tdney1] A[ sadiltbufyWHERA | RAMIE% rdRfIPOSES.
Further, the anion will not transfer an anionic Substituent or fragnent to
the cation sodimsthyd cause it to 10 forma neutral four coordinate

net al | ocene ¢ 0 and ..a,peutral =05 aduct from.ith ion. .

Non- coor di nat éaglgé'sglr%ﬁg%rsenﬁg le(? aﬁ'Pﬁ"Ryla?}cf% r°cr§H§’é‘t‘Wﬁ?%md§n?lS%ﬁ?fi% are those
whi ch are congialettyl;e, stabilize the netallocene cation in the sense of

bal ancing its ignic charge at +1, yet retain sufficient lability to permt
di spl acenent 1199'9a5fﬁlaﬂtlwpgwi@a$q-pr0@yl, 4d 84 Jrdethudphenylintenyb zireehimwnoner
duringy15 poldﬁlﬁ}g{}jﬁ.ati on. The use of ionizing ionic conpounds not
containing an actrve proton but capable of producing both the active

met al | ocene cat-Oesilafinoreadiyt(-rclonyid 43t S dgttanylphenysimles f)Jeomilm See, for
exanpl e, EP- Ag}gﬁé? 637 and EP-A- 0 573 403 20 (each incorporated herein by

ref erence). A tional nethod of nmaking the ionic catal ysts uses

i oni zi ng ani oR.PLLGHLSRESVIPiGH irgi 4rigal ' |, gs but form
the cation ano!cani on upo%yﬁgﬁgg?ﬁgjgﬁe[gé idgkﬂwlpﬁ%;@dﬁggﬁzﬁg@glﬁ% conpounds,
for exanpl e tdimethyl of tris(pentafluorophenyl) borane. See EP-A-0 520 732

(i ncorporated_herein by reference lani,c..catal ysts for addition 25

bol ymil i zat | gfcganapbndial Gististial 105 o dai wHowiindrey Rettpriant or s of
transition medigletiy@mpounds by anion precursors containing netallic

oxi di zing groups along with the anion groups, see EP-A-0 495 3 75

(i ncor por at edaprérstiafugrgndizt(@rterhbetyl, MAsh dliitbuty eyl lihdagpabesrconmiude hal ogen
noi eties (for iﬁféfhs/f"l e, bis 30 cycl opentadi enyl zirconiumdichloride) which
are not capabqe of ’i oni zi ng abstracti on under standard conditions, they can
be converted wiced-Kitudioraidisi{oamhimnl, 1efas3 idamsutytphén lm?ngmﬁﬁhhp conpounds
such as lithiymor_al um num hydrides or al kyls, alkylalunoxanes, Gignard
reageif's, et cfgm LEP-A-0 500 944 and EP WD 02/ 02575 PCT/ US01/ 16425 - 29
Al-0 570 982 (g f L.ed hefekn:k of. 4 Iy ocesses
descri bing the s el Bl e A Db B0 7 ot e
met al | ocene aoefailatisopndigh2-mepropyiyd-{31,5t-ietbaddpticnglindén @y fhaftadithng ani oni ¢
conpounds. SNl(\é%t hogs for supporting ionic catalysts conprising netall ocene
cations and WYL described in V10 9950311, U.S. Patent Nos. 5,643, 847

and 5, 972, 823¢4¢.Y.sHaflRGLEaY1(ARR). 1 2193'Na ;. - X er 2, 1998
and U. S. Pate?](t: AS\paI i cati grg No.ﬁlgg%ﬁfg?’g%fh ?ﬁﬁgﬁ§g§@%}§?‘h¥@g€8 (each
ful | y2§ ncor potiaedinl;l o herein by reference). Wien the activator for the

net al | ocene s okt gd cat.al yst i4i,op i .2 .. preferably the NCA is
first added trggﬁﬁé]%@%ﬁ%‘ﬁl{/@‘b‘%@?{‘)‘ﬁ%ﬁ -figﬁuga@l@ngﬁﬁpﬁﬁvlﬁgafnf%% of the
met al | ocene cdathygt . When the activator is MAQ, preferably 15 the MAO and

met al | ocene catal yst are dissolved together in solution. The support is
then cont act ddc-Ristafluorendinl(E sttty lod<d e -dixthatyishenyfindenypphafdivrer net hods

~and order of htjon wll be apparent to those skilled in the art. The
4

catal yst systens ed to prepare the conpositions of this invention are 20
pref esa@bl y suppossileflusiehdigl(2-saob@ys 4qa'r,5'id¢-w@ii/19hér§q]eﬁdeﬁylgzlﬁﬁﬁmnas for
exanpl e, talc, inorganic oxides, 1norganic chlorides such as magnesi um

chl ori de, andimg®ykous materials such as pol yol efin or polymeric conpounds.
Preferably, the support naterials are porous inorganic oxide materials, 25
whi ch include those fromthe Periodic Table of Elenents of Goups 2, 3, 4,
5, 13 or 14 netal/netalloid oxides. Silica, alumna, silica-alumna, and

m Xt ures



thereof ar a particularly prefer able. Qher inorganic oxides that nay be
enpl oyed either alone or in conbination with the silica, alumna or

si lica-al wo éangfse magnesia, titanic, zirconia, and the |ike,udQ F.8ferably
the support material is porous silica which has a surface area in the range
of from10 to 700 n2/g, a total pore valjyoe in the range of fromO0.1 to

WO 02/ 112a75 -30 PCT/ US01/ 16425 4.0 cc/g and an average particle size in
the range of from10 to 500 ~,m More preferably, the surface area is in

0.5 1035 & Aok e Kbt taPT b PEadeBy DR Yom 20 1o

200 ~, m MbsUifesylrably the surface area is in the range of 5 from 100 to
400 nm2/ g, the pore volume is in the range of from0.8 to 3.0 cclg and the
aver age part f&residsfinorendiyl@-methyl.ahBe5S'dnsf rom 30 to 100 p.m The average

pore size of  tyni . rt. terials i.s in the range of from10 to
1000A. Pr efePrzla%@gfd\ﬁgthgﬁ%’%@;ﬁﬁ%&gﬁ%%%%iuén ﬂlghjcs?r‘tdﬁ’at has an average pore
di anetser of tacePrsBdiluoperliyli(226¢/ 1, MR, 5dsisd rably from 75 to 350. It may be

particularly desirable to to dehydrate the silica at a tenperature of from
100C to 800CtrétﬁWH§F@ythFﬁlknfl@Y¥)AZ‘W@HW§1 dighleridet al | ocene, activator and

support nat egd29_qiiBy; el oI Fy_gny qunber of ways. More than one

net al | ocene may gll so°E@d§§gﬁ$@°¥#& §§¥O§l§'15 sui t abl e support techni ques
are descri bettifluordietBylpRatdlindedy),zirtoBidth SicRloade, 4, 701, 432 (each fully

i ncorporated herein, by reference.). eferably the n ietallocenes and
activator ar éacé%ﬁlllﬂq}?@genél% "r§81PF°RYé’zf§E3i>énblﬁT oduct supported on the porous
suppofpt Nat efifBlor@fcleBREhIRAd i ooni ; No. 5,240,894 and WO 94/
28034, WO 96/ 00202.3, eaﬁ%ﬁy\(ﬁgﬁéggl}%m elggﬁ&?@lbpyg’i ncor porated herein by 2o
ref erence.) pictsitedtuoranidiyl(2-mbutybtda]d,fetdsres may be preactivated separately
and then conpinhed w he support .material either separately or together.
| f the met aln¥Jr %ﬁ%rgeth?]@h?%ﬁPﬁ@bizl’écﬂm‘?léléif’nh‘ﬁen prefer ably, they are
dried then Cm—ﬁﬁﬂlu@&n@iyl:g‘lﬂ@bu f41|_'3_e,5u§§:_ in polynerization. 25 Regardl ess

of whether the netal | ocene(s) and their activator are separately

pr econt act edirdluoigraethiiphemd]indensl)bzienistsdicldnddegct i vat or are conbi ned at
once,,i N song, .id. b homay  be preferred that the total volune of
15 ”B[c.dﬂ'ﬁia%(o\feﬁgia;l(tzoseé(%)Iy,lgydsi-?ws -fé) 1

reaction solution app plFt is less than 4 tinmes the total

pore vol ume oifluokengbylphenyslisdeayl),zirohiamdiekleriadl y 1 ess than 3 times the
total pore vol #)Dma %L thg_ pl)orous 30 Sﬁﬁppl’_’[ and even nore preferably in the
range of frofCibtiameRdyl@deridatyly 555D ti mes the total pore vol une of

t he porous s : [ ri . total pore vol une of

por ous suppo?@gﬁimﬁilpﬁmﬁ%ﬁ%ﬁ%zﬁ%&grﬁ{ﬁ.d%gg}]&;egch met hod WO 02/ 02575 -31
PCT/ US01/ 16426-%silafleseniiyl@-methyl H[E5'"-bis-friflmerdimehyiphedyifidiedsl) i n Cat al yst
Rese§éch, Ac d&gic Pr?ss 1968, pages 67-96. The supported catal yst system
may used ‘é‘lldy’}i‘?f‘cl%lyrreri zation or 5 the catalyst system may be

pr epol yner i zgd.ousiaNgor¥8l | A_rdRQMm_i; : I ardi ng
prepol yneri zat i on_,a1 sge U%?{?Zeéﬂ%t%t[%g Ilé’%tdéﬂ?%%lg’sea{}gphgggﬂlgg%%@ﬁﬁ{u%gl 825,
and EP 0 279dig@srid¢id EP 0 354 893 (each fully incorporated herein by
reference). T net al.l ocene ¢ | yst .systens descri bed. herein are useful
in the pol yrr%?’igisg Pg%reg?llyg?Tn'PVBgfs acﬁ! ’%Ibé% %ﬁﬁ‘.‘or‘ﬁﬁeg"yh%’fpﬂbégenﬁ&yneri zation

processes Whaghiupr dichlegidéionopol ymers, copol yners, terpolyners and the |ike
as well as block cgopolyners and i rTFact copol yners. These pol yneri zation
procésses magcHesilaperediyl@tise-propyl, dtlPerrbis- wriBuerpmethylphenyllindenybe gas

phase, continaus| ¥cidbride;
rac-9-silafluorendiyl(2-n-butyl, 4-[3',5"-bis-
trifluoromethylphenyl]indenyl);hafnium dichloride;
rac-9-silafluorendiyl(2-iso-butyl, 4-[3',5'-bis-
30 trifluoromethylphenyl]indenyl);hafnium dichloride;
rac-9-silafluorendiyl(2-sec-butyl, 4-[3',5'-bis-
trifluoromethylphenyl]indenyl),hafnium dichloride;



15 batchw se, or any conbination thereof, in one or nore steps, preferably
at a tenperature of from60C to 200 C, nore preferably from 30C to 80C,
parti cul ankg ophgferably from 50C to 80C. The pol yneri zatio <

copol ynmeri zation is carried out using olefins of the for nqu?/lrgg(():]I—I:/]GgﬁL

In this formula, Ra and Rb are identicaljpor different and are a hydrogen
atomor an 20 al kyl radical having 1 to 14 carbon atons. However, Ra and Rb
may alternatively foi~rn a ring together with the carbon atons connecting

them Exanples, .qf . l.efins are.e l.epne, propylene, 1-buten e,

1- hexene, 4- rréatc%/fl?#@greeﬁfigl@?eqia%@e%@’sﬁfglrsbor nene and norbornadi ene. In
_ particular, ptifhytenehapiersindeans, RftuRidii®idezed. The netal | ocenes and
net al | ocenes cat al YSt systens of this 25 invention are nost suitable for

the pol ymeri zBerbtlagopndinCerethphddd . Pdisymer s. 1f necessary, hydrogen is
added as a noj sNell : / jjQ;.order to increase the
Cactivity. The rm&%%@r@%@%@gﬁﬁkﬂn@@g&Cﬁ{gﬁ{h&%ist emis fromO0.5 to 100
bar. P6l yner i matd-silaflusrepdsl(@realbfly4-€3)5t-bigd out in the industrially 3o
particularly | er_esting pressure range from5 to 64 bar. WO 02/ 02575 -32
PCT/ US01/ 1642‘3{}{15‘)91291’6%{ nylphenyhlindepylbuzirgenipm dimethy b dag-A-stlpdugendjyte-nzat i on in

a concentrati pased: gn_tk i1 10-' .to 10-s nol,
preferably fr%}lr%P}iO' i 'E%O‘B%Oiﬂﬁuoc{r{)ﬁg@&ﬁh% éﬂ?‘?%h’l)ﬁ%{cgf’{uperlm(f@l’of sol vent or
per dnB of reaci%silaflobremdiyl(Wiempmipyhdxah®-tis used as the cocatalyst, it is
used in a concentrati of fro "5 tq 5 10-1 pol, preferably from10-4 to
10-Z nol , per™ .r%?et]g}gl”%ﬁ'h‘Qﬁ-{pfl}%}gﬁma‘i’l‘%“@fdl?lé%léor vol une. The other
cocat ghysts nﬁﬂig—é}r&ﬁdo@h@iy}{%fﬁjb&t?l, 3 39pRELX1 Mat ely equi nol ar anmount with

respect to the nmetallocené.” In pfinciple, however, higher concentrations
are al so possiriflueroneshylphany8inslehyleircordumatimethybarri ed out as a suspensi on

or solution pol yerization ,an |nert splvent which is customary for the
Zi egler |ow plraggﬁ?l uﬁerB@égg'lf’Qs't‘fty{)iLlé@I’% ’;i’lﬁjsed for exanple, the
pol ymeri zat omiﬂuarcﬁﬁertmﬁg&mgtndeﬂy@zaire&ﬂM%ﬁIheth [, cycloaliphatic

[

hydrocar bon; exanpl es of which axe propane, butane, hexane, heptane,
i sooct ane, cy@Fdhdksuerendinl(2mec-hylytyel3ohidiane. 1t is also 15 possible to

use a,benzen r ed diesel oi.l fractipn. Toluene can al so be
used. The poﬁ§@é19| za{tﬁgﬁﬁeﬁéﬁbnr ?@?%Bfgfmélgrdﬂ?lg%'ygut in the |iquid nononer.

