WO 2010/077230PCT/US2008/014144 NEW METALLOCENE COMPOUNDS, CATALYSTS
COMPRISING. THEM, PROCESS FOR PRODUCING AN OLEFIN POLY. Y OF THE
CATALYSTS,% 1%12 N HOMO- AND COPOLYMERS BACKGROE’Q@(&%’#@% Invention

The present invention relates to novel metallocene compounds useful as components in
polymerization catalysts, to catalysts comprising such metallocene compounds, to a process for the
polymerization of olefins and to particularly propylene, and olefin homopolymers, random, and impact
copolymers prepared by using the metallocene catalysts. Background of the Art One of the most
important factors HetermETAG LoE ENEressehasaial vy T3ty vessetiinertisatis thgspgssibility to use it
for the broad@ROMESS FleR ARGEDOING WNOIBERTN RPIGYMER Bie lissitaiarisEfaanaidevetopment of
metallocene catalysts for polyprosinEHastHedm 1 Haiii RARy Yd4pRR-Iuce propylene-ethylene
copolymers of high molar mass, due to the fact that ethylene behaves as a chain transfer agent with
most metallocenes. This effect has been obsgtiedifoi albbasic metallocene structures, such as the
syndiospe%'fli&dco?%@m\gét%cl: Me2C(Cp)(Flu)ZrC12, the aspecific C2,, symmetric Me2Si(Flu)2ZrC12, and
both the CZ'symmetric Tac-Me2C(3-iPr-Ind)2ZrCI2 and the fluxional (2-Ph-Ind)2Z1C12 catalysts for
elastomeric polypréesae. irtratiefedpiRay ans e RseRrc RPN SpfEt i TP YRHFBtric
rao-Me2Si(Eieridtdaenzileg) sk g anampasMe a2 ZbdentRb dashedids 14 HprRescani, C. Fritze,
"Metallocene Catalysts.for P lene Polymerization" In Polypropylene Handbook (N.Pasquini, Ed.),
ch 2.2, He e e MR B RO, e, presies
the 0-hydrctjéirpasisratclyee prapiie hr wisatneeaHerthe sepiavients the formation of low molar mass
polymer, it fails to prevent the 0 -hydrogen transfer to the ethylene comonomer in case of the latter's
presence. 'léglci OBQX ragen,tr nsfer to the ethylene comonomer becomes the favored chain
termination me nd feads to the formation of low molar mass propylene-ethylene copolymers
[A. Tynys et al., NIae3itseImes dnnopay sackarp getganinios theuderagoef e sealtiiyitssr8ilene
Copolymerigationgs: foffastigfiatoll gaane trikdeitisesabid AHR va il Re Ao GnROier
Microstructyre:'].. Ex ions have beep found in some WO 2010/077230PCT/US2008/014144

S irconacen O o R e 8 P Bl marked
increase inipABIY th Dy erpnsrrEhiiets penalioe sl garils mopswibisde, tha feHbitcomings in
terms of hamgpratysaeiealas iasSaRetogitvtiyith mANOHIRIKeEIETHIY efRErHobacmeisliogene catalyst
is its capabjlit rodu alypropylene with ahigh meltin int. This is equivalent with a catalyst
ihat has o R L R %%%1“95%1%;\|k2352-A|k-|nd)zzmz
catalyst farYffr“f@)Sibpedshetiidruft togiovarsctdfis Hedwdrttm sshy B A GntEReE uring the
last 15 yearsc-Me:&b8Bdiabgrreiates thenetalatonps BilliernechdBitia-dlistdmirdnd)22rC12 for the
production i Il%r' id,-Righ (%I r ith.very higk req r dovsry low amounts
of regio errg(gxsyr.}l% P;f(%g'rﬁrl\%tefg%eg f@?ﬁ%ﬁ%ﬁ%@%ﬁ%ﬁ% E%%r%é%%ﬁ%fﬁ%—% ale%genes disclosed
in EP-Al 85485 B‘Q@gﬂ@wﬁmﬁﬁééﬁ@fjﬁ%ﬁhﬂm Ehdt st tatEl e identified as
particularly “‘sditaliie:ferCtitel e dhiatiopyahp Rapytenesathy| enBolgiopeeopaytoek M res aimbined with
additional sybeiiuentsincenal feR N5 AP et AL ietaroRUfdRARIGGUIar
polypropylen€es were 'not obtained under commercially relevant process conditions ‘and suffered from
too low actimiprueRIEtfFRPreldpdrogen ensleto fry orrrsiens mrocBse B tIBREREMtfaving
substituentsimaiposition aoRs it ol merl i sl st pradin eie foRyoraghc kinged iataitroatomatic ring

havi tl Jbstit iRg. atal ith
easonably e B B e e e for
commerciaP¥Rames e eS8 Iomisasiop senthanaraeté psriathe ©meica 9 day mekdPrigher. Also,
the produc%@ﬁmﬁdﬁbsmtaiystyfaﬁm_lwmm&e}ﬁils,famﬂtynoi. Chi) PHYO3805 G skl20ept0 impact
copolymers; fiavingea.high; &Fﬁ%ﬁ&'@%&&iﬁ@%ﬂ? é&%ﬁﬂa@fﬁ?&e%%&&&%\é catalysts

comprising metallocenes of the rae-Me2Si(2-Alk-4-Arind)2ZrC12 family. High molar masses in the
propy|ene/é‘ﬁfyréﬁeom%tﬁépm@%Eﬁlmsd*%@%%ﬂﬁcﬂr SEAPERRIdIE PEbIRBUPs. WO
02/002576 discloses bridged metallocenes of the (2- R-4-Ph-Ind)2ZrCI2 family having particular
combinations of substituents in the 2-positions of the indenyl ligands and substituents in the benzene
ring. A high polypropylene (PP) melting point is favored if the Ph group exhibits a substitution pattern
in the 3 and 5 positions, particularly in case of butyl substituents. A combination of high homopolymer
melting point and high copolymer molar mass is achieved if both substituents R in 2-position are
isopropyl groups. The major shortcoming is the very low activity/productivity of the
rac-Me2Si(2-R-4-Ar-Ind)2ZrCI2 catalysts WO 2010/077230PCT/US2008/014144 if both ligands R are
branched in the a-position. WO 03/002583 discloses bridged metallocenes of the
(2-R-4-Ph-Ind)2ZrCI2 family having particular combinations of substituents in the 2- positions of the
indenyl ligands and the 4-Ph substituents. A high PP melting point is favored if the Ph group exhibits a
substitution pattern in the 2-position, particularly in case of biphenyl substituents. A combination of

high homopolymer melting point and high copolymer molar mass is achieved if both substituents R in
2-nnocitinon of the indenv] inand are ieconronv ararine One mainr chorteomina ic the vary low




PCT/US2007/022614, a co-pending applications by the present inventors, demonstrated that
metallocenes havin H%angds being 13-branched in the 2-position createiqcsru[r]grg%isqﬁi&%reases in
activity of the e ANGLERE catalyst and also created products with 'unexpecfedﬁy SUpErior properties
than previously known metallocenes. The inventors now have discovered a species of the previously
revealed genus that unexpectedly produces even significantly higher increases in catalyst activity and
improvements in product properties. In summary, the main deficiency of supported catalyst
systems ceimptisiag métahagenssiof hmah e mentidred(pid-ad)Erthgtaactashoe eatalyst has been
found that, whep ;H&%gsé% t.n@ %@&F&M&W%ﬂ&'%&r{a J:RBX'.‘%T}ES &ﬁ&i&gti lgﬁ%av%&%’so'ypmpy'e”e with a

high melting point and very high molar mass (or very low melt flow réate) and that, when used for the
copoIymeﬁga‘ﬁﬁ?ﬁ“éﬂ%ﬁBﬁ?ﬂ@ﬁ@fWﬁﬁ‘@mmé{‘%{WH@?Fﬁéﬂﬁ’r mass propylene/ethylene copolymers,
all at very high catalyst p&pdmﬁmiﬁ)enﬁsfa meﬁﬁe_epremaawhenseﬁpabﬂﬁng@btgr&iegler_l Natta catalysts, the
WO 201018473 3RGTUR20G AL DAL SHIRlrlulngsS, of Lhess Seialvpls Js Ui because

certain applications that require a combination of a high melting point; a very low melt flow rate, and/or
2 igh mofF RABRE SR ETEST S aY ELR D ErA SR AL TRl CHBEABHY: 76 ot
available _atareﬁpeciﬁmtﬁimmaﬁmﬁvme&s confuabjedtat th@rma‘semﬁ_ﬂg\fmﬁml fsm:addres_s this

shortcoming of the,sipge.pf Lbe, it piRlecsRCAmNeURISANE. 9. piRvide mesglipcenes that increase

desirablecharacteristics such as high melting point, high molar mass homopolymers and high molar

mass copdiAdrstionnidigh dghhighitar i seiaenRrsNTharTLRish HeeBrBBHBMRIRE SBbried catalysts
und_er indt_mﬂdaﬂgs oéleymrirpody Kidronahi oo mmdiﬂmnbeatctmﬁpmwm@_fnffm&@@tm 100 C_. In addition,
the inventigns Qi heCHIERRLEXARRIS RI9VAL.IhRRGAVAIURGES RYARI06: 3. pisialiogape with

symmetrically substituted 2 positions on the indenyl group. This is significantly more cost effective, and

therefore fAPHbIECEESIFSBIE 3t PaTE o il fendirmrdatiion sRrerxisprrtlFre SenseRution.
Another objasiivecsf thempreseintinwentidditisnid priovitdens proaesds fosithaspHiywmeesization of olefins, -
particularly, Brapylens S G0 Fe AN HIIRDANROGQE RPEBRIMALIL RIS i WiGRHNOre, itis an

objective of the present invention to provide olefin polymers, particularly prOpylene homopolymers,
random caBBRSTREPELIMIIRAEHE-THR A eithipR IR ARUYSY RBMEHIMIBIANRS- impact copolymers comprised
of propylene, ethytené mMIOﬁmﬁﬂadaﬂyph@netaﬂm_afm&aam mmamimpa@giﬁpﬁlgomxﬁ@omprised of
propylene oeihv|ENBANE RN GRS L AR omANM MR ing at a%ftadﬂe%@#ﬁ’&{?”e

compounds are provided that, when used as a component in a supported polymerization catalyst
under ind PRSP 4RETg: DeAlrAytBoRb Faifid ePAHBRE IR Tt tARENBAYS BBFmers or
copolymersulifg!po lypdopytegte Tarhproppisneie indenercipoly mgirs athootntbe ineeaidor any a -branched
substituenpigueitiar PEiag fu.avRlAPlR kmpasiiasehbednsenyt igandssthqmsubstituent in the

2-position of gne indenyl ligand can be any radical comprising hydrogen, metF‘uyI, or any other 02-C40

hydrocarb8IPHRIEHNE SO SpiRRESHmNa"s UpBERIBHONd the substituent in the 2-position of the other
indenyl ligand caW®@ |8 ED-Ch@hipdraeatlbopehadicahavitkg thisigr owisog peinttisdmidebcarbon radical is
branched iihe RRASHIOTHRRNAHER AR RERRR ALOMJa R ALRHEMAN SRIDSR-AMamsand part of a

mono-cyclic . WO 2010/077230PCT/US2008/014144 hydrocarbon system. It is even more preferred,
that the suBRTRTY id SED B 5 Bl T TR B YRSt AREAFE AP ORR-A0

hydrocarbdvikradtiuishwire porgethatst OO 2aHD drctaskic bii dgdsh antitiedeir sTdfehe 82position and

tThr?t the tlﬁzaampmt@mlmnﬁmwd Jii]ﬂ?ﬁyﬁﬁtfyhp&%ﬁﬂ?ét%g &%ﬂb&itﬁleWQQQh%yﬁﬁH&hmﬁﬁﬁ%poT systerg-
is metallocene topqlogy affords high melting point, very high molar mass homo polypropylene an
very high T AL AL SR B BTG B RO s RS A T BB E g et of
catalysts clereprisingeith eramiisbibies wbstittre setttrinvahtid nralr e mstaptomaisulighin casaVhile
various mejallReriesiaisdeATRMchaRXABR KR Pdiytn Wit ALIPA N LHOS 31020, the
improvement in olefin Q(}Jym%rjggti n cihtievgz,\dei){1 g:ue ngetallocene to ologé/?of the gresent invention is
new and URSH S 2 e S p G S AP B HSTE i S P BRI A et JRaRE having the
general Fohatgantinhiowns wetolry ek ity vrduct vitie ed st ierdiSItHR o the RpdoticcTablgsof the
Elements, Rl and R2 are identical or different and are selected from the group consisting of a
hydrogen atom, an alkyl group of from 1 to about 10 carbon atoms, an alkoxy group of from 1 to about
10 carbon atoms, an aryl group of from 6 to about20 carbon atoms, an aryloxy group of from 6 to
about 10 carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms, an OH



WO.2010/077230PCT/US2008/014144 group, a halogen atom, or a NR232 group, where R32 is an
alkyl group of fr8m 1 to about 10 carbon atoms and an aryl group of fronp&%ﬁ)s%%gt 4}4 carbon atoms,

and-wherein ﬂaﬁ%wfrzﬁgy form one or more ring system(s), R4 an e identical or different

and are selected from the group consisting of a hydrogen atom and a linear, cyclic or branched
hydrocarbon group optionally containing one or more hetero atoms selected from the group consisting
of Si, B, Al, 0, S, N, P, F, Cl and Br, Rl is a bridging group wherein Rl is selected from: where R4 and

R41, eveninhniReadig deesamel ndax oGt deoticalos siffeiani-an6g8 n%él&ﬁ;ocenes'

2010/0772 1WS2008/014144 optionally contain heteroatoms selected from the group consisting
or Si 1, AL B LR TR B A e Bt e R O COSAtens f ohsarogen atom, an
alkyl groupPPetiag S &im indesd hisardsauchitsohPitshgiteantargt bigbP ofcltmreins iasowratitarbon atoms,
a fluoroalkylrpy @ éambitl ieumbatidOeackomn MOMRsAR Y B R eidambiaapout 10 carbon
atoms, an aryl ro f.from 6 to abqut 10 carbon gtoms, an alkenyl group of fram 2 to about 10
carbon ato%%gg%rgsryé O%ia?gﬁ%ngﬂ}lé?ln ntlg.pz_g out 3&13 é’ﬁng B(rﬁ‘sl%ﬁggﬂgﬁgfw ‘g%&‘ba f from 7 to
about 40 ckirﬁéﬁ%fﬁ%‘?tg sStipitante 8 b hpesigatied thelindkp)iligandpeksprtapysityagrOup, an arylsilyl
group, andnafvasybak@nylgean ol Tomsitanbadudd sposan aems,sankwbereiyiz@nd R41 together
with the at naectiny can form one .or more. cyclic systems, x |s an integer from 1 to 18,
M12 is sili(%%,%yggr%c’r%uh ag?rﬁt% ,araenb agglﬁecgﬁi%}ﬁglnﬁloﬁln 'm%l% lﬂen%fgrb?]ﬁjlg%l(‘)er% E'és.ll(?fg? (')nr?éménother, R"
and RIP ar83iemicr P amretantanipdrecd Brmsing spslertdaicye gisisiwieietvogether with the

cyclopentaghiesypbrittadosmsvalyithahdatvatat O THRSAlUMAled Kifg: SyStarpRENgsFHMg Size of from 5

to 7 atoms re, Rl Rill eptionally,contain the %Stero toms. Si, G I\%P 0 Qt.S within the ring
systom e kA L AR A e, e B e €502 where Rao1

is a linear, cyclic®rfrah hy Wl AN iy Sdlelted Torkethio greativeentsibeirigeof an alkyl group
of from | tosatseitiie2Q idans Qrhadivivts, o3vitikeTyh@inisny O fifom 240 M avbaRcahanatassnan aryl group

of from 6 QRO A8 GRPORBMR TS RMihed or cyclicized in the  -position. WO 04/106351 relates to
metallocenes having substituents in the 2-positions of the indeny! ligands with the proviso that
one ligand is unbranched or bound via an sp>-hybridized carbon atom and the other li gand is
branched in the o -position. Such catalysts afford high Tm homopolymers and high molar mass
propylene/ethylene copolymers. However, theré still are limitations with regard to catalyst
activity/productivity and lowest achievable homopolymer melt flow rate.

PCT/US2007/022614, a co-pending applications by the present inventors, demonstrated
that metallocenes having ligands being -branched in the 2-position created surprising increases
in activity of the metallocene catalyst and also created products with unexpectedly superior
properties than previously known metaliocenes. The inventors now have discovered a species of

. the previously revealed gehus that unexpeétedly produces even significantly higher increases in
catalyst activity and improvements in product properties. '

In summary, the main deficiency of supported catalyst systems comprising metallocenes
of the above mentioned prior art, is that so far no catalyst has been found that, when used for the
homopolymerization of propylene, affords isotactic polypropylene with a high melting point and
very high molar mass {(or very low melt flow rate) and that, when used for the copolymerization
of propylene with ethylene, affords high molar mass propylene/ethylene copolymers, all at very

high catalyst productivity, As a consequence, when compared to Ziegler/Natta catalysts, the



arylalkyl group of from 7 to about 40 carbon atoms, an alkylaryl group of from 7 to about 40 carbon
atoms, or an arylalkenyl group of from 8 to about 40 carbon atoms, an from Ito about
20 carbon ato}#s) an};%;yz%’xy group of from 6 to about 20 carbon atom:Il %?@S%ﬁ@é%gged or '
unsubstituted alkylsilyl group, an alkyl(aryl)silyl group and an arylsilyl group, wherein each of the
groups may contain one or more hetero atoms like Si, B, Al, 0, S, N or P, and / or may contain halogen
atoms like F, Cl or Br, and where R302 is a hydrocarbon group selected from the group consisting of a
substitutedraiustrigulzstitintedod kgt geaaiysof ifrbmit2dtbealncrt 2t tarpdiv atomsiaareg e substituted or

unsubsiituieghalkeal A1ohe:oh 10 219,390H 20 SRIPANAD AR MARINaNASR aroups may

contain one or more hetero atom N or P, and / or may contain halogen atoms like
F, Cl or Br SR RRtoE FURkFasH %E@?ﬁh%‘é%&h@@?@i@ﬂﬂé‘%ﬁ% WFBIHEHABH.  R3 has the
meaning ofd8&livelqubRatingied not be identical to R3, or R3is a linear, cyclic or branched

hydrocarbon groyn WhIcH PRSRAILN AL SRR, 06 X YGARIaH e selesiakfam the group

consisting of Sj, B, Al 0, S, N Cl or Br, or R3 is selected from t roup consisting of an alkyl

group of frW%cé%‘i&‘%W E&Bfﬂ?d%ﬁ‘%ﬂ Ifeme vt ST ORREm %‘;i’ﬁrﬁ‘f}‘(’)‘iﬁt‘ﬁ)s&&}?bon atoms,
an alkylaryigirghpelfifro poidtibigihoutad beaibempitymsysand siphatioidamdsdkemylygrosipref dro m 9to
about 40 cashop AMSAINIRE HIAVIRHAL AV onds ARlNRRcEEd R tagAposition. Inan

aspect, there is provided a bridged metallocene havm the %eneral Formula 1 below, {(Formu where

Ml is a mefﬁi%?‘iﬁ&lé’ﬁlﬁﬁ‘ﬁatf—%ﬁﬁﬁﬁiﬁm&ﬁat FraATaRTes of ntl 13 WreGlBreiiBr Bferent and are
selected frinvettieng rdiige consistirgrpfegptuyiikogess aﬁwmtagas@lkybgmmuﬂlﬁﬁmmm 10 carbon atoms,

an alkoxy qanR.of iRt @%&%&temﬁe G S5aHPrak TomAd0 29 caskanatoms, an aryloxy

group of from 6.to 10 carbon atoms, an alkenyl group of from 2 to 10 carbon atoms, an QH group, a
halogen at&HFeBye aRﬁ:&eW&éﬁﬂ“@%@ﬁrﬁ@%%@%‘fﬂmp@ﬂﬁﬁ YRS E By S aREBRSHsms and an

aryl group eftiiemigito 14 carbon atoms, and wherein Rl and R2 may folku one or more ring system(s),

R4 and R4' are idepficalof.difetaaiandaraelacies fram s 9raUR.S9psisling ahaibyipgen atom

and a linear C%?IC or hranched hydrocarbon group optionally containing one or'more hetero atoms

selected froh? B PBTEAML RERYIr SitHens, 99 epienlsrone prmare Pigdrid-alefiging group wherein
RI is selected frofurtHedbrg-inid 2nobRdlve RBRARAIR Avention 14l provide olefin polymers,

particularly propylene homopolymers, random copolymers of propylene with ethylene and/or

~ higher 1- oiefins, impact copolymers comprised of propylene, ethylene and/or optionally higher
I-olefins, and random impact copolymers compnseé of propylene, ethylene and/or optionally
higher 1-olefins. |

SUMMARY

Certain metallocene compounds are provided that, when used as a component in 2
supported polymerization catalyst under industrially relevant polymerization conditions, afford
high molar mass homo polymers or copolymers like polypropylene or propylene/ethylene
copolymers without the need for any o -branched substituent in either of the two available 2-
positions of the indenyl ligands. The substituent in the 2-position of one indeny! ligand can be
any radical comprising hydrogen; methyl, or any other G5-Cao hydrocarbon which is not
branched in the o -position, and the substituent in the 2-position of the other fndenyl ligand can
be any Cs-Cso hydrocarbon radical with the proviso that this hydrocarbon radical is branched in

the B-position and that the fi-carbon atom is a quarternary carbon atom and part of a mono-cyclic



'-0-!‘\/I '4141 R41 R40-401Th.n40 R40 R40 m12_m12mil-.2_ Cl111

R4_1R41R.41R‘§(1} ﬁﬁ,} 77,%02-.R40P-540P(0)54orC:--0 / 2 where R @'ﬂgﬁoﬂmﬁ\ﬁp when haring
the same indeX, ¢an be‘identical or different and can optionally contain heteroatoms selected from the

group consisting of Si, B. Al, 0, S, N, P. Cl and Br, and are selected from the group consisting of a
hydrogen atom, an alkyl group having from 1 to 30 carbon atoms, an aryl group of from 6 to 40 carbon
atoms, a fluoroalkyl group of from I to 10 carbon atoms, an alkoxy group of from 1 to 10 carbon atoms,
an aryloxyhgtieaarbs:frgsrf. th it @vearbor: ateims;dathalibemisgrotns of frofiddddmEddion atoms, an

aryialky! SFRUIR 00, oA A IRDAA 30, Bk dieuaich AL i sakon aoms. o

substituted or unsubstituted alkylsilyl, an (aryl)silyl group, an arylsilyl group, and an arylalkenyl
group of frBYrg P AR RdiralR brrarhed mthe it readihe B IRl AREREIHY connecting
them can feittvarerngret ofeliesystediis hydsanbmtegesitoii tedBydeli2 tspsitigpaffgésrmanium or tin,

and RI Carh%?%’ﬁﬂ'l@’ p@ﬂlﬁ Wé!& ﬂ!&?&f]&@%&f Hyﬂlg Jof%z%ﬂ?l%c}m?&ery high molar mass
bropylene-based copolymers. Furthermore, the activity/productivity levels of catalysts '
comprising the metallocenes of the present invention are exceptionally high.
While various metallocenes are described, for example, in U.S. Publication No.
2006/0116490, the improvement in olefin polymerization achieved by the rhetallocene topology
of the present invention is new and unexpected. ;
One embodiment described herein is a bridged metallocene having the general Formula 1

shown below:

R3 R‘H

(Formula 1}

where M' is 2 metal of Group IVb of the Periodic Table of the Elements,

R' and R? are identical or different and are seiected from the group consisting of a
hydrogen atom, an alkyl group of from | to about 10 carbon atoms, an alkoxy group of from 1 to
about 10 carbon atoms, an aryl group of from 6 to about 20 carbon atoms, an aryloxy group of

from 6 to about 10 carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms, an OH



and lel' are identical or different and are each a divalent C2-C40 group which together with the
cyclopentadiepyl rin s a farther saturated or unsaturated ring syst ' INg size of from 5
to 7 atoms, W#’é‘}e{%gﬁ%@d R11' optionally contain the heteroatoms Si,?&?‘gpﬁ\f/éggiggﬁs within the ring
system fused onto the cyclopentadienyl ring, and R30 has the structure R301 where R301 is a
linear, cyclic or branched hydrocarbon group selected from the group consisting of an alkyl group of
from | to 20 carbon atoms, an alkenyl group of from 2 to 20 carbon atoms, an aryl group of from 6 to 20
carbon atogieuran wiytatiaiburoup BRiFOpoRnoecBibonmityisgraraliitany grawudfrom 7 to 40
carbon atoga, Al amarrlelc ey lasosipr ob M S 5oL P1CarBAN AR Sn@ iRiKN GHAUE Qhirom 1 to 20
carbon atoms, an ar ong/ group o'ff{ m 6 to 20 carbon atoms, or a substituted or unsubstituted
allcylsilyl 556‘86,“5& HHEyPRRHSIRA sé)’roup and an arylsilyl group, wherein each of the groups may
contain one or mBferigté meitemtsahehdiffee Sial ard s0e@eNiomPhagrdupspmeiayngmitain halogen atoms
including Fhﬁl@@#immw@ﬁ@al%ép&aé%ﬁbmﬂé;fe&wamﬂseu@éﬁmﬁ&sﬁgz@oﬁnﬁrﬂﬁg%mnﬂsﬂng of a

substituted or upsubstituted alk é roup of from 2 to 20 carbon afoms, and an substituted or
unsubstitutrenarg&é‘ﬁ?/laﬁ%ﬁbdgf % °§1[%ﬁﬁﬁo(‘;‘gﬁé’{}ﬂsgf&ﬂég’a%d‘%}h@giﬁtﬁogecb?%@é may contain one
or more hetero aRfris decidginee®uByhkled, FS° NseleReditdinor may contain halogen atoms including F,
Cl or Br, and further wherein R302 forms a monocyclic ring with the 3 carborn atont; and R3 has the
meaning of R30 , but R3 need not be identical to R , or R3 is a linear, cyclic or branched hydrocarbon
group which optionglly can contain ogéor more hetergétoms selectgeb fggm the grou
B, AlLDO,S, N, P.f. bor Br, or R3i_s§_elected fro_r_nétleélﬁgfgup congjlsgggwrafza}mrl?%yl urpup of from 1 to
20 carbon atoms, an,alkylalkenyl group of from 3 to 20 garbon atoms, an alkylaryl grqup of from 7 to
40 carbon atoms, and an alkylarylalk%nyl group of frot 9 to 40 carbBn afbms, with the proviso that, in
any case, R3 is not branched in the a-position. Another embodiment described herein is a process
for olefin pplymerisation comprising contacting one or more olefins each having from 2 to about 20
carbon atoms under olefimkffolymerisation regétiog4onditions witk4 catélyst system including a
bridged metallocene cqmﬁ@gent having nguhum@g‘ﬁﬁown aboyg(‘:____&ljp_another aspect, there is
provided a|process for olefi polymerisationigomprising contacting, pneé gr more olefins each having
from 2 to 2D carbon atom& under olefin pol erisation reaction cBnditidns with a cata yst system
including a/bridged metallocene component having fail iula 1 where M1 is a metal of [Zirconium,
Hathium, and Titaniumm. Rl and R2 are-identical or different and are selected from the group
consisting of a hydrogem&torr*an afRyl group of from 1r#° 10 gathhorrétoms, an alkoxy group of from 1
to 10 carban atoms, a.n.ét;dg&oup.étirom 6 to 20 carbghz 'mrzﬂoxy group of from 6 to 10
carbon atoms, an alken%grogp] of fram 2 to 10 carbon gtgm ﬁan Olﬂtgroup, a halogen atom, or a
NR,32 group, where R32 is an alkyl group of from 1 to 10 carbonligtoms and an aryl group of from 6 to
14 carbon atoms and RI and R2 may form one or more ring system(s), R4 and R4' are identical or
different and ar%selected frO{n the group consisting of a hydrogen atom and a linear, cyclic or
branched hydrosarbon groupioptiopally containing one or more hetero atoms selected from the group
consisting pf Si/g,ﬂ .0, S, N{Q‘D_,%?CI and8f~ O —S— S0

N,

\ \ N\ N
S0, N-R*® p—RA0 POWRY - or C=0
/ . / % /

where

40 4 . . . . .
R¥ and R, even when bearing the same index, can be identical or different and can



RID is a bridging group wherein Rl is selected from R40R40 1 _o_m12 0_ -O- il
R41R41 R40 R40 1l m12.0 441 RA4OR40 R40R40 R40 4412 44}6%,%%&%&%@51

R40

WRIEE# 121F1R21

bpiionally contain heteroatoms selected from the group consisting of Si, B, Al, O, S, N, P, Cl and
Br, and are selected from the group consisting of a hydrogen atom, an alkyl group having from 1
to about 30 carbon atoms, an aryl group of from é to about 40 carbon atons, & fluoroalky! group
of from 1 to about 10 carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an
aryioxy group of from 6 to about 10 carbon atoms, an alkenyl group of from 2 to about 10 carbon
atoms, an arylalkyl group of from 7 to about 40 carbon atoms, an alkylaryl group of from 7 to
about 40 carbon atoms, a substituted or unsubstituted allkylsilyl, an alkyl(aryl)silyl group, an

- arylsilyl group, and an arylalkeny! group of from 8 to about 40 carbon atoms, and wherein R*

and R* together with the atoms connecting them can form one or more cyclib systerns,
x is an integer from ! to 18§, ‘
M'? is silicbn, germanium or tin, and
R'? can optionally link two units of the formula 1 to one another,

R and RI}' are identical or different and are each a divalent C-Cyg group which together

- with the cyclopentadienyl! ring forms a further saturated or unsaturated ring system having a ring

size of from 5 to 7 atoms, where R'! and R™" optionally contain the heteroatoms Si, Ge, N, P, O
or S within the ring system fused onto the cyclopentadienyl ring, and

R>% has the structure

&

R
)
N R

301
— CHa— C’m\\\
where R*® is a linear, cyclic or branched hydrocarbon group selected from the group
consisting of an alkyl group of from 1 to about 20 carbon atoms, an alkenyl group of
from 2 to about 20 carbon atoms, an aryl group of from 6 to about 20 carbon atoms, an
arylalkyl group of from 7 to about 40 carbon atoms, an alkylaryl group of from 7 to about
40 carbon atormns, or an arylalkenyi group of from 8 to about 40 carbon atoms, an alkoxy

group of from 1 to about 20 carbon atoms, an aryloxy group of from 6 to about 20 carbon

R4D R40



B-RA}- R40-0- -5-SO  SO2N-R40 P(D)R4 ' or0=0 where R4 and R41, even when bearing the same
~ index, can be identical or different and can optionally contain heteroatoms selected from the group
consisting of Si, B, Al, 0, S, N, P, Cl and Br, and are selected from the group consisting of a hydrogen
atom, an alkyl group having from 1 to 30 carbon atoms, an aryl group of from 6 to 40 carbon atoms, a
fluoroallcyl group of from 1 to 10 ¢arbon atoms, an alkoxy group of fr?m 1 to 10 carbon atoms, an

aryloxy group ofiP8th & 85 RS EARE SR IR A Atk Ry HRERE: GF AU b1 SERBR A A ®ins, an
arylalkyl group ofrfteivi Zréopd Gteastvonchtontis; gmuptaylarybgrduprebfromehitterd @tcarbtn &toms, a

substituted or unsylsgtated alkylsilyl,An.akykany Bl AoHR 1 2P Ry{sibg group, and an arylalkenyl

group of from 8 to 40 carbon atoms and wherein R40 and R41 together with the atoms connecting
them can form one or more cyclic systems, x is an integer from Ito 18, 1\412 is silicon, germanium or
tin, and 12.1 cardptienaily’lisk twéranitsokthepfaimuda floto haeranothedsiRlg 1 kusth®Rdare identical

or diferent and o/, ga6l & YAIONS 6440 AIOURMSD BNEH I bS cslaRgRiagieny! ing forms

a further saturated or unsaturated ring system having a ring size of from 5 to 7 atoms, where R11 and
R11 optionally cBIE it AL HBHRLSI @, R2pPUFrea R Y et fefised onto the
cyclopentadienylxing;, ranc-880nhas thersteuettreat3eik like Si, B, Al, O, S, N or P, and / or may

contain halogen atoms like F, Ci or Br, and further wherein R>* forms a monocyclic ring

* with the {3 carbon atom.

R® has the meaning of R™ but R® need not be identical to R¥ or R? is & linear, cyclic
or branched hydrocarbon group which optionally can contain one or more hetero atorns selecta
from the group consisting of Si, B, Al, O, S, N, P, F, Clor Br, or K’ is selected from the group
consisting of an alkyl group of from 1 to about 20 carbon atoms, an alkylalkenyl group of from 3
“to about 20 carbon dtoms, an alkylaryl group of from 7 to about 40 carbon atoms, and an
tfilkylar.yiaikeny] group of from 9 to about 40 carbon atoms, with the proviso that, in any case, R° |

is not branched in the e-position.



where R301 is a linear, cyclic or branched hydrocarbon group selected from the group consisting of an
alkyl group of from 1 to 20 carbon atoms, an alkenyl group of from 2 to 20 carbon atoms, an aryl group
of from 6 to 20 carbon atoms, an arylalkyl group of from 7 to 40 carbon atoms, an alkylaryl group of
from 7 to 40 carbon atoms, or an arylalkenyl group of from 8 to 40 carbon atoms, an alkoxy group of
from 1 to 20 carbon atoms, an aryloxy group of from 6 to 20 carbon atoms, or a substituted or
unsubstituted alkylsilyl group, an alkyl(aryl)silyl group and an arylsilyl group, wherein each of the
groups may contain one or more hetero atoms including Si, B, Al, 0, S, N or P, and / or may contain
halogen atoms including F, Cl or Br, and where R302 is a hydrocarbon group which is selected from
the pimp consisting of a substituted or unsubstituted alkyl group of from 2 to 20 carbon atoms, and an
substituted or unsubstituted alkenyl group of from 3 to 20 carbon atoms, wherein those groups may
contain one or more hetero atoms including Si, B, Al, 0, 5 N or P, and / or may contain halogen atoms
including F, Cl olB, aheF fuReie r S imeiemn R%@%Fér%%%é@&&ﬂ?ﬁﬁem ﬁ‘l?éniuéacla‘?ﬁltgﬁ”atom, and
R3 has the meaning of R300, but R3 need not be identical to R3", or R3 is a linear, cyclic or branched
hydrocarbon group which optionally can contain o or more hetero atoms selected from the group
consisting of Si, B, Al, 0, S, N, P, F, Cl and Br, or Ré,i\s‘seleated from the group consisting of an alkyl
group of from 1 to 20 carbon atoms, an alkylaklzeny!;i"g_? )b of fram 3 to 20 carbon atomnis, an alkylaryl
group of from 7 to 40 carbon atoms, and an alkylarylat enyl.group of from 9 to 40 carbon atoms, with
the proviso that R3, in any case, is not branched in th a-position. Yet another embodiment
described herein is a bridged metallocene having ttﬁe dgneral Formula | a shown below: WO
2010/077230PCT/US2008/014144 Formula la whgi€ Ml is a metal of Group IVb of the Periodic Table
of the Elements, Rl and R2 are identical ofr_d\iﬁefent,a?m”tm% selected from the group consisting of a
hydrogen atom, an alkyl group of from Ito about 1 r«::;a\rbon atoms, an alkoxy group of from Ito about 10
carbon atoms, an aryl group of from 6 to ab&]'t 2_(_)@@@@6% %%%ms, an aryloxy group of from 6 to about
10 carbon atoms, an alkenyl group of from 2'ta_about, 10 carbon atoms, an OH group, a halogen atom,
or a NR232 group, where R32 is an alkyl group of frof | to about 10 carbon atoms and an aryl group
of from 6 to about 14 carbon atoms and Rl and R2-may:form one or more ring system(s), R4 and
R4' are identical or different and are selected from the group consisting of a hydrogen atom and a
linear, cyclic, ay : g .opti ining one or more hetero atoms selected
from the %ﬁ% %ng%ﬁ%d%%q;lﬁ%&%%% gs?é%%p!” gﬂ% 3%9 é%: Ri is a bridging group wherein Rl is
selected from: WO alzlgl%elrigt/p?723(2;CT/1USZ%%?/OMM where1 R4.and R41, even when.bearing the
same index, canbeTerticATor Hifarant AT CER DpIBhANY CSHTART HETBoRIOrRE BRISARSH Hiny hg
group corigigtimngofasinB at\ bRy SerblyPo Clraind 1By dldcartereachnse|ectelddsonthepgodipeohsistifig of
a hydrogen atom, an alkyl group having fr to apout 30 carbon atoms, an aryl group of from 6 to
about 40 ggrr%’)%rh éi%grr%%, a Iuéﬁal@?u ouogrgﬁﬁ%im tolggboggt 1%83%0%%%?1}3%%&%&5{5& &Fglﬁ% o(fgfrom
| to about f6ncérohatotns, anraryioxligolgobiromi®o ol t0zarbomatems agralkenyiapeep of
from 2 to about 10 carbongtams, an arylalkyl graup of.from 7 t out 40 ar?gn oms, .an alkylaryl
group of fra(?)rrl%D~ 7t0 %bgutgf zcalrbgﬁméif(')ms‘%:lhe%/l gubqs%gtutelé orm&ns%‘ titut&gglujky sﬁlyl%ﬁgﬁ@alklyl(at%rlyl)sii ’yl
group, ancarbon atoms anc an aryl group of from 6 to 14 carbon atoms, and wherein R' and R* may form one

or more ring system(s),

R* and R* are identical or different and are selected from the group consisting of a
hydrogen atom and a linear, cyclic or branched hydrocarbon group optionally contaming one or

more hetero atoms selected from the group consisting of Si, B, AL O, S, N, P, ¥, Cl and Br,

. vy s : 10 .
R is a bridging group wherein R' is selected from:

8a



WO 2010/077230PCTTUS2008/014144 arylsilyl group, or an arylalkenyl group of from 8 to about 40
carbon atoms and wherein R4 and R41 together with the atoms connecting them may form one or
more cyclic systems, x is an integer from Ito 18, M12 is silicon, germanium or tin, and RI can optionally
link two units of the formula | to one another, and R30 has the structure: - CH 2 R301 C 302 where
R301 is a linear, cyclic or branched hydrocarbon groupselected from the group consisting of an alkyl
group of from 1 to about 20 carbon atoms, an alkenyl group of from 2 to about 20 carbon atoms, an
aryl group of from 6 to about 20 carbon atoms, an arylalkyl group of from 7 to about 40 carbon atoms,
an alkylaryl group of from 7 to about 40 carbon atoms, or an arylalkenyl group of from 8 to about 40
carbon g ~a-adkexy i ah O-carbor e R 6 to about
20 carbon atoms, or a substituted or unsubstituted alkylsilyl group, an alkyl(arypsilyl group and an
arylsilyligroup, wl'l;gaein the groups mayebntain one or morg#etero atoms likeSi, B4Al, 0, 5,N or P,
and/or may contam@alogen atoms liketF, Cl or Br, and where,R302 is a hydrocar igﬁﬂg‘r@li_selected
from the grUUﬁ’Cdﬁss‘ti@g“ of a subsfifﬁff%ﬂ'br unsubstitited é‘ﬂ'(yl’g'roup of frony 2 to;about20 carbon
atoms, and an substituted or unsubstit&&d alkenyl group of &b 3 to about K tamibh atoms, and the
groups may contain one or more hetero atoms like Si, B, Al, 0, S,N or P, and/or may contain halogen
atoms like F, Cl or Br, wherein R302 forms a monocyclic ring with the f3 carbon atom. R3 has the
meaninj; of R3616, but R3 need not be identical to R333, or R3 is a linear, cyclic or branched
hydrocarbon group whicheditionally can contaim&he agffore hetero atori*Selef@d from the group
consisting of Si, B, Al, 0, 52N, P, F, Cl or Brmgf\fﬁﬁi_ssﬁlezc_t_ed from the_q@y_g_c@ﬂsting of anj alkyl
group of from | to about 2p carbon atoms, an a X;alkenx]f.group of from 3itp, aboyt, 20 carbon iatoms,
an alkylaryl group of from® to about 40 carbon®tomsHand an alkylarylalRenyl §foup of from 9 to about
40 carbon atoms, with the proviso that R3, in any case, is not branched in the a-position, and!where
R5, R6, R7 and R8 and also R5', le, RT and R8' are identical or different and are each selected from

the grou[lp consisting of aﬁydrgg natgm, a lirear, cyclic or brangheg-h carhgn group or a
substituted or unsubsti@ted affey silyi{group, an aIkyI(aryI)sin'i"'gro p;gnd an%rylsilyl group and
whereinieach of the grotyps-mgy-contair-one or more hetemlsaﬁﬁmsTﬁ p-Si-B _%?ITO, S, NorP,jand/ or
may contain halogen atbms Ii%tF, “Lor Br, and further Wherqlﬁtadj. ggnﬁd{ad&a{s R5, R6 or R6, R7 or
R7, 1<8jand also it, R6" or le, RT or RT, R8' in each case may formla hydrgcarbon ring system. In yet

another aspect, there is provided a bridged metallocene having the general Formula la below,

grotdp o v O—abou O Caroo a0 ATYIOXY group O O

N N AN
B—R* Al— R0 —Ge— — O — G 30 |
\ / / S |
i " 5 5, i
] N A 40 k 49 Ny &0 M e
| 50. N—R P—R PR ar C=0
i Vbt s ~ / | J |

where

R* and R*, even when bearing the same index, can be identical or different and can
optionally contain heteroatoms selected from the group consisting of Si, B, AL, O, §, N, P, Cl and
Br, and are selected from the group consisting of a hydrogen atom, an alkyl group having from 1
to 30 carbon atoms, an aryl group of from 6 to 40 carbon atoms, & fluoroalkyl group
of from 1 to 10 carbon atoms, an alkoxy group of from 1 to 10 carbon atoms, an aryloxy group of
from 6 to 10 carbon atoms, an alkenyl group of from 2 to 10 carbon atoms, an arylalky! group of

fom 7 to 40 carbon  atoms, an  alkylaryl group of from 7 to
40 carbon atoms, a subsiituted or unsubstituted alkylsityl, an alkyl(aryl)silyl group, an

8b



Formula la where M1 is a metal of Zirconium, Hafnium, and Titanium, Rl and 1<2 are identical or
different and are selected from the group consisting of a hydrogen atom, an alkyl group of from 1 to 10
carbon atoms, an alkoxy group of from 1 to 10 carbon atoms, an aryl group of from 6 to 20 carbon
atoms, an aryloxy group of from 6 to 10 carbon atoms, an alkenyl group of from 2 to 10 carbon atoms,
an OH group, a halogen atom, or a NR232 group, where R32 is an alkyl group of from 1 to JO carbon
atoms and an aryl group of from 6 to 14 carbon atoms and Rl and R2 may form one or more ring
system(s), R4 and R4' are identical or different and are selected from the group consisting of a
hydrogen atom and a linear, cyclic or branched hydrocarbon group optionally containing one or more

hetero atom %@ d frem,the areup, cansisting:at-Sis B Ab SurSoNaBuE, ShiandsBin R s ritiging
group wﬁg}g@ Cl%%e?ected f%%: lél%oclmg -C-R,,R4 R400ml2_ R41 R40R40 ml1l2_m12_
R41RA41tR4thepMyith the atoms connecting them can form one or more cyclic systems,

X is an integer from 1 to 18,

M is silicom, germanium or tin, and

R*" can optionally link two units of the formula 1 to one another,

R and R are identical or different and are each a divalent Cp-Cag group which together
with the cyclopentadienyl ring forms a further saturated or unsaturated ring system having 2 ring
size of from 5 to 7 atoms, where R and R optionally contain the heteroatoms Si, Ge, N, P, O
or S within the ring system fused onto the cyclopentadieny! ring, and

R has the structure

301
4

]
— R
- R 302

where R is a linear, cyclic or branched hydrocarbon group selected from the group
consisting of an alky! group of from 1 to 20 carbon atoms, ao alkenvl group of
from 2 to 20 carbon atoms, an aryl group of from 6 to 20 carbon atoms, an arylalkyl group of
from 7 to 40 carbon atoms, an alkylaryl group of from 7 to
40 carbon atoms, or an arylalkenyl group of from 8 to 40 carbon atoms, an alkoxy group of
from 1 to 20 carbon atoms, an aryloxy group of from 6 fo 20 carbon atoms, or a substituted
or unsubstituted alkylsilyl group, an alkyl{aryl)sityl group and an arylsilyl group, wherein
each of the groups may contain one or more hetero atoms including Si, B, Al, O, S, Nor P,
and / or may contain halogen atoms inciuding F, Cl or Br,
and where R*% is a hydrocarbon group selected from the group comsisting of a substituted
or unsubstituted alkyl group of from 2 to 20 carbon atoms, and an substituted or

unsubstituted  alkenyl group of fom 3 to 20 carbon atoms, and wherein those

8c



-C -R4- CR40 --.40R40 ¢ m12j41R41 R4A0C-0RI41 R40R41 R4 SOC=0

groups may contain one or more hetero atoms inciuding Si, B, Al, O, S, N or P, and/ or may
“contain halogen atoms including F, Cl or Br, and further wherein R forms a monocyclic

ring with the f carbon atom, and

R’ has the meaning of R but R® need not be identical to R*™ | or R’ is a linear, cyclic
or branched hydrocarbon group which optionally can contain one or more hetero atoms selected
from the group consisting of Si, B, AL O, 5, N, P, F, Cl or Br, or R’ is selected from the group
consisting of an alkyl group of from 1 to 20 carbon atoms, an alkyialkenyl group of from 3
to 20 carbon atoms, an alkylary! group of from 7 to 40 carbon atoms, and an alkylarylalkeny] group

of from 9 +to 40 carbon atoms, with the proviso that, 1n any case, R

is not branched in the o-position.

Another embodiment described herein is a process for olefin polymerisation comprising
contacting one or more olefins each having from 2 to about 20 carbon atoms under olefin
polymerisation reaction conditions with a catalyst sysem including a bridged metallocene

'componfmt having Formula 1 shown above.
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In another aspect, there is provided a process for olefin polymerisation comprising contacting one
or more olefins each having from 2 to 20 carbon atoms under olefin polymerisation reaction conditions

with a catalyst system including a bridged metaliocene component having formuia 1

Rt
;}i:\k "::N\\
b ‘____,ﬁﬁ"" X A%
Y"' .“’;. #
P e
fﬁ |
!
1wt
RT A
% Wt ».*R-‘sz
Y e

{Formuta 1}
where M’ is a metal of Zirconiurg, Hafnium, and Titanium,

R' and R* are identical or different and are selected from the group consisting of a
bydrogen atem, an alkyl group of from 1 to 10 carbon atoms, an alkoxy group of fom 1 fo 10
carbon atoms, en aryl group of from 6 1o 20 carbon atoms, an aryloxy group of
from 6 to 10 carbon atoms, an alkenyl group of from 2 to 10 carbon atoms, an OH grdup, a halogen
atorn, or a NRy™ group, where R* is an afkyl group of from 1 to 10 carbon atoms and an aryl group

of from 6 10 14 carbon atoms and R’ and R? may form one or more ring system(s),

4 & . : :
R’ and R" are identical or different and are selected from the group consisting of a hvdrogen
atom and a linear, cyclic or branched hydrocarbon group optionally containing one or more hetero

atoms selected from the group consisting of 81, B, AL, O, S, N, P, F, C! and Br,

8e



S-or -0--GeO_p-R40P(0)R where R4 and R41, even when bearing the same index, can be -
identical or different and can optionally contain heteroatoms selected from the group consisting of Si,
B. Al, 0, S, N, P. Cland Br, and are each selected from the group consisting of a hydrogen atom, an
alkyl group having from 1 to 30 carbon atoms, an aryl group of from 6 to 40 carbon atoms, a fluoroalky!l
group of from 1 to 10 carbon atoms, an alkoxy group of from 1 to 10 carbon atoms, an aryloxy group of
from 6 to 10 carbon atoms, an alkenyl group of from 2 to 10 carbon atoms, an arylallcyl group of from
7 to 40 carbon atoms, an alkylaryl group of from 7 to 40 carbon atoms, a substituted or unsubstituted
alkylsilyl, an alk arylgs_il 1 group, an arylsilyl,group, Or an arylalkenyl group of from 8 to 40 carbon
atoms and Whé?){ek(iﬁ R R@P%Q‘é‘fﬁ%’f‘\/\%& theSeRsEBhnecting them may form one or more cyclic

systems;-xis-anthateger-from-1-to-18,mi2-tssiticom, germmaniumor tin;-and Ricamoptionally |ink two
units of the formula 1 to one another, and R30 has the structure: RaDi
R40 Rﬁg R&O R-ﬁo R4O
i | o | Lo
—0—M"2-0- —C— —O—M"Z— —C— M0
FFQ—Q R-@{B iRﬁe-B $4G Fi{dﬂ
‘__Im'lz_m """“M bl M?Z_ _“"'"‘C""“"_C_"
Flii‘” Ifqm !Rzﬂ ﬁ:a“ ﬁm
R0 40 40 =40 l 'Rcm_i =40
! i | L ! L
G G G —M" ¢ M2 —
a1 &41 41 Fi?."“ L;RM E ém
— X
\‘ | \ \\ ]
B—R4 R0 —Ge— e — 50
' e yd
hY N AN . N\ N
N—R P—R%® POIR®  or C=0
/52 v / O /

where

R* and R®, even when bearing the same index, can be idemtical or different and can
optionally contain heteroatoms selected from the group consisting of Si, B, Al, O, S, N, P, Cl and
Br, and are selected from the group consisting of a hydrogen atom, an alkyl group having from 1
to 30 carbon atoms, an aryl group of from 6 to 40 carbon atoms, a fluoroalkyl group
of from 1 to 10 carbon atoms, an alkoxy eroup of from 1 to 10 carbon atoms, an aryloxy group of
from 6 to 10 carbon atoms, an alkenyl group of from 2 t¢ 10 carbon atoms, an arylalkyl group of
from 7 to 40 carbon  atoms, an  alkylaryl growp  of from 7 to
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where R30 is a linear, cyclic or branched hydrocarbon group selected from the group consisting of an
alkyl group of from 1 to 20 carbon atoms, an allcenyl group of from 2 to 20 carbon atoms, an aryl
group of from 6 to 20 carbon atoms, an arylalkyl group of from 7 to 40 carbon atoms, an alkyl/aryl
group of from 7 to 40 carbon atoms, or an arylalkenyl group of from 8 to 40 carbon atoms, an alkoxy
group of from 1 to 20 carbon atoms, an ary, loxy group of from 6 to 20 carbon atoms, or a substituted
or unsubstituted alkylsilyl group, an alkykaryl)silyl group and an arylsilyl group, wherein the groups
may contain one or more hetero atoms including Si, B, Al, 0, S, N or P, and/or may contain halogen
atoms including F, Cl or Br, and where R302 is a hydrocarbon group selected from the group
consisting ofa,sHbstifted eripaubstiptedaliv araumat Hom 2,120 carbeatoms, and ARsilyl
substltuto%guor uréggbs%tuted] g}}(léenyl %Eg%g of tfro}gn 3 togzgocar on.atoms, E%nrclﬂ1 ghe oups may gentain
one or rﬁorepﬁgtero atoms nc ua%g I, B, A?, 0 §HN or P, and/or may con?aln halogen toms Including
F, Cl or BY WhelSr By i S BHsEoRe F???Evﬁ?ﬂ R APb B GHTHC SYR® Has the meaning of
R300, but R3 n}gg%g}tg)&}j%@ﬁig%tﬁ)ﬁmo, or R3 is a linear, cyclic or branched hydrocarbon group
which optionally can contain one or more hetero atoms selected from the group consisting of Si, B, Al,
0, S, N, P, F, Gl Beiticle. isseledted fian, thel group consisting of an alkyl group of from 1 to 20
carbon atoms, ar) alkylalkenyl %ﬁgp of from 3 to 20 carbon atoms, an alkylaryl group of from 7 to 40
carbon atoms, Bnd-@hoafigraiyialke HyP gretiP o ST 4eocdrbarPEtdims, with the proviso that R3, in
any case, is not,branched in the a-pgsition.and where Rs, R6, R7 and R8 and also Rs',.R6', R7' and
R8 are identicg{{or ﬁi‘z{ren gﬁgcga}ieg%é)éh(%%?é%te fom t%dec%ﬁocl% %%%gsgﬁr%oc%r 3Uﬁy‘g}1(1)%heR[r? %et%erﬁ, a
linear, cydlic Grebrarichadadimind carbdnrgroa g otarssistitigte dromsnsudsstitutes s witeylsilytigeouppan
allcyl(aryh)sil QUR an yls ou wherei ch oft rOUpRS centain gn more
hetero a)%gzr?l%é %n%%tﬂ%%g% S?QB{&% Igy,&lxég?l%or%,aggd /gfr{]l %‘%ﬁ%ﬁ?&%ﬁ%%%%ﬁ%ﬁ%% |§%I§£n% E: %?I or Br,
and furtheSwhighaithadjaeertiraniostd RE0 HE oyRES RFQFIRYIIRS andd also R5', R6I or R6', R7' or R7,
R81 in each casg,may Mini a hydrocarbon ring system. In still another aspect, there is provided a
process for olefin pBfiSEREBH comprising contacting one or more olefins each having from 2 to 20
carbon atoms under olefin_ pghymerisation reaction conditions with a catalyst system including a
bridged metallocene comfponent as defined above. In yet another aspect, there is provided a
process for olefin polymeiisation comprising contacting one or more olefins each having from 2 to 20
carbon atoms under olefir erisation reaction conditions with a catalyst system including a
bridged metaligidnetomponent &g defmed above. BRIEF DESCRIPTION OF THE DRAWINGS
Fig. lillustrates individual'gteps of th&fBocess for producing transition metal compounds of the bridged
metallocene compound of the-iaverttion. Fig. 2 is a photograph of the copolymer obtained in
Comparative Example 20. Fig. 3 is a photograph of the ¢copolymer obtained in Example 19. DETAILED
DESCRIPTION™*¥2\lhe hidve FRE TAE ti< b HERF A SR B9 SaBBorucr GAidyeh SYEiEFAL
comprising at leastrneespecificallik substinie darfebiaridged nistaletene, atieqastonalkecdtalysipat
least one supporft§nd,,)if dgaire , at I{_aast one eta(t)l com oungta a f%rthert additive C?Ek%fment'
According to thé prgrsfleﬁfciﬁ”ve% |0%If ?h()el%a?glﬁg s%/rst%prr? IS B%pa?e bc)?rmcl)%ﬁ’go A18AH Ve p%%ﬁ?cally
substituted anddfridfjech métallacent} atdedshonetcocatalyst, atdgastionemsupporifandrifesiredat
least one metal4 ompoun argd zgg_%rth Eﬂ(%gitiveo%om %{%ent% ‘o d’fggﬁirstg(r)nﬁ?odimaﬁgxpf the in{\j/tention
relates to a substitu eg, brlcfgéé)met%ceneycc%pgnen Fthe genera(ﬁol—ﬂormuﬁa fhé ow,y e
2010/077230PEhth) $2008/044dd diomisere Myisxa gretal of BrouptiVif ofatherPeviodioTakiesofittvd
' nd R; are
hefe

Elements, preferably zirconi wg ' -Rreferably zirconium.. . Rl
identical or,diffeorléﬁlt%auzr?é%gﬂreé@alcl%g giﬁg oggn%%%%};gﬁ}%%%rﬁ%gpo#%ﬁ% Itacl)% g%lglljt:’f[%u%ér on éﬁoms,

an alkoxy groupetfgithd goouprowel Gezno ArgtommBHbaigiogrous cidhodrg 6. dodult 20 8arbonfatoms,
an aryloxy 9rouQn@f/f[)?%é%t&ﬁﬁﬁ%éigﬁr%%ﬂﬂ@ﬁdﬁ@ alkenyl E??%Ed%ﬁ&g‘l@mié@%%%@a‘?ﬂégon

atoms, an OH group, a halogen atom, or a NR232 group, where R32 is an alkyl group of from 1 to

about 10 carborFatnsitial apEGreUPCsT fonE6Hs Abeusng cirboizioRishad RisapdiRERkMorm
one or more rin%gxﬁtg%@%eggtggpb& anchR Z.are-identical.pdifferent.and ase, analikyl groyp of

from 1 to about 10 carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryloxy
group of from 6 F8TaBoUt 2 0 eRsoH SN 8 halogen atom, or Rl and R2 together may form one or
more ring system(s). Particularly preferably, Rl and R2 are identical or different and are methyl,
chlorine or phenolate.
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R8 and R4' are identical or different and are each a hydrogen atom, a linear, cyclic or branched
hydrocarbon group, for example an alkyl group of from Ito 20 carbon atoms, an alkenyl group of from 2
to 20 carbon atoms, an aryl group of from 6 to 20 carbon atoms, an arylalkyl group of from 7 to 40
carbon atoms, an alkylaryl group of from 8 to about 40 carbon atoms, or an arylalkenyl group of from 8
to about 40 carbon atoms or a substituted or unsubstituted alkylsilyl group, an alkyl(aryl)silyl group or
an arylsilyl group. The group may contain one or more hetero atoms like Si, B, Al, 0, S, N or P, and / or
may contain halogen WO 2010/077230PCT/US2008/014144 atoms like F, Cl or Br. Preferably, R4
and R4' are identical or different and are each a hydrogen atom, a linear, cyclic or branched

hydrocarbon group, for example an alkyl group of from 1 to about 10 carbon atoms,,an alkenyl.group
of from 2 to abButeLFeerbER AfGHE A& Mﬁ&%@%ﬁﬁ“ﬁd%%%%‘f‘%?&a%bogﬁ? a@oﬁ%‘, é’ﬁkgry Sikyl

group of from 7.tq-abaut-20-carhonatamss ancalkylary, group d:frami Siteriahoub2icakbbnfatoms, or
an arylalkenyl group of from 8 to about 20 carbon atoms or a substituted or unsubstituted alkyIsilyl
group, an alkyR¥RARINE GFéu Brih %Fﬁ%’ﬂﬂﬂ @%ﬁ&%e groups may be halogenated. Particularly
preferably, R4 and R4' are both hydrogen. RI !s a bridging group whereip. Rl is sglected from: R40
-0-M1?-0- R, ARRA0s el Reapiri m&@*@@m@m@uh& Regpigabio R7 . or R 15 a linear, cyciic

or branched hydrocarbon group which optionally can contain one or more hetero atoms selected
from the groﬁp consisting of Si, B, AL, O, §, N, P, F, Cl and Br, or R i5 selected frpm the group
consisting of an alkyl group of from 1 to 20 carbon atoms, an alkylalkenyl group of from 3 to 20
carbon atoms, an alkylaryl group of from 7 to 40 carbon atoms, and an alkylarylalkenyl group of

. . k] .
fom 9 to 40 carbon  atoms, with the proviso that R°, m  any case,

is not branched in the g-position.

Yet another embodiment described herein is 2 bridged metallocene having the general

Formula 1a shown below:
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D40Q M12 R4 R40 R40 17 --0--M | RaiRat R40R40 1 0- SO 441 R4 12

WO 2010/077230 PCT/US2008/014144

" Formula la

where M' is a metal of Group Vb of the Periodic Table of the Elements,

R' and R? are identical or different and are selected from the group consisting of 2
hydrogen atom, an alky] group of from 1 to about 10 carbon atoms, an alkoxy group of from 1 to
about 10 carbon atoms, an aryi group of from 6 to about 20 carbon atoms, an aryloxy group of
from 6 1o about 10 carbon atoms, an aikenyi group of from 2 to about 10 carbon atoms, an OH
group, a halogen atom, or a NRo* gfoup, where R* is an alkyl group of from 1 to about 10
carbon atoms and an aryl group of from 6 to about 14 carbon atoms and R' and R? may form one
or more ring system(s),

R* and R* are identical or differént and are selected from the group consisting of a
hydrogen atom and a linear, ¢yclic or branched hydrocarbon group optionally containing one or
more hetero atoms selected from the group consisting of Si, B, Al, O, §, N, P, F, Cl and Br,

R" is a bridging gruﬁp wherein Rf“ is selected from:



447 -Ge- 441 R4 _ml1l2Cl-R40 R4l C-1R4 R40 M12 1-1 R41R41 B-R4A\BR R41 "

WO 2010/077230 ' PCTUS2008/014144
R4 E?“ﬂ $40 R40 Fﬁm
—O0-M"2-0- —C— —O—M"— C—M"2—Qum
R41 &41 FEQM IERM %41

R40 R4(} Rdtl R40 R40
M M2 72 P SR S
&41 5'241 ézm &41 L a1
RI0 R0 RO R40 g’"RJzo RA0
é é: ci: MH? | é: ME12
‘[41 I4'§ 14% |41 Ed‘! Eﬁ
R RY R R i R R
_ ‘ .
\ N\ \
B—R40 Al—R*0 —Ge— —O0— e G SO
e / © Y
\ \ N AN : \
S0, N--R40 p-R* P(O)R* or c=0
/ / Ve S /
where

R* and R", even when bearing the same index, can be identical or different and can
optionally coniain heteroatoms selected from the group cfmsisting of 5i, B, AL O, S, N, P, Cl and
Br, and are each selected from the group consisting of a hydrogen atom, an alky! group having
from 1 to about 30 carbon atoms, an aryl group of from 6 to about 40 carbon atoms, a fluoroalky!
group of from ! to about 10 carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms,
an aryloxy group of from 6 to about 10 carbon atoms, an alkeny! group of fom 2 to about 10
carbon atoms, an arylalkyl group of from 7 to about 40 carbon atoms, an alkylaryl group of from

7 to about 40 carbon atoms, a substituted or unsubstituited alkylsilyl, an alkyl(aryl)silyl group, an

10



R-i.-0- 441 -S- 441 X ,\ SO2 /1?1-1R-R-p(0)R40 OrC=0 WO 2010/077230PCT/US2008/014144
where R4ppdRdErAyen when bearing the same index, can be ideptigat@pgiffaignt and are each
a hydrogen atom, a C1-C40 group such as an alkyl group having from 1 to about 30 carbon atoms, an
aryl group of from 6 to about 40 carbon atoms, a fluoroalkyl group of from Ito about 10 carbon atoms,
an alkoxy group of from 1 to about 10 carbon atoms, an aryloxy group of from 6 to about 10 carbon
atoms, an alkenyl group of from 2 to about 10 carbon atoms, an arylalkyl group of from 7 to about 40
carbon atoH¥dsilheemsy 269t gratsay Fgspvprotdr B ioabosaMsarhesiems H¥rReRoPadsubstituted

alkylsilyl, atkRytcaesH3siyith Grearylalybareising Mcanarny loHkesnd gralsp ol dmyddasabout 40 carbon atoms.
R4 and R41 together \{\ﬁ{@ thg atolrp;1 %onnectlng them can form one or more cyclic systems or R4

and/or R41 can contaln dditional hetero atoms (i.e., non-carbon atoms) like Si, B, Al, 0, S. N or P or
halogen atoms IKE’ @51 ieBR, SeTaHRteigit A Ito 18, M12 is silicon, germanium or tin, and R1 may

also link two units'dfdhepfamawaidktoengigootheformulPreferiyotRy miR40R41S1=, R4R41Ge=,
R4R41C= or (R40R41i((‘ag R49]R41|}c,E where R4 and R41 are identical or different and are each a

hydrogen atom, a hydrocarbon arsct)up ‘of from 1 to about 30 carbon atoms, in particular an alkyl group

of from Ito about 10 carbon atoms, an aryl group of from 6 to about 40 carbon atoms, an arylalkyl.
group of from 7 to about 14 carbon atggy, an alkylaryl group of from 7 to about 14 carbon atoms or a
substituted or unsubstituted aIkyIsiIRgroup, an alkyl(aryl)silyl or an arylsilyl group. - Particularly
preferably, the bridging unit 122 is R401141Si= or R40R41Ge=, where R4 and R41 are identical or
different and are methyl, ethyl, progyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,
cyclopentyl, cyclggg_nt&iﬁng[,_cxc mke\nyl, naphthyl, benzyl, trimerhylsilyl or
3,3,3-trifluoropropyl.

- R 302

where R*® is a linear, cyclic or branched hydrocarbon groupselected from the group

~ consisting of an alkyl group of from 1 to about 20 carbon atoms, an alkenyl group of
from 2 to about 20 carbon atoxﬁs, an aryl group of from-6 to about 20 carbon atoms, an
arylatky! group of from 7 to about 40 carbon atoms, an alkylary] group of from 7 to about
40 carbon atoms, or an arylalkenyl group of from 8 to about 40 carbon atoms, an alkoxy
grou_b of from 1 to about 20 carbon atoms, an aryloxy group of from 6 to about 20 carbon
zitoms, or a substituted or unsubstituted alkylsilyl group, an alkyl{aryl)silyl group and an
arylsilyl group, wherein the groups may contain one or more hetero atoms like 8i, B, Al

G, 8 Nor P; and/or may contain halogen atoms like F, Cl or Br,

and where R*% is a hydrocarbon group selected from the group consisting of a substituted
or unsubstituted alky! group of from 2 to about 20 carbon atoms, and an substituted or
unsubstituted alkenyl group of from 3 to about 20 carbon atoms, and the groups may
contain one or more hetero atoms like Si, B, Al, O, §, N or P, and/or may contain halogen

atoms like F, Cl or Br, wherein R*% forms a monocyclic ring with the B carbon atom,

11



R11 and R11' are identical or different and are each a divalent C2-C40 group which together with the
cyclopentadienyl ring forms a further saturated or unsaturated ring system having a ring size of from 5

to 7 atoms, whege;Rs @ndRitd rayrcentatn {ha heterqaiams & re.oNk Pis  mhe: wWithip the ring
system fused onto the cyclopentadienyl ring, rﬁzferably, the groups R"and R11' %%ggptical or

P
different SATEARENES BN HPAM FPYPOVECRIBIL 1 677 TRBRE GRel MOELPRITIRE ™
2010/077230RGMSADOKALAE 4451, B, 3,00, Sdl B, dhIRoBnatRe I46lestedtidp trrmov respectively.

