WO 2008/027116PCT/US2007/015873 PREPARATION OF POLYMERIZATION CATALYST
ACTIVATORS UTILIZING INDOLE-MODIFIED SILICA SUPPORTS Cross Reference to Related
Applications {iglshf sk {pvention 100011 The present invention relates to pgpRAIES Fadyst systems.
More particularly, the present invention relates to indole modified activators for olefin polymerization.
Background of the Invention [00021Metallocene catalyst systems for olefni polymerization typically use
an activator (also called a co- catalyst) to generate the actlve catalytlc speC|es In general there are

two catalyst activator familER: bbA non-coordinating

anions (NCA'S). SogeivATDRE GYTINPINCEINIRYEE G ShzRO S TPPIR Y

complexes include altunoxanes, such as methylalumoxane (MAD), for example. NCA-type activators
are typicalyTsB Refergneto RelatethApp ApPUSAHMMS arts, but are also quite costly and much more

sensitive t@Fehissithelavaritioa activators also cause problems W|th catalyst syntheS|s handling,
storage arﬁ&iﬁctor eratlgn MA\%n sedls ems are more ro sth n the| ﬁyp

counterpa tM eblas R symtems suffe fom RIgH costs p¥ due Stlon spec(:"?'3 ch ?Hemia'r’
excess (remwltmfwndgmwtmsmm%ﬁ?ﬁmmmdm@IMY@@PBh@IIDMe [00031Alternative

activators {95 metallRcer@s AR ARRr single-site polymerization catalysts have been the subject of
numerous research efforts in recent years. For example, perfluorophenyl aluminum and borane

complexes 89 hinintlsadossRmreaRtsy ﬁt%ﬁtf&hﬂ*\ﬁﬁé‘r%ﬁ’ﬁ&%a&@@ AbuseSmAEVAIR (Blse
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reported. See, for- examg{liie)ze US 6,147,173 and US 6,211,105. 100041US 6,703,338 discloses teal

treated indBEYAWERE LSRN JAGFF @5thvSRaB THAHRMAL comsmars. St alon e AR ahium
dimethyl toqmihnmme seiiitbrec ;&Wdom@scmﬁmoﬁkeatmmpﬁbbmhsupmrteam)rst
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thetr NCA type counterparts but MAO-based systems suffer from high costs of productlon,

specifically, the large excess (relative to the amount of metallocene) of MAO used and its limited
shelf life.

[0003] Alternative activators for metallocenes and other single-site polymerization catalysts-

have been the subject of numerous research efforts in recent years. For example, perfluorophenyl '
aluminum and borane complexes containing one anionic nitrogen-containing group have been
studied. For example, R.E. Lapointe, G.R. Roof, K.A. Abboud, J. Klosin, J. Am. Chem. Soc.
12000, 122, 9560-9561, and WO 01/23442 Al report the synthesis of
(CsFs);Al(imidazole)[AI(C6F5)3][HNR'R"]. In addition, G. Kehr, R. Frohlich, B Wibbeling, G.
Erker, Chem. Eur. J. 2000, 6, No.2, 258—266 report the synthesis of (N-Pyrrolyl)B(CeFs)a.
Supported activators for polymerization catalysts containing a Group 13 element and at least one
halogenated, nitrogen-containing aromatic groxtp'ligaxtd have also been reported. See, for
example, US 6,147,173 and US 6,211,105.
[0004] US 6,703,338 discloses teal treated indole modified silica used in combination with
bis(1,3-methyl,butyl-cyclopentadienyl) zirconium dimethyl to polymerize ethylene, however
" does not disclose use of treated modified supports in combination with bis inctenyl group 4
metallocene compounds to polymerize propylene to obtain good molecular weights at high
yields. ‘ \
[0005) Other references of interest include: US 2003-104928, WO 2003/064433, US
6,489,480, US 2002-038036, WO 2002/102811, US 6,414,162, US 6,040,261, US 6,239,062, US
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[0005]Other references of interest include: US 2003-104928, WO 2003/064433, US 6,489,480, US
2002-038036, WO 2002/102811, US 6,414,162, US 6,040,261, US 6;239,062, US WO

2008/027116P6 Tb4520q¢/015873 6,376,629, US 6,451,724, JP 2002-0691 464 AR-2A92-253486A,
US 2003-0027950A1, JP 2002-037812A, JP 2002-020415A, JP 2002-060411A, JP 2001-316413A, JP
2001-316414A, US 6,531,552, JP 2001-200010A, JP 2001-163909A, JP 2001163908A, WO
2001-30864A1, JP 2001-026613A, JP 2001-031720A, JP 2000-198812A, WO 2000/22010A1, JP .
200007286.37%6.629, 2080614042241, IPS209F59G5H364.S B, 3760246, 5SIR86125081 8043 99219501 ), JP

11166012443993-4922) ;R dobL 68 YA(LE99086-8604 VA 5184508151 8713209p 23R Hk G3).
WO 2003/064433A1, WO 2003/0644435A1, US 6,884,748, US 6,894,131, US 2005- 0075242, US

2004-02360%8,872. 220530901 s BPs20%i016198920 IR 0407 HA3I0RA 6. 30RERESOMG, TP

2004/0030810,1EEGISBM,ZH’Z20(320@3201&2‘1@12@68}89&8&%@%@6@&5Jﬂ&@&5&6@@nd
US 6,869,303 [%BGJJ foak ?”C%Bo'yé%%!@%?h?}ggyﬁ@%ai'ﬂg?”fppoﬂg?srﬁ%t}\‘t’fﬁt-%@iﬁgp?ﬁated
in industrial slurry and gas phase procésses are typically immogilized on a carrier-or a suppomn, -such

as alumind breld2AKI 01062 Vs Hrel $LpPROHAL 189D tHE BRI dg YR OHIZ 33 khidd 393 Reric
particles sysl) thab theeRiiesachi a2 RitARssaash9R1S Y $h3ld80TaXE URAER0LRS ALKy sk ease

of handling.However, the sug;)ﬂorted versions of metallocent polymerization cata(lé/sts tend to have

lower acti 73%“80&’?&.1?@8‘* %méaefﬁ@oag%m’ﬁ@?ﬂgrty %O@é?ﬁ?@r’e%s 2R84 lt?'?e%ﬁoilé,s féPMsw,
catalyst sys1@51850 WalyPoenZmPOdpyEIe $39202] 1S 200320 WeIiSUS 6jghscs4e]ywiy E0ds/0s85es,

preferably ysi _L% catalyst inds. Summary of the Invention [0008]A process for polymerizing
propylene %gpgrgsw \;@?I%ngt%aé?gﬁg%émbodimem, propylene and optionally one or more other

monomers|@98&dontatednhithce patpyst syerphmlcgynprtiitpeehis prtiansrization datakyssieperated in
compound; SHRRANEHPR SHGZad Bﬁéégi_ Fo iR JEERTRE R ANA ARG I AP AITING CPPAR UGS and

one or more heterocyclic compounds. The polymerization then occurs under slurry eonditions in the
presence df HifurdigarPaty ifdmpictitierreantit: Seecrrduoutrtvoes dha ppreRelay afibm BpBiRe.
MPa to abguly2eNtP paitiglesvitieln thatalystmetivits akhieaier shape3tndOdensitydhat] Bupbovs Kepcasr
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Descriptiorpolymerization catalysts tend to have lower activity as compared to homogeneous counterparts.
[0007] There is a ﬁeed, thefeforé, for new, catalyst systems to polymeﬁ_ze propylene to good
molecular weights at high catalyst yields, while preferably using lower catalyst loadings.
Summary of the Invention
[0008] A process for polymerizing propylene is provided. In at least one enibbdiment,
propylene and optionally one or more other monomers are contacted with a catalyst system
comprising a bis indenyl group 4 metallocene compound supported on silica. The silica is treated
with one or more organoaluminum cbmpouﬁds and one or more heterocyclic compounds. The
polymerization then occurs under slurry conditions in the presence of hydmgeﬁ ata température
of about 50°C to about 160°C and a pressure of from about 3 MPa to about 20 MPa to provide a
catalyst activity of greater than 30,000 pounds (13,607.8 kg) of product per pound (kg) of
catalyst. An isotactic polypropylene is then obtained having a melt flow rate of 20 dg/min or less
as measured according to ASTM D-1238 at 230°C and 2.16 kg. |
Detailed Description A . .
[0009]  For purposes of this invention and the claims thereto "activator system” is defined to
be a support combined with an organoaluminum compound and a heterocyclic compound. For
purposes of this invention and the claims thereto "catalyst system" is defined to be an activator
system combined with a catalyst compound. '
[0010] An activator system for polyolefin polymerization is provided. In one or more

embodiments, the activator system includes one or more support materials that has been treated
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[0009]For purposes of this invention and the claims thereto "activator system" is defined to be a
support combined with an organoaluminum compound and a heterocyclic compound. For purposes of

this inventioRane, iR Siaigns thereto "catalyst system" is defined to be an agtya1efsYeiggrcombined
with a catalyst compound. 100101An activator system for polyolefin polymerization is provided. In one

or more embodiments, the activator system includes one or more support materials that has been
treated WO 2008/027116PCT/US2007/015873 with one or more %ganoalumintun compounds and

contacted Wikl ene o Mo srernelyaiswBseaReRadP retd spnjacte OMEhoPRE PE BOFH BRIFRAt¥FRITS
are treatEQM%mﬁQn@m&m(?m&aeQ@lm sPoRAHRLRRNS are heing GRnkaaie byt therne
or more heterocyclic compounds. Heterog&:lic»compount!ﬁ%)Ol_‘l‘géle ne or more hetergcyclic i
compound¥ P ATTRIRNE H EOSRARESs RS LRRE 1 RF RR 0 SHNHBER YA piFoI82C i Rl BB M BIRSETES,
pyrrolines cppipolsides, purines, carbazoles, and indoles. Preferably, the one or more heterocyclic

compounds include gne or more, heteroatoms selected from Group 15 and 16. The heteroatom(s) can
eteﬁo?'c 1C com :

include nitrogen, oxygen anasor sulfur, most preferably nitrogen. [0012]in.one or more embodiments,
the one or [@ftkE hetéFbeyuiz eomprsuheisresyche apmpovndncambingindsione PhmPBHEBtHuted and

Comb_'nat'%aib%ﬁhﬁ@wts%ereynﬁ,i;{&%ﬁybﬁy;wsgrsy%lm,aﬁﬁmdm?mes,lMagay&, and
substituents include but are not limited to ﬁydro en, halogen, alkyl, alkenyl or alkynyl radicals, -
cycloalkyl faARists, Brsferabicatie SRA onmRpiei eﬁﬂfﬂc}éfdm°msrﬁﬁiggﬁfﬁfo§%ﬁ%ﬁ% LIRS
radicals, agdrsedafiinalGralipyltbiand dis.alTheindptessine spciadiscladconiteagbmgrodygaicald/or sulfur,
aryloxycarbonyl radicals, aroylamino radicals, straight, branched or cyclic alkylene radicals, or any
combination 1 e%eof.r%mé‘r“ﬁf{%ﬁative substituents include fluoromethyl, fluoroethyl, difluoroethyl,

iodopropy! [698d2)oheky| omecion mioer Wmbodimemsefthatspetios saprstiiriereckdicrompaunds falibfed

to, methyl, gtbybsRtoRY! o WhilsRRR! Witk ¥ aPEblifaidR S bRieNt gralRNYTREOU MR MRehe
like, including all their isomers, for example tertiary butyl, isopropyl, and the like. [0Q13]In %)Pd;_eferred
embodime STORE GRASRb U htsuted: ¢ g%@?é’r%%ﬁﬁhﬁt%?ﬂgoﬁ‘r‘f dgcput are not limited to hydrogen,

halogen, alkyl, alkenyl or alkynyl radicals, cycloalkyl radicals, aryl radicals, aryl substituted
alkyl radicals, acyl radicals, aroyl radicals, alkoxy radicals, aryloxy radicals, alkylthio radicals;
dialkylamino radicals, alkoxycarbonyl! radicals, aryloxycarbonyl ‘radicals, aroylamino radicals,
straight, branched or cyclic alkylene radicals, of any combination thereof. Other illustrative
substituents include fluoromethyl, fluoroethyl, difluoroethyl, iodopropyl, bromohexyl or.
chlorobezyl groups. Prefcrably, the substifuents include, but are not limited to, methyl, ethyl;
propyl, butyl, pentyl, hexyl, cyclopentyl, cyclohexyl, benzyl or phenyl groups and the like,
inclﬁding all their isomers, for example tertiary butyl, isopropyl, and the like. A
{0013] In a preferred embodiment, one of more positions on the heterocyclic compound are
~ substituted with a halogeﬁ atom or a halogen containing group, where the halogen is chlorine,
bromine or fluorine, preferably bromine or fluorine, most preferably fluorine. Preferably, the
heterocyclic compound includes 4 or more ring members and more preferably 5 or more ring
mémbefs. In ohé or more embodiménts, the substituents are substituted with one or more
halogens, particularly fluorine or bromine, or hetéroatorﬁs or the like.
[0014] | In one specific embodiment, the heterocyclic compound is unsubstituted. In another
specific embodiment, one or more positions on the heterocyclic compound are substituted with a
halogen atom or a halogen atom containing group, for example, a halogenatqd ar)fl‘ group.
" Preferably the halogen is chlorine, bromine or fluorine, more preferably fluorine or bromine and
even more preferably the halogen' is fluorine. .
[0015] Preferably, the one or more heterocyclic compounds include one or more indoles.

The one or more indoles can be represented by Formula I as follows:



substituted with a halogen atom or a halogen containing group, where the halogen is chlorine, bromine
or fluorine, preferably bromine or fluorine, most preferably fluorine. Preferably, the heterocyclic
compound inglydgssh P fpore ring members and more preferably 5 or morg&ingdanRAgsss In one or
more embodiments, the substitnents are substituted with one or more halogens, particularly fluorine or
bromine, or heteroatoms or the like. [0014]In one specific embodiment, the heterocyclic compound is
unsubstituted. In another specific embodiment, one or more positions on the heterocyclic compound
are substituted with a halogen atom or a haf§en-atom containing group, for example, a halogenated
aryl group. Preferably the halogen is klorpeshromige or fluorine, more preferably fluorine or bromine
e

and even more preferably the halogen is S]Rseferably, the one or more heterocyclic
compounds include one or more indoles ope Nore indoles can be represented by Formula | as
follows: WO 2008/027116PCT/US2087/015873 X3%X4(Formula |) where each of X2 X3, X4, X5, X6
and X7 may be, independently, selected fro hydrogé(ﬁ, halogen (pref ﬁ%{lﬁg rine, bromine or
fluorine, more preferably bromine or fluorine and most preferably fluorine), an alkyl group, an-aryl
group, an Wheskigachrofi pkidsyBo&ide g r&bpanst X1 ana mbéﬂ%mwlyéa&spw%ér@m hdEngtins
can be hajggsnalesroeRdyalMiaeoBRAMAh o thesahb, GRS} BRI QNRRHAL anlrpivine

atom. In one embodjment, the indole is not perhajogenated. 100161In another embodiment, each of
X2 X3, x4PUS{8raRly AMPTLL AT BEN SEPEn ABATY, FRIRIEHA KT8 S AP R A Shiste BF By &Red
or partiallyatigib gabssaitectd| kyy 1 gropp, awletgin nhe pgrads| egarist deh loppaatea | pih paotaia tedoperagedp,
an aryl subsli 0 t r i najed. ar i | roup.
Preferabl t%géﬁa gée%%%@%ﬁn@ ro?n%ﬁﬁ?cﬁ%&é%?ﬁ%ggggggbrﬁera%I%ﬁ%@%é%ﬁ%%gé(gf s
embodimemt perbalega@eds, X4,.X5, X6 and X7 is, independently, hydrogen or halogen, preferably
l)J(f;Jminedoldbrg]i n?f moxﬁomlksllf%rﬁbbatmﬁﬁilpeaéﬁ ?ﬁgﬁa@tﬁ,r?@ﬁ;@gs‘,extea@bgi ﬁ:&l&; Kﬂeml gnd
is, independently, an alkyl gr a halogenated or partia ogenated alkyl group, an aryl group,

ora halog& "B PHARSTY ?fééggﬁﬁf%l’a I"@?B%ﬁf‘.a.ted or p%.‘ﬁly.q’alogemtezd algy? group, an'aryl A

group, a halogenated or partially halogenated ary!l group, an aryl Substi.tuted alkyl group or a

haldgenated or partially halogenated aryl substituted alkyl group. Preferably the halogen is-
chlorine, bromine, or fluorine, and most preferably fluorine. In another enibodiment, each of X2
X3, X4, X5, X6 and X? is, indepeﬁdently, hydrogen or halogen, preferably bromine or fluorine,
more preferably fluorine. In another embodiment each of X2 X3, X4, XS, X6.and X7 is,
' independently, an alkyl group, a halogenated or partially halogenated alkyl group, an ary! group,
or a halogenated or partially halogenated aryl group. . -

[0017] In one or more embodiments above or-elsewhere herein, the indole is fluorinated. A
preferred fluorinated indole is 4,5,6,7-tetrafluoroindole.

Organoaluminum'compound o

[0018] Hlustrative organoaluminum compounds are represented by Formula II as follows:

o AR, (Formula II)

- wherein each R is independently a substituted or unsubstituted alkyl group and/or a substituted or
unsubstituted aryl group. Preferably R is an alkyl group containing 1 to 30 carbon atoms.
Preferred R groups include methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl,
undecyl, docecyl, aryl, and all isomers thereof. _
[0019] In another embo&iment', the preferred organoaluminum compounds include
alkylaluminum compounds and/or alumoxanes. The organoaluminum compounds can include
alkylaluminum compounds where the alkyl-is a C; to C4 linear, branched or cyclic alkyl,
preferably a C; to C); linear or branched alkyl, preferably methyl, ethyl, propyl, butyl, isobutyl,

-n-butyl, isopentyl, pentyl, hexyl, octyl, nonyl, decyl or dodecyl, even more preferably methyl,



100171In one or more embodiments above or elsewhere herein, the indole is fluorinated. A preferred
fluorinated indole is 4,5,6,7-tetrafluoroindole. Organoaluminum compound 10018]lllustrative
organoalumiguineRHPyhds are represented by Formula Il as follows: ALR3fhainakyywherein
each R is independently a substituted or unsubstituted alkyl group and/or a substituted or
unsubstituted aryl group. Preferably R is an alkyl group containing | to 30 carbon atoms. Preferred R
groups include methyl, ethyl, prqpyl, butyl pentyl hexy eptyl, octyl, nonyl, decyl, undecyl, docecyl
aryl, and A OnRERP TP FOBHOH e hes b HHi R A %%%W@%agm includ
compoundehmlwh&sﬁmlﬁlwmmﬂompwaB)md/or alumoxanes The organoaluminum compounds
can include alkylaluminum com s where the alkyl i |s 1o C40 linear, branched or cyclic alkyl,
preferably a Cl to C12 linear or bra c’n“ed alkyl, pre ﬁy me yl, ethyl, propyl, butyl, isobutyl, n-butyl,
isopentyl, s, wayhnbmawbon;armbmmemwrenmm fmonich 40 §0xueforablyd to 12, Y is
20081027166 SARRLIO AT LY WoRp oD 16K O Db Rl ot

organoaliuninurn compounds inc udet 0se represente Formula 11l as follows: (Formu [lI) where
R is a hyd Bk smney it intlyre frmehyiahuninim, Sishrifaraing e f5ieoowy
halogen, amiatageyplabinam] St gldumituih(S kridisorodtyRatkckaily pfﬁfﬁﬂfﬁ;daaikyhﬁiumiaum
compounds |n%ud«=f\.(ftnn&t]etre\éf\|um|num triethylaluminum, triisobutylaltuninum, tri-n-hexylaluminum,
r-

tri-n- octylalumlnum ISO-0Octylaluminum, triphenylaluminum and combinations thereof.
[0020] In another embodiment, the organoaluminum compound compnses one or more

alumoxanes which are generally oligomeric compounds containing -Al(R)-O- or -Al(R),-O-
subunits, where R is an alkyl group, preferébly aCto C4o linear, branched or cyclic alkyl,
preferably aCto Cn linear or branched alkyl, preferably methyl ethyl, propyl, butyl isobutyl,
n-butyl, isopentyl, pentyl, hexyl, octyl nonyl, decyl or dodecyl, even more preferably methyl,
.ethyl, propyl, butyl, isobutyl, n-butyl, or hexyl. Examples of alumoxanes include
methylalumoxane . (MAO), modified methylalumoxane (MMAO), ethylalumoxane,
isobutylalumoxane, tetracthyldialumoxane and di-isobutylalumoxane. . Alumoxanes can be
produced by the hydrolysis of the respective trialkylaluminum compound. MMAO con be
produced by .the- hydrolysis of trimethylalumjnum and a higher trialkylaluminum such as
triisobutylaluminum. There are a- variety of methods for preparing alumoxane and modified
alumoxénes, non-limiﬁng examples of which are described in U.S. Patent Nos. 4,665,208,
4,952,540, 5,091,352, 5,206,199, 5,204,4’19, 4,874,734, 4,924,018, 4,908,463, 4,968,827,
5,308,815, 5,329,032, 5,248,801, 5,235,081, 5,157,137, 5,103,031, 5,391,793, 5,391,529,
5,693,838, 5,731,253, 5,731,451, 5,744,656, 5,847,177, 5,854,166, 5,856,256 and 5,§39,346 and
European publications EP-A-0 561 476, EP-B1-0 279 586, EP-A-0 594 218 and EP-B1-0 586
665, and PCT publications WO 94/10180 and WO 99/15534, all of which are fully incorporated
herein by reference.
[0021] In one or more embodiments abo;/e' or olsewhere herein, the organoaluminum
compounds include a combination or mixture of two or more organoaluminum compounds. In
one or more embodiments, a mixture of organoaluminum compounds includes triethylaluminum
and less than 5 wit% alumoxane, such as methylalumoxane (MAO), preferably less than 4 wt%,.
" less than 3 wt%, less than 2 wt%, less than 1 wt%, or less than 0.5 wt%. . '
Support materials |
[0022] Any suitable support or carrier material can be used. The terms "support” or "carrier;'
as used herein are used interchangeably and include any support material, preferably a porous

support material, including inorganic ‘or organic support materials. Non-limiting examples of
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10020)In another embodiment, the organoaluminum compound comprises one or more alumoxanes
which are generally oligomeric compounds containing -Al(R)-0- or -Al(R)2-0- subunits, where R is an
alkyl group, RiefetahsA gl to C40 linear, branched or cyclic alkyl, preferay aSloe ftgsjnear or
branched alkyl, preferably methyl; ethyl, propyl, butyl, isobutyl, n-butyl, isopentyl, pentyl, hexyl, octyl,
nonyl, decyl or dodecyl, even more preferably methyl, ethyl, propyl, butyl, isobutyl, n-butyl, or hexyl.
Examples of alumoxanes include methylalumoicane (MAO), modified methylalumoxane (MMAO),
ethylalurmS)QTeeniEs SHDBRH| WaisTne insiudstigriaminoxides and IoSERRis ENRTIEsEN OhRTSRRATE S

candbe p(;%@difﬁsimgmfdem% ?iﬂi?éll{%meﬁméesﬁwW?U%W@Omﬂamﬂl&égm%ﬁ%ﬁlb&ed
roauce rolysis or trirne aluminu er tri uminum sucn as

Fisobuty AT HPPPFEH U5 25 RO ST TR G e PSS TP appounds,
alumoxaneseplites)- Muilnkgysxwmmsodﬂwhmmaceodmgaatt isnpp6rt PaateriadN aed 4€4%ke 08, mig62e540,
509135286300 188540, M- bRIA it R BN, TGt 08 720 0B ides amd

5,329,032,5,248,801, 5,23
inorganic chlorides. _

[0023) The preferred support materials are inorganie oxides. that include those Group 2, 3, 4,
5, 13 or 14 metal oxides. The preferred supporis include silica, fumed silica, alumina (WO
99/60033), silica-alumina and mixtures thereof. Other useful supports include magnesia, titania,
zirconia, magnesium chlonde (U.S. Pat. No. 5,965,477), montmorillonite (European Patent EP-
B1 0 511 665), phyllpsﬂlcate, ze.ohtes, talc, clays (U.S. Pat. No. 6,034,187) and the like. Also,
-.combinations of these support materials may be used, for example, silica-chromium, silica-
alumina, silica-titania and the like. Additional supf;ort. materials may. ix_lclﬁﬂe those porous
acrylic polymers described in EP 0 767 184 B1, which is incorporated herein by reference. Other
supbort materials include naﬂocomposites as described in PCT WO 99/47598, aerogels. as
described in WO 99/48605, spherulites as described in U.S. Pat. No. 5,972,510 and polymeric
beads as described in. WO 99/50311, which are all herein incorporated by reference. Another
useful support is fumed silica available under the trade name Cabosil™. TS-610, aviilable from
Cabot Corporation.. Fumed silica is typically a silica with particles 7 to 30 nanometers in size
that has been treated with dimethylsilyldichloride such that a majority of the surfaee-hydroxyl
groups are capped. ' . ‘ -

[0024] In another embodiment, any of the conventionally known inorganic- oxide support
materials, such as sﬂlca that retain hydroxyl groups after dehydration treatment methods can be
used. Both silica and silica containing metal oxide based supports, for example, snhca-alumma,
are preferred. éilica particles, gels and glass beads are most typical.

{0025} In another embodiment, the support is a polymeric support, including hydroxyl-
functional-group-eontaining polymeric substrates, but functional groups may be any of the
primary alkyl amines, secondary alkyl amines, and others, where the groups are su'ucmrelly
incorporated in a polymeric chain aﬁd capable of a acid-base reaction with the Lewis acid such
that a ligand filling one coordination site of the aluminum is protonated and replaced. by the
polymer incorporated ﬁmctionality. See, for example, the functional group containing polymers
of US. Pat. No. 5,288,677. | |

{0026] It is preferred that the support materials have a surface area in the range of from about
10 mzlg to about 700 m%/g, pore volume in the range of from about 0.1 to about 4.0 cc/g and

average particle size in the range of from about 5 pm to about 500 pm.“ More preferably, the

-6-



5,103,031, 5,391,793, _ 5,391,529, 5,693,838, 5,731,253, 5,731,451, 5,744,656, 5,847,177, 5,854,166,
5,856,256 and 5,939,346 and European publications EP-A-0 561 476, EP-131-0 279 586, EP-A-0 594

218 and EP-R;9386,66%: and PCT publications WO 94/10180 and WO 98583 Rk ¥hich are
fully incorporated herein by reference. [0021]In one or more embodiments above or elsewhere herein,
the organoaluminum compounds include a combination or mixture of two or more organoaluminum
compounds. In one or more embodiments, a mixture of organoaluminum compaunds includes

triethylalursiniass ares eEthe-spEormaienighisiatbe sarge 21 frrthghouir A0 e OAROY R ADIpess
than 4 Wt%olessetBa T3 ool 538 kot % 58S thad Jvm‘%e Saifsk thad O eiYabauPR0 fim to
n

materials 100221Any suitable support or carrier material can be used. The terms "support” or "carrier”

as used hé¥H 8480 intthEnaYGREDFOER FitIBb NG SURh & FRIEEHY), 'Priter iy a Poferie 10

support maagsttoine|welin 000 aAggsimTsp [Faferblyp SO rAmaircmis tdlabekm 500y Axgsnples, aind most

. preferably 75 Angstroxr;s to about 350 Angstroms. ‘ ) .
[0027] In one embodiment, an amount of organoaluminum compound and/or heterocyclic
compound is added to the support material in an amount that is less than four times the pore
volume of the support material, more preferably less than ﬁuee times, even more preferably less
than two times; preferred ranges being from 1.1 times to 3.5 times total pore volume of the
support and most preferably in the 1.2 to 3 times total pore vblume éf the support. In an
alternative ‘'embodiment, the amount of organoaluminum compound and/of heterocyclic
compound is from greater than zero to less than one times the pore volume of the support
material utilized in forming the activator system..
{0028] In one embodiment, an amount of catalyst-containing liqﬁid is added to the activator
system in an amount that is less than four times. the pore volume of the support material, more
preferably less than three times, even m_orevi)referably less than two times; preferred ranges being
from 1.1 times to 3.5-times total pore volume of the support and most preferably in the 1.2 to3
times total pofe volume of the support. In an alternative embodiment, the amount of catalyst-
containing liquid is from greater than zero to less than one times the pore volume of the support:
material utilized in foﬁning the activator system.
[0029] Procedures for measuring the tota'l.pore volume of a porous support are known in the
art. Details of one procedure for use herein is discussed in Volume 1, Experimental Methods in
~Catalytic Research (Academic Press, 1968) (specifically see pages 67-96). This preferred
procedure involves the use of a classical BET apparatus for nitrogen absorption.
Methods of Supportation | |
[0030] " In one or more embodimenté above or elsewhere herein, the one or more heterocyclic
compounds and one or more organoaluminum cbmpouﬁds are combined first-and then added to
the suppbrt to provide the activator system. In one or more embodiments above or elsewhere
herein, the one or more heterocyélic compounds are combined with a support that has been
treated with the one or more organoaluminum compounds, such that the support has aluminum .
" alkyl groups bonded thereto. Preferably, the activator system includes of from 1 wt% to about 20

wt% of the one or more heterocyclic compounds. In one or more embodiments, the weight
percent of the one or more heterocyclic compounds of the activator system ranges from a low of
about 1 wt%, 5 wt%, or 10 wt% to a high of about 20 wt%, 30 wt%, or 50 wi%. Preferably, the

one or more heterocyclic compounds comprises one or more indoles.
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WO 2008/027116PCT/US2007/015873 inorganic support materials include inorganic oxides and
inorganic chlorides. Other support materials include resinous support materials such as polystyrene,

functionalizeg,grgtesshpied organic supports, such as polystyrene, divinylpegnzengy prkylefins, or
polymeric compounds, zeolites, talc, clays, or any other organic or inorganic support material and the

like, or mixtures thereof. Preferably, the support material is porous, for example, talc, silica, inorganic
oxides and inorganic chlorides. _ [0023]The preferred support materials are inorganic oxides that
include thd@8@3&oupPzeferabls, ¢8 emtlommieiconidam alinaipraie cmaupsupdoriscindiadetsiliba, siliceeth

siica, alurgina QLSRN ol RPALDIRBAN VBRI BIRALAAUISHYSEIBNADHLR Gl

magnesia, titania, zirconia, magnesium chloride (U.S. Pat. No. 5,965,477), montmoriilonite (European
Patent EP3BYOerF 15! Brpmaliioatempitfong er sreye AIEanqalimiyying eapeBngs: per teramef

Also, combijligiignprefcthehe InUROst Mote kaldcaiydnts UsRtaf @xapintegaibatmslifamitdmpounds/g
silica-alumina, il'{: -titania and the like. Additional sulggort mateJi'Lals n’ﬁa¥| (‘gLi hose porous acrylic
?mel ! D

AL BB O RS BT SRR PG

1d
polymers JeLénsa &r&fh %y‘re sfertce. Gthe ‘support
materials {138k nalwoompositee embietiorintsiaboPCar Bl Wik bO8imdhegekivatot exsteimectan O

99148605 ,3pGfEs IRHHEIP GPakdrs &’ﬂ’idﬁl@d?o‘%@%@éﬂi@&d ﬁ&'ﬂ%ﬁﬂ#ﬁ&%@ SARIRTLRRIN

[ f%ﬂreferenc_e. Another useful support is fumed silica

WO 99/50311, which are all herein incorporated f ) ed s
available fi@ehaecd da<ombisation Sath pporeperiinating apiens NCAahotIbe iSBPatRAN-FRNFERatNE, is

typically a siiea"W(RITRIHRass Aicadfdnanaeictatiiisienbiot dnaibaendreateeanéor which is only
dimethylsilyldichloride such that a majority ef the surface hydro ro re capped %‘% 24]]n another
emiodimeNES, ST R PR AT R Bk SO e 6 e SRS T
retain hydmewtcgrbepssdfiss. dehydration treatment methods can be used. Both'silica and silica

containing i3] 04 RASRYSWRBRYSHaRE VP G SHSCIAHEI® HE QB udlisRRa iciaRioe's

and glass beads are most typical. [0025]In another embodiment, the support is’a polymeric support,
including HRFSZIRIREEBHRI-g R orftair P oIy PReRReaYh stPareR. bimstANAHS N PHFIRE m&Y bé any
of the primaispatifdoroniirbyse tonekarymésilGidin precansdfth ety hdiegendtedy r HeRsaberaieU CtiHioly,

incorporated in a polymeric chajn -apable of g acid-base reaction with the Lewis acid such that a
ligand fiIIin%n(')]rllqee‘gill %%}régllﬁ%%h si{gegﬁﬂ%"é%b%umUmﬁgl%%?%?ﬁe 13}1‘3‘79[3 aé%%%‘ﬁ%%’é‘l%er twn-
incorporatextylaliuninaiey. Bise (702’ Xanoprefinardbipbeonbl dleernoalumianting psodhlosatest bedodasesNo.
5'288’677&32{3?&]|tal§ipix‘“yﬁﬁqﬁg,t'(é}ﬂ“ﬁis?&lﬁﬂ?ﬂd?@ﬂﬁ%{ﬁﬁsﬁ‘ﬁ&ﬁe?-ﬁﬂ*ﬁﬁlc%e@r%ﬁﬁ%@mﬁlgﬁf&%

r

about 10 m2/g to about 700 m2/g, pore_volume in the range of from about 0.1 fo about 4.0 cc/g and
average pRRIRCURES Tk RS A PSR ETAT YO AUB ORSEL RFiv BraprsRbsYh b aspes)-
2008/027 1 bekAntidasa0 /& Lombimtidas eharest. oi0the susyfol NG &riaklade thesedigedalt iparagaishit

50 m2/g to O@?i%gfm%og%ggxé%nq%ﬁ%m about 0.5 to about 3.5 cc/g and average patrticle size
pm.

of from ab m to about 2 e average pore size of the carrier is typically in the range of

from 10 Anlf¥dins tdn0oe AnhEsre @ bedirgalsly e actiyates RystemBust 150 thaty Suwis of i nABst
preferably égofdigating nion2RICA ALY B Iotal weight of the activator system. In-one or more

embodiments, the activator system has less than 4 wi% of a non-coordinating anion. In one or
more embodiments, the activator system haé less than 3 wt% of a nonécoordinafing anion. In one
or more erﬁbodiments, the activator system has less than 2 wt% of a non-coordinating anion. In
one or more embodiments, the activatdr system has less than 1 wt% of a non-coordinating anion.
In one or more embodiments, the activator system has less than 0.5 wt% of a non-coordinating
anion. In one or more embodiments, the activator system does not include a non-coordinating
anion (i.e., is essentially free of NC.A). For purposes of this invention the combination of the
support, organoaluminum compound,'and heterocyclic compound is defined to not be an NCA.
[0035] One or more catalyst cdmpounds are then added to the activator system to provide a
catalyst system. In one or more embodiments, the catalyst system comprises about 0.05 wt% to
30 wt% of the one or more organoaluminum compounds, about 0.05 to 30 Wt% of the one or
* more heterocyclic compounds; about 0.05 to 50 wt% of the one or more catalyst compounds with

the sum of all constituents, including the silica support, totaling 100 wit%. In one or more
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[0027]In one embodiment, an amount of organoaluminum compound and/or heterocyclic compound is
added to the support material in an amount that is less than four times the pore volume of the support

material, mokppheiglRblydess than three times, even more preferably less fegniyyeiigiesioreferred
ranges being from 1.1 times to 3.5 times total pore volume of the support and most preferably in the

1.2 to 3 times total pore volume of the support. In an alternative embodiment, the amount of

organoaluminum compound and/or heterocyclic compound is from greater than zero to less than one
times the goodinanis. sheratslyshaysiemiesraputts ddonl fowtihglumivumyatty $0wtth zjood)m; ond
embodiment 1aj AP AfitrasalyStreARAGHNEIE W R ARSI ARG sBYR e R aMe W that

is less than four times the pore volume of the support material, more preferably less than three times,

even moreprRRE A TeR8 iR iMEe, PrmEmmy Mhges SemerhSmPedmARS ettt XM pore
volume of ¢omptigortand mostopr2ie bl etd 2 d tiveninial koot otmecdiitdinppest e an
ahernative giballyeth DSARONY of T8iakAlGORIRING AL S Jram areale faan 1218 (R Gss,han
one times the pore*volume of the support material Utilized M forming the activator system.