I f inert sol vieoOssiaflaoresdigh(2tere-boBNONEY,s'-sike netered in gas or liquid foam
Before additi 0.?1 of the catalyst, in particular of the supported catal yst 20

system anot HEHugiomathylphanyllmdenyhsaiseeniun dimethsl, for exanpl e,

trimet hyl al unjabioldiafihéleREiOND S UEI LM st Eicl '
trioctylalum nrm_ora I sgprlgﬁy?laﬂ%iﬁpms %fﬁggﬁoﬁ%{ﬁme@m@%%& oduced into
t he reactor ishawtedimethylender the pol ynmerization systeminert (for exanple

to renpve catal yst, poi sons. present in the. olefin). This conpound is added
to thé pol yrrerraféést']iaﬁHo@S}@%'g%eﬁWia‘LE"&g(‘:t?}ﬁ' ‘E‘P'%’?lF%‘HIPLFnXIhBﬁLﬁnl’bd’aif@u@l. 01 mol
of Al per kg difett§gCtor contents. Preference is given to
triisobutylalumnwn and triethylaltuninumin a concentration of from10 to
0.1 mol of AzcfesilaflgorendiykZatmopdoh 3 rfi-bis- Frflwrahéthylphertyd]imizhal), Al / ML
ratio to be e , low | evel in the synthesis of a supported

cat al yst systqgarkﬁ%ﬁ%locglln%{hgﬁi nci pl e, however, the use of further substances
for catal ysi sae-dilafuqrehdipr2-isoapropyl, 4§ bR tri fuciOMEG RSN Jinden§h), t he
systens according tQ the Invention can be used as the onl y catalysts for
the pétyneri 2%mpm dmedylfins. WD 02/ 02575 - 33 PCT/ US01/ 16425 The
process accor.gi gg; Lipyent Lon,i li.stingui shed by the fact that the
net al | ocenes rg%g%rﬂ%@écfgﬁcgkf%?\%d@fg@l%hg pol ymers of very high nol ecul ar
~wei ght,  nel titrifupmirethylphrdyNiidynyl),bimanedieedtgat i city, with high catal yst
activities in 5 thie ind}gﬁs{;rially particularly interesting polymerization
tenperature rangslafugerdyeisortgot[3frbiscat al yst systems of this
invention areg lidi iy articularly propyl ene
honopol ymrsqgﬁg&?gﬁgl@#gggﬂ%ggﬂ}ggggg{| onlgfelﬂ?qhi gh 1o nol ecul ar wei ght and
mel ti Ay poi ntrag@eiaibheendigé2tsénbuybdgdseditinder commercial ly rel evant

condi tions of _.Lenperature, pressur nd catal yst activity. Preferred

mel ting poinﬁgh3&5nﬁ@“ﬁ@5§¥ﬁggmﬁﬁbﬁm§§mi %%ﬁh pre preferably at |east 157C,
even nore preferably at |east 157C, and nost preferably 160C or nore. 15
The catal yst systens of this invention are al so capabl e of providing

propyl ene pol yners having high stereospecificity and regi ospecificity.

| sotactic propyl ene polyners prepared according to the processes of this

i nvention may have a proportion of 2-1-inserted propene units of |ess than
0.5% at a triad



tacticity of greater than 98% Preferably there is no neasurabl e proportion
of 2-120 inserted propene units. Triad tacticity is determ ned using

13C- NWMR agepsgi28¢k to J. C. Randal |, Pol ymer Sequence Deter ngd-paddiAfizs

Car bon- 13 NVR Met hod, Academ c Press New York 1978. Pol yners prepared using
t he processes of described herein find uges in all applications including
fibers, injection-nolded parts, filns, pipes etc. 25 Wi le the present
invention has been described and illustrated by reference to particul ar

enmbodi nent's, _j CJ te , L,hose of ordinary skill in the art,
that the mvegﬁé |9\§’;111a4]u ?]?%geir*r %Pr’rﬁﬁyg '¥ferent variations not
iIlustrated heflebromelsi Heh??ﬁdé@ﬁiﬁﬂﬁ'ﬁmrﬁ hieibthylef er ence shoul d be made
solely to the 3 ai ms _for purposes of determining the true scope

0 ap
of the pr eserwc Pﬁt)éfﬁmqrmﬂlylﬁ “wotto/ 65 7 5diRgrpusyivhesydisderghzimlonivough t he
appendant cI ﬂfe\ée si ngl e appendencies in accordance with U S. patent
practi ce, eac e features in any of the appendant clains can be

conbi ned wit ha@a@haﬂnﬁmerﬁﬁyltzaaﬂhyr as[304'-dtikeproppPips detyBiZARoMint he mai n
claim 5 EXAMPLES All air sensitive expeérzfpneg?@ gaiggﬂgar %’ll%ed out in nitrogen

purged dry b&Hddoridg11 sol vents were pur chased from comerci al sources.

(per 1 vor opheny 17 hora-far AL S o B AR kBreonivm sour ces.

Al um num al kylichlawetee pur chased as hydrocar bon soI utions from conmmerci al
sources. The co%%ﬁl al E ﬁl al umxang ("MAO') was purchased from

Al benar| e as %" 3-5R-nrepyt 0‘} Leredi- W@r%ﬂﬁlepﬂ&@ﬁwl}eawm

di met fyyl si | aqllldhll&gfenet hyI 4 t 5 phenylindenyl)2 zirconiumdichloride and
racem ¢ di met hyl siladiyl (4-[ 1-naphthy] 2-methylindenyl)Z zirconium

di chl ori de weaed-sitafhionedlifl(mbatyiyre X, 5adi-iseprasipheny e dnl Dl icd5ik b

PCT/ USO1/ 164%}{5 35, COVWPARATI VE EXAMPLE 1 racemic

dimrethylsila ‘S]/"Iqulél met hyl - 4- phenyl i ndenyl ) 2zi r coni um di chl ori de Support ed

Conpari son Mpiadksraneerfdddal-1sibu S4-gMsily
di met hyl si | ad| 1 (2. - m::tn%i;f)lt @4 phg% (K Eiglenylﬁl)sg ?ﬁﬂoﬁ} }r’n]l(} l)cz)%llrc e 11%0 In a

100 nlL rounddidlarisies f | ask racenic

et Pcane. 110 b GHURREE Hc T Aok SRt A gsonta o ' 20

stirred twendjchioridei es. This was flltered t hrough a nedi um gl ass frit

funnel and washed_wi th tol uene (14 % To the conbined filtrates was added
dehydr at ed sfasél %fh‘oﬁl’élylﬁaﬂ?ﬁstbﬁﬁylgﬁé 'Reguisarpropdpensdindansd).riseoniunthi s
slurry was Sfdic'h[‘?ﬁefor twenty mnutes then dried at 40C for two m nutes
under vacuumon a rotary evaporator until the liquid evaporated, 1 s and

then the sol rat-Weitaffusrdnded (2emethg], @- [Boj'ail-lm-pmb?lqahertyI\Eﬁmyl)§ha¥1lildmt wenty two
m nutes. The . s %%grted catal yst was recovered as a |light orange, free
f1owidlg soli &t F COVPARATI VE EXANPLE 2

rac-9-silafluorendiyl(2-ethyl, 4-[3',5'-di-iso-propylphenylJindenyl) ;hafnium
dichloride;
rac-9-silafluorendiyl(2-n-propyl, 4-[3',5'-di-iso-propylphenyl}indenyl);hafnium
dichloride;
25 rac-9-silafluorendiyl(2-iso-propyl, 4-[3',5'-di-iso-propylphenylJindenyl);hafnium
| dichloride;
rac-9-silafluorendiyl(2-n-butyl, 4-[3',5'-di-iso-propylphenylJindenyl);hafnium
dichloride;
rac-9-silafluorendiyl(2-iso-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl),hafnium
30 dichloride;
rac-9-silafluorendiyl(2-sec-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl),hafnium
dichloride;



20 racem c dinethyl siladiyl (2- nmethyl-4-[1-naphthy]indenyl)ZZirconium
di chl ori de Supported Conparison Metall ocene Catal yst System 2 racem c
di met hyl siaG - net hyl - 4-[ 1- napht hy] i ndenyl ) ZZi r coni um,25,, 5
di chl ori de\}%&%ﬁf%sﬁ?a | 00 nmL round bottom fl ask racem c dinme ﬁ?ﬁLssf'll/gd%‘yl (2-
met hyl - 4-[ 1 napht hy]i ndenyl )~ zirconium ¢j chl oride (Conparison netal |l ocene
2, 0.064 g) was added to a MAO solution (6.74 g, 7.2 nL) and stirred twenty
m nutes. This was 30 filtered through a nediumglass frit funnel and washed

with toluene (1 . To.t C i ned _fi|trates added d rated silica
(4.0 g, Davi S%ﬁ%%@gﬁﬁgﬂ?-tg@%@y&eﬂ%;é Ti§npro m?ﬁ%ngﬁl@g?v?%n@m rred for
twenty m nut egichidgifedri ed at 40C for two m nutes under vacuumon a rotary

" evaporator until the |iquid evaporated, WO 02/ 02575 PCT/ US01/ 16425 - 36
and then the metI-dlaffasrehdivi(Benettyli 4d3's"doisatpropylphanyt]indenylhaircaiumhe
support ed cat‘illggeﬁ was recovered as an orange, free flowing solid (4.72 Qg).
- EXAMPLE 3 5 r y&, [ 9-sil afl uorenebis(4-(3",5 -di-t-buty~l phen

1) - 2metshyl i ndeR8) Fiafleern BN @LER 4TS di-iso- i irconi

4-[3',5 -di-t-butyl phenyl@(2-rrlg'l[’hy??%dglnléof—r%E%/Il%lreg¥]%1-n(rjr%l%ytl1)f|mircr?clineur% (6.1 g,
37 nunol ) anddimetiy}( PPh3)2 (1.8g, 2.8 to mml) were dissolved in 150 nL of

ol uti on was SAGR AT ROHL NG E B Ad -t W PeRep bt B} b TeCter i g

at room t enpediadetity®, After overnight stirring, the reaction was slowy
quenched with HZO to neutralize unreacted Gignard. The solution was
subsequent | y TeEatiddugiengdivi@dserpropy ], feldh Fidi-iseqpropyipbenyalindesswincpning

sat ur ged sod(ilim@t}fgj carbonat e aqueous sol ution. The organic |ayer was dried
wi t h magnesi um su #’ate and the solvent was renoved by rotary evaporation.
The remai ni ngracessibifieorsadiyl@adbtyhAt[8',3-dbidoimapgehersUlindsny Bt catitied with
hexane. Yield,was 4.6 g (40 %9. 2?0 lithium