The asterjgks, & ALy a0 B UIE R0 FRHRYREatofh Yo ARk Blkcyla1id yelyadgnote the
chemical %o%r% tsujggpan aIz?Pl1 %n RI to the gyaélopenta%ien%%régs. Foryillu;&r%ﬁz%%%ﬁRll is represented

nin
by Formul& W%aoléaﬁ%”%‘é‘?@éeﬁéa‘ﬁwm SiiFome PSRy RS E R Iula la (see below)
is obtainedkRarialiany preferably Ribbiantd4R kkrare identicallahdiffevanttiand Ridaiy axdévalent group

accordingig%oﬁ(?ltgglg}lgflyn nad?%g)]sit'&ggelected_ from the divalent groups in Formulae la’, 0', z';md y' or RI1
and R11" are identical or different and are divalent groups accordln%] to Formula la and la' or Formula

15 and 11346V EsrRuf 1§ 2 B SrshitlaRsfntn & opiedtamtir o darrfgedresatula | v and 1
V', respectielysd BRIt Foumebasyiarnialayito 361 0/0ET2 30RC T HISA0RBI0I4LEAEE' R6.

R66Roe, R7 R77R77%.. 3909 R %%%ﬁl%ﬂ? I%@Aﬁ" F Iallxﬁ I Jaslvi BB d2/a-H8:and R9 and
b ted Jlkyisil cﬂig (!1}5’ { 6%@1 i
also RS, I%Té)'iprfoFS{%'séﬁcf RO ‘as well as R5 ,SRY6g,rrR 7, RSS and%%y, fé??ri1 tc.88'ar§i A
group and wherein each of the groups may contain one or more hetero atoms like 5i, B, Al, O, S,

N or P, ané / or may contain halogen atoms like F, Cl or Br, and further wherein adjacent
radicals R, R® or R‘S, R’ or RT, R® and also RS‘, R® or Ré', R” orR”', R¥ in each case may forma

hydrocarborn ring system.

In vet another aspect, there is provided a bridged metallocene having the general Formula la below,

Formula la
where M is a metal of Zirconium, Hafnium, and Titanium,

R) and R? are identical or different and are selected from the group consisting of a
hydrogen atom, an alkyl group of from ! to 10 carbon atoms, an alkoxy group of from ! to 10

carbon atoms, an aryl group of from 6 to 20 carbon afoms, an aryloxy group of
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R99 and also R55', Rand R99' are identical or different and are each a hydrogen atom, a linear, cyclic
or branched hydrocarbon group, for example an alkyl group of from 2 to about 20 carbon atoms, an
alkenyl group of from 2 to about 20 carbon atoms, an aryl group of from 6 to about 40 carbon atoms,
an arylalkyl group of from 7 to about 40 carbon atoms, an alkylaryl group of from 7 to about 40 carbon
atoms, or an arylalkenyl group of from 8 to about 40 carbon atoms or a substituted or unsubstituted
alkylsilyl group, an alkyl(aryl)silyl group or an arylsilyl group. Two adjacent radicals R5, R6 or R5', R6'
or R6, R7 or R6', R7' or R7, R8 or R7', R8' or R8, R9 or R8', R9' as well as R55, R66 or R55', R66' or
R66, R77 or R66', R77' or R77, R" or R77', R™ or R88, WO 2010/077230PCT/US2008/014144 R99 or
R88', R ineachcasemaydfermmakatyiatedpoiifisatlrated kydrocattyes, ing sy stem. Thegoups
may contain one or more hgtero atoms like Si, B:zAl,.0, S. N or,P, and / or may inhalpgenatoms
like F, CH8Psr. ™ ﬁref%&bly, BB R, BRI REB andt RGG and dlso BB néo .,%%?Ré&%ndlggg'
are eachathydregen atdnmandRGpR6,0R 7rdRS @ RP @ridoal SooRS' 2RE RRENR S and Rrareidentical
or different and are ea%:ph ﬂydrogen atom, a substituted or =substituted alkylsilyl or arylsilyl group, a
linear, c%ﬁ%oé? E?%Sgﬁe”(rﬁn% Kyl group of from 1 to about 10 carbon atoms, or an aryl group of from 6 to
about 40 carbon,atoms and the groups may contain}gne or maprg(getero a%)ms like Si, 1B,t.AUI, 0f %, N or
P, and / or mayRcoRtair hafgdtt Bt6msTika BT 0P BT, HFhe fivs a0 58Nt PRI A RETRE HifdAlsd
R57R6" mayfesmaahydrecarhen-tingsystersrarREandiRsiarenidgenticabobdifferenitaint-areneach a

substituted or. =substituted aryl group of from 6 to about 40 catb to, Particularly preferably,
R55, R, RYF, Woﬁaf*ﬁé@ﬁ%‘ggf%’ﬁ%%? WP PP RS %ﬂ%’%gya%é eg(:;l%h% Eygirréla%r%%tom andR5,
R6, R7, BY and '309 and also Rr, R6', kr, Rr apd R9' are identical or different and are each a hydrogen
atom or a lineaR CyeldBEBrAERER HIGFESup biHEELiBbout 10 carbon atoms, or an aryl group of
from 6 to about 40 carbon atoms. The two adjacent radicals Rs, R6 and also Rr, Rs' together may form
aring system or R5 and Rs' are identical or different and are each a substituted or :substiiuted aryl
group offrom 6 togzﬁgout 40 carbon at .lemisa - CH 2R,_E§,301 R 302 gr.Q;gp,R;u@ere RBPl isa
linear, cyclic or branched hydrocarbor%ﬁup, for example an, alkyl group o?ffrom J_tzo about 20 carbon
atoms, an ark@wlﬁg?%u@vof from 2 tU-af?out 20 carborrdtomé . ar aryl grocrpfbf‘frin 6teabout 20
carbon atoms, anmafylalkyl group of frgg*7 to about 40 carbgh WO 2010/O§§?Q PCT/US2008/014144
atoms, an alkylaryl group of from 7 to about 40 carbon atoms, or an arylalkenyl group of frc%)m 8 to
about 40 carbon atoms, an alkoxy group of from 1 to about 20 carbon atoms, an aryloxy group of from
6 to aboyt 20 carbon atoms, or a substituted or unsubstituted alkylsilyl group, an alkyl(aryl)§sily1 group
or an aryjsilyl group, and B8 groups may cont&iff oné6? more hetero afdths IR& Si, B, Al, 0, S, N or P,
and/ or ﬁ1ay contain h@_lg@en atoms like F,,Q}VQEB_[._Fiﬂﬁze,[eferably B&Q‘;’L_'Ls_a&s_alinear, cyclic or
branched hydrocarbon groyp, for example an dlkyl grokp of from 1 to abeyt ]é)é_c;arbon atoms, an
alkenyl group of from 2 to about 10 carbon ato%s, arﬁaryl group of from'6 to about 10 carbpn atoms,
an arylalkyl group of from 7 to about 20 carbon atoms, an alkylaryl group of from 7 to about 20 carbon
atoms, ot an arylalkenyl-group of from 8 to about 20 carbon atoms, an alkoxy group of from 1 to about
10 carbotI atoms, an a%@xy g{.@pp &Effom 6 to about 10 ca T%nsg or ﬂ@ubstituted or
unsubstiti ted alkylsilyl group,:an alkyl(aryl)silyl group or an %ylsilyt ar §up,=%nd the groups:may
contain g{e or more-teteroatems ke Si, B, Al, 0, S, N or ¥ a J may ¥bntain halogen Ttoms like

F, Clor Br. Particul#brefmﬁéblyﬁﬁ%l is ais a linear, cygtic or rédhchegtHydrocarbon group, for
example an alkyl group of from 1 to about 4 carbon atoms, an arytgrotpxof from 6 to about 10 carbon
atoms, an arylalkyl group of from 7 to about 20 carbon atoms, an alkylaryl group of from 7 to about 20
carbon a?oms, an alkoxy group of from 1 to about 10 carbon atoms, an aryloxy group of froj'n 6 to
about 10 carbon a ms, andgge_glg\ggps may contain one or more hetqggtgr_ns like Sj, B, Al, 0, S, N or
P, and! or m@y%aﬁt in halogen atoms like Iffaeor Br. MOSt particular-preferably-R301 is a linear or
branched hydrocarbon group, for example an alkyl group of from | to about 4 carbon atom; |

|
|
\\ \_\ . \\ . "'\ . \ E

SOz N—R* P—R4C PIORYC o c=0
A rd yd 7 / i
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R302 is a hydrocarbon group which is building a mono-cyclic ring with the 13-carbon atom, for
example a substituted or unsubstituted alkyl group of from 2 to about 20 carbon atoms, an substituted
or unsubstituted alkenyl group of from 3 to about 20 carbon atoms, and the groups may contain one or
more hetero Moms like Si, B, A1,0, S, N or P, and / or may contain halogen atoms like F, Cl or Br.
Preferably R302 is a hydrocarbon group which is building a mono-cyclic ring with theJ3carbon atom,
for example a substituted or unsubstituted alkyl group of from 2 to about 10 carbon atoms, and the
groups may contain one or more hetero atoms like Si, B, Al, 0, S, N or P, arid / or may contain halogen
atoms like F, Cl or Br. WO 2010/077230PCUUS2008/014144  Particularly preferably R302 is a
hydrocarbon group which is building a mono-cyclic ring with the 3-carbon atom, for example a

substituted or UnSubstituted alkyl group of from 3 to about 7 carbon atoms, and the groups may

contain one or fiorg,hegero atamslike HhBe L0 s S BIdE: a0 /RN Masantritialegeatams like
F, Cl or Br, with the prqviso that R3019 contain more than 6 carbon atoms, 1R ma;k_rbg C@OBS%F from
the sameRSEY At PESERECRIT TS Hedd ROt BETUEN (AN D383D) o Re i dhydrogen ati, a
linear, cyglic.od hrancheddwdracarhomerewpvbickismay be halegsnatedoandiormay ganiatncng or
more hetero atoms like Si, B, Al, 0, 5, N or P, for example an alkyl group oﬁfrom to, about 2f0 carbon
atoms, a:-ﬁogfkﬁ/lfﬁlQ@r‘fﬁfb%G{P’E‘Ffﬁﬂﬁrﬁltg%‘ﬁbﬁf%%grﬁooﬁoaﬁ% ﬁ%‘?‘ﬁﬁqﬂ PSR SFHBT 7' 8 about
40 carbon afemgor asrmikylandalkenyh gratp of framySto abourd@ carbom atams, sittothe poeviso that
R3 is not cyclic or branched %r;i? osjtion. P{\reﬁerabl , R3is chqﬁen {rom the same setjth%t 10
describe@®REY Wit MR iderifical toB300) 3P R is™a IiHear cydli&®r Branchadhydrocarbon
group of fxerarter@hout2 sashion atoaspfofrexamptle € adkdybgreumof fromitéaP0 carlpnddtéms, an
alkylaryl group of from 7 to about 20 carbon atom: alkylalkenyl group of.from 3 to about 20.carbon
atoms orgatﬁ é@%&%ﬁ@%ﬁ %r%h%b t??o?ﬁ g?é%%%%%g[ ll(gg{r A g%‘o%@%ﬁ%ﬁ@%r%\%gd fhat %l'sﬁnot
cyclic or firanched ima-positienyl gMoreqireferably, R3 d0d R8daredidenticall ormRS tsra metapidgroup
or a linegJ,cyclic or branched hydrocarbon gro om 7 to about 10 ear ms which may be
halogen ecf,‘[\g %ﬁ%ﬁ‘f}flﬁy Qrﬁ%%%o?%%??%o%a ngﬁ%g (}J Carbon 3%%(1%&9 g?rl\% a S;/El%'il%iiso’enyl group of from 7
to about 10 carbon atoms with the proviso that R3 is not cyclic or branched in a-position.

Particularly prefefaBly &R He identical with the proviso that R3 and R3(r) contain more than
6 carbon atoms, iz iﬂﬁfggb}%%%ﬁ ghg R300, or both are not cyclic or, in the alternative, are
not branced in the a-carbon position. Preferably, the specifically substituted, bridged metallocene
component of tefirst epabadimant of theninvetiofoistasagivenie Earimlata below. WO
2010/077230PCT/US2008/014144 Formula la M', RI, R2, R3, R4, -4", K Rl and le6c) have
the meaning set forth %o&@%%ﬁ%@& to Formula I. For the substituents R5, R6, R7 and R8 and
also R5', R6', RT and 128’ ‘:@prmula la, there are two equitable substitution patterns. In the first
substitution pattern, R5, IF8R7 and R8 and also R5', R6', R7' and R8" are identical or different and are
each a hydrogen atom, a tjnear, cyclic or branched hydrocarbon group, for example an alkyl group of
from 1 to about 20 carbontatams, an alkenyl group of from 2 to about 20 carbon atoms, an aryl group
of from 6 te-abowyt 4 r%r:jt; s, an arylalkyl group of from 7 to about 40 carbon atoms, an alkylaryl
group of from 7 to about 4Q carbon atgfs, or an arylalkenyl group of from 8 to about 40 carbon atoms
or a substituted or unsubstituied al%lsilyl group, an alkyl(aryl)silyl group or an aryisilyl group. The
groups may contain one or more hetero atoms like Si, B, Al, 0, S, N or P, and / or may contain halogen
atoms like F, CIvreBr, Aind 7sok tiksaidjardint radieaisiRe, REWERB IR EOHR 7 IRECAnEaTs PRETWB' or
1(6', R7" or RT, 3{(;?51@11??0& case.may orm ahyanganan rig sYSISM aromd referablyRo-d(p, &7 and
R8 and also 1(5', Re, RT and Fig. are identical or different and are each a hydrogen atom, a

substituted or ufSEbAtLIEF ERGASHIPEs ARASTREGHILLY, BRMEdF 24 ERtOBR BraHeHERRIIFEr 8t Pfrom |

to about 10 carhgpatorms, g5 anry! graum of fiemH to abouti40igarbonaiems, gvhichdpay gontain
one or more hetero atoms like Si, B, Al, 0, 5, N or P, and / or may contain halogen atoms like F, Cl or

Br, and / or the tHc #BRARERAAEAR R HEERISINE K5 16 it J AP IiRaten BFomsSTaraLed

hydrocarbon ring-$¥ste 20 carbon atoms, an aryloxy group of from 6 to 20 carbon atoms, or a substituted

or  unsubstituted  alkylsilyl  group, an  alkyl{aryD)silyl goup and  an
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WO 2010/077230PCT/US2008/014144 Particularly preferably, R5, R6, R7 and R8 and also R5',
R6', R7' and R8' are identical or different and are each a hydrogen atom or a linear, cyclic or branched
alkyl group of from 1 to about 10 carbon atoms, or an aryl group of from 6 to about 40 carbon atoms
and / or the two adjacent radicals R5, R6 and also R5', R6' together may form a saturated or
unsaturated ring system. In the second substitution pattern, R6, R7, R8 and also R6', RT and R8'
are identical or different and are each a hydrogen atom, a linear, cyclic or branched hydrocarbon
group, for example an alkyl group of from 1 to about 10 carbon atoms, an alkenyl group of from 2 to
about 10 carbonratehys carvmrytigromptiof fronr6 WaRlFontARD @z isd mate MEEh Apyhalkgs Y fotipSef From 7
to about 40 carbon.atems, 28 alkylaryl groun.of Fam.Z.19.ahou 40earkopatoms, or an arylalkenyl

group of from 8t0’about 40 carbon atorhs or a substituted or unsubstituted alkyisilyl group, an
alkyl(aryl)silyl group or an asylsilyl group. Two adjacent radicals R6, R7 or R7, R8 as.well as R6', R7'
or Rr, R8" in eadft g@?% fornf é%ﬂ?%gg%%o?#né ei?y% ed?nn.'QFﬁeth §roups r%ogﬁl(sz%rﬁ‘fa?rf] %rfilégcs)%ri%%d?e
hetero atoms like SinBih&ln8e8, dNedr Broapddidfmay tontait haldgen Atoms liké FEnChorsBui&RS and
R5' are identical or different and ar %ach a tituted or upsubstituted aryl group_of from 6 tg about
40 carbon atom8” (Sagwrlﬁ%y %%{r? aﬁfral e’ r%:)?ioﬁlet%rot %tlgrr%scﬁi%ogi,a%o,% ganéj X or 5?%{% Tor may
contain halogencatosits dike dF, BborBrero atPreferablyjnR67IRZ,ahl RE AN alsd . RE/RT nend-R8=are
identical or different and are each a hydrogen atom, a substituted or unsubstitused alkylsilyl op.arylsilyl
group, a linear, %@%fﬁe %rag)r%lﬁcl 8%%%%%158 roggr’o%%lrtéfl about 10 ca?bc)n atomé,c or an aryl group of
from 6 to about d@rearbmmatoms, which may contain one or more hetero atoms like Si, B, Al, 0, S, N or
P, and / or may contain halogen atoms like F, Cl or Br. R5 and R5' are identical or different and are
each a substitutedl pssumsubstitute BRI Yrowprof fearm fotdahoealcarbofl atoms.is = Rasticually
preferably, R6 , R7 and R8 and also R6', R7' and R } are identical or different ngl aretgaci,;h%a}Lected
hydrogenOétBWSPeéilm@é??ﬁaﬁ %Pﬁa‘ﬁ}%]ﬁgoogw DIBTF SRR BT AT oA AtomS. 6 an
aryl grougreffroun &dopabouiddcafmin mtohsORS, andmR Y, ate ddénticaRoridiffdeentlaihcnarbeeachy

naphthyl, 4-(CI-Clo-alkyl)phenyl or 4-(CQ-C20-aryl)phenyl such as 4- methyl:phenyl, 4-biphenyl
ety R G Srcy BT RoprGEyT Reng) SR B o 4 R gt oy 3
4-cyclohexylphebyt, ddrimethylkiid-phenyh 4f ddamantylphabyh, 4«01 «@d exBlioreatkaitypheryp
3-(C1-C10:alkyD)-phenyl, 3-(C1-C10-flugroalkyl)-phenyl, 3-(¢6-.C20-aryl)phenyl li -piphenyl,
3,5-di-(0f§%fgl%}ﬁ?—gée°ny B A3, %lr{r%t 5??3%%%%%,5- %y.c}és)& MR o
2010107 7#230@E€T/US2008/014144 di-(C1-C10-fluroalkyl)-phenyl, such as
3,5-di(trifluoromethyl)-phenyl or 3,5-(C6-C20-aryl)phenyl like 3,5-terphenyl. Non-limiting examples
for the pagtigularby-preferfed metalidcene LampouRtisrCenrdity 4o Fammdka badifiaare:given kelbw:
Dimethylsilandiylhis[2- [(1-methylcyclohexypmethyl]-4-(tert-butylphenyl)-1-indeny11-zirconium
dichiore BB At B T TR GO RS CTy s Ao B e Ao
zirconiumgglichlaride Dimethytsilandiylis{@ednéthisicytlobephydimbtay 2344{tdrzbuty | phd ay 18y isityl
-indenylk zirconium dichloride, Di atah I('}slillandigllt%i% in One O more hetero including S1, B, AL O
-[(1-methyTREISHENY e ﬁf}ﬁ-ﬂ’l ertz u%ﬁﬁqﬁesﬁy - -mdenyllr&lrcoﬁlum ichionide 8 =% 5 S
DimethylsilaNdiy|Bisiad-[( d=methytoyaiodety prmethytl Anfterdiba iyl (FHenmyd)- txid deriptk zidconinredgichioride
Dimethylsilandiylbis[2-s[(1-gthyleyclghexyl)methyl]=4=(test-butylphenyl)s2-inedenylpzirconi ichloride
Dimethylsi gﬁcﬁ%@is’[ -[%rl I-%ﬁr%ig/lc)é)}rc opegnt%/%%iaéﬁ]t%y -4§[er$t%gﬁyfp%e%l - fﬁn?gn%/%%i%(%#gé c{i%(?[rlll%lride
Dimethylsitahdiydihisf2d(tethyicycloheptypmethyl]-4-(tert-butylpheny1)-1-indenylj-zirconium dichloride
Dimethylsilandiylbis[2-[(1-ethylcyclononypmeth Ii;4-(tert-butylphenyl)-l-indenyli-zirconium dichloride
Dimethy|si|andiﬁbi@%@fﬂ@ﬁﬁ&%ﬂb&&%ﬁﬁﬂ*fﬁ ABEPESE A HETY RIS IRFTERYAT. FEBHRAR WEROTEe

one or more olefins each having from 2 to 20 carbon atoms under olefin polymerisation reaction
conditions with a catalyst system including a bridged metallocene component as defined above.

In yet another aspect, there is provided a process for olefin polymerisation comprising contacting
one or more olefins each having from 2 to 20 carbon atoms under olefin polymerisation reaction

conditions with a catalyst system including a bridged metallocene component as defined above.
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Dimethylsilandiylbis[24(1-ethylcyclobutypmethyl]-4-(tert-butylpheny1)-1-indenylkzirconium dichloride
Dimethylsilandiylbis[24( | -propylcyclohexyl)methy1]-4-(tert-butylphenyl)- | -indenyli-zirconium
dichloride Dimethylsilandiylbis[24( | -propylcyclopentyl)methy1]-4-(tert-butylphenyl)- |
-indenylpzirconium dichloride WO 2010/077230PCT/US2008/014144
propylcycloheptypmethyl]-4-(tert-butylpheny1)- | -indenylFzirconium
-propylcyclononyOmethyl]-4-(tert-butylpheny1)- 1 mdenyll zirconium

-propyleyclooctymethy1]-4-(tfihutipheRysiraibderyt BrCoMNRs
-propylcyclobutyl)methyl]-4-(tert- buty{i)hen indenylkzirconi_um

vl
-propyZcyclopropgiiteepet aditdet: GfWﬁﬁngfo?e?ﬁ&gﬁﬂguﬁﬂﬂgﬁqﬂgﬂ’émﬁ?lt‘}@[‘i’ﬂtufds
-methylcyelahexytpae thydfiobénk-aaphimd pfltindeaytlezirconium dichloride Dimethylsilandiylbis[240

-methylcyc operﬁy')@%tpgﬂzlm }E‘@P@%@;n AsRdenyllzzrcenipm. dichiOrde, Dimethylsilandiylbis[2-K1
-methylcyclohept )methy11-4- -naﬁmwo-l indenylFzirconium dichloride Dimethylsilandiylbis[2-[(1

-methylcyclonon@@rﬁé‘%ﬁﬂ}%"?@ﬁ&ﬁ fy‘i‘?f'déﬁgﬂ’lﬂ??rb%ﬁﬁi‘fﬂp&ﬁéﬂiorlde Dimethylsilandiylbis[24( |
-methylcyclooctyl)nnethy11-4-(1-naphthyl)- | -indenyll-zirconium dichloride Dimethylsilandiylbis[2-[(1

-ethylcyclohexypmethy11-4-(1-naphthyh-rl;indempkzirgpnigin dichloride Dimethylsilandiylbis[24( 1
-ethyl cyclopenty methyl] -44 1 -naphthyl)-1-indenyll-zirconium dichloride Dimethylsilandiylbis[24( |

-ethylcyclohepty &y f3ud "i‘aﬁg‘ﬁﬁm% I3 2 Rg A RCERRIH GRHISHIS BTIRRTRRIERY iyl bis[24( 1
-ethylcyclaaanyfarpethyddi4 4ubstiapdtayd) biiid ed enydkiziroen kiteadi chtoridetdimethvisilemdiy | bis[2-[ ( 1
-ethy'CVC'OOgQA%e&WéM@&' aP%QQtEWJ)ranI'QQﬁEMK&EH@Qi%@%ﬁlﬁﬁl@%o\w&nm

2010/07723 US2008/0°

According to the present mventxon, the catalyst svstem is prepared by mixing at least one

specifically substituted and bridged metallocene, at least one cocatalyst, at least one support and
if destred at least one metal compound and a further additive component.
The first embodiment of the mventxon refates to a substituted, bridged metaiiocene

component of the general Formula 1 below,
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[(1.-methylcyclohexyl)methyl]-4-phenyl- 1-indenyli-zirconium dichloride [( 1 ‘
-methylcyclop‘ggty(m??gtm(ol]-4-phenyI- | -indenylFzirconium -[(I -methylcycloheptypmethy1]-4-phenyl-1
-indenylkzirconium -[( 1-methylcyclononyOmethyl]-4-phenyl- 1 -indenylkzirconium dichloride -[( 1
-methylcyclooctypmethy1]-4-phenyl- | -indenylkzirconiurn dichloride
-[(1-ethylcyclohexypmethyl]-4-phenyl- | -indenylkzirconium dichloride -[( |
-ethylcyclopentyl)methyl]-4-phenyl- 1 -indenylFzirconium dichloride -[( |
-ethylcycloheptypmethyl1]-4-phenyl-1 -indenylkz&Tonium dichloride -[(I

gyt Joride -[( |

@] oride -[( 1

dichloride WO _

Is [21( 1-propylcyclopentyl)methyl1-4-phenyl- 1
Ibis[24( | -propylcycloheptyl)methyl]-4-phenyl- 1

-ethylcyclooctypmethy1]-4-phenyl- I -indenytkzi
-ethylcyclobutyl)methyl]-4-phenyl- | -indenyl]-zir

2010/077230PCT/US2008/014144 Dimethylsilandiyl
-i ndenylkzi rconi um dichloride Dimethylsilandiy}bi
-indenyl] -zirconium dichloride
Dimethylsilandiylbis[2-[(1-propylcyclonony,
Dimethylsilandi ylbi s [24( 1-propylcycloottyl)
imethylsilandiylbis [24( 1 -propylcyclobutyl) me -ph@ nyl- 1 -indenylFzirconi um dichloride
Dimethylsilandiylbis[24(1-propylcyclopro ethy11-4-phenyl4-indenylkzirconium dichloride
Dimethylsilandiylbis[24(1-methylcyclohexyl)methyl]Rf-(2-naphthyl)-1-indenyli-zirconium dichloride
DimethylsiIandinbis[2[(1-methylcyclopentyl)r‘nt%h%lhg-l()z-naphthyl)-l-indenyll-zirconium dichloride
Dimethylsilandiylbis[241-methylcycloheptyl)methy11-4-(2-naphthyl)-1-indenyll-zirconium dichloride
Dimethylsilandiylbis[24(1-methylcyclononypmethyll-4-(2-naphthyl)-1-indenylkzirconium dichloride
Dimethylsileirekybis] 2 4{dtaineitisd oy tioatyiinietiof t 1rdbien sipl ity pris petdayidzizbomiiinm dichloride
DimetlaylsugﬂwlQ@%{%ﬁmﬁy&@mngmgmﬂ#(Z-naphthyl)-l-indenylkzirconiu'm dichloride
Dimethylsilandiylbiis[z 1-ethylcyclopentyl)methyll-4-(2-naphthyl)-1-indenyll-zirconium dichloride
Dimethylsilandiyfhigf- 1@&%&%@%&%&%@%&1@&9&%amﬂ%ﬁe-@md@ﬁmWiaﬁfra?&monde
Dimethylsilatdiydin $[P¢boe titylay cloaidnyOQnethyl@s(2 Inaphtioy e bdnde nidizireonilnraighloride
D!methy'S!m%M@a%[ztlghpmwsmmmiy&g- Rt 1 indendkaicanipm dighloride
Dimethylsilandiylbis[24(1-ethylcyclobutyl)methyll-4-(2-naphthyl)- 1-indenyl)zirconium dichloride
DimethylsiFé‘f?&K}lB&‘fE-‘{%ﬁ?iPo%&ﬂé?%%ﬁgﬁﬁwmfﬂft?ﬁﬁ?ﬂ%ﬂ)hilﬂﬁ OTAFEIRim dichloride

group, where R* is an atkyl group of from 1 to about 10 carbon atoms or an aryl group of from 6

TRIRZ . . . . .
éﬁ)ﬁz-l-lndenyThzwconlum dichloride
-4-pheqyl- I --indenylFzirconium dichloride D

to about 14 carbon atoms and R’ and R* may form one or more ring system(s). Prefera_biy, R'
and R” are identical or different and are an alkyl group of from 1 to about 10 carbon atoms, an
alkoxy group of from 1 to about 10 carbon atoms, an aryloxy group of from 6 to about 10 carbon
atoms ot a 'haiogen atom, or R! and R? together may forr one or more ring system(s).
Particularly preferably, R' and R* are identical or different and are methyl, chbrine or phenolate,
R* and R* are identical or different and are each a hydrogen atom, a linear, cyclic or
branched hydrocarbon group, for example an alkyl group of from 1 to 20 carbon atoms, an
alkenyl group of from 2 to 20 carbc_)n atoms, an aryl group of from 6 to 20 carbon atoms, an
arylalkyl group of from 7 to 40 carbon atoms, an alkylaryl group of from 8 to about 40 carbon
atoms, or an arylalkenyl group of from 8 lto about 40 carbon atoms or a substituted or
unsubstituted alkylsilyl group, an alkyl(aryl}silyl group or an arylsilyl group. The group may

contain one or more hetero atoms like Si, B, Al, O, §, N or P, and / or may contain halogen
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[(1- ethylcyclopentypmethylk4 (3,5-dimethyl-phenyl)-1-indenylk
[(1- ethylcyclogﬁpg tﬂxl] -4-(3,5-dimethyl-phenyl)- | -indenylk
RI-ethyleyclonony me yll -4-(3,5-dimethyl-phenyl)-1-indenylk
[(1-ethylcyclooctypmethy1]-4-(3,5-dimethyl-phenyl)- | -indenyTh
[(1-ethylcyclobutypmethy1]-4-(3,5-dimethyl-phenyl)- |
-indenylj[(1-propylcyclohexyl)methy1]-4- g3 5-dimethyl-pheny1)-1-indenylE [(
|-propylcychopesiiy) Féthyd Br- @ FedibdtRY kphRh by ileinideny i férent and are each a hydrogen
“PrOpYICyClORROBANAICL o bl RIRKRREY; -f&dsax!g@anfamgyalsfa?ﬁxmn%hyll -4-(3,5-di
methyl-phenyl)-| mdenyl] 4(1- propylcycloo I)me h Ik4§ dimethyl-phenyl)- I -indenylk -[(
-propy|cyc|6‘iﬂw&ﬁaém9f}°&lisa% et r%/P‘ﬁh‘éf $i £ Aoy - carhep RIp R pRIBR SRR Ay,
-4-(3,5-dim&timyb- phebayt) L0 cartgbermpiits](ah arylalky! group of from 7 to about 20 carbon atoms, an

-methylcyc ) ( : ) €1t ToUup O1 irom O aboul
-methylcyc ¥i§rr1§ég‘%ﬂr i‘“ﬂ‘ﬁ.ﬁiﬁﬂi@%ﬁhﬁj% &f*ﬂﬁs"éf” ?ﬁé p of from 8 to about

4(1-methyl yéﬂS Oétﬁ%?ﬁ%‘tﬁﬁf SRS ATEHDTEI H‘ﬁiﬁiigi’i‘fa&ﬁﬂr?”w&s"y‘)s‘nly group or an
2010/07723GRIT 482008/ Ebifsirha PO HRDLEMOET IBORCTHY H2008/3] Bl deti RY@re both
201010773@@{%&};1USZOO81014144 Dimethylsilandiylbis[24( | -propylcyc
looctypmethy11-4-(4-ethyl-phenyl)- 1 -indenylFzirconium dichloride Dimethylsilandlylbis[24( |
-propylcyclobutypmethyl1-4-(4-ethyl-phenyl)- 1 -indenyl] -zirconium dichloride

D|methyIS|Iandwlb]%[@ﬂbl*@mpmwmp@pyﬁ%w}ed i(rmih:ethyl phenyl) 1-indenyli-zirconium

PCTUS2008/014144

dichloride 0- 1
-indenyllzirconium dichloride
Dimethylsi andiylbiﬂ@4(5 ethyl-1,3- dhman -5-yDmethyl4-(tert-buty 1 gkemnpyt)- | -indenylk zirconium
dichloride |metgxl @r@ylbls[Z[(Z 2/5-trimetyhl-1 %dm‘;ﬁan -5- yOmegny]M,z(teét butylphenyl)-1-
indenylFzirconium dighloride
Dimethylsi andlylblgfz [(2,2, dlmetyhBS -ethyl-1,3- dlox§1 5- yOmethyﬁM (‘ﬁert butylpheny1)-1-
indenylkzirconium dichloride
Dimethylsilandiylbis[2-1(3-methyl-oxetan-3-yOmethylk4-(tert- butylphenyl) 1-indenylk|zirconium
dichloride Dimethylsilandig#is[24(3-ethyl-oxgan-gsyOmethyl]-4-gert-ptyIphenyl)- | | -
. . B . . . '
-indenylj-zirconium dichlgfide M2 pt2_ S S S
‘ . §R43 i‘;«ti &41 éﬁ 5:1241
R0 R4 R0 RO | R40] R0
| | | . ! !
—$ g MM
RYORYT R R IR RA
=,
\ N ' '
/B—‘R“O N- R© —Ge—  —0— —§— SO
\so R p—R% OR*® o Cc=0
/2 s




Dimethylsilandiylbis[2-[(1 -methylcyclohex-3-en- | -yOmethy11-4-(tert-butylpheny1)-1-indenylk
zirconium dic%ig%[g; gthylsilandiylbis[24( | -ethylcyc ohex-3-en- | -yg%x&&ﬁh(ltgt-butylphenyl)-

1 -indenyl] - zirconium |c?1loride as well as the analogous zirconiumdimethyl-compounds and
zirconium-biphenolates and zirconium-bisphenolates. Instead of the preferred pure chiral bridged
racemic or pseudoracemic metallocene compounds of formulas | and la, mixtures of the metallacenes
of formulas 1 and la and the corresponding meso or pseudomeso metallocenes may be used in the
catalyst preparation. However, the preparation of the isomerically pure racemic form is especially
preferred for the yggoOf metallocenes in the polymerization of olefins to isotactic polyoleftns, since the

corresponding mego f may produce undesired atactic palypropylene ("PP").The WO .
2010/077230PC /u@%@%ﬁﬁfﬁ‘&" 'ﬁ%%ffﬂ%ﬂt?aﬁi\?‘ﬁﬁﬂ%‘*ré&%ﬁ?i@F&H‘r‘ﬂé’ﬁ?(ﬁé"%%b%ﬂ 8°177%hn a

rac:meso ratipdufgpesttern, thdnGulgpraferalbhs arf alkld zsiuplidyingdrenpiaferbedt 30 attmastidibsl and most
preferred ofnatleasig 8ikrom 6 ASHGRANEISIEh S ThRCARCa-9h dBEoM GRS Rpeudoracemic”

(or "pseudorac™), and the term "meso’ jncludes "pseudomeso.” rac/pseudorace
. ca}' on atqins 8%8
isomermeso/pseudom

IC
QEHREPUP O LR BRI ISAIRST AIRB SN BAY %P&@@?é?a} roducing the
transition-rivetdutd frpomddgoofsfenmaliies Ngang © Héthziratentidh cati@ atoms, an arylalkyl

2010/07723QR{FirbarPRBRQL 4 4 AR:0RiRES, of the inveptnp i usAPIesass Qmepducing
compoundstof formgl?.tla, Form Iat,i]a%én \%/P]ICP th vanaﬁ%g; R an%]}/li have the meaning specified
above, incRigy AR et S A EHISER e %’,Ségg‘h?ﬁ‘igma’ LB BY GIYAFEBiBhation of the
com pounda@ylﬁdjmmargqp of from 8 to about 40 carbon atoms. R*® and R*! together with the atoms
connecting them can form one or more cyclic systems or R” and/or R*! can contain additional
hetero atoms (i.e., non-carbon atoms) like Si, B, Al, O, S, N or P or halogen atoms like Cl or Br,
x is an integer from 1 to 18,
M'? is silicon, germanium or tin, and

R' may also link two units of the formula 1 to one another.

Preferably, R'® is ROR"'Si=, R“R*'Ge=, R¥R* C= or (R*R" C-CR¥R™M)-, where R*
and R*' are identical or different and are each a hydrogen atom, a hydrocarbon group of from 1
to about 30 carbon atoms, in particular an alky!l group of from ! to about 10 carbon atoms, an
aryl group of from 6 to about 40 carbon atoms, an arylalkyl group of frém 7 to about 14 carbon
atoms, an alkylaryl group of from 7 to about 14 carbon atoms or a substituted or unsubstituted
alkylsilyl group, an alky!(ary[)silyl or an arylsilyl group.

Pariicularly preferably, the bridging unit R' is R*R*Si= or R*R*'Ge=, where R*® and
R* are identical or different and are methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
nonyl, decyl, undecyl, dedecyl, cyclopentyl, cyclopentadienyl, cyclohexyl, phenyl, naphthyl,
benzyl, trimethylsilyt or 3,3,3-trifluoropropyl.

R'' and R'" are identical or different and are each a divalent G-Cyg group which together
with the cyclopentadienyl ring forms a further saturated or unsaturated ring systemn having a ring
size of from 5 to 7 atoms, where R!! and R'" may contain the heteroatoms 8i, Ge, N, P, Oor §
within the ring system fused onto the cyclopentadienyl ring. Preferably, the groups R and R’”

are identical or different and are each a divalent group selected from those given in Formulae |
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Rs" 300 (Formula 2) with a base, in which R300, 124, R5, R6', RT, and R8' have the meaning

specified abo 2 f Rl has the meaning mI2R40itwhere M12, R%%r L4 hgye the meanings
specified aboﬁ? t%feh# t )eSbfurther production proceeds by the reaction of t eﬁ§eprotonated compounds

from step (a) with R40R4IMI2X2 to form the compound of formula 3 or formula 4, depending on the

guantitative proportions used, where R40, R41, and M12 have the meanings specified above, and X
‘may be the same or different and means a halogen atom, preferably chlorine, bromine, or iodine, or
another legvmg.groupd W@ FofiouwG:é 1280 PC B/ US 20@8/0 fd fetAdi e falabiytarisiatet tesy/late, or

mesylate. «{RermEAR). FRIMIA ALO) Afterthe production af ehiorasiang indangsuahghlorogermane

indenes of formulg,3, these are reacted with a metal-indene compound of formula 5 (Formula 5) in
which M sISRYEfor £l Bt tRe QislpreatarsmR et o Hlusialips ¥ By et iPTrERIRhYS specified above,
to obtain tiferowinppamtRof fompseted by Formula 1y°, then the structure given in Formula la (see

below) is obtained. Particularly preferably, R'' and R'" are identical or different andR" isa
divalent group according to Formula 1y and R'"Wis selected from the divalent groups in Formulae
te’, B, andy’ or R" and R'" are identical or different and are divalent groups according to
Formula to and 1o’ or Formula I and 1B’ or Formula ly and 1v’ or Formula 18 and 15’ or

Formula 19 and 1 ¢’ or Formula 1v and 1 v*, respectively,

' Rs 4 R5|
2=N e N
RS RY
De 0
R’ R”
Formula o Formula 1o’
RS | RS
\ RG \ RS'
8 et
Formula 1J Formula 1§
RS RY
8 &
BN R N R
5 S R? I = R?
RB R8'
Formula 1y Formula 1y’
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WO, 2010/077230PCT/1JS2008/014144 (Formula 6) d) Reaction of the compound of formula 4 or 6
with a base a oaz%?(mg%ﬂ)f MICI4, in which MI stands for zirconium, titagms?gggﬂmyp, to form the
compound of formu a)la. In step (a), the compound of formula 2, for example,
2-(1-methyl-cyclohexylmethyl)-7- (4-tert-Butyl-pheny1)-1H-indene in an inert solvent, which consists of
one or more aromatic or aliphatic hydrocarbons and/or one or more polar, aprotic solvents, is
deprotonated with a strong base, for example, n-butyllithium. The deprotonation is carried out at
temperatures of-70C to 80C,Rihd Rfferably 0C to 80@®STh&iésulting metal salt is then reacted
directly, without further isolationyin s BB (b) with a siliconxom %ind or germanium compound that
contains two leaving groups. ®Fproduction of the ¢ Rg;ilnd of formula 3 or the compound of
formula 4 can be achieved by.adjustmBnt of the quantitative p: rtions. Compounds of formula 3 are
reacted in step (c) with a metal-i denﬁcompound of forhpula 5.1n the following step (d), the
bis(indenyl)silanes of formula’¥¥oR8 are doubly depro®fat&d with a strong base, such as nbutyllithium,
in.an inert soIven'F, which congj; u&fﬁne_or. more arorpgr%: oy l,iphatic .hydrocarbon's and/pr one or
more polar, aprotic solvents, and the bislithium salt formed in this way is reacted, without isolation,
directly with a source of Ti, Zr, or Hf to obtain the compound of formula la. The deprotonation is carried
out at temperatures of-70C t® 0@55%@ preferably 0Cr#& 8Q¢3% Dgpending on the nature of the ligand
system of formula 4 or 6, the metallpcenes can be isolated either directly from the reaction mixture
with rac:meso ratios or pseudo-rac:kesg satios of greater thay 5:1preferably of at least 10: | , more
preferred of at least 15:1 and most WO 2010/077230PCTTUS2008/014144 preferred of at least 20:1
or further rac:meso separation 3&p have to be applied chyrac:meso ratios or pseudo-rac:meso
ratios of at least 5:1 preferablyz8f at &t 10:1, more pﬁ;ﬁ’erred%f at least 15:1 and most preferred of at
least 20:1 to obtain a suitable _catalyst. In Fig. 1, the individual steps of the process of the invention
for producing transition-metaf 88MBolihds of formulasi&&Redfown once again for the example of a
preferred embodiment. In addition, the present invention relates to a catalyst system comprising at
least one compound of formuas Igasla and at least orwﬁcoq;@mlyg,t. A suitable cocatalyst
component which may be presept acdd rding to the pres invﬁﬁg n in the catalyst system comprises
at least one compound of the type & aR.aluminoxane, &Lew »0r an ionic compound which reacts
with a metal locene to convert the lapf€rRito a cationic compoyfieR?” Aluminoxanes are oligomeric or

polymeric aluminum oxy compeynas;miich may exist | gof linear, cyclic, caged or polymeric
structures. Although the exackedrij UR&{s) of alumino 8 BI unknown, it is well accepted that
alkylaluminoxanes have the general formula 7. (R-A1-0)p (Formula 7). Examples for cyclic, linear

or cage structures of aluminok@iesdadie depicted in th&FamHuks 8,9 and 10: Al - p+2 (Formula 8) WO
2010/077230PCT/US2008/014144

R%, R% R’ R®, and R and also R”, R¥, R”, R* and R” as well as R*, R®, R, R® and
R” az}d also R**, Rﬁﬁ’, R”, R* and R* are identical or different and are each a hydrogen‘ atom,
a linear, cyclic or branched hydrocarbon group, for example an alkyl group of from 2 to about 20
carbon atoms, an alkenyl group of from 2 to about 20 carbon atoms, an aryl group of from 6 to
about 40 carbon atoms, an arylalkyl group of from 7 to about 40 carbon atoms, an alkylaryl
group of from 7 to about 40 carbon atoms, or an arylalkenyl group of from 8 to about 40 carbon
atoms or a substituied or unsubstituted alkylsiiyl group, an alkyl{(aryDsilyl group or an arylsilyt
group. Two édjacent radicals R>, R® or R*, R or R&R7orR®, R orR”, R®or R, R¥ or R®, R’

or R¥,R¥ as well as R*® R% or R% R or R%, R" or R , R or Rw, R¥® orR” . R* or R%®

17



(Formula,9) /R O-A I R -A I NbC----.., se0 1-alllA 17, i.RIA cr"...-- A1 -0 A R NilliPA IMMO" i (Formula
10) The radlc R0 n t%& ormulas (7) (8), (9) and (10) can be identical Pélqgg%ﬁs%ﬁ q are each a

-C20 group su as an a yl group of from Ito about 6 carbon atoms, an aryl group o from 6 to about
18 carbon atoms, benzyl or hydrogen and p is an integer from 2 to 50, preferably from 10 to 35.

Peferably, the radicals R are identical and are methyl, isobutyl, n-butyl, phenyl or benzyl, particularly
preferably methyl If the radicals R are different, they are preferably methyl and hydrogen, methyl

and isobutyl’or MEHR/ sincashouy nwitfory d setyextedubutptented it prefer sblyshetny Bresent in a
prOportlongeaﬁJb@maQ RO INHERDRARS ERsiGalRR,; B, AT S RINBIOXAD LSNPS REERared in

various w bg/n ) qw%; ds..One of the methods comprises the reaction of an
aluminum ocaa 50N ¢d oung and/or a h%drldoalumlnum hydrocarbon compound with water,
which may be gdsetrblsdia, Riturd ok *\wd RO xof0tsoROPRT/BS 2608 md A% 4rbgesickas water of

crystallizafgavolit R REHSRIVRAIBURN A3 FOIMENAs NP DIELRTE RN Al RANGxaRaikaving different alkyl
groups R, évigto dlffer nt tnaIEyI%Iu({mnums AIR30+A1 3 corres gl(qgéo the de |r composition and

remt and are Wh%ba%d P-A-0 302 424.

react|V|ty are reac e with"wa e g@ ﬁEPaéyn IeSVt\1/tIl(12tZ{:3 o}lrﬁu%sro
group, a linear, cyclic or branched alkyl group of from 1 to about 10 carbon atoms, or an aryl

- group of from 6 to about 40 carbon atoms and the groups may contain one or more hetero atoms
like Si, B, Al, O, 8, N or P, and / or may contain halogen atoms like F, Cl or Br. The two
adjacent radicals R*/R® and also R*/R® may form a hydrocarbon ring system or R’ and RS are
identical or different and are each a substituied or unsubstituted aryl group of from 6 to about 40
carbon atoms. |

~ Particularly preferably, RSS, Rﬁé, R77, R® and R* and also R*® ’, R%, R”’, R® and R
are each a hydrogen atom andR’, R®, R7, R® and R’ and also R, R?, R”,R¥ aﬁd RY are
identical or different and are each a hydrogen atom or a linear, cyclic or branched alkyi group of
from 1 to about 10 carbon'atoms, or an aryl group of from 6 to about 40 carbon atoms. The two
adjacent radicals R, R® and also R¥, R® together may form a ring system or R*and R® are
identical or different and are-each a substituted or unsubstituted aryl group of from 6 to about 40
carbon atoms.

R*isa

— CH,— €~ ™\

R 302

group, where R*Y is a linear, cyclié or branched hydrocarbon group, for example an alky! group
of from 1 to about 20 carbon atoms, an alkenyl group of from 2 to about 20 carbon atoms, an aryl

group of from 6 to about 20 carbon atoms, an ai-ylalkyl group of from 7 to about 40 carbon
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Regardless of the method of preparation, all aluminoxane solutions have in commona variable content
of unreacted n rting compound which is present in free form

Furthermore, %Febaﬁmﬁ S’é aluminoxane compounds of the formulas 7, 1;SErE)?[(%;r?Gliao%?t&:ls%élIso possible to
use modified aluminoxanes in which the hydrocarbon radicals or hydrogen atoms have been partly
replaced by alkoxy, aryloxy, siloxy or amide radicals. The amounts of aluminoxane and
metallocene used in the preparation of the supported catalyst system can be varied within a wide
range. Howewesr ait Hsdperberdop nbiftonbe tadbawitédyersbentgame ehenmmtalkendrgzcopefifoemd of formulas 1
or la and tmaemmmammm%%mmm m@.stt@@aa;@mi&aﬁgoa%glmy@%from the

alumlnoxan mpound transmon metg the metallo mpound is in fie range from
gl R e

10:1 to 10867 pre era SOOI S G TR s TH S ?55@% FSP30"1 to 400:1. In the
case of m&hﬂ@?ﬁﬁﬁ%m,%@%m mwen&&asmw@@%sﬁw@mﬂumé@tmcmembut the use
of 10% strargth sc,)mrc'@ns IR 8199 RRSYPIR AR MBIWIRREIGh ABERROEEIBPINEN 1O USing compounds of
the formula 11 3[) F%mulla 112 where 2 is an el%??yér of Grou 13 off the Pe iodic Table of
Elements, in parti icuTar B pre”T?'earraﬁfyl ¥ r/&'l"c oc%rg?g ehne rs‘c‘:";)l‘rar‘]"é’por ifferent and
each are aﬂkytisagm%fr@m L &g akiy| IQr@Jbﬁofafmm intdiabmﬁﬁrQ@(@éﬁbm Zroneual) asybgroup of from 6
to about 1&&@5%@mﬁbﬁpwﬁm,t@w@ky& &%@@M&@rmwwmﬁmmmao carbon
atoms:in t allg %hrgsala%ré ?ar’q( r020 &aﬁpon@ goxlagaglcal or qu i{:hlorlne bromine
or iodine. re erre exafnplesy PXE 438 e propy %&r)rag |so ntYl
trifluoromethifprufsanbeated g%bapgtgmérﬁaslbew emalm%ﬁymméombemywmhmb@nm gfroups, p.
fluorophenyiexp iflip@icRiie 8 Yb HB0EACRIPRORARAN, d@@@mﬂm@@hﬁwhb@ﬁu&dr&iM@ﬁhenvI WO
2010/077230PCTT%S%00 4144 and 3 5 d nfluorom henl)r/1 Preferred LeW|s acids are

/
trlmethylalﬁmlﬁ im? ?1?/’ | m%ﬁour%{)fruso 1St1 afimimdng ?%Iun’?’r?ﬁﬂ%alf‘rﬁpﬁoorro orane,
triphenylbd¥ie atprsedi SrdhHer Codrand, mfﬂs/(srsnﬂﬂg@tﬁaphfépgqmaﬁéke F, Clor Br.

tris(4-fluoromethyhpineiny pasreadbey m)(ﬂéamiﬂmsp@@ﬁemm Hytﬁ&%tﬂrgmﬁp%}enyl)borane,
trls(tolyl)borane tns%«'ESl d}g&ethé/%r leggorapedrgrls(§5 ?‘glua(%?r, r@gﬁ lerora E giéris
givéh to ta eny

(3,4,5- trlfluoro en Particu ar preference Is uoro orane. As

ionic cocaﬁrﬁﬁatﬂ?ﬁm@?w £5 {iethg tﬂﬂ?ﬂ}é@ﬂég@mléﬁ@bﬂwﬁﬂﬂﬁﬂmmﬂf fiatihg anion
such as tevrameraEM&ﬂtmmmmﬁamﬂﬁgiaﬁfﬁ&imlb@fasauﬁbl%@m&F%%Q%n(&r;m% Suitable

counterions > 1€ &tro%ré_%% l%(i'ﬁl or Bro nstedt |d cation. Broensted C{dS A?artlcular

carbpn a oms,a con m One o
preferencegl Iven tcii&rotonated amine or aan dgrrlvg?v such as metﬁlciammonlum anilinium,
dimethylariifichiBrt didthyehmantiee Wéﬂﬁgﬂwmmﬁw@rphbmfam}ﬁbﬁrum N,N-dimethylanilinium,
trimethylammonimiast priatbylametaabR Wi is ubdarnmenicktd eibddinhaoyammansunr, pyridinium,
p- bromoNg}lﬁzgyT]l iMpagylmerptgragomt& V\{fon Qt(gnethylanlllnlum N,N-dimethylbenzylammonium,

N,N-dimethy exylammonium, Swta & Lewis-acid cations are cations of the formula 12 [(yad)Q |

Q2 Qz]d+ (FormBia 193 hierarionszsrie ikt Britdies pmams£8H# ting PihiduiBFabio of the Elements,
QtoQ areaajﬁg{ymaaﬁwwe&maﬂogmmau&a a&%&lﬂ@ﬂ%@@a@b@@@d calkyiansmarylalkyl,

haloalkyl, halo h hav fro 0 carb n the ar hbadlcal andf om Ito 28 carbon
atoms in the aﬁ%yu%egc cycﬁ% %{XF%F%? roprﬁ %mgk?lgu F Carson’ 3osma§" W |§f1 n%’ay in turn

bear alkyl @M@ﬁﬁt@ﬂf%ﬁ?’lﬂ@%’%@?f@ﬁﬁﬁﬁ@rﬁa@nﬁé 8s Substitimesomgentainikelaggroups of from
1 to 28 carhemnsatienFsCasy®xy groups of from 6 to 15 carbon atoms, silyl or mercaptyl groups, ais an

g‘rt(z%igfr%rr: 1- 6’P¥e%sraﬂyrﬂ§@2 Ilé ];rggargc%orb%nagnrgu% &, EEESE gxﬁﬂf Ing a monc(i)-fc-:fychc ring th’tht[gj is larger than

carbon atom, for example a substituted or unsubstituted alkyl group of from 2 to about 10 carbon
atoms, and the groups may contain one or more hetero atoms like Si, B, Al, O, S, Nor P, and / or

may contain halogén atoms like F, Cl or Br.
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WQ, 2010/077230PCT/US2008/0 4144  Particulary suitable cations are carbonium cations such
as triphenylcaghenivum, gxonium cations, sulfonium cations such as tetrlqjly]%gém%?&mum, .
phosphonium cations such as triethylphosphonium, triphenylphosphonium and diphenylphosphonium,
and also cationic transition metal complexes such as the silver cation and the 1,1 tdimethylferrocenium
cation. Preferred ionic compounds which can be used according to the present invention include:
triethylammoniumtetra(phenyl)borate, tributylammoniumtetra(phenyl)borate,
trimethylammonibarttetra{fqlyd e bt & Iibisty lydreariungtetqadtbish) bdndtéing a mono-cyclic ring

tributylammme%%%&%%@ﬂ%@%pﬁm@ﬁmﬁméa)iQy&xmm%m&t@éasQmmr%%%ﬂw

aluminate, tripropylammoniumtetra(dimethylphenyl)borate, o
tributylammGHRRM EERPFARIGROB NIy I SAD LY AR BRGLRaIAlRR fte fh Bl S odReAY ) borate,
N,N-dimetfyteyiclohexy lanaohilpie tiakis (he RafiLarbphemythbpratie that R’ contain more

N,N-dimethylbenzylammaniumtetrakis(pentafluorophenyl)borate
N,N-dimethylaniliqiumtetra(phen Nborate, N,N-diethylatiIiniv%}}tetra%@hengll)borate,

N,N-dimethylanitfhif¥itat shesep & tiotaphist fins deatabed R™ (but K™ need not be identical to
N_,N-dimetWP&)rdHﬁ?Uﬁrﬁﬁwkﬁpﬂmﬂfhm{mmnypahhﬁam%,hydrocarbon group which may be
d'(propveaﬁamnmamlﬂﬁggk%@mm%mbwpR&fe?égwms like S, B, Al, O, S, N or P, for

di(cyclohexyl)ammonjumtetrakist(pentatluorophenyl)borate,

triphenylpHEEBREAR A EERBEHENYI U bR AtrRpHismRomialnetisred rangfBeratdo
diph_enylpfuh@pfmﬁuhnﬁemaiﬁ#sép_hﬂ{}yapbgm@ il (rast i ydpive ayd)phosphabickydetralcis(phenypborate,
trKdlmethyMMﬁ%Qﬁ@% %?E%Iﬁad‘%t?{d}&ﬁ Q&‘QQ%ﬂta%ms, with the proviso that R®is not cyclic

triphenylcarbeniumtetrakis(pentatluorophenyl)borate,
triphenylca%}é'ﬁ?ﬁpﬁ?éﬂ&mgfﬁ’é’ﬁtaﬂuorophenyDaIuminate, triphenylcarbeniumtetrakis(phenyl)aluminate,
ferroceniumtetrakisfpebitaiiids opdren yhinotateaardiothili@s20A T P7BRRREGT I 82008/014144

ferroceniunyigttalis(RentafikooPheny AP INAG ched RIBTELERER IBVE HDn 1 to about 20

triphenylcarbeniumtetrakis(pentafluorophenyl) borate,

N, NdimethSAERA8RERy Iah IS PREKIk R AYR AERIBOBIR fitograiunsyan allylaryl group of
N,Ndimeth§ztive i zy idowritniannte ttakis, (petaful b oy esw Yifdrate3 to atbus Hserpesaiis 6o 4se mixtures

of all of the, abug, AR PEIGH BraIPeRCL6ALIOY IAIBING SRMRRUALSBIEfaIRR MhduGsigomprise

aluminoxanes and an ionic compound, and/or a Lewis acid. Other useful cocatalyst components
are likewis® BEISA 8t &2AsHI%the compounds such as 7,8-dicarbaundecaborane(13), '
undecahydrido-7A8dipneftingtily7 J8-aid &I bam désmaiborare is a methyl group or a linear, cyclic or

dodecahydigol:phenydatbot %ﬁﬁﬁbﬁ@%@bwm U ARMOWMPAY Ry be halogenated, an
decahydrldh?-S-ethy ﬂ?}ﬂ%ﬁ carbaundecahorate, 4-carbanonaboran ‘

e(14),
bis(tri(butyAHROH F?&"b&Faf’eb,"stl(‘%r?(’dEﬂi}|j‘51¥?ﬁ%ﬁﬂﬁﬂjﬂﬁ’&8%‘§t%?&lfe‘if from 7 o about
bis(tri(bUtyﬂ)%,mmmm)dﬂde@alggra'@, that R® is not cyclic or branched in a-position.

Particularly preferably, R® and R*® are identical with the proviso that R’ and R*™ contain
more than 6 carbon atoms.

Preferable, either of R* and Rm, -or both are not cyclic or, in the alternative, afe not
branced in the a-carbon position. ' -

Preferably, the specifically substituted, bridged metallocene component of the first

embodiment of the invention is as given in Formula !a below.
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bis(tri(butyl)Jammonium)decachlorodecaborate, tri(butyl)Jammonium-1-carbadecaborate,
tri(butyl)ammopium-|- adodecaborate, tri(butypammonium-I-trimethy]sily1-1- ecaborate,
tri(buyl)ammo%{;i%hi?tl)(f/so r?%%}ahydrido-l, 3-dicarbanonaborato)cobaltate(1%%%%&%%%@‘2%monium
bis(undecahydrido-7,8-dicarbaundecaborato)ferrate(111). The amount of Lewis acids or ionic
compounds having Lewis-acid or Broensted-acid cations is.preferably from 0.1 to 20 equivalents,
preferably from Ito 10 equivalents, based on the metallocene compound of the formulas 1 or la.
Combinations of at least one Lewis base with biﬁxetallic rOdmpounds of the type R,17M3(- 0-M3RJ")" or
R118Iv13(-0-M3R317), (formula 13), as described,in Patent Aﬁalication WO 99/40129, are likewise
pFand R%gre the same or different and represent a
alogen atom, a C1-C40 carbon-containing

hydrogen atom, a WO 2010/077230PCT/
group, especially an alkyl group of from | to about

haloaryl of from 6 to about 20 carbon atoms, arylpxy of from 6 to about 20 carbon atoms, arylalkyl of
from 7 to about 40 carbon atoms, haloarylall4 dRffom, 7 to about 40 carbon atoms, alkylaryl of from 7
to about 40 carbon atoms, or haloalk ;aryl of from\, 7 toMbRIR40 carbon atoms. R17 may also be an
-0SiR513 group, in which the R51 groups are-the-same or different and have the same meaning as IC
M3 is the same or different and represents @t3¥fain group Il of the periodic table of
elements, i, j, and v each stands for pe 5¢r 0, 1, or 2, and i +j + v is not equal to O. Suitable
cocatalyst systems according to formula 13 a gaounds of formulas (A) and (B) R18 R17 I/R17\
B 0-A1-0-B A R17R17 R17

Formula 1a

M, RY R RY, RY RY, R'? and R*™ have the meaning set forth above with respect to Formula 1.

For the substituents R, Ré, R” and R® and also R¥, R%, R” and R® of Formula 1a, there
are two equitable substitution patterns. ‘

In the first substitution pattern, R®, R®, R” and R® and also R¥, R®, R” and R¥" are
identical or different and are each a hydrogen atom, a linear, cyclic or branched hydrocarbon
group, for example an alkyl group of from 1 to about 20 carbon atoms, an alkenyl group of from
2 to about 20 carbon atoms, an aryl group of from 6 to about 40 carbon atoms, an arylatkyl group
of from 7 to about 40 carbon atoms, an alkylaryl group of from 7 to about 40 carbon atoms, or an
arylalkenyl group of from 8 to about 40 carbon atoms or a substituted or unsubstituted alkylsilyl
group, an alkyl(aryl}silyl group or an arylsilyl group. The groups may contain one or more hetero
atoms like Si, B, Al, O, 8§, N or P, and / or may contain halogen atoms like ¥, Cl or Br, and / or
two adjacent radicals R, R® or R(’, R’ or R’, RY and also Rsi, R% or Ré’, R” or RT, R¥ in each

- case may form a hydrocarbon ring system.

Preferably, R®, R®, R and R® and also R¥, R®, R” and R are identical or different and
are each a hydrogen atom, a substituted or unsubstituted alkyisilyl or arylsilyl group, a linear,
cyclic or branched alkyl group of from 1 to about 10 carbon atoms, or an aryl group of from 6 to
about 40 carbon atoms, which may contain one or more hetero atomslike 8i, B, Al, O, §, Nor P,
and / or may contain halogen atoms like F, Cl or Br, and / or the two adjacent radicals RS, R® and

also R*, R® may form a saturated or unsaturated hydrocarbon ring system.
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R18/R18 \l Al0-B-0-Al .\R18 R18 where R17 and R18 have the same meaning as specified above.