100291 Prepecificcembodinestyihg satalpib Spuemvenmnesss alpurodd supakd:aabdut dwnwi%néih and

Details of gpsup@sedus fofsie Nerein ifedis GHessftobime dmicxPeimental Yelhads bmplalic -
Research (Academic Press, 1968) (specifically see pages 67-96). This preferred procedure involves.

the use of %PB}&%VCWMW&F 3 WA GEA AR HRONRIRIFRR of Supportation [0030]In one or

more emb@imBstCRmpeuardsisewhere herein, the one or more heterocyclic compounds and one or

more orgafIINUThE ARAINYS AL ST BINGLI B ARG 0 RAIR L RRAI RIRNAE SR
activator systenl. In one or more embodiments aBove or elsewnere ereYn, fhe ne or.more

heterocycIRF daaip dusrirdanylcastalirsenyitempynds randastniciuselonr trptical withnantiomerisr iseners
organoaluigiResaparpidSssmehs el thamprrait RAS b ue 445 1adpsthaede diisifiiRures

Preferably, the activator system includes of from 1 wt% to about 20 wt% of the one or more

t
heterocycl%‘%ﬂfpogﬂﬁsﬁxﬁm% Sheftalyshsompene ot eyl BB Rt &sHRISRYh GiEeup 4
heterocyclmaaliypene dsropdnadactindtoatdy stene reprasrtahby Formla{ili)tad fu1fews. wt%, or 10 wi%
to a high of about 20 wt%,. 30 vﬂ%%%%%w)té@nﬁreferably, one or more heterocyclic compounds
comprises one or more indoles. 8/027116PCT/U 07/015873 [0031]Preferably, the one or
more organ‘iﬂ&ﬁﬁhinum compounds are added to the silica in excess to covalently bond to the

hydroxyls Mhﬁiﬁﬁ&ﬁkmw@m@ﬂy@f&@mp'?, anywhere from 1.0 mmol to 5 mmm of
the ratio (e xR BOTH OOV EFRRE) BPHe S BFRS G R R AUPRPEBh i
to silica is 2od; 2.5:1, 3:1 or 4:1. [0032]In one or more embodiments above or elsewhere herein, the
activator Sﬁi@@ﬁrmrﬁegroup cénnecting (Ind) to (Ind*);
©yis 0 or 1; ' .
M is a Group 4 transition metal, (preferably Ti; Hr or Zr, preferably Hf or Zr); '
m is3,4,50r6, preferably 3 or 4, preferably 4;
X is a halogen or a substituted or unsubstituted hydrocarbyl group, a substituted or unsubstituted
hydrocarboxy group, or a substituted or unéubstituted heteroatom containing group; and
nis m minus 2. ’
[0037] In a preferred embodiment, L is représénted‘by the formula: RqSi where each R is,
independéntly, a substitutéd or unsubstituted C; to Cz9 hydrocarbyl group and q is 1, 2, 3 or 4,
preferably L is SiMe; or SiPh,, where Me is methyl and Ph is phenyl.
[0038]  For purposes of this invention and the claims thereto:
- [0039] The term "hydrocarbyl radical” is sometimes used interchangeably with ';hydfocarbyl"
thrbx)ghout this document. For pﬁrposes of this disclosure, "hydrocarbyl radical" encompasses
C-Csp radicals. These radicals can be linear, branched, or cyclic including polycyclic. ThescA
radicals can be saturated, partially unsaturated or fully unsaturated, and when cyclic, may be

aromatic or non-aromatic. -



used alone or with other activators or methods of activation. For example, the activator system can be
used in combination with non-coordinating anions (INICAs). The term "non-coordinating anion" (NCA)
means an aniah whigh-gither does not coordinate to said cation or which ispeRlN;gakiN Koprdinated to
said cation thereby remaining sufficiently labile to be displaced by a neutral Lewis base.
[0033]lllustrative NCAs include but are not limited to tri (n-butyl) ammonium tetralcis

(pentafluOrophenyl) boron, a trisperfluorophenyl boron metalloid precursor or a trisperfluoronapthyl
boron meti48] pre Rubstityted hydooranhyé dadiselopermdicalsions/hidhnet igdst omsrhyrdrogen atom has

triethylalurpian RplHaRVRA S SR8 DAMY @ WP UHY HhBAGPLGINYRAESNR, OR", PR"

(2,2',2"-nona-fluorobiphenyl) fluoroaluminate, perchlorates, periodates, iodates and hydrates

(2.2 bispheRy BRramtRyasHeRe) andithe lio g AEIs o ble2st A BRN dDISOGRRRIR, A AhEaNe aﬁﬂ
d|octadecﬁm@MﬁhﬂMﬁdﬁ@@ﬁfﬁﬁlmmeﬁb&d@@awmaﬂmIBmpm"QrwalaﬁﬂQﬁé

thereof. Other useful CA.s include ar 135] qf 04/0 921

[0034]In oﬂ:‘ Br %ore embodiments % %TXe ac?tlvafo% s(tem éé)s I%ﬁ \%f%%‘“} iy n%ag cooé)(?ﬁ‘tn

anion (NCAY m@m’tﬂ@dmlwétght of the activator system In one or more embodlments the .

activator sygaR) hasHerR R fatichOha NaBGACHINALCH BRIOS Iﬂ&@%%ﬁt%ﬁrﬂg R ARRR Urhiee
m

activator system has less than 3 wt% of a non-coordinating anion. In one or more embodiments, the

activator sPa¥eera sybstituted withay least ons-balaseh a5 MAPESsRS P BHE 8FAHB (&-8rfb SiREDs. the

activator syeean) hasgessithrid 1hat8easbyl nedicaerdiRaingiciiom |vARA QitNess esaROHaRIHEbIC
activator S%SEE_m has I than 9 5 \tr\(t% of a nan. cotoréjlnat.t1 gnion. In one. or ore emb dim the
activator sy n?cf'oes no BN At Nas beet T absapS anlona? cast ope AnCURDA SEO8PRER) 2%

purposes EPRIIPRze SRS nBRE . Silin AR oandatsultioor, wlgmealm mmmpthmxhtamdor group
heterocycligcqmmouachisidg ingede Midarsy '}'&M%%ﬁ]a%ﬁ I ROTEpFalaRRt CORAOHS Argmlen

added to the activator S)éotem to provide a catalyst system. In one or more embodlments the catal st

st

system corhsriseEsvsse &0, Bsidersrisativah3dmn é%??ﬁtﬂ‘@%éﬁﬂ%rﬁfﬁﬁtﬂ%@ﬁﬁ?fé‘ SBSUt
0.05 to 30 hﬂﬁfgext themneaamerehakerasjgialchapaubgs radicall OTA6 Fudivddb gfdlip’ eas' be naare
catalyst cog, w@h thﬁs of all ‘constituents, including the silica support, totaling 100 wt%. In
one or more’ CT/US2007/015873 embodiments, the catalyst system comprises 1 to

10 wt% aluk¥fdlin; Itdnsomeerhediments.ahe loydmoearbpl vadical ioipdependsatly palesteddrompatiibylis,

the cataIyS&mte;stbgs)m msﬁs béad w&,@pr Keffty?, vvic{s,pr Koy \WEL BIVHIRE - Ub@asOr (hakeyl,
embodiments ata 1% prises 1 to 0 wt% t%to 9 wids or.2. to 5 wt% zirconium. [n
one or morSEREIRESE s«g@z‘i TRIRCES p?féa R breie s e isP ey o doshmd:

nitrogen. Irumdsgdstemmosplaqutanmlspummatpﬂy& mmmgysmmcqn prisasalyhutiddomydo eteaphut
0.5wt% Z t if] t I t
WU 21, %Ih&ﬁgﬁ(&;@@%&eﬂ}'ﬁﬂ r%ﬁ' CoREAYPdine g%%%&% REEI

comprises abou 7 Wito 0.53 out 0.6 wt% nitrogen. alyst ompoun

[0036]The g&ﬁf&mﬂsmﬁtwb%%@dwbnbw%wbaMWﬁpbwm@maﬂm@méwwbre

bis- Indenylmetaﬂsanenﬁmewamgsdﬁv&saﬁyptutﬁbsgdamlcate%ass%aypmséms@feﬂys (messtadsyl,
racemic |schmers for xample seelU .S. Patent No uE‘:éSSZ13 ), thereof agd mixtures ther. o‘fl For L
example, the ca‘taf &y Co?ﬁ:p%:l?rst%f‘c‘{etnrllﬁgu 20ne or rﬁ%’r]ee Hdoe‘?my(ls’ ePSII&‘/&Y exyny
com poundsklepmhabqﬁl?mée r@pmwme@wmsmumenms fofleiesyhyl) ndy@ncM)M,(l I Igemmnyl

pentadecynyl, hexadecynyl heptadecynyl, octadecynyl, nonadecynyl, eicosynyl, heneicosynyl,

docosynyl, tricosynyl, tetracosynyl, pentacosynyl, hexacosynyl, heptacosynyl, octacosynyl,
nonacosynyl, or triacontynyl isomers. For this disclosure, when a radical is listed it indicates that
radical type and all other radicals formed when that radical type is subjected to the substitutions
defined above. Alkyl, alkenyl and élkynyl radicals listed include all isomers including where
appropriate cyclic isomers, for example, butyl includes n-butyl, 2-methyipropyl, l-methyli)rqpyl,
tert-butyl, and cyclobutyl (and analogous substituted cyclopropyls); pentyl includes n-pentyl,
cyclopentyl, 1-methylbutyl, 2-methylbutyl, 3-methylbutyl, 1-ethylpropyl, and neobentyl (and
analogous substituted cyclobutyls and cyclopropyls); butenyl includes E and Z forms of 1-
“butenyl, 2-butenyl, 3-butenyl, 1-methyl-1-propenyl, 1-methyl-2-propenyl, 2-methyl-1-propenyl
and 2-methyl-2-propenyl (and cyclobutenyls anti cyclopropenyls). Cyclic compound having
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Ind is a substituted or unsubstituted indenyl group; Ind* is a substituted or unsubstituted indenyl group,
which may be the same or different from Ind; L is a bridging group connecting (Ind) to (Ind*); y is O or
1, M is a Grogip, 4q4apsitign metal, (preferably Ti, Hr or Zr, preferably Hf or £o/fx4§03,0¢5820r 6.
preferably 3 or 4, preferably 4; X is a halogen or a substituted or unsubstituted hydrocarbyl group, a
substituted or unsubstituted hydrocarboxy group, or a substituted or unsubstituted heteroatom
containing group; and n is m minus 2. [0037]In a preferred embodiment, L is represented by the
formula: Rg®stithticasdoblRies, aHdésmetefoima sfarskampler unsthiyinhenytl ®oubl Cholugerodhby
group and g d JipReny®! R EieliRbhEF Sih4e ﬁl@%ﬁ%pwa%/gs%/iﬁﬁ&glﬁm ARELER HO08EY;3-
eterm.

100381For pUé%oses of this invention and the claims thereto: p251/drocarbyl radical” is
sometimedit@ XFRET’BMEnge%ﬂf;?’xmﬂﬁhﬂ%?ﬁﬁlarbylzﬁfﬂil}w?m@’&ocu%@Tﬁ’. eRYIERsIBYks ofrs

disclosure difitispagi ragied; sefiaamyasieas C 1-050 radicals. These radicals can be linear,

ranehed, i U YO8 D s AL oM B RIS
pages 33-58 of WO 2006/065809. Particularly preferred Ind or Ind* groups include methyl-
indenyl; methyl,butyl-indenyl; methyl,phenyl-indenyl; 2—methyl-4-pheny1—indenyl; 2-methyl
4(2,6-di-t-butyl) - indenyl; 2-methyl-4-naphthyl-indenyl; . 2-ethyl-4-phenyl  indenyl; 4,5-

‘ dihydroindenyl, 4,7-dihydroindenyl, 4,5,6,7-téuahydroiﬁdenyl, 2-methyl-7-phenylindeny; and 2-
propylindenyl. By substituted indene is meant that a hydroge_ﬁ oh the iﬁdene is replaced by a
hydrocarbyl'v group (such as ethyl, methyl, phenyl, naphthyl, benzyl, etc, typically. a Cl to C20
hydrocarbyl group) or a hetefoatom or that one of the carbons m the inderne rings is replaced by a
hetrcoatbm’ (such as nitrogen or phosphorus). 4 '
[0045] Additional exemplary catalyst compounds useful herein include those bis-indenyl

metallocene compounds represented by the formula:

[0046] In the above structure, M1 is selected from titanium, zirconium, or hafnium.

{0047]  RI1 and R2 are identical or different and are selected from hydrogen atoms, C1-C10

alkyl groups, C1-C10 alkoxy groups,” C6-C10 aryl groups, C6-C10 aryloxy groups, C2-C10_
| alkenyl groups, C2-C40 alkenyl groups, C7-C40 arylalkyl groups, C7-C40 alkylaryl groups, C8-

C40 arylalkenyl groups, OH groups or halogen atoms; or conjugatéd dfenes that are optionally

substituted with one or more hydrocarbyl, trithydrocarbyl)silyl groups or hydrocarbyl,

trihydrocarbyl)silylhydrocarbyl groups. The conjugated diene can contain up to 30 atoms not

counting hydrogen.
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WO 2008/027116PCT/US2007/015873 100401Substituted hydrocarbyl radicals are radicals in which
at least one hydrogen atom has been replaced with a heteroatom or with at least one functional group
such as NR"&&osbHBig SR", BR"2, SIR"3, GeR"3 and the like or where g¢{e0asi8h61ss73
non-hydrocarbon atom or group has been inserted within the hydrocarbyl radical, such as 0, S, NR",
PR", BR", SIR"2, GeR"2, and the like, where R" is independently a hydrocarbyl or halocarbyl radical.
The functional group can be an organometalloid radical. [0041]Halocarbyl radicals are radicals in

which onel8?48bre hidrtr&byiasgdhs femerendiffriont radrasubei¢rtedditoith latdempsnonenim| bgegeor
halogen-ceailinC groun (dsloberfatedr.ok)- [RRdRISMARIURPHRIQEaHRY! rasicalargaiggicalsdn yhich
at least on%%&g%l%% aI%en atom has been substituted with at least one functional
group suc PR IIERE GRS halagenater pe ynbelnesnated allemdt gFRRHN b
atom or grhalpgeastbé en indmitegnaithintylelkyl gratpy) CHiCaLudbgeafleSoNRhalRigenRE alkiRagy!
GeR"2; an likegv " s Ay a hydrocarhyl or halocar dicaj,prayide at
least one r%ggg’n%%ﬁg%% %%St%z%%%%%ﬁ%cg ziy T Qllwg’%é]nlg{?éﬁa grb%% ’ch8r1§té%5aﬂr
organometBRofdrasdiraly foodsth Boineumtictmlagen aietydrGda600 aliit arouindepefdebil) aryl
selected frgBuplshyive 6 mBreRMlabiHY kaBRATYIRBAWR PesiutheC U Y kSRS HotEBaY HIgH G
tridecyl, teFadec l, f%intades: |, hexadecyl, heptadecyl, octadecyl, nonadecyl, eicosyl, heneicosyl, .
docosyl, tr 85%3/?%’6 PSS PBitacosyl, hexacosyl, heptacosyl, octacosyl, nonacosyl, triacontyl,
ethenyl, pri9948y/1, biRd3yis pelatesdyfrdrexenyl, heptenyl, octenyl, nonenyl, decenyl, undecenyl,
dodecenyl, tridecenyl, tetradeceny p‘fntadec }4 h gdecenyl, he ';gdecenyl, octadecenyl,
nonadecenyl, eicosenyl, heneicosenyl, docosanyl, tricosenyl, tetracOsenyl, pentacosenyl, hexacosenyl,
heptacosenyl, octacosenyl, nonacgsenyl, triaginten Bprop'ynyl,ggfi%w 1, pentynyl, hexyrtyl, heptynyl,
octynyl, nonynyl, decynyl, undecynyl, dodecynyl, tridecynyl, tetr , pentadecynyl, hexadecynyl,
heptadecynyl, octadecynyl, nonad 'c1gnyl, eico ){gyl,’%%neicosynyl, hocosynyl, tricosynyl, tetracosynyl,
pentacosynyl, hexacosynyl, hepta&)synyl, octacosyhyl, nOnacosyrBI’,sor triacontynyl isomers. For this
disclosure, when a radical is listed it indicates that radical type and all other radicals formed when that
radical type is subjected to the substitutions defined above. Alkyl, alkenyl and alkynyl radicals listed
include all isomers including whegg1appgpseriate cyclicggemers, for ampias bﬁy&inclUdes n-butyl,
2-methylpropyl, 1-methylpropyl, tgrt-butyl, and cyclobptyl (and ana&ousl subs‘tltuted cyclopropyls);
pentyl includes n-pentyl, cyclopepgk—Lanethylbutyh Jgaethylbutyl3-meghylbigtyl1-ethylpropyl, and
neopentyl (and analogous substitpted cyclobutyls anlcyclopropyls'); butenyl iqcludes E and Z forms of
1- butenyl, 2-butenyl, 3-butenyl, Rmsettytd-propenyl, gethyl-2-gsapenyhs2-geshyl-1 -propenyl and
2-methyl-2-propenyl (and cyclobutenyls and cyclopropenyls). Cyclic compound having WO :
2008/0271Mﬂ{U&mﬂQlagz3ﬁupaﬁtgt'smssOqugggl,l sy fons, ipgramipl jretyylphenyl
would include ar. ethylphenyl, mgta-methylphenyl and para-methylphenyl; dimethylphenyl would
include ZSB%gl#)?I%Wéﬁyrmgﬁgﬁﬁp%bﬁleg% lz?naré qgﬁ@ﬁ%“?,@‘iﬁpﬁ&%aﬂ%‘@ifom L
dimethylpHisydtbgemchaGeeimeiHpip iy} grbp4 A0 R0s il ioapa)0 s ey etoapiieimge groups
disclosed 'Qlﬂé?@?g%m%@!@-’bf‘o arylalkyl groups, Cs-Cqo arylalkenyl groups and C;-Cy alkylaryl groups,

or R" and R", together with the atom(s) connecting them, form a ring; and M is selected from

carbon, silicon, germanium and tin. -

[0050]  Altemnatively, R13 is represented by the formula:

le
R17 R19
‘ 20
. \ 2 R
/M R?!
R24 O R22

123

.17 24 1 2 ) ] 17 24
wherein R to R are as defined for R and R, or two or more adjacent radicalsR toR",
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pages 33-58 of WO 2006/065809. Particularly preferred Ind or Ind* groups include methylindenyl;
methyl,butyl-indenyl; methyl,phenyl-indenyl; 2-methyl-4-phenyl-indenyl; 2-methyl 4(2,6-di-t-butyl)
indenyl; .2-mgihyhekoarighyl-indenyl; 2-ethyl-4-phenyl indenyl; 4,5- dihycirpidegier/015873
4,7-dihydroindenyl, 4,5,6,7-tetrahydroindenyl, 2-methyl-7-phenylindeny; and 2- propylindenyl. By
substituted indene is meant that a hydrogen on the indene is replaced by a hydrocarbyl group (such as
ethyl, methyl, phenyl, naphthyl, benzyl, etc, typically, a Cl to C20 hydrocarbyl group) or a heteroatom

or that 0@@%@?@&&"thséaigpafm%iﬁtsﬂ@%me@m RELE RALA BASUE AR RN Ak

phosphoru 15 itiondl eXemplary catalyst compounds useful herein include those bis-indenyl
metallocefRERBMPLERR LPERAREMRL BY-the formula: B'0 [0046]In the above structure, M1 is selected

LVO(;“ titanigigs ZircorpreterRidhakniye RPAIRdand iR erardanticet or different and are selected from
ydrogen atoms, C| -CIO alkyl groups, G 1.-C10 alkoxy grqups, C6-C10 aryl groups, C6-C10 arylox
groups, c@'&i‘hyéfkléffwi)&aﬁﬁ@y&é@rg %ﬁkgﬁw &&ﬁf&ﬁ@f% AEge rlqulip?é’,, 77-C40 alkylgryl ’
groups, C8infedfyRildadikkpydthydp$3'GHditbupydpheyliodmyla zis;ananjidpddadeiknes that are
optionally SuRSHURAAIIE Q05 Bh T s tRB SO HRAERVDNFiRlurk Bk URBIBF QU rocarby!
traydrocar %sn)/’ y?:l?c}'c roy grgﬁpﬁs. He conjugated diene can Contain up to 30 atoms not counting
hydrogen dimetyiisd?i2isPorrryb 403 R0 ssensyimbenyRndsy Do ziscomun dishl Jidsiferent and are

Sé%eé}gdguﬁmelmgﬂg&&@]q?&mm NAGSuFipteAP Jiadesgnaircoanmhalemordd alkyl groups,
gl R e e S
=halogenatidetiiigjdiladi gh@uyes - uby C 4¢3 Sodietbateplorytiddgeylxedcaniiatkdichlarideps, -NR'2, -SR',
-OR', -0SIW3 ¢ -E;\’i’a%igﬁgi&a'é.twﬂis- ét,gﬁﬂ&&%ﬁ@@qﬁ{a@ﬂgl}}zﬁc%&h%ihweup, or a C6-CIO
aryl group; or fwg or mar agjacen radicals R5 to together with the atoms connecting them can
form one climeshylsiedylGbmomhyb k3efdicthyyiphenyljindenyl);hafnium dichloride;
dimethylsiladiyl(2-ethyl, 4-[3',5'-di-tbutylphenyl]indenyl);hafnium dichloride;
dimethylsiladiyl(2-n-propyl, 4-[3',5'-di-tbutylphenyl]indenyl) ;hafnium -
dimethylsiladiyl(2-iso-propyl, 4-[3',5'-di-tbutylphenyl]indenyl) ;hafnium dichloride;
dimethylsiladiyl(2-butyl, 4-[3',5'-di-tbutylphenyl]indenyl) 2hafniurﬁ dichloride;
9-silafluorendiyl(2-methyl, 4-[3',5'-di-tbutylphenyl]indenyl),zirconium dichloride;
9-silafluorendiyl(2-ethyl, 4-[3',5"-di-tbutylphenyl]indenyl),zirconium dichloride;
9-silafluorendiyl(2-n-propyl, 4-[3',5'-di-tbutylphenyl}indenyl);zirconium dichloride;
9-silafluorendiyl(2-iso-propyl, 4-[3',5'-di-tbutylphenyl}indenyl),zirconium dichloride;
9-silafluorendiyl(2-n-butyl, 4-[3',5'-di-tbﬁtylpheny]]indenyl)zzirconium dichloride;
9-silafluorendiyl(2-iso-butyl, 4-[3',5'-di-tbutylphenyl}indenyl);zirconium dichloride;
9-silafluorendiyl(2-sec-butyl, 4-[3',5'-di-tbutylphenyl]indenyl),zirconium dichloride;
9-silafluorendiyl(2-tert-butyl, 4-[3',5'-di-tbutylphenyl]indenyl),zirconium dichloride;
9-silafluorendiyl(2-methyl, 4-[3',5'-di-tbutylphenyl]indenyl) ;hafnium dichloride;
9—silaﬂuorendiyl(2-ethyl, 4-[3',5"-di-tbutylphenyl}indenyl) shafnium dichloride;
9-silafluorendiyl(2-n-propyl, 4-[3',5'-di-tbutylphenyl]indenyl) hafnium dichloride;
9-silafluorendiyl(2-iso-propyl, 4-[3',5'-di-tbutylphenyl]indenyl);hafnium dichloride;
9-silafluorendiyl(2-n-butyl, 4-[3',5'-di-tbutylphenyl]indenyl);hafnium dichloride;
9-silafluorendiyl(2-iso-butyl, 4-[3',5'-di-tbutylphenyl]indenyl);hafnium dichloride;
9-silafluorendiyl(2-sec-butyl, 4-[3',5'-di-tbutylphenyl}indenyl);hafnium dichloride;
9-silafluorendiyl(2-tert-butyl, 4-[3',5'-di-tbptylphenyl] indenyl);hafnium dichloride;
dimethylsiladiyl(2-methyl, 4-[3',5'-di-tbutylphenyl}indenyl),zirconium dimethyl;
dimethylsiladiyl(2-ethyl, 4-[3',5'-di-tbutylphenyl]indenyl),zirconium dimethyl;
dimethylsiladiyl(2-n-propyl, 4-[3',5'-di-tbutylphenyl]indenyl),zirconium diinethyl; '
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R14R14 R14R14 Il -M3--M3- M3--0-M3-0- Il R15R15 R15R15 R14 R16R14R14 R14 R14 1lI11] -0-M3-
-C-C-C-111111 R15 R16R15R15 R15 R15 -8(R14)-, -Al(R14)-, -Ge-, -Sn-, -0-, -S-, -SO-, -SO2-,
-N(R14)-, -CQo Wé8dA)16P(0)(R14)-, - B(NR1411.15)- and -B[N(SiR14R13¢248)7k7/R34:3R15 and
R16 are each independently selected from hydrogen, halogen, CI-Cm alkyl groups, C6-C30 aryl

groups, CI-C20 alkoxy groups, C2-C20 alkenyl groups, C7-C40 arylalkyl groups, Cg-C40 arylalkenyl
groups and C7-C40 allcylaryl groups, or R14 and R15, together with the atom(s) connecting them,
form a ringdizmpthyisiladidiEcieettronyk 4rbd s Sitoty lpdenplhindenamlzire off @B0dMiretindtively, R13 is
representegii¥tyesiRH@ n-butyl, 4-[3',5'-di-tbutylphenyl}indenyl),zirconium diméthyl;
dimethylsiladiyl(2-iso-butyl, 4-[3',5'-di-tbuty]phenﬂ]indeﬁyl)zzirconium dimethyl;
dimethylsiladiyl(2-sec-butyl, 4-[3’,5'-di-tbutylphcnyl]indenyl)ﬁirconium dimethyl;
dimethylsiladiyl(2-tert-i)utyl, 4-[3,5 '—diftbutylphenyl] indenyl),zirconium dimethyl;
diineﬂlylsiladiyl(Z-methyl, 4-[3',5'-di-tbutylphenyl]indenyl)zhafnium dimethyl;
dimethylsiladiyl(2-ethyl, 4-[3',5.'-di-tbutylphenyl]indenylhhafnium dimethyl;
dimethylsiladiyl(2-n-propyl, 4-[3',5'-di-tbutylphe’n’yl]indeny.l')zhafnium dimethyl
dimeihylsiladiyl(z-iso-propyl, 4-[3',5’idi-tbut);lphenyl]in&enyl)zhaﬁmium dimethyl;
dimethylsiladiyl(2-n-butyl, 4-[3',5'-di-tbutylphenyl]indenyl) 2hafmum diméthyl;
dimethylsiladiyl(2-iso-butyl, 4-[3',5'-di-tbutylphenyl}indenyl) ;hafnium dimethyl;
dimethylsiladiyl(2-se'c-buty_l; 4-[3',5'-di-tbutylphenyl]indenyl) éhafnium dirﬁethyl;
dimethyisiladiyl(2-tert-butyl, 4-[3',5'-di-tbutylphenyl]indenyl),2hafnium dimethyl;
9-silafluorendiyl(2-methyl, 4-[3',5'-di-tbutylphenyl}indenyl),zirconium dimethyl;
9-silafluorendiyl(2-ethyl, 4-[3',5"-di-tbutylphenyl]indenyl),zirconium dimethyl;
9-silafluorendiyl(2-n-propyl, 4-[3',5"-di-tbutylphenyl]indenyl),zirconium dimethyl;
9-silafluorendiyl(2-iso-propyl, 4-[3’,5'-di-tbutylphenyl]indenyl)zzircoﬁium dimethyl;
9-silaﬂuorendin(Z-n-butyl, 4-[3',5'—di-tbutylphenyl]indenyi)zzirconium dimethyl;
9-silafluorendiyl(2-iso-butyl, 4-[3',5'—di-tbut):'lphényl]indényl)zzirconium dimethyl;
9-silaﬂuorendiyl(2-sec-'butyl, 4-[3',5'-di-tbutylphenyl]indenyl);zirconium dimethyl;
9-silafluorendiyl(2-tert-butyl, 4-[3',5'-di-tbutylphenyl}indenyl),zirconium dimethyl;
9-silafluorendiyl(2-methyl, 4-[3',5'-_di-tbutylphényl]indenyl) shafnium dimethyl;
9-silafluorendiyl(2-ethyl, 4-[3',5'-di-tbutylpheny1]indenyl) zhafnium dimethyl;

. 9-silafluorendiyl(2-n-propyl, 4-[3',5'-di-tbutylphenyl}indenyl) ;hafnium dimethyl;
9-silafluorendiyl(2-iso-propyl, 4-[3',5'-di-tbutylphenyl]indenyl)zhafnium dimethyl;
9-silafluorendiyl(2-n-butyl, 4-[3',5'-di-tbutylphenyl]indenyl),hafnium dimethyl;
9-silafluorendiyl(2-iso-butyl, 4-[3’,5'—di-tbutylphei1yl] indényl)zhamium dimethyl;
9-silaﬂuoi‘<_:ndiyl(2-sec-butyl, 4-[3',5'-di-tbutylphenyl}indenyl);hafnium dimethyl;
9-silafluorendiyl(2-tert-butyl, 4-[3',5’-di‘-fbutylphenyl]indenyl)zhafnium dimethyl; .
dimethylsiladiyl(2-methyl, 4-[3',5"-bis-trifluoromethylphenyl] indenyl), zirconium dichloride;

- dimethylsiladiyl(2-ethyl, 4-[3',5"-bis-trifluoromethylphenyl] indenyl), zirconium dichloride;
dimethyl.siladiyl(z-n-propy], 4-[3',5';bis-triﬂuoromethylphenyl]indenyi)z zirconium dichloride;
dimethylsiladiyl(2-iso-propyl, 4-[3',5'-bis- trifluoromethylphenyl}indenyl), zirconium dichloride; |
dimethylsiladiyl(2-n-butyl, 4-[3',5'-bis-trifluoromethylphenyl]indenyl), zirconium dichloride;
dimethylsiladiyl(2-iso-butyl, 4-[3’,5"-bis-trifluoromethylphenyl]indenyl), zirconium dichloride;
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lg 171 wherein R to R24 are as defined for R and R2, or two or more adjacent radicals RI17 to R24,
WO 2008/027116PCT/US2007/015873 2 including R20 and R21, together with the atoms connecting
them form oRgRPsJRAsS{i9S; Mis carbon, silicon, germanium, or tin. 1005 1P¢efRkiRs k3l st
compounds useful herein include: dimethylsiladiyl(2-methyl, 443',5'-di-tbutylphenyl]indeny1)2
zirconium dichloride; dimethylsiladiyl(2-ethyl, 443',5'-di-tbutylphenyllindeny1)2 zirconium dichloride,
dimethylsiladiy1(2-n-propyl, 443',5'-di-tbutylphenyllinclenyl)2zirconium dichloride;
dimethylsit&myﬂ(ﬂﬁiéadbrl@we%M’@ﬁb&’tﬂbﬁé&dﬁtﬂm@ﬂﬁmwhmmmwum dichloride;

dimethylsilgeivd( 2&1’&3& 24é§ @u lt@ 'P%QXH@?Q@H&Y&Q@E}( ' 98 conium dichloride;
dimethylsiladiy1(2-iso-but di- t Iphenyllinden )22|rcon|um dic Iorlde
ety o SR g s B RTTEEHy DS R SlahRdRe: dickloide

dimethylsildgigi{Astatii@icdd R’ f'éEmﬂbuwmametﬁmphﬁwmﬁmumﬂlfﬁﬁﬁudﬁhchlonde,

dimethylsil 443' 5 yiohenyl den |c Ior imet adiy1(2- ethyl
443'5'-di- t@dﬁﬁ%eﬁﬁ} ﬁ}i enyf{gﬁ t%go lﬁ) u(c)lrme%h 5 5 B’rg%agm EYCHO (Iy
413',5'-di- témﬂpuml;qmuaﬂyg)m;tﬂﬂzﬂ;mymtbmmmmm@w]mdenyl)zhafmum dxchlonde

443' 5'-di-t fritineeichl
443'5'-di- tgﬁ%:% enéHilndenyl)Z gfﬂlutgnﬁsd%ﬁlgﬁgg gggﬁ%ﬁ%ﬂ%&%ﬁ%‘aﬁum dichloride;

443 5'-di-tBEmsHY Yerisebuirdotildv Remaﬂﬂsowm}mﬁwmfr@tﬂwaﬁwm dichloride;
443'5'- gl tbwmwmw&mnmﬂshmwﬂaﬂl ; ﬂr(é’eﬂym@aﬁhum dichloride;
413'5'- tyl iuLn 9-si r n I ro

443',5‘-d:lt n ﬁ y"l‘fll i’ 0n| %géhﬁo{r’u‘ N a&’r ﬁ'ﬂg** %ﬁi ‘imd‘°hl°“d°’
443' 51-di- ﬁasﬂytblrmnquum@_msredaItﬁ'rb@hdﬁﬂn@h@n@midﬂmmwmmmmdﬁdmwude; .
9- snaﬂuoremi;@gﬁe gu%tﬂefﬁ G phrinde R enloride;

9-silafluorendiyl(2-tert- |, 443" 51-di tbutﬁéphen [linde Z|rcon|um dichloride::
fﬁgw AE?IBP& t‘bmyﬁ) 3@59}) ﬁhwlhﬁ’q,ﬂgﬂagucomum dichloride;

9-silafluorendiyl(2-iso-propyl, 4-[3',5'-bis- trifluoromethylphenyl}indenyl),zirconium-dichloride;
9-silafluorendiyl(2-n-butyl, 4-[3',5'-bis- trifluoromethylphenyl}indenyl);zirconium dichloride;
9-silafluorendiyl(2-iso-butyl, 4-[3',5'-bis- trifluoromethylphenyl]indenyl);zirconium dichloride;

O- S|Iafluor

9-silafluorendiyl(2-sec-butyl, 4-[3',5'-bis- triﬂuoromethylphenyl]indenyl)zzifconimn dichloride;
9-si1aﬂuorendiyl(2-terf-butyl, 4-[3',5'-bis- trifluoromethylphenyl]indenyl),zirconium dichloride;
9-silafluorendiyl(2-methyl, 4-[3',5'-bis-trifluoromethylphenyl]indenyl) shafnium dichloride;
9-silafluorendiyl(2-ethyl, 4-[3',5'-bis-trifluoromethylphenyl]indenyl); hafnium dichloride;
9-silafluorendiyl(2-n-propyl, 4-[3',5'-bis- trifluoromethylphenyljindenyl), | )

hafnium dichloride; |

9-s1laﬂuorendlyl(Z-lso—propyl 4-[3', 5'-bls- tnﬂuoromethylphenyl]mdenyl)z '

hafnium dichloride; ‘
9~sxlaﬂuorendlyl(Z-n-butyl 4-[3', 5'-bls-tnﬂuoromethylphenyl]mdenyl)zhafmum dichloride;

- 9-silafluorendiyl(2-iso-butyl, 4-[3',5'"-bis-triflucromethylphenyl}indenyl),hafnium dichloride;
9-silafluorendiyl(2-sec-butyl, 4-[3',5'-bis-trifluoromethylphenyljindenyl);hafnium dichloride;
9-silafluorendiyl(2-tert-butyl, 4-[3',5'-bis-trifluoromethylphenyljindenyl);hafnium dichloride;
dimethylsiladiyl(2-methyl, 4-[3',5'-bié-triﬂuoromethylphenyl] indenyl),zirconium dimethyl;
dimethylsiladiyl(2-ethyl, 4-[3',5'-bis-trifluoromethylphenyl]indenyl),zirconium dimethyl;
dimethylsiladiyl(2-n-propyl, 4-[3',5'-bis-trifluoromethylphenyl]indenyl),zirconium dimethyl;
dimethylsiladiyl(2-iso-propyl, 4-[3',5'-bis- trifluoromethylphenyl]indenyl),zirconium dimethyl;
dimethylsiladiyl(2-n-butyl, 4-[3',5'-bis-trifluoromethylphenyl] indenyl)zzirconium dimethyl;

- dimethylsiladiyl(2-iso-butyl, 4-[3',5'-bis-trifluoromethylphenyl]indenyl),zirconium dimethyl;
dimethylsiladiyl(2-sec-butyl, 4-[3',5'-bis—triﬂuorofnethylphenyl]indenyl)zziféonium dimethyl;
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O-silafluorendiy1(2-ethyl, 413',5'-di-tbutylphenyllindenyl)2hafnium dichloride;
9-silafluorendiy1(2-n-propyl, 413',5'-di-tbutylphenyl]indenyl) 2hafniurn dichloride;
9-silafluorengiysLidaiseraigpry!, 443',5'-di-tbutylphenyllindeny1)2hafnium diciefig82007/015873
9-silafluorendiy1(2-n-butyl, 443',5'-di-tbutylphenyllindenyl)2hatnium dichloride;
9-silafluorendiy1(2-iso-butyl, 443',5'-di-tbutylphenyllindenyl)2hafnium dichloride;
9-silafluorendiy1(2-sec-butyl, 443',5‘-di-tpugylphen llindeny1)2hafnium dichloride; ]
9-silafluordiBraybiladindsertrbate. byt nnemsimiphenilindsryilorisonium dimethyl;
dimethylsilﬁdi'gﬂn@sﬂiﬁﬁbma’in[éih?l;dl'=[bgﬁmbﬂﬂﬂﬂi&w&ﬂ}?ﬂli@@?umfﬂmgmﬁlgmmy@gd|yI(2-ethyI,
413',5'-di-thut envllindenyl)2zjircqnium dimethyl; dimethylsiladiy1(2-n-propyl, . .
BRI S R R
dimethyIsithinigthidsitaiiyl(Qrppta gy 5 4eli XA Hiphefidliroechy)gimdliidengiakifyiym dimethyl;
dimethylsilgg A 4435 -dirthubylphenyllis ' i imethvk: . . . .
dimethylsilqg!ig% 252??%2 ﬁ%’ﬂ)&?‘@é’%&%ﬁﬁ%ﬁ1%&%%@?%%%%%&%}?&’“ dimethyl;
dimethylsifigtdsiadipiéyn-butrlstd3 s 1pﬁéﬁw9m8wnl)2§wﬂmml_hﬁm&nm dimethyl;
dimethy|5ikﬁﬂih’ﬂﬁasiﬂﬂibl(wi:séﬁt%ﬂ'dif@)}ftmmﬁmg&@%{ly) ﬂgﬁ?&@i@‘ﬂ]ﬁﬂbqg‘n?ﬁgﬁhuﬁ dlirg}etclixyl];- (2-eth I'
dimethylsiladi -me 413" 5'-dj-t enyllindeny nium dimethyl; dimethylsiladiyl(2-ethyl,
pitphy . el lem R R e TR LR R R e e |
443" 5'-di-whergtbiisiigdipl(@rtytt)Bhveiinl3 divtesh yi flinetngthiydptiv b (Plisde pytplhfnium dimethyl;
443',5Kli-thy nde! Mg g - di laq} -n-butyl, . . .
443',5'-di-%%ﬂﬂg%ﬁk%n%%ﬁﬁl%$§ ﬁg{gﬁ{f%oggmmﬂ%%%cnyazzyr?omm? dimethyl;
ciimethylsifiengthylsi Ugrethy B 513Xty prdismmetnhondiindenylivkafjim dimethyl,
dimethylSiMiﬂf%ﬁﬁﬁgﬂb tﬂllnékﬂ'gpﬂ;%hfmytjﬁmh mI-BEiﬁﬂéﬂad %azﬁrl?é?ylﬁh@éﬂd sqsgth%kl onium dimethyl; -
dimethylsiladiy1(2-tert- . 443" 51-di-tbytylphenyllindeny nium dimethyl; L .
o siafor O RN A3E5 BN i S BBFAREHF R pfircomium cimethy
9-silafluordhsitpfli@retidiy1 (248-Witsil; i B)p Heimy thiflderyi $Bryipheyifinienyidirconium dimethyl; *
9-silafluorgrflividrdhs /1 A3 -Alirfodtylnhenylli ,ﬁwlga' isen) di - . .
9-1~*,ilaﬂuorenr%:i_fii 1(2-iso%%§?,oﬂ%t%'ﬂF—%%%t)él%ﬂ%?%%%%eny &gﬁ&ﬁ%ﬁ%ﬁ%ﬁ%ﬁmm dimethyl;
9-sil afluoraﬁﬂ%ﬂ(?ﬁm% AW H,S'-bis- trifluoromethylphenyl]indenyl)zirconium dimethyl;
9-silafluorendiyl(2-tert-butyl, 4-[3',5'"-bis- trifluoromethylphenyl}indenyl),zirconium dimethyl; .
' 9-_silaﬂuorendiyl(2-methyl, 4-[3',5'-bis-uiﬂuqromethylphenyl] indenyl) ;hafnium dimethyi;
9-silafluorendiyl(2-ethyl, 4-[3',5'-bis-triﬂuorémethylphenyl]indenyl)zhafnium dimethyl;
9-silafluorendiyl(2-n-propyl, 4-[3',5'-bis- trifluoromethylphenyl}indenyl),
hafnium dimethyl; ' '