4-13", 5 -di - t98%phenyl ~- 2- met hyl i ndene

4-13',5 -Di - tps ;13- e igndeney: (4, ol , i.ssol ved
' 80 nL of pont aner g R o e s Py b TR R 37 P
hexane) and tdeethydiction is allowed to stir 4 hours at roomtenperature. A

white solid precipitated.fromsolution,and was co]lected by frit filtration
and wdshed 25raw%%ﬁfa§88ﬁePii18kgﬁ%‘g}ﬁy a3 ’%r‘grlao"myi?ﬁ@yéﬁ?dﬁag%)zmomum

9-si | af | uor engilieslyd- (3' , 5' -di -t-butyl phenyl ) - 2-met hyl i ndene
9,9-Dichloro-9-silafluorene (1.2 g, 9.2 mmwol) was dissolved in 80 nL of

THF. To thi s ®etStiladnonadiyyP deit-pueydidletd' bHdinsarpropylphenyl]indenyl);zirconium
4-(3',5" -di 'tdiﬁf& 1.phenyl )-230 nethylindene (3.0 g, 9.2 mvl) as a dry
powder and the soluti on was stirred overnight. After this tinme, the solvent
was renoved imc\Yastlafiuarddily(R-makyldug3ysagi-sakeopiphdnfl [ Bideh 1y Lirédohgh- The

sol ution vvasz(%i |tered through a frit to renove LiCl WO 02/ 02575

PCT/ U2B1/ 16428Me8Wland the sol vent was renoved in vacuo and used as a crude

product (4.1 g) ofor b_ 12 S disicon : :

[9-si | afl uor e%%t?i Sgl(a %%@gﬁf cf?ﬁ}?p%[?tgl Srsoprgpylphenylindenvhyohafiiiny o ¢ The
crude solid fdimethylie previ ous step (4.1 g, 5.5 nmmol) was taken up in 50 nL
of diethyl ether. .Tq this solutio ,Slowy added n-BuLi (4.4 nL, 2.5 M
i n hexane) arF&C'gfﬁl]raﬁE‘&reF%V F(g'nﬁﬂfﬁp)g" §ﬁ§ ri'&ﬁi%ﬁﬁ@aahwgmd%ﬂsz%ﬁnmm on was
cooled to -30fnpafl;ZrCl~ (1.28 g, 4.6 mml ) was added as a dry powder and
stirred at roomteénperature for 2 hours. The sol vent was renoved in vacuo
and t 8fuene Irag-Svilotluergndivi(d-isdipropylidd 3 Bsii-thoeprofiyiphewyl jirtdeoyl)shaidml t er ed

to renove Li Césx eﬁ{}\,?, filtrate was concentrated and pentane is added under
heating. The oI°iPi"on was cool ed to i nduce crystallization. Yield of pure

eI PSS () 17 SR Deeplfgegmah ot St
dimethyl;
rac-9-silafluorendiyl(2-iso-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl);hafnium
30 dimethyl;
rac-9-silafluorendiyl(2-sec-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl);hafnium
dimethyl;



met hyl i ndene] zi rconium dichloride In a 100 nL round bottom fl ask racemc
[9-Si | af |l uorenebi s(4-(3",5 -di-t butyl phenyl)-2-nethylindene]zirconium
di chl ori dey@ gr/fR% 9) was added to a MAO 20 solution (6.74 gorded s and
stirred twenty mnutes. This was filtered through a nedi um gTass rit
funnel and washed with toluene ( 14 nl).,qTo the conbined filtrates was
added dehydrated silica (4.0 g, Davison 948 Regular, 600C dehydration).
This slurry was stirred for twenty mnutes, then dried at 40 C for two

m nut es under_ vacuum on tary e ratar. until the |iquid evaporated,
and 25 then t'¥ -Ssgllaﬁao @iykg'rt‘?lﬁ%}ltyx??@dg é‘ﬁtlﬁﬁ'ﬁm%kpﬁ"%h?&w&mﬂ@ and
twenty m nut Qﬁmetﬂyp, supported catal yst was recovered as a pink reddish,
free flowng solid (5.24 .gf ~ WD 02/ 02575 PCT/ USO1/ 16425 - 38 EXAMPLE 4
racem c rac-9-silatluorendiyl(2-methyl, 4-[3',5'-di-phenylphenyllindenyl),zirconium
[9-silafluor eﬁ e %4-(3' , 5" -di -t-butyl phenyl ) -2i sopropyl i ndene] zi r coni um
dichloride 5 &[%r. ,%' -di -t -butyl phenyl ~-2-i sopropyl i ndene

4- Chl o 0- 2- | sappaiuflusdrdiol(?-éth1,0-[BF-dPhehyldRchyNifder 1.8 g, 2.8
mmol ) were dissolved in 1%(% rrLkg,of tZOQr%, SY?) - (%/IN'[ b%l %?Ing%rglrlll&hnagnesi um
brom de (10 gilcléqnc}ﬁém) as a Et20 solution was added to the solution and

the reaction wag St Oner N ta oMt enperature.  Aft.er overni ght
Stirring, tndgo ST B ER O E R, Y R ST B hGin DetiRantin 1 20

unr eact ed G idiglaside; The sol uti on was subsequently treated with 100 niL of
10% HA (aq), neutralized with saturated sodi um bi carbonate aqueous

sol uti on. ThédagPwaatlvorprdigi(C-iesprapyled-[3i X -Hi-phepyldicuyHlisdetylpzrcontin he

sol vepy was rdgegm?(l%.by rotary evaporation. The remaining residue was | oaded
onto a silica gel c6lum and eluted with hexane. 15 Yield is 5.8 g (45 9.
lithium 4- 3'ra&9-silaflterbndiyl(Dhenyyl-4-23'|55dipplespylpheaialiadenyl),zirconium

4-13',5" -di - -.(ﬁ_‘hlt phenyl ] - 2-isopropylindene (5.8 g, 17 mml) was dissol ved
in 80 nL of ;Sié » To this solution was added 6.6 nL of n-BuLi 20 (2.5M

i n hexane) ank. He oA | @) B Te) j .

t enper at ur e. %aﬁlﬁ?ﬂé&?glﬁlg@%@?lﬁlﬁ gl@% P?gﬁné?mhé?ﬂgﬁa%@%ggﬂ@gfl ected by
frit funnel fdidhoréds on and washed with additional pentane. Yield is 5.0 g

(87 9 silaf]l ugrengbis 4-(3" 5 -bj -hut henyl ) - 2-i sopropyl i ndene z5
9, 9- [/)qschl or 074" 15%21&?06%‘?(@#@ Eqrt."i“téi: ﬁég 55 'ﬁl‘ﬂ#‘%@&ﬁiéwlb@mmﬂ%o nL of
THF. To this dslidideon was sl ow y added |ithium

4- (3,5 -di-t-butyl phenyl)-2i sopropylindene (3.0 g, 8.5 mmol) as a dry
powder and t Kec-26ilafivasendidé-sec-butrld 443 eY-di-ghenylphengliindériyd), tirovajunt he sol vent
was renoved iﬂ:ﬂ’l}’cﬁ'ﬁféo and the residue was talcen up in diethyl ether. The
solution as le ered through frit to renove LiCl and 30 the sol vent was
renoved in vaeu®sdafthonaetylsnritol W', prdidikehylbBerdjtdehpl, hhiguhext st ep.

wo 02/112;7: ?g‘ia PCT/ US01/ 02575

9-si 1% | uor eft Qa”(‘iE=(3' , S -di-t-butyl phenyl)-2-isopropylindene]Zrd 2 The

crude solid : 1eu (3.9 nup in 50 nL
o di et hyl et oy AARPRRIIE Fingt 332 P e R R R RS B 075 s
i n hexane) adghktridered for 3 hours at roomtenperature. The sol ution was
cooled to -30C and Zrc 4.(1. 1 g, 4.6.mol.) ,.was added as a dry powder and
stirred at rﬁ%ﬁ? F%ﬂzi’é?e&'td@&é'?@?Opé’l’h“d@rr{g?‘hﬂhénlé% SrepindraElsheed i n vacuo
and tol uene vyaslopdded to the crude residue. The solution was filtered to
renove LiCl. The .fiitrat_e was concentrated and pentane added under heating.
The 8l ut i onragabsiiathiorendixd@-iso-promilicde[ 36 yditphiehylpheriybjindeXyBibd fradmpur e
racemc isong{c pﬁl@ 280 ng (6.0 9% . Supported Metall ocene Catal yst System 4
racem c [ 9-si g &t enebi s(4-(3,5 -di-t-butyl phenyl)-2 15

i sopropyl i ndeiee)-gildfiRrdndild-sBus/ | AR Fdidhhe flask racem c
(L7 Laf | uor onobi (4 (3G & o toub phgpnyP?Pg%ﬂiyi]ggr%g%@%q‘itaﬁ ene] zi r coni um
di chl ori de (dichbbpidg) vvas added to a MAO solution (6.74 g, 7.2 nL) and

stirred twenty giiuth@fendlyli2is B! 4-F£ 588 phenylphenyJindenyl)ohafnium
30 dichloride;
rac-9-silafluorendiyl(2-sec-butyl, 4-[3',5'-di-phenylphenyl}indenyl);hafnium
dichloride;



20 tluough a nediumglass frit funnel and washed with toluene (14 nL). To
the conbined filtrates was added dehydrated silica (4.0 g, Davison 948
Regul ar, ahbydration). This slurry was stirred for t i.hui.es,

t hen dri eg@gt@z%h% for two m nutes under vacuum on a rot a?@aﬁé%@é’?'ﬁ’or
until the liquid evaporated and then the,solid was further dried a total of
about two hours and 25 twenty m nutes. The supported catal yst was recovered
as a light purple, free flowing solid (S.17 g). WO 02/ 0257S

PCT/ US01/ 16425 40, EXANPLE L er s . )

[ 9-silafl uor e%(é' i‘@@ﬁ%@“&@ééfﬁrﬁﬁpﬂ%‘b[}eﬁ;,Cil)nhgnj’lglg?;}y&,]&qepwa@ﬁ@gpr coni um
dichl oride 5 @cRori@¥;br omobi phenyl To a stirred solution of o-dibronobenzene
" (47.3 g, 0.2 nol) in 450 nL of anhydrous THF was added 76.4 nL of n-BuLi
(1.0Min Et20). The o is 15 di bronobenzene solution was cooled in a dry

i ce/ acet one R el.l reen rgaction m xtur s .allowed to warmto
" 5C and was tﬁglr:] Iahs31/1 ﬁgﬁ”@‘i‘aﬁ%ﬁ?{ﬁif 06'[fr% 'Srlglsen%%wlﬁeﬁm%rcaewm The
resul tsng | aydinsthwr e separated and the aqueous |ayer extracted 4 times
with 4 x 20 nL portions of diethyl ether. The ether washings were conbi ned
with the ori dgpfrarsiafperendiyl(dyeehylahi’ 8 digthenylphenyblindenyRazirbatiom fil ter ed,
and concentra&a diby. distillation until the distillation tenperature reached
70C. The residu is treated with 50 nL of absolute ethanol and cooled to
gi ve 2,2'-di bnofsilafiteeydiyl(Yineprdpyias-[2,538i-shén?lh¥hyilindenyl)zirconi
9, 9-Dichl oro-9-sil Ialfl uor e%é Ifﬂt)h%ﬂt,}?n v[\n re (gt}Sgpgl, }(’)] 08 r};[))lz)lc\(xlgglmwashed W th
pent ane, car getyhicut 20 25 30 into snall pi eces, and suspended in 150 nL

of EtzO Wi 8. §tt1kAhNEnd;an2dl D bj Nl .0 ). in. 100 nL of
i ethyl et her as e R R Ty S AR BEEofer al T ove
to stir for Mimhihyks. The mixture was filtered through a frit to renove any
unreacted Li ang Lllﬁﬁr lél')cre éiltr te was | oaded into an addition funnel and
slow y dr oppdc7rBHUTeRfiykF Srbutynt -4 mi-Ayplsnginhepdfndenyd, dgonm i n 200 niL
of Et~O Aftefmeadgi;tion, the contents were stined at roomtenperature for 5
hours. The solvent was renoved in vacuo and 300 nL of pentane was added.
The sol uti on rega8-silafluaremtlyl(2-isoemoyle 44[3'(I -dapleryhthesyllividaiys), MRogivagai n
rem)vg#j in V%&i{g The solids were then | oaded into a sublimtor and all owed
to subline at 1ili%l’under full vacuum Yield was 10.0 g (51 %.