Furthermore, @ﬂ%%%that are generally to be regarded as preferred,are those fefped by the
reaction of at least one compound of formulas (C) and/or (D) and/or (E) with at least one compound of

formula (F). RflI781DR27)g(C) R217B-D-BR172(D) WO 2010/077230PCT/US2008/014144 (F) in
which R27may be a hydrogen atom or a boron-free CI-C40 carbon-containing group, such as an alkyl
of from Ito about 20 carbon atoms, aryl of from 6 to about 20 carbon atoms, arylalkyl of from 7 to about
40 carbon atom<astivlaftyydeatprafifidih X 1& ard R*40celsb &1 RO, anioRih avhidéntiRalRrR 18 have the

same mea&lbﬁﬁeﬁﬁaﬁ@%@@%@b@&?o%%iﬁﬁﬁeoﬁéqm@dﬂ,t@f:m%iﬁb@ﬁ@mWk?f theyperiegicitable of elements
or an NRGQL.bgrtoZ%oé \%Ee_r? R61 Is aaé?/ldrogéznﬁ?}omgr %{%I% cat?édr%carbog group, S\H(.:h as alkyl of
from Ito aBBat20 CHPSBASTSNTEE B W BT R O 8 T AD B 6 GBS ABH A A K Ae number from 0
to 3, adjacent radicals R°, R® and also R”, R® together may form a saturated or unsaturated ring ‘
system.
In the second substitution pattern, Rﬁ, R7, R® and also Réi, R” and R* are identical or
different and are each a hydrogen étom, a linear, cyclic or branched hydrocarbon group, for
example an alkyl group of from 1 to about 10 carbon atoms, an alkenyl group of from 2 to about
10 carbon ato;ns, an ary! group of from 6 to about 20 carbon atoms, an arylalkyl group of from 7
to about 40 carbon atoms, an alkylaryl group of from 7 to about 40 carbon atoms, or an |
arylalkenyl group of from 8 to about 40 carbon atoms or a substituted or unsubstituted alkylsilyl
group, an alkyl(aryl)silyl group or an arylsilyl group. Two adjacent radicals R, R” or R”, R® as
well as R¥, R” or R”, RY in each case may form a hydrocarbon ring system. The groups may
contain one or more hetero atoms like Si, B, Al, 0, S, N or P, and / or may contain halogen
atoms like F, Cl or Br. R® and R® are identical or different and are each a substituted or
unsubstifuted aryl group of from 6 to about 40 carbon atoms. They may contain one or more
hetero atoms like Si, B, Al, O, S, N or P, and / or may contain halogen atoms like F, Cl or Br.
Preferably, R®, R7and R®and also R®, R” and R¥ are identical or different and are each a
hvdrogen atom, a substituted or unsubstituted alkylsilyl or arylsilyl group, a linear, cyclic or
branched alkyl group of from 1 to aboﬁt 10 carbon atoms, or an aryl group of from 6 to about 10
carbon atoms, which rhay contain one or more hetero atoms like Si,B,ALO, 5, NorP,and/ or
may contain halogen atoms like F, Cl or Br. R’ and R® are identical or different and are each a
substituted or unsubstituted aryl group of from 6 to about 40 carbon atoms.
Particularly preferably, R, R” and R® and also R®, R” and RY are identical or different
and are each a hydrogen atom or a linear, cyclic or branched alkyl group of from 1 to about 10
carbon atofns, or an aryl group of from 6 to about 10 carbon atoms. R® and R¥ are identical or
different and are each naphthyl, 4-(C,-Cg-alkyl)phenyl or 4-(Cs-Cag-aryl)phenyl such as 4-
methyl-phenyl, 4-biphenyl, 4-ethyl-phenyl, 4-n-propyi-phenyl, 4~i§opropyi~phenyi, 4-tert-butyl-
phenyl, 4-sec-butyl-phenyl, 4-cyclohexyl-phenyl, 4-trimethylsilyi-phenyl, 4-adamantyl-phenyl,
4-(C;-C g-fluoroalkyl)-phenyl, 3-(C,-Cg-alkyD-phenyl, 3-(C,-C;¢-flucroalkyl)-phenyl, 3«((36-
Cy-aryDphenyl like 3-biphenyl, 3,5-di-(C-Cig-alkyl)-phenyl such as 3,5-dirriethyl-phenyl, 3.5-
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g is.a whele number from 0 to 3 where f+ g corresponds to the valency of Boron, and h is a whole

number from %EPzJ]%mn%he bimetallic compounds of formula 13 are pegsiblGRmRINEd with an
organometallic compound of formula 14, i.e., [M412.19q]k, in which M4 is an element of main Group

1,11, or Ill of the periodic table of the elements, R19 is the same or different and represents a
hydrogen atom, a halogen atom, a C1-C40 carbon-containing group, an alkyl group of from 1 to about
20 carbon atoms, an aryl group of from about 6 to about 40 carbon atoms, arylalkyl of from 7 to about
40 WO 20ia077230raty(rSo08/0tH 144, dittofuatomethdhphatiyy len §l5efCsdin-Zrybrioaylt 40 carbon
atoms, q igigewhalggaepper from Ito 3, and k is a whole number from Ito 4. The organometallic
compounds of forqnula 14 are preferably neutral L Wis)f(acid , in%\gahich M4 standls for Iéthium,
magnesium, and/oF AL BUEY 'é\%fﬁ? BRSHITM PELGIFR R B PR SYRES YA ALHTE A ic compounds
of formula o4 etreuta ety rdengimempeteiethylaluminum, triisopropylaluminum, trinexylaluminum,
trioctylaluminum, tri-n-butylaluminttm, tri-npropylaluminum, triisoprene aluminum, dimethyl aluminum

monochlorjde, aluminum hlorjde, djisobutyl ajJuminum maonochloride, methyl aluminum
cosauchic e R P A G AR G2 By e AR MR Ay,
diisopropytighlamigeam hydride, dimethyl aluminum(trimethylsiloxide), dimethyl

aluminum (gigidavsiexdebinbenvialaniReriaiuarehenulaiansenthtoly/aateny1- The catalyst system

of the invention.con&a&ns %r? organoboroaluminum compound, which.contains units of formula 13, as
the cocataﬁ'ﬁ?@&ﬁ/maéﬁvémc fenical compound. Compounds of formula 13 in which M.3 stands for boron
or aluminuRiresdiylsddedisdisTa  coetpdersdehbdomtiraiiititts i ftrenth-13ndvaylbe present as
monomers;Qrasuingaridlic, or cage-like oligomers. Two or more chemical compounds that contain

units of formula, 13 may also.f dimers, trimers, or hjgher comhinati among themselves by Lewis
acicbase DR R R A e Ty et e o S LB B SEEo formula
15 and 16 dikbmdz00100 ,R Al -0 -B -0 -Al, too into (formula 15) 100200 too B -0 -Al -0 --B 0100

(formula 1&)4whish R Rgo R2ALBMEMssaMeMARRng-as therupstitians RzaraiRd 8 in formula

13. Examp(lﬁ;%l%gge gocatalytically active compounds of formulas 15 and 16 are ‘
Dimethylsilandiylbis[2-[(1-ethylcyclohexylymethyl]-4-(tert-butylphenyl)- 1 -indenyl]-zirconium
dichloride
Dimethylsilandiylbis{2-[(1-ethylcyclopentylymethyl}-4-(tert-butylphenyl}- 1 -indenyl}-zirconium
dichloride '
Dimethylsilandiylbis[2-[( I-ethylcycloheptyDymethyl]-4-(tert-butylpheny!)-1-indenyll-zirconium
dichloride
Dimethylsilandiylbis{2-[(1-ethylcyclononyl)methyl}-4-(tert-butyiphenyl)-1-indenyl]-zirconium
dichloride
Dimethy]siiandiyfbis[z-{(1-ethylcyclooctyi)methyi]-4-(teri—butyipﬁenyl)-I~indenyl}-zirconium
dichloride :
Dimethylsilandiylbis[2-[{(1-ethylcyclobutyl)methyl]-4-(tert-butylphenyl)-1-indenyl]-zirconium
dichloride
Dimethylsilandiylbis[2-[( ! -propylcyclohexyl)methyl]-4-(tert-butylphenyl)- 1 -indenyl]-zirconium
dichloride
Dimethylsilandi y!bié[z-[( I -propy!cyclopentyl)methy1]~4—(tert-butyli pheny)-1-indenyl}-zirconium
dichloride
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H3C-AI-0.13-0-Al-CH 3 CH3CH3 H3C-\F/-CH3 A1-0-E3-0-Al WO
2010/077230PCT/L{SIZOO§/014144 The compounds named in EP-A-924%2§];’;S%@%%6422 207.9,
EP-A-601,830" B AE24112, EP-A-824,113, WO 99/06,414, EP-A-811,627, /1,775, DE 196
06 167.9 and DE 198 04 970 can be used as additional cocatalysts, which may be present in
unsupported or supported form. The amount of cocatalysts of formula 13 and/or 15 and/or 16 used
in the catalyst of the present invention can vary from 0.1 to 500 equivalents, preferably from 1 to 300
equivalent®imedistlpreféripH2H o Siip dSDeptivalehid-basacap! phenybddiaimoliticonietallocene
compoundgfRedormulas 1 or la. The catalyst system of the present invention can further

S(R22) S R LA ) S G S L e i AR bRt 2 tat of Group
13 of the RétiddigeT able of the Elements, WO 2010/077230PCT/US2008/014144 '
Dimethylsilandiylbis[2-[(1-propylcyclooctymethyl]-4-(tert-butylpheny)- 1 -indenyl]-zirconium
dichioride
Dimethylsilandiylbisf2-{(1-propylcyclobutymethyl}-4-(tert-butylphenyl)-1 -ihdenyl}-zirconi um
dichloride
Dimethylsilandiylbis{2-[(1-propylcyclopropylimethyl]-4-(tert-butylpheny!)-1-indenyi}-

zirconium dichloride

Dimethylsilandiylbis[2-[( 1-methylcyclohexylmethyi]-4-( I -naphthyl)-1-indenyl]-zirconium
dichioride ,

Dimethylsilandiytbis{2-[(1 -methyicycibpenty[)methyl] -4-(1-naphthyl)-1-indenyl]-zi rconium
dichloride ‘
Dimethylsilandiylbis{2-[(1 —methy}cyc!oheptyl).methyﬂ-f%-(l -naphthyi}-1 -indeny]}'-zirconium
dichloride A |

Dimethylsilandiylbis[2-{( 1-methylcyclononyl)methyl]4-(1-naphthyl)- 1-indenyl]-zirconium

dichloride

Dimethylsilandiylbis[2-[( I -methyicyclooctyDmethyl}-4-(1-naphthyl)-1-indenyl]-zirconium

dichloride |

Dimethylsilandiylbis{2-[(I-ethylcyclohexylymethyl}-4-(1 -naphthyl)- 1-indenyl}-zirconium

dichloride

Dimethylsilandiylbis[2-[(1-ethylcyclopenty)methyl]-4-(1 -naphthyl)—l-indenyl]-zirconium

dichloride

Dimethylsilandiylbis[2-[(1-ethylcyclohepty)methyl]-4-( i -naphthyl)- I -indenyl]-zirconium
. dichloride

Dimethylsilandiylbis[2-[(1-ethylcyclononylymethyl}-4-(1-naphthyl)-1-indenyl]-zirconium

dichloride

Dimethylsilandiylbis[2-{(1-ethylcyclooctyl)methyl}-4-(] -naphthyl}-1-indenyl}-zirconium
dichloride
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R22is .a hydrogen atom, alkyl of from 1 to.about 10 carbon atoms, aryl of from 6 to about 15 carbon
atoms, or al ng %ilgr %?y‘!)alkyl each having from Ito 10 carbon atoms inghge.alkykRytand from 6 to 20
carbon atoms In the aryl part, R23 and R24are each a hydrogen atom, a halogen atom, alkyl of from 1
to about 10 carbon atoms, C6-C15-aryl of from about 6 to about 15 carbon atoms, or alkylaryl, arylalkyl
or alkoxy each having from Ito 10 carbon atoms in the alkyl part and from 6 to 20 carbon atoms in the
aryl radical, r is an integer from 1 to 3 and s and t are integers from O to 2, where the sum r+s+t
corresponBénethiteivadeyibis (35 thwipelethig ertipybretitisphdtitd ntidenyiligirdeaisibove mentioned
cocatalystgennpasnds. It is also possible to use mixtures of various metal compounds of the formula
17. A e unds of the for p fer yen o those in which M5 is
lithium, mrg)grr’fgts%i Ff’ﬁré'rdta r%‘n ﬁgtpéri’alf?’fgﬁeﬁa Wﬁ‘gp 'ﬁl% qu t(z)*rg OUt'10 carbon atoms.
Partrcularl?lprbféi?ed metal compounds of the formula 17 are n- butyllrthrum n-butyl-noctyl-magnesium,
n-butyl-n-hspMPREARSIHREUI PRGNS BRNMmUT O DUy [a b mERYON. AR DY [ aikeaHTeM,

trrmethylalétm Aum or mixtures thereof. If a metal compound of the formula 17 is used, it is
preferably presen? in the catalyst system in such an amount that the molar ratio of M5 to the transition
metal fronPimsthyésiarsbdhisledthpeowsits i dbepil ks thud -t (5-feombgDO -Andsyi-zircprimic ular from 200:1
to 2:1.  dihsypport component of the catalyst system of the present invention can be any organic
or inorgan rt solid or re of sue h solids t ulat s soligs such as hydrotalcites,
talc, morgggnrc%] |lsgasmait= ﬁ?e@ oﬁ[c f)gi‘)? e e [\;ﬁg gf nap% (ig 'I%"r% gazrltrr% o>‘<naes which are
preferably@?hi?i@ﬂfed include from the Periodic TabIe of Elements Groups 1, 2, 3, 4, 5, 12, 13 and 14,
metal oxidmu%%aiymzwg%ymwmmmmﬁiﬁ] alumingeieatasiasolimsoMar, 202, TIO2 or
B203, Ca 0, Th02, Na20, K20, Li02 or mixed oxides like Al/Si oxides, Mg/Al oxides or Al/Mg/Si
oxides. Ot er su(%able inorganic support materials are Na2CO3, K2CO3, CaCO3, MgC12, Na2S04,
Al2(S04) P BrS0SiIRNBIBIsAd (Nos) Ziersty iy Nest) 81-4-(1 Sapihid ohderedpkeldvaiare

homopolymiekseepolymers, crosslinked polymers or polymer blends. Examples of such polymers are
polyethyle e but ne, WO 4 7230P }S /0 4144 olystyrene,
drvrnylbengeng %ng{a nfiedg?p(mémr@'ncewkiﬂ A i"c tj €, acqi-l-]H f tadienes Wgne copolymer,
polyamidedigeidethacrylate, polycarbonate, polyester, polyacetal or polyvinyl alcohol. The
preferred support materials have a specific surface area in the range from 10 to 1000 m2/g, a pore

volume in gte r%lg%eafrgn?bt égeél cartg mgfnffeﬁ %Ieensl%e EW fng 1 t)% tso%ﬁ):h% iPreference is

given to suppor avrn a ic sur ce areain frem , a pore ‘volume in
the range f?amtorsteléletérf%i@l aihaleneapepahnrehy ké rrhtmé fawgelribﬁi@te%o am. Particular
preferencaii&qgjﬂe.ﬂ to supports having a specific surface area in the range from 200 to 400 m2/g, a
pore volu rticle, size of from 10 to 100 gm. The
support mr?taerra %lan mﬁ’_\} g‘ﬁ(ﬁgg{c %ﬁ }%,g‘,? r%??alattle 10 fj der to aglust certain properties
of the carrféftéerédeas the water and/or the hydroxyl group content. If the support material has a low
moisture cnnteﬂtyatlﬁ&&r@lua[xglmtwiﬂmwﬁwéimmm;ﬁkdyymgimmmzu@ﬁ:Qaruiaelaﬁﬂétted If this is
not the casg, s, WhERHGIRG SHEaaR! A3 SUPRAL MRk dediation or drying, ig:agyisable. Thermal
%%f Q g&ﬁgsu port #u ?erial %Qf ﬂtﬁ dé ﬂlo gk ;

dehydration or ng an be’carried out un uced pressure with or

without sinfiesh U%“ﬁié‘ﬁ‘ﬂa‘s&f%fhk]ét’ﬂ@hﬁﬂfo@%h)’ﬂ'ﬁﬁe"%fﬁ)lﬂig“t%"rﬂ}ﬂlf?éfﬁ%‘i@ fHaHeridsnge from 80 C
to 1000 C,rireftsadiiyntionnid50C-¢nA0odspmtymoshpiefetad Fomdib0kzieddon@ichheigluration of the

crying prosss AR ARIUATL 0 26 0uRnEl ShOReY o5 inger dnipa sfiof A alsgacssive.

a preferred embodimen (gresen invenfion su&\7 ort mater t loss on dryness

(LOD) of oRimsthwisypndidbisiad @wa stenpratsesey lnftehenxbiridens] WtWB‘PiE§§%fFE‘?fsed Higher
amounts obpinybsiclindddaiDad whideyalpdond witdh ke -paossibleinbetyipaitbinuedicdddidataly st
acthvities. Higdashadangign. (el ssaupnast malsighis. pralerahly i aidisater or even more

preferred betweén 1.5 and wit%. In addition or_alterriatively dration or dr o the
support m& e saadsdoiRk s REp Gy Borerermedy Hdahenys! r@&&‘tfﬁ zt‘l‘f?é’%tt'!g'odrﬁg éiter and/or
the surface hydroxyl groups with suitable passivating agents. Reaction with the passivating reagent
can convert the hydroxyl groups completely or partially into a form, which does not show any adverse
interaction with the catalytically active centers. Siifable passivating agents are silicon halicbs, silanes
or amines, eg. silicon tetrachloride, chlorotrimethylsilane, dichlorodialkylsilanes,
dimethylaminotrichlorosilane, N,N-dimethylanilin or N,N-dimethylbenzylamine or WO
2010/077230PCT/US2008/014144



organometallic compounds of aluminum, boron and magnesium, eg. aluminoxanes, -
trimethylalumWH%%gr,gwaluminum, triisobutylaluminum, diisobutylalurginim-fxdside,triethylborane
or dibutylmagnesium. As outlined above, organic support materials such as finely divided polymer
powders, can also be used and should, before use, likewise le freed from any adhering moisture,
solvent residues or other impurities by means of appropriate purification and drying operations.
Preference is given to using silica gels having the defined parameters as support materials. Spray
driéd silicaDiprattelsiadiotbisBeémtigpeiehitiipentdprathohdapienpolandealitras enngnctishineds are
preferred @yar.gaGAIR AlicE ARERSy ERa-PLPRBHRthARIBMRh Y SiRmASLendineL R dhisdayention can be
made in varjou?&%%sg .In ?Qe emﬁodiment% e @r{rsgnt |{%en§ionr at Iealst ogleﬁgrtllgg
above-desch fbiskes CRIRR AT E S PY RS 1 B P PR RS S B TR e A I A S uitable
solvent withimetedsiadey botaialysoopmpbaent)petidrdehaivii grasollslcenastidisipeodect, an adduct
Ohr a mlixtu @im@hﬁziéﬁbiﬁ&ﬂﬁ%s‘ﬁ@lﬂ@PB%{?Q@Q&MW@}F&%H&MQtﬁi&ﬁﬁﬁ}ﬂ?&'ﬂﬂﬂi@ﬁ%ﬁ@%ﬂ@ rt materialr,]
the solvent.is remoyed, esulti upported metallocene cat system is dried.to ensure that
the solven f?&%ﬂﬁ%’%@%?[t%%ltﬂfoﬁgr%%@%ﬁ $Pc¥ #"fﬁﬂéy?}(%' 3 %‘?’fhlé‘%%ggé?% materiz aﬁlﬁ(glé%pported
catalyst is obtained as a free-flowing powder. As an example, the process for preparing a

free-flowing;aaghy it:figgitedlsprapivparzgshsunpasies catalysimyaiemeenynrisasdigfollowing steps:

a) preparin(gcglgrg%alIocene/cocatalyst mixture in a suitable sdvent or suspension medium, where the

metallocen onent has one of the above-described structures,  b) applying the
metallocerifoeibatslystivtiidi?-& torgthrodspprefarablyMoiyasbihfivédadeull -zhepniiétly or chemically
pretreated SLppout, c) removing the major part of solvent from the resulting mixture, d)

isolating the, supported cat; system a e)] ired, prepplymeyizing the resulting supported
catalyst sy fgﬁ”{?‘ \%ﬁﬁ%‘g@/ @’rgr!%(j}aé o?éﬁﬁ%cr%%?gmgg?ts@g -é% é#n %%&gblg Vit (@r%lé%?rsuﬁ Pported cattlyst

system. . di¢hlentdsther embodiment of this invention the metallocene / cocatalyst composition is mixed

with the dehydialed rRAssiYAtedhstRROE RAENab MR Adppastad satalshys reeouried and optionally
washed wi%n E)%%%romatic hydrocarbon and/or paraffinic hydrocarbon solvent. The WO

2010/0772 fUS20081014144 isolated catalyst is then dispersed in a non-reactive suspension
media sucPiastyslatinlbisiydfbembolesbioeit)methifictdRoirgily Wivindemikiiwditiereof.  Ina

further emigdigapt of this invention the catalyst is prepared according to the procedure disclosed in

WO 06/60544 icati the present inventogs), WO 00/05277, WQ 98/01481, US 7,355,058,
uUsS 7,193, ibﬁ’e (ﬁ%%g%l'ﬁ%g@%{é%ﬁ%y%%ﬁ%i}wgﬁ %@%@éﬁﬁ%@ﬁ r?g% Ei qeen st one I3:1(‘:ljlr]r]1pou nd of formulas
1 or la as thishttsllocene component.  As an example, in WO 06/60544, a free flowing and, if

desired, prepatwieniaesl Bipporiedoaialskaysioeihib|prepatpRsaMpraing thardoliowing steps:  a)
contacting gd lk?oa}%teone support material with a first portion of at least one co-catalyst in a suitable
solvent bc) Impregnating the co-catalyst loaded squort with a suspension or solution, which

comprises Bimetatsipadivibisfdsbaburrishsaborerbstitnloratiadst orepdl@eatiarn a suitable
solvent  deghisglrting the supported catalyst system and O if desired, prepolymerizing the resulting

supported gatalyst SYSERMm I Ang. o Rie QISR RANa e EIA SRiBID R AGRR¥Merized supported
catalyst system. ' :
-dichloride :
Dimethylsilandiylbis{2-[(1-ethylcyclooctyl)methyl]-4-(2-naphthyl)-1-indenyl]-zirconium
dichloride _
Dimethylsilandiylbis{2-[(1-ethylcyclobutyl)methyi]-4-(2-naphthyl)-1-indenyl)zirconium
dichloride ‘ » |
Dimethylsilandiylbis[2-[(1-propylcyclohexyDmethylj-4-(2-naphthyl)- 1 -indenyl}-zirconium

dichloride
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Thus, as an example, the process according to WO 06/60544 for preparing a free-flowing and, if
desired, prepq)lyiﬂ %b%}e]q %Jpported catalyst system comprises the foIIovxgg%&g 801414 a) Contacting a
support materi fzrst composition which includes at least one aluminoxane in a f‘rst solvent at a
temperature of about 10 to 30C followed by keeping the mixture at about 20C for 0 to 12 hours,
subsequently heating the resulting mixture to a temperature of 30 to 200C and keeping the mixture at
30 to 200C for 30 minutes to 20 hours, optionally followed by removing all or part of the first solvent
and/or optidireiytelmiisthisl2-diepormerdonemhimep trdbésRumipkita 3uHadteydishimonium  b) Suspending
and/or disg@lnifggdespectively, at least one metallocene of formula 1 and/or la and a second portion

of an aluminoxan re of oxan lony nd/or a Lewis acid in a
cccond SOl E e G B OB N EF e 3P RB H0C AL FRhed by a
preactivatidgiahliendeof 1 minute to 200 hours at a temperature of 10 to 100C, c) Applying the
mixture pfmﬂéﬁﬁtmMiﬂﬁﬁ?zth%w}%%ﬁléh&ﬁpﬂ@m%ﬁtﬂﬂ procidaealif@hi@ha temperature of
10 to 100C, d contact time of | minute to 24 hours, WO 2010/077230PCT/US2008/014144 d)
Removmgdt'he major part of the solvent from the resulting mixture and optionally washing the resulting
supported Ratatyssipniidbisidd Olewoklerdoocty BirpsatHtihG therbppdriedrudisdiystdystem and 0
Optionally pegpabgnerizing the resulting supported catalyst system with one or more olefinic

t M ificall
example, T S R SR G ot e Ry e B At Wcsrea,

prepolymedigilarisigpported catalyst system comprises the following steps:  the process for preparing
a free- fIomang,agpmygteglgatgjxstﬁygm@gp@gmﬂ@@hﬁ@rmymeﬁam;}Qmﬁ@;s the following
steps: dag ogtactlng a support material with a first composition which includes at least 5 mmol of
an alumlnoxane or of a mixture of aluminoxanes per g support material in a first solvent at a
temperatufdpgthyslandibirbidiaerty Redphingy vectiktard-anabdwbond-foindenslto 2 hours,
subsequerﬁlydmaﬁiagﬁmd@sulting mixture to a temperature of 50 to 160C and keeping the mixture at
50 to 160G, for Jt o 6,hour, naII IIo [ aII art o flrst Ivent and/or
optionally fo ov%] cf%andu l%ﬁf';irE o'rlgewas%/ 5)[ )(%1) u@lig%'%? L vSeh]e ") Suspending and/or
dissolving Zt’é@ﬁ@é‘tlé@woﬁtﬁleast 0.5 mmole of a second portion of an aIumlnoxane or of a mixture of
alum|nexamﬁeﬂ@ngm@mg{m@t@g@ﬂ,ﬁa@@&g@s}{&ﬂ;mwﬂmﬂmg@mg@ye%wd portion of an
aluminoxane or.of %mhllxtuc[e of aluminoxanes per g support material of at least one metallocene of
formula | andior 1a in a second solvent or suspension medium at a temperature of 20 to 50C, optionally
followed by inptaistepdtidristiriel srathiiprienensDodbiS -4t aedmpeenie drdroxd- 30C, c)
Applying thedtixisrgqpiepared in b) to the aluminoxane loaded support material produced in a), at a
temperatu tact time n 2 urs, oving the major part
of the soIvEegnt F%)ﬂn tﬁng%sjl? (ritg mlx%a}gygln g]h ﬁ Tégwma% o Lt?’tg esu t| @upportuna catalyst
with a suitdisid&vent, and/or drying the resultlng supported catalyst at temperatures of 30 to 60C,
and 0 Opiianaly.paepelykrizsing dhadesyliingslipporedicatalsl Bystefamwitaieagian more olefinic
monomer(ﬁgﬁhgg tain a prepolymerized supported catalyst system. WO
2010/077230PCT/US20081014144 In a preferred embodiment, as an example, the process
according %W@’Gﬁ?&%ﬂ’&sE%ﬁ%r@ﬁ)&lﬁﬁij%W@@%Wﬂq*éﬂﬂ“ﬁhdégh%f)p% ifFeddlipported

catalyst sysieoralemprises the following steps: a) Contactlng an optlonally thermally pretreated
silica suppgt,maiRlial ik ?%Fh Qe }!ﬂg’ &”ﬁ?”ﬁ ot rigl in toluene at a
temperature o? out 2 C Iowed %)ygtbsgg{lj%%t Ing tth gjgr‘ﬁ?rit‘uﬁ?é“% temperature of

50 to IloCdaCrtthFéé%plng the mixture at 50 to 110C for | to 6 hours, optlonally followed by removing all
or part of théntetyésinpéinthef2dptiethally dolouwdehbyohe-@rmeard-prashipg-isiepis) tisiagansuitable
solvent,  gichioride
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It . b) Suspending and/or dissolving, respectively, at least 0.5 mmole of a second portion of an
alum@noxane oy 1%}‘69,B%t material _and at least 0.1 mol4 of the employp&ﬁ%gg@g)ﬂglgion of an
aluminoxane or of a mixture of aluminoxanes per g support material of at least one metallocene of
formula 1 and/or la in toluene at a temperature of 20 to 50C, optionally followed by a preactivation time
of 1 minute to 200 hours at a temperature of 20 to 30C, c) Applying the mixture prepared in b) to
the aluminoxane loaded support material produced in a), at a temperature of 10 to 100C and a contact
time of 1 nidtuethyisipadidbist2-[(1-ethyResodirignetbyihajoh patdihrastiotidefsfydrinmimsulting mixture
and e) Optigmalbaywashing the resulting supported catalyst with a suitable solvent, and/or drying the

resulting sypported.catalys ratures of 30 ta 60C, and 0 Qnptionally prepolymerizing the
resuling ot A2y N o L b B S oy H b X WFepolymerized
supported ¢akdiyde system. In a more preferred embodiment, as an example, the process

according teiMEy A4S R RLeRpVIRg: R iteeHawNgandniiiRSiREy ReReMEHzadisHpported
catalyst sygit&lr!]grgz E,:mprises the following steps: a) Contacting an optionally thermally pretreated
silica support material with a weight loss on dryness (L,OD) of 0.5 wt.% or less and a weight loss on
ignition (LOAimsthylelypdodid giehrepmylaydofiestdsmibulifidA-wetlon-mheivdlesiadéardét 10 mmol of
methylalumijpexaraiRelog&uUPport material in toluene at a temperature of about 20C followed by

subsequently heating the t ing mixture to a tem re of 110C a eeping the mixture at 110C
for Ito 6 homﬂgg?%%%%g @W@O‘%&g%ﬁBﬁgmﬁ%%?&%ﬁ%yﬁoﬁ%n rlg gﬁf}%rjgrrlﬁ%mng all or part of the
toluene, arrdRerEptibeEiidollowed by one or more washing step(s) using a suitable solvent, b)
SuspendingigedaddiEsabing | (EsRECIvel¥nahigashimmala.aia sreond RRIHHN Lfrconium
methylalun&ilgﬁégglee per g support material and at least 0.1 mol% of the employed second portion of
methylaluminoxane per g support material of at least one metallocene of formula 1 and/or la in toluene
at a tempeRimgyéilzolty By G pmiepdnyclensware iy hpremaivatidetibd -Hidepyirateseni®n0 hours at a
temperaturgdifoz@eto 30C, c) Applying the mixture prepared in b) to the methylaluminoxane
loaded support material pro. dina), b ing, the impregnation suspension aor solution b) through
the methy e e B e R e e P ines
impregnati8tedRhique, where the volume of the impregnation suspension or solution or the total
liquid volumendsadilanthabrpIrgpatiansiepspaneatvely.(doasobrxserdiz&RY%) of the total pore
volume of tzqteosulpnpgi%thmgﬁrial, at a temperature of 10 to 100C and a contact time of 1 minute to 24
hours, emoving the major part of the toluene from the resulting-mixture and e) Optionally
washing theiressuttHandiuppd fdd weaiaysysinhea sunamlbscivetitethtehamingtdenydsulting supported
catalyst at tesoprmtiesisafe30 to 60C, and 0 Optionally prepolymerizing the resulting supported

catalyst sysfem,with opne,or more olefinic monomer. obtain a prepolymerized supported catalyst
a3 S R R S

“Ina’particule bodim examp process acco ding to WO
06/60544 fEFrEpFafisBieriflee-flowing and, if desired, prepolymerized supported catalyst system
comprises thadnliRndngsbaps{( 1-med)yleptitdeiythasigftonpiyiihenyaiye prbticatedysilica support
material with a weight, lass on dryness (LOD) of 0.3 wt.% or less and a weight loss on ignition (LO1)
between 1.5 and 3.5 wt.%, with at least 10 mmol of methylaluminoxane per (T] support material in
toluene at Q‘fé?ﬁ]ﬂéﬁ%m’l‘étBFQH&UP’E&E‘%HW%IW%S%QQHWWTH%% réndsmly mixture to a
temperaturgredrilitpGichhdideeping the mixture at 110C for Ito 6 hours, optionally followed by removing
all or part gi. Hene QF.onti Qne or vashing s using a suitable
solvent, V\%%%h%%g?@g%%%?{} U[%%R OQ /%Eé%ul%ﬁﬁgtm]t% ?&%@%ﬁ%ﬁ%@ﬁ dﬁli%o v%ng, respectively, at
least 1 mmBEeBIE 881FdSortion of methylaluminoxane per g support material and at least 0.1 mol%
of the empbiyethgkiatdy hixfiel | oftimeiridatum)nextatiet 215 ¢l suppdrpaatidrishdéat least one
metalloceng, of farmylla;ladn tolume at a temperature of 20 to 50C, optionally followed by a
preactivation time of | minute to 200 hours at a temperature of 20 to 30C,
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c) Applying the mixture prepared in b) to the methylaluminoxane loaded support material produced in
a), by passingvm%(jm@ %gpation suspension or solution b) through the QM}%%%J%ded support
material @) in a direct flow or by using an incipient wetness impregnation technique, where the volume
of the impregnation suspension or solution or the total liquid volume used in the impregnation step,
respectively, does not exceed 250% of the total pore volume of the support material, at a temperature
of 10 to 100C and a contact time of 1 minute to 24 hours, d) Removing the major part of the
toluene frobintkiéyiedunitintpisi2xlUrethyldyelo@ptidmadtinmidsBinglithetinglspiiting )susderntéd catalyst with a
suitable sojyentandi@rgasng the resulting supported catalyst at temperatures of 30 to 60C, and

1) Optionally prepolymerizing the resulting supported catalyst system with one or more olefinic
monomer(&%‘fﬁ%ﬂﬁ‘gﬁﬁdhv %ﬂg@i}ﬁ@ﬁ%&*gﬁﬁtﬁﬁﬁgﬁ‘@gﬁéﬁ% "%%?If\ﬁg’]“e“&gé&d&wgho the present
invention, forcprapedifgcaidece-flowing and, if desired, prepolymerized supported catalyst system, in
step b) of HprcalalishRYARGYLREARISRIRNRLARPYGs Bsisashol ARALMIRAXAAR or a mixture of
aluminoxanes, at least.one alkyl compound of elements of main Groups 1 to Il of the Periodic Table,
for exampE S REGTEEIGRTSIKy1, a lithium alkyl or an aluminum alkyl like trimethylaluminum,
triethylalurbiimethy inlselinba{aHutvytiveoptomtlalirhidsad) tebeleplsdoyhintndetsibetylaluminum,
tri-n-butylajsiin g iiapriepylaluminum, triisoprene aluminum, dimethyl aluminum monochloride,

aluminum monqchloride, diisobutyl aluminum monochloride, methyl aluminum, sesquichloride, ethyl
g R G ek R
hydride, dinmetimralishipdgn (trimethylsiloxide), dimethyl aluminum(triethylsiloxide), phenylalan,
pentafluorgnhemylsiani ABRS-10LpRIM. FAhbS Hsedy Nieie achRl U Bl Iraa timethylaluminum,
triethylalumjnum, tricis% utylaluminum. WO 2010/077230PCT/US2008/014144 In an even further
embodimefi{ 6f the p'?esoé* invention a free flowing and, if desired, prepolymerized supported catalyst
system is prapribeldicodindbisid( tHerdptioyeikpestiirmethyl-4e(B Srdiveating-phtmalky ddenifium/borinic acid
mixture in ggyilaklaisalent or suspension medium b) applying the trialkylaluminium/borinic acid

mixture to g porous, preferahly jnorganic,.if necessary.thermally or chemically pretreated support
hich wos TG W BB T SR e K R OB O A DS Faine,
N-benzyldinrethigarigidoridbenzyldiethylamine, N-benzylbutylamine, N-benzyl tertbutylamine,
N-benzylisppremyiamiashipenavhReindasiag NerzyleRyiamine. Meonayiddenanylethylamine,
N-benzy1-2.-&hegrm!etqylagnine, N,N-dimethylbenzylamine, N,N-diethylbenzylamine,

N-methyl-_lﬁ(ler O)I}i en%‘i/ é’r%lﬁe, N-methyldibenzylamine and N-ethyldi(benzyl)amine, C) removing
the major pareshgeileedivirs-tHerrerviriistperixiuretiy lobfaitrdineibporteaybotindtpstl-  d) preparing a
metallocengfsspRedraisgkatalyst mixture in a suitable solvent or suspension medium, where the
metallocene.companent ha of the abqve-descrihed structures  isolating the supported
catalyst S)r)sstlénr% ﬁ}%ﬂlﬂdiy%lﬁzggg er%‘?yr%gé)%ilj?ﬁgﬁglréﬁfﬁé%és% n?I 15-8}5%] ?'el%l%%t?@ét system with one
or more ol &fiRiEimbAGHTHS), to obtain a prepolymerized supported catalyst system.  Preferred

solvents fopihfeignritianspt-{0e prplabroenesoatalsLMstdreare hyesogaraaes,and hydrocarbon

mixtures, which.are jq}q{i}%@t the selected reaction temperature and in which the individual components

preferably dissove. e so?ubility of the individual components is, however, not a prerequisite as-long
as it is ensbiedtiiktiend Ybididd petvey e phrstimstattdid énehmsiitermpbidetendlsoluble in the
solvent selgigteglupuitdinigdzolvents are alkanes such as pentane, isopentane, hexane, isohexane,
heptane, ogtane and nonan cloalkanes su lopentan lohexang and aromatics stch
as benzeneB,'%ﬁ%‘g]ﬁgf‘nﬁgﬁﬁ@ﬁgﬁhﬁeﬁﬁ%y mﬁ??%lgﬁl%teggg .Q\Jgf?gigg?’?%{gqu?)éﬁrg?gﬁgﬁé@%ygq@en to toluene,
heptane arfdFeybEisElaEde  For a preactivation, the metallocene in the form of a solid is dissolved
in a solutiopiafthastacaiatyst i lansuitablel slysninttigipds @ possiblésinidirapiye thaametallocene
separately iﬂ_ca slurixj%)ésl glgdgent and subsequently to combine this solution with the cocatalyst solution.
WO 2010/G77230PC 1/US2008/014144 Preference is given to using toluene. The preactivation time is
from 1 minute to 200 hours. The preactivation can take place at room temperature of 25 C. In
individual cases, the use of higher temperatures can reduce the required preactivation time and give
an additional increase in activity. Elevated temperatures in this case refer to a range from 25C to 100
C. The preactivated solution or the metallocer#/cocatalyst mixture is subsequently combined with
an inert support material, usually silica gel, which is in the form of a dry powder or as a suspension in
one of the above mentioned solvents. Tit support material is preferably used as powder. The
preactivated metallocene/cocatalyst solution or the metallocene/cocatalyst mixture can be either
added to the initially charged support material, or else the support material can be introduced into the
initially charged solution. The volume of the preactivated solution or the metallocene/cocatalyst
mixture can exceed 100% of the total pore volume of the support material used or else be up to 100%
of the total



pore volume. The temperature at which the preactivated solution or the metallocene/cocatalyst
mixture is broW%ﬂiﬁ%) %%ﬂact with the support material can vary WithinI;E /ﬁ@%@(}ffﬂgl 0 C to 100 C.
However, lower or |g%er temperatures are also possible. While the solvent is completely or mostly
removed from the supported catalyst system, the mixture can be stirred and, if desired, also heated.
Preferably, both the visible portion of the solvent and the portion in the pores of the support material
are removed. The removal of the solvent can be carried out in a conventional way using reduced
pressure aRinsthplsigndey Risk i emeths chileimy thodhylhd-(rovmsthyibiéy hnitayB-tendeeyHeated until the
free solventihasbeenrmenmeved, which usually takes from Ito 3 hours at a preferred temperature of

from 30 C ta 60,C. The.free ent js the visib rtjon of the solyent’in the mixtyre. For the purposes
of the presfgln'?ﬁgr}f\%r];{ |o§r§ﬁr%%|§dﬂgﬁ%t#l e?ﬁﬁ??ﬁtéjkg%%%gﬁﬁ?%é%’m%%}r{?gy[.{)' Qyh-1-i %e%}:’alternative to

the complet&cpaivghtife solvent, the supported catalyst system can also be dried until only a

certain residia@hgmdn@miﬁ@m@m@1L%tk%fk%%ﬂ}k%ﬁ%ﬁﬁ%&l&@ﬁxmsh?ﬁ&swr?Ql-‘%llﬁbﬁd;ﬁmOved- .

Subsequent}t\f the oréed catalyst system can be washed with a low-boiling hydrocarbon such as
Zh ONIUm 1(5%)051 e . .

pentane or hexane and dried again. The supported catalyst system prepared according to the

present inVéimdrlskindislbisidd @itterieirtappidmpdyiotyiheiinetivtsibi-plsfind-orblpiépolymerized with
one or morgraisifiricionpmers, with or without the use of hydrogen as molar mass regulating agent,
prior to use,in /077230PCT/1JS52008/ 44 palymerization process, The procedure for
the prepol?rﬁ%%%@ﬁ%g%s%%@tg %% 5&%?%%5 e?%@%%%é%%%ﬁ' lﬁ%%ﬁ?@’ﬁ%’iﬁ%‘iﬁnwﬁs additive, it is

possible tozeRbi L Aith Uidsfter the preparation of the supported catalyst system, a small amount of an
olefin, prefeiablyyanapiamiefin-sush asabrans.of Pheaidipahmivinsiane aaastivity-increasing

component.or an wggﬂﬁag as described in U.S. Ser. No. 08/365,280. The molar ratio of additive to
metallocene componen? of formulas 1 or la is preferably from 1:1000 to 1000:1, very particularly

preferably Ristethysiradizlhis2-[(1-gthd préeetyimetndbh @sonstbyidbs ehomdd sodoryreparing a
polyolefin byjpalmnéadration of one or more olefins in the presence of the catalyst system of the
present inventign .comprisin least onge transition | component of the formulas 1 or la. For the
purposes \g%{ﬁee %Séggﬁ Inven éﬁﬁ#@%@%@? y%é’r{jzlg-'o'ﬁnrﬂé g@?@%&ﬁ“ﬁ@?ﬁﬁ@o erization and
copolymerZ&aBiyadishisgderm copolymerization includes terpolymerisation or copolymerisation of
more than WieegliflenaitRErRMatpylcycBieigIRARYIF MR IR RPIMSHZRA OIsfinsaf-the formula
RfiI-CH:CIEI&QJ%mWh%rig]er_pdgnd BY are identical or different and are each a hydrogen atom or a radical
havhg from | to 20 carbon atoms, in particular from 1 to 10 carbon atoms, andand le together with the
atoms conREBEiY thai R Fd PRy loy deppetyvigethyll-4Stritamriboleiisohray-biskineyleg. ethene,
propene, l=bedeios, depensene, 1-hexene, 4- methyl-I-pentene or 1-octene, styrene, dienes such as
l,3-butadie . iene, vinylnorbomene. norb iene, ethylnorbomadiene and.cyclic olefins
such as no?&#@r@g,_ te rg?ci:s cz:l}(;dg decer gl 85%‘&%} r@g}fggfﬁérﬁg}%ﬁ%ﬁﬁﬁp}%gg %_%??ﬁ%engr]ésent invention,
preferenceEefiEndisHRsifopolymerizing propene or ethene or copolymerizing propene with ethene
and/or onelbmérgtealdatigtng avingpiione dnmAtheadaoa-atamstegsilpptene O1-hR¥eye, and/or one or
more diengﬁ‘gﬁmgﬁgﬁ%&to 20 carbon atoms, eg. 1,4-butadiene, norbomadiene,
ethylidenenorbomene or ethylnorbomadiene. Very suitable copolymers are ethene-propene
copolymer?,“ﬁ?%@f'{é‘lﬁ'ﬁ@l‘ﬁgr{él(RSB@VW@P%O&WH@?Hﬁﬂéiﬁ?dﬁéﬁgwiﬂiﬁbﬁlﬁ“&héﬁ@%ﬁbene-1 -

pentene orzethsina-picbperde-1,4-hexadiene terpolymers. The polymerization is carried out at from

-60 Cto 3 . ' Iy, pref ly from .50 C t0 95 C. Th
N S L S R e g I i SN

from ) )00 bar, y from 5 t0°100 bar. The polymerization can be carried out in
solution, irEBEARA L5EIEASION or in the gas WO 2010/077230PCT/US2008/014144 phase,
continuoushinanthyéditindigeisio-fneopmoroptapd s Abydn exampleyisiprehagpelyimeigiare preferably
produced i mare thanqng stage. The homopolymer or random copolymer content of such a polymer
can be produced in (a) first stage(s) and the copolymer rubber content can be produced in (a)
consecutive stage(s). The supported catalyst system prepared according to the present invention
can be used as sole catalyst component for the polymerization of olefins or preferably in combiration
with at least one alkyl compound of elements of main Groups Ito Ill of the Periodic Table, for example
an aluminum alkyl, magnesium alky! or lithium alldfl or an aluminoxane. The alkyl compound is added
to the monomer or suspension medium and serves to free the monomer of substances, which can
impair the catalytic activity. The amount of alkyl compound added depends on the quality of the
monomers used. To prepare olefin polymers having a broad or bimodal molecular weight
distribution or a broad or bimodal melting range,.it is recommended to use a catalyst system
comprising two or more different metallocenes and/or two or more different cocatalysts. Alternatively
two or more different catalyst systems of the present invention can be used as a mixture.



As molar mass regulator and/or to increase the activity, hydrogen is added if required. ~ The catalyst
system may b‘% 351%8)6;7%3{%) the polymerization system as a solid or in thgé&)@ggsﬁ‘ﬁ? te or
suspension in a hydrocarbon or may be treated with inert components, such as paratffins, oils, or
waxes, to achieve better metering. If the catalyst system is to be metered into the reactor together with
the monomer to be polymerized or the monomer mixture to be polymerized, the mixing unit and the
metering line are preferably cooled. Furthermore, an additive such as an antistatic or an alcohol
can be usddinrthdsiotiebisEF i eptogentlihveyinehidreiantipledenyiploindtind] padsoiermorphology of
the olefin pelyipgse In general it is possible to use all antistatics which are suitable in olefin
polymerization pr Qfls es. It is preferred to dose the antistatic directly hnto,t e polymerization system,
Gither togeBF I BPUgpiT sl R e s el e Phesy e P Peied using the
catalyst sydtdresidsf the present invention display an uniform particle morphology and contain no fines..

No agglomssaiesrdeRgsie e ARSI RRIMMEIEAUBRIAIRG e aialSL SRR of the

present invention, The catalyst systems of the present invention give polymers such as polypropylene
having higf:}1 iﬂ‘é‘é‘hlar weight and cover a broad range of stereospecificity and regiospecificity. WO
2010/077 2B0RGTHESROOBIKA-N1 4dethy (chhiorcupbiveteid-ividicthgaphbe Prepakes Lisingrive catalyst
system baggghgfdmetallocenes of formula 1 or la of the present invention have a significantly higher
molar mass compared fo the prior art. At the same time, such copolymers can be prepared using the
Catatyst oy SRS A BT A SR B RN RSO procese
parametersiwitbioist deposit formation. The polymers prepared by the process of the present
invention ajgsistakiendiyRRHGH i RIGdUcing.prafkeis.aushis fiRersdblgmentsnimiection-molded
parts, films@ee S, caps, closures, bottles or large hollow bodies such as pipes with excellent
properties. AMBLES General Procedures The preparation and handling of the organometallic
compound®imetley tsderidict bisi2e[abethzikgolopesiyh rtht8rc(techmighesybr linndeglidireitsoniuall solvents
were purgegkwithgargon and dried over molecular sieves before use. The metallocenes produced

were characterized by 'H-N pectros ing a Bruker DMX 500 spectrometer, operating at 500
i using B S A S BTS2 O B A
I3C44MR, B&®ri&PC, TREF/ATREF, Melt Flow Rate and IR spectroscopy. 1.Gel Permeation
ChromatognaphyyiGieSdlydateimiRatia Qb ssVIAMEethy ADMASSiALANFelE8$ad2000 equipped
with a refradctg[ne er, a triple capillary online viscometer (Waters Corporation, 34 Maple Street, Milford,
Massaauseffs,(ﬁ 57 USA) and a light scattering detector PD 2040 (Precision Detectors Inc., 34
Williams WaineswisHepsarpi A lgixiondecasdmedrihé-tecdnhimatioh- bintenyHalaeanass data of the

samples. O4f¥miwetde solutions of the samples in 1,2,4-trichlorobenzene were analyzed at a temperature

of 145C usj ixed B li atterin lity calu 0 rL 110-6100LS) and a Mixed B
guard colusmr%I r% %‘%%a%drlfg%@ﬁfﬁI%ﬁ%@%%%ﬁ?hg\%?a éetgygé?eﬂaaﬁi'ﬁﬂ%f%ﬁg e tio of weight
average meiHerdss to number average molar mass (Mw/Mn) were calculated using the Cumulative
Matching b iardsSiamdnis Pracadpye ophisaymdabiedndheWatersiMilamingm -3k ik software
module. Wdcl)chggnl?%/077230PCUU82008/014 44 2.NMR Spectroscopy of Polymers Samples were
prepared by weighing 0.32 g of polymer into 25 mi of a 1,2,4- triehlorobenzene/deuterobenzene-d6
(4:1 volum&yhsiklvéadiihisléd (vererrisdeiapent pachaid sty uhene hbindgeledgssiution was
formed (typizalbtide4 hours). Spectra were obtained at 120C on a Varian Inova 500 instrument (Varian
Inc., 3120 Han Way, Palg Alto, CA, 94304 US ting at.a 13C-spectrometer. frequency of
1267 i R A B R A v pulse
of 10.0 ps, #Hde&dde delay of 10.0 s and an acquisition time of 2.5 s. Waltz-16 decoupling remained on
throughoutphespivispasaig T (paayidhacaigRakiamoiseertansrmant duei9 theeiires of
nOe(NucIeg%?é{,ecrgauser enhancement). Spectra were processed with | Hz of line broadening. The
mmmm peak in the methyl region of the spectrum was used as an internal chemical shift reference
and was set to 21.85 ppm. '
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3.Differential Scanning Calorimetry (DSC), determination of the polymer melting point Tm DSC

measurements w%ewcarréed out using a Mettler Toledo DSC 822e (MettlerT/TU%Iegg Inc., 1900 Polaris
Parkway, Coldhy us, 6% 43240, USA). 4 mg of sample were weighed into & Sta c? aluminum pan

and subjected to the following temperature schedule: The samples were heated from room
temperature to 220 C at a heating rate of 20 C/min, maintained at this temperature for 5 min, then
cooled down to-55 C at a cooling rate of 20 C/min, maintained at the same temperature for 5 min, then
heated to 23héilgtsihenting 2ate wbaAcpdmiony Thethydling-pointiphagletamegcramdhe second
heating run, %ﬁ ithademperature where the main peak was observed in the curve. 4.Melt Flow Rate

(MFR) e MFR of the samples were determined accord mg to ISO 1133 at 230C. Two diffent

loads wereRigEHvs Ky bisld-§ kgropuinslo bty basgrBd-48-MRebg koysnd MiREESw/5),
respectiveldicAEi2010/077230PCT/US2008/014144 5. Productivity: The productivity of a catalyst

acton e B D G bRy L AL e By Eia kg e A 8 Of e

desired prdHEtHP'a‘i\?lded by the theoretical achievable amount of the product, The following

abbreviatioDiziky BiRployeH T RPiesFedlypropiiene-Mdmmelialocena:Giphean ghinpatedigatalyst system
h=hour Tstz.. alass;liansition temperature in C, determined by differential scanning calorimetry (DSC,

conditions see above) /. Loss on Dryness (LOD) / Loss on I nition (LOT) The Loss on Dryness
and the Lo%"&‘fﬁ*‘l’dﬁlﬁ'&‘ﬂ%‘?@@éﬁéﬁmﬁ]d By} OﬂP‘é‘t’\?fHﬂ@rﬁ irrbiiRei TR IEEs on Dryness is
the weight ksestinfa dkalstgport material experiences by heating it from room temperature to 300C and

keeping thig{GIARGIAIKS iafy. Rﬁ@%tﬁ-ﬂét%?'gE‘td%)?a*?x@'?ﬁ%etn?ﬁsz;%é?@ét‘y‘?ﬁe&
indenyl}-zirconium dichloride
Dimethylsilandiylbis[2-[(2,2,-dimetyhl-5-ethyl-1,3-dioxan-5-yl)methyl]-4-(tert-butylphenyl)-1-
indenyt}~zirconiwn dichloride
Dimethy]si]andiylbis{2-[(3~methy1—oxetan-3-yl)methyl}-4-(tert-butylphenyl)—l-indényl}«
zirconium dichloride
Dimethylsilandiylbis[2-[(3-ethyl-oxetan-3-yl)methyl]-4-(tert-butylphenyl)-1-indenyl]-zirconium
dichloride ‘ _
Dimethylsilandiylbis{2-[(1-methylcyclohex-3-en-I-yl)methyl]-4-(tert-butylphenyl)- 1 -indenyl}-
zirconium dichloride
Dimethylsilandiylbis[2-[(1-ethylcyclohex-3-en-1-ymethyl)-4-(tert-butylphenyl)-1-indenyl}-

zirconium dichloride

as well as the analogous zirconiumdimethylcompounds and zirconimn—biphenolatés and
zirconium-bisphenolates. |

Instead of the preferred pure chiral bridged racemic or pseudoracemic metallocene
compounds of formulas 1 and 1a, mixtures of the metallocenes of formulas 1 and 1a and the
corresponding meso or pseudomeso metallocenes may be used in the catalyst preparation.
However, the preparation of the isomerically pure racemic form is especially prefetred for the
use of metallocenes in the polymerization of olefins to isotactic polyolefins, since the

corresponding meso form may produce undesired atactic polypropylene (“PP”). The
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weight loss as expressed as percentage of the weight of the original support[material. , Subsequently
the support ial i ted from 300C to 1000C and is kept a this te tjl,a constant
weight is obgﬁl&gé&w& %gss of Ignition is defined weight loss between the V%%%gﬁ%ﬂgfﬂt 4e sample at
1000C and at room ten-marl:num expressed as a percentage of the weight of the original support
material. ; 1i As an example to illustrate the above, a 10 gram sample (at room tenipe ature) is
heated to' 300 C where it maintains a constant weight at that temperMur of 9 grams. The Loss on
Dryness is ‘on0gicalyiety | etmniEgorR BOTRIEDISHEBET {RIINEQ IS AfERW Ban 5:1 |
2010/077230REHI$SA00B(0bAL 4 hreasiedsithen furtheheairdind 0P ahere it maintains a
constant weight %glzs Jams. ‘Iég%elﬁgsé on g pition is, 631%3 W‘hich{ls: boo,x&T. 0 8.32)' 10 Synthesis of
metallocenes: DPArgtY x%%p%c Jncludes “pseudoracemic™ {or “pseudcrac )
Dimethylsitiadhgtsisiomesel sivdudanipsendpmesd-tert-butylpheny1)-1-indenylt zirconium dichloride
(2-Brorno-ethyl)-cvdohexane In a 1 1- roundbottom flask equipped with a reflux condenser 164 g
concentrated sulphuric acid and 200 g hydrobromic acid (48 % in water) were added subsequently
under cooling with an ice bath to 88.7 g (0.693 mole) 2-cyclohexyl-ethanol. The mixture was =fluxed
for 6 and after cooling to room temperature it was poured onto 400 g of ice. The acme phase was
extracted with 400 ml pentane. The4 orgapyc layer was washed with 2 2 1-1-solution and with
water, dried over magnesium sulpk and the solvent removed ifvacuq. The product was distilled in
it ®H-NMR (400 MHz,

vacua to yield 112.7 g (85 %) 9 br

CDC15): R @ ,
R
RE
10

R MR'R?

RY
R”

R300___

R

R4' Rsl
rac/pseudoracemic isomer meso/pseudomeso isomer

The present invention also includes a process for producing the transitionr-metal

compounds of formulas 1 and ia of the invention,
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(214, t, CH2J3r), 1.73 - 1.61 (m, 7H), 1.44 (xn, Hp, 1.26- 1.11 (m, 3H), 0.91- 0 (m, 21-1) ppm.
1-(2-Chloro-p -3-cyclohexyl-propan-l-one 15.57 g (640 mmole) [ nings were
placed in a ll %§gﬁ§§8f%§n flask equipped with a dropping funnel and %ﬂﬁ%@gﬁg%#ser, and 50 nil of
tetrahydrofuran (THE) were added. The magnesium was etched slightly with a few cryials o
RECTIFIED SHEET (RULE 91) ISA/EP WO 2010/077230PCT/US2008/014144 iodine and then 2 g-of
(2-bromo-ethyl)-cyclohexane were added and the mixture was heated locally. After the start of the
Grignard-femigtonditberastafding (Rubigmnoset iyl podotohexangim®@5F forhofa HF (112.65 g in total, 589
mmole) were added within a period of 20 min. The mixture was refluxed for 1.5 h and then cooled to
room temperature. In a separate 2 Iroundbottdih flasg 70.5 (5,13 mmole) of 2-chloro-benzonitrile and
156 mg (0.16 mole %) copper(l)iodide were di /Schin-¥30 ml of THF. The Grignard-solution was
added dropwise over a period of 30 min &0 n mixture was refluxed for 3 h. After

stirred at 50C for 1 h and the layers were sepatéted. T1hq' agueous layer as extracted twice with 150 ml
of toluene each. The combined organic layersiwere WaBhEQ twice with 2 M sulphuric acid, once with a
a saturated sodium chloride solution. After drying
ed in vacuo to yield 133.5 g (quant.) of the desired
AD®013): =7.41 -7.14 (m, 4H, aromatic), 2.91 (t,

over magnesium sulphate the solvggit.as
phenone as slightly brown oil. 1H-NMR | 2-G
2H, COCH2), 1.71 - 1.55, 1.28 - 1.1(3, 85 (3 x m, 13H) ppm.
7-Chloro-2-cyclohexylmethyl-indan- -0neé g 6@4 (263 mmole)
1-(2-Chloro-pheny1l)-3-cyclohexylpropan-l-one, 77.5 g (2.1 eq.) urotropine and 72.6 g (2.7 eq.) of
acetic anhydride were placed in a 500 ml(]g%lrjrg&l‘a)gt om flask and the mixture was stirred at 80C for 4 h.
Then 100 ml water and 100 mi 2M NaOH"Were adfed and the mixture was extracted two times with
200 ml dichloromethane each. The organic layer was washed two times with 100 ml saturated
aqueous ammIEiuRs eateiecresd diied \@vrs MABME SheoiRd A indeisghrRPrasrdnt was reduced in
vacuo to a fo al %I;eln SOcrcpl voyijm eaqg tsh(%_solution was added dropwise over a period of 2.5 h to 660 g
of hot (70 - 7 %’)‘ concentrated su 'pﬁuﬂc acid. After stirring for an additional 30 min at 75C the mixture
was allowed to tdirgtrantigheiibesompaandsdiamreaThe mixture was poured onto approx. 500 g of
ice and extracted three times with 150 ml dichloromethane emh. The organic layer was washed twice
with 150 ml of a saturated sodium bicarbogate solution and once with 100 ml of a saturated sodium
chloride solution. After drying over mgignesium sulphate the solvent was removed in vacuo. The
product was purified by column chroma or’%ilica (heptane / WO
2010/077230PCT/US20081014144 @ithlorométhane 5:1) to yield 40.0 g (61 %) of the desired product
as a slightly off-white oil, which slowly crygﬁ'alliz%“d. 1H-NMR (400 MHz, CDC13): 8 = 7.42 (t, 1H,
aromatic), 7.29 (d, | H, aromatic), 7.24 (d, 1H, aromatic), 3.25 (dd, 1H, COCH), 2.71 (m, 2H, benzylic),
1.78- 0.87 (m, 13H, aliphatic) ppm. 7-@4e#Beatyl-phenvil)-2-cyclohexylmethvl-indan-1-one 60 g
(228 mmole) 7-Chloro-2-cyclohexylmethyl-indan-1-one, 49 g (1.2 eq.) 4-tert-butyl-benzene boronic
acid, 53 g sodiypeatongicfatent eengalieol a0 AT Ale plageddn.a 2 1
roundbottom flask equipped with a meghapnical stirrer and a reflux con nSer. The mixture was
degassed threti siamerRadtidh SnevaerdYging witk! & gdavetsragipiaes eateilied solution
consisting of 103 rag 6. dendie f4)papadiutivageiadaisdynhiNaddABT & (2 ddvtdtvmuaier, 0.8 mole %) and
2 mi of water was gded ang e P as e ad AlRGILLERTIRIEIS, sanersion (approx. 4 h).

300 ml of water were added and the mixture was extracted three times wi of foluene each

The combined org®@adereripdiag radhe auRRTERYAPIOROD ARE WS MAEF BneB withdtdo mi of a
saturated sodium aknergersahitignpBifietpbyer;, sndaghesivim ke lphateraiitkexvaporatiansef the solvert in
vacuo yielded §7.3, At ARG,RSTSHRIONIRNRS 3 MR SURNATLAHNME, (400 Mz,
CDC13): 8 = 7.54 (t, IH, aromatic), 7.43, 7.38 (2 x d, 4H, aromatic), /.24 (m, ZH, aromatic), 3.30 (m,
IH, COCH), 2.80 - 2.67 (3 x m, 2H, benzylic), 1.85- 1.47 (m, 7H, aliphatic), 1.35 (s, 9H, C(CH3)3), 1.27
- 0.87 (m, 6H, aliphatic) ppm. .
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4-(4-tert-Butyl-phenyl)-2-cyclohexvimethyl-IH-indene 82.3 g (229 mmole)

7-(4'-tert-Buty]- -2- cyclohexylmethyl-indan-l-one were dissolved Elx%%s% ltoluene in at 1 -
roundbottom f#‘e%l-&%g%%%p%%d with a reflux condenser. 9.5 g (1.1 eq.) sodllJum o%@%ﬁge were added.
Then 40 ml (4.3 eq.) methanol were added at 50C and the mixture was stirred for 3 h at 50C. An
additional WO 2010/077230PCT/US2008/014144 1 g of sodium borohydride and 5 ml methanol were
added and the mixture was stirred another 2 h at 50C. 2M sulphuric acid was added until the gas
evolution ceased. #feradtidititaepfokPBtenbyvaieidbee layers were separated and the organic layer was
washed two times with 2M sulphuric acid and once with a saturategl sodium chloride solution. The
solvent was evaporated and the crude indanol was dissolved'in appray, 350 ml of toluene. After
addition of 0.7 g p-toluene sulfonic acid the mixture wagcheatet
TLC showed complete convers}{@rp(gznlm,‘ The solution w
NaHCQsolution, once withavater anl dhcB with a saturated Sodiyga chloride solution. Drying over
magnesium sulphate, evapor gssolvent and grygtgffization from 800 ml ethmol afforded 67.3 g
(86 %) of the desired indegeas-white crystals.11-1-NMR (4

7.14 (4 x m, 7H, aromatic), 6.6@%s, ®t-1, =CH), 3.35 (s, 2H, fic), 2.34 (d, 2H, aliphatic), 1.71-
1.50 (m, 6H, aliphatic), 1.39 (s, 9H, C(CH3)3), 1.24- 0.87( sipRatic) ppm.
Dimethvlsilandiylbis[2-(c_yc|ohexy|methyl)-444-tert-bLﬁyIph B1)-2Andenyll-zirconium dichloride

20 g (58 mmole) 7-(4-tert-Butyl-phenyl)-2- cyclohexyl-methy4:-1 -gndﬁne were dissolved in 340 ml
toluene and 20 ml of THF in a 1000 ml - roundbottom flask. 24.4 fl of n-butyl lithium (2.6 M in toluene,
63.4 mmole, 1.1 eq.) were Bl fpom temperature anggl)g,saligfion was stirred for 1 h at 80C.
After cooling to 40C 3.5 ml (3.74 g, 29 mmole, 0.5 eq.) dirnethyldichlorosilane were added in one
portion and the mixture was stirred at 60C for 8.5 h. The solvent mixture was removed in vacuo (purity
of the ligand > 99 9% &dbegind utiGO-calvalydisy anidrsetigdnt geasadiswdbres ahif@@uimBof diethyl ether
(yellowish suspensjgn.due (0. 4G L3 & mlid Adudmbithiver {&hdmmole, 1.07 eq. regarding to
"indene”, 2.6 M in toluene) were added at room temperature and the mixture was stirred overnight at
room temperature. Then 7.1 g (30.5 mmole, 0.525 eq. regarding to "indene") zirconium tetrachloride
were added in portions. The orange- yellow suspé’nsiqﬁﬁNas stirred for 5 h at room temperature and
the solid was isolated by WO 2010107723P > 008/014144 filtration. Washing with 2 portions of
30 ml diethyl ether each and drying in vacuo, y' "7 of the crude complex (rac/meso =1.5: 1,
containing lithium chloride). The racemic cdmple Jvas.isolated by fractional crystallization from
toluene. Yield: 8.1 g (9 mmol, 31 %) as a bright %Ilow powder. 1H-NMR (400 MHz, CDC13): 8 = 7.61
(d, 2H, aromatic), 7.57, 7.44(2 x d, 8H, aromatic)r #3044 2H, aromatic), 7.22, 7.15, 7.07 (3 x m, 10H,
aromatic + toluene), 6.94 (s, 2H, indenyl-H), 2,64 ("dd", 2H, indenyl-CH2), 2.34 (s, toluene) 2.13 ("dd",
2H, indenyl-CH2), 1.75 - 1.45 (m, 10H, aliphatic), 1.33 gs, 18H, C(CH3)3), 1.31 (s, 6H, Si(CH3)2), 1.12
- 0.76 (m, 12H, aliph&tiehispM. stands for Li, Na, or K@mﬁba,ﬁ‘h\fg ,@Qaﬁ%medjig have the meanings
Dimethylsilandiylbis[¢getZaéddinoeihid pbeny e 4ddpsan Betylphgny1)- 1-indenylkzirconium dichloride
[-Bromo-3 3-dimethyl-butane Ina 11-roundbottom flask equipped with a reflux condenser 232 g
concentrated sulphuric acid and 283 g hydrobromic acid (48 % in water) were added successively
under cooling with an ice bath to 100 g (0.98 mole) 3,3-dimethyl-I-butanol. The mixture was refluxed
for 6 h and after cooling to room temperature, it was poured onto 400 g of ice. The aqueous phase
was extracted with 400 ml pentane. The organic layer was washed with a 2 MNaO1-1-solution and with
water, dried over magnesium sulphate, and the solvent was removed in vacuo. The product was
distilled in vacuo to yield 88.1 g (55%) of I-bromo-3,3-dimethyl-butane as a colourless oil. 'H-NMR (400
MHz, CDC13): 8 = 3.35 (m, 2H, CH2BO0, 1.80 (m, 2H, CH2), 0.90 (s, 9H, t-Bu) PPm.
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WOQ,2010/077230PCT/ S2008/014144 14.1 g (580 mmole) Magnesium turnings were placed in a 11 -
roundbottom W%@ng})@d with a dropping funnel and a reflux condenges, and,60, mi of THF were
added. The magnesium was etched slightly with a few crystals of iodine and then 2 g of
1-bromo-3,3-dimethyl-butane were added and the mixture was heated locally. After the start of the
Grignard-formation the rest of the 1-bromo-3,3-dimethyl-butane in 350 ml of THF (88.1 g in total, 533
mmole) were added within a period of 20 min. The, mixture was refluxed for 1.5 h and then cooled to
room temperature. In a separate 21- roundbottom\flask 63,8 g (464 mmole) of 2- chloro-benzonitrile
and 141 mg (0.16 mole %) copper(l)iodide wgs olved in 265 ml of THF. The Grignard-solution
was added dropwise over a period of 30 mm and {hé t#In mixture was refluxed for 3 h. After
standing overnight at room temperature, a mixturg of 30 ml water and 127 ml concentrated
hydrochloric acid were added very carefullg*&iisifig a strongly exothermic reaction. The mixture was
stirred at 50C for 1 h and the layers were separated. The aqueous layer was extracted twice with 150
ml of toluene each, The combined organic layers werewashed twice with 2 M sulphuric acid, once
with a saturated sodium bicarbonate solutiga,an o@ fith a saturated sodium chloride solution. After
drying over magnesium sulphate the solvent was g¥aRgratas in vacuo to yield 103.8 g (quant.) of the
desired phenone as slightly brown oil. 'H-NMR #00 Mkkz, CDC13): 5 = 7.41 -7.26 (m, 41-1, aromatic),
2.87 (m, 2H, COCH?2), 1.59 (m, 2H, C112-t-Bu), 0.90 (s, 9H, t-BM PPm.
7-Chloro-2-(2,2-dimethylpropy1)-indan-1-one 101.8 g (453 mmole)
1-(2-Chloro-pheny1)-4,4-dimethylpentan-1-one, 1B8mu @.1 eq.) urotropine and 124.7 g (2.7 eq.) of
acetic anhydride were placed in a 1000 ml roundbottom flask and the mixture was stirred at 80C for 4
h. Then 200 ml water and 200 ml 2M NaOH_were added and the mixture was extracted two times with
250 ml dichloror\éﬁettﬁeaaﬁgogggr%e]%gj %?5‘%%5'%’3‘/%1%‘%33" rv%a"‘sfa%%a B[%VS% ?rél%dsr(?\llvﬁﬂcf%%’é%turated aqgueous
ammonium chloridebigh Mrigandy & FsgnbsiHiasiipharba st ferm harmowssofeduced in vacuo to
a total of 250 ml vojumaeian the solution was added dropwise over a period of 2.5 h to 1000 g of hot
(70- 75C) concentrate huric acid. After stirting for an.addijtional 30 min,at 75C.t ixture was
Slowed  stand BRI KR e e e e B e 0 g of e
and extractédefRotdehenoh 7 BoreT i s Bos/ /vl vers e sofipbsoh il 2509F MRIAYFIhethane each.