9-silafluorendiyl(2-iso-propyl, 4-[3',5'-bis- triﬁuoromethylph’enyl]indenyl)z

hafnium dimethyl; '
9-silafluorendiyl(2-n-butyl, 4-[3',5’-bis—triﬂuoromethylphenyl]indenyljzhaﬁﬁum dimethyl;
9-silafluorendiyl(2-iso-butyl, 4-[3',5'-bis-tﬁﬂuoromethylphenyl]indenyl)zhafnium dimethyl;
9-silaﬂ\iorendiyl(2-sec-butyl, 4-[3',5"-bis-trifluoromethylphenyl}indenyl);hafnium dimethyl;
9-silafluorendiyl(2-tert-butyl, 4-[3',5’-bis—triﬂu0r6methyli)henyl]indenyl)zhafnium dimethyl;
dimethyléiladiyl(z-ethyl, 4-{3',5'-di-iso-propylphenyl]indenyl),zirconium dichloride;
dimethylsiladiyl(2-n-propyl, 4-[3',5'-di-iso-propylphenyl}indenyl);zirconium dichloride
dimethylsiladiyl(2-iso-propyl, 4-[3',5'-di-iso-propylphenyl]indenyl),zirconium dichloride; -

- dimethylsiladiyl(2-n-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl),zirconium dichloride;
dimethylsiladiyl(2-iso-butyl, 4-[3',.5'-di-iso-propylphenyl]indenyl)zzirconium dichloride;
dimethylsiladiyl(2-sec-butyl, 4-[3',5"-di-iso-propylphenyl]indenyl),zirconium dichloride;
dimethylsiladiyl(2-tert-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl),zirconium dichloride;
dimethylsiladiyl(2-ethyl, 4-[3',5'-di-iso-propylphenyl]indenyl) ;hafnium dichloride;
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9-silafluorendiy1(2-iso-butyl, 443',5'-di-tbutylphenyl]indeny1)2zirconium dimethyl,
9-silafluorendiy1(2-sec-butyl, 443',51-di-tbutylphenyl]indenyl1)2zirconium dimethyl;
9-silafluorengiysLigatardpuiyl, 413',5'-di-tbutylphenyllindeny1)2zirconium dirgeukia007/015873
9-silafluorendiyl(2-methyl, 4-(3',5'-di-tbutylphenyl]indenyl) 2hafnium dimethyl; 9-silafluorendiy1(2-ethyl,
443 5'-di-tbutylphenyflindenyl)2hafnium dimethyl; 9-silafluorendiy1(2-n-propyl,

443 5'-di-tbutylphenyllindeny1)2hafnium dimethyl; 9-silafluorendiy1(2-iso-propyl,
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4431,51- diwﬁﬂm(mbﬂﬁn4‘ﬂ45dm%ﬁﬂphﬁrﬁﬁmﬁﬂ% W-dijafiiphengi] §2bathdiene;
o-sHafuor S SO AT a 8 e oAU BB PR Pyl padiene
butadiene; MMW(WQMB 4—Eﬂx-&nlmﬂplﬁﬂymﬁdﬁﬁﬁhylﬂﬁa%i‘}\ﬁﬁﬁyﬂ-)&-butadlene
L SIS0 3 RS R TR Yincer 2
4[3',5'-bis- tblﬂa(hmc;ethylphenyﬂmdenyl)z t14-1,4-diphenyl- 1 ,3- butadiene;
dlmethylmlad1y1(2-n-propyl 4-[3',5'-bis-triflioromethylphenyl]indenyl); n*-1,4-diphenyl-1,3-
butadiene;
dimethylsiladiyl(2-iso-propyl, 4-[3', 5' bis- tnﬂuoromethylphenyl]mdenyl)z'q -1,4- dlphenyl 1 3-
butadiene;
dimethylsiladiyl(2-n-butyl, 4-[3',5'-bis-triﬂuoromethylphenyl] indenyl); n*-1,4-diphenyl-1,3-
butadiene;
dlmethyls1lad1yl(2~1so—butyl 4-[3',5"-bis-trifluoromethylphenyl]indenyl), n*-1 ,4-diphenyl-1,3-
butadiene;
dimethylsiladiyl(2-sec-butyl, 4- [3’,5'—bis—triﬂuorohlethyl}ﬁhenyl] indenyl); n*-1,4-diphenyl-1,3-
butadiene;
dimethylsiladiyl(2-tert-butyl, 4-[3',5'-big;tﬁﬂuorbmethylphenyl] indenyl); n*-1,4-diphenyl-1,3-
butadiene; ) . .
- dimethylsiladiyl(2-ethyl, 4-[3',5"-di-iso-propylphenyl]indenyl), n*-1,4-diphenyl-1,3-butadiene;
dimethylsiladiyl(2-n-propyl, 4—[3',5'—di-iso—propylphenyl]indenyl) 2nt-1 ,4-diphenyl-1,3-
butadiene; '
dimethylsiladiyl(2-iso-propyl, 4-[3',5'-di-iso-propylphenyl}indenyl) n*-1,4-diphenyl-1,3-

butadiene;
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WO 2008/027116PCT/US2007/015873 9-silafluorendi yl(2-sec-butyl,
4[3',5'-bis-trifluoromethylphenyllindeny1)?2 'if-1,4-dipheny1-1,3- butadiene; 9-s
ilafluorendiyi{2staidshutyle4[3',S -bis-trifluoirornethylphenyllindeny1)2 n4-1.dcdipResivkiksd3 butadiene;
9-silafluorendiyl(2-ethyl, 443',5'-di-iso-propylphenyl]indeny1)214-1,4-dipheny1-1,3-butadiene;
9-silafluorendiy1(2-n-propyl, 443',5'-di-iso-propylphenyliindenyl) 2 r14-1,4-dipheny1-1,3- butadiene;
9-silafluorendiy1(2-iso-propyl, 443',51-di-iso-propylphenyllindeny1)14-1,4-diphenyl1-1,3- butadiene;
9-silafluoreidisthyBsitatiyty? -4 4RitHl; di-{3Hspdipsdpprepyliihdayilindedyl)drdip edipheh @3- Rdnligwdéne;
9-silafluorendi -isq:butyl, 443" 5-di-ispzpropylphen %%de 02 re-1 4-gliphenyl-1,3- hutadiene;
9-si|af|uor§’3€/{%§§f§%%-ybf{1 S/lﬁoéi ke ,15%6'22950-%%6%))7?6%&1 %ﬁ%ﬁ? f?iéﬁ%-?ﬁ#’e‘%%fyiégbutadiene;
9-silafluordmthgiettert-butyl, 443'35'-di-iso-propylphenyl]indeny1)?2 if-1,4-dipheny1-1,3- butadiene;
9-silaftuorsplo (AmaIDis 4cAh B aURen YN AR L ciene:
9-si|af|uorer11diy; 2-ethyl, 4f§',§§gﬁhe y’Iphenyﬁ%d%%liﬁl-lAflgip eny’l-‘l,gg-lgggdi’ene;
9-silafluordagiten-propyl, 443c5'-di-phenylphenyllindeny1)2 n4-1,4-dipheny1-1,3-butadiene;-
9-silafluorengivh(AsipRipieRidndgRyD 4AlrPReayrbe xﬂmgﬂe}éﬁ]&a&ﬂ,@;heﬁ-,d;atlmexbmé:butadIehe:

9-silafluorendiy1{2-n-butyl, 413',5'-di-phenylphenyl]indeny1)2:n4-1,4-dipheny1-1,3-butadiene;
9-silafluorditiieBRiso-butyl, 413',5'-di-phenylphenyl]lindeny1)214-1,4-dipheny1-1,3-butadiene;

9-silafluommeiNpcraagHo Nl 375 RPRURNSRAYIRERANS, A L Aiplanyi L siadtasiene;
9-silafluorendiy1(2-tert-butyl, 443',51-di-phenylphenyliindeny1)2 n4-1,4-dipheny1-1.3-bytadiene;
dimethylarFHSSBYEHER NSty 35 BB HRRF o dohrMPeRebcRutadienes

dimethylangigdiiRyRnadyREMLpAdpyIo 4-( BLii d Rhsilnd gmvdoracqahitmdiiteigides-butadiene;

dimethylamidoborane(2-n-propyl, 443',5'-di-tbutylphenyllindeny1)2zircopium dichloride; = =~
dimethylan‘?i’&lﬂﬁlb\‘}iﬂéé‘ﬁx} ISPoRRP Y 4- B g MRS RPRds ¥ s Bl rilid: butadiene; .
d?methylara.iﬂ{&mﬂeﬁzymibﬂiuhtﬁﬂa;@*}?i:ﬁilﬁ]{&bﬁﬁéﬁﬂ@ﬁﬂﬁﬁ)?ﬁii@ﬂiﬂjﬂlﬂisw (;Ebl.xtadiene;
Fleikint [ SR R A SO R -
d!methylanjﬁﬁﬁiﬁywﬂ@@ylﬁltsb%htﬂﬂa?ﬁ!&giﬁtﬁu@bﬁnﬂmﬂmﬁﬁﬁifﬁgnmm deuFadiene;
o R L e g
4[3,5'-bis-tetkirosidivi@nytlindemi2sidioniuyl shehyolind:rineihy ardightoina(Bdadipnepy|,
4-[3',5'-bis-9t_rsiﬂu lrxglr-gr%?}/ll&bgtﬂwj Q‘-j[%';%'Qgﬁ{ﬁ%?ﬂ%@ngﬁmc‘i’éh%‘?)z n4-];4-diphenylfl,3 -butadiene; .

' 9-silafluorendiyl(2-n-propyl, 4-[3',5'-di-tbutylphenyl}indenyl), n*-1,4-diphenyl-1 ,3-butac_liene;
9-silafluorendiyl(2-iso-propyl, 4-[3',5'-di-tbutylphenyl]indenyl); n*-1,4-diphenyl-1 ,3-bﬁtadiene;
9-silafluorendiyl(2-n-butyl, 4—[3',5’-di-tblitylphenyl]indenyl)z n’-1,4-diphenyl-1,3-butadiene;
9-silafluorendiyl(2-iso-butyl, 4-[3',5'-di-tbutylphenyl]indenyl), n*-1,4-diphenyl-1 ,3-butadiene;
9-silafluorendiyl(2-sec-butyl, 4-[3',5'-di-tbutylphenyl]indenyl), n*1 »4-diphenyl-1,3-butadiene;
9-silafluorendiyl(2-tert-butyl, 4-[3',5"-di-tbutylphenyl]indenyl); n*-1,4-diphenyl-1,3-butadiene;

~ 9-silafluorendiyl(2-ethyl, 4-[3',5'-bis-trifluoromethylphenyl]indenyl), n*-1,4-diphenyl-1,3-
Butadiéne; . .
9-silafluorendiyl(2-n-propyl, 4-[3',5'"-bis-trifluoromethylphenyli]indenyl), n*-1,4-diphenyl-1,3-
butadiene;
9-silafluorendiyl(2-iso-propyl, 4-[3',5'-bis- triﬂuoromethylphqnyljindenyl)z n*-1,4-diphenyl-1,3-
butadiene;
9-silaﬂuoréndiyl(z-n-buty], 4-[3',5 '-bis-triﬂuo;omethylphenyl] indenyl); n*-1 ,4-diphenyl-1,3-
butadiene; ’ _ '
_9-silafluorendiyl(2-iso-butyl, 4-[3',5'—bis—triﬂuoromethylphenyi} indenyl)a n*-1 s4-diphenyl-1,3-

butadiene;
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dimethylamidoborane(2-n-butyl, 4431,5'-bis-trifluoromethylphenyllindeny1)2zirconium dichloride;
dimethylamidoborane(2-iso4butyl, 443',5'-bis-trifluoromethylphenyliindenyl)2zirconiurn dichloride;

dimethylamiqpgoagsersec-butyl, 4[3',5'-bis-trifluoromethylphenyl]indeny b2giconivg) Gighloride;
dimethylamidoborane(2-tert-butyl, 413',51-bis-trifluoromethylphenyllindenyl)2zirconium dichloride;
dimethylamidoborane(2-ethyl, 443',51-di-iso-propylphenyllindenyl1)2zirconium dichloride;
dimethylamidgporane(2-n-propyl, 443',5'-di-iso-propylphenyliindenypairtonium dichloride
dimethylamidoBORaTErd L sl 4-15'.9)-higt pmaﬁmm&ammm@ima-m-
dimethylantdaldasagie(2-n-butyl, 443',5'-di-iso-propylphenyl}lindenyl)2zirconium dichloride;
dimethylarpi rane(2-isQ-butyl, 443" 5'-di-isp-propylphenyllindeny1)2zirconijum dichloride;
dimethylarrrgag(%%?%%g?%ggfﬁﬁ%‘ﬂﬁ%éi%ﬁ’%#&?ﬁﬁﬁé%@kféﬁﬂ%fﬁ’dﬁiﬂgleﬁﬁm!'1’3'
dimethylanbdtidimene (2-tert-butyl, 443',5'-di-iso-propylphenyl]indeny1)2zirconium dichloride;
dimethylargi rane(2-methyl. 443 5'-di-phenylphenyllindenyl)2zirgonium dichloride; ]
dimethylanmd A s L B AT Pech ik EGH b butadine;
dimethylanfietlafraomerdini2-opyiopyl3 45 X5 piieisyphepyipindailiddeaimonitim 4isiplenge: ,3-
dimethylamjigoherane(24so-propyl, 443',5'-di-phenylphenyllindeny1)2zirconium dichloride;
dimethylamidoborane(2-n-butyl, 443',5'-di-phenylphenyl]indeny1)2zireonium dichloride;
dimethylanficilsduarerdidiseybrapg, 3-(-phdinisppeontlivhianyyiiddeinyd mtimdidiplengb] ,3-
dimethylangqm‘qg}e(z-sec-butyl, 443'5'-di-phenylphenyllindenyO2zirconium dichloride;
dimethylamidoborane(2-tert-buty1, 443',5'-di-phenylphenyl]indeny1)2zirconitun dichloride; '
dimethylamictisSluprendixiGrybuyb 4 2siitisprsenyinbrnyi lindenys u'dighdipheny|sl i batidivae;
dimethylamﬁiwrmﬁaigtmséﬁtﬁ;w@sﬂvh@h&%%??ﬁm 'Jaéé&y‘i)z‘idJFbﬁﬂy&gILﬁhyf%qie”ei

dimethylamjdobgrane(2-n-propyl, 443',5'-di-tbutylphenyl]lindeny1)2i4-1,4-dipheny butadiene;
dimethylam b'g&?ﬂ?fe(z-iso-propyl, 443'5'-di-tbutylphenyl]indeny1)2114-1,4-dipheny1-1,3- butadiene;
dimethylanﬁehimrmﬁaimwwb-M@l,&ﬂ#ﬂbtmylgbq;}bﬂmgﬂewum;l)%rﬁlﬂbﬁabphel.g:p,gradiene;
WO 2008/0@7,&11%5PQT/USZOO7/015873 dim ethylamidoborane(2-iso-butyl, 443',5-di-tbutylphenyl |
indeny1)2 14 ,%&phenyl- 1 ,3- butadiene; dimethylamidoborane(2-sec-butyl, -
443',5'-di-tHsjlpfreoneiidiob@ye) R thatyl, 4- (B BledivisolpBe i Adieyifindémaihyianidaipheappigstert-butyl,
4431,5'-di-thiydahenylindeny1)214-1,4-diphenyl-1,3- butadiene; ditnethylamidoborane(2-ethyl, 443%5
"-bi s-trifluoromethylphenyl) ind eny1)2 i4-1,4-dipheny1-1,3- butadiene;

9-silafluorendiyl(2-methyl, 4-{3',5'-di-phenylphenyl}indenyl); n*-1,4-diphenyl-1,3-butadiene;

9-si1aﬂuore.ndiy1(2'-ethyl, 4-[3',5'-di-phenylphenyl]indenyl)z n*-1,4-diphenyl-1,3-butadiene;
9-silafluorendiyl(2-n-propyl, 4-[3',5'-di-phenylphenyl]indenyl), n*-1 ,4-diphenyl-1,3-butadiene;
9-silafluorendiyl(2-iso-propyl, 4-[3;,5'-di-phenylphenyl] indenyl); n*-1,4-diphenyl-1,3-butadiene;
9-silafluorendiyl(2-n-butyl, 4-[3',5'-di-phenylphenyl]indenyl), 'r]"-l,4-dipf1eny1—l,3-butadiené; “
9-silafluorendiyl(2-iso-butyl, 4-[3',5'-di-phenylphenyl] indenyl); n*-1,4-diphenyl-1,3-butadiene; |

. 9-silafluorendiyl(2-sec-butyl, 4-[3',5'-di-phenylphenyl]indenyl), n*-1,4-diphenyl-1,3-butadiene;
9-silafluorendiyl(2-tert-butyl, 4-[3',5?-di-pﬁenylphenyl] indenyl); n*-1 ,4-diphenyl-1,3-butadiene;
dimethylamidoborane(2-methyl, 4-[3',5"-di-tbutylphenyl] indenyl),zirconium dichloride;
dimethylamidoborane(2-ethyl, 4-[3',5'-di-tbutylpﬁenyl]ihdenyl)zzirconium dichloride;
dimethyléu_nidoborane(Z-n—propyl, 4-[3','5V'-di—tbutylphenyl]indenyl)zzirconium dichloride;
dimethylamidoborane(2-iso-propyl, 4-[3',5'-di-tbutylphenyl}indenyl),zirconium dichloride;
dimethylarnidoborane(2-n-butyl, 4-[3',5'-di-tbutylphenyl]indenyl),zirconium dichloride;

- dimethylamidoborane(2-iso-butyl, 4-[3',5'-di-tbutylphenyl]indenyl),zirconium dichléride; :
dimethylamidoborane(2-sec-butyl,' 4-[3',5'-di-tbutylphenyl]indenyl),zirconium dichloride;
dimethylamidoborane(2-tert-butyl, 4-[3',5'-di-tbutylphenyl]indenyl),zirconium dichloride;
dimethylamidoborane(2-ethyl, 4-[3',5"-bis-trifluoromethylphenyl}indenyl),zirconium dichloride;
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dimethylamidoborane(2-n-propyl, 4[3',5'-bis-trifluoromethylphenylIindeny1)2_
n4-1,4-diphenyl1,3-butadiene; dimethylamidoborane(2-iso-propyl, 4-[3',5'-bis-

trifluoromethylpbgyblingeny1)2 n4-1,4-diphenyl- 1,3-butadiene; dimethylamigdohprangssn-butyl,
443'5'-bis-trifluoromethylphenyllindeny1)214-1,4-diphenyl- 1,3-k_Jutad|ene; _
dimethylamidoborane(Z iso-butyl, 4[3',5'-bis-trifluoromethylphenyllindeny1)2 n4-1,4-diphenyl-

1,3-butadie e, idobgrane(2-sec-butyl, 443',51-bis-trifluoromethylphenyllindenyl1)2
rid-1,4- dlphgny% ﬁé? ﬁaé‘egﬁrrﬂéfﬁ‘wg ‘h&,&ﬁg(tglfpélﬂrgwpylphenyl]mdenyl)zzlrcomum
4[3',5'-bis-trifieldrgrdesthylphenyllindeny1)2 .94-1,4-diphenyl- 1,3-butadieneé;

dimethyl plhe Alindeny1)2 n4-1,4-dipheny1-1,3- butadiene;
d:mgthzla?nr?(%rane(z nﬁi%sgd éﬁ?%pgp ’r%&yfpg}é#\iyﬁm ]t% ’ﬂ]eﬂﬁ]fﬁ prjusn

butadiene; GFﬁﬂﬂ‘i&ﬂ%mMoborane(Z iso-propyl, -

443'5'-di- usemmwmhmwm@mgwlA[@rmwm&rm@ﬂmrwmﬁa@mﬁﬂe@mﬂe(2 n- buty'
443'5'-di- |sgéa_b n\dghenyfllndenyl)Z ri4-1,4-diphenyl-1,3- butadiene;

dimethylarnidoborari&(2-iso-butyl, 4431,51-di-iso-propylphenyl]indeny1)2 n4-1,4-diphenyl1-13-

butadiene; dimethylemidtbotraes(@(Bobnatylty{ 3 $3bE- d&ﬂnmprﬁawbn&yﬂmmﬁﬁmnw diphenyl-
1.3- butadmgg,m%p;@hylamldoborane(z -tert-butyl,

443'5'-di- |so -pro yIphen{c:ndenyl)2194 1,4-diphenyl-1,3- butadiene;
1me ylamidoborane(2-sec-butyl, 4-[3' »o'-bis-trifluoromethylphenyl)indenyl),zirconium

dichlonde; , S
dimethylamidoborane(2-tert-butyl, 4-[3',5'-‘bis-triﬂuoromethylphenyl]indenyl)ziixconiﬁm
dichloride; |

dimethylamidoborane(2-ethyl, 4 -[3'.5 -dl-lso-propylphenyl]mdenyl)zzlrcomum dlchlonde
d1methylam1doborane(2-n—propyl 4-[3",5"-di-iso-propylphenyl}indenyl),zirconium dlch]onde
d1methylam1doborane(2-1so-pr0pyl 4-[3',5'-di-iso-propylphenyl}indenyl),zirconium dlchlonde
dimethylamidoborane(2-n-butyl, 4-[3 ',5'-di-iso-propylphenyl]indenyl),zirconium dichloride;.
dimethylamidoborane(2-iso-butyl, 4-{3',5'-di-iso-propylphenyl}indenyl),zirconium dichloride;
dimethylamidoborane(2-sec-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl)zzirg:onium dichloride;
dimethylamidoborane(2-tert-butyl, 4-[3',5'—di-iso-propylphenyl]indenyl)zzircpnium dichloride;
dimethylamidoborane(2-methyl, 4-[3',5'-di-phenylphenylJindenyl),zirconium dichloride;
dimethylamidoborane(2-ethyl, 4-[3',5'-di-phenylphenyl}indenyl),zirconium dichloride;
dimethylamidoborane(2-n—pr6pyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium dichloride;
diméthylamidoborane(2-iso—propyl, 4-'[3’,'S'-di-phenylphenyl] indenyl)zzircﬂonium dichloride;
dimethylamidoborane(2-n-butyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium dichloride; ‘
dirhethylamidoborane(2-isb-butyl, 4-[3',5"-di-phenylphenyl]indenyl),zirconium dichloride;
dimethylamidoborane(2-sec-butyl, 4-[3‘,5'-di-phenylphenyl]indenyl)zzirconium dichloride;
dimethylamidoborane(2-tert-butyl, 4-[3',5'-di-phenylphenyl)indenyl),zirconium dichloride;
dirncthylamidoborané(2-methyl 4-[3',5'-di-tbutylphenyl]indenyl), n°-1,4- -diphenyl-1,3-butadiene;
dimethylamidoborane(2-ethyl, 4-[3, 5'-dl—tbutylphenyl]mdenyl)z11 -1,4-diphenyl-1 3-butad1ene
dimethylamidoborane(2-n-propyl, 4- [3’ 5'-di-tbutylphenyl]indenyl); n*-1 ,4-diphenyl-1,3-
butadiene; :
dimethylamidoborane(2-iso-propyl, 4-[3', 5'-d1-tbutylphenyl]mdenyl)zn -1 4-dxphenyl 1,3-
butadiene;

dimethylamidoborane(2-n-butyl, 4-[3',5'-di-tbutylphenyl}indenyl); n*-1,4- dlphenyl -1,3-.

butadiene;
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WO 2008/027116PCT/US2007/015873 dimethylamidoborane(2-methyl,
413'5'-di-phenylphenyllindeny1)2 44-1,4-dipheny1-1,3- butadiene; dimethylamidoborane(2-ethyl,
443',5'-di-phepylpfssavHingleny1)2 n4-1,4-diphenyl-1,3-butadiene; dimethy|gmidQhprangé2sn-propyl,
443'5'-di-phenylphenyllindeny1)2 re-1,4-diphenyl1-1,3- butadiene; dimethylamidoborarte(2-iso-propyl,
4-[3',5'-di-phenylphenyllindeny02 n4-1,4-diphenyl1-1,3- butadiene; dimethylamidoborane(2-n-butyl,
443'5'-di-phenylphenyllindeny1)?2 ti4-1,4-dipheny1-1,3- butadiene; dimeth}/Iarnidoborane(z-iso-butyl,
4431 ,5'-didimetiyybireidehierdae2tiso ibutyl- ¢ pHSivdi-thi 8y lphtagidindedihiethyl strdifdtsopdiie’2-sec-butyl,
443‘,5'-di-g{}pagyggp’enyl]indeny1)2 4-1,4-diphenyl-1,3- butadiene; dimethylamidoborane(2-tert-butyl,
443',5'-di-phenylphenyliindeny1)2 44-1,4-dipheny1-1,3- butadiene; dimethylamid_oborane(2_—methy|,
413',5'-di-humgibtamideRarayae seredarilnt diwe i thutdehepadindsprbane( b4 thiphenyl-1,3-

443, 5'-di-thgdphenyllindeny1)2zirconium dimethyl; dimethylamidoborane(2-n-propyl,
4-[3',51-di-tbutylphenyl]indeny1)2zirconium dimethyl, dimethylamidoborangélz-isq-propi/l
413 5SS R AmATPRRIRD 2 SR ditin A iethih: thridphs prHind B (2L A-dirhenyl-
443" 51-di-sautiiphenyllindeny1)2zirconitun ctimethyl; dimethylamidoborane(2-iso-butyl,

443',5'-di-tQutylphenyliindeny1)2zirconium dimethyl: dimethylamjdobgrane(2-seg-buty],
4435 O e LB A e T SR SEE e R g iphenyl-1,3-
443',5'-di-tbutydidranyllindenyl)2zirconium dimethyl; dimethylamidoborane(2-ethyl,
413',51-bisstrifluoromethylphenyllindenyl)2zirconium.dimethyl: dimeth idohorane(2-n-propyl,
proden LR A SR SRR R e SR
4-[3',5"-bis1iBfhwsadiemsthylphenyl]lindenyl1)2zirconium dimethyl; dimethylamidoborane(2-n-butyl,
405.5-is ioromaiadabevindsnvdor cenun eyl AmCiBN ADIHRRAANS(isp i
4[3‘,8'-bis-tr§fluoromet ylp enytnin(j%%\)(/ §22ir<§ﬁo]’niur;1 dimethyl; dim%it%%?nﬁj%bo%%e 2-§ec-g§%l%
4[3',5'-bis-thicRtadiesylphenyllindeny1)2zirconitun dimethyl; _
dimethylamidoborane(2-n-butyl, 4-[3'_,5 '-bis-triﬂuoromethylphenyl]indenyl)z n*-1 ,4-diphenyl-.
1,3-butadiene;

1,3-

dimethylamidoborane(2-iso-butyl, 4-[3',5'-bis-trifluoromethylphenyljindenyl), n4-1 ,4-diphenyl--
13-butadienc; . ‘ |
dimethylamidoﬁorane@-sec-butyl, 4-[3',5"-bis-trifluoromethylphenyl}indenyl); n*-1,4-diphenyl-
‘ 1,3-butadiene; . | : o
dimethylamidoborane(2-tert-butyl, 4-[3',5'-bis-trifluoromethylphenyl]indenyl), n*-1,4-diphenyl-
1,3-butadiene; ‘ ‘
dimethylamidoborane(2-ethyl, 4-[3',5'-di-iso-propylphenyl}indenyl), n°*-1,4-diphenyl-1,3-
butadiene; ' ' |
A dimethylamidoborane(2-n-propyl, 4-[3',5'-di-iso-propylphenyl]indenyl) , n4-1,4diphenyl-l,3-
butadiene; | . '
dimethylamidoborane(2-iso-propyl, 4-[3',5'-di-iso-propylphenyl}indenyl) n*-1,4-diphenyl-1,3-
butadiene; o
: dimethylémidoborane(Z-n-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl), n4-1,4-diphenyl-l,3-
butadiene; - .
dimethylamidoborane(2-iso-butyl, 4-[3',5'-di-iso-propylphenyljindenyl), n*-1,4-diphenyl-1,3-
butadiene; | A .
dimethylamidoborane(2-sec-butyl ,- 4-[3',5'-di-iso-propylphenyl]indenyl); 1*-1,4-diphenyl-1,3-
butadiene;
dimethylamidoborane(2-tert-butyl, 4-[3',5"-di-iso-propylphenyl}indenyl), n*-1,4-diphenyl-1,3-

butadiene;
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dimethylamidoborane(2-ten-butyl, 4[3',5'-bis-trifluoromethylphenyl]indenyl1)2zirconium dimethyl; WO
2008/027116PCT/US2007/015873 dimethylarnidoborane(2-ethyl,

4-[31,51-di-isQepsemydrhgpyllindenyl)2zirconium dimethyl; dimethylamidobpgangdZsspisey!
413',5'-di-iso-propylphenyllindenyl1)2zirconium dimethyl dimethylamidoborane(2-iso-propyl, 4-
pc5'-di-iso-propylphenyllindeny1)2zirconium dimethyl; dimethylamidoborane(2-n-butyl,
4431,51-di-iso-propylphenyllindenyl)2zirconium dimethyl; dimethylantidoboraneO-iso-butyl,
443" 5'-di-dimptimdpipiiohyfind@ry@tzlobiityl-dirpbenylptimmetindanyid o orAndighend-bidy 1,
4431,51-d{)-{§9d&rrpé:)ylphenyl]indeny1)22irconitun dimethyl; dimethylamidoborane(2-tert-buty1,
4131,5'-di-Iso-propylphenyllindeny1)2zirconium dimethyl; dimethylamidoborane(2-methyl,

443" 51-didimetyiismidoherans2tstatcoridis -dipbanyinbienstlipiienyBonorhAutipheanyl-1,3-butadiene;

413',5-di-pj; ' )2Zireaujumdineiny di 9By ARe araRRaY-1,3-
443',5'-di-8@ﬁ§(| g@gﬁ%ﬁ%z@%&%}jg <[1Ig U?:%E-ﬁhé(}frgn@% aﬁgoboranegﬁdﬁpﬁﬁwﬁ

443'5'-di- enyllindeny1)2zirconium dimethyl; dimethylarnidoborane(2-n-butyl,

443, 51-di-pheayRiaiadhoRaeyL s Frop - ey b s HyATIde e(ZA4shpHdbi-1,3-
443',5'-di-phen6,l|%?1%$1yl]inden%ngirgonium d|methyl;bdimetﬁhyla?nq%%b%?g%g(zsec-ﬁéty y

443'5'-di- ffenyllindenyl)2zirconium dimethyl; dimethylamidoborane(2-tert-butyl,

443'5'-di-phigeyp hesidraans 2zibeeyiun 3imaibphediishemlitaeigDhofanadipheiyyll ,3-
4-[3',5'-di-tgu%ghenyl]indenyl)22irconium dichloride; diisopropylami4oborane(2-ethyl,
443" 5'-di-tBY Wghyl]indenyl)Zzirconium dichloride; diisopropylamidoborane(2-n-propyl,

443 5'-di-thithelybmyifiobterayt2zisodnityh 4f31|6rdiepltiindphepyllindédohpritrkt2diphamyipls-
443',5'-di-t H{x&og%r_mylIindenyl)Zzirconium dichloride; diisopropylamidoborane(2-n-butyl,
443'51-di- utyfpﬁényllindenyl)Zzirconium dichloride; diistropyIamidoborgne(z-iso-)utyl, 4-
[3',5dichlorimetiidepidpyteanai@isoramsg, de3 gl nhenyiphentilindemdmintidrdiphendriin
dichloride; gliisqrigRylamidoborane(2-tert-butyl, 443',5'-di-tbutylphenyl]indeny1)2zirconium dichloride;
diisopropyla_midobo’ra.ne(z-ethyl, 4[3',5'-bis-triflyqromethyl henyllindeny1)2zirconium dichloride;
diisopropylﬁ%b’@fﬁ\ﬁ‘é@fﬁ%@ﬁ%'f?ﬂ:%Esﬁrﬂtﬁfﬁiﬁ@ﬂ‘ﬁﬂ?ﬁﬂ%ﬂﬂb@hybﬁﬁmhi dichloride;
diisopropylgreidpiaerane(2-iso-propyl, 4-[3',5'-bis- trifluoromethylphenyl]indeny1)2zirconium dichloride;
diisopropylamidoborane 2-n-b§ill, 443 5'- '$§t,ri lugro eléh henyliindenyl2zirconium. dichloride;
diisopropyl mﬁgﬁg‘é@ R 'ﬁ}?“l’[&%%r -t ﬁﬁ)&rﬂﬁ fﬁé@‘ﬂ%ﬁ%&é’ﬁg ‘f?il%%ei'ﬂ]r#’dichloride;
diisopropyldmictbplwaitet@mactRethyd B3, Bidittituymheretingdemdstimclsn yid) Zometyilim dichloride;
WO 20_98/ Qﬁﬂﬁ@f&\-{ém@ﬂ%gﬁyl, 4-[3',5'-di-tbutylphepyl]indenyl)zzirconium dimethyl;
dimethylamidoborane(2-iso-propyl, 4-[3',5'-di-tbutylphenyl]indenyl),zirconium dimethyl‘;
dimethylamidoborane(2-n-butyl, 4-[3',5'-di-tbutylphenyl}indenyl),zirconium dimethyl;
dimethylamidoborane(2-iso-butyl, 4-[3',5'-di-tbutylphenyl}indenyl),zirconium dimethyl; .
dimethylamidoborane(2-sec-butyl, 4-[3',5'-di-tbutylphenyl]jindenyl),zirconium dimethy);
dimethylamidoborane(2-tert-butyl, 4-[3',5'-di-tbutylphenyl}indenyl),zirconium dimethyl; -
dimethylamidoborane(2-ethyl, 4-[3',5'-bis-trifluoromethylphenyl]indenyl),;zirconium dimethyl;
dimethylamidoborane(2-n-propyl, 4-[3',5'-bis-trifluoromethylphenyljindenyl);zirconium
dimethyl; ‘ N _
dimethylamidoborane(2-iso-propyl, 4-[3',5'-bis- trifluoromethylphenyl]indenyl);zirconium
dimethyl;
dimethylamidoborane(2-n-butyl, 4-[3',5'-bis-trifluoromethylphenyl}indenyl),zirconium dimethyl;
dimethylamidoborane(2-iso-butyl, 4-[3',5'-bis-trifluoromethylphenyl]indenyl);zirconium
dimethyl; o
dimethylamidoborane(2-sec-butyl, 4-[3',5"-bis-trifluoromethylphenyl] indenyl)zzircohium
dimethyl; '
dimethylamidoborane(2-tert-butyl, 4-[3',5'-bis-trifluvoromethylphenyl]indenyl);zirconium
dimethyl;

-25-



diisopropylamidoborane(2-tert-butyl, 4[3',5'-bis-trifluoromethylphenyl]indeny1)2zirconium dichloride;
diisopropylamidoborane(2-ethyl, 443',5t-di-iso-propylphenyliindenyl)2zirconium dichloride;

diisopropylarijigolgsanaig-n-propyl, 443',5'-di-iso-propylphenyllindeny1)2zigegqnitih g dgride
diisopropylamidoborane(2-iso-propyl,.443',5'-di-iso-propylphenyllindeny1)2zirconium dichloride;
diisopropylamidoborane(z n-butyl, 443',5'-di-iso-propylphenyl]indenyl)2zirconium dichloride;
diisopropyl Ebora ne(2-iso-putyl, 443'.5'-di-iso-propylphenyllindeny1)2zirconium dichloride;

diisopropyl&HiE rape(3rsti a4 Bar dbineeramsdphenyH HdsasDerisrRredimeriy;
443' 5'-di- isﬁnmpuphanquaayaﬂwgnmqmﬂmm@aqﬂogymymmﬁ@&ﬁ@nmﬁﬂ%
443'\5'-di-p ggy& wcqglu gogq ride. duso ethyl,
4431,5'-di- phen pheny (%%é \2ZIreont h O oms &?é%?’ﬁ“ﬂ?c%ﬂethyi
443" 5' dl-p‘lifé?ﬁ%pﬁ@ﬁ Viphaeweg(3aribusdnfuld' émmmrcdndpbwpuiadadmmﬁmwmt
443',5'-dn-mmmmmmmi2ﬁwmww§:wﬂ§ d%sprﬁmﬂ@mm% rggﬁaéggl}& fmethyl;

4431,51-di- Ilnden 1)22|rcon|um dichloride; dilsopropylami

4-13',5'-di- ;‘)%8 Wb%% ??fz R hidrk eteioisaeprany ﬂamﬁm'xbbasrﬁe'ezlge@mgﬂyyl

jirg gldclj pﬂm‘aﬂfpﬂm}dbbddﬂirﬁﬂ%z mhﬁﬂﬁumqwlﬂ%idﬁoibi%@@lﬁﬂﬁlﬁl!lihﬁ’m@ﬂb %ﬁ%ﬂﬁ‘ﬁh%ﬁy&hyl '
I en zirconi 0 migoRorane(2-met

443' 5'-di- tglk}ts Ian%ﬂ m:%(g j] ¥ %nt? fﬂ ?Yg g‘ E&'gﬁi@g YHREBSP )S(r’ane(Z ethyl