4-(3', 5" - di mehdiglsphenytendidi2-SeRp@py Uigde : il i jfpdene (10
g, 54 mmol) and Ni 2(PPh%l)(Z (1.896, [g.’SB%Tr?%m}g?gn%?g@gﬁ%g%qdﬁpwo mh of
Et 20. 3, 5- Di &0 bhenyl magnesi um bromi de (54 nmol) as a Et20 sol ution was

added under vj ger. 14 L reaction s stin~ed overni ght at
room t enper aﬁ%‘gg?ﬂ%ﬁoﬁﬂ%ﬁgﬁgﬁ&yg tti ﬁl?’ l"flye 'ﬁb’?h?r%p enylingenprgizenum

PCT/ US01/ 164 25methd]l; reacti on was slowy quenched with H20 to neutralize
unreﬁét ed Gri%%rﬁ. The solution was subsequently treated with 100 nL of
10% HY (aq) , "Emdrsheinarendigl@rmgthvh &5 arditrbenglpbenyiinsieopbbefratre aqueous

sol ution. Theipsgani c |ayer was dried with nmagnesi umsulfate and the

sol vent was renoved by rotary evaporation. The ' S remaining residue was

| oaded ont o @acsPsilafiuogeidig@-etinyl, drd’, Bldidphehyiplichyledeng),hifaiingd was 5.5 ¢
(39% . lithium f"r%%- , 5' -di net hyl phenyl ) - 2-i sopro~yl i ndene

4-(3',5" -di rrefﬁ#‘ycf enyl)-2-nethylindene (5.6 g, 24 nmol) was dissolved to
in 80 nL of p&RY-sEluokendivi i ' . : i (2.5Min
hexane) and the reaction }bv}/g%nzﬂ)%qmbﬁmt’g@@tﬁﬂﬁgh%ﬁé aflﬂﬁ%lg% enperature. A
whit €250l i d gieehylht ated from solution and was col lected by frit filtration

and washed wi.t hyaddd tional. pent ane., Yield was 4. 80 % . 15

9-si | af | uor ‘é"'rr]%cg? 5 azhu(oﬁen@y@gisﬁﬂwlﬁhgﬁ roi= -eilﬁag?%@ﬂqgﬁszﬂ@ﬁnum

9, 9-di chl or odfinghylaf | uorene (1.4 g, 11 mmol) was di ssolved in 80 nL of THF.
To this solution was slowy added |ithium

4-(3',5' -di %@P%@m@iﬂ@bw, Arldefrdli-pRerylghengHindenyll phafsivar dimethipdyvder and
t he sol ution Ssid.rred. rnjaht,. ter.this ti t he.sol vent, was
"renoved in vgé(%ﬁ%mz%ldd{ Og?glyﬁéglln g%pvz\;/a@g "ﬁ'tbmwpﬁenylﬁdeny )azirconium n*-1,4-

30 diphenyl-1,3-butadiene;

rac-9-silafluorendiyl(2-ethyl, 4-[3',5'-di-tbutylphenyl]indenyl),zirconium n*-1,4-
diphenyl-1,3-butadiene;



20 taken up in diethyl ether. The solution was filtered through frit to
renove Li Cl and the sol vent was renoved in vacuo and used as a crude
product ( f0or the next step. <

[9-sil afl%’rl"ezﬁgfo{’s(4-(3' .5 - di met hyl phenyl } - 2-i sopr opyl i ndene=2r %" 25 The
crude solid fromthe previous step (2.1,9. 3.2 mmol ) was taken up in 50 niL
of diethyl ether. To this solution was slowy added n-BuLi (2.56 nL, 2.5 M
in hexane) and then stirred for 3 hours at roomtenperature. The sol ution

was cool ed to - 30! nd zrd4 (0.74 3 2 I s, added as a dry powder
and stirred é%c'ﬁi ‘foé?ﬁfg\‘(?éaﬂ?péoﬂyér‘g@ ’ﬁo‘ﬁrtggg’ﬁ’@nﬁ P@@Wﬁ)ﬁbﬁ‘é’nﬂ@hﬁved in
vacuo and 3o {tQlh: was led..to the crude residue. The sol ution was
filtered to rléﬁlygaﬁlg?b%gﬁgl’ltrate was concentrated and pentane was
added under h&s®-sitafluctreliy@-isoippopyied [ 3 Godielutytphiengdilinden)sit@nking a4 on.
Yield of pure rac/meso netall ocene was 120 ng (3.8%. WO 02/ 02575 _ ~? _
PCT/ US01/ 16438-dnbevitlettbwrdigng;ocene Catal yst System 5 Rac/ neso

[ 9-silaf | uorenepi - (3 = Hs di h e -2 1 r l{ ndene] zi kconi um
i enl o oy it 2 s aichehai R D SR s fooR AN AR

[ 9-sil af | uor qpﬁﬁgﬁé@{ﬂg-bﬁh@ﬁkﬁ@,t hyl phenyl ) - 2-i sopr opyl i ndeneJzi r coni um
dichloride (0.076 g) was_added to the MAO solution (6.74 g, 7.2 nL) and
stirred twentac-Srsiafussendipl(Zsispeatyli 4-{BSedi-tbriyiphghydindewilhniresingms frit
funnel and V\%fctmagidvevith toluene ( 14 nm). To the 1 o conbined filtrates was
added dehydra 20 S ca (4.0 g, Davison 948 Regul ar, 600C dehydration).
This slurry waso-sillafiuoeshdif(2-5seesiityl, J[BS-@BtbutshsiendT]iRen @AY,z orfurh qy'- t Wo

m nutes under vacuumon a rotary evaporator until the |iquid evaporated,
and tHen the lgodiphenydd . 3-butadiene;dri ed a total of about 2 hours and thirty
mn . Th or r | | I fr.

£l O\IIJ\; ﬁ; sol ie agclffgg@gi@gergﬁ)?l@Fge_sgt}-l*\}:t\ﬁ-?-{f1{?’55@3E{b%gylgﬁen?'l]9nlé1enylg)2%{rgon?1’1m n4-e ©
rac-9-sil af | yor. GRG0 3-pRhMELd; ndenyl ) zi rconi um di met h~ 20 9-Sil af | uorene,
9, 9-bi s-2- Met hyl i ndéne”Solid 2-Met hyl i ndenyl lithium (3.34 g, 24.S2 nunol)
was added t orae-Ssilaftusgenslay](R-inethybf4-18,,8-tbi-chl or o, 9-si | af | uorene (3.08 g,

12. 26 1) in. Et20 25.. i.d th | t.ant mi xt : ti d at
oo t anpet ab U BpS e LR D abond " aLd-d BB SRR 2 due was
extragt ed |ng.&_@h{%gﬂﬁsﬂ(\?g%27§11ﬁ}4_{3vf5r_{)itser ed and 25 the sol vent renoved

giving a white powder was’ washed with pentane (ca. 50 nL) and dried
under vacuuntdifmvomgth9lpBehdiihdorybparcofivg n‘i-tﬁadimmu 3rblgadieres a white

powder (3.80 g,.71 9% . Preparation of 9-Silafluorene,
9, 9- bi s- 2- Nbf%{/?’f‘}ﬂfﬁ?ﬁnd&ﬁ ﬁ’f‘ﬂ‘lﬂ#ﬁdf?’kgékf‘ﬁ'r ry of 9-Silafluorene,
9, 9-bi s-2- %E@Hddr&g@ig\?lfﬁzuéﬁﬂggenﬁiﬁgom ')]4-'1,'3r—£bﬁéay(—cfﬁr-bu?c§%igﬁe), was treated

with n-butyllithium M sol'ut1ion 1 n"hexanes) and the
resul tant mi xdced-silaftuorengdyl(Zotso-prémy4-EX, 5 iem t enper at ure produci ng a pal e
yel l ow precipitate. The m xture s filterged tg isolate th ale w0
(12/ 134257 P L@Wﬁ%ﬁ%ﬂﬁjm@y SAICOWELT - AP Rk R Geeander vacuum
giving 9-Si | afld + 9r Dl i oyl d:pdenyl dilithiun(Et20)o,5 (3.80 g,
88% . Prepar ggtci%%li o¥ §er%'|‘}lggfb*§8§’éﬁt3g¥9&€| s- 2- Met hyl i ndenyl Zirconi um
Di met hyl 5 Atiflucrornethgfpheny$iihddolyl)erigoriuntn 91 didipienybl Bybitadiary |
dilithiumEtzO)o.; . ) .

rac-9-silafluorendiyl(2-iso-butyl, 4-[3',5'-bis-

trifluoromethylphenyl}indenyl),zirconium n*-1,4-diphenyl-1,3-butadiene;

25 rac-9-silafluorendiyl(2-sec-butyl, 4-[3',5'-bis-
trifluoromethylphenyl]indenyl),zirconium n°*-1,4-diphenyl-1,3-butadiene;
rac-9-silafluorendiyl(2-tert-butyl, 4-[3',5"-bis-
trifluoromethylphenyl]indenyl),zirconium n*-1 ,4-diphenyl-1,3-butadiene;
rac-9-silafluorendiyl(2-methyl, 4-[3',5"-di-iso-propylphenylJindenyl),zirconium

30 n*-1,4-diphenyl-1,3-butadiene;



(1.83 g, 3.69 nmol) and Zrd 4 (0.95g, 4.08 mml) in benzene (ca. 25 nL) was
stirred for 80 mnutes at roomtenperature produci ng an orange solid. The
m xture j ed and the orange solid was washed with ) on

m Xi ng wﬁoﬁ)?{le'isggenzene filtrate, the hexane wash pr oducedp(gi‘@g'ﬁﬂgv&\#%sol id
and this 10 mxture was filter ed to rempve the yellow solid. The sol vents
were renoved fromthe resulting benzene-hexane filtrate produci ng an orange
solid. The second orange solid was washed once with benzene and twice with
pent ane and dri egd, der &ﬁ:(uum A slurry of this orange solid in benzene

(ca. 10 nl) wASryearegnaivt(G-cdrdnyhl.S drisopropyiphengllipdmnydoriveondm N Et 20)

and the m xtufg. iR for 15 mnutes at roomtenperature. D oxane
" (ca. 2-3 nL) Vas Yasgzdi’?(?%ﬁﬁ%élﬁi xture which was filtered to produce a clear

yellow filtrahe9-slhaflusiehdigiR s1-popel, 44BToaitisoropiilpRenyl jiddeays,z#bétRhmYacuum
giving pure rac-9-5i | afluorene, 9, 9-bis-2 Methylindenyl” Zirconi um Di net hyl
(0.035 g, 1.7y L4spleaylyi@rugeslisnons | sot actic Pol ypropyl ene Honopol ymer The

pol ynmegi zati r {05 .produci ng.honopol yners. W t-h the suppart ed

Cat Al yot - oystang Bl R 02 R BT 3 A R B R et B35 i ch
i s descri bed el owliphwasl-83-Hupddignes. |n a clean, dry two liter autoclave

whi ch had been flushed with propyl ene vapor, TEAL scavenger (0.3 ni, 1.5M

was added. Hy@¢dgelatlaerendisk2-adeierl, 41[3'13vdsisoairapylphenyhitidenylapdircattiemquant i t y

of hydrogen i m|linggles.for each psi added as shown in the Tables.
The reactor W §ll’é%56%l]§’8yféthg%‘ﬁ%rdlle@ﬁ’mﬂh 800 nL liquid propyl ene. After

heating the 3@coefaf@sreh@yl(Bgsd-RALLalS% RRLBHRELARhRM; Lakdiey the
catal yst was ((:jded by r&/as %(ngsi n g\n? h[ggr@gﬁéﬁéb%@%%&@t%&@?%%%ﬁ‘g
i ndi ca ed ti me;l.¢yleayl-i,3dmneadimegr , t he reactor was cool ed, and the excess

ropyl ene vented. . The pol. r S [emyved _ and dri ed. WO 02/ 02575 -44
IF:))CT/p{JSO 1/ 16 42%01%5*11]9%91%9@@'-’%6%@?%5 4?@',ﬁ-dl-?so-propylphenyl]indenyl)zzirconium
rac-9-sil afl Wtﬁm@%h%ﬁgiﬂﬁlﬂﬁﬂdﬁe{hg?nyl ) zi rconi um di met hyl as Catal yst
Precursor - |sotactic Polypropyl ene Honmopol yner Procedure A sol ution of
triisobutyl alreedrsilafliareBiy)2-sertbetyl dr[3(D-B-isd-probyphdiB%imddayl yicom@ms ol ut i on