The organigiighiic Wasowrsheddwicewith 2ok pilef psataleasedidpdaeadionaie aalugion and once
with 200 ml.of a satlrated sedim chiorife, solition, After drving, quer magnesium sypbate the solvent
was removéd i vacdor The pr%dlucyl\'/nvas purlﬁeéolgy colimn chromatog pﬁy on silica (heptane /
dichlorome®idhert: pleforahits @°Toal 8§ (7 4Thr ofsshend ewitd dair sdbrit eecied ligatyorfitepite oil, which

slowly crysializetholakide MR AN0MEZsi SR IBNBT dlof fotinabmnREamaia) a8 0ofihilwaromatic),
7.27 (d, IH,Iaromatic , 3.38 (dd, _1I—|, COCH{?,@%?Q, 2.605%} , 2H, benzylic ,_2.10,?1. 1(2 x m, 1H,
CH2-t-Bu), (FYB8 8 YR CETT B Proch et BURRA SSRESY -Q% A TeShie o) indan-1-one 35
g (148 mmbtepia@letorbe 2ctie2ediviatiyitpeop gl hintlantatiynprogeréoys( 1CRweppines eibiatyiplaenyl boronic
acid, 34.5 g spdiueesaRRPAS B Méatndens dypelansk &3 minvatel wergiplaceddp @)l 1-
roundbotto fLaslﬁ?%g,E) ed Wiy}a mec anécal ﬁtinﬁr nd a re{lﬁx ctgnd(tense . The ngtixtu[e was
degassed thre S{f & @%ﬂfﬁﬁ evacuation and réc grgfiﬁrﬁ \R/rl'ﬁwearvdion?ifﬁ?é fixe LEc‘:"ataasl"’f/st solution
consisting &FGHitrign{ORamioet 36 ysatladhishcavestte! ;moar mpaTRRITS 218Mtin water, 0.8 mole %)
and 2 ml ofiyateiwas addedang thapbitkrenwas iallshedat the lsiuniihcampleteicamyersion(approx.
4 h). 100 ml of water ereihaddeq f%md t{;ura mixtutre wasmeexgia[ct%d thrﬁgttin%efs r;/vgpc{l)pno ml Cgf toluene
each. The ComBilad révénf)cuié‘riloe?sf%brbewgs éﬁ WS With 160 FAIWatEr ahd once tith L0 mll of a
saturated soidfiurmubhleridlbesiohrtionatiryincpotesk aviag ewienriused phiate arid ¥Vapordtioicofiilie solvent in
vacuo yieldge 3840 (HaRide it Hasiest BRofuch AR MIQLANGHY DS - NOMIR R0 MHZ,
CDC13): 8 = 7,58 (t, IH, aromatic), 7.48 -7.17 (m, 6H, aromatic), 3.48 (m, IH, (C=0)CH), 2.88, 2.63(2 x
m, 2H, beng3iBy, isolstereitiiay disepty Fom bR HOR M 4R (Mt BEImeNR-12E0N 0PI TIPS /- Bu)
WO 2010/0ziZ&30ifeaiet ka0 8 [ d & dabdly o di-tertt Bty lnpihe prelde2d 8f 2¢deme tidyl-prd pred)- 1H-indene

50 g (150 mmole) 7-(4'-tert-Butyl-phenyl)-2-(2,2-dimethylpropyl)-indan-I-one were dissolved in 180 ml
toluene in a 500 ml - roundbottom flask equipped with a reflux condenser. 6.22 g (1.1 eq.) sodium
borohydride were added. Then 26.1 ml (4.3 eq.) m¥thanol were added at 50C and the mixture was
stirred for 4 h at 50C. Another 3.11 g sodium borohydride and 10.3 g methanol were added and the
mixture was stirred at 50C ovemight. 2M sulphuric acid was added until the gas evolution ceased.
After addition of 100 ml water the layers were separated and the organic layer was washed two times
with 2Msulphuric acid and once with a saturated sodium chloride solution. The solvent was evaporated
and the crude indanol was dissolved in approx. 300 ml of toluene. After addition of | g ploluene sulfonic
acid the mixture was heated to reflux using a Dean-Stark-trap until TLC showed complete conversion
(90 min). The solution was washed twice with a saturated NaHCC- solution, once with water and once
with a saturated sodium chloride solution. Drying over magnesium sulphate, evaporation of the solvent

and recrystallization from 500 ml ethanol afforded 35.3 g (74 %) of the desired indene as white
crvetale 111-NNMR (A00 MH7 CDC12QY {[| =7 A7 (¢ AH aromatic 724 (Ad 1H aromatic 7 25 (A |IH




Dimethylsilandivibis12-(2.2-dimethvipropyl)-4-(4-tertbutylphenyl)-1-indenyllzirconium dichloride 29
(6.28 mmole) 4-(4-tert-Butyl-pheny1)-2-(2,2- dimethylpropy1)-1H-inden e dissolved in 34 mi
toluene and 2\%&%#8%&%% a 100 ml - roundbottom flask. 2.64 ml of n-b%tyl %ﬂ?ﬁ%dg M in toluene,
6.6 mmole, 1.05 eq.) were added at room temperature and the solution was stirred for 1 h at 80C.
After cooling to 40C 405 mg (3.2 mmole, 0.5 eq.) dimethyldichlorosilane were added in one portion
and the mixture was stirred at 60C for | 7 h. The solvent was removed in vacuo and 20 ml diethyl ether
were addeprefziat ol avfaashfyl dithiiurire( 225 Medn seriarahien Sepwhanole, bt aBlay Joreach added at room
temperaturg.apddhaiBixpieMRs SHERH QNG ANl PPV 81/ RE4A30P ]I S2008/014144

temperature. Aftey coolin room temperature 776 mg (3.3 mmole, 0.53 eq. regarding to "indene")
zirconium Pé?é%ﬁ%é’n’i%b% trﬁ AFHSA e ieo"neé‘i.a O%ﬁte eci"rang:(:ﬁt(f/((a) g gﬁgbt%bi%f:gﬁa&isé's stirred for 5 h at
room temperatur il ltribedodivitier! wiapsisOleaerperssitf tionvanicpwies aduping tehesiighether to yield
1.59 g crugieeompisstnd Ner IBERNNC 105 WasH saldtsdinydractional e ensiadization from toluene. Yield:
0.659g (24 %)?_?cf a bright yellow powder.1H-NMR (400 MHz, CDC13): 5 = 7.62 (d, 2H, aromatic), 7.58,
7.45 (2 x d"BH: "Jlrr‘%?’}:iatic), 7.37 (d, 2H, aromatic), 7.23, 7.16, 7.08 (3 x m, 10H, aromatic + toluene),
6.93 (s, 21-1, indenyiidynXiep(che@HnveriemykBlerXy 2c31lyst spttrene)mprisiigdit ikt engenyl-CH2), 1.35
o1 SRRSO P BSGcBE (S0P Coeate
xample 3: Dimethylsjlandiyibjs[2-(1-adamantylmet -tert-butylphe -1-indeny11-zirconium
dichlonice 1-(2-BoTRT bl A PP B B S T B IR AR e
condenseril 6% eptadirrcersteatednariptantdeationanehnOong piidiedbpe wfiercdlidninexencis Wetes) were added
subsequenidyWhdeiRaalingpuita aRiisalaihvianl28Me{R: 10 male} dnlleadannantyhiethanol. The
mixture was reflux(?d for 6 h and after cooling to room temperature it was poured onto 400 g of ice.
The <31queoclj'°§n Bﬂ%nsé was extracted with 400 ml pentane. The organic layer was washed with a 2 M
NaOH-solution arduittpyeate preiiad©oee phaghiesiind soiskatexneritbrwdshabchivasyetsbved in vacuo.

T P e
colouriess Qil. - Z : = o. , r . t, , r), 1. -
L s e AN o e e Bt o R el

142-Chlordophela )-3-(1-adamanty1)-propan-1-one 15.57 g (640 mmole) Magnesium turnings
were placed in a | | - roundbottom flask equipped with a dropping funnel and a reflux condenser, and
50 ml of THF were added. The ma%Q_eﬁ%r; Wc?bs g{}%@eﬂ slightly with a few crystals of iodine and then 2
g of (1-(2-bromo-ethyl)-adamantane were &d ed and the mixture was heated locally. Afterthe start of
the Grignard-formation the rest of the (1-(2-bromo-ethyl)-adamantane in 350 ml of THF (143.5 g in
total, 590 mmolefyeigcadsaganithinearReuad oburains Thamixines wagpaflespctifeor 1.5 h and then
cooled to r%%r,}?u[% p&gz%ﬁ% In a separate 21- roundbottom flask 70.5 g-(513 mmole) of
2-chloro-benzonitrilé an 6 mg (0.16 mole %) copper(i)iodide were dissolved in 130 ml of THF. The
Grignard-solution was added dropwise over a period of 30 min and the reaction mixture was refluxed
for 3 h. After standing overnight at room temperature, a mixture of 190 ml water and 127 ml
concentrated hydrochloric acid were added-very-carefutly;-catusing a strongly exothermic reaction. The
mixture was stirred at 50C for 1 h and the layers wege separatgd. The aqueous layer was extracted
twice with 150 ml of toluene each. The:combiped organiciayets were washed twice with 2 M sulphuric
acid, once with a saturated sodium bicarbdnate solution angkgnce with a saturated sodium chloride
solution. After drying over magnesium sulpha (gp{g §ao}%\{ent was evaporated in vacuo to yield 178.7 g
(quant.) of the desired phenone as slightly brown oil. il’NMR (400 MHz, CDCI3): 8 =7.39 - 7.12 (m,
4H, aromatic), 2.55 (t, 2H, COCH2), 1.40 - 1.13 (m, I7H, aliphatic) ppm.
7-Chloro-2-(1-adamantylmethyl)-indan- | -one 78.7 g (260 mmole)
1-(2-Chloro-phenyl)-3-(1-adamantyl)- propan-1-one, 77.5 g (2.1 eq.) urotropine and 72.6 g (2.7 eq.) of
acetic anhydride were placed in a 500 ml roundbottom flask and the mixture was stirred at 80C for 4 h.
Then 100 ml water and 100 ml 2M NaOH were added and the mixture was extracted two times with
200 ml dichloromethane each. The organic layer was washed two times with 100 ml saturated
agueous ammonium chloride and dried over magnesium sulphate. The solvent amount was reduced in
vacuo to a total of 150 ml volume and the solutiondWas added dropwise over a period of 2.5 h to 660 g
of hot (70 - 75C) concentrated sulphuric acid. After stirring for an additional 30 min at 75C the mixture
WO 2010/077230PCT/US2008/014144 was allowed to stand overnight at room temperature. The
mixture was poured onto approx. 500 g of ice and extracted three times with 150 ml dichloromethane
each. The organb layer was washed twice with 150 ml of a saturated sodium bicarbonate solution and
once with 100 ml of a saturated sodium chloride solution. After drying over magnesium sulphate the
solvent was removed in vacuo. The product was purified by column chromatography on silica (heptane
/ dichloromethane 5:1) to yield 58 g (71 %) of the desired product as a slightly off-white glassy solid.
1H-NMR (400 MHz, CDCI3): S = 7.39 (t, 1H, aromatic), 7.27 (d, 1H, aromatic), 7.21 (d, IH, aromatic),
3.37 (dd, 1H, COCK), 2.70 (m, 2H, benzylic), 1.36- 1.18 (m, 171-1, aliphatic) ppm.




7-(4:tert-Butyl-phenv1)-2-(1-adamantylmethyl)-indan-1-one 71.8 g (228 mmole)

7-Chloro-2-(1- methyl)-indan 1 one, 49 g (1.2 eq.) 4-tert-butyl- ronic acid, 53 g
sodium carbor\?a%g,mﬁﬁyr%l)ethylene glycol and 150 ml water were place(?‘l?rgfg%]J %%r%gg%ldbottom flask
equipped with a mechanical stirrer and a reflux condenser. The mixture was degassed three times by
slight evacuation and recharging with argon. A premixed catalyst solution consisting of 103 mg (0.2
mole %) palladium acetate, 3 ml NaTPPTS (2.6 M in water, 0.8 mole %) and 2 ml of water was added
and the mixture was refluxed at 125C until complete conversion (approx. 6 h). 300 ml of water were
added and the mixture was extractedthree times with 150 ml of toluene each. The combined organic
layers were washed twice with 100 ml water and once-with 100 ml of a saturated sodium chloride
solution. Drying over magnesium sulphate pngl evaporation of the sglvent in vacuo yielded 94.1 g
(quant.) of the desired prodyct as a yellow stigky oil.1 4-NMRW MHz, CDC13): 5 =7.52 (t, 1H,
aromatic), 7.41, 7.36 (2 x d, 4H, gregmatic),+Z.21 {m,2H, matic), 3.37 (m, IH, COCH), 2.77 - 2.68 (m,
2H, benzylic), 1.42- 1.18 (i/nﬁGH, aliphatic|& C(CH3)3 riopm. 2010/077230PCT/US2008/014144
4-(4-tert-B utvl-phenyl)-®%(1-adamantylmethv 11-1H- indene 9410 g (228 mmole)
7-(4'-tert-Butyl-phenyl)-2-(1- adamantylmethyljHndaiteopne were dissolved in 291 ml tolueneina 1 1-
roundbottom flask equipped with a reflux condenser. 9.5 g (1:1 eq.) sodium borohydride were added.
Then 40 ml (4.3 eq.) methanol were added at 50C and the mixture was stirred for 6 h at 50C. 2M
sulphuric acid was added until the gas evolution ceased. After addition of 100 ml water the layers were
separated and the orgamc layer was washed two times with 2M sulphuric acid and once with a
saturated sodium chloride solution. The solvent wa& evaporated and the crude indanol was dissolved
in approx. 350 ml of toluene. After gdditi -t 'g-p-toluene sulfonic acid the mixture was heated to
reflux using a Dean-Stark-trap until TL owed c@#fiplete conversion (90 min). The solution was
washed twice with a saturated NaHC(3-s m@: with water and once with a saturated sodium

chloride solution. Drying over magnesi Olb'ﬁgt ~ayapgpration of the solvent and crystallization from
900 ml ethanol afforded 76.9 g (85 %) o qﬁow’indene as white crystals.1H-NMR (400 MHz,
CDC13): S=7.44,7.32,7.23, 7.12 (4 x m; 7H, aromatic), 6.63 (s, 1H, =CH), 3.32 (s, 2H, benzylic),
2.29 (d, 2H, aliphatic), 1.69- 1.15 (m, I5H, aliphatic), 1.38 (s, 9H, C(CH3)3) ppm.
Dimethylsilandivlbis[2-( | -adamantylmethv1)-4-(4-tert-bubflohenv1)-1-indenv11-zirconi um dichloride
23 g (58 mmole) 7-(4-tert-Butyl-pheny0-2-(1- amgiln%g methyl)-1H-indene were dissolved in 340 m|
toluene and 20 ml of THF in a 1000 ml - roun ottorm flask. 24.4 ml of n-butyl lithium (2.6 M in toluene,
63.4 mmole, 1.1 eq.) were added at room temperature and the solution was stirred for 1 h at 80C.

After coolinghtaAals3Rohd To vt 8:s2.9) 1 8)) 98 aRdT 189 helspatbyidic blenesiananyare adeded,in one
portion and?e mixture was stirred at 6QC for 8.5 h. The solvent mixture was remaved.in vacuo (purity
Ot the ligand & S1 i e Bt e S AR DB & ety ther
(yellowish d8eped<sithomaértesLierey! onhgdiagen204 0/0 27 dEeeciruseous e phly fewfiH-butyl lithium
(61.9 mmole,3%,07 eq. regarding to "indene", 2.6 M in toluene) were added at room temperature and
the mixure was silged URIIAILES FOATUETRANIE. TURD, 18308 ole, 0 835 80, egarcing o
"indene") zirconium tetrachloride were added i portions. Thée orangé - yeﬁd\%s spension ‘was stirred
overnight abFdEwrtpisERlresidlthe solid was isolated by filtration. Washing with 2 portions of 35 ml
diethyl ether eachrand-diyinoRiarvadtiaeieldef2bple gablheamiimeanipbeunasinbsa = 1.6: 1,
containing lithi ride). F ic complex.was, isolated by fractional crystallization from
toluene. VoKL DL WRT kA NS RF SR ST R B M) s - 7 02
(d, 2H, aroRfasRsyiop sEfromBUbig 4p¥sfpu tie§icpisBXd, 2H, aromatic), 7.21, 7.15, 7.08 (3 x m, 10H,
aromatic + tolueneje ShiSiHsadklcdn de pydpasdlDdwld Wadkl bindeayl wdthdls 284 (Smeluene) 2.09 ("dd",
2H, indenykCA1R)e dfsedhErd Iy 0o o PURNAIGN A Sock Bl GG D32 (5 611,
Si(CH3)2)PPm. i Comparative Exar%ple 4: o
DimethvisilBEIRABTSIUREHYPA AR EATIMAB Nt rREriBFInAY bt RlideBauid 01 43 g (0.54
moles) of 2-methyl-4-(4-tenbutylphenyl)-1-indene were introduced into 2.4 L of toluene and 143 mL of
tetrahydrofiiran, and 234 mL of an n-butyllithium solution (2.5 Min toluene) were added without
interruption at room temperature. After this additio¥8was complete, the mixture was heated to 80C and
stirred for one hour at this temperature. It was allowed to cool to 40C, then 33.6 g (0.26 moles) of
dimethyldichlorosilane were added dropwise to this reaction solution. The reaction solution was stirred
for three hours at 60C. It was cooled to room temperature, and then 218 mL of an n-butyllithium
solution (2.5 M in toluene) were added dropwise. After this addition was complete, the solution was
heated to 80C and stirred for one hour at this temperature. It was allowed to cool to room temperature,
then 71.1 g (0.305 moles) of zirconium tetrachloride were added in portions. The solution was stirred
for two hours at 45C and the precipitate that forms was separated by filtration through a G3 fritted
glass filter and then carefully washed with 700 mL portions of WO 2010/077230PCT/US2008/014144

tetrahydrofuran. The residue was dried in an oil-pump vacuum, and the product was obtained in a yield
nf 18 A (2N004) and with a rac-mecon ration of 11 The iecomearce miiet he cenarated in an additinnal cten



7.63-6.85.(m, 161-1, arom-H), 2.44 (s, 311, meso-CH3), 2.24 (s, 3H, rac-CH3), 1.46 (s, 1.5H,
meso-SiMeZ)g}_O?Q% "h@gzg’fn 21H, tert-butyl, rac-SiMe2), 1.23 (s, 1.5H, @8@%&“@314144

Comparative amp

Dimethylsilanediy1(2-methy1-4-(4-tert- butylphenyl)lndenyl)(Z isopropyl-4-(4-tertbutylphenyl)indenyDzir
conium dichloride

Dimethylsilanediy1(2-methy1-4-(4-tert-butylpheny1)-1-indene)(2-isopropyl-4-(4- tertbutyl phenvl)-1-i
ndene) be&8 4y (ERTofmmekdEyatibR-is@propy kel tertbastydblrenylld dripdere werenintroduced into

131 mL of tewﬁgmmm%&fpm Fd kR et mh@f%%%hﬁ'&%@@}%@%&ﬁ&&ét@ toluene)
were adde V\g étdtlnterru tlon troom temperatu e After thlS%\%ltlon was com § the mixture

was heatet aretied ¥ %ﬁcn%ﬁ?r tr‘fﬁ‘fée WD SHARrED R AR S SobOSH ¥ ! to room
temperatur(é-‘?%éﬂ%@tdtﬁf@&é)aiﬁm%olutlon was added dropwise to a solution of 20.5 g (57.7 mmoles)

of (2-methyl-4-(4piegtrimty hRnwbinda BTdanw Dﬂt@ﬂeﬁhﬂtﬁm{?{&é&@@@iﬁﬂo%é‘ﬁ%@é&%@ﬁ'@ over a period

of one houra;[ b? mixture was st%rraeq overni ht at room te Ewre Then 6§ m|. of water were added
and the phasE G AL Hohi R L AISAMNER SRS FGRRY ARBHEYAR S EGitR™TA FEof water and

the combirféduatjueous phases were extracted twice with a total of 100 mL of toluene. The combined
organic phases wweraHies deéam@ga@§ium;§uttat%o@tﬂ&rnﬁtt%ﬁ@e Riibesmagnesiwn;sylfate, the

solvent Wa remove d.andthe ye was dried in a um cuu ired product was
isolated in 4 y@?&s FEYT ‘E)'?}e)k%lpur|ﬁ/m’?J"(SW/(s))"ql"ﬁil %&E%ﬁﬁg Rﬁ?—?ﬁl @E@igsﬂ@eﬁen
2010/077280mCTHE 9@@@%&4@@4% byzEBoxy, Rrjtaxy4sosy ompisifegaficaB.62 (each s, each IH,

olefin-H-indene), 13 3amad dLAGR S0 RAEA R Indedil ekl 1R e ﬂilépag'io%@{l%ﬂ 8&1@& (s, 3H

CH3-H), 1.35,,1.33 (each each 9H, ten- b zange %Sd 6H, . oggog}/!, ugs% 0 (each d, each

dlyst system can ve varied within a wi wever, it

314, SICHS}!
D|methyIS|Mﬁ@ﬁ%@sﬂewme@@ﬂ'ﬂepﬁmmytph@nﬁgfiwmd@mlly(lzlmtdrtbpwhmmt@nbutylphenyl)-l-inde
nyl)erconlum@&h@m&i%ch aﬁ&&gﬁm}mm}%}dﬁEMQmmmm@@me compounds

4-(4-/en- b en |so r 4 -ten ut 1)-1-inde e mtroduced into
366 ml of qf ernénr? jfg"@)‘ %ﬁng%/ ?r’ vy 1%6 aréa & of&ﬁéﬁé) Were added
without mt@F?meFtih oS t@ﬁ@ﬁér@t@ﬂé PAWéPfﬂiilgl thidnrien ﬁ\tﬁ@iﬁbtﬁpl‘ét@,itﬂe theiresgefivas stirred over
night at this.lampRkEanl, e den senlediafeyanddd 4R 00 1mmalasiafzisanium ttrachloride
were addegotp tortloerts The m|x ure was allowed to warm to room temperature and was stirred for
another two ROUTE Bt VSRS bt ?5?&? ff precipitate that forms was separated by filtration through a
03 fitted glass filter and was washed with two 50 rril. portions of tetrahydrofuran and with one 70 mL
portion of pentangy ﬂ@@gg@@g@m@g&n@g‘;&aﬁ@ b Wt@mgrpduct was obtained in a
yield of 23.5 g (50%) and with a rac:meso ratio of about 1:1. The isomers must be separated in a
subsequent step to obtain selective catalysts for propylene polymerization. 1H-NMR (400 MHz,
CDCI3): 7.7-6.9 (m, 14H, arom-H), MXEW 1HFeruikoldnopyl), 2.23 (s, 31-1, CH3), 1.31 (s, 18H,
ten-butyl), 1.33, 1.32 (each s, each 3H, Si-CH3), 1.08, 1.03 (each d, each 31-1, isopropyl-CH3).
Example 6; silan 24 clohe ethyl 4 tert-bu [)-_I - zirconium
dichloride \W rg%illgf(?f% %ﬁ%%[ﬂéﬁgg%}%jy 13%‘(? ‘iili?rllgr'#o% "]]e%/i%%aéfbcﬁﬁy%rg (%é | ester In a
4-neck 4 1slrmblidtem XSk audppedaiissane flusiBondendeachas eundtoghentaoreter and stirrer
are placeda gfaf iR/ eolubianotsesiumbathaien gao@mfatmnmat@qimg@dua"y adding

25.59g (1.11 mol fso u t,in Il |e to the r actlo ur reactlont perature of
40-45 C théi SOdI)ﬁE %ﬁ%l%%}naqgmﬁeggc n |sﬁe§)|s iee ¢ aw i ﬁcé soft ?éoggdi‘e%% room

temperatufdkihadiop Bgiambihetensanpnie @Elﬁ’idl@m%'égt@vcaw@mmememmkmre is stirred at
this temperadie toéfiﬁdambhtq:sesﬁben‘ 250:84(% 0Rermethv; BrepnoRepagybremide are added via a

dropping fl{ e(!l_larrln gﬂ\{%){msa aQe reggtlont mperﬁturheirglrs Lo 40 415tC0 Aftgrt e addition is
completed the reaction’ mixture 1s heated to reff‘r& 3. r‘f(LYp’ m%SP of thé&'&tR&irfol is distilled

off, and 3OguﬁqujmdtéFSdi@%ng,tp@t@gil@g@henyt pentaﬂuorophenyl 3,4,5-trifluorophenyl
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The water.phase is extracted with 300 and 2 times 150 ml of diethyl ether. The combined organic
phases are Wasgne{(}j10 J;QZ%OO ml of water. The ether is removed under reﬁ%zc‘%iz(%%s%& and the crude
product is distiléd In'a vacuum at a pressure of 1 mbar. To obtain pure 2-(2-Bromobenzyl)-malonic
acid diethyl ester (Yield: 230 g, 70 %). 'H-NMR (500 MHz, CDC13, ppm): 6 = 7.50 (in, IH, aromatic),
7.22 (m, 1H, aromatic), 7.17 (m, IH, aromatic), 7.06 (m, IH, aromatic), 4.13 (m, 4H, -O-CH2C1-13),
3.82 (t, IH, -CH2-CH(CO2E02), 3.31 (d, 2H, Ar-CH2-CH(CO2EO02, 1.18 (t, 6H, -0-CH2C[3).
342-Bromaegh fedi)rishapiaitt: dipteAyd-neck 2 litre round bottom flask with equipped with a reflux
condenser, thef”ﬁéﬁ%@&ﬁﬁéﬁ&%&%ﬁ(&@ﬂu\éﬂ_ %?Qiégg(%qg%@QRZQIi%a@'ﬁ{ﬁmﬁaﬁ%?zy')' malonic

acid diethyl ester and placed in an oil bath. A solution 0 _. 4.02 mol) potassium hydroxide in
225 ml watBPRY RSSO e TRy G Bkl Rty The reaction
temperaturdiﬁgﬁappéuﬂybmmmwé—amddhet_hyiditénmi)bbme,pﬂt&a;jﬁmﬁﬂmdopkéﬂglmhﬁan is interrupted
as soon asigllAEAAIBGUNCRACRIAL S BB LARPRIEMIR IS S pilo. 80C. The

remaining potassium hédrom e solution is’added as soon as thé initial reaction starts to subside. It

may happetHIPRS BRAGES ARG LY e TR AT dding the potassium hydroxide
soluti_on. If this ha’ppimh;thﬁ“maoéitsrgivﬁxture_is’gfwré]ﬁwiy;ﬁaﬁyswyeheatgd to 80C. Tr_le exo_therm_ic
reaction may sudgenly. Siar AR SqRas g piial {89&%&@&9&(&&9 SHRRIESIPefeRction mixture is

heated to 100 C and stirred for 6 h at this temperature, To separate most of the ethanol, 225 ml of

water are &90ENENE AHBUFIFR PO EREI G BRMENL Y BRosVEd BAPYS fﬁ&"@v%&faﬁfﬁﬁﬁsﬁ vacuum.
Thereafter 000w Biivwbieccmreecdganradidec bad cantenbatedthidrdttddoie acid is carefully added
(neutalisation is £XBREULHALLING- SRS S NG ARIn R ER OGP gfaNd) malonic acid

precipitates. The acid is filtered off on a fit and washed with water until the washing water has a pH of
approximat&i airessighdR mpBRC it is v ih disretbdarae pres by bangeifgaNito a round
bottemn flaskatifiesilsuitabdépbay entienamd ¥ bediblalgduiierun e flabjdisimmensed into an oil bath at
165C and 'ﬁfétﬂ}ﬁ{rﬁn&ﬁ?ﬁﬂﬁb%ﬂ@ﬁﬁ%&%%ﬁ@%@f@ﬁ@ﬁﬁﬁ%%ﬂﬂ?ﬁﬁ%' ogibforms which

may solidi& at [ower temperatures. The crude product is dissolved in 400 m| of thanol and placed in a
-30 C fridgd PRy BYBING PRt bro pios e Al pret P e e mgHEme 1 tered off. A
further cropigf-gumetipriophichecarbmemooyered from the filtrate by removing about % of the ethanol and
again cooling thegteniaining; solion i9: 30 CA¥R! SHghtGambised yield: 128.2 g, 80 %). 1H-NMR
(500 MHz, CDC13, ppm): 8 = 7.53 (m, 1H, aromatic), 7.28 - 7.20 (m, 2H, aromatic), 7.07 (m, 1H,
arorhatic), 3.06 (t, 2H, Ar-CH2-CH2-CO2H), 2.70 (t, 2H, Ar-CH2-CH2-CO2H). 4-B romo-indan- | -one
128.2 g (0.559 mol) of 3-(2-BromopfefiyiDRropalic adidrardzplaked in a 2- neck round bottom flask
with gas outlet and stirrer. 133.2 g (1.12 mol) of thionyl chloride are added and the mixture is heated
under reflux for 2 h with stirring.in an argon atmosphere and excess thionyl chloride is removed in a
vacuum. TREFESUIfAG SIERSH %ﬁgowggo&ég%t%%e%%?m%% SMeCHTSHe, cooled to OC and 82.0 g
(0.615 molRathQercasinalymrgitivelralerizdd snepsddddanGriatiaboriti6ns:: Farelrebeimlmixture is stirred

at 0C for 2 f:andythemhixgralyiead y garefullysRevsintt onverabed icte Lhg prganinlayenhis WO
2010/0772?[,(%P2%T/LL82098/014 4§iks<?pai!;,]at d. Tihelkagueous I{a}(er i§ taCi%iﬁ?? Witl‘tl) corjccentrated
hydrochloric AGu ARG eXtracted twice wi mriﬁe%}y?éné ENBRUE. THe cShbihe 8?66%3 ?&'ﬁfers are
washed ons@ighitha® WtHCheerdeyhdthuneeé fradrie tbebeytd Avptheonaamagnedisivsalphate and the
solvent is rempys diubder g6 LR @S WL Breind 200 Y HHrbMR (ROS MaZs Cdfed 3, ppm): S =
7.75 (m, lHi arom’aii%, 76.7%2{111, | H, aromatic), 7.27 (in, | H, aromatic), 3.08 (m, 2H, -Cf2-), 2.72 (m,
2H, -CH2-)'.EL§P-[(§|?-S[l - l'ﬂyfp én@ﬁ?‘-jﬁdan-l-one 22.9 g (0.109 mol) of 4-Bromo-indanl -one, 23.18 g
(0.130 mol) of 4-tertBifgipheggtiemoriéacid, 23.0 g (0.217 mol) sodium carbonate, 67 ml water and
357 ml of ethylene glyseh aiegelarssl dntsas@und bottom flask with reflux condenser and stirrer. The
flask is evacuated and refilled with argop three times to remove any oxygen. 49 mg (0.22 mmol) of
palladiuml) acetatd ST B 7 Ledh ara DE ) SERCL LR SR DTS
(tris-sodiumtriphenylphosphine-3,3',3"- trisulfonate) are premixed in 2 ml of water and added to the
reaction mixture which is subsequently heated to reflux. The progress of the reaction is monitored via
TLC. Complete conversion should be achieved within 3.5 to 5 hours. The mixture is cooled to room
temperature and water and toluene are added unt#ittwo clearly discernible phases form. The layers are
separated and the water phase is extrzeted three times with toluene. The combined organic layers are
washed twice with a saturated sodium chloride solution, dried over anhydrous magnesium sulphate
and the solvent is removed in a vacuum to yield an oily product. The GGdetermined purity of the crude
product is 92 %. Pure product can be obtained by treating the oily residue with 35 ml of ethanol at
room temperature Solid 4-(4-tert-Butyl-phenyl)-indan- 1 -one precipitates and is filtered of. The filtrate
still contains significant amounts of product which can be isolated by evaporating the filtrate to dryness
mixing it with 50 ml of heptane and storing the mixture at -30C over night. The filtrate is filtered off,
washed with two portions of cold (-30C) heptane and dried in a vacuum (Combined yield: 23.71 g, 82
%;). 11-1-NMR (500 MHz, CDCI3, ppm): 8 =7.75 (m, 11-1, aromatic), 7.59 (m, 1H, aromatic), 7.48 (m,
Y'H aromatic 744 (m 1H aromatic 720 (mM 2H aromatic 2 1A (m 2H -CH?2)Y 2682 (m 2H



cyclohexanecarbaldehyde 18.35 g (69.4 mmol) of 4-(4-tertbutyl-pheny1)-indan-I-one, 9.20 g (72.9

mmol) of 1-m%%%?

- xylcarbaldehyde, 12.85 g (93.0 mmol) of pota&s}m&gy@ﬂpﬂte and 184 ml
of ethanol are p ({:jg‘(}:flgiﬁ%ga round bottom flask. The mixture is heated to a temperature of 76 - 78C

with stirring for 54 h. 10 % hydrochloric acid is added until no gas evolution'is observed anymore and
the precipitating salts are dissolved by adding enough water to dissolve them. The aqueous phase is
extracted twice with 175 ml of methylene chloride. The combined organic phases are dried, over
MgSO4 and the solVerticidargminble intaveare aabtmiyielch 2610 3ughak tripbleyprethwoiilhe crude product
was used g3qg MR RUDREAUANE AIERSuVR %Q;W&Bmﬁrﬁ%gﬁémﬂ%%wmgenaﬂon of
4-(4-tert-buty|-_phe{1 1)-2-111-methylcyc lohexyllmeth I%el-lnda%l;one 28.62 g of crude 4-(4-
tert-butyl-pHdHSHY %Wﬁﬂﬁvgll @%&%ﬁ%ﬁ?ﬁﬂgw&ﬂﬁ‘a RhEnsiphqeEeenies. ond aisR AP Gissolved in 286
ml of ethyl eeetate vl ftasiplwvits gab inlbe sifdestation Rdtief haHdidiety Grractivatedatianbon (10 wt-%
palladium) are a‘i"?ﬁﬁr&ﬁh@n‘%&’ §$ﬁ{§bl§:§sV@G§éﬂl%q ﬁ@%&&ﬁﬂ@&%ﬂg‘@f%&ﬁﬁ%@ﬂ%@&%ﬁé@m oxygen
and then evacuated and ref%wnp hydrogen three times. The stirrer is started and the reaction
mixture is ﬁg&»@ﬂgmwgat & th&Rusion of hydrogen gas into the liquid reaction mixture. The
hydrogen upbakdesmoiitdetelhedySimintg, is continued until the hydrogen uptake ceases. Filtering the

crude reacionR. MR ANRARANSHIHIgK, and removing the solvent in a vacuum leaves crude
4-(4-tert-butylpheny1)-2-(1-methy]-cyclohexylmethyl)-indan-l-one (yield 27.99 g, GC: -84 % purity). The
obtained cf[f@%yﬂ)?ggg&u\é‘ées"ﬁ(@gg%%ﬁ’&t further purification for the subsequent
reduction/efitnityktionesepietrapeifa{UctetbButybphtenyl)-2-[(1-methylcyclohexyl)methyll- | H-indene 27.9
g of crude &;ﬁﬂﬂﬁ%ﬁg}{@%@ﬁ%ﬁ@ﬁ&yﬂ?ﬁﬁhﬁ%&|) methyl]lindan-I-one (- 83 % purity), 2.82 g
(74.5 mmolﬁof N?BH4 and 70.? ml of 1o uerbI are charged in a flask equipped with reflux condenser,
dropping.fd W@Pﬁﬁ‘&’ﬁ?&ﬁﬂgﬁ%‘a ?ffﬁ?{%yé%ﬂg“* PHiture is warmed to 50C and 14 ml of methanol are
slowly add&ibviithnstiingntatrd(Biftnergristbpintiadibéor.5 h to ensure a complete reaction. Excess

NaBH4 is Qﬁgﬁ{ﬂﬂ&ﬁg@{@{*&@ﬂﬂﬂ@,@pﬁg@g%@d{al of 2n H2S04. The organic phase is separated and
the water i washed with another 35 ml of toluene. The combined organic phases are twice
A Le R AP

extracted B A RS T A PS T e RS UBLE St the solvent is removed in a
vacuum and:repimebulbnfriashmonionetapitparteiapwohemd)efra®0 ml and 0.3 g of WO

2010/07 728006 Hd ikl R0aRA A Aid ARy muaResulfonic acid are added. The reaction flask is fitted with

a water segﬁ[@%or and the reaction miip%uretis heated to reflux for 1.5 h. The conversion can be
monitored by T lffb%‘r%éniﬁ’é e oﬁr?seComplete, the solution is washed with a saturated
NaHCO3 sbititibmethiagtlisehoveraistrpiii S ObbTme.solvent is thoroughly removed in a vacuum

and 25.85 g of advoyaninianitainegeatifiicationafdbaingdene is carried out via a column

chromatogzﬁ h{}/. A ield: 18'8?&9%%%5&% ggro envlbora :

7-(4-tert-Bu @fp?re a)r/ﬁ’fPQ- -methy yctlao ex m&]})lycff-iﬁq-indene. 'H-NMR (500 MHz, CDC13, ppm): 8
= 7.48-7 .A4ligyclohpabsmanoiu g iiv(peria ByereriveyDdo=ee(m, 1H, aromatic) , 7.13 (m, 1H, aromatic),
6.56 (S, IH tfhEh)ishdshienidihchanzyienyBiddals, 2H, aliphatic), 1.55- 1.2 (br m, 10H, aliphatic), 1.37 (s,
914, -C(CH3 91 (s, 3H, CH3).

Bisl4-(4-te|_lrr zbalﬁ@‘% éﬁ?l&’geﬁikﬁngé&cB eérvflmethy11-114-inden- | -yll-dimethyl-silane 24.4 g
(68.0 mmoHinh¢aylphspBempopriEsyhenyberifethy| cyclohexyl)methyl)- 1H-indene were dissolved in
414 ml of teligeaeyandnl 23 HRabdithhtdratisPRAYMborka)nd bottom flask. 28.6 ml of n-butyl lithium (2.5
M in tolueng, 1.05 eq.) were added at room e ture and the solution was stirred 1 h at 80C. After
cooling to AB@%%?%G(G}%@S%%S ?]SP Hﬁ%éﬁﬁ%ﬂﬁégﬁ%ﬁé were added in one portion and the mixture
was stirred'BpBOTCRIPOIAtARES @EBRAY TSRO DRMISerature 250 ml of water were added and the
phases wetgpsepaéatasiivhiierarisgenaiayepréas pxdrmates once with 100 ml of toluene and the
combined Qr ﬁ”,{%g,){,%[ﬁ w%rtgawﬁgpe% !%@grgh\é\éitteh 200 ml of saturated NaCl-solution, dried over
magnesium ufpﬁate and the solvent Was evaporated in a vacuum. The crude product was purified via
a column chieraiyataiystacyiaftroreneg ¥ s 1Pl isomeric mixture of the desired product. 'H-NMR
(500 MHz, CDC13, ppm): 8 = 7.51 -7.14 (multiple m's, 14H, aromatic), 6.82 and 6.80 (2 x s, 2H, =CH),
3.94 and 3.85 (2 x s, 2H, CH-SiMe2), 2.53 /2.35 and 2.38 / 2.21 (2 x [2 X 4H, CH2-), 1.51- 1.16
(multiple m's, 20 H, aliphatic), 1.382 and 1.376 (2 4Is, 18H, -C(CH3)3), 0.85 and 0.80(2 x s, 6H, CH3),
-0.08, -0.28 and -0.52(3 x s, 6H, SICH3). WO 2010/077230PCT/US2008/014144



Di m ethyls Hand ylbi s12-1( | -methvicyclohexyllmethy1]-4-(tert-butylphenv1)-1-indenyll-zirconium
dichloride To mol) of Bis[4-(4- tert-butyl-pheny1)-2- [(1-m -

cyclohexyl)me ﬁéﬁﬁ%‘rf‘ (g:i-l-yll- dimethylsilane were added 92 ml of ry/hlg}[%//{ lé%#er ina 250 mi
round bottom flask. Approx. 20 minutes after adding 9.8 ml of n-butyllithium (2.5 M in toluene, 2.05
eq.) at room temperature the initial suspension transformed into a clear orange solution. The mixture
was stirred over night at this temperature and then was cooled to 0C. 2.77 g (1 eq.) of zirconium
tetrachloriderwesswridedisipdradfmorgaheniipioniosm temperature stirring was continued for 5 h. The
crude reaction mixture was filtered over a G4 frit and the residue was washed twice with 10 ml a
diethyl ether. Th%filtter cake was extracted once with 30 ml, onge WitE 201 rgnce %%15 and once with
10 ml of hot toludRETFARR e HiR S B G. P TR Rl SRS AR I B YRR RS of 5:1 were
obtained. Famihtiseelnhaxetatohonimitiekrodoefwaepbepstitivedotbioluene. 1H-NMR (500 MHz,

CDCI3, ppaphchyiteifdifanchitmfioinaienafidd dfhe fPis@iamatic), 7.40 (m, 2 + 4H, aromatic), 7.33
(m, 2H, aromatici 7.05 %m 2bl¥l,taromatic : 6.9} Sf,tzge,jégdengl-H 2.65 and 2d23t,%>f< "d", 2 x 2H,
indenyl-CH2), 1.48% DB IS &S s ot a3t thesrogue apd belganpntionsd catjopiprpaibe, 1213y "o 75
(s, 6H, CHSYMr@drefo 7B 0RET 498088/ hxasesanvyie Priedonatinyidilamidoy bls@if(
1-methylcygdepentypmethyl]-4-(4-tert-butylpheny1)-1 -indenyllzirconium dichloride ‘
Aldolcondensationbetween4-(4-tert-butyl-phenyl)-indan-1-oneandl1-methyl- cyclopentanecarbaldehyde
15.4 0 (58. mm Qe o A GRS A | KO W% (R gpoumes samas o
1-niethyl-cyeioliaryhodebatideingdé).10.8 g (78.1 mmol) of potassium carbonate and 160 ml of ethanol
are placed iptecansupsl Reitamdlask slina mintueeathagated to a temperature of 76 - 78C with stirring
for 50 h. 10, % h dg%h-l ri¢ acid ig_gdd%d until no gas evolution is observed anymore and the
precipitating sa SVare {():l"isgofvgdlby éﬁé.ﬁ&"é‘ﬁo‘ﬁﬁ’h ‘Wwater to dissolve them. The aqueous phase is
extracted tiicutiignasoipmsf dpetidedecrforde-dinstesndbiabelatganic phases are dried over
MgS(11, ancihasahsnidg 1gmoved in a vacuum to yield 21.1 g of crude product. The crude product
was used gs-js.for.the subsequent steps. Hydrogenation of 4-(4-tert-butyl-phenyl',-2-111 -methylcyc
lopentv IIm%ﬁ@ILQH [Ba an u%(]jﬁgn %‘.’f&ﬁ’of crude 4-(4-tert-butyl phenyl)-2-(I -methyl-cyclo- hexyl
methylene hifEdbuty Demep@angriesprisisy) are dissolved in 220 ml of ethyl acetate in a flask with gas
inlet and stiygari(ub/Daafiadidpakamstivated carbon (10 wt-% palladium) are added. The system is
evacuated ai%@r iﬁglﬁ%ﬁg Wit@ma%%gc%ré ?Oer tggea% Jo remove oxygen and then evacuated and refilled with
hydrogen th e tmes. The Strrer 1s star edpanda{ﬁ’e reaction mixture is vigorously stirred to help the
diffusion offijiFddEMeaE rtbtkdadgeatiorelction mixture. The hydrogen uptake is monitored and
stirring is cembnyBshisiitihe hydtagardaptake, ceases. Filtering the crude reaction mixture over a paper
filter and r ving the solvent in a.vac leaves crud '
4-(4-tert-bfj‘%l glﬁt?:[]egﬁrf/lﬁlc’f%nn?é{ I§act:h ca:}Fgll){LferEyclTr%g% g/%oﬂﬁa(%én-l-one (yield 19.9 g, WO
2010/077288PeRusonogiiamhgdedsldipubryynare siehbtc i & itreallenimasivted without
further puritigaticiecfaydriaostpskauienhtecibotanyrimiaion-sequence. 7-(4-tert-B utyl-p h en v 1)-2-1(1
-m ethyl cvcl opentv Dmethyll- 1 H-in dene 19.5 g of crude 4-(4-tert-butylpheny1)-2-[(1- methy | cyc |
ope ntyl) methyl] -ind an- 1 -one (- 86 % purity), 2.06 g (54.5 mmol) of ,NaBH4 and 52 ml of toluene
are charged in a fIASRREYGHARIE G WHACHTIRA CBH BRIPRRIN sy e g suknei & poBiesaretiacidiring bar. The
mixture is wained pecEobiameh@ Micaftnaihanatape:sloiy faddedonsl@livklkgtandsstioing is
continued fgr, g.[gamgegpg%%oqu%og@Mgtfgrﬁg\ﬁgipgr %gcess NaBH4 is carefully hydrolyzed with approx.
ganic ph

30 ml of 2n H2504. The organic phase is separated and the water phase is washed with another 26

ml of toluene. ThEXBRHIBHAY SrelHrrst SAaLEY s Faskitd Bitesticr oS So e dYidd over
anhydrous MySGA), Mastisf he-s0REnt (& rentoveddndasvastd imparreppicatbhyoesh toluene up to a
total VO'Um%@o?ﬁ’%@‘fﬁ%\gi?@i.Qp%ﬁQﬁ?Qé%@@ﬁk'@méﬁ!Q are added. The reaction flask is fitted with a

water separator and the reactign mixtyre is heated to reflux for 1.5 h. The conversion can be
monitored by TLE Biaceets BerydRudhr i csmprrdiirerd snitisArrespirhelrsiti e Baturated
NaHCO3 solution and dried over anhydrous MgSO4. The solvent is thoroughly removed in a vacuum
and a brown oil is obtained. Purification of the indene is carried out via a column chromatography.
Yield: 13.8 g (- 86%) of 7-(4-tert-Butyl-phenyl)-24(42methylcyc lope ntyl)methylk 1H-indene.

-iInaan-



WO.2010/077230PCT/US2008/014144 B

is1-444-tert-bytyl- -2-[(1-methylevelopentyl)methyll-1H-inden-Il-v Wﬁ@ A-ﬂl ne 13 g (37.7
mmol) 7-(4-te%8é€%?g%%nyl)-2-((I -methyl-cyclopentyl)methyl)-lH-indejlrilg Wer%ﬁ%s'}so ved in 228 ml of
toluene and 67 ml of THF in a 500 ml - round bottom flask. 15.8 ml of n-butyl lithium (2.5 M in toluene,
1.05 eq.) were added at room temperature and the solution was stirred 1 h at 80C. After cooling to
40C 2.27 ml (0.5 eq.) of dimethyldichlorosilane were added in one portion and the mixture was stirred
at 60C for 2aidgeAitemceBlifytcaroomasnipegatom, k3feoulbfavatey\weup afiled htudibhet phases were
separated. LR AAKSOUSIANSA WaRfIRGE OIS MHN AN LAbIG eRERNe tie amEBiRRy organic

layers were washe (gt{}ce with %bOO m| of saturated NaC1- soluti(? dried gver magnesium sulphate

and the sofSFPvIRS UVERB AR SR bORFPR W ot TR AR P SE 0P A¥Bumn
chromatogreydbyytef fientti6doabo(® 29srdithe aes otk inddfifem 7 to about 40 carbon atoms,

O R e T i
ichloride To 2, ol) of Bis[4-(4-tert-butylpheny1)-2-[(1-me YGlopentyl)-methy
1H-inden-|.%fa\°ﬁﬁs§§}w§r§ﬁ§fev)7ef% e o PR By AP S0 Bt batiom
flask.Approxte thérRitescafienra duting@. o difiefantibudyilitisithm 6216 mkaninglersila M O6tecsirag room

temperaturg; fifRitiahsUSRERAIB-EANSIAT BTeShiN IR AL 8r Al PAR SRR b ERGBAKIHIE @S stirred
over night at this t%rgyfrature nd then was cooled t0,0C.,2.82 %g%llne%) of zirconium tetrachloride
W

were added &ifd % OL A B PR e & A0S & Shitrrig WA fidued for 5 h. The crude WO
2010/077230PCBuBtio0sranlyivsystems iorwrdingivdonag ik retcoveran@ 4 fhrmubithd) msidue was
washed twigg with 10 ml of diethyl ether. The filter cake was extracted once with 30 ml, once with 20,
once with 15 and once with 10 ml of hot toluene, from the filtrate 2.95 g of the metallocene with a
rac/meso-ratio of 4:1 were obtained. For further rim enrichment the product was crystallized from
toluene. Example 8: Dimethylsi lapd iylbis[24(&&thylcyclohex l)methyl]-4-(4-tert-butylpheny1)-1-i
ndenylFzirconium dichloride Aldﬁsqndensatiorfbetweem- -fgrt-butyl-phenyl)-indan-l-oneandI -ethyl-
cyclohexanecarbaldehyde 18.6 g (Z,@.ﬁ-nﬁﬂ-)éf'&:@#ers utyl phenyl)-indan-l-one, 10.3 g (73.5
mmol) of 1-ethylcyclohexylcarbalgiehyde, 13.0 g (94.1 mmot)of potassium carbonate and 160 ml of
ethanol are placed into a round bottom flask. The mixture is heated to a temperature 676 - 78C with
stirring for 50 h. 10 % hydrochloric acid is added until no gas evolution is observed anymore and the
precipitating salts are dissolved by adding enough water to dissolve them. The aqueous phase is
extracted twice with 150 ml of methylene chloride. The combined organic phases are dried over
MgSO4 and the solvent is removegdsn a vacuurf} to yield 25.9 gef crude product. The crude product
was used as-is for the subsequent steps. Hydrogenation of.
4-(4-tert-butyl-phenyl)-2f(1-ethylcyclbhexyinet Té"r@ﬂﬁ"d%\q—l-one 25.0 g of crude 4-(4-tert-
butyl-pheny1)-2-(1- ethylcyclohexgffhethylene)-indan-1- one (&&: -83 % purity) are diggplved in 250 m|
of ethyl acetate in a flask WO 2010/077230PCT/US2008/014144

where R'” and R'® have the same meaning as specified above.
Furthermore, compounds that are generally to be regarded as preferred are those formed
by the reaction of at least one compound of formulas (C) and/or (D) and/or (E) with at least one

compound of formula (F).
R{'B-DR);  (C)

R,\B-D-BR, (D)
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with gas inlet and stirrer. 1.75 g of palladium on activated carbon (10 wt-% palladium) are added. The
system is ev efilled with argon three times to remove oxyg %&g vacuated and
refilled with hy r?nzté%gﬁ%?%é{e times. The stirrer is started and the reactionﬁm|xtur(()-:-%§?/ﬁ%grously stirred to
help the diffusion of hydrogen gas into the liquid reaction mixture. The hydrogen uptake is monitored
and stirring-is continued until the hydrogen uptake ceases. Filtering the crude reaction mixture over a
paper filter and removing the solvent in a vacuum leaves crude 4-(4-tert-butyl-phenyl)-2-(l
-ethyl-cyclohexylmethyl)-indan- 1-one (yield 24.4 g, GC: -82 % purity). The obtained crude product
was used without further purification for the subﬁquent reduction/elimination-sequence.
7-(4-tert-Butyl-rtheny1)-24(1-ethvicvc ohexyl)methyll-1H-indene 24.0 g of crude
4-(4-tert-butylphenyl)-2-[(1-ethylcyclohexyl) methyl]-indan- | -one (- 82 % purity), 2.4 g (63.4 mmol) of
NaBHA, and 60 ml of toluene are charged irba’ﬂas?k\ uipped with reflux condenser, dropping funnel
and magnetic stirring bar. The mixture is wafmed to 30C and 12 ml of methanol are slowly added with
stirring and stirring is continued for 2.5 h to gnsure a;omplete reaction Excess NaBH4 is carefully
hydrolyzed with approx. 35 ml of 2n H?{Sﬂﬁ. '?h@o{gaﬁ'rq:phase is separated and the water phase is
washed with another 30 ml of toluene. The combined organic phases are twice extracted with 2n
H2S04 and dried over anhydrous MgSO4. Mag} of the solvent'is removed in a vacuum and replaced
by fresh toluene up to a total volume of 90 ml and 0.26 g of ptoluenesulfonic acid are added. The
reaction flask is fitted with a water separator and the reaction mixture is heated to reflux for 1.5 h. The
conversion can be monitored by TLC. Ofnce the g8hydraiion is complete, the solution is washed with a
saturated NaHCO3 solution and dried oyer anhydrous M§SO4. The solvent is thoroughly removed in a
vacuum and 22.4 g of a brown oil is obtained. P.am‘i\catio of the indene is carried out via a column
chromatography. Yield: 15.3 g (- 8 | %) of R’ R'®
7-(4-tert-Butyl-phenyl)-2-[(1-ethylcyclohexypinethyl]-1H-indéne. WO
2010/077230PCT1US2008/014144 1000 nil - round bottom flask. 16.9 ml of n-butyl lithium (2.5 M in
toluene, 1.05 eq.) were added at room temperaturé and the solution was stirred 1 h at 80C. After
cooling to 49@hR2M3 ml (0.5 eq.) of dimethyldichlorosilane were added in one portion and the mixture

was stirredgat 60&%@%?«%&@9{&&9'3@& %r&%et@mﬂﬁE@I'Uéiﬁméé@émgngfg%@w(\!ﬁ@ afded and the
h6 gnl of toluene and the

phases were sepgrated, The agueous layer was extracted once wit
combined organi M@We éoﬁ%%ﬁqezg 8%%%"\1@5%52%%%% gh?l}?aat‘%?i”l\% CHRAAYRS dried over
magnesium sulphateliaghdftfrensditeeriontdd esdhposttmd andaliadanhef The ¢tndkoptddyatbmms purified via

a column chromatggapti aHisRI0 R OHG2%) ahibadasiied HAMG above,
Dimethylsi_lﬁlndi\éltiisé%%é}-ethty lyclot} X glmeth‘gé,m-}gﬁertfbutr}qlpheny1)_ _-ndenvllﬁzirc- ium
dichloride To'% ege waiine) o?uﬁisﬁﬁ{ B i uf‘f/f?p eeonffi- eqfffeat?] £ group, where
cyclohexyl)methyslatidiedermatopn o ditheBmyisifzaverbpareradas 108 atkdfod fyodidtlndtetdalin a 250 ml
round bottom flaggrb&pmgpmggrﬁﬁ% Aaing dPWmateha-butyllithium (2.5 M in toluene, 2.05
eg.) at roo .temmratur%t thF iniﬂ'%l §uspension transformed into a clear orange solution. The mixture
was stirre 6%/%\rvn{|’geh'fua ?ﬁsr?énmpgrature and then was cooled to 0C. 2.84 g (I eq.) of zirconium
tetrachlorideisverboldustheniepariodarhsiad tozeseiesretapier heiraleniyin(Baras. esttinued for 5 h. The
crude reactoyumhd e fikared.oner a 04 frit and the residue was washed twice with 10 ml of
diethyl ether. The filter-cake was extracted once with 30 ml, once with 20, once with 15 WO
2010/077230PCT/US2008/014144 and once with 10 ml of hot toluene, from the filtrate 2.80 g of the
metallocene withTashigngielse coathsoids of gerale biaags Ty rombited witrancheseemetrdlisroduct was
crystallizect&ampuirlvenemBreppiatiqrat foptivialismmroxane taiesr silicaGRxaM PPl of TO A
stirred sus%enscio(p igf 29 go %s'g&ang %)tﬂgcs)aan]Q?E, %}g%na[lt% Ocrgrggtl :ﬂg l[Of%r 1% hours, LOD <0.5
wt% and LOf & E.g WDS IR TBG0 ML Of tolliehe 18 Bdde s’fowlz)'/ 0T ML of a 30 Wi-94 Solittion of
methylalunfifeserseom tofudne orhasraandeporatvd et wow offpia i rbomdfingrthe addition the
temperatur@dmsishnefi exeeest 80k abdles damnddiiondmsampieteyiryTabdere 1ssiisacitor two hours at
room temperature and separated by filtraticn. The residue is washed with two 1500 mL portions of
toluene and three 1500 mL portions of isohexane and dried in vacuum to constant weight. The
methylaluminoxane treated silica is obtained as a4#ee-flowing powder in a yield of 408 g. Example 10:
There is no Example 10 in this application. In order to make it easier for the reader to correlate the
metallocenes made in Examples 1 thru 8, to the catalysts made in Examples 11 through 18, example
10 has been omitted. In this manner, the metallocene of &ample 1 is used to prepare the catalyst in
Example 11, similarly, the metallocene of Comaprative Example 4 is now used to produce the catalyst
of Comparative Example 14, etc.



Preparatian of supported metallocene catalysts: Comparative Example II: 10.0 g of the

m.ethylalumln%(gr%((}al&%z%tg}d_S|_I|ca prepared in Examp!e 9 are placed in %@%}Sdgztﬁa!%ﬂc‘ﬁ Mer asa cqlumn
with a smooth surtace. A'minimal amount of toluene is added and the treatedsilica’is carefully stirred

with a spatula to remove any air pocketsin the column. The excess toluene is removed by filtration
leaving a smooth surface. In a separate flask 326 mg of :
rac-Dimethylsilanediylbis(2-(cyclohexylmethyl)-4-(4-tert-butyl-pheny1)-1-indeny1)-zirconium WO
2010/07 723008 Fhat 20081051144 4f dich Oric ebiareioaretbina G o) parativie Examiple fignatadamixed with 27

mL of toluene, and 13,4l af 238wt %, solution of methylaluminoxane in toluene (Albemarle
Corporation). The slurry is stirred at room temperature for one hour to give an orange solution. This

solution is then cAP&RIRramgaticremrP Bt el st AmrRss Y by dsvba! difeds aridssiBwly filtered off
withi_n ap_prwkima\télqra_sdb mmummwhgmbshmsmmmrhmmspmmmmmm tdp of the silica,
the filtration DrOLASS &éﬁ%ﬁ’ﬁﬁﬁ&&%&ﬂ%ﬁ'l&?ﬁ%ﬁ% '@%?Jﬁmﬁmmmmmggﬁmmmeans of a

spatula. The catalyst is then allowed to rest for one hour. The residual solvent is filtered off and the
catalyst is WEOREPXRICBINRR fanRvaiva oo AR R R el HOYEe th7Eonstant weight. The
catalyst is phigihédhasfrgeistprangphediieh, dowadey kuaiyieldraiib2ifogd€ eimparative Example 12:
10.0 g of themetipaluminarsnadiatad slicemssnatedii Bxamale Aaiepaced i fitted glass filter

as a column with a smooth surface. A minimal amount of toluene is added and the treated silica is

carefully stHERYRIRRSBISAON to BB WRYIP BERESIHHEBNARHS FHEPRROSE L tBIRERe is
removed binfilticeidimbdiayixd grarsmOnthegyitiioridy), disepat atenfiasko @dfhyigiiokide),
rac-DimethyisilanediylisiRisiRybimeiyddrifigrt-butylphenyl)-1-indenyl)-zirconium dichloride
(prepared in Comparative Example 2) are mixed with 27 mL of toluene and 13.6 mL of a 30 wt-%

ple ¢) ¢ . ! . 2
solution of methylRRFARIGR SR OME MY TAIBR AR ARE B ERAARMNT MR e St et it oom
temperatureftroneibsaifionglee haschangesdititidiy. iEhis shiutiohdethamdafefufiyuadded on top of the

methylaluningxans healRd sifica.Red iy Salad-Ri WihiReRRIOHBRIRY R dDiRMtes. When the
surface of the colored solution reaches the top of the silica, the filtration_process is stopped and the

filter cake iE°REIBRNIG SHITYRIIGRRY BEREFRIANBAIRDER A5 AIEHAN FHIC A8 Shen allowed to rest
for one howligpherseJiduat swivahtisifilierech offdndatventzitalpis i feashied lwiep akdtHdasehexane (20

mL) and dréﬁrqe'&@,@riﬂi&?&%ﬂi@k&%ﬁ%ﬁ%&@%ﬂ%%&@& AyshdsoptalRetasdiag:flowing reddish

powder in a yield of 11.4 g. Comparative Example, 13: 10.0 g of the methylaluminoxane treated
Ciica preparad inf ELEFHE S A HGAG 15 STIHAY ofAZEIHES B2 B BBl BB Surface. A

minimal amount of toluene is added and the treated silica is carefully stirred with a spatula to remove
any air pockets in the column. The excess tolueng is removed by filtration leaving a smooth surface. In
a separate flask 363 mg of WO 2010/877230BCT/US2088/014144 rac-Dimethylsilaned
iylbis(2-(1-adamantylmethyl)-4-(4-tert-butytgheByd)-3Aindeny1)-zirconium dichloride (prepared in
Comparative Example 3) are mixed with 27 mL of tolugné’and 13.6 mL of a 30 wt-% solution of.
methylaluminoxane in toluene (Albemarle Corporation). The slurry is stirred at room temperature for
one hour to give an orange solution. This so&ltior&igsig?en carefully added on top of the
methylaluminoxane treated silica and slowly ftered off within approximately 30 minutes. When the
surface of the colored solution reaches the top of the silica, the filtration process is stopped and the
filter cake is carefully and thoroughly stired by;r#féans of,@ spatula. The catalyst is then allowed to rest
for one hour. The residual solvent is fi teée_q)o_fﬂg@ _tQ catalyst is washed twice with isohexane (20
mL) and dried in a nitrogen purge to ¢ nt weight. Ehmcatalyst is obtained as free-flowing reddish
powder in a yield of 11.8 g. Comparative Example 14: 10.0 g of the methylaluminoxane treated
silica prepared in Example 9 are placed in a fritted glass filter as a column with a smooth surface. A
minimal amount of toluene is added and the(fremtdd I§jlica is carefully stirred with a spatula to remove

any air pocieisi e GUtMhRaeHeXeRe HOINAR SIS EQIRYRC VRN ANIRM I8aying,g smooth surface. In
a separate flask 267 mg o

f . .
rac-Dimethylsilargd s &- B iEaby catvs pmannygs el foremias L asdditiAsdichloride (prepared in
Comparative Example 4) are mixed with 27 mL of toluene and 13.6 mL of a 30 wt% solution of
methylaluminoxane in toluene (Albemarle Corporafion). The slurry is stirred at room temperature for
one hour to give an orange solution. This solution is then carefully added on top of the
methylaluminoxane treated silica and slowly filtered offwithin approximately 30 minutes. When the
surface of the colored solution reaches the top of the silica, the filtration process is stopped and the
filter cake is carefully and thoroughly stirred by means of a spatula. The catalyst is then allowed to rest
for one hour. The residual solvent is filtered off and the catalyst is washed twice with isohexane (20
mL) and dried in a nitrogen purge to constant weight. The catalyst is obtained as free-flowing orange
powder in a yield of 11.9 g. Comparative Example 15: 10.0 g of the methylaluminoxane treated
silica prepared in Example 9 are placed in a fritted glass filter as a column with a smooth surface. A

minimal amount of toluene is added and the treated silica is carefully stirred with a spatula to remove
anv ir nockete in the coliimMmn The



WG, 2‘010[,077230PCT/U82008/014144 excess toluene is removed by filtration leaving a smooth
surface. In ase gﬁ é k 277 mg of 08/014144

rac- Dlmethylsnane Ily1(2-methyl-4-(4-tert-butylphenyl)indenyl)(2- |soprop (2 -tertbutylphenypindeny
Dzirconium dichloride (prepared in Comparative Example 5) are mixed Wlth 27 mL of toluene and 13.6
mL of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle Corporation). The slurry is
stirred at room temperature for one hour to give an orange solution. This solution is.then carefully
added on-top of the methylaluminoxane treated silica and slowly filtered off within approximately 30
minutes. When the surface of the colored solutionfreaches the top of the silica, the filtration process is
stopped and the filter cake is carefully and tiroroughly stirred by means of a spatula. The catalyst is
then allowed to rest for one hour. The residual % is filtered off and the catalyst is washed twice
with isohexane (20 mL) and dried in a nitrogep4srge\to constant weight. The catalyst is obtained as
free-flowing orange powder in a yield of 11. ng E amplé 16: 10.0 g of the methylaluminoxane
treated silica prepared in Example 9 dﬂeCpTeﬁHe@wﬁa'ﬁiteﬁlg% filter as a column with a smooth
surface. A minimal amount of toluene is ad@eq and the @égted silica is carefully stirred with a spatula
to remove any air pockets in the column. The excess toluene is removed by filtration leaving a smooth
surface. In a separate flask336 mg of rac-Dimethy|silandiylbis[24(]

-methylcyclohexyl)methyl]-4-(tert- butylphen)fl deriyllzirconium dichloride (prepared in EXample 6)
are mixed with 27 mL of toluene and, 13.6 mL o wt-% solution of methylaluminoxane in toluene
) pﬁlmiﬁ

(Albemarle Corporation). The slurry isystirredat ropm re for one hour to give an orange
solution. This solution is then carefully added-an-tep-of-the methylaluminoxane treated silica and
slowly filtered off within approximately 30 fninutes. When the surface of the colored solution reaches
the top of the silica, the filtration process . is stopped and the filter cake is carefully and thoroughly
stirred by means of a spatula. The catalyst is then allowed to rest for one hour. The residual solvent is
filtered off and the catalyst is washed twice with isphexane (20 mL) and dried in a nitrogen purge to
constant weight. The catalyst is obtained as free-gawing orange powder in a yield of I .6 g. WO
2010/077230PCT/US2008/014144 Example 17 0.0 g of the methylaluminoxane treated silica
prepared in Example 9 are placed in a trifled s a column with a smooth surface. A minimal
amount of toluene is added and the %WEI“ aisc y Stitsed with a spatula to remove any air
pockets in the column. The excess tglgeneis removed by\tlltr@;_pn leaving a smooth surface. In a
separate flask 326 rrg of rac-Dimethyfsilandiylbis[240

-methylcyclopentyfimethy1]-4-(tert- butylphenyfl -1-if denyIIZ|rcon|um dichloride (prepared in Example 7)
are mixed with 27 mL of toluene and 13.6 mL 0 wt- % S Iutlon of methylaluminoxane in toluene
(Albemarle Corporation). The slurry | ' tem e for one hour to give an orange

solution. This solution is then carefulty~gdted on t B_\}%f_t aluminoxane treated silica and
slowly filtered off within approximately 30 mjnutes. When thersurface of the colored solution reaches
the top of the silica, the filtration proces§+ ped & filter cake is carefully and thoroughly

stirred by means of a spatula. The cataly. en al rest for one hour. The residual solvent is
filtered off and the catalyst is washed twice with isohexare (20 nalL) and dried in a nitrogen purge to
constant weight. The catalyst is obtained as free-flowing orange powder in a yield of 11.3 g. Example
18: 10.0 g of the methylalumlnoxane treated silica prepared inExample 9 are placed in a fritted
glass filter as a column with a smooth S| rface. A mlnlmal am unt of toluene is added and the treated
silica is carefully stirred with a spatu - in the column. The excess toluene is
removed by flltrat|on Ieavmg a smoeth 346 mg of

utylphenyl)-1-indenylk zirconium
dICh|OI‘Ide (prepared in Example 8) are oluene and 13.6 mL of a 30 wt-% solution
of methylaluminoxane in toluene (Alben; e slurry is stirred at room temperature for
one hour to give an orange solution. This sqlution is thert carefully added on top of the
methylaluminoxane treated silica and slowly filtered off within approximately 30 minutes. When the
surface of the colored solution reaches the top of the silica, the filtration process is stopped and the
filter cake is carefully and thoroughly stirred by mééns of a spatula. The catalyst is then allowed to rest
for one hour. The residual solvent is filtered off and the catalyst is washed twice with isohexane (20
mL) and dried in a nitrogen purge to constant weight. The catalyst is obtained as free-flowing orange
powder in a yield of 11.5 g. WO 2010/077230PCT/US2008/014144 Example 19: The reader will
note that in the tables comparing results, Example 19 and Comparative Example 20 are separated
from the comparisons made between all other inventive Examples and Comparative Examples. The
reason for this is that the catalysts for both inventive Example 18 and Comparative Example 19 were
prepared by a special process previously revealed by the inventors in U.S. Patent 7,169,864 that has
been demonstrated to increase the activity of metallocene catalysts over standard preparation

methods. It would be inaccurate to compare catalysts made by the ‘864 method to those made by
ctandard metallocene nrenaratinn methode To a otirred criecnancion of 100 A of cilica (CCrace




WQ,2010/077230PC1711520081014144 one hour. The residual solvent is filtered off and the catalyst
is washed twr t xane (20 mL) and dried in a nitrogen purge t ht. The catalyst
is obtained as relgiﬁ/@v?%gg powder in a yield of 12 g. Comparative Exa %ﬁ‘ﬁ%&%ﬁ%ﬂ%%a stirred
suspension of 100 g of silica (Grace XP08001, dried at IB0C and 1 mbar for 16 hours, LOD <0.5 wt%
and LOI = 15 wt%) in 480 mL of toluene is added slowly 250 mL of a 30 wt-% solution of
methylaluminoxarte in toluene (Albemarle Corporation) at room temperature. During the addition the
temperature must not exceed 30C. After the addition is complete, the mixture is stirred for half an hour
at room temperature and then heated and allowed to reflux for four hours. After cooling do vvn to room
temperature the solvent is separated by filtration. The residue is washed with two 500 mL portions of
toluene and three 500 mL portions of isohexane and dried in vacuum to constant weight. The
methylaluminoxane treated silica is obtained as a free-flowing powder in a yield of 180 g. 10.0 g of
the methylaluminoxane treated silica are placed in a fritted glass filter as a column with a smooth
surface. A minimal amount of toluene is added and the treated silica is carefully stirred with a spatula
to remove any air pockets in the column. The excess;oluene is removed by filtration leaving a smooth
surface. In a separate flask 326 mg
ofraeDimethylsilanediylbis(2- (cyclohexyl @] ) 4 rt butyl-phenyl)-l-indenyl)-zirconium
dichloride (prepared in Comparative Exa 6°1)a & ¥nived with 10 mL of toluene and 33.4 mL of a 10
wt-% solution of triisobutylaluminamin.beptane (Akzé %Ihe slurry is stirred at room temperature

for one hour. This solution is then ully added on top e methylaluminoxane treated silica and
slowly filtered off within approximatel SOsnﬂmﬂes ~When the surface of the colored solution reaches
the top of the silica, the filtration process js stopped.and the filter cake is carefully and thoroughly
stirred by means of a spatula. The catals then allowgd to rest for one hour. The residual solvent is
filtered off and the catalyst is washedtwice with is6heXane (20 mL) and dried in a nitrogen purge to
constant weight. The catalyst is obtained as free-flowifig powder in a yield of 11.8 g. Polymerizations:
Polymerization Procedure (batch propylene homo- and co-polymerization): WO
2010/077230PCMIS2008/014144 A dry and nitrogen purged 5 dm3 autoclave equipped with a
stirrer is chéhgrathpritindf destdeo EDG\Got. Paetdlio tem2p0R M EP sl e, Eiptictidllly! % ERrtain amount

of hydrogep. @mqfsefw@i@ﬂdﬁs@%ymmmnu(é f)‘rmﬁ o7 BHe Ys06 slution e eRtane)eliquid

propylene onr? half of tggttota amo nt USe and 0 tlonall acertaln grg]ount of ethylene
are metere@ AR AR 'fgcs GO a Iea |nu es 'ﬂgfur?g?r% BEPBY M EY 20 C. Then
supported metalfﬁh@rreoeatafm%spmﬂ%mw% @m@@r%&@@w,iéuméméhhmthim eidhsropylene
(one-half ofriatat awaLek éb’iﬂ%fpfr&hewfiﬁ Siﬂiﬂé‘q[ﬁméﬁfsi%ﬂa%ie@ I e tRameasured un
temperature gé e?ﬂ 5@ éLlnma @Htte o %/ é’lz;algg ac |(m) éesnglflzgvnged tc& proceed at
the run tempergfure mrnuf’és %urrn mm co T} merrzatronpruns the reactor
pressure \/\F&M!‘maiﬁebobﬂ/acontmuous feeding of ethylene‘ and propylene The polymerization is
stopped by releasing thgsrenpeeyand salipg davwntaedicact ol e palecidsdiseharged and dried
under reduced pressure. Wge%(i)%9%%3{%;9&%%%&99%/014144 Table 1: Polymerisations Poly.