443'5'-di- tlslmﬁnéwwmm@mxzﬂmxwdqdﬁédypmmmanu!edm;hmpyimldiﬁ’mﬂiane(Z -n-propyl,

443' 5'-di-t
d..soprorly?*“*m“'??é”ﬁwgﬁi‘iﬁé‘é@%ﬂ N O R oRt A lindenysgirooniym dimethyls
butadiene; %ﬂ%%?’ %Hé‘(’ﬂ?ﬂ]t}ﬂ @4%1‘1598?-%&%91%{&* FRYRATGonRm dlrdqghnéhyl 1,3-

butadiene; dimp;dmyiﬂnhdﬁim(anﬁ(ﬁﬂﬂo&W'é@h&rﬂﬂk&ﬂﬂph@ﬂﬁ]%ﬁ%&ﬁ%%ﬂxﬂ'phenyl 1,3-

butadiene; r -di-t indenyl)2 r14-1,4-dipheny1-1, 3-
butadiene; %ﬁ%ﬂgﬁépmlgg % aﬁ%éz tett2 bli%( ﬁévg 1&?‘ t‘é& ‘XT] Hefe "%2"‘ it vt
714-1,4- duﬁﬁ&!@@lm&Sw@mmiifhaﬁ@ymgmwmﬁ&rwmum dimethyl;

diisopropylanﬂagpmi&{‘s’oﬂmﬂﬁ&.ﬁu@ﬁ Jt{fﬂista Hideayb2iidddARheny:

1,3-butadie & diisopr midobgrane(2 IS trlfluorome thylphenyllindeny 02

ri4- 1Ad|phenyf I?’E‘?g&a\ﬁ’ é (ﬁ)&’a‘&?@@lﬂgﬁrﬁ WW%chmmmihylphenyl]
indeny1)2 MMMMG&QMH@ dﬂsqupdeNnglﬁhﬁ@mnhﬁﬁyl)zzmommn dichloride;

4131,5'-bis |&Qﬁ.gx t

dusopropylgﬁngl%&gora%%}(% -iS0- bg QQ{ZB }’g];)g) l:%lg[%lr’f u%%grﬁg){?ﬁpw f?ﬂnﬁyﬁﬁnfﬂ Jighloride;
dipheny1-198soRtaBNaRidakypns mmebﬂrén@(é-s@ctbﬂwphenyl]mdenyl)zZIrcomum dichloride; -
4[3',5-bis-tdfissprpatiipbbsiicdanyiid i34 ginbeRYshdn 1 RURAANSirconium dichloride;

diisopropylamidoborane(2-iso-butyl, 4-[3',5'-di-tbutylphenyl]indenyl),zirconium dichloride;
diisopropylamidoborane(Z-sec-butyl, 4-[3',5'-di-tbutylphenyl]indenyl)zzix;conimn dichloride;
diisopropylamidoborane(2-tert-butyl, 4-[3',5'-di-tbutylphenyl]indenyl),zirconium dichloride;

.dnsopropylamxdoborane(2-ethyl 4-[3',5 -bls-tnﬂuoromethylphenyl]mdenyl)zzucomum
dichloride;

diisopropylamidoborane(2-n-propyl, 4-[3', 5'-bns-tnﬂuoromethylphenyl]mdenyl)zznrcomum
dichloride;

dusopropylamidoborane(Z-iso-propyl, 4-[3',5"-bis- trifluoromethylphenyl]indenyl),zirconium
dichloride; -

diisopropylamidoborane(2-n-butyl, 4-[3',5'-bis-trifluoromethylphenyl]indenyl),zirconium
. dichloride;

diisopropylamidoborane(2-iso-butyl, 4-[3',5"-bis-trifluoromethylphenyl}indenyl),zirconium
dichloride;

diisopropylamidoborane(2-sec-butyl, 4-[3',5'-bis-trifluoromethylphenyl] indenyl),zirconium
dichloride;
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diisopropylamidoborane(2-tert-butyl, 4[3',5'-bis-trifluoromethylphenyl]indeny1)2 re-1,4-
dipheny1-1,3-butadiene; diisopropylamidoborane(2-ethyl, 413',5'-di-iso-propylphenyllindeny1)2
ri4-1,4-dipheqyd»deanpHigdiene; diisopropylamidoborane(2-n-propyl, PCT/US2007/015873
443'5'-di-iso-propylphenyllindenyl) 2 n4-1,4-diphenyl1-1,3- butadiene;
diisopropylamidoborane(2-iso-propyl, 443',5'-di-iso-propylphenyllindenyl) n4-1,4-dipheny1-1,3-
butadiene; diisopropylamidoborane(2-n-butyl, 443',5'-di-iso-propylphenyllindeny1)2 -1,4-dipheny1-1,3-
butad|eneddﬁgpmmﬂymmmaé@mb@tﬂuM[M&Bbs-mﬂsmpmybﬂhmmwmmmomum

ri4-1,4- dlppgfmg‘],d]es ‘butadiene; diisopropylamidoborane(2-sec-butyl,

443'5'-di- |so propyl hen élllndenéy% n4-1.4-di henyl 1,3- butadiene;

diisopropy IS RREHD: ‘121%845[ olr- &ﬁ%ﬁ%ﬁﬁ%ﬂﬂhéﬂ%@?@?%%%ﬁm 3-
butadlenedﬁ&spﬂrpﬂyiamquma@amw g3, Bi-soppepylphemilindary ) Zirtd nbuindipdh@sride 1, 3-

butadiene;; dusogrop obor e(2- %toh 4 1-p rbenyo zﬂlq en 1)2114-1 4-dipheny1-1,3-
butadiene; JSSB (l? ora R p’;}f ﬁi[% (é i p?] E}?}%ﬁer{/%ax éiﬁcnm dlphenyl -1,3-
butadIenedlvh@m8/027116PCT/U82007/015873
diisopropylamidoborane(2-n-butyl, 4-[3',5'-di-iso—propylbhenyl]indenyl)zzucomum dichloride;
diisopropylamidoborane(2-iso-butyl, 4-[3',5'-di—iso;propylph_enyl]indenyl)zzirconium dichloride;
diisopropylamidoborane(2-sec-butyl, 4-[3!,5'-di-iso-propylphenyl]indenyl),zirconium dichloride;
diiSopropylamidoborané(Z—tert—butyl', 4-[3',5'-di-iso-propylphenyl]indenylkzimoﬂm dichloride;
diisbpropylamidoborape(z-methyl, 4-[3',S'Ldi-phenylphenyl]indenyl)zzircon’ium' dichldri&e;
diisopropylamidoborane(2-ethyl, 4-[3',5'-di-phenylpheny1] indenyl),zirconium dichloride;
diisopropylamidoborane(2-n-propyl, 4-[3',5 '-di-phenylphenyl] indenyl);_zircgnimﬂ dichloride;
diisopropylamidoborane(2-iso-propyl, 4-[3',5'-di-phenylphenyljindenyl)zirconium dichloride;
diisépropylamidoborane(2~n—bﬁtyl, 4-[3',5'-di-phenylphenyl}indenyl),zirconium dichloride;
diisopropylamidoborane(2-iso-butyl, 4-{3',5'-di-phenylphenyl]indenyl),zirconium dichloride;
diisopropylamidoboraﬁe(2-sec-buty1, 4-{3',5'-di-phenylphenyl]indenyl),zirconium-dichloride;
diisopro'pylamidobora:ie(Z—tert-butyl, 4-[3',5'-di-phenylphenyl]iﬁdenyl)zzirconium dichloride;
diisopropylamidoborane(2-methyl, 4-[3',5'-di-tbutylphenyl]indenyl); n*-1,4-diphenyl-1,3-
butadiene; A .
diisopropylamidoborane(2-ethyl, 4-[3',5'-di-tbutylphenyl]indenyl); n*-1 ,4;diphen§l-l >3-
butadlene ' :
dusopropylam1doborane(2-n—propyl 4-[3, 5'-d1 tbutylphenyl]mdenyl)zn -1 4-d1phenyl 1,3-
butadiene; B '
diisopropylamidoborane(2-iso-propyl, 4-[{3',5'-di-tbutylphenyl]indenyl), n*-1 ,4-diphenyl-1,3-
-b'utadiene;
diisopropylamidoborane(2-n-butyl, 4-[3',5'-di-tbutylphenyl]indenyl); n°*-1 ,4-6i-phenyl-i >3-
butadiene;
d11sopropylam1doborane(2-1so-butyl 4-[3', 5'-dl-tbutylphcnyl]mdenyl)z'r| -1,4-diphenyl-1,3-
butadiene;
diisopropylamidoborane(2- sec-butyl 4-[3",5"- d1-tbutylphenyl]mdenyl)zn -1 4—d1phenyl-1 3-
butadiene;

diisopropylamidoborane(2-tert-butyl, 4-[3', 5'-d1-tbutylphenyl]mdenyl)zn -1 4 dlphenyl 1,3-

butadiene;

-27-



diisopropylarnidoborane(2-iso-propyl, 443',5t-di-phenylphenyliindeny1)214-1,4-dipheny1-1,3-
butadiene; diisopropylamidoborane(2-n-butyl, 4-[3',51-di-phenylphenyl]indeny1)2 n4-1,4-diphenyl-1,3-
butadiene; diggRippyBMidoborane(2-iso-butyl, PCT/US2007/015873
443'5'-di-phenylphenynindeny1)2114-1,4-diphenyl-1,3- butadiene;
diisopropylamidoborane(2-sec-butyl, 443',5'-di-phenylphenyllindenyD2 n4-1,4-dipheny1-1,3-
butadiene; diisopropylamidoborane(2-tert-butyl, 413',5'-di- phenylphenyﬁlndenyl)z

14-1,4- d|pHé?@@@ﬁ%@&&@ﬁ@@nﬁ@pﬂoﬂfwﬁr@@ﬂaﬁrﬁn@(@mﬁﬂyhenyi}mdcnyl)zn -1,4-diphenyl-
413',5'-di-thutyphayindenyl1)2zirconium dimethyl; diisopropylamidoborane(2-ethyl,
443'5'-di-tbhutylphenyl]i ndenyl)22|rcon|um dimeth I diisopropylamidoborane(2-n- propyl

443" 51-di- SRR R ROrRPEf 2 ARy i hwsmﬁasrewm HiRdepybotdrbiyl,
443',5'-di-thighepgndlingadighe? zirconium dlmethyl diisopropylamidoborane(2-n-butyl, 4- [3dimethyl;

diisopropylamidoboran |so b l, 443' 5 Iphenyllindeny1)2zirconium dimethy];
diisopropyla m?go?)@f %’%“6 5043?@‘ %Tﬁﬁer%’ﬁ M&ﬂﬂé’cﬂﬂl 4-

dllsopropyldiphelmjderar-th(&dmmd)utyl 443'\5'-di- tbutylphenylIlndeny1)22|rcon|um dimethyl;
diisopropylamidobaor, neg)et 43 5'- st lugramet ||I9ﬂ_i. |rc niugn, dj
dusopropyl‘gmlgo%%gne nr|5érﬁoé yI b‘s Tg;gof u%rélr%}(é pr‘)?] &Hnlg r%ﬁ?évﬂ%n
diisOpropyl.3rhittadiengne (2-iso- propyl trlfluoromethylphenyl]lndenyl) 22|rcon|um dimethyl;

diisopropylggi ARG EEERY buipisath I en inden j | ethyl,
diisopropylami o%giane(z -1Iso-bu yI 4[3 @blsﬂ?{ﬁjggﬁe p é}%’ﬁnﬁéﬂ é I}}nqunf&(;methyl
dllsopropymebﬂo}%b(‘zié@eﬂ@utyl 4[3',5"-bis-trifluoromethylphenylindeny1)2zirconium dimethyl;

dnsopropylamldoborane(2-sec-buty] 4-[3, 5'-b1s-tnﬂuoromethylphenyl]mdenyl)zn -1,4-
diphenyl-1,3-butadiene;

dnsopropylaxmdoborane(Z-tert-butyl 4-[3, 5'-bls-trlﬂuoromethylphenyl]mdenyl)zn 1 4
diphenyl-1, 3-butad1cne

dusopropylam1doborane(2—ethyl 4-[3, 5'-d1—1so—propylphenyl]mdenyl)zn -1 4—dlphenyl-l 3-
butadiene; '

dusopropylamidoborahé:(Z—n-propyl, 4-[3',5'-di-iso-propylphenyl}indenyl) , 114-1 ,4-diphenyl-1,3-
butadiene; ' . '
diisopropylamidoborane(2-iso-propyl, 4-[3',5'-di-iso-propylphenyl]indenyl) n*-1,4-diphenyl-1,3- |
butadiene; V . ,
dusopropylamxdoborane(Z-n—butyl 4-[3',5'- -1so-propylphenyl]mdenyl)z n*-1,4-diphenyl-1,3-
butadiene; S '
'dusopropylamldoborane(z-lso-butyl 4-[3' S'-di- lso—propylphenyl]mdenyl)z'r] -1 4-dlphenyl-l 3-
butadiene;

dl1sopropylam1doborane(2-sec-butyl 4-(3', 5'-d1-xso-propylphenyl]mdenyl)zn -1,4-diphenyl-1,3-
butadiene;

diisopropylamidoborane(2-tert-butyl, 4-[3',5"-di-iso-propylphenyl]indenyl), n*-1,4-diphenyl-1,3-
butadiene; -

diisopropylamidoborane(z-methyl, 4-[3',5'-di-phenylphenyl]indenyl); n*-1,4-diphenyl-1,3-
- butadiene; ' .

diisopropylamidoborane(2-ethyl, 4-[3',5'-di-phenylphenyl]indenyl); n*-1 ,4-diphenyl-1,3-
butadiene;

diisopropylamidoborane(2-n-propyl, 4- [3' 5'- dl-pheny]phenyl]mdenyl)zn -1,4- dlphenyl 1,3-
butadiene;
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diisopropylamidoborane(2-tert-butyl, 4[3',S'-bis-trifluoromethylphenyl]lindeny1)2zirconium dimethyl;
diisopropylamidoborane(2-ethyl, 413',5'-di-iso-propylphenyllindeny1)2zirconium dimethyl;
diisopropylarfyigolgdana-n-propyl, 443',5'-di-iso-propylphenyilindeny1)2zigeqniidad @igigsky;
diisopropylamidoborane(2-iso-propyl, 413',5'-di-iso-propylphenyl]indenylkzirconium dimethyl;
diisopropylamidoborane(2-n-butyl, 443',5'-di-iso-propylphenyl]lindeny1)2zirconitun dimethyl; WO
2008/027116PCT/US2007/015873 diisopropylamidoborane(2-iso-butyl, . )

413", 5'-di-i<BARIepAmISpRess O BarmEmAdimeistphnspiphsnyidindanridr andd-dinhemAl ,3-
443'5'-di-issrpdandphenyl]lindenyl1)2zirconium dimethyl; diisopropylamidoborane(2-tert-butyl,
443',5'-di-isg:propylphenyllindeny1)2zirconium dimethyl; diisopropylamidobojyane(2-methyl, '
443',5'-di-p§é%§%f§8ﬁﬂ?ﬂ§ ‘&W‘dﬂ#&@f}’dﬂgw 136ER¥Hn 821 érsljphenyl-1,3-

443' 5'-di-pbetagibpbeny1]indeny1)2zirconitun dimethyl; diisopropylamidoborane(2-n-propyl, :
413',5'-di-phenylphenyllindeny1)2zicconium djmethyl:. dijsopropylamidoborane(2-isq-propyl, 4-

13 Seimets TSV SR e PP 2 PO A EHG iy SIS Aty
diisopropylamidatmesane(2-iso-butyl, 4-13',5'-di-phenylphenyllindeny1)2zirconium dimethyl; .
diisopropylgimi AN8RsSS-RIYL. 4433 -diRhenylphenyllindeny 1)2zirconium dimethyl
diisopropylamig%gaane thjg?tgg%%lseh%u%%dgl ’le%‘q)%pﬂeennj#rﬁg é’l’@v Zik (ﬁ%iﬂrﬁ%féa%fl&'l’}

bis(trimethyastAdienpidoborane(2-methyl, 443',5'-di-tbutylphenyllindenypairconium dichloride;

bis(trimethyislypRiahAReiR e MR, Padatuiyinhenvlindenyiaireanium dichloride, | 5
bis(trimeth Isily.amidoborane(ZSE%propyl, 443',dg'-’di-tﬁl%)i/llp#e%yﬁﬁnyﬂ%ﬁo}ﬁtﬁl%ﬁgﬂ (%rll e;
bis(triMethi?E Hfidoborane(2-iso-propyl, 443',5'-di-tbutylphenyllindeny1)2zirconiurn dichloride;

E@s(tr_hnetrr:yiﬁ_iiyﬁmp}m%ﬁameﬂc_mhﬂ%#,%[?’@i@%uu@ibﬁeuyilﬁﬂg&sl)%&eeﬂiw &%@{ﬂ?ﬁe; _
pi(timet ROV IR BB LE ol s AP PSR 5 B orie
bis(trimethyd&iofieapidarh siehesihe@rnprypy 48[ 3, Sidibiytipliphenyylilinkdemy@R zircommmdiinbibyice; .
b@s(tr@methxaﬁgxgmmm@&@sae@mh.%@ﬁ';bifs{@flu_fz{emﬁmdpa‘ xﬂinﬁ;%&zm Qi djehloride;
b!s(”'”?e”_‘%%'s'%,’ am&dabg(rgglt_aacr)l-er}-qurlc_) l)l/I, i ﬁ{:‘ ,35 -lei:tnﬂuorometh enyliin er_lyl}f _zwcomg%
dichloride; propylami tyl, 4-[3',5'-di-tbutylphenyl}indenyl);zirconium dimethyl;
diiSopropylamidoborane(Z—iso—butyL 4-[3',5"-di-tbutylphenyl] indenyl)zzirconitixh dimethyl;

- diisopropylamidoborane(2-sec-butyl, 4-[3',5"-di-tbutylphenyl}indenyl),zirconium dimethyl;
diisoprdpylamidoborane(2-tert-butyl, 4-[3',5'—di-tbutylphenyl]indenyl)zzirconium diméthyl; '
diisopropylamidoborane(2-ethyl, 4-[3',5"-bis-trifluoromethylphenyl}indenyl),zirconium dimethyl;
diisopropylamidoborané(2-n-propyl, 4-[3',5"-bis-triflucromethylphenyl}indenyl),zirconium '
dimethyl; . ‘
diisa_propylamidoborane (2-1so-propyl, 4-[3',5'-bis- trifluoromethylphenyl}indenyl),zirconium
dimethyl; | | .
diisopropylamidoborane(2-n-butyl, 44[3',5'-bis-triﬂuoromethylphenyl]indenyl)zzirconium
dimethyl; .
diisopropylamidoborane(2-iso-butyl, 4—[3',5'-bis-tn'ﬂuorom.ethylphenyl]indenyl)zzirconium
dimethyl;
diisopropylamidoborane(2-sec-butyl, 4-[3',5"-bis-trifluoromethylphenyl}indenyl), zirconium
dimeihyl; . ‘ '
diisopropylamidoborane(2-tert-butyl, 4-[3',5'—bis-triﬂuoromethylphenyl] indenyl)zzirconimﬂ
dimethyl; . '
diisopropylamidoborane(2-ethyl, 4-[3',5'-di-iso-propylphenyl]indenyl),zirconium dimethyl;
diisopropylamidoborane(2-n-propyl, 4-{3',5-'-di-iso-propylphenyl]indenyl)zzirconimn dimethyl;
diisopropylamidobor_ane(Z-iso-propyl, 4-[3',5'-di-iso-propylphenyl]indenyl),zirconium dimethyl;
diisopropylamidoborane(2-n-butyl, 4—[3',5'-di—iso-propylphenyl]indenyl)z'zil;:onium dimcthyl;

-29.



bis(trimethylsilyllamidoborane(2-iso-propyl, 4431,5J-histrifluoromethylphenyllindeny1)2zirconium
dichloride; bis(trimethylsilyl)amidoborane(2-n-butyl,

443',5'-bis-trif{upsesppihylphenyllindeny02zirconium dichloride; PCT/US2007/015873
bis(trimethylsilypamidoborane(2-iso-butyl, 4-[3',5'-bis- trifluoromethylphenyljindenyO2zirconium
dichloride; WO 2008/027116PCT/US2007/015873 bis(trimethylsilypamidoborane(2-sec-butyl,
443',5'-bistrifluoromethyl henyl]lndeny1)22|rcon|um dichloride;

b.s(tnmetrﬂ%ms%w mﬁ?eﬁszymwlxlicﬁsﬁb@trmmmmﬁmwmmmyl
dichloride;disgpisstasdybdamitoesanaid; atiy 544162 -pios A M%HH%ZH‘W

diohiorde BIAREN SRR ARt B b '911‘-‘&‘%@3&#358%?%’ HOOauAY SR EBhum
dichloride;diis¢pinmtapisighenan e@meahg 2H] 3 6tydj-pheh @ ptibind Hndgmywrvpiinge didggritconium
denlorde fgsimphsilamiderarncia s b0 SlRemoRYRbRlagaR o= coniun

dichloride; bis( rlmethyIS|nylamldoborane 2-séc-b -di-iso-propylphenyllindeny 2zirconium

dichloride; %§?ﬁ’fﬁ§§ﬂ?ﬂ$ﬂ9b%ﬁﬂ6@o&r@ﬁﬁ’@& bﬁJtQF Hﬁ%‘}ﬁ%ﬁ%ﬂ%ﬁ’éﬁ%bﬁ%‘ﬂﬁ@éﬂﬂﬂ&%omum

dichloride; diisopropylamidoborane(2-iso-propyl, 4-[3',5'-di-phenylphenyl}indenyl),zirconium dimethyl;
diisopropylamidoborane(2-n-butyl, 4-[3',5'-di-phehylphenyl‘]- indenyl);zirconium dimethyl;

' diisopropylamidqborane(Z-iso-butyl, 4-3 ',S'-di-phenylph'enyl] indenyl),zirconium dimethyl;
diisopropylamidoborane(2-sec-butyl, 4-[3',5'-di—phenylphenyl]iridehyl)zziréonimn dimethyl;
diisopropylamidoborane(2-tert-butyl, 4-[3',5'—di—pheny1phenyl]indenyl)zzirconium dimethyl;
bis(tn'methyl_si1yl)amidobor_aﬁe(2-methyl, 4-[3",5"-di-tbutylphenyl]indenyl),zirconium dichloride;
bis(triméthylsilyl)amidoborane(Z -ethyl, 4-[3',5'-di-tbutylphenyl]indenyl),zirconium dichloride;
bis(trimethylsilyl)amidoborane(2-n-propyl, 4-[3',5'-di-tbutylphenyl]in&enyl)zzirconium
dichloride; o
bis(trimethylsilyl)almidobofane(Z-iso-propy_l, 4-[3',5'-di-tbutylpi'xenyl] indenyl),zirconium
dichloride;
bls(tnmethylsxlyl)am1doborane(2-n-butyl 4- [3’ 5'-d1-tbutylphenyl]mdenyl)zzncomum dichloride;
bls(tnmethy181lyl)am1doborane(2 iso-butyl, 4- -[3',5'-di-tbutylphenyl]indenyl),zirconium
dichloride; . :
b1s(tnmethylsxlyl)amxdoborane(Z-sec~butyl 4- [3' 5'-d1-tbuty]phenyl]1ndenyl)zzxrcomum
dichloride;

‘ bxs(tnmethylsilyl)amidobdrane(z-tert-butyl, 4-[3',5'-di-tbutylphenyl]indenyl),zirconium
dichloride;

bis(trimethylsilyl)amidoborane(2-ethyl, 4- [3' S'—b1s-mﬂuoromethylphenyl]mdenyl)zzxrcomum
dichloride; ' :

bis(trimethylsilyl)amidoborane(2-n-propyl, 4-[3',5'—bis-triﬂuoromethylphenyl]indenyl)zzirconium
dichloridé; .

bis(trimethylsilyl)amidoborane(2-iso-pfopyl, 4-[3',5"-bis-
trifluoromethylphenyl]indenyl),zirconium dichloride;

bis(trimethylsilyl)amidoborane(2-n-butyl, 4-[3',5'-bis-trifluoromethylphenyl)indenyl),zirconium
dichloride; | '
bis(trimethylsilyl)amidoborane(2-iso-butyl, 4-[3',5"-bis- ‘

trifluoromethylphenyl}indenyl),zirconium dichloride;
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bis(trimethylsilyl)Jamidoborane(2-methyl, 443',Y-di-phenylphenyllindenyl)2zircorfium dichloride;
bis(trimethylsilyllamidoborane(2-ethyl, 443',5'-di-phenylphenyllindeny1)2zirconium dichloride;
bis(trimethylsihy)RaideResane(2-n-propyl, 443',5'-di-phenylphenyllindenyl1)gz¥ganilghnp ighjoride;
bis(trimethylsilyl)arnidoborane(2-iso-propyl, 413',5'-di-phenylphenyljindenyl)2zirconium dichloride;
bis(trimethylsilyflamidoborane(2-n-butyl, 443',5'-di-phenylphenyl]indenyl)2zirconium dichloride;
bis(trimethylsijl |do ane iso-butyl, 443',5'-di-phenylphenyl]indenyO2zirconium dichloride;
bis(trimeth f§{fé g&’ Feﬁzpé“?) éljﬁhén Phenyllindeny1)2zirconiurn dichloride;
bls(trlmethylﬁll;qramedqﬂplmngmnmmhumhcééﬁxﬁ dihmhemylphenyl]|ndeny1)22|rcon|um dichloride;
bis(trimethyls qugmg }(5@8 %%%{8 enyl]lndeny1)2 114-1,4-dipheny1-1,3-
butadiene; XV\$M %@%‘%}g % 4%,{5% I’rlr’wethylsnyDam|doborane(2 ethyl

443' 5'-di- t%ﬂﬂ%@?ﬁ}hﬂﬂbmmwm;d)mnmmm@mduene

bis(trimethyis{kiRenig RAYIRRRIEBoPARRD.Hid , 2-1; sbuw;mﬁawm&mm&nymmomm
ri4-1,4- d|pheﬂlyll 3- butadlene

bls(tnmethylsﬂyl)am1doborane(2-n-propyl 4-[3',5'- dn-xso-propylphenyl]mdenyl)zzucomum
dichloride :

bls(tnmethyls1lyl)axmdoborane(Z-lso-propyl 4-[3', 5‘—d1-1so-propylphenyl]mdenyl)zznrcomum
dichloride;

bxs(tnmethylsilyl)amidobora.ne(2—n-butyl, '4-[3',5'-di-iso-propylphenyl]indenyl)jzircoxiiﬁrﬁ
dichloride; '

bls(tnmethylsnlyl)am1doborane(2-1so-butyl 4- [3' 5'—d1—1so-propylphenyl]mdenyl)zzncomum
dlchlonde

bns(tnmethylsnlyl)axmdoborane(2-sec-butyl 4-[3, '-dl-lso-propylphenyl]mdenyl)zzxrcomum
dichloride;

bls(tnmethylsnlyl)amldoborane(2-tert-butyl 4-[3, 5'-d1-1so-propylphenyl]mdenyl)zzu‘comum
dichloride; .
bis(trimethylsilyl)amidoborane(2-methyl, 4-[3', 5'-dn—phcnylphenyl]mdenyl)zzlrcomum
dichloride; : .
bis(trimethylsilyl)amidoborane(2-ethyl, 4-[3, 5'-di-phenylphenyl}indenyl),zirconium dichloride;
bxs(tnmethylsxlyl)amldoborane(z-n-propyl 4-[3' 5'- dl-phenylphenyl]mdenyl)zzucomum .
dichloride; _

bis(trimethylsilyl)amidoborane(2-iso-propyl, 4-[3',5'-di-phenylphenyl}indenyl),zirconium
dichloride;

* bis(trimethylsilyl)amidoborane(2-n-butyl, 4-[3',5'-di-phenylphenyl}indenyl),zirconium
dichloride; _ ‘
bis(trimethylsilyl)amidoborane(2-iso-butyl, 4-[3",5'-di-phenylphenyl]indenyl);zirconium
dichloride; ' :
bis(trimethylsilyl)amidoborane(2-sec-butyl, 4-[3',5'-di-phenylphenyl]indenyl)zirconium
dichloride; :
bls(mmethylsﬂyl)am1d0borane(2-tert—butyl 4-[3',5'- dl-phenylphenyl]mdenyl)zznrcomum
dichloride;

bis(trimethylsilyl)Jamidoborane(2-methyl, 4-[3',5'- dl-tbutylphenyl]mdenyl)zn -1,4-diphenyl-1,3-
butadiene; :
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bis(tritnethylsilypamidoborane(2-iso-propyl,
443'5'-di-tbutylphenyliindeny1)214-1,4-diphenyll1,3-butadiene;
bis(trimethylsihyBamiselarane(2-n-butyl, 443',5'-di-tbutylphenyl]indeny1)2 pitdiphaayk 1.3
butadiene; bis(trimethylsilypamidoborane(2-iso-butyl, 443',5'-di-tbutylphenyl]indeny1)2 4-1,4-dipheny1-
1,3-butadiene; bis(himethylsilyeamidoborane(2-sec-butyl, 443',5'-di-tbutylphenyllindeny1)2
re-1,4-diphenyl- 1,3-butadiene; bis(trimethylsilyl)amidoborane(2-tert-butyl, _

4-[3',5'-di- tisfityipreshyl3ihdiamyidobaraie@-dipbib dy[3', 5, 3lbthtesylphenyllindenyl), n*-1,4-diphenyl-1,3-
bis(trimethylsilyjdgmidoborane(2-ethyl, 443',51-bis-trifluoromethylphenyl]indeny1)2 r11-1,4-
dipheny1-1,3-butadiene; bis(trimethylsilyl)amidoborane(2-n-propyl, 413%5 .
Lbis-trifludbistiamsthrisilylirmideborane(2tniproiprie AylB: 5 3dbthutitnhenyllindenyl), n*-1,4-diphenyl-
bis(trimethysityliamugeborane(2-iso-propyl, 4-[3',5"-bis- trifluoromethylphenyl]indeny1)2 -94-1,4-
dipheny1-1,3-butadiene; bis(tritnethylsil l)amidoborane(2-n-butyl, ) . )
4[3',5'-bis-Histams s rnidohernsdaserrrepal. difde Hyfittbubiphenshlindenyl), n°:1,4-diphenyl-
bis(trimethyﬁi&h}a&s&ﬂeborane(2-iso-bu_ty|,.4[3',5'-bis-trif|uoromethylphenyllindeny1)2

iy 12 BRSNS e o R 14 v 13

4[3',5'-bis-triftadiemerethylphenyl] indeny1)2 if-1,4- dipheny1-1,3-butadiene; _

e BRI RO RS s A R Tty 0 Py PSRy RIS s ; h AR -
1,3-butadiene; - . : )
bis(trimeth&lsilyl)am_idoborane(Z-sec-butyl, 4-[3',5‘-di-tbutylphenyi] indenyl), n*-1,4-diphenyl-
1,3-butadiene; A A |
bis(trimetﬁylsilyl)amidoborane(Z-ten-butyl, 4-[3',5'-di-tbutylphenyl]indenyl), n*-1 ;4-diphenyl—
1,3-butadiene; ‘ A |
bis(trimethylsilyl)amidoborane(2-ethyl, 4-[3',5'-bis-trifluoromethylphenyl]indenyl), n*-1,4-
diphenyl-1,3-butadiene; S
bis‘(tﬁmethylsil).'l)amidoborane(Z-ri—propyl, 4-[3',5'-bis-trifluoromethylphenyljindenyl), n*-1,4-
diphenyl-l,3-butadiene; ‘ S .
bis(trimethylsilyl)amidoborane(2-iso-propyl, 4-[3',5'-bis- trifluoromethylphenyl]indenyl), n*-1,4- |
diphenyl-1,3-butadiene; . )
bis(trimethylsilyl)amidoborane(2-n-butyl, 4-[3',5’-bis-triﬂuoromcthy]pheriyl]indenyl)z n*-1 ,4-
diphenyl-1,3-butadiene; '

. bis(trimethylsilyl)amidoborane(2-iso-butyl, 4-[3',5"-bis-triflucromethylphenyl]indenyl), n*-1,4-
diphenyl-1,3-butadiene; , ' ‘
bis(trimethylsilyl)amidoborane(2-sec-butyl, 4-[3',5"-bis-trifluoromethylphenyl]indenyl); n*-1,4-
diphenyl-1,3-butadiene; IR
bis(trimethylsilyl)amidoborane(2-tert-butyl, 4-[3',5'-bis-trifluoromethylphenyl}indenyl), n*-1,4-
diphenyl-1,3-butadiene; N
bis(trimethylsilyl)amidoborane(z-gthyl, 4-[3',5'-di-iso-propylphenyl}indenyl), n*-1 ,4-diphenyl;

- 1,3-butadiene; ‘ |
bis(trimethylsilyl)amidoborane(Z-h—propyl, 4-[3',5'-di-iso-propylphenyljindenyl) , n*-1,4-
diphenyl-1,3-butadiene;

bis(trimethylsilyl)amidoborane(2-iso-propy!, 4-[3',5'-di-iso-propylphenyl]indeny!) n*-1,4-
diphenyl-1,3-butadiene; '
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bis(trimethylsilyl)amidoborane(2-n-propyl, 4-[3',S'-di-iso-propylphenyliindenyl) 2 re-1,4-
dipheny1-1,3-butadiene; bis(trimethylsily0Damidoborane(2-iso-propyl,
443',5'-di-isogpgPrpyiiemdlindenyl) n4-174- diphenyl-1,3-butadiene; WO per/us2007/015873
2008/027116PCT/US2007/015873 bis(trimethylsilyl)Jamidoborane(2-n-butyl,
4-13',5'-di-iso-propylphenyllindeny1)2 n4-1,4-diphenyl1,3-butadiene;
bis(trimethylsilypamidoborane(2-iso-butyl, 443',5'-di-iso-propylphenyllindeny02 14-1 4-
dipheny1- i?ls(mmméhémeMrMS(@pambHe[&b@(mmgpyllphenyl]mdenyl)z n *-1,4-diphenyl-
443 5'-di-isa-prapyighenyllindeny1)214-1,4- diphenyl-1,3-butadiene;
bis(trimeth IS|nyIam|doborane 2-tert-butyl, 443',51-di-iso-propylphen lgdenyl)Z 114- 1 4- '
dipheny1- Fﬁﬂgi%maaﬂofaﬁe&%w@y W'vawbmn}mndenyl)z
n4-1,4-d|phwily1,$ 3%@@@3@, bis(trimethylsilypamidoborane(2-ethyl,
413'5'-di-phen IpFﬁaygllbrégenyl)gﬁ -1.4- dlphen 1-1,3- butadiene;
bls(trlmet#ﬂ ﬁﬁ’ﬁ H '6?8 res-py (ﬁ’ %én??ﬂﬁ‘éﬁ%ﬂ&%‘?ﬁ"ﬂ)‘%ﬂh’wﬂh‘b‘nyl-
1,3- butad|dl}ﬂ1ebﬂetnmbﬂtadatbé)am|doborane(2 iso-propyl, .
443'5'- d|- den 2114-1 4-di y é, utadiene;
bls(trlmethyﬁn'){ffgrmﬁcl)]g anegfl%oﬁanf Iﬂégg"ar%ﬂ n%[ghé%?yﬂfﬁagm l]mdenyl)z'q -1.4-
n4-1,4-dipdaphedyB-hibuieliene; -
b1s(trlmethylsﬂyl)am1doborane(2 -methyl, 4-[3', 5'-d1-phenylphenyl]mdenyl)zr| -1,4-diphenyl-1,3-
butadiene;
bxs(trlmethylsxlyl)amndoborane(z-ethyl 4- [3' 5'- dl-phenylphenyl]mdenyl)z11 -1 4-dlphenyl 1,3-
'butadlene C .
bis(trimethylsilyl)amidoborane(2-n-propyl, 4-[3', 5'-d1-phenylphenyl]mdenyl)z1] -1,4-diphenyl-
1,3-butadiene;
bis(trimethylsilyl)amidoborane(2-iso-propyl, 4-[3', 5'-dl-phenylphenyl]mdenyl)zn -1,4-diphenyl-
1,3-butadiene;
bis(trimethylsilyl)amidoborane(2-n-butyl, 4-[3',5'-di-phenylphenyl]indenyl), n 4.1 4-dxphenyl-
1,3-butadiene;
bls(tnmethy]sﬂyl)amidqbora.ne(2-iso-butyl, 4-[3',5'-di-phenylphenyl]indenyl); n*-1 ,4-diphenyl-
1,3-butadiene; : _ )
bis(trimethylsilyl)amidoborane(2-sec-butyl, 4-[3',5'-di-phenylphenyl]indenyl), n'1 ,4-diphenyl--
1,3-butadiene; o . '
bis(trimethylsilyl)Jamidoborane(2-tert-butyl, 4-[3',5'-di-phenylphenyl]indenyl), 1*-1,4-diphenyl-
1,3-butadiene; -
bis(tﬁmethylsilyl)amidoborane(z-methyl, 4-[3',5'-di-tbutylphenyl]indenyl),zirconium dimethyl;
bis(trimethylsilyl)amidoborane(2-ethyl, 4-[3',5'-di-tbutylphenyl}indenyl),zirconium dithethyl;
bis(trimethylsilyl)amidoborane(2-n-propyl, 4-[3',5'-di-tbutylphenyl]indenyl),zirconium dimethyl;
bis(trimethylsilyl)amidoborane(2-iso-propyl, 4-[3',5'-di-tbutylphenyl}indenyl),zirconium
dimethyl; :
bis(trimethylsilyl)amidoborane(2-n-butyl, 4-[3',5'-di-tbutylphenyl]indenyl),zirconium dimethyl;
bis(trimethylsilyl)amidoborane(2-iso-butyl, 4-[3',5'-di-tbutylphenyl]indenyl);zirconium dimethyl;
bis(trimethylsilyl)amidoborane(2-sec-butyl; 4-[3',5'-di-tbutylphenyljindenyl),zirconium
dimethyl; . )
bis(trimethylsilyl)amidoborane(2-tert-butyl, 4—[3',5'-di-tbutylphenyl]indenyl)zzirconiurh
dimethyl;
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bis(trimethylsilyflamidoborane(2-iso-butyl, 443',5'-di-phenylphenyllindeny1)2114-1,4-dipheny1-
1,3-butadiene; bis(trimethylsilyDamidoboraite(2-sec-butyl, 413',51-di-phenylphenyl]indeny1)2
-1,4-diphenyll s Rpadigne; bis(trimethylsilyl)amidoborane(2-tert-butyl,  pcer/us2007/015873
443'5'-di-phenylphenyllindenyl)2 714-1,4-diphenyl- 1,3-butadiene;
bis(trimethylsilyl)Jamidoborane(2-methyl, 443',5'-di-tbutylphenyliindenyl1)2zirconitun dimethyl;
bis(trimethylsilyflamidoborane(2-ethyl, 443',5'-di-tbutylphenyl]indeny1)2zirconium dimethyl;

bis(trimeth 1&19%%&&%@%%6% S[3ibbisAsueytimddy)chenidordenyl Hzirecmyim
bls(trlmethaiﬁigfﬂﬂmdoborane(Z isopropyl, 413',5'-di-tbutylphenyllindenyl1)2zirconium dimethyl;

bis(trimeth Na d ane(2-n- butyl 443'5'-di-thutylphenyllindenyO2zirconium dimethyl;
bis(trimethé‘g'f%’ﬁrﬂwé %? i@”&éu%&%ﬁ&bﬂm&aﬁ%ﬂ}mﬂm @ﬂh@!ﬁﬁﬂmum

bis(trimethgisithginidoborane(2-sec- butyl 443',5'-di-tbutylphenyl}indeny1)2zirconium dimethyl;
bls(trlmeth¥l§ gﬂ { b L 44 AL | henylundenyl)22|rcon|um dimethyl; WO
2008/027116 QCﬂ’{i‘Téumg2089}‘% %l}%%"%n?ﬁ% qg?,fj i?i?o%orane(Z _ethyl, |