in toluene) in toluene (0.7 nl.) was added to a dry clean two liter
aut ocl ave un(féflt’g'dmﬁlepﬂg%g‘bﬁtﬂd&é‘.e; The autoclave was filled with 300 nL of

l'i qui I : The.cat al forni.ed.b ti th
caral y5r ot echr SonanlEREe DR 1 AR R AR Bl e B vt or 1

equi nol ar anmdydiphenyltiQd-benegicpea. 1-1.5 nm) for a period of five m nutes,
was flushed into 1 o the autoclave with 100 nL of propyl ene. The

pol yneri zat i dA&IwepBuarandiyleretiyt, 4915 fdifiscepropyiphenydEndeny Bphathiuotnt he
reactor was gogl d 1] xcess propyl ene was vented. The pol yner was
renoved and gr"?g%ﬂeﬁgﬁd%ﬁﬁtgglﬁg ymer (RCP) 15 The pol ynerization procedure
for produci ngad-antiefGeriyyIElethyl 4—[3',5*3&-1%1&9 ﬁ&lﬁ@i‘iﬂﬁl?i)%rcoﬁﬁﬁlﬁ?m
prepared as described above was as follows. 1n a'clean; "dry two liter

aut ocPhve while¢hdivhenyldetrbrtadishesd with propyl ene vapor, TEAL scavenger (0.3

quanti vy of Rt opend LRI B T A ohety Sheon TR hdermun - iehown i

the Tabl es. Tisheh@latsWutaiaseC! osed and filled with 800 nml |iquid propyl ene.
After heating the reactor to 60 C, a partial pressure of ethylene was added
as i ndi cat ed ram@-silafduorentiylCanairgt, 448, 5 adidgtnplphevad indeyyl)srirsotiompiopy | ene
(200 m). Et %‘1 en 33 s fed to maintain a constant pressure. After the

i ndi cated time, ‘ng}%' RrOBAECAGUr . the reactor was cool ed, and the excess
25 propyl ene rgolsRifndr&: Ly Led. | npact
Copol yners (1 CP) The po%yrrle‘(,lreimz)g??%y}hﬁ%%eﬁl een re’%’?%ﬁ&%ﬁﬁq&@&f th the
support ed catatlysdiphprtldnd-bpladivae;ed as descri bed above was as follows. In a
‘clean, dry two 30.l1iter oclave which had been f| ushed wi th propyl ene
vapor, TEAL §%§'§H@@W féﬁﬂﬁ%ﬂ:b“ 15143 ,\ﬁa@l-%ttfawherﬂglhn@@éazzgragnlmsnﬁdded at
_this point. ] Ity . rogen is 1.55 mllinoles for each psi added
as shown in E%d@g eél.’ylf'ﬁfgdlr@efgctor was closed and filled with 800 niL
liquid propy Irm@-sildﬂdo@ﬁndﬂﬂ@l—isﬂg)ut}}‘l%-ﬁ',Mﬂﬁie@?@ﬁényl]iﬂ&nyﬁ%ﬂcbﬁgﬁ{ #8425
reactor to 70 C_ the catal yst was added by washing in wth pr opylene (200
m). Fter tﬂél'ihﬁh‘?%’é‘tle?db‘ﬂt?#él}e;typi cally one hour, the reactor was vented
to about 170 psig pressure and then an ethyl ene/ propyl ene gas m xture was
passed through the reactor at the rates indicated while maintaining 200
psig. At the end of the gas 5 phase stage, typically 90 to 150 m nutes, the
reactor was vented and cool ed under N2. The granul ar | CP pol yner was
renoved and dried. Polynerization run niunbers 1-14 were nade using
Supported Conparison Metall ocene Catal yst System 1l. Results are reported in
Tables 1 and 2. 1o Pol ynerization run nunbers 15-25 nade using Supported

S~ = AR A 1 1 o ~ 1+ 1 ~ . o~ -~ T - N o ~




Pol ymeri zation r~ui nunbers 65-71 were made using Supported 15 Metal |l ocene
Catal yst System 3. Results are reported in Tables 5 and 6. Pol yneri zation
run numnbe wer e made usi ng Supported Metall ocene ¥t em 4.
Resul ts aﬁ‘?%%%ﬁ ed in Tables 7 and 8. 20 , Polyneri zat icg];nalr/%%ﬁﬂg%gers | 33
and | 34 were made using Supported Metall,gcene Catal yst System 5. Results
are reported in Tables 9 and 10. Pol ynerization run nunbers 135 and 13G
were made using Metall ocene Catal yst System 6. Results are reported in
Table 11. 25 POLYNER ANALYSI S Mol ecul ar_wei ght determ nations vere,made by
gel perneati 6%‘3ﬁy§ﬂ%r6'§jr‘)§lg%§ar(‘@@ aoe @%ﬂawgglxlﬂlqnwglrﬂsnylmr?@wraaﬁni que.
Mol ecul ar weiigh angl- I wei ght distributions were nmeasured using
a Waters 150&%%@11%g§lxgtb%gﬁgﬁra%ﬁat ography equi pped with Shodex (Showa
Denl co) AT- 8045 silaflusrasdi pl(® sec-blitf 1 ¢+[8' 1 dabhémipirnyijindenypexconizh \\*det ect or
operating at 145 Cw.th 1,2,4-trichlorobenzene as the nobile phase at a 1.0
nL/min. 1 owlratighenyd.3-byiedigpe.0257S PCT/ USO1/ 16425 - 46 sanpl e injection
vol ung was 300 microliters. The colums were calibrated using narrow

pol ystyrene standards to generate a universal calibration curve. The

pol ypropyl ene cal i"Brsiiaflasrendiyl-Vefovaso s sabstitwdned using k = 8.3 3 X 10-5 and
a = 0.800 as the Mark-Houw nk coefficients. The nunerical analyses were
performed 5 using Waters "Expert-Ease" software running on a VAX 6410
conputer. Ethylene amounts in the random copol yners were determ ned by
FT-1R using a calibration obtained from sanpl es whose conposition was
determ ned by NVMR 10 DSC nelting points were determ ned on conmmercial DSC
instrunments and are reported as the s#£oRd nelting point. The pol yner
granul es weighing less than 10 mllig i were heated to 230.0C for ten

m nutes and then cool ed from 23QC 3

5Q€”at 10Chni nute. The sanple is held
at 50C for five minutes. The 15 3%cond|nelt is then recorded as the sanple
is heated from50C to 200C at a~zatse 0C/ m nute. The peak tenperature is
recorded as the second nelting point, J' Pol ymer Extraction Method The | CP
pol ymer was di ssolved in hot xylene ang fhen allowed to cool 20 overnight.
After f lItration the insolubes are dried. The xylene sol uble portion was
evaporated and the soluble naterial recovered. The IV of the recovered

sol ubl e materi al [ cal.j.n.: ' . t hgds and
i nstrunents such gg'%a&g%}ﬁg%eﬁg% (@S ?Sowegté%;si#%%gﬁeﬁﬁt% F@@ggp%eﬁ 75 At
very hi gh | CRchBiquthksowrefrhmdhe Giteraute; fotexsmple USwPatehelod. &579863d and
isotactic PP ower .the observed 1Y. |1CP Polyner Fractionation
Vorholf The 1| D31 Bath Rtet Bip DO PN RIStk 2t or i 5. | ne. t o be 30
fracti onated and anal yzed by GPG A generally described of the procedure is
found in the reference J. C Randall, J. Poly. Sci.: Part A Polyner
Cheni stry, Vol. 36ienesily, p8aallocagssytl this Wep® 2t 28pthesizedOa spwa ' belev C~ . . .,
= 00~ a b (I{A=91) (a) is an aryl-coupling reaction between a 4-halosubstituted indene
and an aryl Grignard catalyzed by NiCI2(PPh3)2 in ether-type solvents at room
15 temperature to reflux. Product is usually purified by column chromatography or
distillation. (b) is a deprotonation via a metal salt of an alkyl anion (e.g. n-BuLi)
to form an indenide followed by reaction with an appropriate bridging precursor
as specified in the examples. Reactions are usually done in ether-type solvents at
ambient temperatures. The final product is purified by column chromatography or
20 distillation. (c) is double deprotonation via an alkyl anion (e.g. n-BuLi) to form a
dianion followed by reaction with a metal halide (e.g. ZrCl;). The reaction are

usually done in ether-type or aromatic solvents at ambient temperatures. The final

products are obtained by recrystallization of the crude solids.
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for the polymerization of olefins. The metallocenes are preferably employed as
chiral racemates. However, it is also possible to use the pure enantiomers in the
(t+) or (-) form. The pure enantiomers allow an optically active polymer to be
prepared. However, the meso form of the metallocenes should be removed, since
the polymerization-active center (the metal atom) in these compounds is no longer
chiral due to the mirror symmetry at the central metal atom and it is therefore not
possible to produce a highly isotactic polymer. If the meso form is not removed,
atactic polymer is formed in addition to isotactic polymer. For certain

applications this may be entirely desirable.

Rac/meso metallocene isomer separation is facilitated when metallocenes

containing certain bridging groups are prepared. We have found this to be true

when the bridging group, R13, is represented by the formula:

R] 8
21
- 2 R
R24 X R22
R23

wherein: M2 and R17 to R24 are as defined above. )

Metallocenes are generally used in combination with some form of
activator in order to create an active catalyst system. The terms “activator” and
"cocatalyst” are used interchangeably and are defined herein to mean any
compound or component, or combination of compounds or components, capable
of enhancing the ability of one or more metallocenes to polymerize olefins.

Alklyalumoxanes such as methylalumoxane (MAO) are commonly used as

, Ol

O
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repeating units:

R(AIRO ),AlIR; for linear species and
5 (AIRO )i for cyclic species

where R is a C1-Cg alkyl including mixed alkyls. Compounds in which R is

methyl are vparticularly preferred. Alumoxane solutions, particularly

methylalumoxane solutions, may be obtained from commercial vendors as
10 solutions having various concentrations. There are a variety of methods for

preparing alumoxane, non-limiting examples of which are described in U.S.

Patent Nos. 4,665,208, 4,952,540, 5,091,352, 5,206,199, 5,204,419, 4,874,734,

4,924,018, 4,908,463, 4,968,827, 5,308,815, 5.329,032, 5,248,801, 5,235,081,

5,103,031 and EP-A-0 561 476, EP-B1-0 279 586, EP-A-0 594-218 and WO
15 94/10180, each fully incorporated herein by reference.

lonizing activators may also be used to activate metallocenes. These
activators are neutral or ionic, or are compounds such as tri(n-butyl)ammonium
tetrakis(pentaflurophenyl)borate, which ionize the neutral metallocene compound.
20 Such ionizing compounds may contain an active proton, or some other cation
associated with, but not coordinated or only loosely coordinated to, the remaining
ion of the ionizing compound. Combinations of activators may also be used, for
example, alumoxane and ionizing activator combination, see for example, WO
94/07928.
25
Descriptions of ionic catalysts for coordination polymerization comprised
of metallocene cations activated by non-coordinating anions appear in the early
work in EP-A-0 277 003, EP-A-0 277 004 and U.S. Patent No. 5,198,401 and
WO-A-92/00333 (each incorporated herein by reference). These teach desirable
30 methods of preparation wherein: metallocenes are protonated by an anion
precursor such that an alkyl/hydride group is abstracted from a transition metal to

make it both cationic and charge-balanced by the non-coordinating anion.