Example Catalys“fofpgr%nﬁﬁ ng

M (R)ARZ)(R™Y, {(Formula 17) .
wherein

M? is an alkali, an alkali earth metal or a metal of Group 13 of the Periodic
Table of the Elements,
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C3 [g] C2 [g] Catalyst [mg] Polym. Temp. [t] Polym. Time [min] Yield [g] Productivity [g polymer /g

* -
catalystthour] \%OC 2%% 07@2301838 , PCT/US2008/014144

R* is.a hydrogen atom, alkyl of from | to about 10 carbon atoms, aryl of from
6 to about 15 carbon atoms, or alkylary! or arylalkyl each having from 1 to
10 carbon atoms in the alkyl part and from 6 to 20 carbon atoms in the éry]'
part,

R* and R* are each a hydrogen atom, a halogen atom, alkyl of from 1 toabout 10

' carbon atoms, Cg-Cis-ary} of from about 6 to about 15 carbon atoms, or

alkylaryl, arylalkyl or alkoxy each having from I to 10 carbon atoms in
the alkyl part and from 6 to 20 carbon atoms in the aryl radical,

ris an integer from 1 1o 3 and s and t are integers from 0 to 2, where the sum r+s+t corresponds
to the valency of M’

where this component is not identical with the above mentioned cocatalyst compounds. It is also

possible to use mixtures of various metal compounds of the formula 17.

Among the metal compounds of the formula 17 preference is given to those in which M
is lithium, magnesium or aluminum and R and R* are each alkyl of from 1 to about 10 carbon
atoms. Particularly preferred metal compounds of the formula 17 are nbutyllithium, n-butyl-n-
octyl-magnesium, n-butyl-n-heptylmagnesium, tri-n-hexylaluminum, triisobutylaluminum,
triethylalwninum, trimethylaluminum or mixtures thereof. ' _

If a metal compoun& of the formula 17 is used, it is preferably present in the catalyst
systemn in such an amount that the molar ratio of M® to the transition metal from the metallocene
compound of formulas | or 1a is from 800:1 to 1:1, in particular from 200:1 to 2:1.

The support component of the catalyst system of the present invention can be any organic
or inorganic inert solid or a mixture of such solids, in particulate porous solids such as
hydrotalcites, tale, inorganic oxides and finely divided polymer powders. A

Suitable inorganic oxides, which are preferably employed include from the PerioAdic
Table of Elements Groups 1, 2, 3,4, 5, 12, 13 and 14, metal oxides such as silicon dioxide,
aluminum oxide, aluminosilicates, zeolites, MgO, ZrO,, TiO, or B;0y, Ca0, ZnO, ThO;, Na,0,
K20, LiO; or mixed oxides like Al/Si oxides, Mg/Al oxides or Al/Mg/Si oxides. Other suitable
inorganic support materials are NayCOs, KZCOQ, CaCOs;, MgCly, NagSQOy, AL(SCy)s, BaSO,,
KNO;, Mg(NO3); and Al(NG; ). '

Suitable polymer powders are homopolymers, copolymers, crosslinked polymers or

polymer blends. Examples of such polymers are polyethylene, polypropylene, polybutene,
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poiystyreﬁe, divinylbenzene-crosslinked po!ystyreﬁe, polyvinyl chloride, acrylonitrile-butadiene-
styrene copolymer, polyamide, polymethacrylate, polycarbonate, polyester, polyacetal or
polyvinyl alcohol.

The preferred support materials have a specific surface area in the range from [0 to 1000
m?/g, a pore volume in the range from 0.1 to 5 cm’/g and a mean particle size of from 1 to 500
pm. Preference is given to supporis having a specific surface area in the range fran 50 to 500
m’/g, a pore volume in the range from 0.5 to 3.5 cm’/g and a mean particle size in the range from
5 to 250 pm. Particular preference is given to supports having a specific surface area in the range
from 200 to 400 m*g, a pore volume in the range from 0.8 to 3.0 cm’/g and a mean particle size
of from 10 to 100 pm.

The support materials can be thermally and/or chemically be pretreated in order to adjust
certain properties of the carrier such as the water and/or the hydroxyl group content.

If the sﬁppar‘c material has a low moisture content or residual solvent content, dehydration
or drying before use can be omitted. If this is not the case, as when using silica gel as support
material, dehydration or drying is advisable. Thermal dehydration or drying of the support
material can be éarried out under reduced pressure with or without simuitaneous inert gas
bianketiﬁg (nitrogen). The drying temperature is in the range from 80 °C to 1000 °C, preferably
from 150 °C to 800 °C and most preferred from 150 °C to 400 °C. The duration of the drying
process can be from 1 to 24 hours. But shorter or longer drying periods are also possible.

In a preferred embodiment of the present invention, support materials with a weight loss
on dryness (LOD) of 0.5 wt.% or less, and even more preferred with 2 LOD of 0.3 wt% or less
are used. Higher amounts of physically adsorbed water up to 1 wt% are possible, but result in
reduced catalyst activities. The loss on ignition (LOT) of the support material is preferably 1 wt%
or greater or even more preferred between 1.5 and 3.5 wi%.

In addition or alternatively, dehydration or drying of the support materiai can aiso be
carried out by chemical means, by reacting the adsorbed water and/or the surface hydroxyl
groups with suitable passivating agents. Reaction with the passivating reagent can convert the
hydroxyl groups completely or partially into a form, which does not show any adverse
interaction with the catalytically active centers. Suitable passivating agents are silicon halics, |
silanes or amines, eg. silicon tetrachloride, chlorotrimethylsilane, dichioredialkylsilanes,

dimethylaminotrichlorosilane, N,N-dimethylanilin or N,N-dimethylbenzylamine or
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organometallic compounds of aluminum, boron and magnesium, eg. aluminoxanes,
trimethylaluminum, triethylaluminum, triisobutylaluminum, diisobutylaluminum hydride,
triethylborane or dibutylmagnesium. |

As outlined above, organic support materials such as finely divided polymer powders,
can also be used and shou{d, before use, likewise be freed from any adhering moisture, solvent
residues or othgr impurities by means of appropriate purification and drying operétions.

Preference is given to using silica gels having the defined parameters as support
materials. Spray dried silica grades, which inherently exhibit meso and macro pores, cavities and -
channels are preferred over granular silica grades.

The supported catalyst system according to this invention can be made in various ways.

In one embodiment of the present invention, at least one of the above-described
metallocene components of formulas 1 or 1a is brought into contact in a suitable solvent with at
least one cocatalyst component, preferably giving a soluble reaction product, an adduct or a
mixture. The obtained composition is mixed with the dehydrated or passivated sﬁppo‘rt material,
the solvent is removed and the resulting supported metallocene catalyst system is dried to ensure
that the solvent is completely or mostly removed from the pores of the support material. The
supported catalyst is obtained as a free-flowing powder.

As an example, the process for preparing a free-flowing and, if desired, prepolynierized
supported catalyst system comprises the following steps:

a) preparing a metallocene/cocatalyst mixture in a suitable sdvent or suspension medium,
where the metallocene component has one of the above-described structures,

b) applying the metallocene/cocatalyst mixture to a porous, preferably inorganic, if
necessary thermally or chemically pretreated support,

c) removing the major part of solvent from the resulting mixture,

d) isolating the supported catalyst system and

e) if desired, prepolymeﬁzing the resulting supported catalyst system with one or more
olefinic monomer(s), to obtain a prepolymerized supported catalyst system.

In another embodiment of this invention the metaliocene / cocatalyst composition is
mixed with the dehydrated or passivated support material, the supported catalyst is recovered and

optionally washed with an aromatic hydrocarbon and/or paraffinic hydrocarbon solvent. The
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isolated catalyst is then dispersed in a nonereactive suspension media such as a paraffinic
hydrocarbon solvent, a mineral oil or 2 wax or mixtures thereof.

In a further embodiment of this invention the catalyst is prepared according to the
f}rocedure disclosed in WO 06/60544 (an application by the present inventors), WO 00/05277,
WO 98/01481, US 7,355,058, US 7,193,100, US 6,492,292, US 6,107,230 or US 6,355,594
using at least one compound of formulas | or 1a as the metallocene component.

As an example, in WO 06/60544, a free flowing and, if desired, prepolymerized
supported catalyst system is prepared comprising the following steps:

a) contacting at least one support material with a first portion of at least one co-catalystin

" a suitable solvent |

b) impregnating the co-catalyst loaded support with a suspension or solution, which
comprises at least one metaliocene and a second portion of at least one co-catelyst in a suitable
solvent

¢} isolating the supported catalyst system and

f) if desired, prepelymerizing the resulting supported catalyst system with one or more
olefinic monomer(s), to obtain a prepolymerized supported catalyst system.

Thus, as an example, the process according to WO 06/60544 for preparing a free-flowing
and, if desired, prepolymerized supported catalyst system comprises the following steps:

a) Contacting a support material with a first composition which includes at east one
aluminoxane in a first solvent at a temperature of about 10 to 30°C followed by keeping the
mixture at about 20°C for 0 to 12 hours, subsequently heating the resulting mixture to a
temperature of 30 to 200°C and keeping the mixture at 30 to 200°C for 30 minutes to 20 hours,
optionally followed by removing all or part of the first solvent and/or optionally followed by one
or more washing step(s) using a suitable solvemnt, |

b} Suspending and/or dissolving, respectively, at least one metallocene of formula 1
and/or 12 and a second portion of an aluminoxane or of a mixture of aluminoxanes ¢ of an fonic
compound and/or a Lewis acid in a second solvent or suspension medium at a temperature of 0
to 100°C, optionally followed by a preactivation time of 1 minute to 200 hours at a temperature
of 10 to 100°C, ‘

¢) Applying the mixture prepared in b) to the aluminoxane loaded support material

produced in a), at a temperature of 10 to 100°C and a contact time of | minute to 24 hours, .
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d) Removing the major part of the solvent from the resulting mixture and optionally

washing the resulting supported catalyst with a suitable solvent,
-e} Isolating the supported catalyst system and

f) Optionally prepolymerizing the resulting supported catalyst system with one or more
olefinic monomer(s), to obtain a prepolymerized supported catalyst system.

More specifically, as an example, the process according to WO 06/60544 for preparing a
free-flowing and, if desired, prepolymerized supported catalyst system comprises the following
steps: - '

the procéss for preparing a frea-ﬂ-oWing supported catalyst systém according fo the
present invention comprises the following steps:

a) Contacting a support material with a first composition which includes at least 5 mmol
of an aluminoxane or of a mixture of aluminoxanes per g support material in a first solventata
temperature of about 20°C followed by keeping the mixiure at about 20°C for 0.15 to 2 hours,
subsequently heating the resulting mixture to a temperatuie of 50 to 160°C ahd keeping the
mixture at 50 to 160°C for 1 to 6 hours, optionally followed by remb_ving all or part of the first
solvent and/or optionally followed by one or more washing step(s) using a suitabie solvent,

b) Suspending and/or dissolving, respectively, at least 0.5 mmole of a second portioﬁ of
an aluminoxane or of a mixture of aluminoxanes per g support material and at least 0.1 mol% of
the employed second portion of an aluminoxane or of a mixture of aluminoxanes per g support
material of at least one metallocene of formula | and/or 1a in a second solvent or suspension
médium at a temperature of 20 to 50°C, opticnally followed by a preactivation time of 1 minute
to 200 hours at a temperature of 20 to 30°C,

c) Applying the mixture prepared in b} to the aluminoxane loaded support material
produced in a), at a temperature of 10 to 100°C and a contact time of | minute to 24 hours,

d) Removing the major part of the solvent from the resulting mixture and

e) Optionally washing the resulting supported catalyst with a suitable solvent,

and/or drying the resulting supported catalyst at temperatures of 30 to 60°C,
and
) Optionally prepolymerizing the resulting supported catalyst system with one or more

olefinic monomer(s), to obtain a prepolymerized supported catatyst system.
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In a preferred embodiment, as an example, the process according to WO 06/60544 for
preparing a free-flowing and, if desired, prepolymerized supported catélyst system comprises the
following steps: '

ay Contacting an optionally thermally pretreated silica support material with at least 10
mmol of an aluminoxane per g support material in toluene at a temperature of about 20°C
followed by subsequenily heafing the resulting mixture to a temperature of 50 to'110°C and
keeping the mixture at 50 to 110°C for 1 t6 6 hours, optionally followed by removing all or part
of the toluene, and/or optionally followed by one or more washing step(s) using a suitable
solvent, _

B) Suspend?ng and/or dissoiving, respectively, at least 0.5 mmole of a second portion of
an aluminoxane per g support maierial and at least 0.1 mol% of the employed second portion of
an aluminoxane or of a2 mixture of aluminoxanes per g support material of at least one
metallocene of formula 1 and/or 1a in toluene at a temperature of 20 to 50°C, optionally
followed by a preactivation time of 1 minute to 200 hours at a temperature of .20 10 30°C,

- ¢) Applying the mixture prepared in b) to the aluminoxane loaded support material
produced in a), at a tempera{ure of 10 to 100°C and a contact time of 1 minute to 24 hours,

d) Removing the major part of the toluene from the resulting mixture and

¢} Optionally washing the resulting supported catalyst with a suitable solvent, -

and/or drying the resulting supported catalyst at temperatures of 30 to 60°C,

and '

1) Optionally prepolymerizing the resulting supported catalyst system with one or more
olefinic monomer(s), to obtain a prepolymerized supported catalyst system.

In a more preferred embodiment, as an example, the process according to WO 06/60544
for preparing a free-flowing and, if desired, prepolymerized supported catalyst system comprises
the following steps:

a) Contacting an optionafiy thermally pretreated silica support material with a weight loss
on dryness (LOD) of 0.5 wt.% or less and a weight loss on ign;tion {LCI) of 1.0 wi.% or greater
with a first composition which includes at ieast 10 mmol of methylaluminoxane per g support
material in toluene at a temperature of about 20°C followed by subsequently heating the resulting

mixture to a temperature of | 10°C and keeping the mixture at 1 10°C for 1 to 6 hours, optionally
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followed by removing all or part of the toluene, and/or optionally followed by one or more
washing step(s) using a suitable solvent,

b) Suspending and/or disselving, respectively, at least | mmole of a second portion of
méthyiaiuminoxane per g support material and at least 0.1'moi% of the employed second portion
of methylaluminoxane per g support material of at least one metallocene of formula | and/or 1a
in toluene at a temperature of 20 to 50°C, optionally followed by a preactivation time of |
minute to 200 hours at a temperature of 20 to 30°C, |

¢} Applying the mixture prepared in b) to the methylaluminoxane loaded support material
produced in ), by passing the impregnation suspension or solution b} through the
methylaluminoxane loaded support material in a direct flowor by using an incipient wetness
impregnation technique, where the volume of the impregnation suspension or solution or the
total liquid volume used in the impregnation step, respectively, does not exceed 250% of the
total pore volume of the support material, ata temperature of 10 to 100°C and a contact time of 1
minute to 24 hours,

d) Removing the major part of the toluene from the resulting mixture and

e) Optionally washing the resulfing supported catalyst with a suitable solvent,

and/or drying the resulting supported catalyst at temperatures of 30 to 60°C,

and

fy Optionally prepolymerizing the resulting su'pported catalyst system with one or more
olefinic monomer(s), to obtain a prepolymerized supported catalyst system.

In a particular preferred embodimert, as an example, the process according to WO
06/60544 for preparing a free-flowing and, if desired, prepolymerized supported catalyst system
comprises the following stéps:

' a) Contacting an optionally thermally pretreated silica support material with a wdrght loss
on dryness (LOD) of 0.3 wt.% or less and a weight loss on ignition (LOY) between 1.5 and 3.5
wi.%, with at least 10 mmol of methyialuminoxane per g support material in toluene at a
temperature of about 20°C followed by subsequently heating the resulting mixture to a
temperature of 110°C and keeping the mixture at 110°C for 1 to 6 hours, optionally followed by
removing all or part of the toluene, and/or optionally followed by one or more washing step(s)

using a suitable solvent,
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b) Suspending and/or dissolving, respectively, at least } mmole of a second portion of
methylaluminoxane per g support material and at least 0.1 mol% of the employed second portion
of methylaluminoxane per g support material of at least one metallocene of formula 12 in toluee
at a temperature of 20 to 50°C, optionally followed by a preactivation time of I minute to 260
hours at a temperature of 20 to 30°C,

- ¢) Applying the mixture prepared in b) to the methylaluminoxane loaded support material
produced in a}, by passing the impregnation suspension or solution b) through the aluminoxane
loaded support material a) in a direct flow or by using an incipient wetness impregnation
technique, where the volume of the impregnation suspensicn or sclution or the total liquid
volume used in the impregnation step, respectively, does not exceed 250% of the total pore
volume of the support material, at a temperature of 10 to 100°C and & contact time of | minute to
24 hours, _ .

d) Removing the major part of the toluene from the resulting mixture and

e) Optionally washing the resuliing supported catalyst with a suitable solvent,

and/or drying the resulting supported catalyst at temperatures of 30 to 60°C,

and

) Optionally prepolymerizing the resulting supported catalyst system with one or more
olefinic monomer(s), to obtain a prepolymerized supported catalyst system.

-According to the present invention, for preparing a free-flowing and, if desired,
prepolymerized supported catalyst system, in step b) of the catalyst preparations as mentioned
above, instead of an aluminoxane or a mixture of aluminoxanes, at least one alkyl compound of
elements of main Groups 1 to Il of the Periodic Table, for example 2 magnesium alkyl, a lithium
alkyl or an aluminum alky! like trimethylaluminum, triethylaluminum, triisobutyllaluminum,
triisopropylaluminum, trihexylaluminum, trioctylaluminum, tri-»-butylaluminum, tri-n- |
propylaluminur, triisoprene aluminum, dimethyl aluminum menochloride, aluminum
monochloride, diisobutyl aluminum monochloride, methyl aluminum sesquichioride, ethyl
aluminum sesquichloride, dimethyl aluminum hydride, aluminum hydride, diisopropy! aluminum
‘hydride, dimethyl aluminum(trimethylsiloxide), dimethyl aluminum(triethylsiloxide),
phenylalan, pentafiuorophenylalan, and o-tolylalan, can be used. Preferred aluminum alkyls are

trimethylaluminum, triethylaluminum, triisobutylaluminum.
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In an even further embodiment of the present invention a free flowing and, if desired,
prepolymerized supported catalyst system is prepared comprising the foilowing steps:

a) preparing a trialkylaluminiumy/borinic acid mixture in a suitable solvent or suspension
medium

b) applying the trialkylaluminium/borinic acid mixture to a porous, preferably inorganic,
if necessary thermally or chemically pretreated support which was prior treated with a base like
N,N-diethylbenzylamine, N,N-dimethylbenzylamine, N-benzyldimethylaﬁine, N-
benzyidiéthylamine, N-benzylbutylamine, N-benzy! tertbutylamine, N-benzylisopropylamine, N-
benzyimethylamine, N-benzylethylamine, N-benzyl-1-phenylethylamine, N-benzyl-2- '
phenylethylamine, N,N-dimethylbenzylamine, N,N-diethylbenzylamine, N-methyl-N-
ethylbenzylamine, N-methyldibenzylamine and N-ethyldi(benzylamine,

¢) removing the major part of solvent from the resulting mixture to obtain a supported
cocatalyst, _ ' A

d) preparing a metallocene/supported cocatalyst mixture in a suitable solvent or
suspension medium, where the metallocene component has one of the above-described -
structures,

¢} isolating the supported catalyst system and

f) if desired, prepolymerizing the resulting supported catalyst system with one or more
olefinic monomer(s), fo obtain a prepolymerized supported catalyst system.

Preferred solvents for'the preparation of the metaliocene/cocatalyst mixture are
hydrocarbons and hydrocarbon mixtures, which are liquid at the selected reaction temperature
and in which the individual components preferably dissolve. The solubility of the individual
components is, however, not a prerequisite as long as it'is ensured that the reaction product of
metallocene and cocatalyst components is soluble in the solvent selected. Suitable solvents are
alkanes such as pentane, isopentane, hexane, isohexane, heptane, octane and nonane,
cycloalkanes such as cyclopentane and cyclohexane and aromatics swh as benzene, toluene,
ethylbenzene and diethylbenzene. Very particular preference is given to toluene, heptane and
,ethylﬁenzene.

For a preactivation, tﬁe metallocene in the form of a solid is dissolved in a solution of the
cocatalyst in a suitable solvent. It is also possible to dissolve the metallocene separately in a

suitable solvent and subsequently to combine this solution with the cocatalyst solution.
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Preference is given to using toluene. The preactivation time is from 1 minute to 200 hours. The
preactivation can take place at room temperature of 25 °C. In individual cases, the use of higher
temperatures can reduce the required preactivation time and give an additional increase in
activity. Elevated temperatures in this case refer to a range from 25°C to 100 °C.

The preactivated solution or the metallocene/cocatalyst mixture is subsequently
combined with an inert support material, usually sifica gel, which is in the form of a dry powder
or as a suspension in one of the above mentioned solvents. The support material is preferably
used as powder. The preactivated metallocene/cocatalyst solution or the metallocene/cocatalyst
mixture can be either added to the initially charged support material, or else the support material
can be introduced into the initially charged solution.

The volume of the preactivated solution or the metallocene/cocatalyst mixture can exceed
100% of the total pore volume of the support material used or else be up to 100% of the total
pore volume. ' .

The temperature at which the preactivated solution or the metallocene/cocatalyst mixture
is brought into contact with the support material can vary within the range from 0 °C to 100 °C.

‘However, lower or higher temperatures are also possible.

While the solvent is completely or mostly removed from the supported catalyst system,
the mixture can be stirred and, if desired, also heated. Preferably, both the visible pottion of thel
solvent and the portion in the pores of the support material are removed. The removal of the
solvent can be carried out in a conventional way using reduced pressure and/or purging with
inert gas. During the drying process, the mixture can be heated until the free solvent has been
removed, which usually takes from 1 to 3 hours at a preferred temperature of from 30 °C 1o 60
°C. The free solvent is the visible portion of the solvent in the mixture. For the purposes of the
present invention, residual solvent is the portion present in the pores.

As an alternative to the complete removal of the solvent, the supportedcatalyst system
can also be dried until only a certain residual solvent content is left, with the free solvent having
been completely removed. Subsequently, the supported catalyst system can be washed with a
low-hoiling hydrocarbon such as pentane‘ or hexane and dried again.

The supported catalyst system prepared according to the present invention can be used
either directly for the polymerization of olefins or be prepolymerized with one or more olefinic

monomers, with or without the use of hydrogen as molar mass regulating agent, priortouse ina
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polymerization process. The procedure for the prepdlymerization of supported catalyst systems is
described in WO 94/28034,

As additive, it is possible to add, during or after the preparation of the supported catalyst
system, a small amount of an olefin, preferably an alpha-olefin such as styrene or '
phenyldimethylvinylsilane as activity-increasing component or an antistatic, as described in U.S.
Ser. No. 08/365,280. The molar ratio of additive to metaliocene component of formulas 1 or lais
preferably from 1:1000 to 1000:1, very particularly preferably from 1:20 to 20:1.

The present invention also provides a process for preparing a polyolefin by
polymerization of one or more olefins in the presence of the catalyst system of the present
invention comprising at least one transition metal component of the formulas 1 or 1a. For the
purposes of the present invention, the term polymerization refers to both homopolymerization
and copolymerization and the term copolymerzation includes terpolymerisation or-
copolymerisation of more than three different monomers.

Preference is given to polymerizing olefins of the formula R"-CH=CH-R", where R"™ and
R" are identical or different and are each a hydrogen atorﬁ or a radical havihg from 1 to 20
carbon atoms, in particular from 1 to 10 carbon atoms, and R™ and R" together with the atoms
connecting them can form one or more rings. ‘

Suitable clefing are 1-clefins, eg. ethene, propene, 1-butene, I-pentene, 1-hexené, 4-
methyl-1-pentene or 1-octene, styrene, dienes such as {,3-butadiene, 1,4-hexadiene,
vinylnorbornene, norbornadiene, ethylnorbornadiene and cyclic olefins such as norbornene,
tetracyclododecene or methylnorbormene. In the process of the present invention, preference is
given to homopolymerizing propene or ethene or copolymerizing propene with ethene and/or one
or more 1-olefins having from 4 to 20 carbon atoms, eg, 1-butene or hexene, and/or one or more
dienes having from 4 to 20 carbon atoms, eg. 1.4-butadiene, norbomadiene,
ethylidenenorbornene or ethyinorbomadiene. Very suitable copolymers are ethenepropene
copolymers, propene-1-pentene copolymers and ethene-propene-1-butene, ethene-propene-1-
pentene or ethene-propene-1,4-hexadiene terpolymers. '

The polymerization is carried out at from -60 °C to 300 °C, preferably from 50 °C to 200
°C, very particularty preferably from 50 °C to 95 °C. The pressure is from 0.5 to 2000 bar,
preferably from 5 to 100 bar.

The pelymerization can be carried out in solution, in bulk, in suspension or in the gas
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phase, continuously or batchwise, in one or more stages. As an example, impact copolymers are
preferably produced in more than one stage. The homopolymer or random copolymer content of
such a polymer can Be produced in ‘(a) first stage(s) and the copolymer rubber content can be
produced in (a) consecutive stage(s).

The supported catalyst system prepared according to the present invention can be used as
sole catalyst component for the polymerization of olefins or preferably in combimtion with at
least one alkyl compound of elements of main Groups I to HI of the Periodic Table, for example
an aluminum alkyl, magnesium alkyl or fithium alkyl or an aluminoxane. The alkyl compound is
added to the monomer or suspension medium and serves to free the monomer of substances,
which can impair the catalytic activity. The amount of alkyl compound added depends on the
quality of the monomers used.

To prepare olefin polymers having a broad or bimodal molecular weight distribution or a
broad or bimodal melting range, it is recommended to use a catalyst system comprising two or
more different metallocenes and/or two or more different cocatalysts. Alternatively two or more
different catalyst systems of the present invention can be used as a mixture.

As molar mass regulator and/or to increase the activity, hydrogen is added if required.

The catalyst system may be supplied to the polymerization system as a solid or in the
form of a paste or suspension in a hydrocarbon or may be treated with inert components, such as
paraffins, oils, or waxes, to achieve better metering. If the catalyst system is to be metered into
the reactor together with the monomer to be polymerized or the monomer mixture to be
polymerized, the mixing unit and the metering line are preferably cooled.

Furthermore, an additive such as an antistatic or an alcohol can be used in the process of |
the present invention, for example to improve the particle morphology of the olefin polymer. In
general it is possible to use all antistatics which are suitable in olefin polymerization processes. It
is preferred to dose the antistatic directly into the polymerization system, either together with or
separately from the catalyst system used.

The polymers prepared using the catalyst systems of'the present invention display an
uniform particle morphology and contain no fines. No agglomerates or deposits are obtained in
the polymerization using the catalyst system of the present invention.

The catalyst systems of the present invention give polymers such as polypropylene

having high molecular weight and cover a broad range of stereospecificity and regiospecificity.
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The copolymers which can be prepared using the catalyst system based on metallocenes
of formula | or 1a of the present invention have a significantly higher molar mass compared to
the pridr art. At the same time, such copolymers can be prepared using the cataifst system of the
present invention at a high productivity and at industrially relevant process parameters without
deposit formation. '

The polymers prepared by the process of the present invention are suitable, in particular,
for producing products such as fibers, filaments, injection-molded parts, films, sheets, caps,

closures, bottles or large hollow bodies such as pipes with excellent properties.

EXAMPLES

General Procedures

The preparation and handling of the organometallic compounds were carried out under
argon using Schienk techniques or in a glove box. All solvents were purged with argon and dried

over molecular sieves before use.

The metallocenes produced were characterized by 'H-NMR spectroscopy using a Bruker
DMX 500 spectrometer, operating at 500 MHz using CDC}; as the solvent.

The polymers produced were characterized by "H-NMR, *C-NMR, DSC, GPC,
TREF/ATREF, Melt Flow Rate and IR spectroscopy.

1. Cel Permeation Chromatography (GPC). determination of Mw and Mw/Mn
A Waters Alliance/GPCV2000 equipped with a refractometer, a triple capillary oniine

viscometer ( Waters Corporation, 34 Maple Street, Milford, Massachusetts, 01757 USA) and a
light scattering detector PD 2040 (Precision Detectors Inc., 34 Williams Way, Bellingham, MA,
USA) was used for the determination of the molar mass data of the samples. 0.05 wt% solutions
of the samples in 1,2,4-trichlorobenzene were analyzed at a temperature of 145 °C using a Mixed
B light scattering quality column (Polymer Labs 1110-6100LS) and a Mixed B guard column
(Polymer Labs 1110-1120). Weight average molar mass (Mw) and the ratio of weight average
molar mass to number average molar mass (Mw/Mn) were calculated using the Cumulative
Matching % Broad Standard procedure that is available in the Waters Millenium 3.2 GPC

software module.
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2. NMR Spectroscopy of Polvmers

Samples were prepared by weighing 0.32 g of polymer into 2.5 ml ofa 1,2,4-
trichlorobenzene/deuterobenzene-d6 (4:1 volume) mixture, Samples were heated to 125°C and
mixed until a homogeneous solution was formed (typically 1-4 hours). Spectra were obtained at
120°C on a Varian inova 500 instrument | (Varian Ine., 3120 Hénsen Way, Pale Alto, CA, 94304,
USA) operating at a *C-spectrometer frequency of 125.7 MHz and using a 10 mm probe.
Spectra were obtained using 5000 scans employing a /2 pulse of 10.0-us, a recycle delay of 10.0
$ and an acquisition time of 2.5 5. Waltz-16 decoupling remained on throughout the pulse
sequence to gain the signal to noise enhancement due to the effects of nOe{Nuclear Overhauser
enhancement). Spectra were processed with 1 Hz of line broadening. The mmmm peak in the
methyl region of the spectrum was used as an internal chemical shift reference and was set to

21.85 ppm.

3. Differential Scanning Calorimetry (DSC), determination of the polymer melting
point Tm '

DSC measurements Were carried out using a Mettler Toledo DSC 822e (Mettler—'foledo
Inc., 1900 Polaris Parkway, Columbus, CH, 4324@, USA). 4 mg of sample were weighed into a
standard aluminum pan and subjected to the following temperature schedule:

The samples were heated from room temperature to 220 °C at a heating rate of 20
°C/min, maintained 'at this temperature for 5 min, then cooled down t0—55 °C at a cooling rate of
20 °C/min, maintained at the same temperature for 5 min, then heated to 220 °C at a heating rate
of 20 °C/min. The melting point was determined from the second heating run as the temperature

where the main peak was observed in the curve,

4, Melt Flow Rate (MFR)
The MFR of the samples were determined according to 1SO 1133 at 230°C. Two diffent
loads were used: 2.16 kg and 5 kg. Values are reported as MF R(230’2.16) and MEFR(230/5),

respectively.
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3 Productivity
The produdtivity of a catalyst is determined by dividing the produced miss of

polypropylene by the mass of catalyst used and the reaction time.

6.  Xicld
The yicld of a sample is deicrmined by dividing the isolated arnouit of the

desired product divided by the theoretical achievable umount of the product.

The following abbreviations are employed:

PP = polypropylens

MC = metallocene

Cat = supporied caialyst system

h=hour '

T, = glass trunsition temperature in °C, delermined by differential scanning

calorimetry (DSC, conditions see abave)

7. Loss on Dryness {LOD) / I oss on Tgnition (LOI)

The Loss on Dryness and the Loss on Jgnition are d&tem;inéb by' '
thermogravimeiric measurement. The Loss on Dryness is the weight ifm lhrdi the
support material experiences by heating it from room temperature o 30{7 [ 1 and

keeping this temperature until a constant weight is obtaincd. Loss on Drynéss ig that
i

T

crial.

weight loss ag expressed as percentage of the weight of the original supportmal

b
Subsequently the support material is heated from 300°C to 1000°C and is kept .t this
teraperature until 2 constant weight is obtained. The Lass of Igaition is defined |45 the

weighl loss between the weight of the sample at 1000°C and af room temnperalure
sxpressed a5 a ;3(:rc:¢nta,ge of the weight of the original suppott matcrial.

As an example to illustrate the above, a 10 gram sample (at room temipetaiure)
is heated to 300 C where it muintains a constant weight at that temperc_ﬂmri of 9
erams. The Loss on Drynoss is 10.0% , which i

100 [(_“l"—y_)-]

10

RECTIFIED SHEET (RULE 91) ISA/EP
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The sample is then fusther heated to 1000 C where it maintains & constant welght ‘o:f
8.37 grams. The Loss on Ignition is 16.3%, which is:

o UOK((IG—-&S'?)]

10 .

Synibesis of metallocones:

Comparative Example 1:
Dimethylslandiytbis2-(cycloboxylmethyl)-4-(4-tert-butylphenyl)-1-indenyl -

zirconium dichloride

‘ {2-Bromo-ethyl}-cyclohexanes o
In & 11— roundboliom flask equipped with a reftux condenser B
164 g concentraled sulphuric acid and 200 g hydrobromic acid E r\
(48’% in water) were added subsequently under cooling with anice Bt
bath to 88.7 g (0.693 mole) 2-cyclohexyl-ethanol. The mixlute was refluxed %’or 6k

and afier cooling to toom temperatute it was poured onto 400 g of ice. The aguedts

phasc was extracted with 400 ml pentane. The organic layer was washed witha ZIM
NaOH-solution and with water, dried over magnesium sulphate, and the solv:ant Wik
* removed in vacuo. The product was distilled in vacuo to yield 112.7 g (85 %) of| (-
bromo-cthyl)-cyclohexane as a colourless oil. 'H-NMR (400 MHz, CDCL): § =3.40
(2R, 1, CH,Br), 175~ 161 (m, TH), 144 (n, 1K), 126 1.1 (m, 38, 0.92— (184
{(m, 2H) pprs.

- — |

1.(2-Chioro-phenyl-3-cyeiohexyl-propan-1-one

1557 & (640 mmole) Magnesium turnings were placed ina o o
1 I — roundbottom ﬂask_cquipped with a dropping funncl and & | R n/ﬂaO
reflux condenser, and 50 ml of tetrahydrofuran (THF) were A

added. The magnesivm was eiched slightty with a fow crystals of

RECTIFIED SHEET (RULE 91) ISA/EP
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iodine r;lnd then 2 g of (2-bromo-ethyl)-cyclohexane were added and the mixture was heated
locally. After the start of the Grignard-formatién the rest of the (2-bromo-ethyl}-cyclohexane in
350 ml of THF (112.65 g in total, 589 mmole) were added within a period of 20 min. The .
mixture was refluxed for 1.5 h and then cooled to room temperature. In a separate 2 [—
roundbottom flask 70.5 g (513 mmole) of 2-chioro-benzonitrile and 156 mg (0.16 mole %)
copper(l)iodide were dissolved in 130 m} of THF. The Grignard-solution was added dropwise
over a period of 30 min and the reaction mixture was refluxed for 3 h. After standingovernight
at room temperature, a mixture of 190 ml water and 127 ml concentrated hydrochloric acid were

~ added very carefully, causing a strongly exothermic reaction. The mixture was stirred at 50°C for
1 h and the layers were separated. The aqueocus layer was extracted twice with 150 ml of toluene
each. The combined organic layers were washed twice with 2 M sulphuric écid, once with a
saturated sodium bicarbonate solution and once with a saturated sodium chloride solution. Afier
drying over magnesium sulphate the solvent was evaporated in vacuo to yield 133.5 g (quant.) of
the desired phenone as slightly brown oil. '"H-NMR (400 MHz, CDCl3): 8 = 7.41 - 7.14 (m, 4H,
aromatic), 2.91 (t, 2H, COCH,), 1.71 — 1.55, 1.28 — 110, 0.93 — 0.85 (3 x m, 13H) ppm.

7-Chioro-2-cyelohexyhmethvi-indan-1-one
66 g (263 mmole) | -(2-Chloro-phenyl}-3-cyclohexyl-

cl
propan-1-one, 77.5 g (2.1 eq.) urotropine and 72.6 g (2.7 eq.) of ?

acetic anhydride were placed in a 500 m! roundbottom flask and the
mixture was stirred at 80°C for 4 h, Then 100 ml water and 100 ml

2M NaOH were added and the‘ mixture was extracted two times with 200 m] dichloromethane
each. The organic layer was washed two times with 100 ml saturated aqueous ammonium
chloride and dried over magnesium sulphate. The solvent amount was reduced in vacuo to a total
of 150 m} volume and the solution was added dropwise over a period of 2.5 h to 660 g of hot (70
-~ 75°C) concentrated sulphuric acid. After stirring for an additional 30 min at 75°C the mixture
was allowed to stand overnight at room temperature. The mixture was poured onto approx. 500 g
of ice and extracted three times with 150 mi dichioromethane each. The organic layer was
washed twice with 150 ml of a saturated sodium bicarbonate solution and once with 100 ml of a
saturated sodium chloride solution. After drying over magnesium sulphate the solvent was

removed in vacuo. The product was purified by column chromatography on silica (heptane /
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dichloromethane 5:1) to yield 40.0 g (61 %) of the desired product as a slightly off-white oil,
which slowly crystallized. 'H-NMR (400 MHz, CDCh): & = 7.42 (1, 1H, aromatic), 7.29 (d, 1H,
sromatic), 7.24 (d, 1H, aromatic), 3.25 (dd, {4, COCH), 2.71 (m, 2H, benzylic), 1.78 - 0.7 (m,
13H, aliphatic) ppm.

1-(4-tert-Butyl-phenyl)-2-cyclohexylmethyi-indan-1-one

60 g (228 mmole) 7-Chloro-2-cyclohexylmethyl-indan-1-one,
49 g (1.2 eq.) 4-tert-butyl-benzene boronic acid, 53 g sodium carbonate, - O
750 ml ethylene glycol and 150 ml water were placedina 21— 0 .
roundbottom ftask equipped with a mechanical stirrer and a reflux ‘ O.

condenser. The mixture was degassed three times by slight evacuation

and recharging with argon. A premiked catalyst solution consisting of 103 mg (0.2 mole %)
palladium acetate, 3 ml NaTPPTS (2.6 M in watet, 0.8 mole %) and 2 ml of water was added and
the mixture was refluxed at 125°C until complete conversion {approx. 4 h). 300 ml of vn;ater were
added and the mixture was extracted three times with 150 ml of toluene each, The combined
organic layers were washed twice with 100 ml water and once with 100 m! of a saturated sodium
chloride solution. Drying over magnesium sulphate and evaporation (ﬁ' the solvert in vacuo
yielded 87.2 g (quant.) of the desired product as a yellow sticky oil. 'H-NMR (400 MHz,

CDCly): 6= 7.54 (t, 1H, aromatic), 7.43, 7.38 (2 x 4, 4H, aromatic), 7.24 (m, 2H, aromatic), 3.30
(m, 1H, COCH), 2.80 — 2.67 (3 x m, 2H, benzylic), 1.85 ~ 1.47 (m, 7H, aliphatic), 1.35 (s, SH,
C(CH73)3), 1.27 — 0.87 (m, 6H, aliphatic) ppm.

4-(4-tert-Butyl-phenyl}-2-cyclohexylmethyl-1 H-indene
82.3 g (229 mmole) 7-(4 -tert-Butyl-phenyl)-2-

cyclohexylmethyl-indan-1-one were dissolved in 292 mi toluene inal | O

- roundbottom flask equipped with a reflux condenser. 9.5 g (1.1 eq.) .

sodium borohydride were added. Then 40 mi (4.3 eq.) methanol were O‘

added at 50°C and the mixture was stirred for 3 h at 50°C. An additional

65



Ex 17 1820 - 98 65 60 808 8,100 38 Ex 17 50 1835 - 40 65 60 1013 25,300 39 Ex 17
WO 2010/077230 : , PCT/US2008/014144

1 g of sodium borohydride and 5 ml methanol were added and the mixture was stirred énother 2
h at 50°C. 2M sulphuric acid was added until the gas evolution ceased. After addition of 10G ml
water the layers were separated and the organic layer was washed two times with 2M sulphuric
acid and once with a saturated sodium chloride solution. The solvent was evaporated and the
crude indanol was dissolved in approx. 350 ml of toluene. Afier addition of 0.7 g p-toluene
sulfonic acid the mixture was heated to reflux using a Dean-Stark-trap until TLC showed
complete conversion (90 min). The solution was washed twice with a saturated NaHCGs-
solution, once with water and once with a saturated sodium chloride solution. Drying over
magnesium sulphate, evaporation of the solvent and crystallization from 800 m! ethano! afforded
67.3 g (86 %) of the desired indene as white crystals. 'H-NMR (400 MHz, CDClL): § = 7.45,

 7.33,7.25,7.14 (4 x m, 7TH, aromatic), 6.69 (s, 1H, =CH), 3.35 (5, 2H, benzylic), 2.34 (d, 2H,
aliphatic), 1.71  1.50 (m, 6H, aliphatic), 1.39 (s, 9H, C(CH3)s), 1.24 — 0.87 (m, 5H, aliphatic)
ppm.

| Dimiethylsilandiylbis[2-(cyclohexyimethyl)-4-(4-tert-butylphenyl}-1-indenyl}-zirconium
dichloride
20 g (58 mmole) 7-(4-tert-Butyl-pheny!)-2-

cyclohexyl-methyi-1 H-indene were dissolved in 340 ml
toluene and 20 mi of THF in a 1000 ml — roundbottom flask.
24.4 mi of n-butyl lithium (2.6 M in toluene, 63.4 mmole,
1.1 eq.) were added at room temperature and the solution
was stitred for 1 h at 80°C. After cooling to 40°C 3.5 ml
(3.74 g, 29 mmole, 0.5 eq.) dimethyldichlorosilane were

added in one portion and the mixture was stirred at 60°C for

8.5 h. The solvent mixture was removed in vacuo (purity of

the ligand > 99 % according to GC — analysis) and the

lipand was dissolved in 200 mi of diethy! ether (yellowish suspenéion due to LiCl}. 23.8 ml of
buty! lithium (61.9 mmole, 1.07 eq. regarding to “indene”, 2.6 M in toluene) were added at room
temperature and the mixture was stirred overnight at room temperature. Then 7.1 g (30.5 mmole,
(.525 eq. regarding to “indene™) zirconium tetrachioride were added in portions. The orange-

yellow suspension was stirred for 3 h at room temperature and the solid was isolated by
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filtration. Washing with 2 portions of 30 m] diethyl ether each and drying in vacuo yielded 22.7.
g of the crude complex (rac/meso = 1.5 ; 1, containing lithium chloride). The racemic complex
was isolated by fractional crystallization from toluene. Yield: 8.1 g (9 mmol, 31 %) as a bright
yellow powder. 'H-NMR (400 MHz, CDCly): & = 7.61 (d, 2H, aromatic), 7.57, 7.44 (2 x d, 8H,
aromatic), 7.36 (d, 2H, aromatic), 7.22, 7.15, 7.07 (3 x m, 10H, aromatic + toluene), 6.94 (s, 2H,
indenyl-H), 2.64 (“dd”, 2H, indenyl-CH), 2.34 (s, toluene) 2.13 (“dd”, 2H, indenyl-CHj), 1.75 -
1.45 (m, 10H, aliphatic), 1.33 (s, 18H, C(CH:)), 1.31 (s, 6H, Si(CH;)), 1.12 - 0.76 (m, 12H,
aliphatic) ppm.

Comparative Examplé 2
Dimethyisilandiylbis[(2-(2,2-dimethylpropyl)-4-(4’-tert-butylphenyl)-1-indenyl]-zirconium
dichloride '

1-Bromo-3.3-dimethyl-butane
Ina 11 - roundbottom flask equipped with a reflux condenser

232 g concentrated sulphuric acid and 283 g hydrobromic acid X\/Br

(48 % in water) were added successively under cooling with an ice bath

to 100 g (0.98 mole) 3,3-dimethyl-1-butanol. The mixture was refluxed for 6 h and after cooling

© to room temperature, it was poured onto 400 g of ice. The aqﬁeous phase was extracted with 400
ml pentane. The organic layer was washed with a 2 M NaOH-solution and with water, dried over
magnesium sulphate, and the solvent was removed in vacuc. The product was distilled in vacuo
to yield 88.1 g (55 %) of 1-bromo-3,3-dimethyl-butane as a colourless oil. '"H-NMR (400 MHz,
CDCl3): 6 =3.35 (m, 2H, CHBr), 1.80 (m, 2H, CH)), 0.90 (s, 9H, t-Bu) ppm.

|-(2-Chloro-phenyl)-4.4-dimethyi-pentan- 1-one 0

(Y K
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14.1 g (580 mmole) Magnesium turnings were placed ina

11— roundbottom flask equipped with a dropping funnel and a reflux condenser, and 60 ml of

" THF were added. The magnesium was etched slightly with a few crystals of iodine and then 2 g
of |
1-bromo-3,3-dimethyl-butane were added and the mixture was heated locally. After the start of
the Grignard-formation the rest of the 1-bromo-3,3-dimethyl-butane in 350 ml of THF (88.1 g in
total, 533 mmole) were added within a period of 20 min. The mixture was refluxed for 1.5 h and
then cooled to room temperature. In a separate 2 1- roundbottom flask 63.9 g (464 mmole) of 2-
chloro-benzonitrile and 141 ‘mg (0.16 mole %) copper(D)iodide were dissolved in 265 ml of THF.
The Grignard-solution was added dropwise over a period of 3¢ min and the reaction mixture was
refluxed for 3 h. After standing overnight at room temperature, a mixture of 190 mi water and
127 ml concentrated hydrochloric acid were added very carefully, causing a strongly exothermic
reaction. The mixture was stirred at 50°C for | h and the layers were separated. The aqueous
layer was extracted twice with 150 ml of tolueﬁe cach, The comrbined organic layers were
washed twice with 2 M sulphuric acid, once with a saturated sodium bicarbonate solution and
once with a saturated sodium chloride solution. After drying over magnesium sulphate the
solvent was evaporated in vacuo to yieid 103.8 g (quant.) of the desired phenone as slightly
brown oil. "H-NMR (400 MHz, CDCl3): § = 7.41 — 7.26 {m, 4H, aromatic), 2.87 (m, 2H,
COCH3), 1.59 (m, 2H, CH»t-Bu), 0.90 (s, 911, t-Bu} ppm.

7-Chlore-2-{2.2-dimethvipropyiy-indan-1-one

101.8 g (453 mmole) 1-(2-Chloro-pheny!)-4,4-dimethyl- ct o
pentan-1-one, 133.4 g (2.1 eq.) urotropine and 124.7 g (2.7 eq.) of i R
acetic anhydride were placed in a 1000 m! roundbottom flask and #

the mixture was stirred at 80°C for 4 h. Then 200 ml water and 200 m! 2M NaOH were added
and the mixture was extracted two times with 250 ml dichloromethane each. The orgaric layer
was washed two times with 150 ml saturated aqueous ammonium chloride and dried over
magnesium sulphate. The solvent amount was reduced in vacuo to a total of 250 ml volume and
the solution was added dropwise over a period of 2.5 h to 1000 g of hot (70 - 75°C) concentrated
sulphuric acid. After stirring for an additional 30 min at 75°C the mixture was allowed to stand

overnight at room temperature. The mixture was poured onto approx. 800 g of ice and extracted
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three times with 250 ml dichloromethane each. The organic layer was washed twice with 250 ml
of a saturated sodium bicarbonate solution and once with 200 ml of a saturated sodium chloride
solution. After drying over magnesium sulphate the solvent was removed in vacuo. The producf
was purified by column chromatography on silica (heptane / dichioromethane 1:1) to yield 79.4 g
(74 %) of the desired product as a slightly off-white oil, which slowly crystallized. ‘H-NMR

(400 MHz, CDCl3): 8 = 7.44 (t, 1H, aromatic), 7.30 (d, [H, aromatic), 7.27 (d, 1H, aromatic),
3.38 (dd, iH, COCH), 2.79, 2.60 (2 x m, 2H, benzylic), 2.10, 1.21 (2 x m, 1H, CH:-t-Bu), 0.90
{s, 9H, t-Bu) ppm.

7-{4-tert-Butyl-phenyl)-2-(2.2-dimethyl-propyl)-indan-1-one

35 g (148 mmole) 7-Chloro-2-(2,2-dimethyl-propy!)-indan-1-
one, 31.6 g (1.2 eq.) tert-butylphenyl boronic acid, 34.5 g sodium '
carbonate, 438 ml ethylene glycol and 88 m! water were placed ina 1 O

| ~ roundbottom flask equipped with a mechanical stirrer and a reflux 2

condenser. The mixture was degassed three times by slightevacuation O’
and recharging with argon. A premixed catalyst solution consisting of
67 mg (0.2 mole %) palladium acetate, 1.94 ml NaTPPTS (2.6 M in water, 0.8 mole %) and 2 m}

of water was added and the mixture was refluxed at 125°C until complete conversion(approx. 4
h). 100 ml of water were added and the mixture was extracted three times with 100 mi of toluene
each, The combined organic layers were washed twice with 100 ml water and once with 100 ml]
of a saturated sodium chloride solution. Drying over magnesium sulphate and evai)oration of the
solvent in vacuo yielded 58.82 g (quant.) of the desired product as a yellow sticky oil. '"H-NMR
(400 MHz, CDCl;): 6 = 7.58 (t, 1H, aromatic), 7.48 ~ 7.17 {m, 6!, aromatic), 3.48 (m, 1H,
(Cm—w‘O)CH), 2.88,2.63 (2 x m, 2H, benzylic), 2.38 (s, 1H), 2.13 {(m, 1H, CH-t-Bu), 1.40 (s, 9H,
Ph-t-Bu), 1.03 (s, 9H, CHy--Bu) ppm. - '
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}-1H-indene

50 g (150 mmole) 7-(4’-tert-Butyl-pheny!}-2-(2,2-dimethyl-
propyl)-indan-i-one were dissolved in 180 ml toluene in a 500 ml— O
roundbottom flask equipped with a reflux condenser. 6.22 g {1.1 eq.)
sodium borohydride were added. Then 26.1 ml (4.3 eq.) methanol were Os
added at 50°C and the mixture was stirred for 4 h at 50°C. Another 3.11 g

sodium borohydride and 10.3 g methanol were added and the mixture was stirred at 50°C
cvernight. 2M sulphuric acid was added until the gas evolution ceased. After addition of 100 mi
water the layers were separated and the organic layer was washed two times with ZM.sQiphuric
acid and once with a saturated sodium chloride solution. The solvent was evaporated and the
crude indanol was dissolved in approx. 300 ml of toluene. Afier addition of 1 g p-toluene
sulfonic acid the mixture was heated to reflux using a Dean-Stark-trap until TLC showed
complete conversion (90 min}, The solution was washed twice with a saturated NaHCO;-
solution, once with water and once with a saturated sodium chloride solution. Drying over
magnesium sulphate, evaporation of the solvent and recrystllization from 500 mi ethanol
afforded 35.3 g (74 %) of the desired indene as white crystals. '"H-NMR (400 MHz, CDCL): § =
7.47 (s, 4H, aromatic), 7.34 {(d, 1H, aromatic), 7.25 (d, 1H, aromatic), 7.16 (1, 1H, aromatic), 6.72
(s, 1H, C=CH), 3.44 (s, 2H, benzylic), 2.36 {s, 2H, CH,-t-Bu), 1.37 (s, 9H, Ph-#-Bu), 0.96 (s, 9H,
CH,~1-Bu) ppm. ' '
Dimethylsilandivlbis{2-(2.2-dimethvipropyl)-4-(4-tert-

butyiphenvi)-I-indenyi]zirconium dichioride
2 g (6.28 mmole) 4-(4-tert-Butyl-phenyl)-2-(2,2-

dimethylpropyl})-1H-indene were dissolved in 34 ml toluene and
2 mi of THF in a 100 mi — roundbottom flask. 2.64 mi of n-
butyl lithium (2.5 M in toluene, 6.6 mmole, 1.05 eq.) were
added at room temperature and the solution was stirred for 1 h
at 80°C. After cooling to 40°C 405 mg (3.2 mmole, 0.5 eq.)

dimethyldichlorosilane were added in one portion and the

mixture was stirred at 60°C for 17 h. The solvent was removed
in vacuo and 20 m! diethy! ether were added. 2.64 ml of n-butyl lithium (2.5 M in toluene, 6.6

mmele, 1.05 eq.) were added at room temperature and the mixture was stirred overnight at room
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temperature. After cooling to room temperature 776 mg (3.3 mmole, 0.53 eq. regarding to
“indene™} zirconium tetrachloride were added in portions. The orange- yellow suspension was
stirred for 5 h at room temperature and the complex was isolated by filtration and washing with
. diethy! ether to yield 1.59 g crude complex. The racemic form was isolated by fractional
recrystallization frorh toluene. Yield: 0.65 g (24 %) as é. bright yeliowlpowder. 'H-NMR (400
‘MHz, CDCi3): 8 = 7.62 (d, 2H, aromatic), 7.58, 7.45 (2 x d, 8H, aromatic), 7.37 (d, 2H,
aromatic), 7.23, 7.16, 7.08 (3 x m, 10H, aromatic + toluene), 6.93 (s, 2HH, indenyl-H), 2.64 (d,
2H, indenyl-CH), 2.34 (s, toluene), 2.15 (d, 2H, indenyl-CH>), 1.35 (s, 6H, Si(CH3)z), 1.32 (s,
18H, Ph--Bu), 0.83 (s, 18H, CHy-r-Bu) ppm.

Comparative Example 3:
Dimethylsilandiylbis[2-(1-adamantylmethyl)-4-(4-tert-butylphenyl)- 1 -indenyl]-zirconium
dichloride

1-(2-Bromo-ethyl a;adamantane

In a I 1~ roundbottom flask equipped with a reflux condenser _/__@>
Br

164 g concentrated sulphuric acid and 200 g hydrobromic acid

{48 % in water) were added subsequently under coeling with an i'cg bath to 126.20 g (0.;.70 mole)
2~(1-adamantyl)ethanol. The mixture was refluxed for 6 h and after cooling to room temperature,
it was poured onto 400 g of ice. The aqueous phase was extracted with 400 ml pentane. The
organic layer was washed with a 2 M NaOH-solution and with water, dried over magnesium
sulphate, and the solvent was removed in vacuo. The product was distilled in vacuo to yield
153.2 g (50 %) of (1-(2-Bromo-ethyl}-adamantane as a colourless oil. "H-NMR (400 MHz,
CDCl): 6 = 3.29 (t, 2H, CH,Br), 1;71 (t, 2H, CCHCH;,Br), 1.56 — 1.17 {m, 15H, aliphatic) ppm.
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1-(2-Chloro-pheny]}-3 -f 1-adamantyl)-propan-1-one

15.57 g (640 mmole) Magnesium turnings were placed in
: ' cl O

a 1 |~ roundbottom flask equipped with a dropping funnel and a '
reflux condenser, and 50 mi of THF were added. The magnesium

was etched slightly with a few crystals of lodine and then 2 g of

(1-2-bromo-ethyl)-adamantane were added and the mixture was heated locally. Afterthe start of
the Grignard-formation the rest of the (1-(2-bromo-ethyl}-adamantane in 350 mi of THF (143.5 ¢
in total, 590 mmole) were added within a period of 20 min. The mixture-was refluxed for 1.5 h
and then cooled to room temperature. In a separate 2 [— roundbottom flask 70.5 g (513 mmole)
of 2-chioro-benzonitrile and 156 mg (0.16 mole %) copper(Diodide were dissolved in 130 ml of
THEF. The Grignard-solution was added dropwise over a period of 30 min and the reaction
mixture was refluxed for 3 h. Afier standing overnight at room temperature, a mixture of 190 mi
water and 127 ml concentrated hydrochloric acid were added very carefully, causing a strongly
exothermic reaction. The mixture was stirred at 50°C for 1 h and the layers were separated. The
aqueods layer was extracted twice with 150 ml of toluene each. The combined organic layers
were washed twice with 2 M sulphuric acid, once with a saturated sodium bicarbonate solution
and once with a saturated sodium chloride solution. Afier drying over magnesium sulphate the
solvent was evaporated in vacuo to yield 178.7 g {quant.} of the desired phenone as siightly
brown oil. '"H-NMR (400 MHz, CDCl;): § = 739-7.12 {m, 4H, aromatic), 2.55 (t, 2H, COCH)),
1.40 — 1.13 (m, 17H, aliphatic) ppm. ‘

- 7-Chloro-2-(1-adamantylmethyl)-indan-1-one
78.7 g (260 mmole) 1-(2-Chloro-phenyl}-3-(1-adamantyf)-
propan-1-one, 77.5 g (2.1 eq.) urotropine and 72.6 g (2.7 eq.) of

cl o

acetic anhydride were placed in a 500 ml roundbottom flask and the

mixture was stirred at 80°C for 4 h, Then 100 mf water and 100 mi

2M NaQH were added and the mixture was extracted two times with 200 ml dichloromethane
each. The organic layer was washed two times with 100 m! saturated agueous ammonium
chioride and dried over magnesium sulphate. The solvent amount was reduced in vacuo to a total
of 150 ml volume and the solution was added dropwise over a period of 2.5 h to 660 g of hot (70

— 75°C) concentrated sulphuric acid. Afier stirring for an additional 30 min at 75°C the mixture
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was allowed to stand overnight at room temperature. The mixture was poured onto approx. 500 g
of ice and extracted three times with 150 ml dichloromethane each. The organt layer was
washed twice with 150 ml of a saturated sodium bicarbonate solution and once with 100 ml of a
saturated sodium chloride solution. After drying over magnesium sulphate the solvent was
removed in vacuo. The product was purified by column chromatography on silica (heptane /
dichloromethane 5:1) to yield 58 g (71 %) of the desired product as a slightly off-white glassy
solid. 'H-NMR (400 MHz, CDCl3): § = 7.39 (1, 1H, aromatic), 7.27 (d, 1M, aromatic), 7.21 (d,
1H, aromatic), 3.37 (dd, 1H, COCH), 2.70 (m, 2H, benzylic), 1.36 — 1.18 (m, 17H, aliphatic)
ppm.

7-{4-tert-Butvl-phenvyl)-2-(1 -adamantylmethyl)-indan-1 -one

71.8 g {228 mmole) 7-Chioro—2-(1-adamantylmethyl)«inddn»l .
one, 49 g (1.2 eq.) 4-tert-butyl-benzene boronic acid, 53 g sodium
carbonate, 750 ml ethylene glycol and 150 ml water were placed ina 2 O
1 — roundbottom flask equipped with a mechanical stirrer and a reflux o !

condenser. The mixture was degassed three times by slight evacuation O.
and recharging with argon. A premixed catalyst solution consisting of

103 mg {0.2 mole %) paliadium acetate, 3 ml NaTPPTS (2.6 M in water, 0.8 mole %) and 2 ml

of water was added and the mixture was refluxed at 125°C until complete conversion (approx. 6
h). 300 ml of water were added and the mixture was extractedthree times with 150 ml of toluene
each. The combined organic layers were washed twice with 100 m! water and once with 100 ml
of a saturated sodium chloride solution. Drying over magnesium sulphate and evaporation of the
solvent in vacuc yielded 94.1 g (quant.) of the desired product as a yellow sticky oil. 'H-NMR ‘
(400 MHz, CDCl3): 8 =7.52 (t, 1H, aromatic), 7.41, 7.36 (2 x d, 4H, aromatic), 7.21 (m, ZH,
aromatic), 3.37 {m, 1H, COCH), 2.77 — 2.68 (m, 2H, benzylic), 1.42 — 1.18 (m, iéH, aliphatic &
C(CHs)s) ppm.

73



15 170 36,000 54 Ex 19 25 1630 240 30 65 5 140 56,000 55 Ex 19 25 1224 551 70 15

WO 20610/077230 PCT/US2008/014144

4-(4-tert-Butyl-phenyi)-2-( i -adamantylmethy}-1H-indene

94.0 g (228 mmole) 7-(4’-tert-Butyl-pheny!)-2-(1~
adamantylmethyl)-indan-1-one were dissolved in 291 ml toluene in
a 1 | - roundbottom flask equipped with a reflux condenser. 9.5 g O
(1.1 eq.) sodium borohydride were added. Then 40 ml (4.3 eq.)
methanol were added at 50°C and the mixture was stirred for 6 h at O‘

~ 50°C. 2M sulphuric acid was added until the gas evolution ceased.

@

After addition of 100 m! water the layers were separated and the organic layer was washed two

* times with 2M sulphuric acid and once with a saturated sodium chloride solution. The solvent
was gvaporated and the crude indanol was dissolved in approx. 350 ml of toluene. Afier addition
of 0.7 g p-toluene sulfonic acid the mixture was heated to reflux using a Dean-Stark-trap until
TLC shoewed complete conversion (90 min). The solution was washed twice with a saturated
NaHCOs-solution, once with water and once with a saturated sodium chloride solution. Drying
over magnesium sulphate, evaporation of the solvent and crystallization from 900 ml ethanol
afforded 76.9 g (85 %) of the desired indene as white crystals. 'H-NMR (400 MHz, CDCL): 6 =
7.44,7.32,7.23, 7.12 (4 x m, 7TH, aromatic), 6.63 (s, I1H, =CH), 3.32 (s, 2H, benzylic), 2.29 (d,
2H, aliphatic), 1.69——"1.15 (m, 15H, aliphatic), 1.38 (s, 9H, C(CH;)3) ppm. -

Dimethvlsilandivlbis[2-(1-adamantyimethvl}-4-(4-tert-hutviphenyh- 1 -indenyli-zirconium

dichloride
23 g (58 mmole) 7-(4-tert-Butyl-phenyi)-2-(1-

adamantylmethyl)-1H-indene were dissolved in 340 m]
toluene and 20 ml of THF in a 1000 ml - roundbottom
flask. 24.4 ml of n-butyl lithium (2.6 M in toluene, 63.4
‘mmole, 1.1 eq.) were added at room temperature and the
solution was stirred fdr 1 h at 80°C. After cooling to 40°C
3.5 mi (3.74 g, 29 mmole, 0.5 eq.) dimethyldichtoroéilane
were added in one portion and the mixture was stirred at

60°C for 8.5 h. The solvent mixture was removed in vacuo

(purity of the ligand > 94 % according to GC — analysis)
and the ligand was dissolved in 200 mi of diethy! ether (yellowish suspension due to LiCl). 23.8
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m! of n-butyt lithium (61.9 mmole, 1.07 eq. regarding to “indene”, 2.6 M in toluene) were added
at room temperature and the mixture was stirred overnight at room temperature. Then 7.1 g (30.5
mmole, 0.525 eq. regarding to “indene™) zirconium tetrachloride were added in portions. The
orange - yellow suspension was stirred overnight at room temperature and the solid was isolated
by filtration. Washing with 2 portions of 35 ml diethyl ether each and drying in vacuo yielded
25.1 g of the crude complex (rac/meso = 1.6 : 1, containing lithium chloride). The racemic
complex was isolated by fractional crystallization from toluene. Yield: 9.8g (9.7 mmol, 33 %) as
a bright yellow powder. 'H-NMR (400 MHz, CDCl,): § = 7.62 (d, ZH, aromatic), 7.55, 742 (2 x
d, 8H, aromatic), 7.32 (d, 2H, aromatic}, 7.21, 7.15, 7.08 (3 x m, 10H, aromatic + toluene), 6.83
(s, 2H, indenyl-H), 2.53 (“dd”, 2H, indenyl-CHy), 2.34 (s, toluene) 2.09 (*dd”, 2H, indeny.CH?),
1,75 -~ 1.15 (m, 30H, aliphatic), 1.34 (s, 18H, C(CH;)), 1.32 (s, 6H, Si(CH:)) ppm.