443' 5'- bs%M@ﬁmmbwmm@dgmmmmdmm&hw

bls(tnmethuig(M)aemsmhgma%ﬁbmﬂn%ﬁ ﬂﬁ*tﬁ'ﬂbﬁfﬂmﬁﬁ}xﬁféﬁ}%ﬂ}!ﬁﬁméé@}ﬁ%%}mnn
&methyl; Scﬁ% égyéhylsnypamldo borane(2-iso-propyl, . . .
4431,5t-bi methylphenyllindenyl)2zirconiutn dlmethyl

bls(tnmethylsﬂyl)amldoborane(2 iso-butyl, 4-[3',5'-bis-.
trifluoromethylphenyl}indenyl),zirconium dimethyl;
bis(trimethylsilyl)amidoborane(2-sec-butyl, 4-[3',5'-bis-

trifluoromethylphenyl] indep)"l)zzirconium dimethyl;
bis(trimethylsilyl)Jamidoborane(2-tert-butyl, 4-[3',5'-bis-
trifluoromethylphenyl]indenyl),zirconium dimethyl;
bis(trimethylsilyl)amidoborane(2-ethyl, 4-[3', 5'—d1-1so-propylphenyl]lndenyl)zzucomum
dimethyl;

bis(trimethylsilyl)amidoborane(2-n-propyl, 4 [3, '—dl-lso-propylphenyl]mdenyl)zzxrcomum
dimethyl
bis(trimethylsilyl)amidoborane(2-iso-propyl,: 4-[3’,5'-di-iSo—propylphenyl]indenyl)zzirconium
dimethyl; .
bis(trimethylsilyl)amidoborane(2-n- butyl 4- [3' 5'-di-iso- propylphenyl]mdenyl)zzncomum
dimethyl; .
bxs(tnmethylsilyl)amidobdrane(z-iso-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl),zirconium
.dimethyl; . .
bis(trimethylsilyl)amidoborane(Z-sec-butyl; 4-[3',5'-di-iso-propylphenyl}indenyl),zirconium
dimethyl; .
bis(trimethylsilyl)amidoborane(2-tert-butyl, 4-[3‘,5'—di-isb-propylphenyl] indenyl),zirconium
dimethyl;
bis(trimethylsilyl)amidoborane(z-meth);l; 4-[3',5"-di-phenylphenyl]indenyl),zirconium dimethyl;
bis(tn'meth'ylsilyl)amidoborane(Z-gthyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium dimethyl;'
- bis(trimethylsilyl)amidoborane(2-n-propyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium
dimethyl; |
bis(trimethylsilyl)amidoborane(2-iso-propyl, 4-[3',5-di-phenylphenyl]indenyl),zirconium
dimethyl; |
bis(trimethylsilyl)amidoborane(2-n-butyl, 4-[3',5'-di-phenylphenyljindenyl),zirconium dimethyl;
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bis(trimethylsilyl)amidoborane(2-n-butyl, 4[3‘,5'-bis-trif|uoromethylphenyl]indenyl)Zzirconiu_m dimethyl,
bis(trimethylsilyflamidoborane(2-iso-butyl, 443',5'-bistrifluoromethylphenyllindeny1)2zireonium

dimethyl; bisqringiaysilamidoborane(2-sec-butyl, PCT/US2007/015873
443 5'-bistrifluoromethylphenyflindenyl)2zirconium dimethyl;

bisorimethylsilyearnidoborane(2-tert-butyl, 443',5'-bistrifluoromethylphenyllindeny1)22irc_oniun_1
dimethyl; bjs(trimethylsilyflamidoborane(2-ethyl, 4431,5'1:di;iso-propy1phenyllindenyl)Z;lreonlgm
dimethy!; b*’é sHsDHamifabsran 1?9&’6‘5%,‘*4@3‘?5’%‘?%&5‘69!&3HEWFM@HWMCOnlgm
dimethyl bid{tnertgthylsilyl)amidoborane(2-iso-propyl, 443',5'-di-iso-propylphenyllindenyl1)2zirconium

i b s e R S

dimethyl; biigaethithyisilyflamidoborane(2-sec-butyl, 443',5'-di-iso-propylphenyljindeny1)2zirconiurn
d!methyl; b@mﬁéﬂwﬁdimﬁﬂimm@&?ﬁb 44 3%5@%1;599@‘59%%%9%_%% ' Con.ium
dimethyl; big(trimethylsilypamidoborane(2-methyl, 413',5'-di-phenylphenyl]indeny1)2zirconium
dimethyl; b %ﬁ? ethylsilyDamidoborane(2-ethyl, 443',51-di-phenylphenyllindenyl)2zirconium dimethyl;
bis(trimethyisitdpaedytdilylabie(@depyDhyinaiinaiyhenylphenyl]indenyl)2zirconium dimethyl;
rac-dimethylsilyl-bis(indeny])hafniumdichlon‘de; '
rac-dimethylsilyl-bis(indenyl)zirconiumdimethyl;
ra(‘:-dimethylsilyl-bis(ixidenyl)zirconiumdic}ﬂoride; ,
rac-dimethylsilyl-bis(2-methyl-4-phenyl-indenyl)hafniumdimethyl;
_mc-dimethylsilyl-bis(2-meﬂ1yl-4-phenyl-indenyl) hafniumdichloride;
rac-dimethylsilyl-bis(2-methyl;4-phenyl-indenyl) zircohiﬁmdimethyl; )
rac-diméthylsilyl-bis(2-methyl-4-phenyl-indeny1) zirconimhdicﬁloride; .
rac-dimethylsilyl-bis(Z;methyl-benzindenyl)hafniumdimethyl;
rac-dimethylsilyl-bis(2-methyl-benzindenyl) hafniumdichloride;
rac-dimethylsilyl-bis(2-methyl-benz_indenyl) zirconiumdimethyl;
rac-dimethylsilyl-bis(2-methyl-benzindenyl) zirconiumdichloride;
rac-dimethylsilyl-bis-(2-methyl-indenyl) zirconiumdimethyl;
rac-dimethylsilyl-bis-(2-methyl-indenyl) hafniumdimethyl;
rac-dimethylsilyl-bis-(2-methyl-indenyl) hafniumdichloride;
rac—dimethylsilyl-bis-(Z-metfxyl-indenyl) zirconiumdichloride;
rac-dimethylsilyl-bis(2-methyl-4-naphthyl-indenyl)hafniumdimethyl;
rac-dimethylsilyl-bis(2-methyl-4-naphthyl-indenyl) zirconium dichloride;
rac—dimethylsilyl-bis(Z-methyl-4—naphthy1-indenyl) hafniumdichloride;
rac-dimethylsilyl-bis(2-methyl-4-naphthyl-indenyl) zirconium dimethyl;
rac-ethylene-bis(indenyl)hafniumdimethyl;
rac-ethylene-bis(indenyl)hafniumdichloride;
rac-ethylene-bis(indenyl)zirconiumdimethyl;
rac-ethylene-bis(indenyl)zirconiumdichloride; \
rac-dimethylsilyl-bis(2-methyl-4-(2'-methyl-phenyl)-indenyl)hafnium dimethyl; |
fac-diméthylsilyl-bis(Z-methyl—4-(2'-methy1—phenyl)-indenyl)hafnium dichloride;
rac-dimethylsilyl-bis(2-methyl-4-(2"-methyl-phenyl)-indenyl)zirconiumdimethyl;
rac-dimethylsilyl-bis(2-methyl-4-(2"-methyl-phenyl)-indenyl) zirconium dichloride;
rac-dimethylsilyl-bis(2-methyl-4-(4'-methyl-phenyl)-indenyl)hafnium dimethyl;
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bis(trimethylsilypamidoborane(2-iso-propyl, 443',5'-di-phenylphenyllindeny1)2zirconium dimethyl;
bis(trimethylsilyllamidoborane(2-n-butyl, 443',5'-di-phenylphenyllindenyl1)2zireonium dimethyl,

bis(trimethylsihy)ideResane(2-iso-butyl, 4431,51-di-phenylpbenyl) indenyly4 ziss iy asdimethyl;
bis(trimethylsilyflamidoborane(2-sec-butyl, 443',5'-di-phenylphenyl] indenyl)2zirconium dimethyl;
bis(trimethylsilyl)Jamidoborane(2-tert7butyl, 443',5'-di-phenylphenyll indenyl)j zirconium dimethyl;

rac-dimethylsilyl-bis(inden )hafnlumdlmethyl rac-dirnethylsilyl-bis(indenyl)hafnjumdichloride;
rac- d|metH?FSFWF‘Bfg(llﬁb'@h%BQr&ﬁMhﬂT(ﬁetﬂ?ﬁh)’h@ftﬁm&h‘}ﬂw Ihbsfirittengiphlendtumdichloride;

rac- dlmethylsﬂﬁhbtﬁﬁri’sﬂ%‘jtﬂrﬂbﬂwyjﬂddeﬂémw E‘Hﬁ) zirconium dimethyl;

e dime RN R A B RS MR fironiue dichlorices

rac- dumethyts#;@btb@sﬂaé{hyiMq@dmwAmwwbmbmmyﬂmmmehafnium dimethyl;

rac-dimeth t en ] |
rac- dlmethéi%g@ﬁs%t%gﬁwiyﬁmww & H}{g indenyl) hafnium dichloride
rac-dimetH s @Fﬁhﬁﬂé‘lﬁ)'ﬁf&@qm}nahﬁgﬂ)ﬂndenyl) zirconium dimethyl;

rac- dlmetmwinbtﬁﬁsﬂwfb%@%{&mﬁﬂ ) ZERN msm@mm%%mmmmm&methw 'ndeny')
zirconiumdim th ‘d% silyl-bis-(2,me indenyl) hafniumdimethyl;
rac-dimetiyisy ?2 W{a YhHe AER %Pﬁ’l(ﬂ%’&@y )aﬁ’g?ﬁwﬁ&ﬂ@mé@%&hyl |ndenyl)
zwcomumdadﬁd)mdﬁmlaﬂ%hns(mmyh@(ammmm qﬂﬁhﬁh)(iﬁd]d@my})diminmmiélﬁltﬁihyj
rac-dimethylsilylhig tg;,éké ﬂgm}m Apdenyd §%g ng F n fDZI :rac drrgethtYhsicyI -bi

e ra

s(2-methy1-4- napht ;ﬁlndenyl hafnlum ichlori p/iat phtityl-indenyl)
ghy;

zirconium FRFSHR l&mfé%'@ﬁ@{hﬂéﬁy%hﬁﬁhﬁhﬁm‘ﬂhwdmyl) Zirconium dlchlonde

rac- ethylen&mﬁﬂaﬂgnwyhmwmwmd%%@ﬂmgm)hmwwwmﬁﬂ%m-phenyl)-
rac- ethylene b|s Oz co Eb{rydlehlorlde

rac-dimethy s@f met 1-methyl-pheny1)-indenyphafnitun dimethyl;
rac- dimetm@m@(ﬂsrlﬁf@mﬂ@hm&h;drpbewlphnnbd&@dmfyl)(miswnmﬂide«'-tcrt-butyl-phenyl)-

rac- dlmethwéélﬂ* gmtwr{a :methyl-phenyl)..indenyOzirconiumdimethyl; -
rac-dimethyls 6 is(2-methy1-4-(21- methyl phenyl)..indenyl) zirconium dichloride;

rac-dimetHiASifimsitpdsihde 'I‘-‘ZF-Y‘ZIYIFﬂe%SﬂeBh@ﬁ%)ﬁ‘i’ﬁi‘é’%mﬁ&ﬂﬁl)ﬁ?‘bﬁww&ﬁ'buwlﬁhmﬂ)-
2008/027 1indeXyl) kifeaathmCdibBiosidac- dlmethylsnyl bis(2-methyl-4-(4'- methyl phenylyindenyl) hafnium

e A o Bl
rac- dlmethymwlbis(*z pnwnnbmmbu}d phenyl) indenyl) hafnium dlmethyl

rac-dimethysilmisfeis! ) I ride
rac-dimethylsil I b mﬁ%{aﬁﬂigﬁ%lws%n%;%%n %%(?éﬁ}%&%ﬁ?ethyl

rac-dimeth{f&i thyi<a ZHBH de;
fREms hgfi ntaﬁ’arh%ﬁ i L T
rac- dimethyds@him@(ﬂaﬂudtb;ﬂ(%@athyl—b;ﬁyimbemﬁ&)—mdeiml) tisdoiinm dHiokidryde; and
rac-dimethy/si t t niu d hloride;
rac- dltneth}gglmlldk%:?fl ﬂ%tﬁﬁq &%t@f‘gﬁtgilﬁﬁgwg %g%;hiza%gomzam meli&yl
rac- dmethfﬂ@ﬁélbls(ymfﬁ Méﬂvwgmpﬁ@@ymamabﬁwy yed hrIpingicngserably two or more of
rac- dmethﬁi&&&(edmﬁﬁa,yﬂm%-ﬂg teediebghphenyl)-indenyl)(2-isoprpyl-4-(44ert-butyl-phenyl)- indenyl)
hafnium dlggelt IXII Lac -di 2yllsnyl (2-methyl-4-(4'-tert-butyl

-pheny1l)- |n -?s' nrp)ﬂ? -fi tert-butyl-phenyl)- indenyl) hafnium dICh|0I’Ide

The activated systems and catalyst compounds utilizing the activator systems are
suitable fo; use in any prcpolymerizatiqn and/or polymerization process over a wide range of
temperatures and pressures. The tempefatures can be in the range of from —60°C to about 280°C,
preferably from 50°C to about 200°C. In another embodiment, the polymeﬁzation temperature is
above 0°C, above 50°C, above 80°C, above 100°C, above 150°C or above 200°C. In another
embodiment, the polymerization temperature is 50°C to 200°C, or 70°C to 150°C, or 75°C to
125°C. In one embodiment, the pressures employed can be in the range from 1 atmosphcre

(0.101 MPa) to about 500 atmospheres (50.663 MPa) or higher. In another embodiment, the
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rac-dimethylsily1-(2-methyl-4-(4'ert-butyl -phenyl)-indenyl)(2-isoprpyl-4-(44ert-butyl-phenyl)- indenyl)
zirconium dichloride; rac-dimethylsily1-(2-methyl-4-(4'-tert-butyl
-phenyl)-ind@ryesisapippyl-4-(44ert-butylphenyl)-indenyDzirconiumdimegiiykis2007/015873
rac-dimethylsilyl-bis(2-methyl-4,6-diisopropyl-indenyl) hafnium dimethyl;
rac-dimethylsilyl-bis(2-methyl-4,6-diisopropyl-indenyl) zirconium dimethyl;
rac-dimethylsilyl-bis(2-methyl-4,6-diisopropyl-indenyl) zirconium dichloride; and
rac-dimetiagtitigledis(esterathynd, Mﬂbtﬁprspylmmw)lﬁaimamlmcth@r[GWS@m|Mesmﬁme frove
compouncg%}gé}grﬁlggl I%lyﬁ@qllmrggbrg@gggbly two or more of the above compounds are used herein.
Polymerlzatlon Process 10053 The activated systems and catalyst compounds utilizing the activator .
systems al¥0s3kaniF RIymeasa Q%?&ﬁﬁﬁﬁﬁéﬁﬁy dgisH UiRNoRIIVANE N PhRst akd ’{‘)%tﬂhaﬂ'ﬁifé“rednge
of tempergs@ssand prassubisatidie mmratmaﬁaaart;e metfaeréangae mféa@nphﬁaﬁdﬁ sheyt FHdte.

preferably from 50C to ab ut 200C. Ina odiment lymerization temperature is above
0C, abovelt g@,&n zg\t/lg a Sve” f&) Tl gP%t%tve E “h% af:lo herrpég l% Fnenrf, Me

polymerlz&mbpﬂémérahmeri%cm&&QWQd MQ6QM@m25®%m®ulk,mmethe

pressures SyRRRYBEED ﬁh%eesghsfreﬁg%fr%é aim%&:(&;%%%%&a@qutﬁpgmmﬁ kes
(50.663 MPa)_or higher. [n another embodiment, the_ WQ 2008/027116PCT/US2007/015873 activated

systems aREFEERRN<t I AperThaR mﬁn%@%&ﬂf&fﬁfﬁ;&%ﬁ%&@&ﬂtﬁm%r supercritical
polymerizg00§S)roceliragatividnéibiatysaiizathd groceasasor iohitel 10 dierorgacrolines, dkatyhphase
and a high pressur or a,combin tlont reqgf. Par larly. prefegred as urry
phase polfr%e?'zslatlon (f)o ohe%erarm%rr%no?‘ f? ) g?feas oneg "ﬁicﬁ& é‘tel{w;y?nﬁgegrgﬁrg X fengem(ﬁ Ghe
embodimelireatehsanebed |grd%@tedaﬂ@hmmayolql¢@nsh@nq@remhmjIbrsnyni)copgbzsrpdsaslmear

polymerizaliancRECes L9l GIBhANIERAL MPRHEQTRTS fRYANG dr HBrfoMer) iREHRRD O BS BERECERO!Y
2 to 12 carbon atoms, and more preferably 2 to 8 carbon atoms.
ethylenc propylene, butene-1, pentene-1, 4-methyl-pentene-l hexene-1, octene-l decene-1, 3-

methyl-pentene 1, norbormene, norbornadiene, 3,5,S-tnmethyl- -hexene, 5-ethyl-1-nonene, vinyl A
norﬁomene, and ethylidene moﬁomers.
[0056] Illustrative cyclic containing monomers useful as comonomers include aromatic-
group-containing monomers containing up to 30 carbon atoms and non aromatic cyclic group
containingl monomers 'containing up to 30 carbon atoms. Suitable aromatic-group-containing
monomers comprise at least one aromatic structure, preferably from one to three, more preferably
a phenyl, indenyl, fluorenyl, or naphthyl moiety. The aromatic group-containing: monomer
further comprises at least one polymerizable double bond such that after poljrmerization, the
aromatic structure will be pendant from the polymer backbone. The aromatic-group containing
monomer may further be substituted with one or more hydrocarbyl groups including but not
limited to C; to Cy alkyl groups. Additionally, two adjacent substitutions méy be Jjoined to form
a ring structure. Preferred aromatic-group-containing monomers contain at least one aromatic
“structure appended to a polymerizable olefinic moiety. Particularly preferred aromatic |
monomers include styrene, alpha-methylstyrene, para-alkylstyrenes, vinyltolienes,
vinylnaphthalene, allyl benzene, and indene, especially styrene, paramethyl styrene, 4-phenyl-1-
butene and allyl benzene. Suitable non-aromatic cyclic group containing monomers preferably
have at least one polymerizable olefinic group that is either pendant on the cyclic structure or is
part of the cyclic structure. The cyclic structure may also be further substituted by one or more
hydrocarbyl groups such as, but not limited to, C; to Cy¢ alkyl groups. Preferred non-aromatic
cyclic group containing monomers include vinylcyclohexane,‘ vinylcyclohexene,
vinylnorbornene, ethylidene norbornene, cyclopentadiene, cyclopentene, cyclohexene,

cyclobutene, vinyladamantane and the like.



10055]lllustrative monomers can include, but are not limited to, one or more linear, branched or cyclic
olefins; linear branched or cyclic alpha olefins; linear, branched or cyclic diolefins; linear branched or
cyclic alpha-Qyaegaspiefins: linear, branched or cyclic polyenes; linear brangped;eJ06Y/slissdpha olefins.
Particularly, preferred monomers include one or more of ethylene, propylene, butene-1, pentene-1,
4-methyl-pentene-1, hexene-1, octene-1, decene-1, 3- methyl-pentene-1, norbomene, norbomadiene,
3,5,5-trimethyl-I-hexene, 5-ethyl-I-nonene, vinyl norbomene, and ethylidene monomers.
10056]illudfedile cy(m@hfmamagtmmgméph asafrhasaneroammduidcimge aydroedibon structure,
group-contaiiigHRORYNSrELONRINRY MPIRROGAT AR ALPRASIAHCHAON RHRFBAIIGCYENG HOHPOf the

containing monomers contalnlng up.to 30 carbon atoms. Suijtable aromatic-group-containing
monomers 2SR nrompERE dni S RIBR ST SiRer A IEOTRETHIS Rt Y a
phenyl, inckmybs‘;hee:ﬁmyﬂatarymmthm i diether bfe&mﬂanmgmmsmﬁﬁlmagdmmmesélﬁhar from

comprlsesaaiptg east: onea_é) er|2able doufle bo d su h that after pol;menzatlo&rtgfe arom élolefm

mono €T
structure wilf b€ penagmt rom pgfyme ack one he aromatic- group C n alnlngymonomer may

further be mmmlmedewmmmw@mmbypgmg@mtdwchngemmmnmgufemmaotammarkyl
groups. Adgiiiaally, e Rdi3FeHe RPSITHIORS PRYLBE NIRRACIR fYPERAdENg, Si{b’ﬁﬂf&xéo "dEtG R ne,

aromatic-group-containing monomers contain at least one aromatic structure appended to a
polymeriza®fitadigifnicioRadisne aAcatiRepreredrsadishinafiederadisiferstiid féﬁﬁreﬁ@'adecad‘ene
alpha-methpdatydessiara dkylisyaaiens, ikytaltcnhend/inybtajsotddaee middecatiene, atsbadiaee,
especially S éﬁenega%arameytozl st&rene 1 r%hen 1|er11 b ftene g%(ljelallyl beqzene Suitable S non-a -aromatic
cyclic group contalnlng Fhonomers. pre’fera ave at least one poelynPerlzacbIse Ollel}lﬁlc grouﬁsﬁta?ne’
either pendimtasesddicopclioatanosadions: |@m@aﬂtensycmasmmeee,Tmmyuhrbtrmuﬁ:erma}ilatm be
further subgfitiyigd Py Pepraticnere! hﬂ@!’:@&ﬁ@%' O YURSHIHAAS1 Uidaabidnuted [o-Srld faidhalky 1-

groups. Preferred non-aromatic cycllc grhfﬁcontamln monomers include vmylcyclohexane

vmylcycloh'e%??é RSt ARAGTAdIEy I dpehmolesian Wlﬁ%rﬂ%ﬁ@ma‘hems
cyclohexern@eysabtiand00ngladdyn Prefeaahdyidiz quenev\/@cﬁmaiﬁﬂa’ﬂéxﬁﬁtﬁa“{u SMdEatée,

[0057IDiolgfigyp FHAGIEE %&?thge IRHPHIRES Cé*le'rP ?.‘Ee%”y '&Y%%Clﬁg n‘i’a'bs”QCtés'rehPﬁﬁferab'ﬁ Ca

to C30, havmg at east two unsaturate s Wherel ast two unsaturated bords are
readily |nC(ﬁ?ﬁmlﬁl@ﬁiﬂbW%wagmtéﬁam&m@r%ﬁém?@%peuﬁc catalyst(s). It is

further prefgygsgjthat tiesdinielperaneraenaenaekecirediion albalifgROBH RREBRCHESdithénts

di-vinyl monomer referably,. the diolefin mono ers are linear di-viny] monomers, most

A ot T R e e R S
butadiene, pelytadisieec eyadienetineptidisns]actadiaderncnpolignes (RERYjealphan gotytisgidene,
dodecadie H&t’&@&t@i&ée&[@ﬂ&%ﬂée@&ﬁ&tﬁ%%ﬁ?ﬁk‘?@%%‘?&%ﬂ@Qﬁe HRRIIRCARIEHE more

octadecadlene ‘nonadecadiene, icosadiene, heneicosadiene, docosadiene, tricosadiene,

tetracosadiEMECHERTAs SAERNRNIeisRebEReHeRd Withat-duastibre difeserismememerofpfisss adminer
triacontadien@omréiwl@tyxmewtedanseaﬁs oficlhith LHr beptaiding) ¢o IompsiReponandr.8-nonadiene,
1,9-decad| JAlO lip dlen%hété decadlene é 12 trl%%gadlene tl 1gltetrad ccrildlens% %rtld
low molec ular wi |ght tladienes M\m &Ran 8 Bg?mo f’mefePre(fcyc Ehes inclugacte
cyclopentadt@'ﬂrﬁﬂﬂﬁ&ﬁ%rb@m@rnqlnmﬂmléné ,Féﬁ?%eﬂémbmecmmngﬁembly, the
dicyclopen;gaﬁaoo' ]eﬁ?mgtaemﬂ%nemaésiagm ieﬁﬁgeﬁy%hwimwétmét&m %%ﬂwgsrg’laom
positions rative mers that can oduce cor to ope or mare embodiments
herein inclufe F@%n?ﬂ"ﬁ%ﬁpré’xytj H8r?g 'gﬂ!:f"é‘b %ofﬁmﬁrg’g ﬁé’b %né‘"@éluﬁn’gfglsﬁ?aecﬁ’cm other
polypropylesrebsgmkotskcind puiyjerepyleacCsandCe otgfoly mefdRBP butpiea-peotypeobygleme, octene,
brobylene ciieRsIRNIn AR 300 BRGNS FeRANMEFAN A ke, In one or more

embodiments, gropylene is polymerlzed with at feast two different monomers (often a minor, amount of

ethylene), di996RkIly JAcHYRIRPBARCHEkioRe AcSUTPFARAT A6 ROt ReRticHlEto Tabmte it formed in a
polymers pmmaesbtﬁﬁeﬁmetemwdnﬁudmo:a%mlmmmaﬂd atf&tmeiyaﬁapatmem@ogen

random, bIo kor m act copo erab the po rs inglude Immo- and co- merso
propylene, WRBRINEED %Iyme?g% italns 11 8573%) gtg{n& Qf!?é%ﬂgb?‘ef?é"fgiﬁg% ‘tﬂ%‘b‘t%%-‘/
embodimeniemaned1ftoni he wéatoin whiesr tmbudatilentsinpbatinideme sgpara@dd dicmOtbéefinl ymefcandly
butene, perjgneidieXsRRnAAE If-PAARBIRERN o dRESESHEr 3 TR RGN i el e PRyRA N Bulike.

100601In a slurry polymerlzatlon a suspension of solid partlculate golymer is formed in a
polymerization medium is typically an alkane having from 3 to 7 carbon atoms, preferably a

branched alkane. The medium employed should be liquid under the conditions of polymerization
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liquid polymerization diluent medium to which ethylene and monomers and often hydrogen along with
catalyst are added. The suspension including diluent is intermittently or continuously removed from the

reactor wherg, the)yelatilgccomponents are separated from the polymer andpgegyshegs prienally after a
distillation, to the reactor. The liquid diluent employed in the polymerization medium is typically an

alkane having from 3 to 7 carbon atoms, preferably a branched alkane. The medium employed should
be liquid under the conditions of polymerization WO 2008/027116PCT/US2007/015873 and relatively
inert. Wheand rslepuely inediuy e epropens: ouwstivns ipresedatbly processdd pisferstilycopsastidratiovent

criical temperiligANEIREES LR AT eirahu R NEXPRRQLAD IspIdaNyNEdiiM s @M RIPYSfbutane

[0061]Typically, a slurry process can be are carried out at any temperature and pressure range
effective iMESAR SAPIA¥EPolymerization process. In general, temperatures can range from about

20C to 16Qadsiore SpgiifitlyaagasrincpidechoonneuirkOGrited0E ancyRispetsfaa ahdimeyabout
20C to 120C. Lo temperatures are Qﬁlrtlcqlarlg tlprgggrrlreg&% 0 |19Ie an q[ ed bene |t of formrn
discrete pé"t‘éf’e ttllre polym rnlgre}lerredlfo emperatures inclu Ude 058 en?pe Alired Bt VHEh
the polymérmat&hous 200dad QL. altémpepatmﬁe umges itirdndeo@n alurat. pfl?@mbly‘@é@s ahdmﬁﬁéi

and most pr C Y, the merl atlont rat i over
temperature ggé%i pre ergag oget eé E)ar?'rjefle“r)a It%’v Z‘H era % 58& é’r‘ggfi/
above 50@%@%@5!\&%9@ mlngebsmes oampémgeffrbm mmﬁﬂg ltxe‘srmd) lwmdgm@mm

(350 kPa),ipefasaiseliemparadiads (R0whiah e peiimafhasd50 MRRd e e aferpbiviansehaut 1
bar (100 kPa) to about 100 bar (10 MPa), and most preferably from about 5 bar to about 50 bar (5 ‘&5
¥ 10

MPa). In oM 090¢e emsaaﬁfré?kéy {res &ee&ﬂ&csrﬂrar@énretw@lwa %88 S0TGv Pretsrrbin,
MPa to a HiglypkaRasd R iiRpatdR Mae&e@otﬂﬁanm&a}m(mwﬁm&m%w@wb [ FERRBSS,

the monomers are miscible in the diluent or diluent mixture, i.e., constitute a single phase, while the

polymer preRQERA4<CrErs TR ADOV S0 Go AIeLemsh iy bR Yrord Hhe RIRERIARLY 2BRE F Ao difTesRuss s
solvent or eandiugefismddach (B @ I8Fejan wmesmdrba 0360k HaY, prebadblieRbng0.8lkanGS O &Pa0

from 3 to 7 ca bon %mes E%%f‘iﬁ’b a bdreanrég hed |sbaod<iield Errelﬁg%%a}an? o u%h(ing%ar ) 0

isobutane ana exane In"other ents, r%p;ﬂene IS use e mono
[0063]A prér&vr)aoppéwmehmfmatézzhﬁ‘mueamférrbarmoagw|éle W@cﬂ'}ﬁﬁérlzémmmcmme

essentlalIyaewrx,&rece&wempea&w@rwmwmgﬁm P deMe soMEPIPE r%tt;?

temperature at which the mer oes into solution. An example of such a technique is described in
U.S. Paterf ‘2‘4759%3’\/9 18 Pl orated herein by reference. Other slurry processes include
those empopé) onelnmmmmtchdmp o duiclunryepaitesy theknonaniers Arginiadibledhatieldileastors can

be used In g oRANBE! o COIBAIIA PR ASIR NARU WL BG PR AL R R BRSRRGR I lude

continuou 0o0op or stirred tank Processes other exam ocesses are edin

U.S. Paten¥éith gaadsspagatien figm the diluseh &tré"ramh%vperatedthemmfbremea%o
combinatiop eéaitrtre@rewgy, mppituréma@reﬁtﬂéadxeﬂd ROMEK NakeRE M oLPeibdaraRsREUICtion of

bimodal pol rr%er%l.{!I ﬁ% 0 e(mbogslrg\(e rfem areds u;!t u%gttér roces able of
producing reatar nlb % ?'r‘)OIyme ST @%ai‘ ﬁ1 PRSTE R P rgf‘e Bl@n r’égﬁgrpﬁﬂgh I5‘000
Ibs/hr -~ other embodiments, propylene is used as the diluent and the monomer.
[0063]) A preferred polymerization technique is referred to as particle form polymenzanon,
which is essentially a slurry process utilizing a supported catalyst wherein the temperature is kept
bélow'the temperature at which the polymer goes into solution. An example of such a technique
is described in U.S. Patent 3,248,179, which is fully incorporated herein by referertce. .Other
slurry processes include those employing one or more of a loop reactor or a stirred tank reactor.
A plurality of such reactors can be used in series, parallel, or combinations thereof. Non-limiting
examples of slurry processes include continuous loop or stirred tank processes. Also, other
examples of slurry processes are described in U.S. Patents 4,613,484 and 5,986,021, which are
fully incorporated herein by reference. Such combinations of stirred slurry, loop slurry, or stirred
and loop slurry reactors are useful for production of bimodal polymers. -
‘ [0064] In one embodiment, the reactor used in the slurry procéss is capable of producing

greater than 2000 1bs of polymer per hour (907 kg/hr), more preferably greater than 5000 1bs/hr
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WO 2008/027116PCT/US2007/015873 (2268 kg/hr), and most preferably greater than 10,000 Ibs/hr
(4540 kg/hr). In another embodiment, the slurry reactor is capable of producing greater than 15,000 Ibs
of polymer peydons/B8P¢ ka/hr), preferably greater than 25,000 Ibs/hr.(11848kaim)dsgout 100,000
lbs/hr (45,500 kg/hr). [0065]In one embodiment, polymer granules and supported catalyst particles are
present as solid particles in the slurry reactor, and the slurry diluent is a fluorinated hydrocarbon, one
or more hydrocarbons, or mixtures thereof. In one embodiment, the concentration of solid particles in

the slurry i¢&eRiFedos radtanebaprdevdiniesten Ammthed.0afdbithernidine daitinartible sratber
present in dhihstimim! hEQNESYFLBK §6l\abiBIer ATpRIBRNANP P MRS 15,000V BIsBSOH3B mer per
embodiment, the o%%&g;ticlemresent In the slurrégat a concentration less than or quual to 75
volume %Wé?i% Anfs Kt STRR oD 2R st (A L 0 ke s tarAP ot AL OAR Yendhrs
ranging fra@s,;500 kKg/hklume %; from 5 to 70 volume.%; from 10 to 70 volume %; from 15 to 70 volume
%; from 2 vol %:; ; me %:. from ;30 to 70 yolume %: oy. from 40th 70 volume
%. [0066] 0Bt les 4 gﬁﬁéﬁﬁgﬁégggﬁ %%l%e%rgﬁgg i ?°‘§‘."E>°é%é¥1t°ﬁ%]¥.sﬁ?ﬁ{i?!)e€o?’§,B‘E?i??b%?

5,236,998 sakhdl paggdessy theishaory yeeston/3nd abe whiah dilucolysincOnsoinatad hedsocaponfamnoe.