Mwv >, co~~NNNNNNNNNNNUt%OU‘r~n~Ot~OO~O~NM~t
W.-, .-~~NNGC1NNCI O0.., Il I o ~0000~ N~~~ ~~~ 0 U.OlLINUO
O OO0 ~ Q—,QOOO*OO[)“""O ~O0 ~0 ~-D ~O p~ M- ZT/UO] Has L +~
Fd'MMMI\/N‘Qﬂ 00000 'c~ d~ N~UM~ 00 ~' ~t|vlu" d?-l
0lc~I N=Y~-NO-Q, . NNM~ppCt ~~~t M~ ~ N_gj NMdOoo N~-O~ N--~ 1~ OND
OOpNO~N~~OO|~.-, o0 ~1*M\O'~1~"J1 &V~M~MMMNNN~ |-~

-~ ~ -0, -ShitaBld Mnic-satld mciude fetrakis-sub&itited boRate %ﬂi%&ﬁ#@ﬂt@ﬁ&gg
U2/02575 50 ~.t~ Q0 rpo~ ~ ~ 00~ ~ ~ ~ Ovi 00

00 M ~O O~ ~ ﬂ)londed/a;yl*cgnst@ents.@chwgpheltyl blpllenyhand pthyT. O~ NN N M N fV N
NNNMN7.-a”~oveco0OO0O0,no00 00O- NDOoOM~w O- NVONNNNN ~
V~~v-7CQJyWW~00O0O~~~oMWbc *c .~'v~-CA "N~~~~"n~r . .., M~
~ ", N Nten, aGihe rf0'mh-cebrdinating dNioh" CNCAA) Mefds an anibn (WhiSl eithef -
000 EG M does not coordinate to said cation or which is only weakly coordinated to said
cation thereby remaining sufficiently labile to be displaced by a neutral Lewis
base. "Compatible" non-coordinating anions are those which are not degraded to
neutrality when the initially formed complex decomposes. Further, the anion will
not transfer an anionic substituent or fragment to the cation so as to cause it to
10 form a neutral four coordinate metallocene compound and a neutral by-product
from the anion. Non-coordinating anions useful in accordance with this invention
are those which are compatible, stabilize the metallocene cation in the sense of
balancing its ionic charge at +I, yet retain sufficient lability to permit
displacement by an ethylenically or acetylenically unsaturated monomer during

15 polymerization,

The use of ionizing ionic compounds not containing an active proton but

capable of producing both the active metallocene cation and a non-coordinating

anion is also known. See, for example, EP-A-0 426 637 and EP-A- 0 573 403

20 (each incorporated herein by reference). An additional method of making the
ionic catalysts uses ionizing anion precursors which are initially neutral Lewis

acids but form the cation and anion upon ionizing reaction with the metallocene
compounds, for example the use of tris(pentafluorophenyl) borane. See EP-A-0

520 732 (incorporated herein by reference). Ionic catalysts for addition

25 polymerization can also be prepared by oxidation of the metal centers of transition
metal compounds by anion precursors containing metallic oxidizing groups along

with the anion groups, see EP-A-0 495 375 (incorporated herein by reference).

Where the metal ligands include halogen moieties (for example, bis-

30 cyclopentadienyl zirconium dichloride) which are not capable of ionizing
abstraction under standard conditions, they can be converted via known alkylation

reactions with organometallic compounds such as lithium or aluminum hydrides

or alkyls, alkylalumoxanes, Grignard reagents, etc. See EP-A-0 500 944 and EP-
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metallocene compoung/I prior to or w1t¥| I\ﬂe a(%luon of activating anionic

compounds.

Methods for supporting ionic catalysts comprising metallocene cations and
NCA are described in WO 9950311, U.S. Patent Nos. 5,643,847 and 5,972,823,
U.S. Patent Application No. 09184358, filed November 2, 1998 and U.S. Patent
Application No. 09184389, filed November 2, 1998 (each fully incorporated

herein by reference).

When the activator for the metallocene supported catalyst composition is a
NCA, preferably the NCA is first added to the support composition followed by
the addition of the metallocene catalyst. When the activator is MAO, preferably
the MAO and metallocene catalyst are dissolved together in solution. The support
is then contacted with the MAO/metallocene catalyst solution. Other methods

and order of addition will be apparent to those skilled in the art.

The catalyst systems used to prepare the compositions of this invention are
preferably supported using a porous particulate material, such as for example, talc,
inorganic oxides, inorganic chlorides such as magnesium chloride, and resinous

materials such as polyolefin or polymeric compounds.

Preferably, the support materials are porous inorganic oxide materials,
which include those from the Periodic Table of Elements of Groups 2, 3, 4, 5, 13
or 14 metal/metalloid oxides. Silica, alumina, silica-alumina, and mixtures
thereof are particularly preferable. Other inorganic oxides that may be employed
either alone or in combination with the silica, alumina or silica-alumina are

magnesia, titania, zirconia, and the like.

Preferably the support material is porous silica which has a surface area in

the range of from 10 to 700 m2/g, a total pore volume in the range of from 0.1 to
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preferably, the surface area is in the range of from 50 to 500 m2/g, the pore
volume is in the range of from 0.5 to 3.5 cc/g and the average particle size is in the

range of from 20 to 200 um. Most desirably the surface area is in the range of

5 from 100 to 400 m2/g, the pore volume is in the range of from 0.8 to 3.0 cc/g and
the average particle size is in the range of from 30 to 100 um. The average pore
size of typical porous support materials is in the range of from 10 to 1000A.
Preferably, a support material is used that has an average pore diameter of from 50
to 500A, and most desirably from 75 to 350A. It may be particularly desirable to

10 dehydrate the silica at a temperature of from 100°C to 800°C anywhere from 3 to

24 hours.

The metallocene, activator and support material may be combined in any

number of ways. More than one metallocene may also be used. Examples of

15 suitable support techniques are described in U. S. Patent Nos. 4,808,561 and
4,701,432 (each fully incorporated herein by reference.). Preferably the
metallocenes and activator are combined and their reaction product supported on

the porous support material as described in U. S. Patent No. 5,240,894 and WO

94/ 28034, WO 96/00243, and WO 96/00245 (each fully incorporated herein by

20 reference.) Alternatively, the metallocenes may be preactivated separately and
then combined with the support material either separately or together. If the
metallocenes are separately supported, then preferably, they are dried then

combined as a powder before use in polymerization.

25 Regardless of whether the metallocene(s) and their activator are separately
precontacted or whether the metallocene(s) and activator are combined at once, in
some instances it may be preferred that the total volume of reaction solution
applied to porous support is less than 4 times the total pore volume of the porous
support, more preferably less than 3 times the total pore volume of the porous

30 support and even more preferably in the range of from more than 1 to less than 2.5
times the total pore volume of the porous support. Procedures for measuring the

total pore volume of porous support are well known in the art. One such method
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10 The metallocene catalyst systems described herein are useful in the
polymerization of all types of olefins. This includes polymerization processes
which produce homopolymers, copolymers, terpolymers and the like as well as
block copolymers and impact copolymers. These polymerization processes may
be carried out in solution, in suspension or in the gas phase, continuously or

15 batchwise, or any combination thereof, in one or more steps, preferably at a
temperature of from 60°C to 200° C, more preferably from 30°C to 80°C,
particularly preferably from 50°C to 80°C. The polymerization or

copolymerization is carried out using olefins of the formula R&CH=CH-Rb . In
this formula, R2 and Rb are identical or different and are a hydrogen atom or an

20 alkyl radical having 1 to 14 carbon atoms. However, R and RP may alternatively
form a ring together with the carbon atoms connecting them. Examples of such
olefins are ethylene, propylene, 1-butene, 1-hexene, 4-methyl-1-pentene, 1-octene,
norbornene and norbornadiene. In particular, propylene and ethylene are
polymerized. The metallocenes and metallocenes catalyst systems of this

25 invention are most suitable for the polymerization of propylene based polymers.

If necessary, hydrogen is added as a molecular-weight regulator and/or in
order to increase the activity. The overall pressure polymerization system is from
0.5 to 100 bar. Polymerization is preferably carried out in the industrially

30 particularly interesting pressure range from 5 to 64 bar.
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Typically, the metallocene is used in the polymerization in a concentration,
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based on the transition metal, of from 107 to 10 mol, preferably from 10* to 10
7 mol, of transition metal per dm’ of solvent or per dm® of reactor volume. When
alumoxane is used as the cocatalyst, it is used in a concentration of from 10

5 10" mol, preferably from 10" to 10 mol, per dm® of solvent or per dm” of reactor
volume. The other cocatalysts mentioned are used in an approximately equimolar
amount with respect to the metallocene. In principle, however, higher

concentrations are also possible.

10 If the polymerization is carried out as a suspension or solution
polymerization, an inert solvent which is customary for the Ziegler low-pressure
process is typically used for example, the polymerization is carried out in an
aliphatic or cycloaliphatic hydrocarbon; examples of which are propane, butane,
hexane, heptane, isooctane, cyclohexane and methylcyclohexane. It is also

15 possible to use a benzene or hydrogenated diesel oil fraction. Toluene can also be
used. The polymerization is preferably carried out in the liquid monomer. If inert

solvents are used, the monomers are metered in gas or liquid form.

Before addition of the catalyst, in particular of the supported catalyst
20 system, another alkylaluminum compound, such as, for example,
trimethylaluminum, triethylaluminum, triisobutylaluminum, trioctylaluminum or
isoprenylaluminum, may additionally be introduced into the reactor in order to
render the polymerization system inert (for example to remove catalyst poisons
present in the olefin). This compound is added to the polymerization system in a
25 concentration of from 100 to 0.01 mmol of Al per kg of reactor contents.
Preference is given to triisobutylaluminum and triethylaluminum in a
concentration of from 10 to 0.1 mmol of Al per kg of reactor contents. This allows
the molar Al/M' ratio to be selected at a low level in the synthesis of a supported
catalyst system.
30
In principle, however, the use of further substances for catalysis of the
polymerization reaction is unnecessary, i.e. the systems according to the invention

can be used as the only catalysts for the polymerization of olefins.
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The process according to the invention is distinguished by the fact that the
metallocenes described can give propylene polymers of very high molecular
weight, melting point, and very high stereotacticity, with high catalyst activities in

5 the industrially particularly interesting polymerization temperature range of from

50°C to 80°C.

The catalyst systems of this invention are capable of providing polymers,

particularly propylene homopolymers and copolymers, of exceptionally high

10 molecular weight and melting point even when used in processes under
commercially relevant conditions of temperature, pressure and catalyst activity.

Preferred melting points are at least as high as 155°C, more preferably at least

157°C, even more preferably at least 157°C, and most preferably 160°C or more.

15 The catalyst systems of this invention are also capable of providing
propylene polymers having high stereospecificity and regiospecificity. Isotactic
propylene polymers prepared according to the processes of this invention may
have a proportion of 2-1-inserted propene units of less than 0.5%, at a triad
tacticity of greater than 98%. Preferably there is no measurable proportion of 2-1-

20 inserted propene units. Triad tacticity is determined using *C-NMR according to
J.C. Randall, Polymer Sequence Determination: Carbon-13 NMR Method,
Academic Press New York 1978. Polymers prepared using the processes of
described herein find uses in all applications including fibers, injection-molded

parts, films, pipes etc.

25
While the present invention has been described and illustrated by
reference to particular embodiments, it will be appreciated by those of ordinary
skill in the art, that the invention lends itself. to many different variations not
illustrated herein. For these reasons, then, reference should be made solely to the
30 appended claims for purposes of determining the true scope of the present

invention.
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EXAMPLES

All air sensitive experiments are carried out in nitrogen purged dry boxes.
All solvents were purchased from commercial sources. 4-Bromo-2-methyl indene,
10 4-chloro-2-methyl-indene and tris (perfluorophenyl) borane in toluene were
purchased from commercial sources. Aluminum alkyls were purchased as
hydrocarbon solutions from commercial sources. The commercial
methylalumoxane ("MAOQO") was purchased from Albemarle as a 30 wt% solution
in toluene. The metallocenes racemic dimethylsiladiyl(2-methyl-4-
15 phenylindenyl), zirconium dichloride and racemic dimethylsiladiyl(4-[1-naphthy]-

2-methylindenyl), zirconium dichloride were obtained from commercial sources.