Comparative Example 4:

Dimethylsilanediylbis[2-methyi-4-(4-rer-butylphenyD-1 -indenvi zirconiumdichiori&e
143 g (0.54 moles) of 2-miethyl-4-(4-rert-
buty!pheny!)—i -indene were introduced into 2.4 L of

tohuene and 143 ml of tetrahydrofuran, and 234 mL of
an p-butyllithium solution (2.5 M in toluene) were
added without interruption at room temperature. After
this addition was complete, the mixture was heated to
80°C and stirred for one hour at this temperature. It

- was allowed {0 cool to 40°C, then 33.6 g {0.26 moles)

of dimethyldichlorosilane were added dropwise to this

reaction solution. The reaction solution was stirred for

three hours at 60°C. It was cooled to room temperature, and then 218 mL of an »-butyllithium
solution (2.5 M in toluene) were added dropwise. After this addition was complete, the solution
was heated to 80°C and stirred for one hour at this temperature. It was allowed to cool to room
temperature, then 71.1 g (0.305 moles) of zirconium tetrachioride were added in portions. The
solution was stirred for two hours at 45°C and the precipitate that forms was separated by

filtration through a G3 fritted glass filter and then carefully washed with 700 mL portions of
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tetrahydrofuran. The residue was dried in an oikpump vacuum, and the product was obtained in
a yieid of 155 g (80%) and with a rac:meso ratio of 1:1. The isomers must be separated in an
additional step to obtain selective catalysts for propylene polymerization.

"H-NMR (400 MHz, CDCL,):

7.63-6.85 (m, 16H, arom-H), 2.44 (s, 3H, meso-CHy), 2.24 (s, 3H, rac-CH,), 1.46 (s,
1.5H, meso-SiMey), 1.33-1.29 (m, 21H, tert-butyl, rac-SiMe,), 1.23 (s, 1.5H, meso-CH3).

Comparative Example 5:

Dimethylsilanediyl(2-methyl-4-(4-tert-butylphenyl)indeny)(2-isopropyl-4-(4-tert-
butylphenylindenyl)zirconium dichloride |

Dimethvisilanedivi{2-methyl-4-(4-tert-butviphenyl)- I -indene)(2-isopropvi-4-(4-ter-

biztvlnhenvl)-l -indene)

16.8 g (57.7 mmoles) of 2-isopropyl-4-(4-tert-

butylphenyl)-i-indene were introduced into 131 mL of toluene

and 5.0 mL of THF, and 21.5 mL of an n-butyllithium soluion O
{(2.68 M in toluene) were added without interruption at room
temperature. After this addition was complete, the mixture was OO

heated to §6°C and stirred for one hour at this temperature. It
was then allowed to cool to room temperature. The resulting
reaction solution was added dropwise to a solution of 20.5 g
(57.7 mmoles) of (2-methyl-4-(4-tert-butylphenyl}-1-
indenyl)dimethylchlorosilane in 246 mL of toluene over 2

period of one hour. The mixture was stirred overnight at room

temperature. Then 60 mL of water were added and the phases

which form were separated. The organic phase was washed with 100 mL of water and the
combined aqueous phases were extracted twice with a total of 100 mL of toluene. The combined
organic phases were dried over magnesium sulfate. After filiering off the magnesium sulfate, the
solvent was removed and the residue was dried in an oil pump vacuum. The desired product was
isolated in & yield of 31.6 g (90%} (purity: 90%).

"H-NMR (400 MHz, CDCl;):
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7.51-7.1 (m, 14H, arom-H), 6.71, 6.62 (each s, each 1H, olefin-H-indene), 3.35, 3.31
{each s, each 2H, CHy-H), 2.65 (m, 1H, CH-isopropyl), 2.41 (s, 3H CH3-H), 1.35, 1.33 (each s,
each 9H, rert-butyl), 1.15 (d, 6H, isopropyl-CHs), 0.2, 0.0 (each d, each 3H, SiCHj3).

Dimethvylsilanedivi{2-methvl-4- i i 4-tert-

butvlphenyi)-1-indenyDzirconium dichloride
36.6 g (60 mmoles) of dimethylsilanediyl(2-methyl-

4-(4-tert-butylphenyl)- 1 -indene)(2-isopropyl-4-(4-tert-
butylphenyl)-1-indene) were introduced into 366 ml of
diethy] ether, and 44.9 mL of an n-butyllithium solution
(2.68 M in toluene) were added without interruption at room
temperature. After this addition was complete, the mixture
was stirred over night at this temperature. It was then cooled
to 0°C and 14.0 g (60 mmoles) of zirconium tetrachloride

were added in portions. The mixture was allowed to warm

to room temperature and was stirred for another two hours at

this temperature. The precipitate that forms was separated
by filtration through a G3 fritted glass filter and was washed with two 50 mL portions of
tetrahydrofuran and with one 70 mL portion of pentane. The residue was dried in an dl-pump
vacuum, and the product was obtained in a vield of 23.5 g (50%) and with a rac:meso ratio of
about }:1. The isomers must be separated in a subsequent step to obtain selective catalysts for
propylene polymerization.

'H-NMR (4006 MHz, CDCl):

7.7-6.9 (m, 14H, arom-H), 3.26 (m, 1}, CH-isopropyl}, 2.23 {s, 3H, CHa), 1.31 (s, 18H,

 tert-butyl), 1.33, 1.32 (each s, each 3H, Si-CH3), 1.08, 1.03 (each d, each 3H, isopropyl-CHj).

Example 6:
Dimethylsilandiylbis[2-[( I-methylcyclohexyDmethyl]-4-(4-tert-butylphenyl)- 1 -indenyl}-

zirconium dichloride
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2-(2-Bromo-benzyl)-malonic acid diethyl ester
In 2 4-neck 4 | round bottom flask

equipped with a reflux condenser, r

gas outlet, thermometer and stirrer Br ;

are placed 2 1 of ethanol. A : NaOEt / EtOH COOE:
solution of sodium ethoxide in + T OOEt

ethano! is prepared by gradually
adding 255 g (1.11 mol) of
sodium cut in small pieces to the

EtOOC” “COOE

reaction mixture. At a reaction temperature of 4045 °C the sodium addition and reaction is
finished after ~1.5 h. The solution is cooled to room temperature and 192.5 g (1.20 mol) of
malonic acid diethyl ester are added. The mixture is stirred at this temperature for 15 minutes.
Then 250 g (1.00 mol) 2-bromobenzyl bromide are added via a dropping funnel in a way that the
reaction temperature raises to 40-45°C. Afler the addition is completed the reaction mixture is
heated to reﬂux forih

For workup, most of the ethanol is distilled off, and 300 ml of water are added to the residue.
The water phase is extracted with 300 and 2 times 150 ml of diethy! ether. The combined organic
phases are washed with 200 ml of water. The ether is removed under reduced pressure and the
crude product is distilled in a vacuum at a pressure of 1 mbar. To obtain pure 2-(2-Bromo-
benzyl)-malonic acid diethyl ester (Yield: 230 g, 70 %). 'H-NMR (500 MHz, CDCls, ppm): &=
‘7.50 {m, iH, aroma'tic), 7.22 (m, 1H, aromatic), 7.17 (m, 1H, aromatic), 7.06 (m, IH, aromatic),
4.13 (m, 4H, -O-CH,CHa), 3.82 (1, 1H, -CHy-CH(CO;Et)y), 3.31 (d, 2H, Ar-CH,-CH(CO,Et),,
1.18 {t, 6H, -O-CH,CH3).

3-(2-Bromo-phenyl)-propionic acid
A 4-neck 2 litr_e round botiom

flask with equipped with a reflux r 1. KOH MH,0 r
condenser, thermometer and COOEt 3 Hel

stirrer, is charged with 230 g (0,70 OOEt 3 A OOH
mol} of 2-(2-Bromo-benzyl)-

malonic acid diethyl ester and
placed in an oil bath. A solution of 225.8 g (4.02 mol) potassium hydroxide in 225 ml water is
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slowly added with stirring. The reaction temperature is carefully monitored and the addition of
the potassium hydroxide solution is interrupted as soon as a significantly exothermic reaction
starts. The temperature may rise up to 80°C. The remaining potassium hydroxide solution is
added as soon as the initial reaction starts to subside. It may happen that no change in
temperature is observed while adding the potassium hydroxide solution. If this happens, the
. reaction mixture is carefully and slowly heated to 80°C. The exothermic reaction may suddenly
start. As soon as the initial reaction starts to subside, the reaction mixture is heated to 100 °C and
stirred for 6 h at this temperature. ‘
To separate most of the ethanol, 225 ml of water are added and about half of the total volume is
removed on a rotary evaporator in a vacuum, Thereafter 200 ml of water are again added and
concentrated hydrochloric acid is carefully added (neutralisation is exothermid) until the sdution
is strongly acidic. 2-(2-Bromo-benzyl)-malonic acid precipitates. The acid is filtered off on a frit
and washed with water until the washing water has a pH of approximately 3—4.
The dicarboxylic acid is dried under reduced pressure, transferred irfo a round bottom flask with
a suitable gas outlet and a bouble counter. The flask is immersed into an oil bath at 165°C and
left there until the gas evolution stops. After approx. 20 minutes a yellow oil forms which may
solidify at lower temperatures. The crude product is dissolved in 400 ml of Ethanol and placed in
a -30 °C fridge. Pure 3-(2-Bromo-phenyl)-propionic acid precipitates over night and is filtered
off. A further crop of pure product can be recovered from the filtrate by removing about % of the
ethanol and again cooling the remaining solution to -30°C over night (Combined yield: 128.2 g,
80 %).
'H-NMR (500 MHz, CDCl;, ppm): & = 7.53 (m, 1H, aromatic), 7.28 ~ 7.20 (m, 2H, aromatic),
7.07 (m, 1H, aromatic), 3.06 (t, 2H, Ar-CH;-CHz-CO-H), 2.70 (t, 2H, Ar-CHy-CHo-C(O0H).

4-Bromo-indan-1-one

1282 g (0.559 mol) of 3-(2-Bromo-
phenyl)-propionic acid are placed in a 2 1. 80CI,

neck round bottom flask with gas outlet 2. AlCH 7 CH,Gl
and stirrer, 133.2 g (1.12 mol) of thionyl OOH

chloride are added and the mixture is 0

heated under reflux for 2 h with stirring

in an argon atmosphere and excess thionyl chloride is removed in a vacuum. The resulting
yellow oil is dissolved in 700 ml of methylene chloride, cooled to 0°C and 82.0 g (0.615 mol)
anhydrous aluminium chloride are added in small portions. The reaction mixture is stirred at 0°C
for 2 h and then hydrolyzed by carefully pouring it on crushed ice. The organic layer is
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separated. The aqueous layer is acidified with concentrated hydrochloric acid and extracted twice
with methylene chloride. The combined organic layers are washed once with 2 M HCI, once with
water, dried over anhydrous magnesium sulphate and the solvent is removed under reduced
pressure (110.0 g, 87 %%).

"H-NMR (500 MHz, CDCls, ppm): 8 = 7.75 (m, 1H, aromatic), 7.70 (m, 1H, aromatic), 7.27 (m,
TH, aromatic), 3.08 (m, 2H, -CH,-), 2.72 (m, 2H, -CH-).

* 4-(4-tert-Butyl-phenyl)-indan-1-one
22.9 g (0.109 mol) of 4-Bromo-indan-
I-one, 23.18 g (0.130 mol) of 4-tert-

butylphenylboronic. acid, 23.0 g
(0.217 mol) sodium carbonate, 67 ml r 9_@_3(0%

water and 357 ml of ethylene glycol

are placed into a round bottom flask - Pd{OAc),, NaTPPTS, Na,COsy O.
with reflux condenser and stirrer. The o} sthyiene glycol, H;0 0

flask is evacuated and refilled with
argon three times to remove any oxygen. 49 mg {0.22 mumol) of Palladium(l1) acetate and 1.4 ml
(0.87 mmol) of a 0.6 M solution of NaTPPTS (tris-sodiumtriphenylphosphine-3,3°,3’-
trisulfonate) are premixed in 2 ml of water and added to the reaction mixture which is
subsequently heated to reflux. The progress of the reaction is monitored via TLC. Comple'te
conversion should be achieved within 3.5 to 5 hours. The mixture is cooled to room temperature
and water and toluene are added until two clearly discernible phases form. The layers are
separated and the water phase is extracted three times with {oluene. The combined organic layers
are washed twice with a saturated sodium chloride sotution, dried over anhydrous magnesium
sulphate and the solvent is removed in a vacuum to yield an oily product. The GC-determined
purity of the crude product is 92 %. Pure product can be obtained by treating the oily residue
with 35 ml of ethanol at room temperature. Solid 4—(4—tert-Butyl»[Shenyl)-incian-1-one '
precipitates and is filtered of. The filtrate still containg significant amounts of produd which can
be isolated by evaporating the filtrate to dryness mixing it with 50 m! of heptane and storing the
mixture at -30 °C over night. The filtrate is filtered off, washed with two portions of cold (-30°C)
heptane and dried in a vacuum (Combined yield: 23.71 g, 82 %:;).

"H-NMR (560 MHz, CDCls, ppm): & = 7.75 (m, [H, aromatic), 7.59 (m, 1H, aromatic), 7.48 (m,

2H, aromatic), 7.44 (m, 1H, aromatic), 7.3% (m, 2H, aromatic), 3.16 {m, 2H, -CH>-}, 2.68 (m,
2H, -CHy-), 1.37 (s, 9H, -C(CH3)3).
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Aldol condensation between  4-{4-tert-butvi-phenyl-indap-l-one  and 1-methyi-
gyclohexanecarbaldehvde

1835 g (69.4 mmol) of 4-(4-tert-
butyl-phenyl)-indan-l-one, 9.20 ¢
(72.9 mmol) of I-methyl-cyclohexyl-
carbaldehyde, 12.85 g (93.0 mmol) of O

potassium carbonate and 184 mi of
ethanol are placed into a round O.

K,CO3, EtOH

K}\c;{o

bottom flask. The mixture is heated to o
a temperatwre of 76 - 78°C with

stirring for 54 h. 10 % hydrochloric acid is added until no gas evolution is observed anymore and
the precipitating salts are dissolved by adding enough water 1o dissolve them. The aqueous phase
is extracted twice with 175 ml of methylene chloride. The combined organic phases are driedb
over MgSO, and the solvent is removed in a vacuum to yield 26.03 g of crude product The crude
product was used as-is for the subsequent steps.
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28.62 g of crude 4-(4-

tert-butyl-phenyl) -2-(1- |
methylcyclo- O
hexylmethylene)-indan-

f-one (GC: ~83 % e

purity) are dissolved in O. : Z O.
286 ml of ethyl acetate o) o}
in a flask with gas inlet .
and stirrer. 2 g of palladium on activated carbon (10 wt-% palladium) are added. The system is
evacuated and refilled with argon three times to remove oxygen and then evacuated and refilled
with hydrogen three times. The stirrer is started and the reaction mixture is vigorously stirred to
help the diffusion of hydrogen gas into the liquid reaction mixiure. The hydrogen uptake is
monitored and stirring is continued until the hydrogen uptake ceases. Filtering the crude reaction
mixture over a paper filier and removing the solvent in a vacuum leaves crude 4(4-tert-butyl-

- phenyl}-2-(1-methyl-cyclohexyimethyl}-indan-1-one (yield 27.99 g, GC: ~84 % purity). The
obtained crude product was used without further purification for the subsequent
reduction/elimination-sequence.

7-(4-tert-Buivl-pheny])-2-[( 1 -methvicvcichexyDmethyl]-1H-indene

279 g of crude 4-(4-tert-
butyl-phenyl)-2-[(1-

methylcyclohexyl)
methylj-indan-1-one (~ 83 O
% purity), 282 g (74.5 J e,

mmol) of NaBH, and 70.5 O. 2. p-TSOH

mal of toluene are charged

in a flask equipped with

reflux condenser, dropping

funnel and magnetic stirring bar. The mixture is warmed to 50°C and 14 mi of methanol are
slowly added with stirring and stirring is continued for 2.5 h o ensure a complete reaction.
Excess NaBH, is carefully hydrolyzed with approx. 40 ml of 2n H;804. The organic phase is
separated and the water phase is washed with another 35 ml of toluene. The combined organic
phases are twice extracted with 2n HSO,4 and dried over anhydrous MgS0,. Most of the solvent
is removed in a vacuum and replaced by fresh toluene up to a total volume of 100 ml and 0.3 g of
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p-toluenesulfonic acid are added. The reaction flask is fitted with a water separator and the
reaction mixture is heated to reflux for 1.5 h. The conversion can be monitored by TLC. Once
the dehydration is complete, the solution is washed with a saturated NaHCO; solution and dried
over anhydrous MgSOy. The solvent is thoroughly removed in a vacuum and 25.85 g of a brown
oil is obtained. Purification of the indene is carried out via a column chromatography. Yield:
18.85 g (~ 85 %) of T-«(4-tert-Butyl-phenyl)-2-[(1-methylcyclohexylymethyl}-1H-indene.
'H-NMR (500 MHz, CDCls, ppm): 8 = 7.48-7.44 (m, 4H, aromatic), 7.29 (m, 1H, aromatic) ,
7.25 (m, 1H, aromatic) , 7.13 (m, 1H, aromatic), 6.56 (s, 1H, =CH), 3.47 (s, 2H, benzylic), 2.38
(s, 2H, aliphatic), 1.55 — 1.2 (br m, 10H, aliphatic), 1.37 (s, 9H, -C(CH;)s), 0.91 (s, 3H, CH3).

4-tert-butyl-phenyl}-2-[{1 -methvlcyclohexvhmethvii-1 H-inden-1 -vi

244 g (68.0 mmol} 7-(4- -
tert-Butyl-phenyl)-2-((1-
methyl cyclohexylymethyl)-

1H-indene were dissolved in O . O

414 ml of toluene and 122 I 1. n-Buki I
mi of THF in a 1000 m] — O’ | 2. (CHy),8iChL
round bottom flask. 28.6 ml 1
of n-butyl lithium (2.5 M in Si(GHa);
toluene, 1.05 eq.) were _

added at room temperature and the solution was stirred 1 h at 80°C. Afler cooling o 40°C 4.13
ml (0.5 eq.) of dimethyldichiorosilane were added in one portion and the mixture was stirred at
60°C for 20 h. After cooling to room temperature 250 mi of water were added and the phases
were separated. The aqueous layer was extracted once with 100 ml of toluene and the combined
organic layers were washed once with 200 ml of saturated NaClsolution, dried over magnesium
suiphate and the solvent was evaporated in a vacuum. The crude product was purified via a
column chromatography to vield 16.8 g (64 %) of an isomeric mixture of the desired product.
"H-NMR (500 MHz, CDCl;, ppm): § = 7.51 — 7.14 (multiple m’s, 14H, aromatic), 6.82 and 6.80
(2 xs,2H,=CH),3.94 and 3.85 (2 x 5, 2H, CH-SiMey), 2.53/2.35and 2.38 /221 2 x [2 x “d”},
44, CH,-), 1.51 — 1.16 (muitiple m’s, 20 H, aliphatic), 1.382 and 1.376 (2 x s, 18H, -C(CH;)3),
0.85 and 0.80 (2 x 5, 6H, CH3), -0.08, -0.28 and -0.52 (3 x 5, 6H, SiCH3).
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dichloride
To 92 g (11.8

mmol) of Bis[4-(4-
tert-butyl-phenyl})-2-

[(i-methyl- O 1. n-Bull
I 2. 2,

cyclohexylmethyl}-

1H-inden-I-yi}- O‘ |
dimethylsilane were - SUCHy), ?
added 92 ml of dry

diethyl ether in a 250

ml round bottom flask. Approx. 20 minutes after adding 9.8 ml of n-butyllithium (2.5 M in
toluene, 2.05 eq.) at room temperature the initial suspension transformed into a clear orange
solution. The mixture was stirred over night at this temperature and then was cooled to 0°C. 2.77
g (1 eq.) of zirconium tetrachloride were added and after warming to room temperature stirring
was continued for 5 h. The crude reaction mixture was filtered over a G4 frit and the residue was
washed twice with 10 ml of diethyl ether. The filter cake was extracted once with 30 ml, once
with 20, once with 15 and once with 10 ml of hot toluene, from the filtrate 2.95 g of the
metailocene with a rac/meso-ratio of 5:1 were obtained. For further t/m enrichment the product
was crystailized from tbiuene. ‘H-NMR (500 MHz, CDCl, ppm): 8 = 7.61 (m, 2 H, aromatic),
7.53 (m, 4H, aromatic), 7.40 (m, 2 + 4H, aromatic), 7.33 (m, 2H, aromatic), 7.05 (rh, 2H,
aromatic), 6.91 (s, ZH, indenyl-H), 2.65 and 2.23 (2 x “d”, 2 x 2H, indenyl-CFH3), 1.48 - 1.08
- (multiple m’s, 20 H, ring), 1.35(s; 6H, CHagi), 1.32 (s, 18H, C(CHj3)3), 0.75 (s, 6H, CH3).
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Example 7:
Dimethylsilandiyibis[2-[(1-methylcyclopentyl)methyl}-4-(4-tert-butylphenyl)-1 -indenyl]-
zirconium dichloride
Aldol _ condensation __between  4-(4-tert-butyl-phenyl}-indan-1-one _ and 1-methyl-

. cyclopentanecarbaldehvde
15.4 g (58.3 mmol) of 4-(4-tert-butyl-

phenyl)-indan-1-one, 6.9 g (61.5 mmol)

of  l-methyl-cyclopentylcarbaldehyde, o
108 g (781 mmol) of potassium O &

~carbonate and 160 ml of ethanol are KGOy, EIOH
placed into a round bottom flask. The |. O’ - -
mixture is heated to a temperature of 76 - o
78°C with stirring for 50h. 10 %
hydrochioric acid is added until no gas evolution is observed anymore and the precipitating salts
are dissolved by adding enough water to dissolve them. The aqueous phase is extracted twice
with 150 mi of methylene chloride. The combined organic phases are dried over MgSQ; and the
solvent is removed in a vacuum to yield 21.1 g of crude product. The crude product was used as-
is for the subsequent steps.

Hydrogenation of 4m(4—tert-butﬂ—nhenvl}-il-[( -methvleyvclopentyDmethvlenel-indan-1-cne
21.0 g of crude 4-(4-tert-butyl-
pheny})-2-(1-methyl-cyclo-

hexylmethyleneindan-1-one (GC:
~83 % purity) are dissolved in
- 220 ml of ethyl acetate in a flask
with gas inlet and stirrer. 1.5 g of

PAIC, H, O.

o]

palladium on activated carbon (10
wt-% palladium) are added. The
system is evacuated and refilled with argon three times to remove oxygen and then evacuated

and refilled with hydrogen three times. The stirrer is started and the reaction mixture is
vigorously stirred to help the diffusion of hydrogen gas into the fiquid reaction mixture. The
hydrogen uptake is monitored and stirring is continued until the hydrogen uptake ceases.
Filtering the crude reaction mixture over a paper filter and removing the solvent in a vacuum
leaves erude 4-(4-tert-butyl-phenyl)-2-((1-methylcyclohexyl)methyi)-indan-1-one (yield 19.9 g,
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GC: ~86 % purity). The obtained crude product was used without further purification for the
subsequent reduction/elimination-sequence.

-1 4;tert-Butzi«phenyi }-2-{(1-methylcyclopentylimethyl)-1H-indene
19.5 g of crude 4-(d-tert-butyl-

phenyl)-2-[(I-methyleyclopentyl)

methyl)-indan-l1-one (~ 86 % O O

purity), 2.06 g (54.5 mmol) of 1. NaBH,

NaBH, and 52 mi of toluene are O’ . _BeTeoRIs OQ ‘

charged in a flask equipped with R

reflux condenser, dropping funnel
and magnetic stirring bar. The mixture is warmed to 50°C and 10 ml of methanol are slowly
added with stirring and stirring is continued for 2.5 h to ensure a complete reaction. Excess
WNaBH; is carefully hydfoiyzed with approx. 30 mi of 2n H,804. The organic phase is separated
and the water phase is washed with another 26 ml of toluene. The combined organic phases are
twice extracted with 2n H80; and dried over anhydrous MgS04. Most of the solvent is removed
in a vacuum and replaced by fresh toluene up to a total volume of 75 mil and 0.22 g of p-
toluenesulfonic acid are added. The reaction flask is fitted with a water separator and the reaction
mixture is heated to reflux for 1.5 h. The conversion can be monitored by TLC. Once the
dehydration ié compiete, the solution is washed with a saturated NaHCO; solution and dried over
anhydrous MgSO4. The solvent is thoroughly removed in a vacuum and a brown oil is obtained.
Purification of the indene is carried out via a column chromatography. Yield: 13.8 g (~ 86 %) of

7-(4-tert-Butyl-phenyl)-2-[( 1 -methylcyclopentyl)methyl]-1H-indene.
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Bis[4-(4-tert-butvi-phenv-2-[(1 -methvicvelopentyDimethvil-1 H-inden- 1-vil-dimethyl-silane
13 g (37.7 mmol) 7-(4-tert-

Butyl-pheny!)-2-({1-methyl-
cyclopentyl)methyl)-1H-
indene were dissolved in O .
228 ml of toluene and 67 ml | . 2.1'(;2;:;0,2
of THF in a 500 m] — round OQ P
bottom flask. 15.8 ml of n- o 8i(Criy)
butyl lithium (2.5 M in

toluene, 1.05 eq.) were added at room temperature and the solution was stirred 1 h at 80°C. After
cooling to 40°C 2.27 mi (0.5 eq.) of dimethyidichlorosilane were added in one portion and the
mixture was stirred at 60°C for 20 h. After cooling to room temperature 120 ml of water were
added and the phases were separated. The aqueous layer was extracted once with 60 ml of
toluene and ihé combined organic layers were washed once with 100 ml 6f saturated NaCl-
solution, dried over magnesium suiphate and the solvent was evaporated in a vacuum. The crude

product was purified via a column chromatography to vield 9.4 g (67 %) of the desired product.

Dimethylsilandivlbis 2; 1-methyleyclopentyl)methyl)-4-(tert-butylphenvl)-1-indenvil-
zirconium dichloride
To 9.0 g (12.1 mmol) of

Bis[4-(4-tert-butyl-
phenyl)-2-{{1-methyl

cyclopentyl}-methyl]- |
1H-inden-[-yl]dimethyl-

silane were added 94 mi O‘ .
o “2

of dry diethyl ether in a SHCHg),

=
P 4. p-Buld
2. ZrCY,

250 ml round bottom
flask.  Approx. 20

minutes after adding 9.9 ml of n-butyllithium (2.5 M in toluene, 2.05 eq.) at room temperature
the initial suspension transformed into a clear orange solution. The mixture was stirred over
night at this temperature and then was cooled to 0°C. 2.82 g (1 eq.) of zirconium tetrachloride

were added and after warming to room temperature stirring was continued for 5 h. The crude
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reaction mixture was filtered over a G4 frit and the residue was washed twice with 10 mlof
diethyl ether. The filter cake was extracted once with 30 mi, once with 20, once with 15 and once
with 10 ml of hot toluene, from the filtrate 2.95 g of the metallocene with a rac/mesoratio of 4:1

were obtained. For further r/m enrichment the product was crystallized from toluene.

Example §:
Dimethylsilandiylbis{2-{(1-ethylcyclohexyl)methyl]-4-(4-tert-butylphenyi)-1-indenyl}-zirconium
dichloride
Aldol _ condensation  between  4-(4-tert-butyl-phenyl}-indan--one __ and 1-ethyl-

cvclohexanecarbaldehvde
18.6 g (70.4 mmol) of 4-(4-tert-butyl-

phenyh)-indan-1-one, 103 g (73.5 '

mmol) of 1-ethyl-

cyciqhexylcérbaldehyde,\13.0 g (94.1 m(cﬂo O I
mmol) of potassium carbonate and 160 O' m O.

m! of ethanol are placed into a round 0 .

bottom flask. The mixture is heated to a

temperature of 76 - 78°C with stirring for 50 h. 10 % hydrochloric acid is added until no gas
evolution is observed anymore and the precipitating salts are dissolved by adding enough water
to dissolve them. The aqueous phase is extracted twice with 150 ml of methylene chloride The
combined organic phases are dried over MgSCy and the solvent is removed in a vacuum to yield

25.9 g of crude product. The crude product was used as-is for the subsequent steps.

Hydrogenation of 4-(4-tert-butyl-phenyl

25.0 g of crude 4-(4-tert-
butyl-phenyl)-2-(1-

-2-[(1-ethvicvelohexyDmethvlenel-indan-1-one

sthyleyclo-
hexylmethylene)}-indan-1-
one {(GC: ~83 % purity)

are dissolved in 250 ml of

H,,Pd/C I

ethyl acetate in a flask
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with gas inlet and stirrer. 1.75 g of palladium on activated carbon (10 wt% palladium) are
added. The system is evacuated and refilled with argon three times to remove oxygen and then
evacuated and refilled with hydrogen three times. The stirrer is started and the reaction mixture is
vigorously stirred to help the diffusion of hydrogen gas into the liquid reaction mixture. The
hydrogen uptake is monitored and stirring is continued until the hydrogen uptake ceases.
Filtering the crude reaction mixture over a paper filter and removing the solvent in a vacuum
leaves crude 4-(4-tert-butyl-phenyl)-2-(1-ethyl-cyclohexylmethyl)-indan-1-one (yield 24.4 g,
GC: ~82 % purity). The obtained crude product was used without further purification for the

subsequent reduction/elimination-sequence.

7-(4-tert-Butyl-phenyD-2-[( 1—ethglcyclohexgl}methylI 1H-indene
240 g of crude 4-(4-tert-butyl-

phenyl)-2-[(1-ethylcyclohexyl)

methyl}-indan-l-one (~ 82 % 7 O

purity), 2.4 g (634 mmol) of I 1. NaBH, I
NaBH; and 60 ml of toluene are O . ,,m., . OO
charged in a flask equipped with

o

reflux condenser, dropping funnel

and magnetic stirring bar. The mixture is warmed to 50°C and 12 ml of methanol are slowly
added with stirring and stirring is continued for 2.5 h to ensure a complete reaction. Excess
NaBH, is carefully hydrolyzed with approx. 35 ml of 2n H2SQ4. The organic phase is separated
and the water phase is washed with another 30 ml of toluene. The combined organic phases are
twice extracted with 2n HoSO4 and dried-over anhydrous MgS0y. Most of the solvent is removed
in a vacuum and replaced by fresh toluene up to a total volume of 90 mi and 0.26 g of p-
toluenesuifonic acid are added. The reaction flask is fitted with a water separator and the reaction
mixture is heated to reflux for 1.5 h. The conversion can be monitored by TLC. Once the
dehydratioh is complete, the solution is washed with a saturated NaHCOQ; solution and dried over
anhydrous MgS0;. The solvent is thoroughly removed in a vacuum and 22.4 g of a brown oil is
obtained. Purification of the indene is carried out via a column chromatography. Yield: 153 g
~ 81 %) of 7-(4-tert-Butyl-phenyl}-2-{(i-ethylcyclohexyl)methyl}-1 H-indene.

89



121 0.20.46592.731 Ex166.01100.1 03684 2.6 32 Ex 16 4.5118 0.2 0.4 649 2.6

WO 2010/077230 PCT/US2008/014144

15 g (403 mmol) 7-(d4-tert- |
Butyl-phenyl}-2-{(1-ethyl
cyclohexylmethyl)-1H-indene

were dissolved in 245 ml of O

1. n-Boli
toluene and 72 mi of THF in a I 2. (CHy),SiCH, ‘ I
1000 ml — round bottom flask. OO ] O‘ ]

16.9 mi of n-butyl lithium {2.5 SHCHy)
M in toluene, 1.05 eq.) were

added at room temperature and the solution was stirred | h at 80°C. After cooling to 40°C 2.43
ml (0.5 eq.) of dimethyldichlorosilane were added in one portion and the mixture was stirred at
60°C for 20 h. After cooling to room temperature 150 ml of water were added and the phases
were separated. The aqueous layer was extracted once with60 ml of toluene and the combined
organic layers were washed once with 150 m! of saturated NaCl-solution, dried over magnesium
sulphate and the solvent was evaporated in a vacuum, The crude product was purified via a
column chromatography to yield 10.0 g (62 %) of the desired product.

dichloride
To 9.8 g (12.2 mmol) of

Bis[4-(4-tert-butyl-phenyl)-
2-f(1 -ethyl- .
cyclohexylmethyl}-1H- O 1. nButi
inden-1-yl]-dimethylsilane SRR

were added 95 mi of dry 1 O‘

diethy! ether in a 250 m] SitCHq)z

round bottom flask. Approx.

20 minutes after adding 10.0 ml of n-butyllithium.(2.5 M in toluene, 2.05 eq.) at room
temperature the initial suspension transformed into a clear orange solution. The mixture was
stirred over night at this temperature and then was cooled to 0°C. 2.84 g (1 eq.) of zirconium
tetrachloride were added and afier warming to room temperature stirring was continued for 5 h.
The crude reaction mixture was filtered over a G4 frit and the residue was washed twice with 10

ml of diethyl ether. The filter cake was extracted once with 30 ml, once with 20, once with 15
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and once with 10 mi of hot toluene, from the filtrate 2.80 g of the metallocene with a rac/meso-

ratio of 5:1 were obtained. For further r/m enrichment the product was crystallized from toluene.
Preparation of methylaluminoxane treated silica;

S Example 9: .
To a stirred suspension of 293 g of silica (Grace XP02107, dried at 180°C and 1 mbar

for 16 hours, LOD < 0.5 wt% and LOI = 2.6 wi%) in-1500 mL of toluene is added siowiy 300
mL of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle Corporation) at room
temperature. During the addition the temperature must not exceed 3(°C. After the addi‘tion is
complete, the mixture is stirred for two hours at room témperature and separated by filtratian.
The residue is washed with two 1500 mL portions of toluene and three 1500 mL portions of
isohexane and dried in vacuum to constant weight. The methylaluminoxane treated silica is

obtained as a free-flowing powder in a yield of 408 g.
Example 10:

There is no Example 10 in this application. In order to make it easier for the reader to correlate
the metallocenes made in Examples | thru 8, fo the catalysis made in Examples 11 through 18,
example 10 has been omitted. In this manner, the metallocene of Example 1 is used to prepare.
the catalyst in Example 11, similarly, the metallocene of Comaprative Example 4 is now used to

produce the catalyst of Comparative Example 14, ete,

Preparation of supporied metallocene catalvsts:

Comparative Example 11:

10.0 g of the methylaluminoxane treated silica prepared in Example 9 are placed ina
fritted glass filter as a column with a smooth surface. A minimai amount of toluene is added and
the treated silica is carefully stirred with a spatula to remove any air pocketsin the column. The
excess toluene is removed by filtration leaving a smooth surface. In a separate flask 326 mg of

rac-Dimethylsilanediylbis(2-(cyclohexylmethyl }-4-(4-tere-butyl-phenyl)- 1-indenyl)-zirconium

91



0.8 614 2.5 36 Ex 16 56.0 amorphous 0.1 0.6 676 2.7 37 Ex 17 153 0.1 0,2 683 2.8 38 Ex 17
WO 2010/677230 PCT/US2008/014144

dichloride {(prepared in Cphpamtive Example 1) are mixed with 27 mL of toluene and 13.6 mL
of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle Corporation). The slurry is
stirred at room temperature for one hour to give an orange solution. This solution is then
carefully added on top of the methylaluminoxane treated silica and slowly filtered off within
approximately 30 minutes. When the surface of the colored solution reaches the top of the silica,
the filtration process is sto_p.ped and the filter cake is carefully and thoroughly stirred by means of
a spatula. The catalyst is then allowed to rest for one hour. The residual solvent is filtered off and
the catalyst is washed twice with isohexane (20 mL) and dried in a nitrogen purge to constant

weight. The catalyst is obtained as free-flowing reddish powder in a yield of 12.0 g.

Comgarativé_: Example 12;
10.0 g of the methylaluminoxane treated silica prepared inExample 9 are placed in a

fritted glass filter as a column with a smooth surface. A minimal amount of toluene is added and
the treated silica is carefully stirred with a spatula.to remove any air pockets in the column. The
excess toluene is removed by filtration leaving a smooth surface. In a separate flask 307 mg of
rac-Dimethylsilanediylbis(2-(teri-butylmethyl)-4-(4-tert-butylphenyl)-1-indenyi}-zirconium
dichloride (pfepared in Comparative Example 2) are mixed with 27 mL of toluene and 13.6 mL
of a 30 wt-% solution of methylaluminoxane in toluene {(Albemarle Corporation). The slurry is
_stirred at room temperature for one hour o give an orange solution. This solution is then
carefully added on top of the methylaluminoxane treated silica and slowly filtered off within
approximately 30 minutes. When the surface of the colored solution reaches the top of the silica,
the filtration process is stopped and the filter cake is carefully and thoroughly stirred by means of
a spatula. The catalyst is then allowed to rest for one hour. The residual solvent is filtered off and
the catalyst is washed twice with isohexane {20 mL) and dried in & nitrogen purge to constant

weight. The catalyst is obtained as free-flowing reddish powderina yvieldof 11.4 g.

Comparative Example 13;

10.0 g of the methylaluminoxane treated silica prepared inExample 9 are placed in a
fritted glass filter as a column with a smooth surface. A minimal amount of toiuene is added and
the treated silica is carefully stirred with a spatula to remove any air pockets in the column. The

excess toluene is removed by filtration leaving a smooth surface. In a separate flask 363 mg o

92



153 16 61 202 2.9 39 Ex 17 54.0 amorphous 0.2 0.7 646 2.9 40 Ex 18 151 0.2 0.8 629
WO 2010/077230 PCT/US2O08/M14144

rac-Dimethylsilanediylbis(2-(1-adamantylmethyl)-4-(4-fert-butylphenyl)-1-indenyl)-zirconium
dichloride (prepared in Comparative Example 3) are mixed with 27 mL of toluene and 13.6 mL

| ~ of a 30 wi-% solution of methylaluminoxane in toluene (Albemarle Corporation). The sturry is
stirred at room temperature for one hour to give an orange solution; This solution is then
carefully added on top of the methylaiu_minoxane treated silica and slowly filtered off within
approximately 30 minutes. When the surface of the colored solution reaches the top of the silica,
the filtration process is stopped and the ﬁlt.er_ cake is carefully and thoroughly stirred by means of
a spatula. The catalyst is then allowed to rest for one hour. The residual solvent is filtered off and .
the catalyst is washed twice with isohexane (20 mL) and dried in a nitrogen purge to constant

weight. The catalyst is obtained as free-flowing reddish powder in a yield of 11.8 g,

Comparative Example 14:
10.0 g of the methyialurhinoxane treated silica prepared in Example 9 are placed ina

fritted glass filter as a column with a smooth surface. A minimal amount of toluene is added and
the treated silica is carefully stirred with a spatula to remove any air pockets in the column. The
excess toluene is removed by filtration leaving a smooth surface. In a separate flask 267 mg of
rac-Dimethylsilanediylbis(2-methyl-4-(4-tert-butylphenyl)-1-indenyl)-zirconium dichloride
(prepared in Comparative Example 4) are mixed with 27 mL of toluene and 13.6 mL of a 30 wt-
% solution of methylaluminoxane in toluene (Albemarle Corporation). The slurry is stirred at
room temperature for one hour to give an orange solution. This solution is then carefuiiy added
on top of the methylaluminoxane treated silica and slowly filtered off within approximately 30
minutes. When the surface of the colored solution reaches the top of the silica, the filtration
process is stopped and the fiiter cake is carefully and thoroughly stirred by means of a spatula.
The catalyst is then allowed to rest for one hour. The residual solvent is filtered off and the
catalyst is washed twice with isohexane (20 mL) and dried in a nitrogen purge to constant

weight. The catalyst is obtained as free-flowing orange powder in a yield of 11.9 g.

Comparative Example 15:
10.0 g of the methylaluminoxane treated silica prepared in Example 9 are placed ina

fritted glass filter as a column with a smooth surface. A minimal amount of toluene is added and

the treated silica is carefully stirred with a spatula to remove any dr pockets in the column. The
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excess toluene is removed by filtration leaving a smooth surface. In a separate flask 277 mg of
rac»Dimethylsilahediyl(2-methyl~4-(4~rert-butylpheny])indenyl)(2-isopropy14-(4-Iert—
butylphenyi)indenyl)ziréonium dichloride (prepared in Comparative Example 5) are mi);ed with
27 mL of toluene and 13.6 mL of a 30 wt-% solution of methylaluminoxane in toluene
(Albemarle Corporation). The slurry is stirred at room temperature for one hour to give an
orange solution. This solution is then carefully added on top of the methylaluminoxane treated
silica and slowly filtered off within approximately 30 minutes. When the surface of the colored
solution reaches the top of the silica; the filtration process is stopped and the filter cake is
carefully and thoroughly stirred by means of a spatula. The catalyst is then allowed to rest for
one hour. The residual solvent is filtered off and the catalyst is washed twice with isohexane (20
mL) and dried in a nitrogen purge to constant weight. The catalyst is obtained as free-flowing

orange powderina vieldof 11.9 g.

, Example 16:
10.0 g of the methylaluminoxane treated silica prepared in Example 9 are placed in a

fritted glass filter as a column with a smooth surface. A minimal amount of toluene isadded and
the treated silica is carefully stirred with a spatula to remove any air pockets in the column. The
excess toluene is removed by filtration leaving a smooth surface. In a separate flask336 mg of

. rac-Dimethylsilandiylbis{2-[(1-methylcyclohexyl)methyl}-4-(tert-butylphenyl)- 1 -indenyl}-
zirconium dichloride (prepared in Example 6) are mixed withlZ'? mL of toluene and 13.6 mL of a
30 wt-% solution of methylaluminoxane in toluene (Albemarle Corporation). The shurry is stirred
at room temperature for one hour to give an orange solution, This solution is then carefully
added on top of the methylaluminoxane treated silica and slowly filtered off within
approximately 30 minutes. When the surface of the colored solution reaches the top of the silica,
the ﬁltratiqn process is stopped and the filter cake is carefully and thoroughly stirred by means of
a spatula. The catalyst is then allowed to rest for one hour. The residual solvent is filtered off and
the catalyst is washed twice with isohexane (20 mL) and dried in a nitrogen purge to constant

weight. The catalyst is obtained as free-flowing orange powder in a yield of 11.6 g.
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Example 17:
10.0 g of the methylaluminoxane treated silica prepared in Example 9 are placed ina

fritted glass filter as a column with a smooth surface. A minimal amount of toluene is added and
the treated silica is carefully stirred with a spatula to remove any air pockets in the column. The
excess toluene is removed by filtration leaving a smooth surface. In a separate flask 326 ng of
rac-Dimethylsilandiylbis[2-[{1 -methylcyclopentyhmethyl}-4-(te rt-bﬁ%}lphenyl)— l-indenyl}-
zirconﬁum dichloride (prepared in Example 7) are mixed with 27 mL of toluene and 13.6 mL of a
30 wit-% solution of methylaluminoxane in toluene (Albemarle Corporafion}. The shurry is stirred
~ atroom temperafure for one hour to give an orange solution. This solution is then carefully
added on top of the methylaluminoxane treated silica and slowly filtered off within
approximately 30 minutes. When the surface of the clored solution reaches the top of the silica,
the filtration process is stopped and the filter cake is carefully and thoroughly stirred by means of
a spatula. The catalyst is then aliowed to rest for one hour. The residual solvent is filtered off and .
the catalyst is washed twice with isohexane (20 mL) and dried in a nitrogen purge to constant -

weight. The catalyst is obtained as free-flowing orange powder in a yield of 11.3 g.

‘ Example 18:

10.0 g of the methylaluminoxane treated silica prepared inExample 9 aré placed ina
fritted glass filter as a column with a smooth surface. A minimal amount of toluene is added and
the treated silica is carefully stirred with a spatula to remove any air pockets in the column. The
excess toluene is removed by filtration leaving a smooth surface. In a separate flask 346 mg of
rac-Dimethylsilandiylbis[2-[(1-ethylcyclohexyDmethyll-4-(tert-butylphenyl)-1-indenyl]-
zirconium dichloride {prepared in Example 8} are mixed with 27 mL of toluene and 13.6 mL of a
30 wt-% solution of methylaluminoxane in toluene (Albemarle Corporation). The slurry is stirred
at room temperature for one hour to give an orange solution. This solution is then carefully
added on top of the methylaluminoxane treated silica and siowly filtered off within
approximately 30 minutes. When the surface of the colored solution reaches the top of the silica,
the filtration process is stopped and the filter cake is carefully and thoroughly stirred by means of
a spatula. The catalyst is then allowed to rest for one hour. The residual solvent is filtered off and
the catalyst is washed twice with isohexane (20 mL} and dried in a nitrogen purge to constant

weight. The catalyst is obtained as free-flowing orange powder in a yield of 11.5 g.
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Example 19;
The reader will note that in the tables comparing results, Example 19 and Comparative

Example 20 are separated from the comparisons made between all other inventive Examples and
Comparaﬁvc Examples. The reason for this is that the catalysts for bdth inventive Example 18
and Comparative Example 19 were prepared by a special process previously revealed by the
inventors in U.S. Patent 7,169,864 that has been demonstrated to increase the activity of
metallocene catalysts over standard preparation methods. It would be inaccurate to compare

catalysts made by the ‘864 method to those made by standard metallocene preparation methods.

To a stirred suspension of 100 g of silica (Grace XPOSOOL dried at 180°C and | mbar
for 16 hours, LOD < 0.5 wt% and LOI = 2.5 wit%) in 480 mL of toluene is added slowly 250 mL
ofa .30 wi-% solution of methylaluminoxane in toluene (Albemarle Corporation) at room
temperature, For safety reasons not related to the efficacy of the process or the catalyst, diring
the addition the temperature should not exceed 30°C. After the addition is complete, the mixture
is stirred for half an hour at room temperature and then heated and allowed to reflux for four
hours. After cooling down to room temperature the solvent is separated by filtration. The residue
is washed with two 500 mL portions of toluene and three 500 ml poriions of isohexane and
dried in vacuum to constant weight. The methylaluminoxane treated silica is'oﬁtained asa frée»
flowing powder in a yield of 180 g.

10.0 g of the methylaluminoxane treated silica are placed in a fritied glass filteras a
column with a smooth surface. A minimal amount of toluene is added and the treated silica is
carefully stirred with a spatula to remove any air pockets in the column. The excess toluene is
removed by filtration leaving a smooth surface. In a separate flask 336 mg of rac-
Dimethylsilandiylbis[2-{(} -metﬁylcyclohexyi)methyi']~4~(tert«butylphenyi)— [-indenyl]-zirconium
dichloride (prepared in Example 6) are mixed with 10 mL of toluene and 33.4 mL of a 10 wt-%
solution of triisobutylaluminum in heptane (Akzo Nobel). The slurry is stirred at room
temperature for one hour. This solution is then carefully added on top of the methylaluminoxane
treated silica and slowly filtered off within approximately 30 minutes. When the susface of the
colored solution reaches the top of the silica, the filtration process is stopped and the filter cake is

carefully and thoroughly stirred by means of a spatula. The catalyst is then allowed to rest for
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one hour, The residual solvent is filtered off and the catalyst is washed twice with isohexane (20
mL) and dried in a nitrogen purge to constant weight, The catalyst is obtained as freeflowing

powder in a yield of 12 g.

Comparative Example 20:

To a stirred suspension of 100 g of silica (Grace XPO800I, dried at 180°C and | mbar
for 16 hours, LOD < 0.5 wt% and LOI = 2.5 wt%) in 480 mL of toluene is added slowly 250 mL
of a 30 wt-% solution of methylaluminoxane in toluene (Albemarie Corporation) at room
temperature. During the addition the temperature must not exceed 30°C. After the addition is
complete, the mixture is stirred for half an hour at room temperature and then heated and allowed
to reflux for four hours. After cooiihg down to room temperature the solvent is separated by
filtration. The residue is u‘!ashe_d with two 500 mL portions of toluene and three 500 mL portions
of isohexane and dried in vacuum to constant weight. The methylaluminoxane treated silica is
obtained as a free-flowing powder in a yield of 180 g.

10.0 g of the methylaluminoxane treated silica are placed in a fritted glass filterasa
column with a smooth surface. A minimal amount of toluene is added and the treated silica is
carefully stirréd with a spatula fo rerﬁove any air pockets in the column. The excesstoluene is
removed by filiration leaving a smooth surface. In a separate flask 326 mg ofrac-
Dimethylsilanediylbis(2-(cyclohexyimethy}-4-(4-tert-butyl-phenyl)-1-indenyl)-zirconium
dichloride (prepared in Comparative Example 1)are mixed with 10 mL of toluene and 33.4 mL

“of a 10 wt-% solution of triisobutylaluminum in heptane (Akzo Nobel). The Slurry is stirred at
room temperature for one hour. This solution is then carefully added on top of the
meihylaiuﬂiimxane treated silica and slowly filtered off within approximatly 30 minutes. When
the surface of the colored solution reaches the top of the silica, the filtration process is stopped
and the filter cake is carefully and thoroughly stirred by means of a spatula. The catétyst is then
allowed to rest for 6ne hour. The residual solvent is filtered off and the catalyst is washed twice
with isohexane (20 mL) and dried in a nitrogen purge to constant weight. The catalyst is obtained

as free-flowing powder ina vield of 11.8 g.

Polymerizations:

Polymerization Procedure (batch propylene homo- and co-polymerization):
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A dry and nitrogen purged 5 dm® autoclave equipped with a stirrer is charged with if
desired 100 g of metaliocene polymer seed bed. Optionally, a certain émount of hydrogen is
metered in, Triisobutylaluminum (1 cm® of a 10 wt.-% solution in heptane), liquid propylene
(one-half of the total amount used for the run), and optionally, a certain amount of ethylene are
metered in and the mixture is stirred for at least 5 minutes (stirrer speed 200 rpm) at 20 °C. Then

. supported metallocene catalyst, suspended in 5 cny’ of white oil, is injected with liquid propylene
(one-half of total amount used for the run). The reactor is heated to the internally measured run
temperature (65, 60 or 30 °C) within 11 minutes. The ﬁoiymer_ization reaction is allowed to
proceed at the run temperature for either 15 or 60 minutes. During the 60 min copolymerization
runs the reactor pressure was maintained by continuous feeding of ethylene and propylene. The
polymerization is stopped by releasing the monomer and cooling down the reactor. The polymer

is discharged and dried under reduced pressure.
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Table 1: Polymerisations
Poly. Catalyst Hz C3 C2 | Catalyst | Polym. | Polym. | Yield Productivity
Example from [mg] [g} [g} Img] Temp. Time {g] [g polymer /
[°C] [min] g catalyst*hour]

i Comp 11 - 1838 - Gl 65 60 478 7,800
2 Comp 11 50 1837 - 35 65 60 1117 19,900
3 Comp 11 - 1192 25 30 60 60 183 6,100
4 Comp 11 - 1182 | 38 30 60 60 133 4,500
5 Comp 11 - 1836 60 75 65 i5 180 10,100
6 Comp 11 1185 | 75 30 60 60 _ 108 3,600
7 Comp 11 - 1115 | 110 30 o0 60 98 3,300
8 Comp i1 - 1767 | 120 75 65 15 195 10,400
9 Comp 11- - i700 | 180 75 - 65 15 210 11,200
10 Comp i1 - 55 100 50 60 60
11 Comp 11 - 55 125 50 60 60
12 Comp 11 - 55 142 50 60 60
13 Comp 12 - 1837 - 105 65 60 422 4,000
14 Comp 12 50 1836 - 26 G5 60 457 17,500
15 Comp 12 - 55 142 50 60 60
16 Comp 13 - 1837 - 97 65 60 410 4,200
17 Comp 13 50 1836 - 30 65 60 450- 17,500
18 Cornp 13 - 35 142 50 60 60
19 Comp 14 - 1830 - 105 65 60 517 4,920
20 Comp 14 50 1830 - 56 65 60 667 11,910
21 Comp 14 - 55 142 50 1y 60
22 Comp 15 - 1836 - 104 65 60 215 2,070
23 Comp 15 50 1834 - 61 65 60 581 2,520
24 Comp 15 - 55 142 50 60 60 :
25 Ex 16 - 1830 - 100 65 60 820 8,200
26 Ex 16 50 1831 - 41 65 6G 1125 27,400
27 Ex iI6 - 1189 25 30 60 60 242 8,050
28 Ex 16 - 1240 | 40 30 60 60 238 7.900
29 Ex i6 - 1845 | 60 75 65 i5 211 11,250
30 Ex 16 - 1264 30 32 o8 60 206 6,400
3 Ex 16 - 1010 | 100 28 60 60 188 6,700
32 Ex 16 - 1800 | 120 75 65 15 248 13,200
33 Ex 16 “ 1610 | 170 75 65 15 296 15,800
34 Ex 16 - 55 160 50 . 60 60
35 Ex 16 - 55 125 50 60 60
36 Ex 16 - 55 142 50 60 60
37 Ex 17 - 1820 - 98 65 60 &08 8,100
38 Ex 17 50 1835 - 40 65 60 1013 25,300
39 Ex 17 - 55 142 30 60 60
40 Ex 1% - 1800 - 100 65 60 790 7,900
41 Ex 18 50 | 1820 - 39 65 60 824 21,100
42 Ex 18 - 55 142 30 60 60
43 Ex 19 - 1835 - 45 65 60 443 9,800
44 Ex |9 50 1835 - 15 65 60 923 61,500
45 Ex 19 - 55 i42 30 60 60 260 8,700
46 Ex 19 - 1809 | 60 50 65 15 i73 13,850
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47 Ex 19 - 1752 1 120 50 65 15 245 19,600
48 Ex 18 - 1696 | 180 30 65 15 175 23,000
48 Ex 19 - 1628 1 240 30 65 5 145 58,000
50 Ex 19 14 234 1 558 30 65 45 320 14,200
51 Ex 19 25 1806 G0 50 65 15 250 20,000
52 Ex 19 25 1749 | 120 50 63 15 285 22,800
53 Ex 19 25 1 1697 | 180 30 65 15 170 36,000
54 Ex 19 25 1630 ¢ 240 30 63 5 140 56,000
55 Ex19 | 7% 1224 5 51 70 15 333 26,300
56 . Ex19 25 1225 | 15.. 51 70 15 34 24,500
57 Ex 19 25 1225 | 25 52 70 15 276 21,200
58 Ex 19 25 1223 35 53 70 15 283 21,200
59 Comp 20 - 1830 | - a5 65 60 362 8,000
60 Comp 20 50 1840 - 16 65 60 518 32,400
61 Comp 20 - 55 142 30 60 60
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Table 2: Polymer Properties:
Poly. Catafyst C2 MFR2.16 | MFRS Mw
Example From [wi%] | Tm [deg C} {e/107} [g/10°] [kg/mol}] | Mw/Mn
Example
1 Comp 11 - i51 0.14 0.4 846 34
2 Comp 11 - 151 11 34 235 2.6
3 Comp 11 1.3 140 0.2 0.9 582 2.7
4 Comp 1 1.7 137 0.3 1.2 544 2.5
5 Comp 11 2.1 135 0.5 1.7 523 2.9
6 Comp 11 3.8 123 0.8 3.0 413 2.6
7 Comp 11 5.7 111 0.6 2.5 454 2.9
8 Comp 11 4.3 118 0.8 3.1 422 2.9
9 Comp 1 6.5 103 0.4 1.5 491 2.8
10 Comp 1 39.7 | amorphous 6.9 21 280 2.7
11 Comp 11 49.] amorphous 11.5 35 188 2.3
12 Comp 11 56.0 1| amorphous 16.7 51.5 166 2.6
13 Comp 12 - 151 <0.] 02 763 2.7
14 Comp 12 - 150 18 55 172 2.3
15 Comp 12 57.1 amorphous 0.5 1.7 440 2.7
16 Comp 13 - 152 <0.1 <491 G20 2.6
17 Comp 13 - 153 11 30 241 2.6
18 Comp 13 56.0 | amorphous <{.] 0.2 760 2.7
19 Comp 14 151 0.35 1.8 730 4.0
20 Comp 14 151 4.3 12 216 3.9
21- Comp 14 | 49.5 | amorphous 25.4 g1.0 170 i3
22 Comp 15 - 153 1.2 4.0 387 2.8
23 Comp 15 - 155 45.3 152 146 2.4
24 Comp 15 53.2 | amorphous 0.2 0.7 632 29
25 Ex 16 - 152 <@.1 <0, 910 2.9
26 Ex 16 - 153 H 35 232 2.8
27 Ex 16 14 140 0.1 0.3 682 2.8
28 Ex 16 1.5 138 0.1 0.4 678 2.5
29 Ex 16 2.4 133 0.1 0.3 692 3.1
30 Ex 16 4.1 121 0.2 0.4 639 2.7
31 Ex i6 6.0 110 0.1 0.3 684 2.6
32 Ex 16 4.5 118 0.2 0.4 649 2.6
33 Ex 16 7.2 102 0.1 0.3 662 2.6
34 Ex 16 413 amorphous 0.1 0.4 659 29
35 Ex 16 51.9 | amorphous 0.2 0.8 614 2.5
36 Ex 16 56.0 amorphous 0.1 0.6 676 2.7
37 Ex 17 - 153 0.1 0,2 683 2.8
38 Ex 17 - 153 16 61 202 2.9
39 Ex 17 54.0 amorphous 0.2 0.7 646 29
40 Ex |8 - 151 02 0.8 629. 2.6
41 Ex 18 - - 152 21 76 189 3.3
42 Ex i8 52.1 amorphous 0.2 0.7 648 3.1
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Poly. Catalyst C2 MFR 2.16 MFR 5 Miw
Example From [wt%e} | Tm [deg C] ig/107 fe/107] ikg/mol] | Mw/Mn
Example
43 Ex 19 - 153 <0.1 0,3 726 32
44 Ex 19 - 153 15 - 215 29
45 Ex 19 55.3 | amorphous 0.1 0.4 682 2.8
46 Ex 19 2.1 133 g.12 0.6 581 2.7
47 Ex 19 6.8 118 0.1 0.5 568 2.3
48 ~ Ex 19 10.1 | 102 0.1 0.3 606 3.2
49 Ex 19 12.4 92 6.1 0.4 641 2.7
50 Ex 19 57.4 - 0.1 04 709 29
St Ex 19 2.3 134 8.8 31 267 2.7
52 Ex 19 4.3 119 2.5 5.4 306 3.3
53 Ex 19 7.1 103 1.6 7.4 355 33
54 Ex 19 9.3 1 1.4 4.7 382 3.2
53 Ex19 0.4 153 15 - 209 2.7
56 Ex 19 1.2 147 12 - 210 2.8
57 Ex 19 2.0 142 L - 227 2.8
58 Ex 19 2.8 139 9 - 232 2.9
59 Comp 20 - 151 0.1 04 729 315
60 1 Comp 20 - 151 12 37 225 2.8
61 Comp 20 | 56.0 | amorphous 18 55 149 2.9
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Table 1 and Table 2 represent the raw data presented by sixty-one polymerization test
runs. The remaining tables 3 - 13 break that data out by the ratio of propylene to ethylene (or if it
is a propylene homopolymer) and whether hydrogen was used in the polymerization process.
Only those results can be directly compared, where essentially the same polymerisation
conditions, like temperature, polymerisation time etc. were applied. Further more many of the
tables éontain two sets of data that are not comparable with each other. The difference between
those data sets is the way the catalyst preparation was performed As explained above, the
catalysts of Comparative Examples 11-15 and Examples 16-18 were prepared by a different
ca‘idiyst preparation procedure than Comparative Example 20 and Example 19 and hence
different polymerisation conditions are reflected by these sets of data. These data sets can only

be compared among themselves,

Propylene homopolvmers

Analvsis 1: Production of Propvlene polvmers without the ethviéne comonomer and without

hydrogen,

Table 3 shows the results of four experimental Metallocene catalysts conforming to the
requirements of the invention compared to six comparative examples.

The individual catalyst comparisons of the first set of comparable results between
inventive samples 16, 17 and 18 and comparative &xamples 11 to 15 show in general a higher
activity of all the inventive catalysts over the comparative.cataiysts. Even the inventive catalyst
with the lowest productivity (Ex. 18) shows a 13% increase in activity compared to the highest
activity comparative catalyst (Comp. 11). When the melting points are compared it is obvious
that similar melting points are obtained, and the highest melting point of 153°C is obtained by
one inventive example (Ex. 17) as well as by one comparative example (Comp. 15). The direct
comparison of these two examples shows that the activity of the inventive example 17 is almost
fourfold higher than the activity of comparative example 15. Since the molecular weight of the
inventive example 17 is almost twice as high as the comparative example 15, this is a dramatic

improvement.
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A general comparison of the molecular weight shows that the highest molecular weights
of 920 kg/mol and 910 kg/mol are reached by the comparative example 13 and the inventive
example 16, respectively. These molecular weights can be considered equal within the |
experimental error. At the same time the activity of the inventive example 16 is almost twice as
high as the activity of the comparative example 13, while the melting points of these two
examples both are 152°C. ‘

It is also most important to note that the metallocenes of Comparative Examples |
through 3, and the comresponding catalysts of Comparative Examples 11 through 13, would fall

“under the claims of the inventor’s co-pending patent application PCT/US2007/022614 (the
“genus application™), which the inventors have, inter alia, directed to the genus of B-branched
hydrocarﬁons in the 2-position, but these Comparative Exﬁmple do not fall under the claims of
the instant species application, Table 3 shows that, in the case of propylene without a hydrogen

- moderator, the species catalysts of the current invention, on average, are an astenishing 51.2%
more active than the comparative catalysts claimed under the genus applic_ation. Further, the
species catalysts of the present invention also demanstrate the more desirable properties of a
higher Tr, and MFR 2.16 and MFR 5 values over the tested catalysts that would fall under the
claims of the co-pending genus application..

The superiority of the catalysts of the current species invention over the catalysts of the
genus application is again demonstrated when hydrogen is introduced as a moderator. In this
case, Table 4 shows that the activity of the species catalyst of the present inventionincreases, on
average, a remarkable 34.4% over those of the catalyst of the genus application. Once again, the
products of the species catalysts of the current invention showimprovements in the desirable
properties of a Ty, and MFR 2.16 and MFR 5 values over tﬁose products made from the catalyst
of the genus application (see also Analysis 2).

 The second set of comparable results consists of'the catalyst derived from example 19
and comparative example 20. The catalyst preparation of these two catalysts differs from the one
of the afready discussed results and hence they need-to be compared seperately. Clearly it can be
seen that the inventive example shows a superior performance compared to the comparative
example 20. The productivity of the inventive example 19 is around 22% increased compared to

the comparison example 20, while the molecular weights and the MFR values are comparable.
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The melting point of the inventive example of 153°C is twe degrees higher than the one of the
comparative example 20.
Hence, independent of the catalyst preparaticn procedure it canbe seen that the inventive

examples show dramatic improvements over the comparative examples,

Analysis 2: Production of Propylene polymers without the ethylene comonomer and with the
presence of hydrogen.

Table 4 shows the results of four experimental Metallecene catalysts conforming to the
requirements of the invention compared to six comparative examples. However, in this case,
hydrogen was added during the polymerization process to enhance catalyst productivity and to
regulate the Molecular Weight.

The individual catalyst comparisons of the first set of comparable results between
inventive samples 16, 17 and 18 and comparative examples 11 to 15 show in general a higher

_activity of all the inventive catalysts over the comparative catalysts. Even the nventive catalyst
with the lowest productivity (Ex. 18) shows a 6 % increase in activity compared to the highest
activity comparative catalyst (Comp. 11), while the inventive example 16 even exhibits a 37%
increase in productivity over comparative example 11, This is a dramatic improvement. When
comparing the molecular weights, the highest molecular weight of the comparative examples is
given with 241 kg/mol for comparative example 13, while the highest molecular weight of the
inventive examples is 232 kg/mole of example 16. These values can be considered equal within

“the experimental error, hence the inventive example 16 is reaching a similar molecular weight,
but at a much higher productivity level (56 % increase compared to Comp. 13}, The melting
point for this set of comparable results is ranging between 150 and 155°C. The inventive catalyst
not only show a higher activity than all the comparative catalyst, they also provide with 152°C~
153 °C melting points of in the upper région of this range. The only catalyst that is able to
achieve a higher melting point is comparative catalyst 15 with 155°C, but this is achieved at the
lowest activity (5,520 g/ g h, 36% lower than inventive example 16) and the lowest molecular

weight (146 kg/g, 37% lower than inventive example 16) of all the catalyst in this set of results.
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The second set of comparable results consists of the catalyst derived from example 19 and
comparative example 20. The catalyst preparation of these two catalysts differs from the one of
the already discussed results and hence they need to be compared seperately. The inventive
catalyst 19 clearly shows a dramatically improved performance over the comparative catalyst20.
The productivity of the inventive catalyst 19 is almost doubled compared to the one of the
comparative'catalyst 20, while obtaining almost identical molecular weights and MFR values.
The melting point obtained with the inventive catalyst 19 with 153°C by 2°C higher than the

melting point of the comparative catalyst 20.

Propylene/Ethylene Copolymers
Thé properties of products made from the inventive catalysts were tested at various levels
of an ethylene/propylene mix to form copolymers. With the introduction of a new variable, the
propylene to ethylene ration, far fewer datapoints were taken for the copolymers at each ratio
because resources became limited. In each case the inventive catalyst from example b was -

tested, usually against the comparative catalyst from example 11.

Analysis 3: Production of grogylene/ethyi'ene copolymers with a propylene/ethviene ratig of
approximateiv_ 48 and without the presence of hydrogen.

In this case, only one inventive catalyst (example 16) was tested against one comparative

catalyst, (comparative example 11}, the results being presented in Table 5. The inventive

catalyst showed significant improvements over the comparative catalyst. Thé inventive catalyst
-16 showed a 31% increase in productivity over the comparative example 11. Compari:{g the’

MFR 2.16 values shows that the MFR of the inventive example is with 0.1 g/10° only half of the -

MFR of the comparafive exampie, which is alse reflected in the 17 % increase in molecular

weight compared to the comparative example 1 1. The melting points and the incorporated C2

level are identical for these two catalysts within experimental errer and herce the inventive

catalysts show a significant improvement in performance compared to the inventive example.
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Analysis 4: Production of propylene/ethylene copolymers with a propvlene/ethylene ratio of
approximately 31 and without the presence of hydrogen. '

In this case, the inventive catalyst 16 and the comparative catalyst 11 were tested under
two different polymerisation conditions, The first set of conditions is defined by a
polymerization temperature of 60°C and a polymerization time of 60 minutes, while the second
set of conditions is determined by a polymerization temperature of 65°C and a polymerization
time of only 15 minutes. The results are summarized in table 6. )

Under the first set of conditions the inventive catalyst shows a 76% increase in
productivity compared to the comparative example 11. While the C2-incorporation and the
melting point of the polymers are similar, the MFR 2.16 value of the inventive example 16 is
only one-third of the comparative exampie 11. This is also reflected ina 25% increase of the |
molecular weight compared to the comparative example 11.