[0067]In-oRgRHAAIMEHENS G AiTAFEs THRAITIENS SHERRBIRIRWAN e BRE AR F 4itaTaicles
olefin(s) or. alpha-olefin(s), can also be prepolymerized with propylene in the presence of the catalyst

systems A& B IUTEYiT TUH P RE STGRIT R A orR RSty B e bngimenbr o pelicradtieles
provide ananelgegdnt i thotlaiyistoadisaceier Rastidgaadidhe priytichdin 25 0RGhO WM By RraiRpe IS
prepolymerized priar 1o ol rizatign with any gther mgnomer such as ethylene. The '
orepolymerSodinenl R S Bl e R T o oSO Rorempatin s
system thaYWpeeatés (ohis eteateden epdadisheokhtis isedidupaiticles cassptisan{OB68h¢n dwy at
embodimepsntigtRIGHRPIRAIRIPIONES6 WoRaHISH O & JUWEWBRESE &k 3SR to 70 volume

prepolymefization-temperatures and pressures, such as those temperatures and pressures described
herein for tﬁ’zea%BWrﬁgﬁ%?ﬁ)oﬁoﬂ)‘fﬂfeéﬁ eI xeiume 40 ERI A3 de dkArRS UriRBRoHR 7 8r

combinatiovohmakd;j ot feoprddan@d sbhnyerttlecular weight controlling agent such as hydrogen. For
examples olymerization RFo S, .S. Pate 448,221;,.4.789,359:; 4 833;
4,921,825;?2,28 ,273?%%%%7%%%1%@5?’052?%%5%|igﬁioﬁéﬁcpl\l'g%%é%q;’é a}ﬁaéeﬁ%ﬁ%ubﬁ%ﬁogngévo
97/44371, 240BHAMeh-26-AM; Andordthtsd peddiC ByWErOR/ARE2 Jombirh-aye folfzrincarpprateddustein
any reactobjarefafigssilar. weight control. As is well known to those skilled in the art, increased

concentratigns Af hydrogen relative to the |
Rﬂg'ﬁ yqn &m embodiment, one or more monomers such as ethylene or one or more C4 to-C3g

olefin(s) or alpha-olefin(s), can also be prebolymerizcd with propylene in the presence of the:
catalyst systems described prior to the main polymerization. Prepolymerization is particularly
preferred to provide an added benefit of forming discrete particles of the polymer. In one
embodiment, propylene is prepolymerized priér to polymerization with any other monomer such
as ethylene. The prepolyinerization can be carried out in a batch or continuous process. By
"continuous" is meant a system that operates (or is intended to operate) without interruption or
cessation. | |
[0068]  In one embodiment, the prepolymerization process is carried out in a slurry phase at
effective prepolymerization temperatures and preésures, éuch as those temperatures and pressures
described herein for the polymerization process. Prepolymerization can take place with any
olefin monomer or combination and/or in the presence of any molecular weight controlling agent
such as Hydrogen. - For examples of prepolymerization procedures, see U.S. Patent Nos.
4,748,221, 4,789,359; 4,923,833; 4,921,825; 5,283,278; 5,705,578 and European pﬁblication EP-
B-0279 863 and PCT Publication‘ WO 97/44371, all of which are fully incorporated herein by
reference. -
[0069] Hydrogen can be added to any reactor for molecular weight control. As is well

known to those skilled in the art, increased concentrations of hydrogen relative to the
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WO 2008/027116PCT/US2007/015873 concentration of monomer(s) in the reactor cause the
production of polymer of lower number average and weight average molecular weights. Density

[0070]In onep MRk SMRodiments, the polypropylenes produced accordingtpampodingnts
described have a density of from about 0.85 g/cc to about 0.96 g/cc, preferably from about 0.85 g/cc to

about 0.94 glee, more preferably from about 0.86 g/cc to about 0.91 g/cc. Density is measured in
accordance with ASTM method 1505. Crystallinity [0071]The polymers can be produced at different
crystallinit§PRRFOEaHRN RigMORSMEN(D PatHS: EARRILmISS, Ry Rrediekenpi-pobiaey, efolgprspytartent
high crystalisityd anipaisrtk kesdigxibladims aeadayer films, tough films and molded parts and high
clarity artiﬁess olypropylenes of lower crystallinity are favored. [0072]Preferably, the polymers are low
in crystalli ify measured by differential scanning calorimetry (DSC). In one embodiment, the
polymers wemxcepﬁmnaﬂwsnfurwbﬁﬁmmmtaum‘gmmwylaheermddméragébrdmg elastibdglirients -
another e ' inity that is relatively low. Qr in some cases
polymers Roue IS na SOMELER BBAE Ao s e e e T e b R 0,

greater th&F239RhauMer/emmatmmaferil x fom iphayti9 86t gfesdre pbouh ROV eMc1 SIPenstps or

5% or 1% nushr@MhaciorantiebaR A Banpmuiares with regard to propylene copolymers,
particularl E}r(o ilen_e-ethylene copolymers. 100731In another embodiment, the polymers have
crystallini& ’5? MR han or equal to 10%. In another emboediment, the polymers have crystallinity of

greater th400Gd pqualte 20%gmersgranatée thrdatedqatadiffe36i6 coyseajlinitio 1608k, OF or djdy thoistare

| to 5Q%. It i ' r {th Legard to propylene. hamonolymer.
The DSC b e MR e YL e BT e
Methods shexibieafiliage serb-tayem Bimsy daushdifimstsant e pedisde narisognde higha wdarityryastichiesty
that is higlpdlgropyRaey dhRywePdey seaRinigllvegaeated than 60%; preferably greatgr than 70%,

preferably [ggaﬂaer thﬁpeég%?y?tiﬁ? go %é?sngre low in crystall{nity as measured by diﬁ'éfential scanning
calorimétry (DSC). In one embodiment, the pol&mers are .exce'.ptionally, soft, while still retaining |
substantial tensile strength and elasticity. In another embodiment, the polyiners have a
crystallinity that is relatively low, or in some cases, the polymers have little to no crystallinity. In
such embodiments, tﬁe polymers have a crystallinity of not greater than 25%. In another
embodiment, the crysfallinity is not greater than 20% or 15% or 10% or 5% or 1%. Such
embodiments are particularly preferred with regard to propylene copolymers, particularly
propylene-ethylene copolymers. -
[0073] In another embogliment, the polymers ‘have crystallinity of greater than or equal to
10%. In another embodiment, the polymers have crystallinity of greater than or equal to 20%, or
greater than or equal to 30%, or equal to 40%, or greater than or equal to 50%. Such an
embodiment is particularly preferred with regard to propylene homopolymef. The DSC method'
to measure cryéiallinity in polypropylene is described in WO 04/014998, Test Methods section at
'pages 72-73. In other embodiments, the propylene polymers have a crystallinity that is high (
e.g. greater than 50%, preferably greater than 60%, preferably greater than 70%, preferably
greater than 80%)

Diene Content o

[0074] In ‘another embodiment, the polymer produced by this invention is substantially free
of diene-derived units. Dienes are nonconjugated diolefins which may be incorporated in
polymers to facilitate chemical crosslinking reactions. “Substantially free of diene”.is defined to
be less than 1% diene, or less than 0.5% diene, or less than 0.1% diehe, or less than 0.05% diene,

‘or equal to 0%. All of these percentages are by total weight of the copolymer that incorporates
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[0074]In another embodiment, the polymer produced by this invention is substantially free of
diene-derived units. Dienes are nonconjugated diolefins which may be incorporated in polymers to
facilitate chegigalsypssiigking reactions. "Substantially free of diene” is defipgd;tadedessshan 1%
diene, or less than 0.5% diene, or less than 0.1% diene, or less than 0.05% diene, or equal to 0%. All
of these percentages are by total weight of the copolymer that incorporates WO
2008/027116PCT/US2007/015873 the diene units. The presence or absence of diene can be
determined!iy 4ER% SRS n o rRIRSENRSC AR RRSERCORA1dinae Ratbe GotEsiTined hreerireiticagalirantd
producing aeﬁlﬁﬂ)tqnef having a Melt Flow Rate (MFR) as appropriate for the desired end use. For
purposes hﬁ{ 4\/IFI§ measured according to ASTM D 1238-95 (230C, 2.16 kg for PP 190C, 2.16
kg for all other polymers). € n one embodiment, the polymers have a MFR in the range of from 0.2 to

5000 dg/mlwﬂﬁﬁéferaﬁlw frorentohts 8aRbkgifivnodirdngrefpolirtefrhanidg  MBAF RGIMRiRLNBIFRdex
[00761Thedﬂﬂ%ﬁ?ﬁ%'%ﬁﬂé‘m&ﬁ@&%qﬂé‘g%PBD@?&P% %Wfs”%%’és%?eﬁpﬁ R 10 ASTM
D' 1238-95 (230°C, 2.16 kg for PP 190°C, 2.16 kg for all other polymers). In one embodiment,

the polymers have a MFR in the range of from 0.2 to SOOO dg/mm preferably, from 0.4 to 3000
dg/min, and preferable from 1 to 2500 dg/mm
Melt Index

[0076] The mventlon is capable of producing a polymer havmg a melt index as appropriate
for the desired end use. The melt index (M) is preferably measured according to ASTM D 1238
(230°C, 2.16 kg for PP, ~l90°C, 2.16 kg for all other polymers). In one embodiment, the
polymers have a melt index of from about 1 dg/min to 3000 dg/min. Preferably, the polymers
have a melt index of from about 10 dg/min to about 1000 dg/min, and most preferably from
about 20 to about 750 dg/min. In a particular embodiment, a propylene copolymer can be

produced that has a melt index of from about 10 dg/min to about 2500 dg/min, or from about 15
dg/min to about 2000 dg/min.

Melting point

[0077) The invention is capable of proélucihg a polymer having a melting temperature or-

melting point as appropriate for the desired end use. In one embodiment, a polymer is produced

having a meltiﬁg point greater than or equal to 75°C. In another embodiment, a polymer is

produced having a melting point greater thaﬁ or equal to 150°C. In another embodiment, the
_polymers have a melting pbint of greater than or equal to 95°C or greater than or equal to 100°C.

In a preferred embodiment, the polymers have a melting point in a range of from about 50°C to

200°C, preferably in the range of from about 60°C to 190°C, more preferably in the range of from

about 70°C to- about 180°C. A preferred- method for measuring melting point is Differential

Scanning Calorimetry (DSC) analysis (ASTM E-794-95).

Heat of Fusion .

[0078]) The invention is capable of producing a polymer having a relatively low heat. of

fusion. In one embodiment, the polymer that is produced has a heat of fusion of not greater than
140 J/g. In another embodiment, the polymers have a heat of fusion not greater than 110 J/g, or

100 J/g, or 80 J/g, as determined by DSC. In another embodiment the polymers produced herein

have a heat of fusion of at least 5 J/g, preferably at least 10 J/g.

{0079] The procedure for determining Heat of Fusion, among other things, by Differential

Scanning Calorimetry (DSC) is described as follows. Preferably, about 6 mg to about 10 mg of a
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for the desired end use. The melt index (M1) is preferably measured according to ASTM D 1238
(230C, 2.16 kg for PP, 190C, 2.16 kg for all other polymers). In one embodiment, the polymers have a

melt index ofi{i@ @Y% dg/min to 3000 dg/min. Preferably, the polymers,pana s énslisipgex of from
about 10 dg/min to about 1000 dg/min, and most preferably from about 20 to about 750 dg/min. In a

particular embodiment, a propylene copolymer can beproduced that has a melt index of from about 10
dg/min to about 2500 dg/min, or from about 15 dg/min to about 2000 dg/min. Melting point [0077]The
invention isheapabtbeopglsmkrcnpresgesl\ahapiravimptin 2ANTE tordpeiciuemoredetithgamintiadie and

appropriatg i D46 IFSGhE bh ISRl ARE HMRAGIMN IR RRIYBRSESPIRH R ARBNdi @ neling goint
greater than or equal to 75C. In another embodiment, a polymer is produced having a melting point
greater thdnifFiegtial franes err?é?reﬂﬁb&ﬂﬁa'ﬂ}%'é,d&%ﬁé%% e@mﬂﬁeﬁrﬁoﬁm ggé r

than or equakte.8hfle a5 giantRatbn abeaRO0/AAAC HbeuprSiETedrasesiabshtpie ipebonidesl have
a melting ppintinar of fram about 50C,to 200C, preferably in the range of from aboyt 60C to
1900, monES s SR IR AR B H5or S ittt DA B S e Al o
measuring3d¢ltiegaboirt i L fard mahSchetmieenGhéoiémptmt(DS ©f abeiy 140 AsT abeut/200%5). Hwat of

Fusion [00g8IThe InVGatiRNis.caRARIE ALRLOYEInG.A RNTREhAYIDE A slal e kIou:herhotivaiap. In

one embodiment, the polymer that iéﬁgoduced has a heat of fusion of not greater than 140 J/g. In
another erPSd¥iriteFREQFED G ther ek demperatwerdnidhentrelieg s ahan PEORRICHN 1ysYimpss /g,

as determipgdulatddSising)the edhau R Tassd iedériie: RAND JSul S gHEEIR @il s gra)] e a00f rign of
at least 5 J/g, preferably.at least 1031g. [0079]The procedure for determining Heat qf Fusion, amang
other thingE ) B REALH GRS EOALTR DL f oL U A Ay LT Ao

mg to abouwér® nigabical fv@ BROBAAT HRIbheR 2B0Tyd Bairons hublisheth byphihm &ikey andsSonst
approximaigh, 2P0k 109530k VR AIARYIE 83940 Ged'8sARE heABPRATRA 1" 99%&%5}9&@“ re for 48

hours. At the end of this period, the sample is placed in a Differential Scanning Calofimeter (TA

InstrumentYIflesap F¥erghhand Maleenlap WeightDistrabutia e is then heated at about 10C/min to

about 230qo0i8e]ther vl evullat vl ghtdistcithaioihvived)Lis danéasureeifite pame of tholseautyp| orvifhed is
typically at a.maximum peak,at about 30C ta about C and gcecurs between t eMORABULES f
about 0OC amj[%goﬁt%5&??%"5%%%?%0&1& IS r%végs%]rlg In (?%I(g}?sepgrrea?r‘glmogsatgemeasurecg?tclgl’g

heat of fusieharaterizrdththomtins eicordeusamelrepankveighbayatagesirpunh mdhmmie ak trwgightent
crystallinity jgeradeUirsRe uisinGe Bt Ry il aulatRp ANGesdhRctetVR{JREERS/ WRIMUA S e ot ke

100, where B is the heat of fusion for the homopolymer of the majormonomer component. The values

for B were GERXFTREF AP SHIPERSRL IO hA MM 2586 BAEEHARNSIENNEMBhn Wiley and Sons,
New York 18081 A vaMevpMiBand/MBhte usaduredity GRCAiGek Renfeatioly Clopyiatngrdghigauimg a

Weight andd%%k%ﬁldlﬁr )é’ﬁé@ﬁ%@ ii?lt&i&"tml) detector. This method uses a Waters 150C- GPC gel
permeation chromatograph equipped with a Waters differential refractometer that measures the
difference between the refractive index of the solvent and thét of the solvent containing the
fracﬁonated polymer. The system is used ét 145°C with 1,2 4-trichlorobenzene (TCB) -as the
mobile phase and stabilized with about 250 ppm' of butylated hydroxy toluehe (BHT). The flow
rate is preferabiy 0.5 mL/min. Three PLgel Mixed-B columns (Polymer Laboratories) are also

"used in this measurement. This technidue is discussed in Macromolecules, Vol. 34, No. 19, pp.
6812-6820, which is incorporated herein by reference. ‘ )
[0082]  The separation efficiency of the column set can be calibrated using a series of narrow
Mw/Mn and Mw/Mz polystyrene sténdard,s, which reflect the expected Mw range for samples
and the exclusion limits of the column set. At least 10 individual polystyrene (PS) stahdards,
ranging from Mw ~580 to 10,000,000, are preferably used to generate the calibration curve. The
polystyrene standards can be readily obtained from known sources. such as Polymer Laboratories
(Amherst, MA) or an equivalent source. To assure internal cdnsisten’cy, the flow rate is

' preferably corrected for each calibrant run to give a common peak position for the flow rate

marker (taken to be the positive inject peak) before determining the retention volume for each
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[0080]Molecular weight distribution (MWD) is a measure of the range of molecular weights within a
given polymer sample. It is well known that the breadth of the MWD can be characterized by the ratios

of various meleeulas yyeight averages, such as the ratio of the weight averggerelssiiaisagight to the
number average molecular weight, Mw/Mn, or the ratio of the Z-average molecular weight to the

weight average molecular weight, Mz/Mw. [0081]Mw, Mn and Mz are measured by GPC (Gel
Permeation hromato raphy using a differential refractive index (DRI) detector. This method uses a

Waters 15885 ﬁ’é‘ilﬁﬁ atibrf deshiatskeaprEapiven iinredorphlsesadiorepmast dreaBawreter
that measms;tlaeaniyﬁfﬁrg sm@ekweeadh&m&meﬂv&mdgmf {RersivesH aeﬂlﬂi@)tc%tb@ MRIRdd by

containing the f actl nat lymer. Th e ste |s u 145C with 1 chlgr e e (TCB) as
the mobile pﬁas‘lli 8@1 st%lﬁxf? &d With 5bo 5@5 pp %?%ﬁ[ Fa?e&l h)%lr‘icil éﬁégi‘ggl Yate
is preferaba®. sehip/adh. m@ﬁlygemkeﬁameansb(I%ohlmd Imhrﬁélbf:mekqmasam USHORIPtbis

measuremei. VRIRIECBUAIA SR A QIREASc ol Braibn {Bndedn - PRI EREAR, Wia'oh

is incorporated herein by reference’ [0082]The separation efficiency of the column set ca

calibrated RS Ne ARbIItEG  RSRRIRIAIES B ROV IADE 19RdpFdR O knaRm STRIRRIRFcisighte A

expected Notwaageniof polyyrieenndrhrioxsibiuing iBlimead et atdrnamRidd! teas! Aitlividefime
polystyrene 1(PS) andards 9139 &n Mw -580 to 0, OOO OO are preferably used to generate the
r

erm lecular,
calibration curve e Sta EARBE readm)'/ fained from known sources such as

Polymer Ldﬂ%&lorleMmEGmDIMA%mmthathéﬂfmm ixprsalaonsistency, the flow
rate is ' preferably correct h calibrant run to give a common peak position for the flow rate
marker (taken to be t itlvé Inject peak) before determining the retention volume for each- WO
2008/027116PCT/1J" @;\EQZB polystyrene standard. The flow marker peak position is preferably
used to correct the flow rat&when analyzing samples. A callbratlon curve (logMw vs. retention volume)

can be gengialedpussredipie telsnieno i ALhe pealunbe RRYSIOAT eadh 85 e

standard, and fining this data set to a 2" order po )I/lﬁomla amples yzed usihg

WaveMetriBmbgr Wmlﬁﬁﬂl%é&&% Mo-sdfheara Tdr Mamthie weishy aysrage aned¢tyatioveight
constants. ¥fe cwHamsam Mq?m@u-smg%%@ww PRlYSTHERETRNUAKES RINCBOW (.

molecular AC on of ne retention volume obtained from the standards, to the
retention v%‘%g%f’ ﬂ%\éf)po ?gﬁxy Ifiet‘ff’érﬁﬁﬁ wpe M xales AR eneaaA %?ﬁﬁm&lar

weights M mﬂtkemmptﬂ@dahmdhedaxpuesslon o Methill ity £dr kbxivinple, Slade, P. E. Ed., Polymer
* Molecular Weights Part II, Marcel Dekker, Inc., NY, (1975), pp. 287-368; Rodriguez, F., _
Principles of Polymer Systems 3rd ed., Hemxsphere Pub. Corp., NY, (1989), pp. 155-160; U.:S.
Patent 4,540,753; Verstrate et al., Macromolecules, vol. 21, (1988), p. 3360; and references cited
therein.
[0084] In one embodiment, the polymer 'prc')duced herein has a we‘:ightAaverage molecular
weight (Mw) of from 5,000 to 5,000,000, or from 20,000 to 1,000,000. The polymer can have an
A M, (number-averagcl molecular weight) value from 300 to 1,000,000, or between from 700 to
300,000. The polymer can have a molecular weight distribution (MWD), which is defined as a
ratio of weight average molecular weight to number average molecular weight (MWD =
Mw/M,), of greater than 1, preferably from 1.5 to about 20. In some embodiments, the polymer
has a M./M, of at least 1, preferably from about 1 to 15, while in other embodiments the polymer

has a M,/M,, of at least 1.5, preferably from about 1.5 to 10 or about 2 to 9 or about 3 to 8 or
about 3 to 7 or about 2 to 10.

- Tacticity .
[0085] The tacticity index, expressed herein as “m/r,” can be determined by '3'C nuclear
magnetic resondance (NMR). The tacticity index m/r is calculated as defined in H.N. Cheng;
Macromolecules, 17, p. 1950, (1984). The designation “m” or “r” describes the Stereochcmistry

of pairs of contiguous propylene groups, “m” referring to meso and “r” to racemic. An m/r ratio
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where 14, is the number of molecules having a molecular weight M1. When n = 0, M is the number
average molecular weight Mn. When n = 1, M is the weight average molecular weight Mw. When n -=

2, M is the Z gyeiadpnglecular weight Mz. The desired MWD ftmction (e.ge My 1/ Mw) is the
ratio of the corresponding M values. Measurement of M and MWD is well known in the art and is

discussed in more detail in, for example, Slade, P. E. Ed., Polymer Molecular Weights Part Il, Marcel
Dekker, Inc., NY, (1975), pp. 287-368; Rodriguez, F., Principles of Polymer Systems 3rd ed.,
Hemispheref Pébeasrpllyntesqribe sppdipssticpoly8er atsha IBACARBRo\&PxArcatactialmaterial. An
Macromolqu{e&a%?&.&ﬂ%mﬁ%%@%&eéeae% CHRA RN IARRY ] ANm &Y %?8&1&&“9

polymer produced herein has a weight average molecular weight (Mw) of from 5,000 to 5,000,000, or
from 20,008K460 BOLVERSE: e SURHER CAR SRS SAmiem (L FFB- A\ B o BreRErH b ) Varise
from 300 teh/eRbnads eréferatdghirena TAAit030AIGRANThanghifesitan Ioae RuobFcal o We&ghﬁ

distribution R i\/&g’@ ils\l/(\'(i],egi as a ratio of weight average molecular weight.to number average
molecular M of greater than- 1, preferably from 1.5 to about 20.'In some

embodimer®93le po&m%hh(we@amab@ feprafsianigi oniastiony nbthe propideine ouicy is the

embodimenis the aly Behdias Rdde/ MRl dhlp atikiy RHAl Y'Y quy&ﬂeﬁé&&%%a?&i# 6613 9
or about 3 to 8 or about 3 to 7 or about 2 to 10. Tacticity [0085]The tactic é& érb\?fgx&e essed herein as

"mir," can FEWERSHAR WSS, II8CT: OBy Ieng RIS, AchfiafoagRitnR PIRS expressed as
calculated asitriiyedrtbinaNofbefgand ammewles ,liﬁsmﬂﬁéqnél&%ﬂas thearARS I BY A Bersf 1
describes the.sterepchemistry of pairs uous len Siom) referrlng to meso and "r" to
racemic. An mtsfr rEa‘%lgo WG ‘Sé%%gfopﬁkf E?}[ﬁ% !)ogi%%%g g%engo a?ﬂn Gescribes a syndiotactic
polymer, arf@0&TIm/r rktio bfad dagticstadiummfestiah)Aindsstatiic melmbthebmntm beydétaneinaditio
approachlng,dﬂﬁgltgfcmﬁmégynpggg% alast RRip have sufficient isotactic content to result in
ratios of greater than 50. Various embodiments preferably have a tacticity index m/r ranging from a
lower limit of 4 or 6 to,aﬂ,gpm{olﬂmLoL&ou_B_‘?ﬁMlQOBﬁ]An_ancnlary procedure for the descrlptlon
of the tacticity of the propylene unit®FP{re)seFdinn BB Index. The triad.tacticity index of a
polymer is g el pbye-danyi Ibrehd SEAUSISG 9 LiliGe aédﬁcs@wa@%%dm e ﬁle{i@rﬁw BSSIP O

head to tail bonds, expressed as a binary combination of m and r sequences. It is usually expressed

as the ratio6F9Rd M%F&mem@nwﬁa&’e&%ﬁ Icm?ﬁ%mﬁ'e‘?ﬁ‘&&sbﬁpﬂﬁe

copolymer. CH3 CH, CH,
| PPP(mm): —'(CH—CHZ c|;H—CH2 <|:H——CH2)———
' . | CH, CHj, '
PPP(mr): —-((LH CH, (IZH—-CHZHCH—CHz)‘_ |
‘ CI:H;,
CHa , CHy

PPP(rr): '——(cle——CHz CH, (|:H—CH2)—
| . CHj

[0088] The “C NMR spectrum of the propylene polymer is measured as described in U.S.
Patent 5,504,172. The spectrum relating to the methyl carbon region [19-23 parts per million
(ppm)] can be divided into a first region (21.2-21.9 ppm), a second region (20.3-21.0 ppm) and a
third regién (19.5-20.3 ppm). Each peak in the spectrum was assigned with reference to an
article in the journal Polymer, Volume 30, (1989), p. 1350.

[0089] In the first region, the methyl group of the second unit in the three propylene unit
chain represented by PPP (mm) resonates. In the second region, the methyl group of the second
"unit in the three propylene unit chain represented by PPP (mr) resonates, _and the methyl group

(PPE-methyl group) of a propylene unit whose adjacent units are a propylene' unit and an
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100871The triad tacticity (mm fraction) index of a propylene polymer aan be determined from a 13C
NMR spectrum and the following formula: PPP(mm) mm Fraction = PPP(rnm)+ PPP(mr)+ PPP(rr)

where PPP(Ryghi®i2671% and PPP(r) denote peak areas derived from thepg@gihv ghryhs of the
second units in the following three propylene unit chains consisting of head-to-tail bonds:
CH3CH3CH3 Il H2HcH -CH2HCH CH 3CH3 -ECH-CH2HCH-CH2HCH-CH4-- CH3 CH3CH3
| ethylene unit resonates (in the vicinity of 20.7 ppm).  In the third region, the methyl group of the
second unit in the three propylene unit chain represented by PPP (rr) rcsdnatcs, and the methyl
group (EPE-methyl group) of a propylene unit whose adjacent units are ethylene unit resonates
(in the vicinity of 19.8 ppm) . .
[0090] ~ The calculatlon of the tnad tacticity index is outlined in the techniques shown in U.S.
Patent 5,504,172. Subtraction of the peak areas for the error in propylene insertions (both 2,1
and 1,3) from peak areas from the total peak areas of the second region and the third region, the
peak areas based on the 3 propylene unit-chains [PPP(mr) and PPP(1r)] consisting of head-to-tail
V bonds can be obtained. Thus, the peak areas of PPP(mm), PPP(mr) and PPP(rr) can be evaluated,
and hence the triad tacticity index of the propylene unit chain co_nsi.sting of head-to-tail bonds can
be determined. A ' |
[0091] In one em'bo'dim_eﬁt, the polymers have a triad tacticity index of three propylene units,
as measured by *C NMR, of greater'than 75%, or greater than 80%, or greater than 82%, or
greater than 85%, or greater than 90%. ' :
[0092]) The insertion of propylene can occur to a small extent by either 2,1 (tail to tail) or 1,3

insertions (end to end). Examples of 2,1 insertion are shown in structures 1 and 2 below.
Structure (1): -

CHj

. [ N

—fcH—on, CHT—CHzHCHz——CHHCHz——-CHzHCH
Structure (2): '
- ) A' . B' A'

CHs CH3 CH; . ’ CHj ‘CH3

—{c‘m——éu, cI:H———cgi2 cn,——ln)——(cm——cm);(c‘:n—cr-lz (|:H——CH2)—'—

where n > 2. ‘
[0093] A peak of the carbon A and a peak of the carbon A’ appear in the second region. A
peak of the carbon B and a peak of the carbon B' appear in the third region, as described above.
Among the peaks which appear in the ﬁrst to third regions, peaks which are not based on the 3
propylene unit chain consisting of head-to-tail bonds are peaks based on the PPE-methy! grdup,
- the EPE-methyl group, the carbon A, the carbon A', the carbon B, and the carbon B'. V
[0094] The peak area based on the PPE-methyl group can be evaluated by the peak area of
the PPE-methine group (resonance in the vicinity of 30.8 ppm), and the peak area based on the
EPE-me}hyl group can be evaluated by the peak area of the EPE-methine group (resonance in the
vicinity of 33.1 ppm). The peak area based on the carbon A can be evaluated by twice as much
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--(CH-CH2)._.ECH-CH2HCH-CH2)--- cH3 [0088]The 13C N/VIR spectrum of the propylene polymer is
measured as described in U.S. Patent 5,504,172. The spectrum relating to the methyl carbon region

[19-23 parts Rgy spikigsy{pPm)] can be divided into a first region (21.2-21.9 ppiis3os8aeeResregion
(20.3-21.0 ppm) and a third region (19.5-20.3 ppm). Each peak in the spectrum was assigned with
reference to an article in the journal Polymer, Volume 30, (1989), p. 1350. [0089]In the first region, the
methyl group of the second unit in the three propylene unit chain represented by PPP (mm) resonates.
In the secendhegiak, tneamétigl grabmofcirbae msdranitanihhehvieingsop3he ppinghaiwtegiedhented

by PPP (mplfesonaigeofid BIfaieE M ereuny/ bhradaSiny HEQuR 9F& RERY G B b BikuiiPae aligeent

units are a propylene unit and an WO 2008/ 27116P'CT/U82 07/015873 ethylene unit resonates (in
the vicinitye¥tiated anthe peakated af dgiadiagsatmeihing srkeairionarsnHa hevisimy ok d3-ppylene
unit cr;]ain &%nesaaueﬂ brolP6Y % WBS,WM%?BMH&BB {Efeidgrg&tmgsq%gﬁ?@mylene
unit whose adjacent units. are ethylene unjt.resonates (in the vicinity of 19.8 ppm). e
calculaton 5 I8 PPt doRy RSP TSI P07 CSERTHAEE S AEHEE SF R AP Bond e
Subtractiopeaktaeepebisedeas fibetivarbororBh paopbtendsisarioatsd baghtBe]l sijutén8)rivahinec akrboeas
from the t%@kgﬁg}g@{gﬁeqfimg@%;sm and the third region, the peak areas based on the 3

' (

propylene unit-chains [PPP(mr) and PPP{(ir)| consisting of head-to-tail bonds can be obtained. Thus,

the peak ale3%5bf PP sHbiyartme thescprrloapes froan the total pstkareashtscsspnd region and the

index of thehRIPRPRIE Yt sdariACAN VLD 6 B dhted FikbiNeiseCanenaiRie (PPPERr) and PPP(mm)]
consisting of head-to-tail bonds can be obtained. Thus, the peak areas of ?PP(mm), PPP(mr) and
PPP(rr) can be evaluated, and the triad tacticity of the propylene unit chain'con'sisting. of head-to-
tail bonds can be determined. o . 4
[0096]  The proportion of the 2,1-insertions to all of the propylene inscrtioﬁé in a propylene
elastomér can be calculated by the following formula with reference to article in the journal
Polymer, vol. 30 (1989), p.1350.

[0097]  Proportion of inversely inserted unit based on 2,1-insertion (%) = -

0.25Iaf (structure(i)) + 0.5Iaf (structure(ii)) - .
Iaa + Iaf(structure(ii)) + 0.5(Iay + Iaf(structure(i)) + 1ad)

[0098] Nming of the peaks in the above formula was made in accordance with a method by
Carman, et al. in the journal Rubber Cheﬁn‘stry and Technology, volume a4 (1971), p.781, where
Is denotes a peak area of the ad” secondary carbon peak. It is difficult to separate the peak area
of Jap [structure ()] from Iaf [structure (i7)] because of overlapping of the peaks. Carbon peaks
having the corresponding areas can be substituted. therefor. .

- [0099} The measurement of the 1,3 insertion requires the measurement of the By peak. Two
sirucn‘mas can contribute to the By peak: (1) a 1,3 insertion of a propylene monomer; and (2) from
a 2,1-insertion of a propylene monomer followed by two ethylene monomers. Ti’lis péak is
described as the 1,3 insertion péak, and the procedure described in U.S. Patent No. 5,504,172 can
be used, which describes this By peak, and which is understood to represent a sequence of four
methylene units. The proportion (%) of the amount of these errors was determined by dividing
the area of the By peak (resonance in the vicinity of 27.4 ppm) by the sum of all the methyl group
peaks and 'z of the area of the By peak, and then multiplying the résulting value by 100. If an a-
olefin of three or more carbon atoms is polymerized using an olefin pol);merization catalyst, a

. number of inversely inserted monomer units are-present in the molecules of the resultant olefin

polymer. ' In polyolefins prepared by polymerization of a-olefins of three or more carbon atoms
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[0091]In one embodiment, the polymers have a triad tacticity index of three propylene units, as
measured by 13C MIR, of greater than 75%, or greater than 80%, or greater than 82%, or greater than

85%, or greajes Yaak) 398y [0092]The insertion of propylene can occur to aggpalkssgepisyseither 2,1
(tail to tail) or 1,3 insertions (end to dnd). Examples of 2,1 insertion are shown in structures 1 and 2
below. Structure (1): AA CH3CH3CH3CH3CH3 | ECH-CH2M4HT--CH
CH2----CHHCH2-CH2HCH-CH2HCH-CH2)-- Structure (2): AB'A' CH3CH3CH3CH3CH3 |
CH-CH2H®DHbe rms¢ata 20+ hioal utkyol gpnd) ratttlot@he-0ype catalyst, 2,1-insertion or 1,3-insertion

takes place in addition to the usual 1,2-insertion, such that inversely insenéd units such as a 2,1-
insertion or a 1,3-insertion are formed in the olefin pofymer molecule [see, Macromolecular
Chemistry Rapid Communication, Volume 8, p. 305 (1987), by K. Soga, T. Shiono, S. Takemura
and' W. Kaminski]. . - ' '
[00100] In one embodiment, the proportion of inversely inserted propylene units, based on the
2,1-insertion of ‘a propylene monomer in all propylene insertions, as measured by '*C NMR, is
greater than 0.5 %, or greater than 0.6 %. | ' '
| [00101] In one embodiment, the préportion' of inverseiy inserted propylene units, based on the
1,3-insertion of a propylene monomer, as measured by Be N_MR, is gréater than 0.05 %, or
greater than 0.06 %, or greater than 0.07 %, or greater than 0.08 %, or greater than 0.085 percent.
Intermolecular Dist'rib'utior; of Tacticity '
[00102) " “Various embodiments preferably have a statistically insignificant intermolecular
difference of tacticity of polymerized propylene between different chains (intermolecularly).
This can be determined by thermal fractionation by controlled dissolution generally in a single
solvent, at a series ‘of slowly elevated temperatures. These controlled dissolution procedures are
commonly used to separate similar polymers of different crystalliﬁity due to differencés in
" isotactic propy'lene sequences,-as shown in'the~ article in "Macromolecules”, Vol. 26, p. 2064
(1993). | |
[00103] Inone embédiment, at least 75% by weight, or at least 80% by weight, or at least 85%
by wéight, or at least 90% by weight, or at least 95% by weight, or at least 97% by weight, or at _
least 99% by weight of the polymer is soluble .in a single temperature fraction, or in two adjacent
‘temperature fractions, wnh the balance of the polymer in immediately preceding or succeeding
temperature fractions. - These percentages are fractions, beginning at 23°C and the subsequent
fractions are in approximately 8°C incréments above 23°C. Meeting such a fractionation
requirerf)ent means that a polymers have statistically insignificant intermolecular differences of
tacticity of the polymerized propylene. |
lntermolécular Distribution of Composition
[00104] Various propylene-ethylene copolymer embodiments have statistically insignificant
intermolecular differences of composition, which is the ratio of propylene to ethylene between
different chains (intermolecular). This compositional analysis is by infrared spectréscdpy of the
fractions of the polymer obtained by the controlled dissolution procedlire described above.
[00105] A measure of the statistically insignificant intermolecular differences of composition;
each of these fractions has a composition (wt.% ethylene content) with a difference of less than

1.5 wt.% (absolute) or less than 1.0 wt.% (absolute), or less than 0.8 wt.% (absolute) of the
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where n 2. [0093]A peak of the carbon A and a peak of the carbon A" appear in the second region. A
peak of the carbon B and a peak of the carbon B' appear in the third region, as described above.
Among the pgaksoydhish appear in the first to third regions, peaks which arg#piRased Qg4e 3
propylene unit chain consisting of head-to-tail bonds are peaks based on the PPE-methyl group, the
EPE-methyl group, the carbon A, the carbon A’, the carbon B, and the carbon B'. [0094]The peak area
based on the PPE-methyl group can be evaluated by the peak area of the PPE-methine group
(resonancevierage vidibetyedivdeng prmierandfiibeeshodecadpabodeasn theeriagrughy| 3yrfaptcaatbm
evaluated foy e ReakRLeR: Al e, FyIEHAC QERURUIRP AARAEHMR SR LTS el er

peak area based on the carbon A can be evaluated by twice as much
2008/027 1°RERRETHIB B ER 1589 5240 plePFRRMleRre? SHirEMethine carbon (resonance in the vicinity of
33.9 ppm) pelwhigiBleaddaiiyAgionp of the carbon B is directly bonded; and the peak area based on

the carbon A be evaluated by the peak,area of the adjacent methine carbgn: (resonance in the
vicinity of J008 TRl 5 B TR BE B R B OB EHo BB r R kTt SYHE Ban
be evaluatdestrjbitbhpesik aradobihndadjandior vrstindahitn angsshempel ymtiton piimass.38. oppm);
and the pegle A(ea0aSeH QLI FURRLE mﬁ%ﬁlﬁﬁg%‘{&h@@ QY oRE- BRI BRIGNEFRBR B w

(resonance 11 the vicinity of 33.6 ppm). [0095]By subtracting these peak areas from the total peak
areas of théegsitppalyetislenarpPrdurridiviafionvenpiopehkiseiersNarceapdor vl dispd matalioesne-
chains [PPRfarang st Riabanis)spnstembanchightatdasngs lown dénsibjaputgetiylene thagheaknigas
of PPP(mm), PPP(mr anddP PM(Q can be evaluated, and the triad tacticity of the propylene unit chain
consisting ?’H’Eg’ “otan B _§ can'be determined. [0096]The proportion of the 2,1-insertions to all of
the propyle[ﬂ@lﬁ%lar;idﬁs pp&'mgpwmmdabmmshdamﬁeg:aim&wu by fihm felientiandf fibvertx tryision
reference o artigle 6 QuraRliRQ BB mielidg, ChARAbP i WA ARSAP AU IPUARISENIude
inserted unit based on 2,1-insertion (%) = : - _

blown or cast films formed by coextrusion or by laminatjon useful as shrink film, cling film,

stretch film, sealing films, oriented films, snack packaging, heavy duty bags, grocery sacks,
baked and frozen food packaging, medical packaging, industrial liners, membranes, etc., in food-
contact and non-food contact applications. Fibers include melt spinning, éolu'tiqn spinning and
melt blown fiber operations for use in woven or non-woven form to make ﬁlters,- diaper fabrics,
medical garments, geétextiles, etc. Extruded articles include medical tubing, wire and cable
coatings, pipe, geomembranes, and pond liners. Molded articles include single and multi-layered
constructions in the form of bottles, tanks, large hollow articles, rigid food containers and toys,
etc. o ' ' .
[00108] The films can be formed by any of the conventional techniques known in the art
inclﬁding extrusion, co-extrusion, lam.ina'tion; blowing and casting. The film may be obtained by .
the flat film or tubular process which may be followed by orientation in a uniaxial direction or in
two mutually faerpendicular directions in the plane of the film to the same or different extents.
" Orientation may be to the same extent in both directions or may be to different extents.
Particularly preferred methods to form the polymers into films include extrusion or coextrusion
on a blown or cast film line.
[00109] In another embodiment,.the polymers are made into a film by methods known in the
art. For film applications, the polymérs have an I, value of from about 2 to about 100 dg/min,
preferably from about 2 to about 50 dg/min, and more preferably from .about 2 to about 30
dg/min. Iy is measured by ASTM Method D 1238. _ | .
[00110] In another embodiment, the polymers -are made into a molded article by methods

“known in the art, for example, by blow molding and injection-stretch molding. For molded
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0.251a13(stn4cture(i))+ 0.51al13(structure(ii)) Ix 00 Ma + la/3(structure(ii))+0.5(lay + lafi(structure(0)+
la8) [0098]Naming of the peaks in the above formula was made in accordance with a method by
Carman, et aly g douial Rubber Chemistry and Technology, volume 44 49 opxi8d73vhere Icca
denotes a peak area of the a8+ secondary carbon peak. It is difficult to separate the peak area of /aft
[structure (i)] from 1443 [structure (ii)] because of overlapping of the peaks. Carbon peaks having the
corresponding areas can be substituted therefor. [0099]The measurement of the 1,3 insertion requires
the measutBphsationththa Bolpesks raye adufifrencahasAbidelmin theb®y Hedi/ntis) and, Brifesrtion of

a propylengdROIIRESS 7 kbt a4 dpastiion of a propylene monomer followed by two ethylene -
monomers, This peak is described as the 1,3 insertion peak, and the procedure described in U.S.