R's RRI9 RRO Rz 1/ /| Ra ~ R2z R23 wherein Rl ~ to R24 may be identical

or different, and are each a hydrogen atom 1 o a C 1-C 10 al kyl group, a C

1-C 10 al o4p, a C6-C 10 aryl group, a C 6-C 10 ary 1 , a

C2-C 10 al ééﬁ@/ Dgérdloup, a C2-C4 al kenyl gr oup, a C--c0 ary+§ﬁé§/‘ﬁ“§¥b§up, a

C~- 40 al kyl aryl group, a Cg-C40 aryl al k%n group, an OH group or a

hal ogen atom or two or nore adjacent cals Rl~ to R24, including R20

and R21, together with the 'WL"UM? WEWMI‘L@ phenyl groups) form one

t 5 or nore rings fused with the phenyl groups} gi M2 is carbon, silicon,

ger mani um or tiran;enzindimptliydnhhkiiy;l(2smbﬁiyil-t4mlmaiyhndm)é)zzlecmuumrtgclnomdéi ons of

the indenyl rings. Caim2. A conpound represented by the formula: WO

© 02/ 02575 -59 | K R13 )4 PCT/US01/ 16425 wherein: Mis selected from

titanium zirconi um BahpbMEd CoaljatisdMahARADCAA haéylgmm&hrom um

nmol ~~bdenum and tungsTe erent, and

" are eath a hydrogenamﬁ’ﬂllae@)’bll@lwl@ Iabtlhyl-4g1’rmuy)lm®n&l)iz-l®0humlaI koxy
group, a C6-C 1 p aryl group, a CG group, a C2-d p al kenyl

group, a C2-C4 allcenyl group, a C 051 ﬁmggk group, a C~--C4p

al kylaryl group, a Cg-Cq.p arylal kenyl group, an O—l group, or a hal ogen

atom or R and R2 axe a conjugated dinme which is optionally |0 substituted

with one or nore hiidao@8r B\ round; bofjam dlask U?PQ@ICI Jimeglyyduilediyd(R-methyl-4-

tri(hydrocar I e Vi ng.u Q _atons

not count i ng%%?%ﬁ%hwﬁé%&% qﬁ%ﬁ&%)e C&g Sg é%?tgﬁqceﬂgflf @ngg% Vihd are
each ao hydrog&lde@td)mMAd‘laihﬂgﬁlrmmOgm zurm)km@ stirtad @ty ngheed wﬁisabasrmy be
hal ogenat ed, a Cg-C 1 p aryl_ 15 group which nay be hal ogenated, a -C1lp

al kenyl groupfil teéectthr@ﬂ? a giegiug) glass Gt dupgel anctwa@fdpwm eaeyl4 gnlduﬁo a
Cg- CAp ar yI al 3Rk al ,
wher ei n: |ﬂéﬁggﬁ}gbgifée%ﬁa?ogeun?aé?%dm§5y d@%&dlg Cgﬂﬁeg’ @53‘30566‘% I{zfﬁ%?’c 1

aryl group, R(®°CsleRpdrati¢h)) This slﬁtpﬁw@?éﬁ?ﬁﬂﬁr{ﬁ&tﬁhﬂnﬂbﬁth@ﬁdméd MAU0RZ1 R24 ~
R22 R23 PCT/ L}{gogl 16425 wherein: R1 ~ to R-4; and a{le_as, defined_in
claim1; and 0 PHRUTES HRdel VaCHRITRY 38T SKIROEAPT 'H%“ld ¢ Hevid gvapgsgiedach
have tlbe Meanigihes i 88lid Rhs R3nRP B4 2 todl otf"%oﬁtdivﬁpﬁ@&rﬁe%lﬂ %Exﬁg tWo

together with the atons connecting themare joined toget ama ring.
d ai m 3. The wowpsunbhosuppogidcatabyst staairac@veradher eilightvBrange, sfrdel flowingd ai m
4. The corrpouniid?g 6§| z;u m2 or claim3, wherein AEl is zirconium titanium
or hafnium 3%

COMPARATIVE EXAMPLE 2
20 racemic dimethylsiladiyl(2- methyl-4-[1-naphthy]indenyl),zirconium
dichloride

Supported Comparison Metallocene Catalyst System 2

racemic dimethylsiladiyl(2- methyl-4-[1-naphthy]indenyl),zirconium
25 ' dichloride/MAO

In a 100 mL round bottom flask racemic dimethylsiladiyl(2- methyl-4-[1-
naphthylJindenyl), zirconium dichloride (Comparison metallocene 2, 0.064 g) was
added to a MAO solution (6.74 g, 7.2 mL) and stirred twenty minutes. This was

30 filtered through a medium glass frit funnel and washed with toluene (14 mL). To
the combined filtrates was added dehydrated silica (4.0 g, Davison 948 Regular,
600°C dehydration). This slurry was stirred for twenty minutes then dried at 40°C

for two minutes under vacuum on a rotary evaporator until the liquid evaporated,



Claim5. The compound of claim4 wherein Mis zirconium 15 Caim6. The
conpound of any of clains 2 to 4, wherein R4 is not hydrogen. f Caim7. A
conpound aso@bmisred in any of clains 1 to 5 and represent egcg)ﬁ 61?1%4%0rrm| a:
WD 02/ 02575 PCT/ US01/ 16425 -61 Rlo Rl11 Rs R12 RG R~ 9 4 ~ Ee G (1) R5
12 ,11 Rlu RS to R- may be identical orzgdifferent and are each hydrogen,
or aradical 5 as defined for R3 or two or nore adj acent radicals RS to R~
toget her wi t haridhfe g B0l ROWAS Glrttg dkie@ ™ {haN B ABEuOkwWI RS " ITRES; %ﬁa}%dR& R9,
R10, R11 and Rl~ may be identical or different and each ]Qﬁave Ched neani ngs
stated for R CHRYLEMESgemverpdas ap prnandresiilaing solid @Wikrsi n R3 are i denti cal
Cl-C4 al kyl groups. G aim9. The conmpound of claim8 wherein R3 are both
met hyl groups. 15 Rl R2 ~ 1/ WO 02/ 02S75 PCT/ US01/ 16425 -62 Claim 10. A
conpound as clainmed in claim?7, wher n] idﬁnti cal and are each a CI -C 10
al kyl group; and M2 is silicon. C ai P conmpound of any of clains 7

to 10 wherein R4 to Réahfic Po-BYAIRIERRL2TE 5 {didl sconmpound of any
of claims 1 to 11, whererm RI7- S%fllm . The conpound
of any of clains 7 to 12, whmetiyvlinRenelridcddiimadiehlogidat i cal or different and

are each a Goup IVA radical having from2 to 20 carbon atons. C aim 14.

The conpound of claim 13, \@qujg R9 and R11 are identical or different and
are each a butyl group, an ~@r! I d group, or a

f1 uoroal kyl group.4-EhRémIReth und [ : i fpd R11
el TPyl B oURBRSL 20

are each a tertiary butyl group.
conpr &i ng t hempbawetcodispelvetlidh L0 nife of dfpOUNd, BDi-abytydihea}ifiagBeslurho 15

d t al \ daj-m17.. A ted tal yst. system conprising the
oroduct of  oUBie T ATamiobyes 3 ERRDsa ok feh ks e iionrandohe.
conpounds of reqyioRfwds! s@idB oVefrfohkdt réom Widpdtarht, ARSr S@Qr@:g%{ﬁ%tirﬁx Lg of

claim!|7 wherein the support naterial conprises nagnesiu orirde, silica
or a comnbi natfastor easedewlyGreanaheowiti et & atytstlize anyrasict i Grigmatd. afie of
clains 16 to rein the, cocatal onpr j r nore )
mon- coor di nat P HEPRES AEBabERp U EMR 06 Bt PR 190Hac netitatzed witn

15 saturated sodium bicarbonate aqueous solution. The organic layer was dried with

magnesium sulfate and the solvent was removed by rotary evaporation. The
remaining residue was loaded onto a silica gel column and eluted with hexane.
Yield was 4.6 g (40 %).

20 lithium 4-[3',5'-di-t-butylphenyl}-2-methylindene
4-[3',5'-Di-t-butylphenyl]-2-methylindene (4.7 g, 15 mmol) was dissolved
in 80 mL of pentane. To this solution was added 5.9 mL of n-BuLi (2.5M in

hexane) and the reaction is allowed to stir 4 hours at room temperature. A white
solid precipitated from solution and was collected by frit filtration and washed
25 with additional pentane. Yield was 3.6 g (78%).

9-silafluorenebis[4-(3',5'-di-t-butylphenyl)-2-methylindene
9,9-Dichloro-9-silafluorene (1.2 g, 9.2 mmol) was dissolved in 80 mL of
THF. To this solution was slowly added lithium 4-(3',5'-di-t-butylphenyl)-2-

30 methylindene (3.0 g, 9.2 mmol) as a dry powder and the solution was stirred
overnight. After this time, the solvent was removed in vacuo and the residue was

taken up in diethyl ether. The solution was filtered through a frit to remove LiCl



WD 02/ 02575 -G3 PCT/USO1 /1 &5 Caim20. The catal yst conposition of any
of clains 16 to 18, wherein the cocatal yst conprises one or nore

al kyl al ungxghseasti vators. Caim2l1. The catal yst conp05|tb8pU$J”ﬁ4?Jn119

wherein the cocatalyst 5 conprises a non-coordinating ani on actl vator and
an al kyl al unoxane activator. Caim22. A-polynerization process conprising
contacting under suitable polynerization conditions one or nore nononers
and a catal ysi,d i I 0, Claim
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room temperature for 2 hours. The solvent was removed in vacuo and toluene

was added to the crude residue. The solution was filtered to remove LiCl. The
filtrate was concentrated and pentane added under heating. The solution was

10 cooled to induce crystallization. Yield of pure racemic isomer was 280 mg (6.0
%).

Supported Metallocene Catalyst System 4

racemic [9-silafluorencbis(4-(3',5'-di-t-butylphenyl)-2-

15 isopropylindene]zirconium dichloride

In a 100 mL round bottom flask racemic [[9-Silafluorenebis(4-(3',5'"-di-t-

butylphenyl)-2-isopropylindene]zirconium dichloride (0.090 g) was added to a

MAO solution (6.74 g, 7.2 mL) and stirred twenty minutes. This was filtered

20 through a medium glass frit funnel and washed with toluene (14 mL). To the

combined filtrates was added dehydrated silica (4.0 g, Davison 948 Regular,

600°C dehydration). This slurry was stirred for twenty minutes, then dried at 40

°C for two minutes under vacuum on a rotary evaporator until the liquid

evaporated and then the solid was further dried a total of about two hours and

25 twenty minutes. The supported catalyst was recovered as a light purple, free
flowing solid (5.17 g).
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10! ! 10%0C& @jbrorhObdrene solution was cooled in a dry ice/acetone bath The yellow-green

reaction mixture was allowed to warm to 5°C and was then hydrolyzed with 100
10 mL of 5% hydrochloric acid. The resulting layers were separated and the aqueous

layer extracted 4 times with 4 x 20 mL portions of diethyl ether. The ether

washings were combined with the original organic layer and dried over sodium

sulfate, filtered, and concentrated by distillation until the distillation temperature

reached 70°C. The residue was treated with 50 mL of absolute ethanol and cooled
15 to give 2,2'-dibromobiphenyl. Yield was 2.32 g (7.4%)

9,9-Dichloro-9-silafluorene

Lithium wire (3.33 g, 0.08 mol) was washed with pentane, carefully cut
into small pieces, and suspended in 150 mL of Et,0. While stirring, 2,2-
20 dibromobiphenyl (25 g, 0.08 mol) in 100 mL of diethyl ether was added dropwise
over 1 hour and the contents were allowed to stir for 10 hours. The mixture was
filtered through a frit to remove any unreacted Li and LiBr. The filtrate was
loaded into an addition funnel and slowly dropped into a solution containing SiCly
(50 g, 0.08 mol) in 200 mL of Et,0. After addition, the contents were stirred at
25 room temperature for 5 hours. The solvent was removed in vacuo and 300 mL of
pentane was added. The solution was filtered to remove LiCl and the solvents
were again removed in vacuo. The solids were then loaded into a sublimator and
allowed to sublime at 150°C under full vacuum. Yield was 10.0 g (51%).
4-(3',5'-dimethylphenyl)-2-isopropylindene
30 4-chloro-2-isopropylindene (10 g, 54 mmol) and NiCly(PPh;), (1.8 g, 2.8

mmol) were dissolved in 150 mL of Et;0. 3,5-Dimethylphenylmagnesium
bromide (54 mmol) as a Et;0 solution was added under vigorous stirring and the

reaction was stirred overnight at room temperature. After overnight stirring, the
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lithium 4-(3',5'-dimethylphenyl)-2-isopropylindene

4-(3',5'-dimethylphenyl)-2-methylindene (5.6 g, 24 mmol) was dissolved

10 in 80 mL of pentane. To this solution was added 9.6 mL of n-BuLi (2.5M in
hexane) and the reaction was allowed to stir 4 hours at room temperature. A white

solid precipitated from solution and was collected by frit filtration and washed

with additional pentane. Yield was 4.5 g (80 %).