The secc}nd set of conditions again shows the superior performance of the inventive

. catalyst. The productivity of the inventive exampie 16 shows an 11% increase compared to the
comparative example 11. The slightly lower melting point of 133°C for the inventive catalyst 16
is a result df the higher C2-incorporation of the inventive catalyst under this set of conditions
(2.4 compared to 2.1 % for the comparative example 11). The MFR 2.16 value of the inventive
example 16 is only one-fifth of the comparative example 11. This is also reflected in a 32%

increase of the molecular weight compared to the comparative example ! 1.

Analysis 5; Production of propylene/ethylene copolymers with a grogx}enefethxleﬁe ratio of

approximately 16 and without the presence of hydrogen.

In this case, one inventive catalyst (examples 16) and one comparative catalyst
(comparative example 11) were tested, the results being presented in Table 7. The productivity
of the inventive example 16 shows a 78% increase compared to comparative example 1 1. Also
the molecular weight of the inventive example 16 shows an increase for the inventive catalyst,
namely 59 % compared to the comparative example 1 1. This is also reflected in the values for

the MFR 2.16, which is for the inventive example only one-fourth of the comparative example
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11. Since the C2-incorporation of the inventive catalyst 16 is slightly higher than for the
comparative catalyst 11, it is not surprising, that the melting point for the inventive example is

slightly lower. Under these conditions the superiority of the inventive catalyst is clearly visible.

Analysis 6: Production of propylene/ethylene copolymers with a propylene/ethylene ratio of
approximately 15 and without the presence of hvdrogen.

In this case, the inventive catalyst 16 and the comparative catalyst 11 were tested, the
results being presented in Table 8. As with all the analyses before, the inventive catalyst 16 in
this example achieves better productivity 27 %). This is achieved at a similar C2-incorporation
and the same meiting point of 118°C as the comparative example 11.

The molecular weight of the inventive example is significantly enhanced by 54% compared to
the cdmparative example 1 1. This fact can also be seen in the value of the MFR 2.16 for the

inventive example 16, that is only one-fourth of the value of the comparative catalyst.

Analysis 7: Production of propylene/ethylene copolymers with a propylene/ethylene ratio of
approximately 10 and without the presence of hydrogen.

In this case, one inventive catalyst (examples 16) and one comparative catalyst
(comparative example 11), were tested, the results being presented in Table 9. The inventive
catalyst shows a large enhancement of the productivity and the molecular weight comparedto
the comparative catalyst 11, while showing a similar C2-incorporation and a similar melting
point. The productivity is doubled compared to the comparative catalyst 11 and the molecular
weight is increased by a factor of 1.5, This is also reflected by the MFR 2.16 value, which is for

the inventive example 16 only one-sixth of the value obtained for the comparative catalyst11.

Analysis 8: Production of propylene/ethylene copolymers with a propylene/ethylene ratio of
approximately 9 and without the presence of hydrogen, '

The inventive catalyst 16 and the comparative catalyst | | were tested, and the results are

presented in Table 10. As with all the analysis before, the inventive catalyst 16 in this example
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achieves a better productivity by 41%. This is achieved at a similar C2incorporation and the
slightly lower melting point (1°C) of inventiye example 11 can be rationalised by the higher C2-
incorporation of 7.2 % compared to 6.5 % of the comparative example 11. The molecular weight
of the inventive catalyst 16 is increased by 35 % compared to the comparative catalyst11, The
higher molecular weight is also reflected in the MFR 2.16 value, whichis only one-fourth of the

value of the comparative catalyst 11,

Analysis 9; Production of propylene/ethylene copolymers with a propylene/ethylene ratio of
approximately 0.55 and without the presence of hydrogen.

Table 11 shows the results of the inventive catalyst 16 and the comparative example 11 at
a propylene/ethylene ratio of approximately 0.55. The productivity of these samples could not
be determined because in all of these examples and comparative examples amorpho;is
propylene/ethylene rubbers have been produced. Such polymers generally stick to the autoclace
walls and to the stirrer and a quantitative discharge of the autoclave was not possible which
makes the determination of the productivities unreliable. Commercially, polymers containing
such rubher components are produced in a two step polymerisation where in a first step a homo
polymer is produced and in a second step the rubber is prdduced. This mesure reduces the -
stickiness of the material and allows the commercial production and use of such important
materials for applications where low temperature toughness is required (applications like
bumpers for cars, frigerator and deep freezer food packaging, crates and pails).

Under the specified conditions the C2-incorporation of the catalysts is quite similar,
although the inventive catalyst 16 shows a slightly higher value of 41.3 % compared to 39.7 %
for the comparative catalyst 1 1. The example of the inventive catalyst shows a dramatic .
improvement over the comparative examples in gains of molecuar weight, and reductions in the
MFR values. The molecular weight of the comparative example 11 is more than two times lower
than the one obtained with the inventive catalyst 11 (280 kg/mol vs. 659 kg/mol). This result is
also reflected in the MFR 2.16 values, which is 0.1 g/10’ for the inventive catalyst and 6.9 g/10°
for the comparative example 11. Hence the inventive catalyst shows a much superidr
performance under these conditions, since it delivers a polymer with a much higher molecular

weigth at a similar C2 incorporation.
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Analysis 10: Production of propylene/ethylene copolymers with a propviene/ethvlene ratio of ’
approximately 0.44 and without the presence of hydrogen.

In this case, one inventive catalyst (examples 16) and one comparative catalyst
(comparative example 11), were tested, the results being presented in Table 12. The productivity
of these samples could not be determined because in all of these examples and comparative
examples amorphous propylene/ethylene rubbers have been produced. Such polymers generally
stick to the autoclace walls and to the stirrer-and a quanfitative discharge of the autoclave was
not possible which makes the determination of the productivities unreliable, Commercially,
polymers containing such rubber components are produced in a two step poiymérisation where in
a first step a homo polymer is produced and in a secoﬁd step the rubber is produced. This mesure
reduces the stickiness of the material and allows the commercial production and use of such
important materials for applications where low temperature toughness is required (applications
like bumpers for cars, frigerator and deep freezer food packaging, crates and pails).

As with Analysis 9, the inventive catalyst in this example achieves a much higher
molecular weight, while still creafing a product with comparable C2-incorporation. The
molecular weight of the inventive catalyst 11 is by a factor 2.3 higher than the molecular weight
of the comparative catalyst. This result is also reflected in the MFR 2.16 values, which is 0.2
/10" for the inventive catalyst and 11.5 /10’ for the comparative example [ 1. Hence.the
inventive catalyst shows a much superior performance under these conditions, since it delivers a

polymer with a much higher molecular weigth at a similar C2 incorporation.

Analysis 11: Production of propvlene/ethylene copolymers with a propylene/ethylene ratio of

approximately 0.38 and without the presence of hydrogen.

In this case, four inventive catalysts and six comparative catalysts, were tested, the results
~ being presented in Table 13. The productivity of many of these samples could not be determined
because in all of these examples and comparative examples amorphous propylene/ethylene
rubbers have been produced. Such polymers generally stick tothe autoclace walls and to the

stirrer and a quantitative discharge of the autoclave was not possible which makes the
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determination of the productivities unreliable. Commercially, polymers containing such rubber
components are produced in a two step polymerisation where in a first step a homo polymer is
produced and in a second step the rubber is produced. This mesure reduces the stickiness of the
material and allows the commercial production and use of such important materials for
applications where low temperature toughness is required (applications like bumpers for cars,
frigerator and deep freezer food packaging, crates and pails). A generally applicable commercial
catalyst has to show a high versatility, meaning a high performance under all the conditions
relevant for producing commeréiaily évailabic materials Under the conditions applied here this
means that copolmyers with very low MFR 2.16 values below 0.5 g/10” have to be obtained in
order to obtain materials where toughness at very low temperatures is required. All the inventive
catalysts fulfill this requirement, even more, they are able in all cases to obtain an MFR 2,16
value 0f 0.2 g/10 or Jower (example 16, 17, 18 and also 19). The only comparative catalyst that
obtains a lower MFR 2.16 (< 0.1 g/10") is the one from comparative example 13. Since a MFR
2.16 value of <0.1 g/10” does not mean a commercial advantange compared to values of up to
0.5 g/10° and this catalyst has been shown to have a much lower prdductivity under all other
conditions tested, it can be rationalized, that it ﬁas not such a high versatility as the inventive
catalysts, .

The molecular weights of the inventive catalysts 16, 17, 18 are all in the range of 600 and 700
kg/mol, and only the comparative examples 13 and 15 can reach such high fnoiecuiar weights.

But as explained before at rnuch lower productivities for all other conditions tested.

The second set of comparable results consists of the catalyst derived from example 19 and
comparative example 20. The catalyst preparation of these two catalysts differs from the one of
the already discussed results and hence they need o becompared separatéiy. This second set of
conditions showed an unexpécted result. As explained earlier under the conditions applied here
sticky materials are obtained and hence the reproducable determination of the yield is not
possible. In the case of inventive example 19 the copolymer obtained was not sticky and it
showed a nice morphology, as shown in the photograph of Fig. 3. This photo shows the
copolymer rubber obtained in polymerisation example 45 using the catalyst from Example 19.
The yield could be determined to be 8,700 g/ g h. The comparative example 20 produced a

sticky polymer, shown in Fig. 2. This photo shows the copolymer rubber obtained in
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polymerisation Example 6i using catalyst from Comparative Example 20. As with many
analyses before, the inventive example 19 was producing a much higher molecular weight and a
much lower MFR value than the comparative example 20 at comparable C2-introduction. The
molecular weight obtained for the inventive example 19 is by a factor 4.6 higher than that of the
comparative example 20. This is also reflected by a much lower MFR value of 0.1 g/10°

compared to 18 g/10° for the comparative example 20.

Conclusion of the analysis:
The different polymerization conditions tested represent the mostappiied conditions to

obtain commercially relevant polypropylene-based materials. The inventive catalysts have shown
under all conditions higher productivities than the corresponding comparative catalysts and most
of the time better or at ieast similar properties of the resulting materials. Hence the inventive
catalysts show a much higher versatility than the state-of-the-art catalysts and a better

performance under all commercially relevant polymerization conditions.

While the above description contains many specifics, these specifics should not be
construed as limitations of the invention, but merely as exeplifications of embodiments thereof.
Those skilled in the art will envision many other embodiments within the scope and spirit of the

invention as defined by the claims appended hereto.
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What is claimed 1s:

1. A bridged metallocene having the general Formula 1 below,

{Formada 1)

where M’ is a metal of Zirconium, Hafnium, and Titanium,

R' and R’ are identical or different and are selected from the group consisting of a
hydrogen atom, an alkyl group of from 1 to 10 carbon atoms, an alkoxy group of from 1 to 10
carbon atoms, an aryl group of from 6 to 20 carbon atoms, an aryloxy group of
from 6 to 10 carbon atoms, an atkenyl group of from 2 to 10 carbon atoms, an OH group, a halogen
atom, or a NR.™ group, where R¥® is an alkyl group of from 1 i 10
carbon atoms and an aryl group of from 6 to 14 carbon atoms, and wherein R’ and R? may form one

or more ring system{s),

R® and R* are identical or different and are selected from the group consisting of a
hydrogen atom and a linear, cyclic or branched hydrocarbon group optionally containing one or

more hetero atoms selected from the group consisting of 8i, B, AL, O, S, N, P, F, Cl and Br,

R%isa bridging group wherein R is selected from:
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where

R* and R*, even when bearing the same index, can be identical or different and can
optionally contain heteroatoms selected from the group consisting of Si, B, Al, O, S, N, P, Cl and
Br, and are selected from the group consisting of a hydrogen atom, an alkyl group having from 1
to 30 carbon atoms, an aryl group of from 6 to 40 carbon atoms, a fluoroalkyl group
of from 1 to 10 carbon atoms, an alkoxy group of from 1 to 10 carbon atoms, an aryloxy group of
from 6 to 10 carbon atoms, an alkenyl group of from 2 to 10 carbon atoms, an arylalkyl group of
from 7 to 40 carbon atoms, an alkylaryl group of from 7 to
40 carbon atoms, a substituted or unsubstituted alkylsityl, an alkyl(aryl)silyl group, an
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arylsilyl group, and an arylalkenyl group of from 8 to 40 carbon atoms, and wherem R* and RY
together with the atoms connecting them can form one or more cyclic systems,

X is an integer from 1 to 18, |

M is silicon, germanium or tin, and

R™ can optionally link two units of the formula 1 to one another,

R and RY are identical or different and are each a divalent C»-Cyq group which together
with the cyclopentadienyl ring forms a further saturated or unsaturated ring system having a ring
size of from 3 to 7 atoms, where R and R'' optionally contain the heteroatoms Si, Ge, N, P, O
or S within the ring system fused onto the cyclopentadienyl ring, and

R*" has the structure

301

| |
— ER Q 302

where R*Y

is a linear, cyclic or branched hydrocarbon group selected from the group
consisting of an alkyl group of from 1 to 20 carbon atoms, an alkenyl group of
from 2 to 20 carbon atoms, an aryl group of from 6 to 20 carbon atoms, an arylalkyl group of
from 7 to 40 carbon -atoms, an alkylaryl group of from 7 to
40 carbon atoms, or an arylalkenyl group of from 8 to 40 carbon atoms, an alkoxy group of
from 1 to 20 carbon atoms, an aryloxy group of from 6 to 20 carbon atoms, or a substituted
or unsubstituted alkylsilyl group, an alkyl(aryl)silyl group and an arylsilyl group, wherein
each of the groups may contain one or more hetero atoms including Si, B, AL O, §, Nor P,

“and/ or may contain halogen atoms including F, Cl or Br,
and where R*% is a hydrocarbon group selected from the group consisting of a substituted

or unsubstituted alkyl group of from 2 to 20 carbon atoms, and an substituted or

unsubstituted alkenyl group of from 3 to 20 carbon atoms, and wherein those
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groups may contain one or more hetero atoms including Si, B, AL O, S, N or P, and / or may
_contain halogen atoms including F, Cl or Br, and further wherein R** forms a monocyclic

ring with the § carbon atom, and

R? has the meaning of R*™ , but R® need not be identical to R*" | or R? is a lincar, cyclic
or branched hydrocarbon group which optionally can contain one or more hetero atoms selected
from the group consisting of Si, B, Al, O, S, N, P, F, Cl or Br, or R® is selected from the group
consisting of an alkyl group of from 1 to 20 carbon atoms, an alkylalkenyl group of from 3
to 20 carbon atoms, an alkylaryl group of from 7 to 40 carbon atoms, and an alkylarylalkenyl group
of from. 9 to 40 carbon atoms, W‘lﬂ’l. the proviso that, in any case, R

is not branched in the a-position.

2. The metallocene of claim 1 wherein R' and R* are identical or different and are
selected from the group consisting of an alkyl group of from 1 to 10 carbon atoms, an
alkoxy group of from 1 to 10 carbon atoms, an aryloxy group of from 6 to 10 carbon atoms, and a
halogen atom, and wherein R' and R? together may form one or more ring

. 1. . . .
system(s), and wherein M’ 1s zircontum or hafnium.

3. The metallocene of claim 1 wherein R' and R? are identical or different and are methyl,

chlorine or phenolate.

4. The metallocene of claim 1 wherein R* and/or R™ are selected from the group
consisting of a hydrogen atom, an alkyl group of from 1 to 20 carbon atoms, an alkenyl group of
from 2 to 20 carbon atoms, an aryl group of from 6 to 20 carbon atoms, an arylalkyl group of
from 7 to 40 carbon atoms, an alkylaryl group of from 8 to 40 carbon atoms, an arylalkenyl group of
from 8 to 40 carbon atoms, a substituted or unsubstituted alkylsilyl group, an alkyl(aryl)silyl group,

and an arylsilyl group.

5. The metallocene of claim 1 wherein R® and/or R* are selected from the group

consisting of a hydrogen atom, an alkyl group of from 1 to 10 carbon atoms, an alkenyl
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group of from 2 to 10 carbon atoms, an aryl group of from 6 to 10 carbon atoms, an arylalkyl group
of from 7 to 20 carbon atoms, an alkylaryl group of from 8 to 20
carbon atoms, an arylalkenyl group of from & to 20 carbon atoms, a substituted or unsubstituted

allylsilyl group, an alkyl(aryl)silyl group, and an arylsilyl group.
6. The metallocene of claim 1 wherein R* and R* are both hydrogen.

7. The metallocene of claim 1 wherein R is R*R*'Si= R‘“)R“'Geﬂ, R¥UR*C= or -
(RYRYC-CR™R™)-, where R* and R* are identical or different and each is selected from the
group consisting of a hydrogen atom, an alkyl group of from 1 to 10 carbon atoms, an aryl group of
from 6 to 40 carbon atoms, an arylalkyl group of from 7 to 14 carbon
atoms, an alkylaryl group of from 7 to 14 carbon atoms, a substituted or unsubstituted alkylsilyl
group, an alkyl(aryl)silyl group, and an arylsilyl group.

8. The metallocene of claim 1 wherein the bridging unit R is R*R*Qi= or R4GR4lGe=,
where R* and RY are identical or different and each is selected from the group consisting of
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,
cyclopentyl, cvclopentadienyl, cyclohexyl, phenyl, naphthyl, benzyl, trimethylsilyland 3,3,3-
trifluoropropyl.
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9. Thel'metallocene of claim 1 wherein the groups R'' and R'" are identical or different -
and each is selected from the group consisting of a divalent group selected from those given in
Formulae 1 @, v, 8, o, and v and Formulae 1 ¢ff’, v°, 8°, ¢, and v’, respectively, wherein the
asterisks “*” and ***” in Formula 1 and Formulae 1 o-vand 1 o’ v', respectively, denote the

chemical bonds joining R'' and R'" to the cyclopentadieny! rings

R® RY
2N =N
\%——RB p RS

‘. R’ R”
Formula lao Formula la’
R® R®
< L
8  %§
Formula 1B Formula 1B

RS
8
BN R
* 7 R7
R8
Formula 1y
RS RES R5' RSS'
RS R®
RS6 RE¢
R7 R’
S R77 > R7T
RS RS RS RS
Formula 18 Formula 15’
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wherein R°, R® R, R®, and R” and also R”, R®, R”, R® and R” as well as R*, R®, R",
R¥® and R” and also RSS', Rﬁﬁ', R77', R* and R* are identical or different and are each selected
from the group consisting of a hydrogen atom, and a linear, cyclic or branched hydrocarbon
group with or without heteroatoms selected from the group consisting of Si, B, AL O, S, N, P, F,
Cl and Br, and wherein said R, R®, R”, R®, R®, R*, R®, R7, R¥, R?, R?® R%, R77 R™ R® R™,
R¥ R, R™ and R* are individually selected from the group consisting of an alkyl group of
from 2 to 20 carbon atoms, an alkenyl group of from 2 to 20 carbon atoms, an aryl group of from 6
to 40 carbon atoms, an aryl alkyl group of from 7 1o 40 -carbon
atoms, an alkylaryl group of from 7 to 40 carbon atoms, an arylalkenyl group of from § to 40 carbon
atoms, a substituted or unsubstituted alkylsityl group, an alkylarylsilyl group,
and an arylsilyl group, and wherein two adjacent radicals R®, R® or R* , R® or R®, R” or R® , R”
or RT, R® or RT, R¥ or Rg, R’ or Rg', R” as well as RSS, R® or RSS‘, R or R(’(’, R or R(’G', R or
R”, R® or R’ R*® or Rgg, R” or Rgg', R* in each case may form a saturated or unsafurated

hydrocarbon ring system.

10. The metallocene of claim 9 wherein R'' and R'! are identical or different and R'! is a

divalent group according to Formula Iy and R'! is selected from the divalent groups in Formulae
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la', B, and ¥, or R and R' are identical or different and are selected from the group
consisting of divalent groups according to Formula lo and l¢', Formula 1§ and i, Formula ly

and 1y, Formula 18 and 18', Formula lop and l¢', and Formula 1v and 1v', respectively.

11. The metallocene of claim 9 wherein R¥, R®, R”, R® and R* and also R, R%,
R, R®™ and R* are cach a hydrogen atom and R°, RS R’, R® and R’ and also R°, R®, R7| R¥
and R’® are identical or different and each is selected from the group consisting of a hydrogen
atom, a substituted or unsubstituted alkylsilyl or arylsilyl group, a linear, cyclic or branched alkyl
group of from 1 to 10 carbon atoms, and an aryl group of from 6 to 40 carbon atoms wherein each
of the groups may contain one or more hetero atoms selected from the group consisting of Si, B, Al,
O, §, N, P, F, CI and Br, or W_herein the two adjacent radicals R*R® and
R* /R¥ form a hydrocarbon ring system, or R® and R® are identical or different and are each a

substituted or unsubstituted aryl group of from 6 to 40 carbon atoms.

12. The metallocene of claim 9 wherein R*, R®, R”, R* and R* and R*, R, R”,
R%® and R” are each a hydrogen atom and R®, Rﬁ, R’, R® and R’ and RS(, R® R7, R® and R”
are identical or different and each is selected from the group consisting of a hydrogen atom, 2
linear, cyclic or branched alkyl group of from 1 to 10 carbon atoms, an aryl group of from
6 to 40 carhon atoms, and wherein the two adjacent radicals RS, R® and also R® R®
together form a ring system, or R® and R® are identical or different and are each a substituted or

unsubstituted aryl group of from 6 to 40 carbon atoms.

13. The metallocene of claim 1 wherein R*™ is a linear, cyclic or branched hydrocarbon

group which may optionally be halogenated and wherein R

is selected from the group
consisting of a substituted or unsubstituted alkyl group of from 2 to 20 carbon atoms, and a
substituted or unsubstituted alkenyl group of from 3 to 20 carbon atoms, wherein any of
those groups may contain one or more hetero atoms including Si, B, Al, O, 8, N or P, and/or may
contain halogen atoms including F, Cl or Br, with the proviso that R*™ is a mono-cyclic ring which

includes the B-carbon atom.
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14. The metallocene of claim 13 wherein R* is selected from the group consisting of an
alkyl group of from 1 to 20 carbon atoms, an alkenyl group of from 2 to 20 carbon atoms, an aryl
group of from 6 to 20 carbon atoms, an arylalkyl group of from 7 to
40 carbon atoms, an alkylaryl group of from 7 to 40 carbon atoms, an alkoxy group of
from 1 to 20 carbon atoms, an aryloxy group of from 6 to 20 carbon atoms, and an arylalkenyl
group of from 8 to 40 carbon atoms and wherein R*® is a substituted or unsubstituted alkyl group of
from 3 to 7 carbon atoms, and that group may contain one or more hetero atoms mcluding Si, B, Al,
0, S, N or P, and/or may contain halogen atoms inchuding F, Cl or Br, with the proviso that R*isa

mono-cyclic ring which includes the B-carbon atom.
15. The metallocene of claim 1 wherein R°® contains more than 6 carbon atoms.

16. The metallocene of claim 1 wherein R’ maybe chosen from the same set that
described R300, but R® need not be identical to R300, or R is a linear, cyclic or branched
hydrocarbon group of from 1 to 20 carbon atoms, with the proviso that R? is not branched

in the a-position.

17. The metallocene of claim 16 wherein R® is selected from the group consisting of an
alkyl group of from 1 to 20 carbon atoms, an alkylaryl group of from 7 to 20 carbon atoms,
an alkylalkenyl group of from 3 to 20 carbon atoms and an alkylarylalkenyl group of from

9 to 20 carbon atoms.

18. The metallocene of claim 1 wherein R® and R** are identical or R® is sclected from
the group consisting of a methyl group, a linear, cyclic or branched hydrocarbon group of from 7
to 10 carbon atoms which may optionally be halogenated, an alkylaryl group of from 7 to 10 carbon
atoms and an alkylalkeny! group of from 3 to 10 carbon atoms, with the proviso that R? is not cyclic

or branched in u-position.

19. The metallocene of claim 1 wherein R® is chosen from the same set that described

R but need not be identical to R,
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20. The metallocene of claim 19 wherein R® and R*™ each contain more than 6 carbon

atoms.

21. A process for olefin polymerisation comprising contacting one or more olefins each
having from 2 to 20 carbon atoms under olefin polymerisation reaction conditions with a catalyst

system including a bridged metallocene component having formula 1

R
f
.rf:k““‘j'ﬂﬂws\‘c
R T
Ryl R
i A
[
I
[\
W
R™ 4
5 M‘ER*ERE
TN
R T, 300
*ﬁmﬁ?- ot
\\,""-J / Py !
R

Toremds 1)
where M is a metal of Zirconium, Hafnium, and Titanium,

R' and R* are identical or different and are sclected from the group consisting of a
hydrogen atom, an alkyl group of from 1 to 10 carbon atoms, an alkoxy group of from 1 to 10
carbon atoms, an aryl group of from 6 to 20 carbon atoms, an aryloxy group of
from 6 to 10 carbon atoms, an alkeny! group of from 2 to 10 carbon atoms, an OH group, a halogen
atom, or a NR,* group, where R*® is an alkyl group of from 1 to 10 carbon atoms and an aryl group

of from 6 to 14 carbon atoms and R' and R? may form one or more ring system(s),

R* and R* are identical or different and are selected from the group consisting of a hydrogen
- atom and a linear, cyclic or branched hydrocarbon group optionally containing one or more hetero

atoms selected from the group consisting of Si, B, AL, O, S, N, P, F, Cl and Br,
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R is a bridging group wherein R'? is selected from

Rﬁ@: R‘iﬂ R-f»a R‘iﬁ R“&U‘
1. ! 1 | s
—O—M"?-0- —C— —O—M'?— —C— M2 O—
Fézm &41 ggm }%m 41
Rﬁﬂ R‘;ﬁ Rﬁﬁ Rﬁﬂ R40
““‘M{m“‘ “,_Miz ;bi'tﬁ M___{:!-; g:__
ilﬁ‘“ f_ﬁ{m i%#t ;zxm &43
R@G i 40} R‘?G }34@ §40 B‘N}
e (e e e —M2el 12
R-’-H }%41 R@’E ER‘“ Lé‘,ﬁ_’ §R41
X
AN N N
B—R* AR —Ge—  —0O— e Gore -
i e 8 Y 50
N N, N\ N N
SO N-—R3® p—RA P(OIRAC r =0
Pt y p; y ey or C
where

R* and R‘”, even when bearing the same index, can be identical or different and can
optionally contain heteroatoms selected from the group consisting of Si, B, Al, O, S, N, P, Cl and
Br, and are selected from the group consisting of a hydrogen atom, an alkyl group having from 1
to 30 carbon atoms, an aryi group of from 6 to 40 carbon atoms, a fluorcalkyl group
of from 1 to 10 carbon atoms, an alkoxy group of from 1 to 10 carbon atoms, an arvloxy group of
from 6 to 10 carbon atoms, an alkenyl group of from 2 to 10 carbon atoms, an arylalky! group of
from 7 to 40 carbon atoms, an alkylaryl group of from 7 to
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40 carbon atoms, a substituted or unsubstituted alkylsilyl, an alkyl(aryl)silyl group, an arylsilyl
group, and an arylalkenyl group of from 8 to 40 carbon atoms and wherem R
and R* together with the atoms connecting them can form one or more cyclic systems,

X 1s an integer from 1 to 18,
M" is silicon, germanium or tin, and
R'® can optionally link two units of the formula 1 to one another,

R and R'™ are identical or different and are each a divalent C,-Cso group which together
with the cyclopentadienyl ring forms a further saturated or unsaturated ring system having a ring
size of from 5 to 7 atoms, where R!' and R optionally contain the heteroatontts Si, Ge, N, P, O

or S within the ring system fused onto the cyclopentadienyl ring, and

R has the structure:

301
R

I
— CH,— ¢~ ™\
| K\w R 302

301
where R

is a linear, cyclic or branched hydrocarbon group selected from the group
consisting of an alkyl group of from 1 to 20 carbon atoms, an alkenyl group
of from 2 to 20 carbon atoms, an aryl group of from 6 to 20 carbon atoms, an arylalkyl group
of from 7 to 40 carbon atoms, an alkylaryl group of from 7 1o
40 carbon atoms, or an arylalkenyl group of from § to 40 carbon atoms, an alkoxy group of
from 1 to 20 carbon atoms, an aryloxy group of from 6 to 20 carbon atoms, or a substituted
or unsubstituted alkylsilyl group, an alkyl(aryl}silyl group and an arylsilyl group, wherein
each of the groups may contain one or more hetero atoms including Si, B, Al, G, §, N or P,
and / or may contain halogen atoms including F, C1 or Br, and where R** is a hydrocarbon
group which is selected from the group consisting of a substituted or unsubstituted alkyl
group of from 2 to 20 carbon atoms, and an substituted or unsubstituted alkenyl group of

from 3 10 20 carbon atoms, wherein
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those groups may contain one or more hetero atoms including Si, B, Al, O, S, N or P, and /
or may contain halogen atoms including F, Cl or Br, and further wherein R*® forms a

monocyclic ring with the B carbon atom, and

R’ has the meaning of R* but R? need not be identical to R*®

,or R? is a linear, cyclic
or branched hydrocarbon group which optionally can contain one or more hetero atoms selected
from the grorip consisting of 81, B, AL, O, S, N, P, F, Cl and Br, or R’ is selected from the group
consisting of an alkyl group of from 1 to 20 carbon atoms, an alkylalkenyl group of. from 3 to 20
carbon atoms, an alkylaryl group of from 7 to 40 carbon atoms, and an alkylarylalkenvl group of
from 9 to 40 carbon atoms, with the proviso that R3, m any case,

is not branched in the a-position.

22. The process of claim 21 wherein R' and R? are identical or different and are selected
from the group comsisting of an alkyl group of from 1 to 10 carbon atoms, an alkoxy group
of from 1 to 10 carbon atoms, an aryloxy group of from 6 to 10 carbon atoms, and a halogen atom,
and wherein R! and R? together may form one or more ring system(s), and

wherein M is zirconium or hafnium.

23. The process of claim 21 wherein R' and R? are identical or different and are methyl,

chlonne or phenolate.

24. The process of claim 21 wherein R* and/or R* are selected from the group consisting
of a hydrogen atom, an alkyl group of from 1 to 20 carbon atoms, an alkenyl group of from 2 to
20 carbon atoms, an aryl group of from 6 to 20 carbon atoms, an arylalkyl group of from 7 to 40
carbon atoms, an alkylaryl group of from 8 fo 40 carbon atoms, an arylalkenyl group of
from 8 to 40 carbon atoms, a substituted or unsubstituted alkylsilyl group, an

alkyl(aryl)silyl group, and an arylsilyl group.

25. The process of claim 21 wherein R* and/or R* are selected from the group consisting
of a hydrogen atom, an alkyl group of from 1 to 10 carbon atoms, an aikenyi group of from

2 to 10 carbon atoms, an aryl group of from 6 to 10 carbon atoms, an arylalkyl group
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[ xg 81 x3 Ex 19 Comp 20 Poly. Example Z1 | 81 1Z 171 9E 6E Zi7 SP 19 WO
2010/077230PCT/US2008/014144 Table 1 and Table 2 represent the raw data presented by
sixty-one polymerization test runs. The remaining tables 3 - 13 break that data out by the ratio of
propylene to ethylene (or if it is a propylene homopolymer) and whether hydrogen was used in the
polymerization process. Only those results can be directly compared, where essentially the same
polymerisation conditions, like temperature, polymerisation time etc. were applied. Further more many
of the tables contain two sets of data that are not comparable with each other. The difference between
those data sets is the way the catalyst preparation was performed As explained above, the catalysts of
Comparative Examples 11-15 and Examples 16-18 were prepared by a different catalyst preparation
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conditiogstasg reflectecbidiesenels elbaitndhesaainsRIE CANORNDEBapIRA et amengily]
themsegﬁﬁp, and an arylsilyl group. |

26. The process of claim 21 wherein R* and R* are both hydrogen.

27. The process of claim 21 wherein R is R¥RYSi=, R*R*Ge=, R*R'C= or -
RYRMC-CRYR™)-, where R¥ and R" are identical or different and each is selected from the
group consisting of a hydrogen atom, an alky! group of from 1 to 10 carbon atoms, an aryl group of
from 6 to 40 carbon atoms, an aryialkyl group of from 7 to 14 -carbon
atoms, an alkylaryl group of from 7 to 14 carbon atoms, a substituted or unsubstituted alkylsilyl

group, an alkyl(aryl)silyl group, and an arylsilyl group.

28. The process of claim 21 wherein the bridging unit R'® is R*R*'Si= or R*R"Ge=,
where R* and R*' are identical or different and each is selected from the group consisting of
methyl, ethyl, propyl, butyl, pentvl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,
cyclopentyl, cyclopentadienyl, cyclohexyl, phenyl, naphthyl, benzyl, trimethylsilyland 3,3,3-
triftuoropropyl.
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Propylene homopolvmers Analysis 1: Production of Propylene polymers without the ethylene
comonomer a&%%‘(}}@%ﬁ drog(_en. Table 3 shows the results of foyh%g%rd%qﬁtﬂl Metallocene
catalysts conforming to the requirements of the invention compared to six comparative examples.

The individual catalyst comparisons of the first set of comparable results between inventive samples
16, 17 and 18 and comparative dxamples 11 to 15 show in general a higher activity of all the inventive
catalysts over the comparative catalysts. Even the inventive catalyst with the lowest productivity (Ex.
18) shows a 13%@mFeagedesartiignmparsd tte reunidhéstdBliVite cbmijsatativéTeatitlyst (Comp. I1).

When the %Sﬁiﬁgeli&it@&%%?tﬁ@@?&%@&ﬁéén‘gQYE?&&%&QFH siniakirelingRaibts alektained, and the
highest melting point of 153C is obtained b?/ one inve t,lve,mruple Ex, 17) aiwell s by one
es

nve (
comparativVe®BREATHIE Y 8nfo Ay 2hEcqiiet dsthparorf o & TWECEYEMPTBE €ASHs that the
activity of theennke itV end XA pheFdrmideal mestdoufald bighed then theesstitity nideontptrative example
15. Since the meleculal waighkoftherinvgntve @Pé%@ﬁ@&&; jigAmost twice as high as the comparative
example 15, this is a dramatic improvement. \R}O 010/077230PCT/US2008/014144 A general
comparison of the molecular weight shows that the highest molecular weights of 920 kg/mol and 910
kg/mol are reached by the comparat/iv@ example 13 and the i/rﬂ%ntive example 16, respectively. These
‘molecular weights can be considerd equal within the expeNmental error. At the same time the activity
of the inventive example 16 is almo % as high as the aclivitRBf the comparative example 13,
while the melting points of these examples both are : It is also most important to note that
the metallocenes of Comparative Examples 1 through 3, andgite corresponding catalysts of
Comparative Examples 11 through 13, would fall under the claims of the inventor's co-pending patent
application PCT/US2007/0226¥8%ké™genus applicatf@™uviich the inventors have, inter alia,
directed to the genus of-branched g/drocarbons in the 2-pggition, but these Comparative Example do
not fall under the claims of thednstant species applicatier; Table 3 shows that, in the case of propylene
without a hydrogen moderator, t ies catalysts of th r®nt invention, on average, are an
astonishing 51.2% more activg-tian the comparative eatglysts claimed under the genus application.
Further, the species catalysts of the present invention also demonstrate the more desirable properties
of a higher T. and MFR 2.16 &ntinM&H 5 values over thermadadd® catalysts that would fall under. the
claims of the co-pending genus application. The superiority of the catalysts of the current species
invention over the catalysts of thg genus application is aggin demonstrated when hydrogen is
introduced as a moderator. In thjs case, Table 4 shows that the activity of the species catalyst of the
present invention increases, eralye, a remarkables84.4% RVer those of the catalyst of the genus
application. Once again, the products of the species catalysts of the current invention show
improvements in the desirabl iesof a T. and . %and MFR 5 values over those products
made from the catalyst of the g nus application (see alsg Analysis 2). The second set of comparable
results consists of the catalyst dRrived from example 19 Bnd comparative example 20. The catalyst
preparation of these two catalystsuhiffers from the oneretthgnalfeady discussed results and hence they
need to be compared seperately. Clearly it can be seen that the inventive example shows a superior
performance compared to the comparative example 20. The grodUCtivity of the inventive example 19 is
around 22% increased compé?5 d ﬁjr’ft"h% comparison eRs 5206,While the molecular weights and the
MFR values are comparable. 20R0/077230PCT/US 4144 The melting point of the
inventive example of 153C is two d g higher than the on ?ﬁe comparative example 20.
Hence, independent of the catal ration procedug | .seen that the inventive examples
show dramatic improvements ovex the comparative exampleg. Ahalysis 2: Production of Propylene
polymers without the ethylené_"con?bnomer and with th@ pregence of hydrogen. Table 4 shows the
results of four experimental Meiallagage catalysts confouming ito the requirements of the invention
compared to six comparative examples. However, in this case, hydrogen was added during the
polymerization process to enhance catalyst productivity and to regulate the Molecular Weight. The
individual catalyst comparisons of the first set of comparable results between inventive samples 16, 17
and 18 and comparative examples 11 to 15 show in general a higher activity of all the inventive
catalysts over the comparative catalysts. Even thé3#/entive catalyst with the lowest productivity (Ex.
18) shows a 6 % increase in activity compared to the highest activity comparative catalyst (Comp. 11),
while the inventive example 16 even exhibits a 37% increase in productivity over comparative example
11. This is a dramatic improvement When comparing the molecular weights, the highest molecular
weight of the comparative examples is given with 241 kg/mol for comparative example 13, while the
highest molecular weight of the inventive examples is 232 kg/mole of example 16. These values can
be considered equal within the experimental error, hence the inventive example 16 is reaching a
similar molecular weight but at a much higher productivity level (56% increase compared to Comp.
13). The melting point for this set of comparable results is ranging between 150 and 155C. The

inventive catalyst not only show a higher activity than all the comparative catalyst, they also provide
with 1RE2C152 C meltina nointe of in the 1innar reaion of thiec ranacae The onlvy catalvvet that ic ahle tn




Propylene/Ethylene Copolymers The properties of products made from the inventive catalysts
were tested at various levels of an ethylene/propylene mix to form copolymers. With the introduction of
a new variable, the propylene to ethylene ration, far fewer datapints were taken for the copolymers at
each ratio because resources became limited. In each case the inventive catalyst from example 15
was tested, usually against the comparative catalyst from example 11. Analysis 3: Production of .
propylene/ethylene copolymers with a propylene/ethylene ratio of approximately 48 and without the
presence of hydrogen. In this case, only one inventive catalyst (example 16) was tested against
one comparative catalyst, (comparative example 1), the results being presented in Table 5. The
inventive catalyst showed significgnt il;or?sprovements over thg corgg)arative catalyst. The inventive
catalyst -16 showed a 31% incr&ase/f méductivity over thexcofpagtitive example 11. Comparing the
MFR 2.16 values shows that the f the inventive exa ig'with 0.1 W10' only half of the MFR of
the comparative example, which is alsé letted in the 17 % inc &7h molecular weight compared
to the comparative example 11. Th Iting points and the~ orated C2 level are identical for
these two catalysts within experimgntal effor and heree the jnventi€ catalysts show a significant
improvement in performance corﬁpared to the inventive e@mple. WO

2010/077230PCTIUS2008/014 Faéntuiralysis 4: ProductioF@hpnapyene/ethylene copolymers with a
propylene/ethylene ratio of approximately 31 and without the presence of hydrogen. In this case,
the inventive catalyst 16 and the comparative catalyst 11 were tggted under two different
polymerisation conditions, The fir t okeonditions is defin -%y azpolymerization temperature of 60C
and a polymerization time of 60 S-#le the second @eRrffitions is determined by a
polymerization temperature of 65C and ' E}}minutes. The results are

ymerization time of
summarized in table 6. Undegt irstget of conditions:the.i give catalyst shows a 76%
increase in productivity compar qgtbéb mparative examp ﬁhile the C2-incorporation and the

melting point of the polymers are similar, the MFR 2.16 value of the inventive example 16 is only
one-third of the comparative exa@mpigd v This is also reflBeteiinia’ 25% increase of the molecular
weight compared to the comparative example 11. The second set of conditions again shows the
superior performance 9t the inyentive catadyst. The prodyietiyity githe.inventive example 16 sheows an
11% increase ‘gg%%lgreﬁd’t%@fh% ég@pﬁgﬁ%ﬁgfﬁglgfigm% él%htsz/1 gv%\fgf1 Sm‘gﬁlﬁnasgign’t %f 133C for
the inveRtivendakalysnd 6l RiésRi oMAe Righerdd2inesrpbwticn of tifdrae ivecsataiystasivgadthis
set of copaiions (At cAmRAIGT 10,24 f9dRphecamPAEy GiRaamBlRkLL THe iR 2)falig ol the
[

inventive example 16 is only one-fifth of the comparative example 11. This is also reflected in a 32%

increas&istihe ihote criike wdigkrespiparelddsdiconp thpatavecessmipre of. SinBlyak 8. Brd%uktibn of

propylere/glaviang RORAMMLTS Wik TORY grielethyfenesTalt efapproximatelyrls aid withqutthe

presence of h%g%p. In thig.case, one Inventive catalyst (examples 16) and one comparative catalyst
X

(compafitive le 2f) Rverd te Bt i e hestin sl brbe shie iFPTsiFiey O AR AISHUEEIRYET the

inventivg-gixamplenl.shawead 8% dnersaseocampated 1acomparative example i LrAs o Hitom 6
molecular weiaht of the inventive example 16 shows an increase for the inventive catalyst, namely 59

% comp&red 1B thé¥8MbardiBexarfiple PV is SRR Hefle@ed ifFHe values for tHe MFE Y,

‘which isateri)arnventive exampleionly’aoedourtbroithescomparativeyexasuplel M 8 to 40 carbon
2010/077230PCT/US2008/014144 11. Signce th C2-'n?o£§f)ration of the inve&tive cgtall lSt 16 is
Ll SindS

slightly RIGHSr thin BPHE S mpFanvE eIV 1, § r?ﬁ‘slpﬁg, that tﬁe%e ‘pointTor the
inventivergxampiésisyslightly, lendew Horute trthesticonditidiealthR s S esiokity, df the iRk ehtive BAtaBASt is
clearly visiple Analysis s Eroduciion ghpropylengfeihylens, sopolymegsivapiopyieeiciicne
ratio of apprdmma’ieyll and wit out the presence ofghydrogen.

R”, R® or R 7 R¥ or R¥, RY or Rgg, R* in each case may form a saturated or unsaturated

hydrocarbon ring system.

30. The process of claim 29 wherein R and R'" are identical or different and R' is a

divalent group according to Formula Iy and R'!" is selected from the divalent groups in Formulae
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In this case, the inventive catalyst 16 and the comparative catalyst 11 were tested, the results being
presented in Table 8. As with all the analyses before, the inventive catalyst 16 in this example
achieves better productivity (n. This is achieved at a similar C2-incorporation and the same melting
point of 118C as the comparative example 11. The molecular weight of the inventive example is
significantly enhanced by 54% compared to the comparative example | I. This fact can also be seen in
the value of the MFR 2.16 for the inventive example 16, that is only one-fourth of the value of the
comparative catalyst. Analysis 7: Production of pro_pylene/ethylene copolymers with a
propylene/ethylene ratio of approximately 10 and without the presence of hydrogen. In this case,
one inventive catalyst (examples 16) and one comparative catalyst (comparative example 11), were
tested, ok Misuits beingr pReSemadBn Tatsleiderinel irve differettaiydt erroweexthahgiconhbacernent of
the Pfodc%ﬁgmrg'a@' he.malesulars weldhcompatadiahe comnaraiye.ratisLId. whilg shawing a
similar C2-incorporation and-a similar melting point. The productivity is doubled compared to the
comparatidycdienystalld ardlithd nrateledinrnidightnd irrraiketv iy Facrrsei sy his is also reflected
by the MFR 2.16 value, which is for the inventive example 16 only one-sixth of the value obtained for
the comparativd catalysbddss Arfatysis 89%@!1@&@1%%‘1%@1&@7%@@%9 cogojrmets wrffaR"’,

propylengéethylene ratio of appraximately 9 and without the pre e of rogeny,s nrhgdnyentive
catalyst'16 éalr% the éar(?rr%ca{}a#\g %é(g{*a%sat f%/vg?g %é?gd’, g:l’dlgea?r%rsl%ltsgn a({;eX %(r)e%e’nt%d |% Tgbleg 1:?LC!{]O As
with all & md@@éd@bfnréifth@nhved\tm}bma@@tt% ﬁmhi@legampleoming ﬂ?f a hydrf?gw atom, 2
2010/074 3RS 1M 9200 A GRSy 3 a-Detier gf&mwﬁw &kfe Thisdsachioved atasimilar
C2-incorporation and the slightly lower melting point (1C) of inventive’example Il can be rationalised by
the highefr &2nindorpordflors&PImoaiesmpandd 8 6359 eFehe cofmpirative drarfiplearborhatpidiecular
weight qf {hg.inventive %%a%fahﬂ,@ E&?%S@éﬁg 538 YenePEnRated tadhe cempaiativencaialystdd. The
higher molecular Wegtht is also reflected in the MFR 2.16 value, which is only one-fourth of the value
of the coRsititnelcakalstd1 Oaralsis- & Frbdttth srpripfienatriiety Qapotfinera iatia's
propylerne/gthylane TREcahaRRIexicaae Pipd S8R MIBOKRE theiNte senGe-alibdiPde rent Aabiec1l
shows the results of the inventjve catalyst 16 and the comparative example 11 at a propylene/ethylene
ratio of BPHE-SMRSEERFD G rPHRSHREAE RIS SMRESBLMRIAL YR AR determined because in all
of these examples and comparative examples amogg)ho&s pr,fgpylgne/ethxgene rut;per§ Jhave be&n

produced. Suchlpdijpieceenefalgistiel toheeinRocldee: Walls BndasitRe stifeRandia gifantifative
dischargg pithe autaclave was, pat RRsRIRIR rtich makeg the, determinationof e produgtintties.
unreliable. Commercially, polymers containing such rubber components are produced in a two step
polymeridgiiéit\Mettifin afirddstep sPHbMC PSR AeH b FBRIERIPaF RIS ENE R AMYBR AR F9Bbet is
prc:fllC(é%éEbjS;:}p@ﬁ@Uﬁ@ REMGRS tbﬁy?tirgkémlssfqﬁm ma&erilm aathalonsnthe &ﬂﬁgﬂ%@@ gmgqsﬂaon
and use of such important materials_for applications where low tempetature toughness ig requjre
(applicatiohs fike %Q?ﬁ’?ﬁléc?% RS e BrEsy AR e %88&%8% ggt’ Lgﬁﬂ‘?g?%? s BndP8 ﬂ?f
Under therspecifiegl eonditions thé Gatincorperatianiofithe ciifilysis imduite siaitar alibgigtedher
inventive ca%l%ytsut ?{dg shows a s %htg {{u{g%r V%I)ue of 41.3 % compared to 39.7% for the comparative
catalyst YPuasia &'8FNE invéntive ca‘f%liy%.li1 %W a dramatic improvement over the
comparative examples in gains of molectiar weight, gpd reductions in the MER values, The molecular
weight of the cdpaiatifeEaRbIAT i$ ImBRe RN wo tinfek16He CHTHA (He BRRFbtamMErFAthome
inventive,catalivgtidd @80 keirophivs. 65%kodpelled hisdesulirtsalsd Fellecladoadhedd-ihe. beovalues,
which is 0.1 g/l 0" for the jnventive catalyst and 6.9 g/10' for the.comparative example Il. Hence the
inventivé EIRE: ShwSBsHITEY s‘ﬁfpg’?‘ﬁﬁ’tbﬁtétf’fagn%}g‘g ﬁi?&@r?ﬁeé%r‘g%&ﬂi&ﬂsf%ﬁh Aierafvane &
polymersyiiignmuch hightrmalet Wieweigtvah aosimibat G2 incpiposaian.aMid, wherein any of
2010/077230PCT1US2008/014144 Analysis 10: Production of propylene/ethylepe copolymers with a
oronvier EFRRGIRIE % SFAHB R AL o R B D ol oy geL: AN i case,
one inventinsichtibysh (@xamplekdié) dnd omeromiathtiyecsatalyst RUparative-exaliopiagl ¥hiviere
tested, tE}% re éé'%ﬁe%‘?‘c%% Eeﬁerrhted in Table 12. The productivity of these samples could not be
determinedhi)ecaus in all of these examples and comparative examples amorphous
propylene/ethylene rubbers have been produced. Such polymers generally stick to the autoclace walls
and to the stirrer and a quantitative discharge of the autoclave was not possible which makes the
determination of the productivities unreliable. Commercially, polymers containing such rubber
components are produced in a two step polymerisafign where in a first step a homo polymer is
produced and in a second step the rubber is produced. This mesure reduces the stickiness of the
material and allows the commercial production and use of such important materials for applications
where low temperature toughness is required (applications like bumpers for cars, frigerator and deep
freezer food packaging, crates and pails). As with Analysis 9, the inventive catalyst in this example
achieves a much higher molecular weight, while still creating a product with comparable

C2-incorporation. The molecular weight of the inventive catalyst 11 is by a factor 2.3 higher than the
maolactiilar weinaht of the comnaratinvie catalvvet Thie raciilt ic alen refleacrted in the MER 2 1A valiiaec



WO 2010/077230PCPUS2008/014144 determination of the productivities unreliable. Commercially,
polymers containing such rubber components are produced in a two step polymerisation where in a
first step a homo polymer is produced and in a second step the rubber is produced. This mesure
reduces the stickiness of the material and allows the commercial production and use of such important
materials for applications where low temperature toughness is required (applications like bumpers for
cars, frigerator and deep freezer food packaging, crates and pails).A generally applicable commercial
catalyst has to show a high versatility, meaning a high performance under all the conditions relevant

for producing commercially available materials Upger the conditions lied here.this means that
copaimyers with el B ALS T AL ST B0 GO R ETD e CHtA ot Sl DB
materialgoubers thughness alVecyrtaw temperatureskisipequiced. Afl thennventivéCatalysts dtdfilbihis
requirement, even more, they are able in all cases tg obtain an MER 2.16 value of 9.2 W10, or lawer
(exampfienlgf}i %gugndb éls%6 fb) .6aTkg8 0?1 y ggrrﬁ%éraattl?/%méataaﬁgw?%g %kﬁ?lﬁ% a% owfgornﬁ/l F71R 5'.1%%0.1
9/10") isctirbepnetfrosn eomibatativezexampleibd: Sircedd MEROR. 2&wEluenoRKOXY gif@irdeésot rhean a
commergial gavaniange compargd t%yl%t%fs ahp 19,0-3,9410" andthiscatglysthag heen showp,to

have a much lower productivity under-all other conditions tested, it can be rationalized, that it has not
such a highelemdtitityuasothedmy 8 nevd cathiysesomhanrdoibentar Reights sfpéufentivesehidpss 16,
17, 18 afg all i, theiaRgs af 809 anghAARJeimals nd oD eSOIRALAIIVE LYAMBIEHdR8NkbAR Can

reach such high molecular weights. But as explained before at much lower productivities for all other

conditiolshedisiSTTRe 46dBnd SerbP capd(RiraBke FedaithabrRata oPHadatanst der el Hiitdkample

19 and comparative #xamnle 20 Jhe satalvaldpreraration of thesetwermatalysts differs from the one of
the already discussed results and hence they need to becompared separately. This second set of

conditions shoedraD singKReRadie syl e axRianed ealalundst beconeliions, applied here sticky

materials are obtained and hence the reproducable determination of the yield is not possible. In the

case of inventiye example 19 the copolymer ohtained was not sticky and.it showed a,nice morphology,
e shown i the bHUEEGTAB b LA P BB Bt 16 COpO i Ubiodh Bt dh ot
polymerisitioniexdmple 45 bsindtheatatal/St frorit Exampleal %:ytHe yidichoduld beidetetminedip be

8,700g/g9.h. The c rative example,20 produ ssticky polymer,.shown in Fig. 2. This photo
shows tr?(f-:-g f(r:%%loﬁr% gﬂ%ﬁﬁg r af%‘%éﬁh‘é@ﬁhw% ‘56%%:‘6 25&%%%66%%33 i%%%gﬁime risation
Example 61 using catalyst from Comparative Example 20. As with many analyses before, the jnyentive
example 19 wa¥ protuliigss MUEH HgHe M SRR dar G Snt Fi iR F B r MERR AR thE §t¥1e
comparatiygpexanipie 20 at compaablesinrodlistion] heumaleduat Weight dhtatred fonthean
inventive xf'i[l’r%gle 19is by&f&ctoré‘..? higher than tt‘gat of th&tl compar. tivle} xarpple 20. Eh};s,oir% SO
reflecte&l@S Geh RBWET RFE TAIde 'St 01 §0Pc 8B rél o™ %G G 1o T8 omparative example
20. Conetusiaa:bbtha@analysis: The different polymerization conditions tested represent the
mostapplied conditions to obtain commercially relevant polypropylene-based materials. The inventive
catalysts have shoyu ungessalh congitionsshighen poductivites tharihe.rerfrespendingscomparnatve

catalysts and most of the time better or at least similar properties of the resulting materials. Hence the
e v S SR A F B IR et e TS A ST e AR & HEREr

performance waten albsemmierciadly spirvant pelymesizatian aoatitiand. group\diiferthe abogearbon
description contajns man ecifics, these specifics @oul not be construed as limitations-of the
inventio Bt ﬁﬂ%lreaﬁ? 3@‘@?@%1%5:3?58%% 8%9 rﬁgﬁg%itr%e?n sc?ﬁe(?léoaftqlﬁsds‘é“&if KHRRTRE aF a\tfcli% eRviSion

many otbemehadddimpmisiavithin the scope and spirit of the invention as defined by the claims
appended hereto. What is claimed s 1. A bridged metallocene having the general Formula 1 below,
(Formula 1) whese MEigadagtar ofZifconiwmurHaRum «apgkd ilRRilMe sank andiR2aeeidenticd or
different and are selected from the,group consisting of a hydrogen atom, an alkyl group of from 1 to 10
carbon dtBhAEedAAIREMFEHSA O from 1 to 10 carbon atoms, an aryl group of from 6 to 20 carbon
atoms, an aryloxy group of from 6 to 10 carbon atoms, an alkenyl group of from 2 to 10 carbon atoms,
an OH group, #faldganarsireiolan i shegrsuB, witte RSEHSCARFARGIGPSHHST $PAMA6™MS carbon
atoms and an aryl group of from 6 to 14 carbon atoms, and wherein Rl and R2 may form one or more
ring system(s), R4 and R41 are identical or different and are selected from the group consisting of a
hydrogen atom and a linear, cyclic or branched hydrocarbon group optionally containing one or more
hetero atoms selected from the group consisting of Si, B, Al, 0, S, N, P, F, Cl and Br, R' is a bridging
group wherein Rl is selected from: where 136



R4 and R41, even when bearing the same index, can be identical or different and can optionally
contain heteroatoms selected from the group consisting of Si, B, Al, 0, S, N, P, Cl and Br, and are
selected from the group consisting of a hydrogen atom, an alkyl group having from 1 to 30 carbon
atoms, an aryl group of from 6 to 40 carbon atoms, a fluoroalkyl group of from 1 to 10 carbon atoms,
an alkoxy group of from 1 to 10 carbon atoms, an aryloxy group of from 6 to 10 carbon atoms, an
alkenyl group of from 2 to 10 carbon atoms, an arylalkyl group of from 7 to 40 carbon atoms, an
alkylaryl group of from 7 to 40 carbon atoms, a substituted or unsubstituted alkylsilyl, an alkyl(aryl)sily1l
group, an arylsilyl group, and an arylalkenyl group of from 8 to 40 carbon atoms, and wherein R4 and

R41 together V&Ehﬁﬂsﬁ&m SRARESURGSHCAP SUMORRIREIMASE I¥RIGRYBIaMSIAS an integer
from 1 to 18, ml2 is silicon, germanium or tin, and RI can optionally link two units of the formula 1 to

one another, ,, Rand 112 gye jdenical or iferent and.are egh 3, dualen!, C21640 grayp waich
together with thé cyclopen adlenﬁ ring forms a flrther saturated or unsaturate ring systemaving a
ring sizéoofifubim K6 A-atoik, whsneiR" Biid @@l Roptiondity cdetamalther hdi€huebmeSipGesdhP, 0
or S within.the ri f 0 . tad] ing, S CLUT,
here FaD L B e Stac fom e arocs Soraetis of an
alkyl greap Bifacmeloton@0:caryon atoms, an alkenyl group of from 2 to 20 carbon atoms, an aryl group
of from 6 to 20 carbon atoms, an arylalkyl group of from 7 to 40 carbon atoms, an alkylaryl group of
from 7 to 40 cathohhatprassserodrtiaiyldltenyibgliauheoblishing 8ntdudd cathonmatomsyreppatidexsgigetadp of
from 1 tg 20 Garbon, alome, ap, anloxugroup of fiom.8 .o 20, carbon aloms. or 3, sbaiied ary.
unsubstituted a?kgﬁsﬂl)ﬂ group, fra yié%y?f‘sﬂﬂ g%up and an ar)’/lsilgfgroup, whereir each of the
groups prayegentainlens e meednetelo3abormditmeludifghSipderel, 079N droReand hobrmagdoastain
halogen Aloms AAAIng.Fdal 8k B andhihere Rala s HAIRERRAMRAURUP selected from the group
0 al from

consisting of a substituted or unsubstitute yl group o to 20 carbon atoms, and an
substituted or ynsuhstituted alkenyl group. of from 3 to 20 carbop atgms, and wherein those groups
may contain or%g d% e%ﬁg@gg%gﬁ?&%&i{hegggﬁe@}%r&%, %%&?"T’and / or may contain halogen
atoms including F, Cl or Br, and further wherein R302 forms a monocyclic ring with the 13 carbon
atom, and R3 has the meaning of R3G , but R&*eed ROt be identical to R30 , or R3is a linear,
cyclic or branched hydrocarbon group which option “ caorftdin one or more hetero atoms selected
from the group consisting of Si, B, Al, 0, S, NFE’mF%;CZL Ir Br, or R3 is selected from the group
consisting of an alkyl group of from 1 to 20 carbon d’t}ﬁf{ﬁspiafﬁ“awlalkenyl group of from 3 to 20 carbon
atoms, an alkylaryl group of from 7 to 40 carbon ato s\%ar&a an allcylarylalkenyl group of from 9 to 40
carbon atoms, with the proviso that, in any case, R3 is hot branched in the a-position. 2. The
metallocene of claim 1 wherein Rl and R2 are igarfﬁjcﬂal r different and are selected from the group
consisting of an alkyl group of from 1 to &Qxcargpn atoms’ %Fﬁlkoxy group of from 1 to 10 carbon
atoms, an aryloxy group of from 6 to 10 carbfﬁ'éi“tgc &, and,a halogen atom, and wherein Rl and R2
together may form one or more ring systerg( 3, andwherein M' is zirconium or hafnium. 3. The
metallocene of claim 1 wherein Rl and R® are iﬁgntida[qpr different and are methyl, chlorine or
phenolate. RE R

Formula la
where M! is a metal of Zirconium, Hafnium, and Titanium,

R! and R? are identical or different and are selected from the group consisting of a
hydrogen atom, an alkyl group of from 1 to 10 carbon atoms, an alkoxy group of from 1 to 10

carbon atoms, an ary! group of from 6 to 20 carbon atoms, an aryloxy group of

137



4. The metallocene of claim 1 wherein R4 and/or R4' are selected from the group consisting of a
hydrogen atom, an alkyl group of from 1 to 20 carbon atoms, an alkenyl group of from 2 to 20 carbon
atoms, an aryl group of from 6 to 20 carbon atoms, an arylalkyl group of from 7 to 40 carbon atoms, an
alkylaryl group of from 8 to 40 carbon atoms, an arylalkenyl group of from 8 to 40 carbon atoms, a
substituted or unsubstituted alkylsilyl group, an alkyl(aryl)silyl group, and an aryisilyl group. 5.
The metallocene of claim 1 wherein R4 and/or R4' are selected from the group consisting of a
hydrogen atom, an alkyl group of from 1 to 10 carbon atoms, an alkenyl group of from 2 to 10 carbon
atoms, an aryl group of from 6 to 10 carbon atoms, an arylalkyl group of from 7 to 20 carbon atoms, an
alkylarylgr f a% %f?% I 8. a
et T e PR NS s R

metallocéer.of etaim 1 WRereingR¥mndF4rareboth lydeogealkyl 7ZPhe ntallbesne bf driml 8

wherein BLis R4ORA1, 5im RAORALGEMRAORA] o, =10r (R4ORALC-GRABRAL)- phere R4 and R41
are identical or different and each is Selected from the group consisting of a hydrogen atom, an alkyl
group OPFrBIYN L 1B210'E8M8h atoms, an aryl group of from 6 to 40 carbon atoms, an arylalkyl group of
from 7 to 14 carbon atoms, an alkylaryl group of from 7 to 14 carbon atoms, a substituted or
unsubstituted &kyisidy[Rjroup, idengitkly|tarySiyebigrodpaaneseiotady Syt gheuproup 8offdieimetdllocene
of claim i idgi it IS.F I=.0r R4 = re R4 R4 identical
or differ&yggégegtéﬁﬁs%&;%g%%ﬁr&% gﬁeog{;él%%‘%%ﬁs? tlagé%r%ne]ﬁ?ﬁ}peﬁgﬁ)ﬁg y‘i, %%%ﬁn%e%r%%/l rhexyl,
heptyl, gotyk hoesd ateeyBalasduciomdbeeytupysiopemyglothclBpéntadiendl, ByLléRaxg Bshenyl,
naphthyl, benzyl, trimethylsilyland 3,3,3- trifluoropropyl. 9. The metallocene of claim 1 wherein the
groups R" and RfRsarerdeniioaibap ditierentrdfics edehtis Setected from the group consisting of a
divalent group selected from those given in Formulae | 44, y, 8, co, and v and Formulae 1 aw, 7', 8',

cp', and{Vv", respectively, wherein the asterisks ™ and =" in Formula 1T and Formulae T a-y and 1 a'-
V', respectively, deggte the chemical bonds joining RI1 and % to the cyclopggtadégnyl rings R8Rat
Formula 17Formdfa 17'  R5 R55 R \¥R7 R77 R R R
—O—M"2~0- —C— —O— M2 — M2 —
4 La 41 bar fa
R0 R R40 40 R40
__MHz__ —wi12 ;fﬂmz __“(’»; {'}_ﬁ_
241 B4 ot hat
Rdf} Rdﬁ R4O R@U Rﬂiﬁ R‘-’FQ
i I ! § | 1
MCWG__....._?___ hm‘?z % c _M"iﬁ
R4 éﬂ ey Flz“” ! %ﬁu EEZ‘”
X
B—RA /Mm R0 —Ge— e — 35— \SQ
N\ A \ \
S0; N—R* p—R* P(OR® C=
Pt Y. Y P (O} ar C=0
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R99 R9 R Formula | v wherein R5, R6, R7, R8, and R9 and also R5t, R6', R7', R8' and R9' as
well as R55, R66, R77, R88 and R99 and also R55t, R6e, R771, R881 and R99t are identical or
different and are each selected from the group consisting of a hydrogen atom, and a linear, cyclic or
branched hydrocarbon group with or without heteroatoms selected from the group consisting of Si, B,
Al, 0, S, N, P, F, Cl and Br, and wherein said R5, R6, R7, R66' R77i R88 and R991 are individually
selected from the group consisting of an alkyl group of from 2 to 20 carbon atoms, an alkenyl group of
from 2 to 20 carbon atoms, an aryl group of from 6 to 40 carbon atoms, an aryl alkyl group of from 7 to
40 carbon atoms, an alkylaryl group of from 7 to 40 carbon atoms, an arylalkenyl group of from 8 to 40
carbon atoms, a substituted or unsubstituted alkylsilyl group, an alkyl(aryl)silyl group, and an arylsilyl
group, and whi#ff two adjacent radicals R5, R6 or R5', R6l or R6, R7 or R6P , R7' or R7, R8 or RT,
R6L or R, Royou Ry ROt ag el as,R05, ROGAr B85, RS OLRGE, RLLLRGORLL 17,368 or
R77', R88I or R88, R99 or R8§l, R991 In each case mayr}orm a saturateg or unsaturated hydrocarbon
ring systetipnally tontFhehmetediozeneloficihin:® Wikersinpl oTBBEIHIOR B1' BredldéhtieaNo P differatt and
RLL is SValgnh0'alR aceareingdia BB AR s sPigiRmtdrom e ANAISNLQUAS s
Formulae la’, pc, and y', or R11 and RH"are’identical or differént and are selected from the group
consistiﬁl@@fHi@aﬁ@ﬁﬁé@uﬁé’laéc@wrﬁb &@ﬂbﬂ%ﬁﬁﬁﬂaﬁé%6%@8%%%%%%@%&6#&{9%@%%%,
Formula la gnd ', Ropmuda hpand hp, anddbormulaly, andrvtgrgspectively. 68,  carddn Th®ms,
metallocene of claim 9 wherein R55, R66,R" and R99 and also R55t, R661, R771, R88' and R99I are
each a ATt EhPRETHS, R7OREarfdRY arftPRISo R5RIReEY! retoRePladtPRo Ardidbhtical
or difger%%@fdﬁﬁﬁfé} igﬁ@l@f%&%?f@%&%ﬂlw me&:s@ng%@m f*ﬁtdg@%ﬁﬂ; aetmﬁaﬁyfsftgla@ﬂﬁu' Eﬁ”dfféfm ;
unsubstituted alkylsilyl or arylsilyl group, a linear, cyclic or branched a roup, of from 1 to 1Q carbon
atoms, i AR GRIGRBUEof OB PR Lo MR EBeH oA >§%b§§°ﬁpaﬁfbawélai}%ne or
more hejesgpatamsaselesirekiiom thewgroup cansistingoof4i, Babdn0aBolN, Bad, €hasthBROr wderein

the two ggjacengradicrEIiéRS/RG and R5' /R6 form a rf]gdrocarbon rin% system, or R5 and R51 are
5

identicafor HEPShT AR 58 SRR AR SR RET B HSTRSHS dPSRIGaiS BY 8% 6 to 40 carbon
atoms. 12. The metallocene of claim 9 wherein R55, R66, R77, R58 and R99 and R55, Roc, R77',
R88P and RI9* &T@aFes Miiogent &tom and R5, R6, R7, R8 and R9 and R5', R6 R7and R9. are
identical or diffE,{eqts %g(%?gﬁ&§ﬁ%§qiﬁomdthe group consisting of a hydrogen atom, a linear, cyclic
or branched alkyl group of from 1 to 10 carbon atoms, an aryl group of from 6 to 40 carbon atoms, and
wherein the twi '4djacepisadigdisiReoRaiand alsdoRbiijaRGdogetherfarnma ring system, or R5 and R5'
are identical or differenf and are each a substituted or unsubstituted aryl group of from 6 to 40 carbon
atoms. 13. The nfetalsedhiesgrerdifn | wherein R301 is a linear, cyclic or branched hydrocarbon
group which may optionally-hg halogenated and wherein R302 is selected from the group consisting of
a substituted or unsubstiied alkyl group of from 2 to 20 carbon atoms, and a substituted or
unsubstituted alkenyl group of from 3 to 20 carbon atoms, wherein any of those groups may contain
one or more hetero atoms ipcluding Si, B, Al, 0, S, N or P, and/or may contain halogen atoms including
F, Cl or Br-withithe -pre that R302 is a mono-cyclic ring which includes the 13-carbon atom.