Patent No 1%"484117 ", SOTRET SO IER il PRET BRRATS s ke R @ eihads dpatman the
represent arseduenmpeohfplicatietisy|drepolyiaeshkapeono ool dbewarovriteiitheSghHfSahas
determine [yl e ‘of the k (resonance in the vicinjty of 27,4 ppm) by. the of
all the met%i%%%%% r|ci)lgé°a sag% %1?2{§fatﬁ§}gr%eea§ %/f(x'fﬁ% [rs.la;r/l paélgigl ‘gn?jnfé(e)%}rﬁn% %ip y?n%P ees?eguﬂffnség\glue
by 100. If Avahbrafenst tHreangtheiormbedbapnhitthn Piespalyinensien issisgdle aekn palysthaticntipipe
catalyst, a kel prédiesa Wy4Nsersed MGRRNES/pitReadeHAESSR iprihermRieauiss afdbereeuliagt
olefin polymer. In poly lef'ns pre a;b@g bﬁgo(ljsmerization of a-olefins of three or more carbon atoms
WO ZOOB/WEAEE’Q@%M% S SR ﬁeg%ﬁgé‘%?m[ﬁr]aa&&my ligand metallocene-type
catalyst, 2 [pédg2jtiolmadothénseibodiirdiasthtapelymaridiidve i harusionl thie-o1geetitn thasasbad 17
inversely i t nits 2.1- insertign or a 1.3-insertion.are formed in the olefin pglymer .
motecule [ODRiALE TATA R drt ol RE D S loRes B Pintiac, A (08 0
Soga, T. SHhieheusintak & Kafu/omiad i sitfundetood indomersrpbefdinhingritateptbpoatmmo?2
inversely inseMea-RFCRY(BNRA KYIhr/BRAYeH @B tiewnkeiagktion of a propylene monomer in all propylene
insertions,f?%ﬁg sured b)ﬁBC NV\%R% is greater than 0.5 %, oré;reater than 0.6 %. [00101] In one
embodiment, %roé%ﬁi% SR Eﬁi a3 eS Fifd Ay Sertharirentia pdditiyss e as
propylene signomthleskneatiuridhbts,Bfigdiidirs,isfliententhifog). A5Vo sabiltaaior dhaandls) 6pbbyaer
greater th o0, QF gre .089 r 0.0 rcent. Intermolecular Distribution
of Tacticit?ﬂﬁ% %Sﬁ]é (%/%Efc%rj sﬁéiln%k?g%&rﬁg e 2&%‘%% ?éb y | %\%ﬁf} %t%t%s%%gﬁy .u?;seia n%ﬂggrﬁﬁgﬁgg%lg%ﬁfgf
difference bftictiesty JtdsitifisreriZBalpde pyiBHeoBetwlienidtiersiitistims (Fieamoldaniamy). Hexidan be
dfetelrm:nerb;y&?mﬁthm' e’,a.ﬂgraaibm quatmikﬁ@l déf{‘diﬁl' UOdt16y) Qfa’vldumﬁ JSHNE %ﬁl\éelﬁéa?étg‘, sgries
of slowly elgv emperatures. These controlled dissqlution procedures are commonly used tQ
separate s?nﬁ%z:} éf??n%%%?‘éﬁf?%t“éﬁsfgﬁm?y c!ﬁﬁi(’t B FElE @%aéiﬁé‘ﬁfc%%&?é%é'@éﬂféﬁl&%s,
as shown iresirs.ahisleogarbancrenimsleglaksshends. 461 the0tke.(19D8) a[BHE0S] maynbee prisctimianthat

least 75% lypNaiBLARALASARb AR WA WEIAN P LR IRASEAPE QYIS & @ G35t 90% by weight,
or at least 95%.by weight, or at least 97% by weight, or at least 99% by weight of the polymer is
soluble in a@ﬂﬁb‘lé‘féhﬂi@%ﬁ&% fraction, or in two adjacent temperature fractions, with the balance of
the polymefaolminedntaliythéeeptivdimenm ddeatiegi@npritasiuee fractions. These percentages are
fractions, beginni nd the subsequent fractions are in approximately 8C increments above
23C. Meetir?g suc?;g rggﬁoﬁéﬁgﬁ%a%ﬁgﬁgﬁ{) %%ngn%oﬂ%g?gn )lymers have statistically insignificant
intermolecular differencegosiagting:ryopy iere 5oty anicreloropyiemere monomers with a catalyst system

comprising a bis-indenyl Group 4 metallocene compound supported on silica, the silica

treated with one or more organoaluminum compounds and one or more heterocyclic
compounds, under slurry conditions in the preseﬁce of hydrogen at a temperature of about
50"_C to about 160°C and a pressure of from about 3 MPa to about 20 MPa to provide a
catalyst activity of greater than 30,000 pounds of product per pound of catalyst; and then
recovering isotactic polypropylene having a melt flow rate of 20 dg/min or less.
- 2. ‘The process of paragraph 1, wherein the one or more heterocyclic cdmpdunds are

represented by formula (1):
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Intermolecular Distribution of Composition [00104] Various propylene-ethylene copolymer
embodiments have statistically insignificant intermolecular differences of composition, which is the
ratio of propykessoiR givigne between different chains (intermolecular). Thig¢aneRRSIHARSA analysis is
by infrared spectroscopy of the fractions of the polymer obtained by the controlled dissolution
procedure described above. [00105] A measure of the statistically insignificant intermolecular
differences of composition, each of these fractions has a composition (wt.% ethylene content) with a
difference of less than 1.5 wt.% (absolute) or less ffifan 1.0 wt.% (absolute), or less than 0.8 wt.%
(absolute) of the WO 2008/027116PCT/1JSB00 /315873 ﬁ/verage wt.% ethylene content of the whole

=,

=z

copolymer. Meeting such a fractionation requirg
insignificant intermolecular differences of comp
Polymer Blends and Articles 100106] In oneXbr mOfe emboNiments, polymers produced using the
activator systems described herein can be blendediand/or cOextruded with any other polymer or
polymers, to form any number and kinds of articles. Non-limiting examples of other polymers include
linear low density polyethylenes produced via convenfidnal Ziegler-Natta and/or bulky ligand
metallocenetype catalysis, elastomers, plastomers, high pressure low density polyethylene, high
density polyethylgpgse apakihedikg 100307 1id Nadapbags A RydssIeh NiatisseioringIRpe EHiaps as
film, sheet, and fiber extrusion and ¢q-extrusion as well as blow molding, injection molding and rotary

molding. Films in&¥88eBRih By Rartiahimbaigssnatedy Ao ek S1RUBN 8 By BFRHBLAR Alorids<eZAvRasiim,
cling film, stretch fislogsratd@fipasiatiyaniilegdiaed shacideasisap;nag, dngloxjdd ghotngsha vpeanyedasks,
baked and frozen_ fo in ical.qackaqing. industrial.liner mbranes,_&tc.. in-
food-contact and %ﬁ%ﬁ%@%ﬁﬁ?@ggﬁ@%@%& [ ’e%g Fr{gué gsr{rlle t(3 %ﬁ?n%‘?é%h?’t?oaﬁhgp?ﬁﬁ?ﬁg%ﬁ&
melt blown fiber dprstaliyhateganstethand suhssivtehallol&omtm to make filters, diaper fabrics, medical
garmentsk; geotexm%espﬁ;@gslgwaﬁkf\angraﬂmd 'd ,S»{iiﬁ@kiﬁ%é{ﬂgdmﬁ?@[‘mmd W l_@f(ﬂi%%iﬁo?ﬁﬂﬁl@ﬁmpip_e, )
geomembranes, ond liners. ed articles include single and. multi-layered constructions in the
form of boties, tatRS PRRSESHRARN SHRATRETHRE TBc CHREETHLTRSARS R3O RelosaSsiE SHRRIAMS2an
be f_orm_ed by anyapirtbésesm_&aﬁmtm@mbmihplekknovyn in the art inclqding extrusion, co-extrus_ion,
lamination,splowing,and casting W&%remaBﬁso!i)t%nggQ}{Jll}%,ﬂﬁ;eﬂmeoggﬂ?lgr neRafEieR may

be followed by orientation in a uniaxial on or in two mutually perpendicu irections in the plane

of the film to the stAmPBMdFRtBIrs Ak alkylighmimmsan {PreRlERE@Bent in both directions or
may be to differentiexigrotesbaftianiady paedgrapHsmetdods whéekin the palysieroRi b ffaipalahiam
extrusion or coextrusion on a hlown or (t:adst fi Iine.th1001091 In anoth%er emb dirg_l%lt th&%@gs
are made into a fif“rﬂ%@o%ne hod& knGwh i the an. Forefilnglgblﬁlicé:ﬁgﬁlg,l% p% ymersﬁ!ilé’(/e ’
value of from abotrihylalbuinue) tjsehntjabievabip frommarxylduniabout 6Brdgétyialwmidunordri-
preferably from abgube e RiRMLA0 BRI 1 i REAFHE6LEY ARmMMERRH Bedd Wanl@R Odnl

another embodiment, the polymers are made into a molded article by methods known in the art, for
example, by blow THSMTRYBFEFjection-stretch molding. For molded - '

7. The process of any of paragraphs 1 to 6, wherein the one or more oréanoaluminum

compounds comprises triethylaluminum. _

8. The process of any of paragraphs 1 to 7, wherein the bis-indenyl Group 4 metallocene
compound comprises a bridged bis-indenyl Group 4 metallocene compound.

0. The process of any of paragraphs 1 to 7, wherein the bis-indenyl Group 4 metallocene
compound comprises zirconium. .

10.  The process of any of paragraphs 8 or 9, wherein the bridged bis-indenyl Group 4
metallocene compound comprises zirconium. '

11. The process of any of paragraphs 1 to 10, wherein the bis-indenyl Group 4 metallocene
compound comprises rac-dimethy]silylbis[(2—methyl-4—phenyl)inderiyl] zirconium
dimethyl. | | |

12.  The process of any of paragraphs 1 to 11, wherein the bis-indenyl Group 4 metallocene

compound comprises rac-dimethylsilylbis[(2-methyl)indenyl] zirconium dimethyl.
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WO 2008/027116PCT/US2007/015873 applications, the polymers have a 121 of from about 20 dg/min
to about 50 dg/min and preferably from about 35 dg/min to about 45 dg/min. [00111] In another

embodimentypepRlyMere are made into a pipe by methods known in the ggpRRbRIPEI2LRlICations,
the polymers have an 121 of from about 2 to about 10 dg/min and preferably from about 2 to about 8

dg/min. In another embodiment, the pipe satisfies ISO qualifications. In another embodiment, the
present invention is used to make polyethylene pipe having a predicted S-4 Tc for 110 mm pipe of less
than -5C, Boaferpliedy of less than -15C and miore preferably less than 40tC (ISO DIS 13477/ASTM

F1589). [Ofyh} 2k J4 }?p%;rl)@rrrn%gg(%dm@ggsg}? Jeleljn rfgrg}%e}égdr@%ﬁ&wm E%rg & ‘%stﬂxfbf}?# %%ﬂgt 17

Ibs/hour/inch (1 le circumference a y greater than about 20

(4.04 Kg/fﬁ%}ﬁ)"éﬂ"&& exampitsredde Sotowine prereplas et dntendedhioal Bistrate g rsvention (it

Kg/hrlem) girliciey deterafiagertid W sdifibsiohicosta RieRUeal 48d!60s3IMAd RS To BE UddG¥Bodher
contain ad |t|ves such as slip, a&bblqﬁgéﬁ%qﬁimdants igments, fillers, antifog, UV stabilizers,

antistats, pof? ﬂr@fe’é@ﬂﬁ Ay %fg"gﬂ?fgbf&?ﬁ'@epﬁ’ iggd ‘iﬁ}‘é’%’véﬁ?dthﬂb@atmg
agents. Prefecificalgdi¢dcesbéddabinsilicon dioxide, synthetic silica, titanium dioxide,

polydlmetl'ﬁ/,l ane. calcium carbonate, metal stearates, calcium stearate, zinc stearate, talc,

BaS04, diatom ceous earth, wax, carbon black, flame retarding additives, low molecular weight .
resins, hydﬂ%{}ﬁlon kéthsd‘g%@s bEdRisezmsthelifeshhe ﬁé@ﬂfﬁ?@@%ﬁ?%ﬁe Biee MR the Bisicand

effective aﬂ@gm@%mﬂrwmymugM&Q&Q&wamt&QWQOgtEmmmémﬂ

In another embodiment, this.invention es to: 1. rocess for merizing propylene comprlsmg
contactingHIBFIHERS, THIPEHGHETS ons B SHE i, e ATEK 1 PP A CPEtETn BT g g

bis-indeny(TEAL) domGWIOﬁeﬁgmmmmmﬁumsmmmm&wadﬂmbcaumwmnﬂncmfatmr“l’ﬁwda
organoalurgy f CRERVRIS AR NER" THRIGH é%xglé%&?ﬁ'ﬂ%’?&d?z ﬂPQP{&MQ{&?&QMﬁ%me

presence of hydrogen at a temperature of about 50C to about 160C and a pressure of from about 3

MPa to abstWaowarfiltergilotite a fatted Suapel iashedoxidy maﬁnsc@wadmhhm proanet(per pound

of catalyst @Dyl Bries oy aidgd asiighp @y NEORY) e EERA ViRt gl dlovinipR OiveR: dedovered iass. 2.

;Tfn Elrgtz:e)%gf ypla{ggn%p{ge]a yvmrxlgggggtépe one or more heterocyclic compounds are represented by

[00117] In adrybox, 115 grams of the TEAL-treated silica and 350 mL of anhydrous o-xylene
was added to a 500 ml Celstir flask equipped with an overhead magnetic stirrer. To the s'tirred
slurry was added an o-xylene solution of 4,5,6,7-tetraﬂuoroindole (20.95 g, 0.111 mole). After
stirring for 15 minutes at room temperature, Athé reaction mixture was heated to 100°C. Afier the
first 30 minutes at 100°C, the color of the solution was golden yellow. On continued heating, the
cblof of the solution turned dark red. The reaction mixture was heated for a total of 3 hours. The
reaction mixture was allowed to cool to room temperature, filtered using a fritted funnel, washed
with toluene (3 x 75 'mL). and finally, pentane (1 x 75 mL), and dried in vacuo for ~15 hours.
The reaction yielded the indole-modified, TEAL-treated silica samples as golden yellow solids.
[00118] In a drybox, 110 grams of the indole-modified TEAL-treated silica and 300 mL of
anhydrdus toluene was added to a 500 ml Celstir flask equipped with an overhead magnetic
stirrer. 'To the stirred slurry was added a solution of rac-dimethylsilylbis(2-methyl-4-
phenyl)indenyl zirconium dimethyl (0.323 g, 0.55 mmol) in toluene. The slurry was stirred at
room temperature for 8 hours. After this time, the reaction mixture was filtered using a fritted
funnel, washed with toluene (3 x 75 mL) and then pentane (1 x 75 mL), and dried in vacuo for 15
" hours. The catalyst was slurried in mineral oil (10 wt%). for polymerization. '
Comparative Example 1: , .
[00119] Comparative Example 1 was a silica supported MAO system with rac-
dimethylsilylbis[(2-methyl)indenyl] zirconium dimethyl as the metallocene catalyst component.

The catalyst was prepared utilizing a Grace Davison 952x silica support (300 m?® per gram, 0.9
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WO 2008/027116PCT/US2007/015873 X4 (1) where each of X2 to X7 is independently hydrogen,
halogen, an alkyl group, a halogenated or partially halogenated alkyl group, an aryl group, an alkoxide

group, a halgggngigr Ay partially halogenated alkoxide group, an aryloxide grpRRqbhg 9@gnated or
partially halogenated aryloxide group, an aryl substituted alkyl group, or a halogenated or partially

halogenated myl substituted alkyl group. 3. The process of paragraph 2, wherein each of X4, X5, X6,
and X7 is a fluorine atom. 4. The process of any of paragraphs Ito 3, wherein the one or more
heterocycliermehfpbuprisgzamp3anm paticie sl dhainvaiccalcimed a3r§083S of Bieysuppertayrsphent to

4, whereindBg QNG gk B9 A1 MARN BINEBICIRRCUNLSNDRERES Aip AUy vals REH T £RE RAHNEY OF
alumoxane. 6. The prgcess of any of par ri;raphs 1 to 5, wherein the one or more organoaluminum

compound%“%’g@@(?t‘eg‘m%éa@rg%ew %‘@ﬂrﬁséﬂﬁ?ﬁglﬁplﬁmnumcﬂﬁﬂﬁlgm r gram of
triisobutyladilivan Fhe iritalenhyld anmdduén ratienefebdad @66rLm, triiso-octylaluminum, trlphenylalumlnum

trilsobutyl za.umlnun'ut,ltrl 5 on%lgbzlmlnum and mixtures thereof. 7. The process of any of paragraphs 1
to 6, wherei (e one or rMore organoaluminum compounds comprises trlethylalumlnum 8. The

process of 98120 paGernaraiiyeobxamplee?h was Hissiige nsurprsigd-4 iRg napisun gatalyst
comprises g Qeidaediis-1aeaii & Q%@R?H?&ﬁ?ﬁ@ﬁﬂéﬁ?ﬂﬂﬁegyﬂh%mm it Pasaghgphs

1to 7, wherein the bis- mdene;l Group 4 metallocene compound comprises zirconium. 10. The process

of any of pHEigHRSFRSYRY, PRERE e Gat bR MR PRI e RS Pas g AR silica

comprises siggirty 40 m? per gram, 0.22 mmol OH per gram) calcined at 500°C with 3 wt% (NHg),SiFs.

The support was then treated with 11 mmol of B(CeFs); and diethylaniliﬁe'per g of silica. The

support was then treated with 15 micromoles of rac —dlmethylsﬂyl bls[(2-methy1-4-phenyl)

.indenyl] zirconium dimethyl per gram of silica.

[00121] " The lab reactor polymerizations were conducted in a 2-1 autoclave, utlhzmg either a 1
M solutnon of TEAL or neat TEAL as a scavenger and 800 mL propylene.. Polymerizations were |
conducted at 70°C for 1 hour. The pressure was about 500 psig (3,450 kPa). Unless noted
otherwise, hydrogen was introduced into the autoclave using a 50 cc gas vessel pressurized to 30
psig, prior to the introduction of prbpylene. After the scavenger, hydrogeh and propylene were
introduced into the aufoclave and heated to 70°C, the catalyst was introduced as a 10 W% slurry
in mineral oil via liquid propylene. The polymerization data is summarized in Table 1.

| Table 1: Lab Reactor Data A

Comp. Ex. 1

Ex. 1 Comp. Ex. 2

Catalyst slurry (g) 0.523 0.512 . 0.504
Catalyst (g) : 0.0523 0.102 0.0504
Catalyst loading (micromoles metallocene/g support) 5 17 15°
H, charge (psi) 20 -0 50
Scavenger (mL) 0.5 0.25 0.5
Yield (g) 229.5 156.1 240.7

- | Catalyst activity (g pol/g) 4385 1524 4780
Mw 370583 170276 189848
Mw/Mn 2.57 1.9 2.25
Bulk density (g/cm3) 0.44 0.35
Tm-DSC 2™ melt (°C) 150.2 147.1 152

[00122] Bulk density was measured as follows.

A 10 éc graduated cylinder was weighed

empty and the weight tared. Polymer particles were added to measure 10 cc in volume. The

cylinder. was weighed again to determine the weight of polymer particles oniy. Bulk density was

calculated by weight in grams (g) of particles/10 cc.
[00123]

units.
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MFR was measured according to ASTM 1238 at 230°C, 2.16 Kg using standard die




11. The process of any of paragraphs 1 to 10, wherein the bis-indenyl Group 4 metallocene compound
comprises rac-dimethylsilylbis[(2-methyl-4-phenyl)indenyl] zirconium dimethyl. 12. The process of any
of paragraphg;é 1g0abheyyerein the bis-indenyl Group 4 metallocene compQhaIMPIISES 3
rac-dimethylsilylbis[(2-methypindenyl] zirconium dimethyl. WO 2008/027116PCT/US2007/015873
Examples [00115] The foregoing discussion can be further described with reference to the following
non-limiting examples. The following examples are intended to illustrate the invention with particular
detail. Nurfttd madiflcagopsiand Em)iaties srespedsibie Rifitiensiab Beannver SabaithetryviiS e
scope of the ARENIRE-AIAINIS1 RV SRIGRARDE gr%%'ﬁﬁmgﬁw'%ﬁmamnsaw"&Q&ﬁ&bed
herein. Example 1 [00116] In a drybox, 105 grams of freshly dehydrated 952x Si02 (200C, 6hr
approximaYighing ARPriEmAdYol 3 IeeHt Merveatiderled I sdeminue aamPiprsqibpddShitas

ovierheaC(i magf&twgsar@rflim&ﬁalg’m Hﬁﬁéﬁlgﬁ?/-awmdmﬁ%uﬂﬂliﬂ?%ﬁﬂg'u%QQUPCTdiAlrrl)at?I )
solution (43 {7 molg) was s ed dr, on addition. of the TEAL solutiop, the flas
became wih rﬁ&‘%@‘é‘?ﬁﬁng 85%3?%3%8% I%Olfg%/&%%g létr% ure sel‘fjr;;al_ wash ﬁeg‘eat 1&ing
a fritted furgele washpgliedh Bdeﬂelthe(ﬁrxt%EndIﬂe)cam Qeiaherdak @&myvamjrckmdem vAcerms andemight
(- 15 hn). A URR) g@&k“&saéé\@ Qxll%is‘ﬁ’.%r ¢ Q6EEE 'Heteﬂgl{?eyiﬁl:dn%gg &Fﬁﬁlﬁn Hesiae. ég s Q%1 -

In a cirybox, 115 grams of the TEAL-treate S|I|ca and 350 mL of anhydrous o-xylene was a to a

500 ml CeRsmkRITeUTscRersRRtansRlliniawAR Galsthiatsrrasivgoths fammda JRiF wder he oy

o-xylene sigtifis/pfanyB (oaleaibraoinedQgo(20h8R !B & 184 Healer Aﬁiah FoH the KomdFoIpineleT e

t ture, th { t heat 00C. Af th t 30 {
color of e PSSR ERbw, 1Oh AT IS Hesti, S BB SPE AR H e e

The reactld?DmthtErbmasﬂM&tddchyaJuhal\UﬂBmmSoTheNewN@mhﬂB&QteM/aslwloﬁ/é&Btd/edﬂ)tts
room tempg_gg&qgﬂ@ﬁﬁdoym@gg ey}g;lshed with toluene (3 x 75 mL) and finally, pentane

(1 x 75inL), and dried in vacuo for -1 ours he reaction yielded the indole-modified, TEAL-treated

silica sam d@g1&§lgol%w Mo WiZ s ModMis Mera dets Haineth BsHIS #fs ISP IR SRIABRgCEplumns
TEAL- treatpd:ﬁdtpamsd pouabealign b deanfoiplssIvenyasnadded dva EDQ;m&xCerwﬁmk gsilighad

ith h tic, Sti .Joth t | luti -
Foc cimeth RETTAIEE IhANGEFTE Ey i S o BRI 5 0o S PO ORI BSES
The slurry mgmdedm goopetorcptivatghedorad raphy, Aﬁ@ﬂhlsmnge(ihealea‘hﬂmqm)&@ﬂ@ Rk red
using a flitted funoe b W FRC U ARG ERVEHAER mlm Qﬁ&@?&@ﬁ@%ﬂ&e(&%@aﬂﬂ—lﬁﬂdﬂgﬁdﬂg‘m

vacua for 15°hours. The catalyst was slurried in minera 0|I %O wit%) for polymerization. Comparatlve

Example 1588408 %&ﬁﬁﬁapgtﬂ?é ERobmer Lpbs 28RBS p%ﬁvéem*mtgﬁ&%wm and'an 3
dimethylsilydhid¢( BghesbyiRinne dytkziceorerecibisaileyt aalibatinling ¢otysaigtystrnadapdyieSaniples

catalyst wag Bepa{ed Y808 mGERER 2 HAI O AR BRI PO WERRHUYE 8 mixed B

LS columns in series. A correlation of polystyrene retention volume obtained from the standards,

to the retention volume of the polymer tested yields the polymer molecular wéight.

[00126] Average molecﬁlar weights M were computed from the expression:

| Z N.M™
[00127] where Ni is the number of molecules having a molecular weight Mi; n=0; and M is
the number average molecular weight Mn. When n=1, M is the weight average molecular weight
Mw. When n=2, M is the Z-average molecular weight Mz. The desired MWD function (e.g.,
Mw/Mn or Mz/Mw) was the ratio of the corresponding M values.

' [00128] Additional polymerizations were conducted in a medium scale reactor at 70°C and a
pressure between about 450 psig (3,100 kPa) and 500 psig (3,450 kPa). After the scavenger,
hydrogen and propylene were introduced and heated to 70°C, the supported catalyst was
introduced as a 10 wt.% slurry in mineral oil via liquid propylene. The polymerization data is

summarized in Table 2.
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WO 2008/027116PCT/US2007/015873 mmol OH per gram, 30 mm patrticle size) that was calcined at
500C. The support was then treated with 4.5 mmol MAO per g of silica. The MAO-silica support was
then treated Wighdok migrgmoles (umopof rac-dimethylsilyl bis[(2-methyl)indgry{lBikgnmisgmsdimethyl
per gram of silica. The catalyst had an Al:Zr ratio of about 265:1. Comparative Example 2: 1001201
Comparative Example 2 was a silica supported, non-coordinating anion catalyst system with
rac-dimethylsilylbis[(2-methyl-4-phenyl)indenyl] zirconium dimethyl as the metallocene catalyst
component. The catalyst was prepared utilizing a Grace Davison 952x silica support (240 m2 per

gram, 0.22 mmol OH per gram) calcined §4,5Q0C \itR; 3 W& INHA128IE6. The support was then
treated with 11 mmol of B(C F6\3 anddlethvlanlllne per g of silica. The support was then treated with

15 micromoles ofgﬁgmglgwet ’e/l ?/13|!)Y§I(121?ﬁé “ph *pm)dimyﬂlmmu HiPEsHPaRram of

silica. [001211 [The lab react 4 hera 1
M solution of TEARBPIEar TEAL as 8% Wbnger a ; nd-B00kf prop e

conducted at 7.- AEKQ%L" The prefgé:%%i)vas abou* 500 %Eﬂ (3, erl-wise,
hydrogen was PSR ath the-auteth et using a-50-ce-Bits vesselSfesshrized @ 30-psigprior. to

the introduction of propylene. After the scavenger, hydrogen and propylene were introduced into the
autoclave Hd2MateBetenoe, thelehlalysithrasaialyst sysgmsad Exampiesiumpwidedne rsurpmisingliaedd

propylene sitherRalperzaicdaial WQ@?&!@J@MQ& Oﬁﬁmﬁp}o&ﬁ:@ R CRAING c%ﬁxph@@mp
Ex, 1 Comp. Ex. 2 Catalyst slurry (g) O

to both Comparative Examples 1 and 2. 'Example 1 also showed a surprising and significantly
wider product range as indicated by the final MFR and Mw/Mn ratio compared to Comparative
Example 1, and was surprisingly similar to that produced by Comparative Example 2. Those
results are particularly surprising and unexpected because the catalyst loading (micromole of
metallocene/g support) in Example 1 is about % the loading of Comparative Example 1 and 1/3
the loading of Comparative Example 2 as shown in Table 1. -

[00130] All documents described herein are incorporated by reference herein, including any
priority documents and/or testing procedures to the extent they are not‘inconsiéfent with this text.
Parameters given in the claims are measured according to the methods set forth herein for the
relevant parameter or in the absence of a stated method can be determined by one '6f ordinary
skill in the art using known method. ‘

[00131] Certain embodiments and features have been described using a set of numerical upper
limits and a set of numerical lower limits. It should be appreciated that ranges from any lower
limit to any upper limit are contemplated unless otherwise indicated. Certain lower limits, upper
limits and ranges appear in one or more claims below. All numerical values are “about™ or
“approximately” the indicated value, and take into account experimenfal error and variations that
~would be expected by a person having ordinary skill in the art.

[60132] Various terms have been defined above. To the extent a term used ina claim is not
defined above, it should be given the broadest definition persons in the pertment art have given
that term as reflected in at least one prmted publication or issued patent.

[00133] As is apparent from the foregoing general description and the specific embodiments,
while forms of the invention have been illustrated and descﬁbed, various modifications can be
made without departing from the spirit and scope of the invention. Accordingly, it is not
intended that the invention be limited thereby. Likewise, the term "comprising” is considered

synonymous with the term "including” for purposes of Australian law.
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0.512 0.504 Catalyst (g) 0.0523 0.102 0.0504 Catalyst loading (micromoles metallocene/g
support) 517 15 H2 charge (psi) 20 0

CLAIMS

1. A process for polymerizing propylene comprising:

contacting propylene and opticnally one or more monomers with a catalyst
system comprising a bis-indenyl Group 4 metallocene compound supported on
silica, said silica having been treated with one or more organoaluminum
compounds and one or more heterocyclic compounds, under slurry conditions in
the presence of hydrogen at a temperature of about 50°C to about 160°C and a
pressure of from about 3 MPa to about 20 MPa to provide a catalyst activity of
greater than 30,000 pbunds of product per pound of catalyst; and then

recovering isotactic polypropylene having a melt flow rate of 20 dg/min or

less, wherein the one or more heterocyclic compounds are represented by formula

(@:
X7 H
/
X6 N
/ X2
X5
X3
X4 (I)

where each of X2 to X7 is independently hydrogen, halogen, an alkyl group, a
halogenated or partially halogenated alkyl group, an aryl group, an alkoxide
group, a halogenated or partially halogenated alkoxide group, an aryloxide group,
a halogenated or partially halogenated aryloxide group, an aryl substituted alkyl
group, or a halogenated or partially halogenated aryl substituted alkyl group.

2. The process of claim 1, wherein each of X4, X5, X6, and X7 is a fluorine atom.

3. The process of claim 1, wherein the one or more heterocyclic compounds

comprises 4,5,6,7-tetrafluoroindole.

4. The process of claim 1, wherein the one or more organoaluminum compounds
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50 Scavenger (mL) 0.5 0.25 0.5 Yield (g) 229.5 156.1 240.7 Catalyst activity (g pol/g) 4385

1524 4780

10.

1.

12.

comprises an alkyl aluminum compound or alumoxane.

The process of claim 1, wherein the one or more organoaluminum compounds is
selected from the group consisting of trimethylaluminum, triethylaluminum,
triisobutylaluminum,  tri-n-hexylaluminum,  tri-n-octylaluminum,  tri-iso-
octylaluminum, triphenylaluminum, triisobutyl aluminum, tri-n-octyl aluminum,

and mixtures thereof.

The process of claim 1, wherein the one or more organoaluminum compounds

comprises triethylaluminum.

The process of claim 1 wherein the bis-indenyl Group 4 metallocene compound

comprises a bridged bis-indenyi Group 4 metallocene compound.

The process of claim 1 wherein the bis-indenyl Group 4 metallocene compound

comprises zirconium.,

The process of claim 7 wherein the bridged bis-indenyl Group 4 metallocene

compound comprises zirconium.

The process of claim 1 wherein the bis-indenyl Group 4 metallocene compound

comprises rac-dimethylsilylbis[(2-methyl-4-phenyl)indenyl] zirconium dimethyl.

The process of claim 1 wherein the bis-indenyl Group 4 metallocene compound

comprises rac-dimethylsilylbis[(Z-methyl)indenyl] zirconium dimethyl.

The process of claim 1 wherein the bis-indenyl Group 4 metallocene compound is
represented by the formula:  Ly(Ind)(Ind*)M™X,
where:

Ind is a substituted or unsubstituted indenyl group;
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Mw 370583 170276 189848 Mw/Mn 2.57 1.9 2.25 Bulk density (g/cm3) 0.44 0.35 Tm-DSC rd
melt (C)

Ind* is a substituted or unsubstituted indenyl group, which may be the same or
different from Ind;

L is a bridging group connecting (Ind) to (Ind*);

yisQor 1;

M is a Group 4 transition metal;

mis3,4,50r6;

X is a halogen or a substituted or unsubstituted hydrocarbyl group, a substituted
or unsubstituted hydrocarboxy group, or a substituted or unsubstituted heteroatom
containing group; and

n is m minus 2.

13.  The process of claim 12 wherein L is represented by the formula: RqSi where
each R is, independently, a substituted or unsubstituted C,; to Cyy hydrocarbyl
group and qis 1,2, 3 or 4.

14.  The process of claim 1 wherein L is a dimethyl silyl group or a diphenylsilyl
group.

15.  The process of claim 1 wherein the Ind and Ind* groups are selected from the
group consisting of methyl-indenyl; methyl butyl-indenyl; methyl,phenyl-
indenyl; 2-methyl-4-phenyl-indenyl; 2-methyl 4(2,6-di-t-butyl) indenyl; 2-methyl-
4-naphthyl-indenyl;  2-ethyl-4-phenyl indenyl; 4,5-dihydroindenyl, 4,7-
dihydroindenyl, 4,5,6,7-tetrahydroindenyl, 2-methyl-7-phenylindeny; and 2-
propylindenyl.

16.  The process of claim 1 wherein the bis-indenyl Group 4 metallocene compound is

represented by the formula
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150.2 147.1 152 [00122] Bulk density was measured as follows. A 10 cc graduated cylinder
was weighed empty and the weight tared. Polymer particles were added to measure 10 cc in
volume. The cylinder was weighed again to determine the weight of polymer particles only.
Bulk density was calculated by weight in grams (g) of particles/10 cc. 1001231 MFR was
measured according to ASTM 1238 at 230C, 2.16 Kg using standard die units. WO
2008/027116PCT/US2007/015873 [00},24] Melting point (Fm) was measured by Differential
Scanning Calorimetry (DSC) analysis®DSC trace data was obtained using a TA Instruments
model 2920 machine. Sample§"eighing apgroximately 7 mg to 10 mg were sealed in
aluminum sample pans. The DSC dafawes recorded by first boling the sample to -50C and
then gradually heating it to 220C at @ ¢ of 10C/minute. THe sample was kept at 220C for 5

minutes before a second cooling; cle was applied. Botpgthe first and second cycle
thermal events were recorded? h® melting clurveswere measured and used to
determine the heat of fusion and t . The percent crystallinity was
calculated using the formula, [area /gram)}/13 (Joules/gram)] * 100,
where B is the heat of fusion for onomgy component. The

Wiley and Sons, New York 1999. A value of 189 J/g{B)-
polypropylene. [00125] Mw, Mn, Mt and Mw/Mn were det
containing columns packed with porous beads, an eluti@
separate polymer molecules of different sizes. Molecufar we
copolymers were measured by gel permeation chromatograp
2000 GPC3D equipped with differential refractive index (DRI cometry detectors and
an 18 angle light scattering detector or (2) a Polymer Labg®220 GPC 3R*equipped with DRI,
viscometry and an 3 angle light scattering detector. Detectors wgre calibrated using
polystyrene standards. Samples were run in 1,2,4-trichlorobenzene (135C) using three
Polymer LaboratoXd¥1C-Gel mixed B LS columns in series. A correlation of polystyrene
retention volume qbtpiggsldeesm thenstiandasd site ek edentigfugiume of the polymer tested

ields the polymer_molecular weight. [00126]. Average molecular wejghts M. were computed
])c(.om the ef()prséssi fﬁ.i%entllca or Jif’%erent %nc{n are se ecte\é\{ I'Jr%m ydrogen atom?, (Eel-

C10 alkyl groups, C1-C10 alkoxy groups, C6-C10 aryl groups, C6-C10 aryloxy

Hg gn instrument
, and &etector in order to

groups, C2-C10 alkenyl groups, C2-C40 alkenyl groups, C7-C40 arylalkyl
groups, C7-C40 alkylaryl groups, C8-C40 arylalkenyl groups, OH groups or
halogen atoms; or conjugated dienes that are optionally substituted with one or
more  hydrocarbyl,  trithydrocarbyl)silyl  groups or  hydrocarbyl,
tri(hydrocarbyl)silylhydrocarbyl groups, where the conjugated diene can contain
up to 30 atoms not counting hydrogen,;

R3 to Ri12 are the same or different and are selected from hydrogen atoms,
halogen atoms, C1-C10 halogenated or unhalogenated alkyl groups, C6-C10
halogenated or unhalogenated éryl groups, C2-C10 halogenated or unhalogenated
alkenyl groups, C7-C40 halogenated or unhalogenated arylalkyl groups, C7-C40
halogenated or unhalogenated alkylaryl groups, CB8-C40 halogenated or
unhalogenated arylalkenyl groups, -NR'2, -SR', -OR’, -OSiR'3 or -PR"2 radicals in
which R' is one of a halogen atom, a C1-C10 alkyl group, or a C6-C10 aryl group;
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[00127] where Ni is the number of molecules having a molecular weight Mi; nO; and M is the
number average molecular weight Mn. When n=1, M is the weight average molecular weight
Mw. When n=2, M is the Z-average molecular weight Mz. The desired MWD function (e.g.,
Mw/Mn or Mz/Mw) was the ratio of the corresponding M values. (00128) Additional
polymerizations were conducted in a medium scale reactor at 70C and a pressure between
about 450 psig (3,100 kPa) and 500, psig (3,450 |CP63. After the scavenger, hydrogen and
propylene were int?hdtQeeF SNOTRAHACFRS TAgisaln &R p%?té%gﬁ%ly}g{tbv%%eiﬁ?%ﬁ%‘a“é‘glﬁglo
wt.% slurry in minehahpdavifoltfi s o8 pydendnddie polymerization data is summarized in Table
2. WO 2008/027]8%%§CT/ S Oé/015873 Table 2. Medium Scale Data Example Catalyst

C

Productivity (Ib pr fSpSee TBE ?)'}ét) Final MFR Mw/Mn Tm (C) 2nd melt Example 1 46,700
R14 R14 R4 R14
_|\I/|3_ _|\|/|3_ |\|/13_ _0_|\l/|3_0_
L L
R14 R16 R14 R14 R14 R4
M—C- om  —C—C—G—
]|Q15 ||q16 ||Q15 |IQ15 |Iq15 |Iq15

-B®R")-, -AIR")-, -Ge-, -Sn-, -O-, -§-, -SO-, -803-, -N(R'}-, -CO-, -P(R")- -
P(O)YR')-, -BNR“R")- and -B[N(SiR“R"R'®),]-. R" R' and R'® are each
independently selected from hydrogen, halogen, C;-Cy alkyl groups, Cs-Csp aryl
groups, C-Cyg alkoxy groups, Cr-Cyp alkenyl groups, C7-Cyp arylalkyl groups, Cs-
Cyo arylalkenyl groups and C;-Cyg alkylaryl groups, or R* and R'®, together with
the atom(s) connecting them, form a ring; and M? is selected from carbon, silicon,

germanium and tinor R13 is represented by the formula:
18

R
rY7 R19
@ 20
\ 5 R
M 21
Dee
R24 R22
|23

17 24 1 2
wherein R to R are as defined for R and R, or two or more adjacent radicals
17 24 20 21
R toR ,including R and R , together with the atoms connecting them form

. 2, re . .
one or more rings; M is carbon, silicon, germanium, or tin.