15 9-silafluorenebis(4-(3',5'-dimethylphenyl)-2-isopropylindene

9,9-dichloro-9-silafluorene (1.4 g, 11 mmol) was dissolved in 80 mL of

THF. To this solution was slowly added lithium 4-(3',5'-dimethylphenyl)-2-
methylindene (3.0 g, 11 mmol) as a dry powder and the solution was stirred
overnight. After this time, the solvent was removed in vacuo and the residue was

20 taken up in diethyl ether. The solution was filtered through frit to remove LiCl
and the solvent was removed in vacuo and used as a crude product (2.1 g) for the

next step.

[9-silafluorenebis(4-(3',5 -dimethylphenyl)-2-isopropylindene]|ZrCl,

25 The crude solid from the previous step (2.1 g, 3.2 mmol) was taken up in
50 mL of diethyl ether. To this solution was slowly added n-BuLi (2.56 mL, 2.5
M in hexane) and then stirred for 3 hours at room temperature. The solution was
cooled to -30°C and ZrCl, (0.74 g, 3.2 mmol) was added as a dry powder and
stirred at room temperature for 2 hours. The solvent was removed in vacuo and

30 toluene was added to the crude residue. The solution was filtered to remove LiCl.
The filtrate was concentrated and pentane was added under heating. The solution
was cooled to induce crystallization. Yield of pure rac/meso metallocene was
120 mg (3.8%).
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through a medium glass frit funnel and washed with toluene (14 mL). To the
10 combined filirates was added dehydrated silica (4.0 g, Davison 948 Regular,
600°C dehydration). This slurry was stitred for twenty minutes, then dried at 40
°C for two minutes under vacuum on a rotary evaporator until the liquid
evaporated, and then the solid was further dried a total of about 2 hours and thirty

minutes. The supported catalyst was recovered as a dull purple, free flowing solid

15 (5.06 g).
EXAMPLE 6
rac-9-silafluorenebis(2-methylindenyl)zirconium dimethyl
20 9-Silafluorene, 9,9-bis-2-Methylindene

Solid 2-Methylindeny! lithium (3.34 g, 24.52 mmol) was added to a stirred
solution of 9,9-Dichloro,9-silafluorene (3.08 g, 12.26 mmol) in Et,0 (ca. 25 mL)
and the resultant mixture was stirred at room temperature for 2 hours. The solvent
was removed and the residue was extracted into CH,Cl; (ca. 75 mL), filtered and
25 the solvent removed giving a white powder which was washed with pentane (ca.
50 mL) and dried under vacuum leaving 9-Silafluorene, 9,9-bis-2-Methylindene
as a white powder (3.80 g, 71%).

Preparation of 9-Silafluorene, 9,9-bis-2-Methylindenyl dilithium
30 A slurry of 9-Silafluorene, 9,9-bis-2-Methylindene (3.80 g, 8.66 mmol) in
Et;0 (ca. 25 mL) was treated with n-butyllithium (12 mL of a 1.6 M solution in

hexanes) and the resultant mixture stirred for 1 hour at room temperature

producing a pale yellow precipitate. The mixture was filtered to isolate the pale
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with the benzene filtrate, the hexane wash produced a yellow solid and this

10 mixture was filtered to remove the yellow solid. The solvents were removed from
the resulting benzene-hexane filtrate producing an orange solid. The second
orange solid was washed once with benzene and twice with pentane and dried
under vacuum. A slurry of this orange solid in benzene (ca. 10 mL) was treated
with CH3;MgBr (0.8 mL of a 3.0 M solution in Et,0) and the mixture was stirred

15 for 15 minutes at room temperature. Dioxane (ca. 2-3 mL) was added to the
mixture which was filtered to produce a clear yellow filtrate. The solvents were
removed from the filtrate under vacuum giving pure rac-9-Silafluorene,9,9-bis-2-

Methylindenyl Zirconium Dimethyl (0.035 g, 1.7%).

20 POLYMERIZATIONS

Isotactic Polypropylene Homopolymer

The polymerization procedure for producing homopolymers with the

supported catalyst systems prepared as described above (except for Example 6

25 which is described below) was as follows. In a clean, dry two liter autoclave
which had been flushed with propylene vapor, TEAL scavenger (0.3 mL, 1.5M)

was added. Hydrogen gas was added at this point if indicated. The quantity of

hydrogen is 1.55 millimoles for each psi added as shown in the Tables. The

reactor was closed and filled with 800 mL liguid propylene. After heating the

30 reactor to the indicated polymerization temperature, the catalyst was added by
washing in with propylene (200 mL). After the indicated time, typically one hour,

the reactor was cooled, and the excess propylene vented. The polymer was

removed and dried.
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amounts in toluene (ca. 1-1.5 mL) for a period of five minutes, was flushed into
10 the autoclave with 100 mL of propylene. The polymerizations were carried out
for fifteen minutes after which the reactor was cooled and the excess propylene

was vented. The polymer was removed and dried.

Random copolymer (RCP)

15 The polymerization procedure for producing random copolymers with the
supported catalyst systems prepared as described above was as follows. In a
clean, dry two liter autoclave which had been flushed with propylene vapor,
TEAL scavenger (0.3 mL, 1.5M) was added. Hydrogen gas was added at this
point if indicated. The quantity of hydrogen is 1.55 millimoles for each psi added

20 as shown in the Tables. The reactor was closed and filled with 800 mL liquid
propylene. After he‘ating the reactor to 60 °C, a partial pressure of ethylene was
added as indicated and then the catalyst was added by washing in with propylene
(200 mL). Ethylene gas was fed to maintain a constant pressure. After the
indicated time, typically one hour, the reactor was cooled, and the excess

25 propylene and ethylene vented. The polymer was removed and dried.

Impact Copolymers (ICP)

The polymerization procedure for producing ICP with the supported

catalyst systems prepared as described above was as follows. In a clean, dry two

30 liter autoclave which had been flushed with propylene vapor, TEAL scavenger
(0.3 mL, 1.5M) was added. Hydrogen gas was added at this point. The quantity of

hydrogen is 1.55 millimoles for each psi added as shown in the Tables. The

reactor was closed and filled with 800 mL liquid propylene. After heating the
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Metallocene Catalyst System 1. Results are reported in Tables 1 and 2.
10
Polymerization run numbers 15-25 made using Supported Comparison

Metallocene Catalyst System 2 Results are reported in Tables 3 and 4.

Polymerization run numbers 65-71 were made using Supported

15 Metallocene Catalyst System 3. Results are reported in Tables 5 and 6.

Polymerization run numbers 72-88 were made using Supported

Metallocene Catalyst System 4. Results are reported in Tables 7 and 8.

20 , Polymerization run numbers 133 and 134 were made using Supported

Metallocene Catalyst System 5. Results are reported in Tables 9 and 10.

Polymerization run numbers 135 and 136 were made using Metallocene

Catalyst System 6. Results are reported in Table 11.

25
POLYMER ANALYSIS
Molecular weight determinations were made by gel permeation
chromatography (GPC) according to the following technique. Molecular weights
30 and molecular weight distributions were measured using a Waters 150C gel

permeation chromatography equipped with Shodex (Showa Denko) AT-806MS
columns and a differential refractive index (DRI) detector operating at 145°C with

1,2,4-trichlorobenzene as the mobile phase at a 1.0 mL/min. flow rate. The
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than 10 milligrams were heated to 230.0°C for ten minutes and then cooled from
230°C to 50°C at 10°C/minute. The sample is held at 50°C for five minutes. The

15 second melt is then recorded as the sample is heated from 50°C to 200°C at a rate

of 10°C/minute. The peak temperature is recorded as the second melting point.

1ICP Polymer Extraction Method

The ICP polymer was dissolved in hot xylene and then allowed to cool

20 overnight. After filtration the insolubes are dried. The xylene soluble portion was
evaporated and the soluble material recovered. The IV of the recovered soluble

material was measured in decalin at 135°C by using know methods and

instruments such as a Schott A VSPro Viscosity Automatic Sampler.

25 At very high ICP MFR this method can extract some low molecular weight

isotactic PP and thus lower the observed IV.

ICP Polymer Fractionation Method

The ICP samples were sent to Polyhedron Laboratories, Inc. to be
30 fractionated and analyzed by GPC. A generally described of the procedure is
found in the reference J. C. Randall, J. Poly. Sci.: Part A Polymer Chemistry, Vol.

36, 1527-1542 (1998).
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Claim 1. A bridged bis(indenyl) metallocene compound

in which the bridge between the 1-positions of the indenyls is a group of the

5 formula:

Rl 8
21
- / R
R24 X R22
R23

wherein R17 to R24 may be identical or different, and are each a hydrogen atom,
10 a C1-Cyp alkyl group, a C1-Cjg alkoxy group, a C4-C1q aryl group, a Cg-Cqq
aryloxy group, a Cp-Cyg alkenyl group, a C>-C4 alkenyl group, a C7-Cy4p
arylalkyl group, a C7-C4q alkylaryl group, a Cg-Cyq arylalkenyl group, an OH
group or a halogen atom, or two or more adjacent radicals R17 to R24, including

R20 and R21, together with the intervening atoms of the phenyl group(s) form one
15 or more rings fused with the phenyl group(s); and

M2 is carbon, silicon, germanium or tin,

and optionally substituted on the remaining positions of the indenyl rings.

Claim 2. A compound represented by the formula:
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wherein: M is selected from titanium, zirconium, hafnium, vanadium,
niobium, tantalum, chromium, molybdenum and tungsten;

R1 and R2 may be identical or different, and are each a hydrogen atom, a
C1-Cqg alkyl group, a C1-Cqq alkoxy group, a Cg-C1q aryl group, a Cs-C10
aryloxy group, a Cp-Cjyq alkenyl group, a C-C4 alkenyl group, a C7-Cqq
arylalkyl group, a C7-Cy4¢ alkylaryl group, a Cg-C4( arylalkenyl group, an OH
group, or a halogen atom; or Rl and R2 are a conjugated diene which is optionally
substituted with one or more hydrocarbyl, tri(hydrocarbyl)silyl groups or

trithydrocarbyl)silylhydrocarbyl groups, said diene having up to 30 atoms not

counting hydrogen,;

R3 and R4 may be identical or different, and are each a hydrogen atom, a
halogen atom, a C-Cyq alkyl group which may be halogenated, a Cg-C1q aryl
group which may be halogenated, a C»-C1¢ alkenyl group, a C7-Cy4q -arylalkyl
group, a C7-Cy4q alkylaryl group, a Cg-Cy4q arylalkenyl group, a -NR'p, -SR!, -
OR!, -OSiR'3 or -PR" radical, wherein: R' is one of a halogen atom, a Cy-Cq
alkyl group, or a C¢-Cj¢ aryl group;
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wherein: R17 to R24; and M2 are as defined in claim 1; and

the radicals R may be identical or different and each have the meanings

5 stated for R3 and R4 , or two adjacent R radicals together with the atoms

connecting them are joined together to form a ring.

Claim 3. The compound of claim 1 or claim 2, wherein M2 is silicon.

10 Claim 4. The compound of claim 2 or claim 3, wherein M is zirconium,

titanium or hafnium.

Claim 5. The compound of claim 4 wherein M is zirconium.

15 Claim 6. The compound of any of claims 2 to 4, wherein R4 is not
hydrogen.
Claim 7. A compound as claimed in any of claims 1 to 5 and represented by

the formula:
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RS to R7 may be identical or different and are each hydrogen, or a radical

5 as defined for R3 or two or more adjacent radicals RJ to R7 together with the
atoms connecting them form one or more rings;

and

RS, R9, Rlo, R11 gnd RIZ2 may be identical or different and each have the
meanings stated for R.

10
Claim 8. The compound of claim 7 wherein R3 are identical C1-C4 alkyl

groups.

Claim 9. The compound of claim 8 wherein R3 are both methyl groups.
15
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compound of any of claims 1 to 15 and a cocatalyst.
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20

Claim 17. A supported catalyst system comprising the product of support
material, one or more cocatalysts and one or more compounds of

any of claims 1 to 15.

25 Claim 18. The catalyst system of claim 17 wherein the support material

comprises magnesium chloride, silica or a combination thereof.

Claim 19. The catalyst composition of any of claims 16 to 18, wherein the
cocatalyst comprises one or more non-coordinating anion

30 activators.
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comprises a non-coordinating anion activator and an

alkylalumoxane activator.
Claim 22, A polymerization process comprising contacting under suitable
polymerization conditions one or more monomers and a catalyst

10 composition as claimed an any of claims 16 to 21.

Claim 23. The process of claim 22 wherein the monomers are selected from

ethylene, propylene, 1-butene and 1-hexene.
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