14. The metallocerie of clgim 13 whesgig R30' is selected from the group consisting of an alkyl group
of from 1 to 20 carbon atoms.. ﬁ(enyl group of from 2 to 20 carbon atoms, an aryl group of from 6
to 20 carbon atoms, argoeilrylalky! group of from 7 to 40 carbon atoms, an alkylaryl group of from 7 to 40
carbon atoms, BAe&KSXy dfoaplBEfforryiite 90 baissaatbivcar ety bRy slRsted fibrmeths 2rearbon
atoms, and an asylalkgRyhearonP.akfrom.8 040 £arbon atoms apdwhearsin R302:ik & substititegror
unsubstituted alkyl group of from 3'to 7 carbon atoms, and that group may contain one or more hetero
atoms includinér@fr}gé,t% O2hoR BPPS SHGSE BIEJPCOHESR Rdfbge FREteRESHSRG LT SFBP Hith
the proviso thatyR302 is a ponaEyclicHing whighhlcluges theprgarbonatgm. of 1Hedhhe 7 1o
metallocene of claim 1 wherein R30 contains more than 6 carbon atoms. 16. The metallocene of
claim 1 Whereiﬁ%ﬁ%ﬁ@@ﬁogﬁmm{%@%ﬁﬁ%@eﬁmést(?rfwe‘&aﬁ%@,t‘ﬁm’ 13 HESHHEPHR o
identical to R3QthRINRS 16 adibeakcysliaoiktancheshydrocaran goatapbohfiams to 20utathbend

atoms, with theOPrOVIl%%& g:&tﬁt%ds n%ﬁk%?ﬂfrf] ed é?og]pe, a-pa%smoglkyl(aryl)sﬂyi group and an
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17. The metallocene of claim 16 wherein R3 is selected from the group consisting of an alkyl group of
from 1 to 20 carbon atoms, an alkylaryl group of from 7 to 20 carbon atoms, an alkylalkenyl group of
from 3 to 20 carbon atoms and an alkylarylalkenyl group of from 9 to 20 carbon atoms. 18. The
metallocene of claim 1 wherein R3 and R30 are identical or R3 is selected from the group consisting of
a methyl group, a linear, cyclic or branched hydrocarbon group of from 7 to 10 carbon atoms which
may optionally be halogenated, an alkylaryl group of from 7 to 10 carbon atoms and an alkylalkenyl
group of from 3 to 10 carbon atoms, with the proviso that R3 is not cyclic or branched in a-position.

19. The metallecgingdfottainn dhahereir RSupchosernfrain the samerséicthat describet:R39G;,bat need
not be identical&g 0, E %Odr@%n%tarﬂgc%n&a% %Igi(gnelr?‘}/\o/g%rgau%%a : 3(3 1z;1ch contain more thgn
6 carbon atoms. 1. A'précess for olefin polymerisation compnsnﬁg CcOntac Ing one or more olefins
each having from 2 to 20 carbon atoms under olefin polymerisation reaction conditions with a catalyst
system includirff BAtGek maaiﬂ&%fﬂ%a&%&sﬂwﬂﬁ%% fomnihs FRRERIRAtREOha ehsttuted
Zirconium, Hafeiurmsapetifitaniumyl griiband R3rare identicatandiffefenisangaraselesiesitionthe
group consisting of .a hydrogen atom, an alkyl group .of from 1 to 10 carbon atoms, an alkoxy group of
from 1 to 10 ca 8%1}:’5?33#% Syt gfotE o?¥ro?ﬁ?% t6 28 catbSAREBMECH A &J}ﬁro%‘ﬁlﬁﬂ‘gfrl}@% to
10 carbon atomsnainathenyl graahofcfromotoitéliciingoi atms, an OHgUR, avdialogen ataminor a
NR232 group, where Ra218 an alil gsoup of fiam 4,{0 40 qarban, atoms, and.an aryl groun, of fram 6 to
14 carbon atomé and Rl and R mafgfofm one ormore ring sys ernr1n(ss), "Ra§n are identical or
different and arewdetectedifrom the group consisting of a hydrogen atom and a linear, cyclic or
branched hydrocarbon group optionally containing one or more hetero atoms selected from the group
consisting of SRBhA, i Sichhily bf RIFANBLBR’ Rdeis sobrdginggraup wierein 2k is seleetegddiom
where R4 a%nd 4%, ev§n wrlljen bearin‘% th%same ii{;’ex, can be identical or different and can optionally
contain eSS IR T R GHot SRHAH NG DB AROOSIRICPICIRRIBE SHi6C
selectedfframiteccgsop e aesnsisting 6f,aEhydiogeis.a, an alkyl groopiiaringlfand Triem3@carbon
atoms, an aryl group of fram.6 to 40 on atoms,,a fluoroallcyl group.of from 1 to 10 carbpn atgms,
i e A i S G 5 e B
alkenyl grolipcefiront@ne, 20 edrbonlatons patrary Atk Gredpoifoom b dlbaraoyiditenys ganp
a'ky'ary'%%* %05 Oy 19,AR GAIRONAIRMS grﬁv gtl{ggge%@rgﬂngnubgggg}eg RSN AR 1 e o
alkyharyl)silyl group, an ary?snyl group, and an arylalkenyl group of from 8 to 40 carbon atoms and
wherein R4itpe R41 together with the atoms connecting them can foim one or more cyclic systems, x
is an integer from 1 to 18, M12 is silicon, germanium or tin, and R1 can optionally link two units of the
formula ird wheramothif, R7 aRY BAciR14doaRe identicakad differentdandcal e eaiffcroaivaient 2G40
group which together with the cyclopentadienyl ring forms a further saturated.or unsaturated ri

cyatem NSNS Lo B SR P Ao GRGE M b L. S darcly o gcoarooh
heteroatgrmspSir G ekt tedorrSinathini thtedrimdy Sy je rp-fupe dro atloy i yclph entagieny/laringyaiig R30

has the %’x%{ﬁ%ﬁ% wherein each of the groups may contain one or more hetero atoms including 51, B, Al, O,
S, N or P, and / or may contain halogen atoms including F, Cl or Br, and further wherein adjacent
radicals R®, R® or Ré, R” or R7, R® and also R*, R® or Ré', R” or RF’“, RY in each case may form a

hydrocarbon ring system.

45, The metallocene of claim 44, wherein R, Rﬁ, R’ and R® and also R, R®, R and RY
are identical or different and are each selected from the group consisting of a hydrogen atom, a
linear, cyclic or branched hydrocarbon group selected from an alkyl group of from 1 to 20 carbon
atoms, an alkenyl group of from 2 to 20 carbon atoms, an aryl group of from 6 to 40 carbon atoms,
an arylalkyl group of from 7 to 40 carbon atoms, an alkylaryl group of from 7 to 40 carbon atoms,
an arylalkenyl group of from & 10 40 carbon
atoms, a substituted or unsubstituted alkylsilyl group, an alkyl{aryl)silyl group and an arylsilyl
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301 where R301 is a linear, cyclic or branched hydrocarbon group selected from the group
consisting of an alkyl group of from | to 20 carbon atoms, an alkenyl group of from 2 to 20 carbon
atoms, an aryl group of from 6 to 20 carbon atoms, an arylalkyl group of from 7 to 40 carbon atoms, an
alkylaryl group of from 7 to 40 carbon atoms, or an arylalkenyl group of from 8 to 40 carbon atoms, an
alkoxy group of from 1 to 20 carbon atoms, an aryloxy group of from 6 to 20 carbon atoms, or a
substituted or unsubstituted alkylsilyl group, an alkyharypsilyl group and an arylsilyl group, wherein
each of the groups may contain one or more hetero atoms including Si, B, Al, 0, S, N or P, and / or
may contain halogen atoms including F, Cl or Br, and where R302 is a hydrocarbon group which is
selected from the group consisting of a substituted or unsubstituted alkyl group o;{lgom tg 20 carbon
atoms, &FRFRPRE AR EF UASIBS TR P RIRBRA GO TP Bt BB T Fﬁs‘ﬁv@e in' those
groups may, sentaimone-afanagdetesematomswacidding1Siy Br, AhDfbhdt erhidednadl/eemaydeantain
halogen atoms ingluding F, Ci or Br, and fugher whesein R30Q2: forms a monocyclic ri ith the 13
catbon Biomt S T B (R e o B0 ot 1o 3 e e B BCANG FERHPRES 6 a
linear, cyslicandaanched hydrocarbon group which optionally can contain one or more hetero atoms
selected from the group consisting of Si, B, Al, 0, S, N, P, F, Cl and Br, or R3 is selected from the

group consisting, of g6 aliyvlgreup of fromnl 49, 201eaehonratamssan kylalkanyhared m odsedmbento 20
carbon atoms, an alkylaryl group of from 7 to 40 carbon atoms, and an alkylaryla ken£ gr%%ug og from 9
nl ki

to 40 caFBBRSEIHETWI (e BPEVRE Hiaf P58, SHEGH dAS8, BHRARLHE T tRE H:g0si > 22,
The prosess f claimi2drwhersinfaend Rasgddenticabordifferenrind ‘asadsalectey fbrrthE group
consisting of an.alkyl %roup of fr?@m 1 tg 1(§ carpon atoms,t an alkoxy group of from 1 to 10 carbon
atoms, &h aryloxP SASUEBE AR 818 1 GVEASBIPRIME SEHE™ halogen atom, and wherein RI and R2
together may form one or more ri2§ gstem(s), and whereip Ml is zirconium or hafniym. .. 23.The

process of claiff-2ibgmselrrenad Reigrdfaarsesnor differdht dibBréH ety Renrin o?rﬁwgﬁolate.
24. The progrss Qi cRimRlmhareinRbandRd assalecies QiR gEUPCRNSISHA0 M8, a

hydrogen atom, an alkyl group of from 1 to 20 carbon atoms, an alkenyl group of from 2 to 20 carbon
atoms, aHPAHPGHAR BiHBTHIB S St daibbn atbrieyAPsRa kI Bu 6t froth 7828 Ao F atBins, an
alkylarybgres aof {5010 8ate A0 LarkorRiomardnanyatienyhgmup 4f Fatvs il ealbehatdmEasa
substituted Or unsybstinned alkylsilyl group, an alkyl(aryOsilyl group, and an arylsilyl grqup. . 25.
The proctasTt R TmS e S o e e LR A HGIUHE GFOL B Sg By oo
atom, aratkyl.group of from 1 to 10 carbon atoms, an alkenyl group of from 2 to 10 carbon atoms, an

aryl group of from 6 to 10 carbon atoms, an arylalkyl group of from 7 to 20 carbon atoms, an alkylaryl

group of from &30 2Q cachRRiems amaryalkerdiarrbprof s o Reariomataimsraigehrsiuted
or unsubstituted allcylsilyl group, an alkyl(aryl)silyl group, and an arylsilyl group. 6. The p{.ocess

of claim P1NFEFRIrF R 25 3R A1 BT AL 81 P 7P P Od < DIERARR P Wnardfi k) jEciic
RaoRaigimyrRaewiGeR4ad4 lgroug, kcttR4RA 26 SRAORAI. of from 1)wheref¥oansdidl are
identical or %fer nt and E?Egh IS selecéed rom the group ¢ nsistingfotfrgmh)éd{ggsn atom, an alkyl group

of from PG HGEABIHRLI S A 1 GrSP BrHERT et A8 EBBr Atd S, Ak &SNy BB o from 7
to 14 cadpdalifbmspapm adkyléryhgrdupoof Mbneattionl dacanbpnaatonibylarsbstitupedodr linsubStituted

alkylsilyl group, an alkyl(aryl)silyl group,,and an arylsilyl group. 28. The process of claim.2 '
erherein e BrEng ot  CEIFR Tooss B A% o 10etc oL ATRES: ana
each is selectetsironedheligielp consjsting dkphetyylsibthyoquropyl batyybehtylgthery laheptytrootyl,
nony!, decul gyl foReck GelRneRy L XFIRPEITRTICRY! VRN RY P RERY  ARPRILY RN 2!
trimethyfs yFand , :? triflioropropyl. ’ ’

hydrocarbon ring system and further wherein the groups may contain one or more hetero atoms

selected from the group consisting of Si, B, Al, O, §, N, P, F, Cl and Br,

and where R and R are identical or different and are each a substituted or unsubstituted
aryl group of from 6 to 40 carbon atoms which may contain one or more hetero atoms selected from

the group consisting of Si, B, Al, O, §, N, P, F, Cl and Br.
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WO 21110/077230PCT/US2008/014144 29. The process of claim 21 wherein the groups R11 and
R". are identical or different and each is selected from the group consisting of a divalent group
selected from those given in Formulae 1 41, y, 6, cp, and v and Formulae 1 ccir, y', 61, o', and V',
respectively, wherein the asterisks "*" and "**" in Formula 1 and Formulae 1 a-v and 1 a'-v/,
respectively, denote the chemical bonds joining R" and RI I' to the cyclopentadienyl rings Formula 18
Formula 16 Formula Iv wherein R5, R6, R7, R8, and R? and also B?, R6t, R7, R8P and R9. as
well as R55, R66, R77, R88 and R99 and also R551, R66i, R77', R88I and R99. are identical or
different and each are selected from the group consisting of a hydrogen atom, and a linear, cyclic or
branched hydrocarbon group with or without heteroatoms selected from the group consisting of Si, B,
Al 0, S, N, P, 48 Giheneerllapenavidrsln satf R IR IR TICRBIRY, %i}%eé,wcg%b?ﬁ@ﬂcm’ésfmee,

R77, R?&@?%ﬁ%@hmm oBd br 1238 ARG RIGha individualiyinelgeigd dramthe groyp gonsisting of
an alky grog of from 2 to 20 carbon atoms, an alkenyl group of from 2 to 20 carbon atoms, an aryl
group oo 164t dbon atoms, an arylallcyl group of from 7 to 40 carbon atoms, an alkylaryl

group of from 7 to 40 carbon atoms, an arylalkenyl group of 7from 8 to 40 carbonﬁ;ator_ns, a su}gtbstituted
or unsubstituté@. allsinplabecans ah alkiykatfpsieramolip dhdad dtylsigl gsupB, afd veRerEin &t

‘adjaceniadicals ReRG.0L R0 arROM RO BLRHRRm R hRH BRALRE 8 NRERUGRE, RY
as well as R55, R66 or R551, R66' or R66, R77 or R66', R77 or R77, R88 or R77, R881 or R88, R99

or R88's¥ebtiFd aE Mesabstinusralky lakhamtsd Sl s adsiyarochroontrs kg k! €089, The
process,of glaim 29vhereiniRang B! are identisaler different andoR18 isaandivalenhgradpaggsording
to Formula 17 and Rut is selected from the divalent%;roups in Foimulae .

any of these groups may contain one or more hefero atoms selected from the group consisting of

Si, B, Al, O, S, N, P, F, CI and Br, and further wherein R® and R” are identical or different and

are each a substituted or unsubstituted ary! group of from 6 to 40 carbon atoms.

5], The metallocene of claim 44, wherein R®, R’ and R® and also R®, R” and RY are
identical or different and are each selected from the group consisting of a hydrogen atom, a linear,
cyclic or branched alkyl group of from I to 10 carbon atoms, and an aryl group of
from 6 to 10 carbon atoms, and where R® and R’ are identical or different and are each selected
from the group consisting of naphthyl, 4-(C,-Cj¢-alkyl)phenyl or 4-(Cs-Cyo-aryljphenyl including 4-
methyl-phenyl, 4-biphenyl, 4-ethyl-phenyl, 4-n-propyl-phenyl, 4-isopropyl-phenyl, 4-tert-butyl-
phenyl, 4-sec-butyl-phenyi, 4-cyclohexyl-phenyl, 4-trimethylsilyl-phenyl, 4-
adamantyl-phenvl, 4-(C;-C p-flucroalkyl)-phenyl, 3-(C;-Cyp-alkyl)-phenyl, 3-( C;—Cm—ﬂuofoalkyl)-
phenyl, 3-(Ce-Cag-aryl)phenyl, 3-biphenyl, 3,5-di<(C;-Cig-alkyl)-phenyl, 3,5-dimethyl-phenyl, 3,5-
di-(C-Cyo-fluroalkyl)-phenyl, 3,5-di(trifluoromethyl)-phenyl, 3,5-(C¢-Cyo-aryl)phenyl and 3,5-
terphenyl.

52. The metallocene of claim 44 wherein the metallocene is a compound selected from

the group consisting of:

Dimethylsilandiyibis[2-{(}-methylcyclohexyymethyl}-4-[ tert-butylphenyl)-I-indeny]-zirconiam
dichloride

Dimethylsilandiylbis]2-[( 1-methylcyclopentylimethylj-4-(tert-butylphenyl)- 1-indenyl]-
zirconium dichloride
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la,f3', and y', or 12.1' and R.11" are identical or different and are selected from the group consisting of
divalent groups (i%q g,to Formula la and la’, Formula 1.13 and Ifl', Formpdaghé and,lyr, Formula 16
and 16', Formula'hp and hp'; and Formula Iv and Iv', respectively. 31. The process of claim 29
wherein R55, R66, R77, ' ' R88 and R99 and also R551, R66., R77",
‘R88' and R99' are each a hydrogen atom and R5, R6, R7, R8 and R9 and also R5', R61, R7I, R8" and
R9' are identical or different and each is selected from the group consisting of a hydrogen atom, a
substitutedimeingsibstitvited 2alk\tsidryalyhis o prethpll4-livsdruaindiiedi- biateiéld alkyl group of from
1 to 10 carhpn,AiemssiRd.an aryl group of from 6 to 40 carbon atoms wherein any of the groups may
contain one or more hetero atoms selected from the group cansisting of Si, B, A, 0, 5, N, P, F, Cl and
Br, and fur%@?%@@ﬂﬂ?@%lﬁﬁl&‘@ﬁﬁ%‘mﬁ yﬁ%)%é‘ﬁ?&%ﬁ%ﬁ f&nﬁ' lg%ﬁgbbzég%%%@ring system,
or R5 and R&ilarideidentical or different and are each a substituted or unsubstituted aryl group of from 6
o 40 Carb%]rﬁéfﬂg@aﬁéyms{z%@g-&@&ﬁ@a%éaﬂ&ﬁéamﬂ%emt@mﬁﬁﬁa-maeﬁg;;pﬂ@ﬁ;@nd R55 R66/,
R77', R581 and R99t are each a hydrogen atom and R5, R6, R7, R8 and R9 and R5I, R61, R71, R81
and RO’ ard'f3%F&al or different and are each is selected from the group consisting of a hydrogen
atom, a linSanethytiiuali Pbisite et dilkyl ¢ rbemy Dinkbil- -t T daiiionyatd islearittameiyigroup of from 6
to 40 carbqp.atems, and wherein the two adjacent radicals RS, R6 and also RS', R6' together form a
ring system, or RS and R5t are identjcal or different are each a substityted or.unsubstituted aryl
group of fr&ﬁ“%ﬁfgSA'@“@&PBBW%%’%BYE)’C“%%".“‘P@ f)%ng ‘Gt e é?c’ln‘?]‘ﬂy&h%lrpe%%n%g@ic?g Ainear, cyclic or
branched hiydiiodérbon group which may optionally be halogenated and wherein R302 is selected from
the group GoRSIslREREHGNR i%ﬁ@i@j}d}m{éyt%r?ﬂﬁ@{ﬁ‘;q]dkbé@ﬁﬁ%@éﬁﬁgﬂﬂ-%&&?@uﬁ%&ﬁﬁk@tomS and a
substituted or. unsubstituted alkenyl group of from 3 to 20 carbon atoms, wherein any of those groups
may contaiiBRESr more hetero atoms including Si, B, Al, 0, 5, N or P, ahd/or may contain halogen
atoms inclulimgtvisGindiyBisiAAll #iayproliisontiansiii¢atrhatiphepelic inndewiiatriaeiudes the
13-carbon gigm4e 34: The process of claim 33 wherein R304s selected from the group consisting of

an alkyl group of from 1 to 20 carbon atqms, an alkenyl gro f fro to 20 carbon.atoms, an aryl
group of frofmEsSEndbG Al y%ﬁgﬂﬂg@ffﬁt}gm!ég rbg'lrg“g‘}iée b%é’r%dc?fﬁy G an alkylaryl group
of from 7 tai#Bleakbon atoms, an alkoxy group of from 1 to 20 carbon atoms, an aryloxy group of from
6 to 20 carpon alas,@ndian. RASRIABIRURRIIOM G 1aWE Ao PlamsyandnwhRigin R302 is a
substituted or unsubstituted alkyl group of from 3 to 7 carbon atoms, and that groups may contain one
or.more hetd#8%6ms including Si, B, Al, 0,;S, N or P, and/or may contain halogen atoms including F,
Cl or Br, withirththyisianidiiisi2 R 3020y e yelohexdyokthyihd-Gaidiirieheaes- thedesyBaasomidom.  35.
The procesg@fgiaim 21 wherein 12130 contains more than 6 carbon atoms. 36. The process of
claim 21 wherein R3 may be,chosen from the same hat described R300, but.R3 need not be .
identical to Iﬁ‘g’ﬁﬁ'y BPﬁ?ébgiﬁf&%ﬁr%Véﬁ%%’lp erlijribc eé%ﬁi"éa@g&gégr%%qﬁ% P3§§ 3???8 h-f}fc‘c){)%ngarbon
atoms, withdibidaprdeviso that R3 is not branched in the a-position. 37. The process of claim 36
wherein R3igselacieqhiiamibe gseup sansisingaianalkyl grupatiiom nden20-gasbaamatoms, an
alkylaryl group.of from 7 to 20 carbon atoms, an alkylalkenyl group of from 3 to 20 carbon atoms and
an aIkyIarnglﬁlg?f Fgroup of from 9 to 20 carbon atoms. 38. The process of claim 21 wherein R3
and R30 arPimlehticirafitsiz-Kéipsmicidamaend gsugldoreisivy picaiidtnicgidueté thear, cyclic
or brancheg;aydrasarbon group of from 7 to 10 carbon atoms which may optionally be halogenated, an

alkylaryl groyp of from 7 to. rbon atoms an glkyl I%_n | aroup.of fram ﬁ:[ 10 carbon atoms,
with the provi St?ﬁléflﬁ'% %g’r?ﬁ'ﬁ?é 1C %%yi??agﬁggl_f:(?'rﬁ 5 é/% ehi‘}ﬁ@ Eﬁ?g@%sfsl% cla r% 21 Wherein R3 is
chosen frondithlersame set that described R300 , but need not be identical to 40. The process of
claim 39 wheigimR3A061RI0-FAGHEINAIRIRGIAHIR) 6 CArbeRAMBAS)- 1 -indeAdi] Eheopiiocess of claim
21 wherein the olefins include propylene and/or ethylene. 42. The process of claim 21 wherein the
olefins incl/d&'SF'#ast one olefin having the formula Rm-CH=CH-Rn wherein Rill and fe can be
identical or different and are each individually a hydrogen atom or a radical having from 1 to 20 carbon
atoms, or R." and RI' together can form one or more rings. 43. The process of claim 21 wherein the
olefins include one or more compounds selected from the group consisting of ethylene, propylene,
1-butene, 1-pentene, | -hexene, 4-methyl-lpenten&4dr 1-octene, styrene, 1,3-butadiene, 1,4-hexadiene,
vinylnorbomene, norbomadiene, ethylnorbomadiene, norbomene, tetracyclododecene and
methylnorbomene. 44. A bridged metallocene having the general Formula la below, RI i'R51 Formula
la :



where Ml is a metal of Zirconium, Hafnium, and Titanium, Rl and R2 are identical or different and
are selected f{%@z{%@{ﬁﬁ%ﬂ?p consisting of a hydrogen atom, an alkyl gr%mgg&%]]d& 10 carbon
atoms, an alkoxy groupof from 1 to 10 carbon atoms, an aryl group of from 6 to 20 carbon atoms, an
aryloxy group of from 6 to 10 carbon atoms, an alkenyl group of from 2 to 10 carbon atoms, an OH
group, a halogen atom, or a NR232 group, where R32 is an alkyl group of from 1 to 10 carbon atoms
and an aryl group of from 6 to 14 carbon atoms and Rl and R2 may form one or more ring system(s),
R4 and R4banetigtsisichy bis(HTgrenipakgcrgrgaiboebyfiénithégrpherobnkistdagytf a hydrogen atom
and a lineay, cyelic @chkaaehed hydrocarbon group optionally containing one or more hetero atoms
selected from the group consisting of Si, B, Al, 0, S, N, P, F, Cl and Br, Rl is a bridging group wherein
Rl is selected from: where 40 K and R41, even when bearing the same index, can be identical or
different amdreethybptaiigbisiCeitainthgterdaticxnsetotidd frophthd girdndegdhsistnguof Si, B, Al, 0, S,
N, P, Cl angd By,.aid are each selected from the group consisting of a hydrogen atom, an alkyl group
having from 1 to 30 carbon atoms, an aryl group_of from 6 to 40 carbon atoms, a fluoroalkyl group of
from 1 to 10"RSHGH s Gl ARy S inp SRty 16 10 BarBBY al ntsmE ArR8W group of from 6
to 10 carbaiichitgits, an alkenyl group of from 2 to 10 carbon atoms, an arylalkyl group of from 7 to 40
carbon atof)s, A iAkHRANGIURALIRIN IR AN FRIBANAIPMEH SHBSHILEH Sftiisupstituted alkylsilyl,
an alkyl(arypsilyl group, an arylsilyl group, or an arylalkenyl group of from 8 to 40 carbon atoms and
wherein RA'SHARA1 together with the atoms connecting them may form one or more cyclic systems, x
is an integ&ifrahylkitaddyIME2- 16 siledon: gérmayiimetiolth{ ampiRiydahioptohphiydmkitwo units of the
formula 1 tg gp&ianother, and R30 has the structure: R31 CH 2 R302 where R301 is a linear, cyclic or
branched %drocarbon gi%ﬁjlg selected from the group consisti%of an alkyl group of from 1 to 20

carbon atofiS 4R s GUR srsiones R Su bk 4idrrehdly B -6 ¢R8IH™ to 20 carbon

atoms, an digfiiikge group of from 7 to 40 carbon atoms, an alkylaryl group of from 7 to 40 carbon
atoms, or g5, anakenh Houn QLM BIRA FAON Ale MR Bk BFaUR-fiRm 1 to 20 carbon
atoms, an aryloxy group of from 6 to 20 carbon atoms, or a substituted Or unsubstituted alkylsilyl
group, an C&f)sily1 group and an arylsilyl group, wherein the groups may contain one or more
hetero atoM$mebitslingiSibiE?Al| -6thBcélopdahdmatbyliral cepbéint hafoderndtormsintluding F, Cl or Br,
and where R302.is a hydrocarbon group selected from the group consisting of a substituted or
unsubstituted alkyl group of from 2 to 20 carbon atoms, and an substituted or unsubstituted alkenyl
group of frotH S s S ERHE A biHEY SHH e TRy H’iﬁ"ﬂ%ﬁ%ﬁ' BHESFRGrETRYIB atoms including
Si, B, Al, OdBhinrige P, and/or may contain halogen atoms including F, Cl or Br, wherein R302 forms a
monocyclicRgiyita e 8 $a BRI Rionod3 Brhasy e Mmaaning 1Rt ReienAuLR3Haed not be identical
to R300, or R3 is a linear, cyclic or branched hydrocarbon group which optionally can contain one or
more heterd AtSHIE selected from the group consisting of Si, B, Al, 0, S, N, P, F, Cl'or Br or R3 is
selected frérmgibeygileod dusiSidtinghotcamietkpliirebp! bt flomphtio20-tdrbwi-sitorniiran alkylalkenyl
group of fromppia20 carbon atoms, an alkylaryl group of from 7 to 40 carbon atoms, and an

akytaryial gyl oo of 9 19 40 ARSI SRR AN SIS S 3 2y case. o ot

3

branched i
dichloride ’

Dimethylsilandiylbis[2-[(1-propylcyciohexyDmethyl}-4-(1-naphthyl)-1-indenyl}-zirconium
dichloride '

Dimethylsilandiylbis[2-{( 1-propylcyclopentyl)methyl]-4-(1-naphthyl}- l-indenyl]-zirconium
dichioride
Dimethylsilandiyibis[2-[(1-propylcycloheptyl)methyl}-4-(1-naphthyl)-i-indenyi}-zirconium

dichloride
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and where R5, R6, R7 and R8 and also R5t, R6, RT and R8t are identical or different and are each
selected from the group _consisting of a hydrogen atom, a linear, cyclic hydrocarbon group
ora substituté@oozrgbﬂﬁ[guﬁ'gtituted alkylsilyl group, an alkyl(aryl)sily1 grou%@!%ﬁﬁ%%%ﬁyl group and
wherein each of the groups may contain one or more hetero atoms including Si, B, Al, 0, S, N or P,
and / or may contain halogen atoms including F, CI or Br, and further-wherein adjacent radicals R5, R6
or R6, R7 or R7, R8 and also R5', R6r or R61, RT or RT, R8t in each case may form a hydrocarbon
ring systenhimetkdsifkhdyih[2Hi(icpiopy0ficlatvnddmetheiaig IREpREy R iadehi¥Bzanchaiso R51, R6t, RI
and R8 are,jdantigal or different and are each selected from the group consisting of a hydrogen atom,
a linear, cyclic or branched hydrocarbon group selected from an alkyl group of from | to 20 carbon
atoms, an SR Gistol PRpdeve DRSS 2RphrdY “Wﬁﬁfﬁ'ﬁrﬁ?‘ﬁﬁ“barbon atoms, an
arylalkyl gréwpl@fdrom 7 to 40 carbon atoms, an alkylaryl group of from 7 to 40 carbon atoms, an
arvtalkeny!ggoup, GhitRM o 40 SAAD AR ASHhSIed ArusuhUied Al group. an
alkyl(arypsilyl group and an arylsilyl” group, and wherein those groups may contain one or more
hetero ato ing Si, B, Al, 0, S, N or P, and/or may contain halogen atoms including F, Cl or Br,
and furtherDifaetsisiiaciatgsPadinals R |éd oy e RT-04 RapRE8ydndiatkayRSirf6iwt R6', R7' or R7I,
R8 in each gase.may form a hydrocarbon ring system. 46. The metallocene of claim 45, wherein
the linear, cyclic or branched hydrocarbon groups contain one or more hetero atoms selected from the
group consisting of Si, B, Al, 0, S, N, P, F, Cl and Br, and/or adjacent radicals R5, R6 or R6, R7 or R7,
R8 and alspiRbeihRGal R 2R -tk Ryl WI8hirydachhvisepmayfoimienitydiacatieditiigreigstem. 47.
The metaloge0R 0 (i WISHEH, R R0, A0K RB ARG REl R Bf,and REP are identical
or different and are each selected from the group consisting ot a hydrogen atom, a substituted or
unsubstitut@ﬂhé?RﬁFsilyl or arylsilyl group, a linear, cyclic or branched alkyl group of from 1 to 10 carbon
atoms, andbameirykaadpoi[B-gimoetb i dalibom abethd]anshukhbtcindthel Reljacsintradicals R5, R6 and
also RS', R& may form a saturated or unsaturated hydrocarbon ring system. 48. The metallocene
of claim 44, wherein R6, R7, R8 and also R6', R7' and R8' are identical or different and are each
selected fré?m@ﬁﬁa{ﬂ%‘a#&r&lﬁ@e&}%%ﬁ}ama%lmm;%nmwr,' émygfﬁﬁﬁ%ﬁmfé%arbon group
selected frarimathydkyhdipinig 0[( frortiyityd Goceibontgipimshani dietulytiFeum@aiaiieh2otbdd O carbon
atoms. an 3 GEoNRALTIR AP0 FATRAR BioREALAMAIM. Bk LA h g aaibon atoms, an

alkylaryl group of from 7 to 40 carbon atoms, an ar qllgeny group of from 8 to 40 carbon atoms, a
substituted%Flﬁ?%ﬁ%?ﬂﬁﬂéﬁ%ﬂyr&fw@ﬁ}a&%>51%5R&rv5§w%b*ﬁ&ﬁ%‘&%“&*ﬁﬁ%vmﬁm*af’&ap, and
wherein adzicerttyisibiciidbRE- R fedyRYcIRBmgmethaid-RieRF1andR )] [Ré'ceneach ddsddenay form a
hydrocarbog;fi ThERE ferthe R GOYRS BAY-FARBIYI QD8 BhilR R IRIO atoms
selected fr%@#ﬁ%ﬁ%ﬁ%qn%ging (g]!% B, g\)ﬁ I%%,es? E % ch?gﬁrggg}r? ga,nd whereI:%S and R5' are
dentical or NN A e A LSRR PR S PFgp Lr i B NSRS %0 carbon
atoms whichinralyysdmdiyisi2- [1-etioresktery lateths bedcted frodrthd-groupwodsigtirideof Si, B, Al, 0,
S, N, P, F, §i£€i‘l§§§i‘iandiylbis‘ﬂ@-{ff%B}@é?il@ﬁé%&l&%@jmmé@nwf}e&ﬁi&l AR AP YRR branched

hydrocarbon, groups may c,ontzfun one or more heter(E@tom selected from the group conggigting of Si,
B, Al, 0, S, RiIFE!EsERaR e[ P YK & Rt R R Sr RIS SNSRI B R PRI 8 and also
R6t, R.7' afdrindsidnidenitisidHOt-pitierient e aenetich-highaole tiederdiretive rguoujicbniisting of a
hydrogen agam. SHlsHIRE 91 %é&b@}@l&%ﬁiwmﬂéwﬁubﬂd% HRiRdifgRAMelgLr branched

alkyl group of from 1 to 10 carbon atoms, an aryl group ot from 6 tQ 10 carbon atoms, wherein any of
those orou LY CRAFS e B REEF MOVIS GRS B B GRS 51, B, A, 0.
S, N, P, F, Ciresty Bilp:aind tisiH e pvbrrieis iRSaho 5] drebriwhticadoniferentanticaleiéach a
substituted an’réﬂéméﬁﬁ%%[éf%h FUP QLRSI IR AR AR A MRenyl) 2iccHNGBRIANRGENE Of Claim
44, wherein R6, R7 and R8 and also R6P, R7I and Rw are identical or different and are each selected
from the group consisting of a hydrogen atom, a linear, cyclic or branched alkyl group of from 1 to 10
carbon atoms, and an aryl group of from 6 to 10 carbon atoms, and where R5 and R5' are identical or
different and are each selected from the group consisting of naphthyl, 4-(CrCio-alkyl)phenyl or
4-(C5-C20-aryl)phenyl including 4- methyl-phenyl, 4-biphenyl, 4-ethyl-phenyl, 4-n-propyl-phenyl,
4-isopropyl-phenyl, 4-tert-butylphenyl,4-sec-butyl4@senyl,4-cyclohexyl-phenyl,4-trimethylsilyl-phenyl,4-
adamantyl-phenyl, 4-(CI-Clo-fluoroalkyl)-phenyl, 3-(C1-Cto-alkyl)-phenyl, 3-( CI-C10-fluoroalkyl)-
phenyl, 3-(C6-C20-aryl)phenyl, 3-biphenyl, 3,5-di-(C1-C10-alkyl)-phenyl, 3,5-dimethyl-phenyl, 3,5-
di-(C1-C10-fluroalkyl)-phenyl, 3,5-di(trifluoromethyl)-phenyl, 3,5-(C6-C20-aryl)phenyl and 3,5-
terphenyl. 52. The metallocene of claim 44 wherein the metallocene is a compound selected from
the group consisting of:
Dimethylsilandiylbis[2-[(1-methylcyclohexy)methyl]-4-[tert-butylphenyl)-1-indenyFzirconium dichloride
Dimethylsil andiylbis[2 -[(1-methylcyclopentypmethyl]-4-(tert-butylphenyl1)-1 -indeny1]- zirconium
dichloride PCT/US2008/014144 [( | -methylcycloheptyl)methyl)-4-(tert-butylphenyl)-1. -indenyl J- [( |
-methylcyclononyemethyl]-4-(tert-butylphenyl)- 1 -indenylkzirconium [( |

_maethvlievelooetyynmethvl1-A-(teart-hiitvvinhenviD-1 -indenvinzirconiiim



[( I -ethylcyclohexyl)methy1]-4-(tert-butylphenyl)-1-indenylf zirconium
[(1-ethylcyclopentyl)methyl]-4-(tert-butylphenyl)- | -indenyll-zirconium [

-ethylcyclohe QI)% ﬂ%gﬁﬁl-(tert-butylphenyl)- | -indenyli-zirconium QCTm52098/014144
[(1-ethylcyclononyl)methyl]-4-(tert-butylphenyl)- | -indenyll-zirconium [( 1
-ethylcyclooctypmethyl]-4-(tert-butylphenyl)- 1-indenylkzirconium
[(1-ethylcyclobutyl)methyl]-4-(tert-butylpheny1)-1-indenyll-zirconium -[(1
-propylcycpinexyisiatkyiibdi ftert-hefyypivenidly ImetlsdyiBzebeivinl -indenyl]-zirconium
-[(1-propylﬁy%lggﬁl tyl)methy1]-4-(tert-butylphenyl)-1-indenylkzirconium -K1
-propylcyc oﬁlepty?methy1.1-4-(tert-but Ipheny1)- 1 -indenyli-zirconium: o
-[(1-propy BBt A ety xﬂb’reéﬁ*ymwhé@%%ﬂﬂdn*f!denyf}-mf’mm“
-[(1-propylaycioadatyl)methy11-4-(tert-butylphenyl)- | -indenylFzirconium -[( |

-propylcyc I -A-(tert-but AY1)-d -i Ikzirconium . Di ' ivlbis[24(1
-propylcyc%%%%ﬁ%ﬁ% -[A%F(léﬁ?gjlﬁy gﬁ%ﬁ%i‘ﬁ&?ﬁgﬁ%?g@%&ﬁ?ﬁ%ﬁgﬂ%ﬁ%%e%v%o
2010/077280BeFS2008/014144 Dimethylsilandiylbis[2-[( 1 -propylcyclononyl)methy1]-4-(1
-naphthyl)Imitsesidkaineaium-gichloridaidimpiyisipnddHisi®4(d -indenyl]-zirconium
-propylcycmga%){pethyl]-4-(1-naphthyl)-1-indenylkzirconium dichloride Dimethylsilandiylbis[240
-propylcyclobutypmethyl -4él-naphth [)-1-indenyli-zirconium dichloride Dimethylsilandiylbis[2-[(1
-propylcyciopreibylsHaathy/ i 4[(1“%Wr%iﬁllﬁ’%%mw}r&ﬁ%aﬁﬂw&éﬂRﬁiﬁﬂpé}'m“omum_
Dimethylsitdeglpeibis[24(1-methylcyclohexypmethyl]-4-phenyl- 1 -indenyll-zirconium dichloride
Dimethylsi IylRisi2-F(J=methylc Lphenyi-1-indenyll-zirconi ichloride
Dimethylsi%ﬁgﬁ%@é Z}é%Er%gE%gggﬁggf%grﬁet %’Tﬁéﬁzﬁ{%{]‘“ %ﬁgeﬁyff}g‘iﬁrﬁ%ﬁj{rﬂ%ichloride
Dimethylsil%lﬁ‘dfiﬂﬂ?s[z-[( 1 -methylcyclononyl)methyl]-4-phenyl- | -indenyl]-zirconium dichloride
Dimethylsifishiyiis{24 vl tiyleyatooriyd)nyeibyd si-plenypithinds mylainsairiomtustichloride
Dimethylsi@gﬂ%%s[%(l -ethylcyclohexyl)methy1]-4-phenyl- 1 -indenyll-zirconium dichloride
Dimethylsilandiylbist 24( 1-ethylcyclopentypmethyl1-4-phenyl- 1 -indenylkzirconiurn dichloride
DimethylsilaieriivipuiriistiyidseioteptymmtivsialbfemyrrhrasipfsorésHiam tchloride
Dimethylsikisidiyibis[24( 1 -ethylcyclononypmethy1]-4-phenyl- 1 -indenyll-zirconium dichloride

Dimethy'SiEﬁﬁ%ﬁ%@%ﬂkﬁ%ﬁ?@ﬁi%ﬁl%%)’ LArBhenyshangenyllzirconium dichloride

Dimethylsi "1 -ethylcyclobutypmeéthyl]-4-phenyl- 1 -indenyli-zirconium dichloride
Dimethylsi RitBfs[2-[(1-propylcyclohexyl)methy11-4-phenyl-l-indenyll-zirconium dichloride
Dimethylsilamstiyiiis [24 y1bi goefi ievielopentytyinetil-4-hepythi-inddmikziiconium dichloride
Dimethylsilgpgiyiais[2-[( 1 -propylcycloheptyl)methy1]-4-phenyl- 1 -indenylkzirconium dichloride
Dimethylsilandiylhis[24( 1 -propylcyclononyl)methyl]-4-phenyl- 1 -indenyli-zirconium dichloride
Dimethy SR Aoy B R TR RS EB o e
Dimethylsildindiyidis[24( 1 -propylcyclobutyl)methyll-4-phenyl- | -indenylkzirconium dichloride Di
methyls | apdiyl-hisk2-[(: cyel, ? 4-ph nele oJal ichloride WO
010107720 A B e L e AP L
-propylcycl@&hﬁ’}b‘?ﬁethyl)#-(znaphthyl)-1-'indeny|kzirconium dichloride
Dimethylsilandiyibis[2-[{1-propylcyclopentylymethyl }-4-(2-naphthyl)-1-indenyl]-zirconium

dichloride:
Dimethyisilandiylbis{2-[{( 1 -propylcycloheptylmethyl}-4-(2-naphthyl)-1-indenyl]-zirconium
dichioride
Dimethylsilandiylbis[2-[{ [ -propylcyclononylymethyl]-4-(2-naphthyl)- 1 -indeny(}-zirconium
dichloride
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Dimethylsilandiylbis[2- [( -propylcyclobutyerne hy1]-4-(2-naphthyl)-1-indenyThzirconium dichloride
Dimethylsilandiylbis[2- [(1-propylcyclopropypmethyl]-4-(2-naphthyl)- | - ' ium dichloride
WO 2010/07?’&%6?%‘\7 2008/014144 RAREDHIRSE
Dimethylsilandiylbis[24(1-propylcyclopentypmethyll-4-(4-methyl-phenyl)- | -indenyilzirconium dichloride
Dimethylsilandiylbis[24( | -propylcycloheptyl)methyl)-4-(4-methyl-phenyl)- | -indenyl)- zirconium
dichloride Dimethylsilandiylbis[24(1-propylcyclononyOmethyl]-4-(4-methyl-phenyl)-1-indenylkzirconium
dichloride DimtitiglbiteindbjdiRig[24¢dppeopyvieydioedtyjrrétyd i hattgdyblerghiumindenylkzirconium
dichloride Rimsthylsilandiylbis[24( 1-propylcyclobutyl)methyl)4-(4-methyl-phenyl)- | -indenyll-zirconium
dichloride Dimeth lsilandiylbis%24( | -propylcyclopropyl)methyl11-4-(4-methyl-pheny1)- | -indenyl)-
zirconium E??erﬁf&r%éaﬁﬂmswgﬂaﬁfafgﬁhp&ﬁhﬁﬂ?ﬁﬁh _ -ﬁ%a@g}mﬁé&ﬁwﬁfﬁaﬂv@hw-phew )1
-indenylk ziigomiidn dichloride Dimethylsilandiylbis[2-K |

-methyley | i -di - -inge {reon Jichlor
Dimethyls%?r?ﬁﬁ%%%@(% %%@ﬁ?%&?g{y )met%?)? ]-]-43:1( ,SH%%nﬁl)g%hg?ﬁﬁgéﬂ%%@é%ﬁconium
dichloride ﬁjﬁmg’i’ﬁﬁlsilandiylbis[2j(1-methylcyc|ononyl)methyl)-4-(3,5-dimethyl-phenyl)- I
-indenyllzirconium dichloride Dimethylsilandiylbis[2[(I-methylcycloocty : :

l)methyl]-4{; i ny=l.q ' dichloride 14 .

Dimethylsfi%ﬁlc%y b%%%,{ae%@&gyﬁgﬁ%%%gﬁﬁ%%cgr?lﬁé%%/ll%hr?gﬁg}/lglf}dﬁr?(jzljgnylk zirconium

dichloride BIFRBHYILFRIRESAbis[24( | -ethylcyclopentypmethyl]-4-(3,5-dimethyl-phenyl)- | -indenylk

., zirconium OhiokedwsitdaBdipbts{gh{ landhiyicpiiepsi{ ety ybidhegtybmetiy))14«@51d | methyl -phenyl )- |

-indenylk zjrcgpiiiichlofde Dimethylsilandiylbis[24( |

-ethylcyclogpnyﬁ)methcyrlI_-4;([3,5-dimeth{yl-phen I}- | -indenyll .
iméthylsilandiylbis[2-{(1-methyicycloheptylymethyli]-4{4-methyl-phenyl)- 1 -indenyl}-

zirconium dichloride
Dimethylsilandiylbis[2-[(1-methylcyclononyl)methyl]-4-(4-methyl-phenyl)-1-indenyl}-
zirconium dichloride '

Dimethylsilandiylbis{2-[{ 1 -methylcyclooctylmethyl]-4-(4-methyi-phenyl)-1~indenyi}-zirconium

dichloride
Dimethylsilandiyibis[2-{(1-ethylcyclohexyDmethyl}-4-(4-methyl-phenyi)-1-indenyl]-zirconium
dichloride
Dimethylsilandiylbis{2-[{ 1-ethylcyclopentyl)methyl]-4-(4-methyl-phenyl)-1 ~indenyl}azirc§nium
dichloride

Dimethylsilandiylbis{2-[(1-ethylcycloheptyl)methyl]-4-(4-methyl-phenyl)-1-indenyl]-zirconium
dichloride '

Dimethylsilandiylbis[2-{( 1-ethylcyclononyDmethyl}-4-(4-methyl-phenyl)- | -indenyll-zirconium

dichloride

Dimethylsilandiylbis[2-{{ 1-ethyicycl_ooctyl)methy1}4‘»(4-méthyl-pheny1)—i ~indenyt}-zirconium
dichloride .
Dimethylsilandiylbis{2-[( léethylcyclobuty])fnethyi]~4~(4~methyi-phenyl)— 1-indenyl]-zirconium
dichloride |

Dimethylsilandiylbis{2-[(1-propylcyclohexyl)methyl]-4-(4-methyl-phenyl)- 1 -indenyl]-zirconium
dichloride

147



zirconi um dichloride WO 2010/077230PCT/US2008/014144 Dimethylsilandiyibis[2- zirconium
dichloride Dimethylsilandiylbis[2- zirconium dichloride Dimethylsilandiylbis&Z- zirconium dichloride
DimethylsiIan&ﬁé’éff’-@?ionium dichloride Dimethylsilandiylbis[2- zirconi H%Sa‘?é?{P&?ﬂdé
Dimethylsilandiylbis[2- zirconium dichloride Dimethylsilandiylbis[2- zirconium dichloride
Dimethylsilandiylbis[2--zirconium dichloride Dimethylsilandiylbis[2- zirconium dichloride WO
2010/077230PCT/US2008/014144 Dimethylsiiandiylbis[2- zirconium dichloride Dimethylsilandiylbis[2-
zirconium diahbaiside datyeikilsi apeiyVistbpeigOaivmy diclinnide yRishatitylsilamaiyibis[2- zirconium
dichloride Ig”p%}qgg landiylbis[2- zirconium dichloride Dimethylsilandiylbis[2- zirconium dichloride
Dimethylsilancﬁ)lyl Is[2- zirconium dichloride Dimethylsilandiylbis[2- zirconium dichloride
DimethylsilRiBrpREpuseslrrrrmisrriemtrdnssibhétynssid-riredhiuidenchioride
Dimethylsilsindiptbis§z:misganium dichloride Dimethylsilandiylbis[2 zirconium dichloride

AL R B e e s

ntyl)methyI{i2efid&khy I-p henyl)- 1 ndenyl 1-zirconium -[( |
-methylcyciineiyl3aetiytif2(fiesrgypivenyby hrede (W -[ZireaiisAe MOl -indenyl -zirconium
2010/077230PCMS2008/014144 :
Dimethylsilandiylbis[2-[(1-methylcyclononyl)methyl]-4-(4-ethyl-phenyl)-1-indenyll-zirconium dichloride
DimethylsilRHER BRI Y Hs By rdyepstsy @iﬂ?ﬁ‘}‘-ﬁ](ﬂ‘fé‘cﬁgﬂ‘%l‘r@h%ﬂﬂﬁﬂ‘éf‘rwlﬂ-ﬂf'é@ﬁH!Fi*n dichloride
Dimethylsilasnliyidais[2-[(1-ethylcyclohexypmethyl]-4-(4-ethyl-phenyl)-1-indenylkzirconium dichloride

DimetyIsigy 1Sl eGSR A A RS s 3 e 2irconium

dichloride
zirconium dichloride

Dimethylsilandiylbis{2-{( I-methylcyclohexylmethy{]-4-(3,5-dimethyl-phenyl)-1 -indenyi}»
zirconium dichloride |
Dimethylsilandiylbis[2-[(1-methylcyclopentyl)methyl}-4-(3,5-dimethyl-phenyl)- 1 -indenyl]-
zirconium dichloride _
Dimethylsilandiylbis[2-[(1-methylcycloheptyhmethyl]-4-(3,5-dimethyl-phenyl)-1 -indenyl]-
zirconium dichloride ' _
Dimethylsilandiylbis[2-[(1-methylcyclononyDmethyl}-4-(3,5-dimethyl-phenyl)}-1-indenyl}-
zirconium dichloride
Dimethylsilandiylbis[2-[(I-methylcyclooctylymethyl}-4-(3,5-dimethyl-phenyl)-1-indenyl]-
zirconium dichloride |

Dimethylsilandiyibis[2-[( 1-ethylcyclohexyl)methyl}-4-(3,S-dimethyl—phenyl)- I-indenyl]- .
zircopium dichloride '

Dimethylsilandiylbis{2-[(1 -ethylclyciopentyf)methyi]—4—(3,5—dimethyl~phenyl)-1 -indenyl]-
zirconium dichloride
Dimethylsilandiylbis{2-[(1-ethylcycloheptyl)methyl}-4-(3,5-dimethyl-phenyi)-1-indenyl}-
zirconium dichloride
Dimethylsilandiylbis{2-{{1-ethylcyclononyl)methyi}-4-(3,5-dimethyl-phenyl}- I-indenyl}-

zirconium dichloride
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Dimethylsilandiylbis[2-[( | -ethylcycloheptypmethy1]-4-(4-ethyl-phenyl)- | -indenylFzirconium dichloride
Dimethylsilandiylbis[24( 1-ethylcyclononyl)methyl]-4-(4-ethyl-phenyl)- I i irconium dichloride
Dimethylsilan&iél%%({/%%ﬁ? -ethylcyclooetyl)methyl)-4-(4-ethyl-phenyl)-1 1-21%9 e%%@z‘?fé%%ium dichloride
Dimethylsilandiylbis[2-10 -ethylcyclobutypmethyl1-4-(4-ethyl-phenyl)- 1 -indenyll-zirconium dichloride
Dimethylsilandiylbis[2-[(1-propyleyclohexyl)methyl]-4-(4-ethyl-phenyl)-1-indenyl]-zirconium dichdoride
Dimethylsilandiylbis[2-[(1-propylcyclopentyl)methyl]-4-(4-ethyl-phenyl)-1-indenylFzirconium dichloride
Dimethylsiindiyiaiadilngsppiicyaohembi meiyti] ie(G; stbiyleihenyibnitindamyikirconium dichloride

Dimethylsilqg:gi ibi%%ﬁ%%.b%ropylcyclononyOrnethyI]-4-(4-ethyI-phenyl)- | -indenyll-zireoniurn dichloride
Dimethylsifat_%égfglls _ fjpropylcyclooctypmethyl1-4-(4-e;thyl-pheny1 - | -indenyll-zirconium
dichloride Bimétpiiandidabr{2>-gtyipreapyersatirhbtndimeiayteharg-hiekyn -indenylj-zirconium

dichloride Rimathylsitanddbis[24( | -propylcyclopropyl)methy1]-4-(4-ethyl-phenyl)- |
-indeny1}-zirconium dichloride - Dimethylsilandi A7 B i 1 i
y|bis[2-[(5-%&%@%&‘fi;v}qisﬁ%iél-;ﬂS‘Fﬁé&:‘F&ﬂ]‘ﬁ%@ﬁﬁﬁﬂﬁhSﬁ%ﬁy‘i‘i’-’ft-?r‘%‘é}ﬁ?]le?rlcé?f?ﬁ” ichloride
DimethylsiF’é‘i‘?ﬂﬁ%ﬁ’iéi&h[%thyl-l,3-dioxan-_5-yemethyl]-4-(tert-butylphenyl)-l-indenylk zirconium
dichloride DiinataihysiionislizvlD ipsd@ H(R1EEntyinmetyhk I Bs-diman-pha I etiudn} - (tert-butylphenyl
)-1- indenylEzirconium dichloride D imethylsilandiylb is [2- [(2,2,-dimetyh1-5- ethyl -1,3
-dioxan-S-ff)TFr?g?t%m ﬁ?ﬁljgt?ﬁ-but Ipheny1)-lindenyl] -zirconium dichloride )

Dimethylsifeiif %@%bﬁ{étﬁﬁlﬁ%ifgﬁ@h%%éﬁwlﬁ:(Mt%‘BWHBW}f-ﬂ%@ﬁ’%k zirconium
dichloride Riswattnylsianreiydbis[2-[(3 -ethyl-oxetan-3 -yl)methyl] -4-(tert-butylphenyi)-i-indenyl

]-zirconium.dichloride Di ilandiy1his[2-1(1- Cyclohex-3 | enulLeindenyli-
o oma R D e PR phep L-indeny
Dimethylsikiriasisishicridthyicyclohex-3 -en-1 -yl)methyll-4-(tert-butylpheny1)-1-indenylk zirconium
dichloride, enateisierdiglssalqgquepzissonibumRineatyly qpfbrnBld-phehZireondsayibiphenolates and
zirconium-gi%%&o&%ﬁgﬁfeeach of the above.
‘ Dimethylsilandiylbis[2-[( 1-propylcyclobutyl)methyl]-4-(3,5-dimethyl-phenyl)- I-indenyl]-
zirconium dichloride _
Dimethylsilandivibis{2-{( 1-propylcyclopropyl)methyl}-4-(3,5-dimethyl-phenyl}-1-indenyl}-

zirconium dichieride

Dimemylsilandiylbis[z-[(1-methylcyclohexyl)methyE}-4-(4—tr'imethylsilyl-phenyl)-lvindenyi]—
zirconium dichloride
Dimethylsilandiyibis[2-[(l-methylcyclopentylymethyl}-4-(4-trimethylsilyl-phenyl)-1-indenyl]~ -
zirconium dichloride
Dimethylsilandiylbis[2-[(1-methylcycloheptyl)methyi}-4-(4-trimethylsilyl-phenyl)-1-indenyl]-
zirconium dichloride | :
Dimethylsiiandi yibis[2-[(1 -methylcyclonony1)methyk}-4~(4—trim¢thy1silyl-phenyl}- 1-indenyl]-
zirconium dici;lloride :
Dimethylsilandiylbis[2-[(1-methylcyclooctylymethyl]-4-(4-trimethylsilyl-phenyl)-1 -indenyl]-
zirconium dichloride '
Dimethyisilandiy!bis{Z«-{(1—ethylcyciohexy[)methyk}-4-(4-trimethyisitprhenyl)—1 -indenyi}-

zirconium dichloride

149



53. A process for olefin polymerisation comprising contacting one or more olefins each having from 2
to 20 carbon atoms under olefin polymerisation reaction conditions withP%%g%M%%%Eem including a
of c

bridged metal o%é%%”@&%%onent according to claim 44. 54. The process aim 53 wherein the

olefins include propylene and/or ethylene. 55. The process of claim 53 wherein the olefins include
at least one olefin having the foimla lei-CH----CH-le wherein Ye and le can be identical or different and
are each individually a hydrogen atom or a radical having from 1 to 20 carbon atoms, or Rm and le
together cEnfeirylsdamtiotbisidri InethslcyciopsBy Fhetpibé dssrohelayin 5 Bphimeipinitdenplifins include one
or more ComRRURIS salggted from the group consisting of ethylene, propylene, 1-butene, 1-pentene,
1-hexene, 4-methyl-I| e r 1-octene, styrene, 1,3-butadiene, 1,4-hexadiene, vinylnorbomene,
norbomad%‘ﬁ“ﬁ%@%@?ﬁg%%ﬁ%@ﬂé?\tg?’]ﬁﬁ?‘r?é?ﬁéﬁ b kdrsipeadsiy-aheriatipisetiomene.  57. A
process forisiasfivnpdibpingdisation comprising contacting one or more olefins each having from 2 to 20

carbon atqmémse{a&lgﬁms@ﬂtyfrh@;'sﬁ@@&5@%@&9@%@%&4’%&{3a@ﬁmé%t BYRigRAincluding a
bridged metallocen§ %?mé)o_nent according to claim 52. 58. The process of claim 57 wherein the
olefins incfit 8“[1)“}1(%31/ aiie &nd/or ethylene. 59. The process of claim 57 wherein the olefins include

at least onBivlefivisiandndptie-fouetide 1 Q7 CHinGHy IZ-(heneith Rl chdeydah-oéeigdntical or different

and are eaghdpdivigiualy.& hydrogen atom or a radical having from 1 to 20 carbon atoms, or P.m and

le together_can form onpe or e rings. 60. The process of claim 57 wherein the olefins include
S SR

one or mopé%%tm[{)s%’ﬁd%lbég U e ERsidiRg eresarmergPolsindse il -butene,

1-pentenezitchidssmigshibrdethyl-Ipentene or 1-octene, styrene, 1,3-butadiene, 1,4-hexadiene,
vinylnorbomgpgyRashamadiens. siylepibanasiensnobamens iakiamsiadedecsps.and
methylnorbpmene. .
i zirconium dichloride
Dimethylsilandiyibis[2-[(1-propylcyclopentylymethyl]-4-(4-trimethyisilyl-phenyl)-1-indenyl]-
zirconium dichioride .
Dimethylsilandiylbis[2-{(1-propylcycloheptylymethyl]-4-(4-trimethylsilyl-phenyl)-1-indenyl]-
zirconium dichloride )
Dimethylsilandiylbis]2-[(1-propylcyclononyl)methyl]-4-(4-trimethylsilyl-phenyl)-1-indenyl]-
zirconium dichloride P
- Dimethylsilandiylbis{2-{(1-propyl-cyclooctyl)methyl}-4~(4-trimethylsilyl-phenyl)-1-indenyl}-
zirconium dichloride
Dimethylsilandiylbis[2-[( I -propyleyclobutylymethyl]-4-(4-trimethylsilyl-phenyl)-1-indenyl]-
zirconium dichioride
Dimethylsilandiylbis[2-{{ 1«»pm—pylcyclopropyl)me&yl]«df«(fi.-trimethyisiiyinpherxyi}— I-indenyl}-

zirconium dichloride -

Dimethylsilandiylbis[2-[(1 -methylcyctohexyl}methyl]~4-(4-ethyl-—phenyl)-l -indenyl}-zirconium
dichloride | |
Dimethylsilandiylbis[2-[( 1-methylcyclopentyl)methy!}-4-(4-ethyl-phenyl)- 1-indenyl}-zirconium
dichloride
Dimethylsilandiylbis[2-[( I-methylcycioheptyl)methyl}-4-(4-ethyl-phenyl)-1-indenyl[-zirconium
dichloride
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WO 2010/077230 ' - PCT/US2008/014144

Dimethylsilandiylbis{2-{(1-methylcyclononylymethyl}-4-(4-ethyl-phenyl)-1-indenyl}-zirconium
dichloride |
Dimethylsilandiylbis[2-[(1 -methyicycloocty})methy!}-4-(4—ethy!—phenyi)- I-indenyi]-zirconium
dichloride

Diméthylsiiandiyihis[E-[( 1-ethylcyci ohexy])methyl}-4-(4—ethyl-phenyl)—1 -indenyl}-zirconium
dichloride

Dimethylsilandiylbis[2-[( 1-ethylcyclopentyl)methy}]-4-(4-efhyi—phenyl)— 1 —inden‘y!};zirconium
dichloride

Dimethylsilandiylbis{2-[( I-ethylcycloheptyl)methyl]-4-(4-ethyl-phenyl)-1 -indenyi}-zircanium
dichloride | B
Dimethylsilandiylbis{2-[( 1-ethylcyclononyl)methyi]-4~{4-ethyl-phenjl)— 1-indenyl]-zirconium
dichloride

Dimethylsilandiylbis[2-[(1-ethylcyclooctylmethyl}-4-(4-ethyl -phenyl)-1 -iﬁdenyl}»zircon_ium
dichloride ‘
‘Dimethylsilandiylbis[2-{(1-ethylcyclobutylymethyl]-4-(4-ethyl-phenyl)- 1-indenyl]-zirconium
dichloride ' :
Dimethylsilandiylbis[2-[(1-propylcyclohexyl)methyl]-4-(4-ethyl-phenyl)-1 -indenyl]-zirconium
dichloride
Dimethylsilandiylbis[2-[(1-propylcyclopentyl)methyl]-4-(4-ethyl-phenyl)-1-indenyl}-zirconium
dichloride '
Dimethylsilandiylbis{2-[1-propylcycloheptyl)methyl}-4-(4-ethyl-phenyl)-1 -indenyl|-zirconium
dichloride

Dimethylsilandiylbis[2-[(1-propylcyclononyl}methyl]-4-(4-ethyl-phenyl)-1 -indenyl]-zirconium
dichloride ‘
Dimethylsilandiylbis{2-[(1-propylcyclooctyl)methyl}-4-(4-ethyl-phenyl)- 1 -indenyl}-zirconium
dichioride

Dimethylsilandiylbis[z-{( t-propyleyclobutylymethyl]-4-(4-ethyl-phenyl)- 1 -indenyl]-zirconium
dichloride '
Dimethylsilandiylbis[2-[(1-propylcyclopropyl)methyl}-4-(4-ethyl-phenyl)- 1 -indenyl}-zirconium
dichloride '
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Dimethylsilandiyibis{2-[(5-methyl-l,3-dioxan-5-ylmethyl}-4-(tert-butylphenyl)-l-indenyl |-
zirconium dichloride

Dimethylsilandiylbis[2-[(5-ethyl-1,3 —dioxan—S-yl)methyl]-4-(tert;buty1pheny1)- 1-indenyl]-
zirconium dichloride

Dimethylsilandiylbis[2-[(2,2,5-trimetyhl-1,3-dioxan-5-ylymethyl]-4-(tert-butylphenyl)-1-
indenyli-zirconium dichloride

Dimethylsilandiylbis[2-[(2,2,~-dimetyhl-5-ethyl-1,3-dioxan-5-yl)methyl]-4-(tert-butylphenyl)-i-
indenyl] -zirconium dichlonide

Dimethylsilandiylbis[2-[(3-methyl-oxetan-3 -yl)methyl]-4-(tert-butylphenyl)-l-indenyl ]-
zirconium dichloride

Dimethylsilandiylbis[Z«[(3 -ethyl-oxetan-3-ylymethyl]-4-(tert-butylphenyt)-1-indenyl}-zirconium
dichloride

Dimethylsilandiylbis[2-[(1-mcthylcyclohex-3-en-1-yl)methyl]-4-(tert-butylphenyl)-1-indenyl]-
zirconium dichloride and

Dimethylsilandiylbis[2-[(1-ethylcyclohex-3-en-1-yh)methyl]-4-(tert-butylphenyl)-1-indenyl]-
zirconitum dichloride,

as well as the analogous zirconiumdimethyl-compounds and zirconium-biphenolates and

zirconium-bisphenolates of each of the above,

53. A process for olefin polymerisation comprising contacting one or more olefins each

having from 2 to 20 carbon atoms under olefin polymerisation reaction conditions with a catalyst

system including a bridged metallocene component according to claim 44.

54. The process of claim 53 wherein the olefins include propylene and/or ethylene.

55. The process of claim 53 wherein the olefins include at least one olefin having the

formula R™-CH=CH-R" wherein R™ and R” can be identical or different and are each

individually a hydrogen atom or a radical having from 1 to 20 carbon atoms, or R” and R” together

can form one or more rings.
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56. The process of claim 53 wherein the olefins include one or more compounds selected
from the group consisting of ethylene, propylene, I-butene, !-pentene, 1-hexene, 4-methyl-1-
pentene or l-octene, styrene, 1,3-butadiene, 1,4-hexadiene, vinylnerbornene, norbornadiene,

ethylnorbornadiene, norbornene, tetracyclododecene and niethylnorbomene.

57. A process for olefin polymerisation comprising contacting one or more olefins each
having from 2 to 20 carbon atoms under olefin polymerisation reaction conditions with a catalyst

system including a bridged metallocene component according to claim 52,
58. The process of claim 57 wherein the olefins include propylene and/or ethylene.

- 59. The process of claim 57 wherein the olefins include at least one olefin having the
formula R™-CH=CH-R" wherein R™ and R" can be identical or different and are each
mdividually a hydrogen atom or a radical having from 1 to 20 carbon atoms, or R™ and R" together

can form one or more rings.

60. The process of claim 57 wherein the olefins include one or more compounds selected
from the group consisting of ethylene, propylene, 1-butene, l-pentene, l-hexene, 4-methyl-l-
pentene or l-octene, styrene, i,3~butadiéne, 1,4-hexadiene, vinylnorbornene, norbornadiene,

ethylnorbornadiene, norbornene, tetracyclododecene and methylnorbornene.
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