-60-



1.6 1.9 150 Comp. Ex. 1 5,000 22 1.7 150 Comp. Ex. 2 27,200 8.2 1.84 154.1

17.

18.

19.

The process of claim 1 wherein the bis-indenyl Group 4 metallocene compound is
selected from the group consisting of: dimethylsilyl bis(2-methyl-
indenyl)zirconium dichloride, dimethylsilyl bis(2-methyl-indenyl)zirconium
dimethyl, dimethylsilyl bis(2-methyl,4,6-dipropyl-indenyl)zirconium dichloride;
dimethylsilyl bis(2-methyl,4,6-dipropyl-indenyl)zirconium dimethyl;
dimethylsilyl bis(2-methyl,4-phenyl-indenyl)zirconium dichloride; dimethylsilyl
bis(2-methyl,4-phenyl-indenyl)zirconium dimethyl; dimethylsilyl bis(2-methyl,4-
naphthyl-indenyl)zirconium dichloride; dimethylsilyl bis(2-methyl,4-naphthyl-
indenyl)zirconium dimethyl; dimethylsilyl bis(2-ethyl,4-phenyl-
indenyl)zirconium dichloride; dimethylsilyl bis(2-ethyl,4-phenyl-
indenyl)zirconium dimethyl; dimethylsilyl bis(2-methyl,4-(di-tert-butyl-phenyl)-
indenyl)zirconium dichloride; dimethylsilyl bis(2-methyl,4-(di-tert-butyl-phenyl)-
indenyl)zirconium dimethyl, dimethylsilyl bis(2-methyl-indenyl)hafnium
dichloride, dimethylsilyl bis(2-methyl-indenyl)hafnium dimethyl, dimethylsilyl
bis(2-methyl,4,6-dipropyl-indenyl)hafnium dichloride; dimethylsilyl bis(2-
methyl,4,6-dipropyl-indenyl)hafnium dimethyl; dimethylsilyl bis(2-methyl,4-
phenyl-indenyl)hafnium dichloride; dimethylsilyl bis(2-methyl,4-phenyl-
indenyl)hafnium dimethyl; dimethylsilyl bis(2-methyl,4-naphthyl-
indenyl)hafnium dichloride; dimethylsilyl bis{2-methyl,4-naphthyl-
indenyl)hafnium dimethyl; dimethylsilyl bis(2-ethyl,4-phenyl-indenyl)hafnium
dichloride; dimethylsilyl bis(2-ethyl,4-phenyl-indenyl)hafnium dimethyl;
dimethylsilyl bis(2-methyl,4-(di-tert-butyl-phenyl)-indenyl}hafnium dichloride;
and dimethylsilyl bis(2-methyl,4-(di-tert-butyl-phenyl)-indenyl)hafnium
dimethyl.

The process of claim 1 where in the polymer produced is homopolypropylene.

The process of claim 1 where in the polymer produced comprises propylene and

from 0.5 to 25 wt% ethylene.
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[00129] Referring to Table 2, the catalyst system of Example 1 provided a surprising and
significantly improved catalyst activity (greater than 46,000 |b product per Ib catalyst)
compared to both Comparative Examples 1 and 2. Example 1 also showed a surprising and
significantly wider product range as indicated by the final MFR and Mw/Mn ratio compared to
Comparative Example 1, and was surprisingly similar to that produced by Comparative
Example 2. Those results are particularly surprising and unexpected because the catalyst

loading (mict®mold B¢ Aieeatdebridigrdupeieinthe Rimipdenyl e 4 metabloerngingaround is

Comparative Exa@g@t%@ﬂgﬁlﬁgrﬁdgﬁgmigﬁ&qnparative Example 2 as shown in Table 1.
[00130] All documents described herein are incarporated b% reference herein, including any

priority documentsSmarSylsdedhd(Grovetutiréd foX Rtk Hirdetin 2BFRYENt with this

text Parameters gigrhlstidg claims are measured according to the methods set forth herein
for the relevant pargameger or i %?13 nc é, stated meth ﬂ{glan e determin%gg one of
ordinary Skl n the TRESHE RS e o LR G e AE SRR AR
been described usiipalsdtitidivl@aripedpydpe HhHdi artaitzlphefl indesyl)itowdudimits. It
should be appreci%gegl(t)@%te,ranges from any lower limit to any upper limit are contemplated
unless otherwise indicated "Certain lower limits, upper limits and ranges appear in one or
more claims belowdimithylsitadiplYdhoesr oprl, 4HO LA dir t-hptytphemedjitdenlybaridicnted value,
and take into accoqligh%%r.imental error and variations that would be expected by a person
having ordinary skill in the art. [00132] Various terms have been defined above. To the extent
a term used in a climeibyislaseritea-sbiletiBRodid-betyranyhingeoshestc@aiiion persons
in the pertinent art figyg,giyen that term as reflected in at least one printed publication or
issued patent. 100133] As is apparent from the foreéqoing general description and the specific

embodiments, whifimsthydsdadid @niemhutyh 4dd bedhtiitrinheayiiodgrilmieanitrious

modifications can s without departing from the spirit and scope of the invention.

Accordingly, it is nqt intended that the invention be limited th?fr?bi,u ewise, the. term
"comprising” is coﬂ%@b@&sgmf@ﬁgﬁgwgﬁﬂé oF “‘ﬁ%&‘ﬁ?& ¥ 13?‘@5’96 BB RBstralian

law. CLAIMS 1.A gistesddor polymerizing propylene comprising:  contacting propylene

and optionally one or more .mon rs with.a %y stem,compriging.a his-indenyl Group
4 metallocene co b%lgh J%b%% ?{ggegﬁ%h%aﬁféi %@%ﬁ%@%&nﬁ&@% c’}l S with Ohe or more
organoaluminum atinchpmidw)s and one or more heterocyclic compounds, under slurry

conditions in the prgs X e t . nd a
pressure of from a %t@%ﬁég&g@'&%@o ViPA tzﬂﬁg\gﬁﬁé }ge%%@i%%?ﬁ%?&%ert an
30,000 pounds of giwdthtlstadud(trataflcatbhStdandutdphenyidiodonylhadurotitichloride;
polypropylene havj aje g e W%Sﬁ . fepre
heterocyclic comp%ﬁ%g{%%%mzéﬁyﬁfﬁﬁg{ éﬁ?’é eac HE)#%%%@Q%? is independently
hydrogen, halogerfimsthigiladbdZ-naregrh 468, SrdiriainphsnydbrdaarDhafigup, an aryl
group, an alkoxidedggmldgdg;halogenated or partially halogenated alkoxide group, an aryloxide
group, a halogenated or partially halogenated a[r%loxide group, an aryl substituted alkyl group,

or a halogenated sHpstpnlatidgabuid oty SttiPHf%]@l%ﬂRiﬂ]B}%%’ﬁ’_l) shatnium dichlotide;

9-silafluorendiyl(2-methyl, 4-[3",5"-di-t-butylphenylJindenyl),zirconium
dichloride;

9-silafluorendiyl(2-ethyl, 4-[3',5'-di-t-butylphenyl]indenyl),zirconium dichloride;
9-silafluorendiyl(2-n-propyl, 4-[3',5"-di-t-butylphenyl]indenyl),zirconium
dichloride;

9-silafluorendiyl(2-iso-propyl, 4-[3",5 '—di-t-butylphe;lyl]indenyl)gzirconium
dichloride;
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2. The process of claim 1, wherein each of X4, X5, X6, and X7 is a fluorine atom. 3. The
process of claim 1, wherein the one or more heterocyclic compounds comprises
4,5,6,7-tetrafluoroindole. 4. The process of claim 1, wherein the one or more organoaluminum
compounds - 56 - comprises an alkyl aluminum compound or alumoxane. 5. The process of
claim 1, wherein the one or more organoaluminum compounds is selected from the group
consisting of trimethylaluminum, triethylaluminum, triisobutyl
aluminum,tri-n-hex3rlafereadinl @G-8y itumiduinditisstylrhsraidindsnyh siispaspaluminum,
triisobutyl aluminugefiisAgestyl aluminum, and mixtures thereof. 6. The process of claim 1,
wherein the one or more organoaluminum com[%)unds comfrises triethylaluminum. 7. The

process of claim 13wheBiRemdislELizeetyrs foli U-fidEnblehrviindssyher s miRies a

bridged bis-indenydichuiid4 metallocene compound. 8. The process of claim 1 wherein the
bis-indenyl Group 4

wherein the bridge D RSN PO e ST AP Sh RS ca .
dichloride;
O-silafluorendiyl(2-tert-butyl, 4-[3',5"-di-t-butylphenyl]indenyl),zirconium
dichloride;
9-silafluorendiyl(2-methyl, 4-[3',5'-di-t-butylphenyl]indenyl) ;hafnium dichloride;
9-silafluorendiyl(2-ethyl, 4-[3',5"-di-t-butylphenyl]indenyl) ;hafnium dichloride;
9-silafluorendiyl(2-n-propyl, 4-[3 ',5.'-di—t—butylphenyl]indenyl) shafnium
dichloride;
9-silafluorendiyl(2-iso-propyl, 4-[3',5"-di-t-butylphenyl]indenyl),hafnium
dichloride;
9-silafluorendiyl(2-n-butyl, 4-[3',5"-di-t-butylphenyl]indenyl);hafnium dichloride;
9-silafluorendiyl(2-iso-butyl, 4-[3',5"-di-t-butylphenyl]indenyl),hafnium
dichloride;
9-silafluorendiyl(2-sec-butyl, 4-[3',5'-di-t-butylphenyl]indenyl);hafnium
dichloride; .
9-silafluorendiyl(2-tert-butyl, 4-[3',5"-di-t-butylphenyl]indenyl);hafnium
dichloride;
dimethylsiladiyl(2-methyl, 4-[3',5'-di-t-butylphenyl]indenyl),zirconium dimethyl;
dimethylsiladiyl(2-ethyl, 4-[3',5"-di-t-butylphenylJindenyl),zirconium dimethyl;
dimethylsiladiyl(2-n-propyl, 4-[3',5'-di-t-butylphenyljindenyl);zirconium
dimethyl;
dimethylsiladiyl(2-iso-propyl, 4-[3',5'-di-t-butylphenyl]indenyl),zirconium
dimethyl;
dimethylsiladiyl(2-n-butyl, 4-[3',5"-di-t-butylphenyl]indenyl},zirconium dimethyl;
dimethylsiladiyl(2-iso-butyl, 4-[3',5'-di-t-butylphenyl]indenyl);zirconium
dimethyl,;
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10. The process of claim 1 wherein the bis-indenyl Group 4 metallocene compound comprises
rac-dimethylsilylbis[(2-methyl-4-phenyl)indenyl] zirconium dimethyl. 11. The process of claim 1
wherein the bis-indenyl Group 4 metallocene compound comprises
rac-dimethylsilylbis[(2-methyl)indenyl] zirconium dimethyl. 12. The process of claim 1 wherein
the bis-indenyl Group 4 metallocene compound is represented by the formula:
Ly(Jnd)(111d*)MmXn where. Ind is a substituted or unsubstituted indenyl !coup; Ind* is a
substituted or unséiaethydsladid 2 isgeduty which Indiytthatylpheam lindeaykbriraenism Ind; L is a
bridging group cormﬁggﬂﬁ;(lnd)to (Ind*); yis 0 or 1; M is a Group 4 transition metal; mis 3, 4,
5 or 6; X is a halogen or a substituted or unsubstituted hydrocarbyl group, a substituted or

unsubstituted hydréiEibelsiadat-tsrtbutidstlAed- - bbb @ﬂ@%&i@%ﬁﬁ”@é‘htaining.

group; and n js m GHifsay; 13. The process of claim 12 wherein L is represented by the
Pycocarby! group S 1By LgRAiRES e AL P BESH D ARENEA R ORI iy
group or a diphenyisigdhglsilagiyl(2-ethyl, 4-[3',5'-di-t-butylphenyl]indenyl);hafnium dimethyl;
dimethylsiladiyl{2-n-propyl, 4-[3',5"-di-t-butylphenyl]indenyl),hafnium dimethy!
dimethylsiladiyl(2-iso-propyl, 4-[3',5'-di-t-butylphenylJindenyl);hafnium
dimethyl;
dimethylsiladiyl(2-n-butyl, 4-[3',5"-di-t-butylphenyl Jindenyl) shafnium dimethyl;
dimethylsiladiyl(2-iso-butyl, 4-[3',5'-di-t-butylphenyl]indenyl) shathium dimethyl;
dimethylsiladiyl(2-sec-butyl, 4-[3',5'-di-t-butylphenyl]indenyl) shafnium
dimethyl;
dimethylsiladiyl(2-tert-butyl, 4-[3',5"-di-t-butylphenyl]indenyl) zhafnium
dimethyl;
9-silafluorendiyl(2-methyl, 4-[3",5"-di-t-butylphenyl]indenyl),zirconium dimethyl;
9-silafluorendiyl(2-ethyl, 4-[3',5'-di-t-butylphenyl]indenyl),zirconium dimethyl;
9-silafluorendiyl(2-n-propyl, 4-[3',5"-di-t-butylphenylJindenyl);zirconium
dimethyl;
9-silafluorendiyl(2-iso-propyl, 4-[3',5'-di-t-butylphenyl]indenyl),zirconium
dimethyl;
9-silafluorendiyl(2-n-butyl, 4-[3',5'-di-t-butylphenyl]indenyl),zirconium dimethyl;
9.silafluorendiyl(2-iso-butyl, 4-[3',5"-di-t-butylphenylJindenyl)yzirconium
dimethyl;
9-silafluorendiyl(2-sec-butyl, 4-[3',5'-di-t-butylphenylJindenyl),zirconium
dimethyl,;
9-silafluorendiyl(2-tert-butyl, 4-[3',5"-di-t-butylphenyl]indenyl);zirconium
dimethyl;
9-silafluorendiyl(2-methyl, 4-[3',5'"-di-t-butylphenyl]indenyl) shafhium dimethyl;
9-silafluorendiyl(2-ethyl, 4-[3',5"-di-t-butylphenyl]indenyl) shafnium dimethyl;
9-silafluorendiyl(2-n-propyl, 4-[3',5"-di-t-butylphenyl]indenyl) ;hafhium dimethyl;
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15. The process of claim 1 wherein the Ind and Ind* groups are selected from the group
consisting of: methyl-indenyl; methyl,butyl-indenyl; methyl,phenylindenyl;
2-methyl-4-phenyl-indenyl; 2-methyl 4(2,6-di-t-butyl) indenyl; 2-methyl4-naphthyl-indenyl;
2-ethyl-4-phenyl indenyl; 4,5-dihydroindenyl, 4,7- dihydroindenyl, 4,5,6,7-tetrahydroindenyl, .
2-methyl-7-phenylindeny; and 2- propylindenyl. 16. The process of claim 1 wherein the
bis-indenyl Group 4 metallocene compound is regesented by the formula, RIQ RIO where Mi

is selected from titARiAH SRRV IO QR A R i by iphemd Haderd -8Rt and are

selected from hyddigrehgtoms, CIC10 alkyl groups, CI -C10 alkoxy groups, C6-C10 awl

, C6- I , C2- | -C40 al | . C7-
oyl groups, T RS A SRS O R R BP BBt
a'Foms; or conjuga&asi]dlhrt&emﬂigl(artsm}ptimwbdti&he@lyhﬁgﬂﬁ&nﬁ@ui&ﬁﬁuﬁodﬂbﬂiyl;
Conjugated crene < S R AR 0 came

or different and ardiggédsted from hydrogen atoms, halogen atoms, CI-C10 halogenated or

unhalogenated alky\gkokiBFfG PR AAIRGRNRIS S OsARAABRIRISH A BIRARL2 C10

halogenated or unhalogenated alkenyl groups, C7-C40 halogenatéd or inhalogenated

arylalkyl groups, halogenated or unhalogenated alkylaryl groups, C8-C40
halogenated or ungigleasmnaiedarylalkeny! mw%is%rﬁihé%ﬁénﬁﬁm@m%ﬁ&mals

in which R' is one of a halogen atom, a cl-cI0 alkyl group, or a 10 aryl group; or two or
more adjacent radtighloriseio R7 together with the atoms connecting them can form one or

more rings; R13 isdsaleBiedibanRidyl 4 RBL4R4 trifluoromethylphenyl] indenyl); zirconium
dichloride;
dimethylsiladiyl(2-n-propyl, 4-[3',5"-bis-trifluoromethylphenyl]indenyl),

zirconium dichloride;

dimethylsiladiyl(2-iso-propyl, 4-[3',5"-bis- trifluoromethylphenyl]indenyl),
zirconium dichloride;

dimethylsiladiyl(2-n-butyl, 4-[3',5"-bis-trifluoromethylphenyl]indenyl), zirconium
dichloride;

dimethylsiladiyl(2-iso-butyl, 4-[3",5"-bis-trifluoromethylphenyljindenyl)
zirconium dichloride;

dimethylsiladiyl(2-sec-butyl, 4-[3",5'-bis-trifluoromethylphenyl]indenyl),
zirconium dichloride;

dimethylsiladiyl(2-tert-butyl, 4-[3',5"-bis-trifluoromethylphenyl]indenyl),
zirconium dichloride;

dimethylsiladiyl(2-methyl, 4-[3",5"-bis-trifluoromethylphenyl]indenyl) ;hafnium
dichloride;

dimethylsiladiyl(2-ethyl, 4-[3',5'-bis-trifluoromethylphenyl]indenyl) zhafnium
dichloride;

dimethylsiladiyl(2-n-propyl, 4-[3',5'-bis- trifluoromethylphenyl]indenyl);hafnium
dichloride;
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1111 -m3--m3- m3--0-m3-0- 1111 R15R15 R15R15 R14 R16R14R14 R14 R14 111111 -M3- C
--0-M3-- C - C - C - 11111l Rts R16R15R15 R15 R15 -Ge-, -Sn-, -0-, -S-, -SO-, -SO2-,-CO-,
_p(Ri4)_ _ 13(0)(R-14)-, -B(NR1412.15)- and -B[N(SiRwRisRts)2i_.R15 and R16 are each
independently selected from hydrogen, halogen, C1-C20 alkyl groups, C6-C30 awl groups,
Ci-C20 alkoxy groups, C2-C20 alkenyl groups, Craw arylalkyl groups, Cs-

dimethylsiladiyl(2-iso-propyl, 4-[3',5"-bis-
trifluoromethylphenyl]indenyl);hafnium dichloride;
dimethylsiladiyl(2-n-butyl, 4-[3',5'-bis- trifluoromethylphenyl]indenyl);hafnium

dichloride;

dimethylsiladiyl(2-iso-butyl, 4-.[3',5'-bis- trifluvoromethylphenyl]indenyl);hafnium
dichloride;

dimethylsiladiyl(2-sec-butyl, 4-[3',5"-bis- trifluoromethylphenyl]indenyl);hafnium
dichloride;

dimethylsiladiyl(2-tert-butyl, 4-[3",5'-bis- trifluoromethylphenyl]indenyl);hafnium
dichloride; '

9-silafluorendiyl(2-methyl, 4-[3',5"-bis-trifluoromethylphenyljindenyl);zirconium
dichloride;

dimethylsiladiyl(2-ethyl, 4-[3',5-bis- trifluoromethylphenyl]indenyl),;hafhium
dichloride;

9-silafluorendiyl(2-n-propyl, 4-[3',5'"-bis-
trifluoromethylphenyl]indenyl),zirconium dichloride;
9-silafluorendiyl(2-iso-propyl, 4-[3',5'-bis-
trifluoromethylphenyl]indenyl),zirconium dichloride;
9-silafluorendiyl(2-n-butyl, 4-[3',5"bis- trifluoromethylphenyl]indenyl);zirconium
dichloride;

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

triﬂuoromethylphenyl] indenyl),zirconium dichloride;
9-silafluorendiyl(2-sec-butyl, 4-[3',5"-bis-
triflucromethylphenyl]indenyl),zirconium dichloride;
9-silafluorendiyl(2-tert-butyl, 4-[3',5'-bis-
trifluoromethylphenyljindenyl),zirconium dichloride;
9-silafluorendiyl(2-methyl, 4-[3',5'-bis-trifluoromethylphenyl]indenyl) ;hafnium
dichloride;

9-silafluorendiyl(2-ethyl, 4-[3 ',5'-bis—hiﬂuoromethylpheﬁyl]indenyl)ghafnium
dichloride;

9-silafluorendiyl(2-n-propyl, 4-[3',5"-bis- trifluoromethylphenyijindenyl),
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arylalkenyl groups and C2-C40 alkylaryl groups, or R14 and RIS, together with the atom(s)
connecting them, form a ring; and M3 is selected from carbon, silicon, germanium and tinor
R13 is represented by the formula: 18 17 wherein R to R24 are as defined for R and R2, or
two or more adjacent radicals R17 to R24, including R20 and R21, together with the atoms
connecting them form 2 i one or more rings; M s carbon, silicon, germanium, or tin. 17. The
process of claim 1 wherein the bis-indenyl Group 4 metallocene compound is selected from
the group consisti@@%ﬂ@iﬁ@h%ﬁil bis(2-methylindenyDzirconium dichloride, dimethylsilyl
bis(2-methyl-inderylzigasisiai dipatayprshg1eaodsHybis- trifluoromethylphenyljindenyl), .
bis(2-methy1,4,6-£ Q I-%i}ﬂﬁn _Bﬂ;irconium dichloride; dimethylsilyl

bis(2-methy1,4,6- %Eé ﬂé irconium dimethyl; dimethylsilyl
bis(2-methy1,4-phensijlafhdeaydizi@onibutyti¢Rystbisdinfihryisitshylphenyl Jindenyl)shafnium
bis(2-methy1,4-ph§{(1; -oilplgg,nyDzirconium dimethyl; dimethylsilyl bis(2-methy1,4-
naphthyl-indenyl)zirconium’dichloride; dimethylsilyl bis(2-methy1,4-naphthylindenyOzirconium
dimethyl; dimethyISikildfls(@eathyll 4iphbutylindiédyehieomfmraisiholishens]fimtenytitha fnium
bis(2-ethy1,4-phera¥£ gﬁgDzirconium dimethyl; dimethyilsilyl
bis(2-methy1,4-(di-tert-butyl-pheny1)- indenyezirconium dichloride; dimethylsilyl
bis(2-methy1,4-(di%eitaBueyepdizhysecrbasrdy i comiaridiarmethylphemiangenyl)hafnium
bis(2-methyl-indenyDhafaigm dichloride, dimethylsilyl bis(2-methyl-indenyl)hafnium dimethyl,
dimethylsilyl bis(2-meth 1,4,6-9” ropyl-indenyl)hafnium dichloride; dimethylsilyl bis(2-
methyL4,6-diprop Y SHRISRGHIGHPEr b - chra ety i prEtindphgmdlindeny Dshafiium
phenyl-indenyl)hatginma.giehloride; dimethylsilyl bis(2-methy1,4-phenylindenyl)hafnium

dimethyl; dimethylsilyl his Z-me}tj?él,4-naEhtrglinlde_nﬁl)aafnium dichlori ]e;ngimeghylsilyl,

bis(2-methy1,4-naf AR A BETRR Y it o @,‘?il)ﬂthyp enyl Jindenyl),zirconium

bis(2-ethy1,4-pherinigiignyl)hafnium dichloride; dimethylsilyl

bis(2-ethyl,4-phenyl-inde %ﬁiﬁgj dj e%\y' imethylsilyl . o
pis(2-metny 1 & (I AR ek T eR e e g ligirconium
bis(2-methy1l,4-(didierethytyl-phenyl)-indenyl)hafnium dimethyl. 18. The process of claim 1

where in the polyn&lel%aéloqstﬂ:a%q iﬁzhﬁ’mo olygrrﬁ)joc;’ lgoqg_. 19. The process of claim 1 where in

the polymer produce gmprlsé's pro'Byr/ A& and’from 0.5 to 25 wi% ethylene.

trifluoromethylphenylJindenyl),zirconium dimethyl;
dimethylsiladiyl(2-iso-propyl, 4-[3',5'-bis-
trifluoromethylphenyl]indenyl);zirconium dimethyl;
dimethylsiladiyl(2-n-butyl, 4-[3',5'-bis-trifluoromethylphenyl]indenyl),zirconium
dimethyl;

dimethylsiladiyl(2-iso-butyl, 4-[3',5'-bis-
trifluoromethylphenyl]indenyl),zirconium dimethyl;
dimethylsiladiyl(2-sec-butyl, 4-[3',5'-bis-
trifluoromethylphenyl]indenyl),zirconium dimethyl;
dimethylsiladiyl(2-tert-butyl, 4-[3',5"-bis-
trifluoromethylphenyl]indenyl),zirconium dimethyl;

dimethylsiladiyl(2-methyl, 4—[3 ' 5"-bis-trifluoromethylphenylJindenyl) ;hafnium
dimethyl;

dimethylsiladiyl(2-ethyl, 4-[3',5"bis-trifluoromethylphenyl]indenyl) ;hafnium
dimethyl;
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20.The process of claim 1 wherein the bis-indenyl Group 4 metallocene compound is selected
from the group consisting of: dimethylsiladiy1(2-methyl, 443',5'-di-t-butylphenyl]indeny1)2
zirconium dichloride; dimethylsiladiy1(2-ethyl, 4-[3',5'-di-t-butylphenyl]lindeny1)2 zirconium
dichloride; dimethylsiladiy1(2-n-propyl, 443',5'-di-t-butylphenyl]indeny1)2zirconium dichloride;
dimethylsiladiy1(2-iso-propyl, 4-[3',51-di-t-butylphenyl]indeny1)2zirconium dichloride;
dimethylsiladiy1(2-n-butyl, 4-[3',5'-di-t-butylphenyl]indenyl1)2zirconium dichloride;
dimethylsiladiy1 (2 divetudsiladi g B-tpropivly thbEdyhisdeiipedbpipimngidindegd)hathivm
dimethylsiladiy1(2-f6fs8 fyl 443',5'-di-t-butylphenyllindeny1)2zirconium dichloride;

dimethylsiladiy1(2- tert butyl 443, 5'-di-t- butylphenyl]lndenyl)ZZlrconlum dichloride;
dlmethyIS|Iad|y1(2%ﬂ}bflslﬂ@@)é(%}sﬁmmﬂbhér[ﬁ}ﬁ@&yl)2hafnlum dichloride;

dlmethy|SI|adIyl(21ﬁmr&ﬂgﬂa§1ﬂ{eh Yy elal M{hﬁgﬁﬁy&)gaﬁpmum dichloride;
dimethylsiladiy1(2-n- pro%}g 443’ 5'-di-t-buty hen)ﬁlllndenyl)Zhafmum

dimethylsiladiy1(2928¢gk QPda!t‘ézﬁ"BWb&r nehinddepaysmbshdindenyghainium
dimethylsiladiy1(2dittiath 4 3',5'-di-t-butylphenyliindeny1)2hafnium dichloride;

3-silafluorendly L et ey 2 e T e e Tk S TSy 1) hafnium
dimethyl;
dimethylsiladiyl(2-sec-butyl, 4-[3',5'-bis- trifluoromethylphenylJindenyl);hafnium
dimethyl;
dimethylsiladiyl(2-tert-butyl, 4-[3',5'-bis- trifluoromethylphenyl]indenyl);hafhium
dimethyl;
9-sﬂaﬂuorend1y1(2—methy1 4- [3 ,5'-bis-trifluoromethylphenyl]indenyl),zirconium
dimethyl;
dimethylsiladiyl(2-ethyl, 4-[3' 5'-bis- trifluoromethylphenyl]indenyl),hafnium
dimethyl;
9-silafluorendiyl(2-n-propyl, 4-[3',5'-bis-
triﬂuoromethylphenyl]indenyl)p_zirconium dimethyl;
9-silafluorendiyl(2-iso-propyl, 4-[3',5"-bis-
trifluoromethylphenyl]indenyl),zirconium dimethyl;
9-silafluorendiyl(2-n-butyl, 4-[3',5"-bis- trifluoromethylphenyl]indenyl),zirconium
dimethyl;
9-silafluorendiyl(2-iso-butyl, 4-[3',5'-bis-
trifluoromethylphenyl]indenyl),zirconium dimethyl;
9-silafluorendiyl(2-sec-butyl, 4-[3',5"-bis-
trifluoromethylphenyl]indenyl),zirconium dimethyl;
9-silafluorendiyl(2-tert-butyl, 4-[3',5"-bis-
trifluoromethylphenyl]indenyl),zirconium dimethyl;
0-silafluorendiyl(2-methyl, 4-[3',5'-bis-trifluoromethylphenyli]indenyl) shafnium
dimethyl;

- 68 -



9-silafluorendiy1(2-ethyl, 443',5'-di-t-butylphenyl]indenyl1)2zirconium dichloride;
9-silafluorendiy1(2-n-propyl, 443',51-di-t-butylphenyllindenyl)2zirconium dichloride;
9-silafluorendiy1(2-iso-propyl, 443',5'-di-t-butylphenyllindeny1)2zirconium dichloride;
9-silafluorendiy1(2 dichloride; 9-silafluorendiy1(2 dichloride; 9-silafluorendiy1(2 dichloride;
9-silafluorendiyl1(2 dichloride; 9-silafluorendiy1(2 9-silafluorendiy1(2 9-silafluorendiyl1(2
dichloride; 9-silafluorendiy1(2 dichloride; 9-silafluorendiy1(2 9-silafluorendiy1(2 dichloride;
9-silafluorendiy1(PdtiafBisaendyiaatiolefdd 2P e iBiraemathrirhorsilindFnpilhafnium
dimethylsiladiy1(2<gisagaylsiladiyl(2- dimethyl; dimethylsiladiy1(2- dimethyl;

PRt Ok TSt T ———
443',5'-di-t-butylphmihiﬁnﬁ&fmyér}ﬁrijrconigm methyl, 443',5'-d§-t-butylpheny|Iindeny1)2hafnium
O o S U R HED s,
443',5'-di-t-butylphedidlinddmyehztiafnium n-butyl, 443',5'-di-t-butylphenyl]indenyl) 2hafnium

Bhac T R

dimethyl;

9-silafluorendiyl(2-iso-butyl, 4-[3',5"-bis-trifluoromethylphenyl]indenyl)zhafnium
dimethyl;

9-silafluorendiyl(2-sec-butyl, 4-[3',5'-bis-trifluoromethylphenyl]indenyl);hafnium
dimethyl;

9-silafluorendiyl(2-tert-butyl, 4-[3",5"-bis-trifluoromethylphenyl]indenyl);hafnium
dimethyl; '

dimethylsiladiyl(2-ethyl, 4-[3',5-di-iso-propylphenyl]indenyl),zirconium
dichloride;

dimethylsiladiyl(2-n-propyl, 4-[3',5"-di-iso-propylphenyl]indenyl),zirconium
dichloride

dimethylsiladiyl(2-iso-propyl, 4-[3',5'-di-iso-propylphenyl]indenyl),zirconium
dichloride;

dimethylsiladiyl(2-n-butyl, 4-[3',5"-di-iso-propylphenyl]indenyl},zirconium
dichloride;

dimethylsiladiyl(2-iso-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl),zirconium
dichloride;

dimethylsiladiyl(2-sec-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl);zirconium
dichloride;

dimethylsiladiyl(2-tert-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl),zirconium
dichloride; -

dimethylsiladiyl(2-ethyl, 4-[3',5'-di-iso-propylphenyl]indenyl) ;hafnium
dichloride;
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methyl, 443',5'-di-t-butylphenyl]indeny1)2zirconium dimethyl; -ethyl,

443 5'-di-t-butylphenyl]indenyl)2zirconium dimethyl; n-propyl, 443
",5'-di-t-butylphenyllindeny1)2zirconium -iso-propyl,

443' 51-di-t-butylphenyl]indeny1)2zirconium -n-butyl,
443',5'-di-t-butylphenyllindenyl)2zirconitun dimethyl; iso-butyl,
4431,51-di-t-butylphenyllindeny1)2zirconium sec-butyl,
443',5'-di-t-butylphdimdiindieagiyl{2ircompm, 4did5budjtiso-propylphenyl]indenyl) ;hafninm

443',5'-di-t-butylph E;l;gl)igggnyl)ZZirconium -methyl, 443',5'-di-t-butylphenyl]lindenyl1)2hafnium

dimethyl; ethyl, 4

-t-butylphenyllindenyl) 2hafnium dimethyl; n-propyl,

443'5'-di-t-butylprématindledi yRaseinrerithe s - disisafrorsirlignyPirdsni) phafnium
443',5‘-di-t-butylphﬁ@d]}ﬁ@ggnyl)Zhafnium dimethyl; 9-silafluorendiy1(2-n-butyl,
413',5'-di-t-butylphenyllindeny1)2hafnium dimethyl; 9-silafluorendiyl(2-iso-butyl, .

443' 5'-di-t-butylprimgihydladiys R dirhtdiyli-gserarmpsiehenyllpdsarllshgfnivm
443',5'-di-t-butylphgamidindenyl)2hafnium dimethyl;

dimethylsiladiyl(2-iso-butyl, 4-[3',5'-di- iso-propylphenyt]indenyl) zhafnium
dichloride; |
dimethylsiladiyl(2-sec-butyl, 4-[3',5'-di- iso-propylphenyljindenyl) zhafnium
dichloride;

dimethylsiladiyl(2-tert-butyl, 4-[3',5'-di- iso-propylphenyl]indenyl} ;hafhium
dichloride; 7
9-silafluorendiyl(2-ethyl, 4-[3',5'-di-iso-propylphenyl}indenyl),zirconium
dichloride;

9-silafluorendiyl(2-n-propyl, 4-[3',5"-di-iso-propylphenyllindenyl);zirconium
dichloride;

9-silafluorendiyl(2-iso-propyl, 4-[3',5"-di-iso-propylphenyl]indenyl),zirconium
dichloride;

9-silafluorendiyl(2-n-butyl, 4-[3',5'-di-iso-propylphenyljindenyl),zirconium
dichloride; _

9.silafluorendiyl(2-iso-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl);zirconium
dichloride;

9-silafluorendiyl(2-sec-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl),zirconium
dichloride;

9-silafluorendiyl(2-tert-butyl, 4-[3',5'-di-iso-propylphenyljindenyl),zirconium
dichloride;

9-silafluorendiyl(2-ethyl, 4-[3',5"-di-iso-propylphenyl]indenyl) ;hafhium
dichloride;

9-silafluorendiyl{2-n-propyl, 4-[3',5'"-di-iso-propylphenyl]indenyl);hafnium
dichloride;
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9-silafluorendiy1(2-tert-butyl, 443',5'-di-t-butylphenyl]indenyl)2hafnium dimethyl;
dimethylsiladiy1(2-methyl, 4-[3',5'-bis-trifluoromethylphenyl] indeny1)2 zirconium dichloride;
dimethylsiladiy1(2-ethyl, 4-[3',5'-bis-trifluoromethylphenyl] indeny1)2 zirconium dichloride;
dimethylsiladiy1(2-n-propyl, 4[3',5'-bis-trifluoromethylphenyl]indenyl)2 zirconium dichloride;
dimethylsiladiy1(2-iso-propyl, 4-[3',5'-bis- trifluoromethylphenyl]indeny1)2 zirconium dichloride;
dimethylsiladiy1(2-n-butyl, 4[3',5'-bis-trifluoromethylphenyllindeny1)2 zirconium dichloride;
dimethylsiladiy1(2 984 {HOTeRI S-SR RFARIG SrkethythtorprpmdBhsr e ehateitoride;
dimethylsiladiy1(2diefetdaidy], 4-[3',5'-bis-trifluoromethylphenyllindeny1)2 zirconium dichloride;
dimethylsiladiy1(2-tert-hutyl, 443’ 5'-bis-trifluoromethylphenyllindeny1)? zirconium dichloride;
dimethylsiIadiyl(2-éﬁf’éiﬁ?iﬁéf‘[%q@l-@r&l?ﬂﬂh%’rﬁ%@fé’ﬁ%&%ﬁ%@%@%@#ﬁ%ﬁ%&ﬁ%de;

dimethylsiladiy1(2 dithioridd3',5'-bis-trifluoromethylphenyl]indenyl) 2hafnium dichloride;
dimethylsiladiyL (2 froR¥teddnc- R vt apms BrimhenyindsnyEhaimiym dishigride:

dichloride;

9-silafluorendiyl(2-sec-butyl, 4-[3',5"-di-iso-propylphenyl]indenyl};hafnium
dichloride;

9-silafluorendiyl(2-tert-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl);hafnium
dichloride;

dimethylsiladiyl(2-ethyl, 4-[3',5-di-iso-propylphenyl]indenyl),zirconium
dimethyl;

dimethylsiladiyl(2-n-propyl, 4-[3',5'-di-iso-propylphenyl]indenyl);zirconium
dimethyl

dimethylsiladiyl(2-iso-propyl, 4-[3',5"-di-iso-propylphenyl]indenyl),zirconium
dimethyl;

dimethylsiladiyl(2-n-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl),zirconium
dimethyl;

dimethylsiladiyl(2-isobutyl, 4-[3",5"-di-iso-propylphenyljindenyl);zirconium
dimethyl;

dimethylsiladiyl(2-sec-butyl, 4-[3',5"-di-iso-propylphenyl]indenyl),zirconium
dimethyl;

dimethylsiladiyl(2-tert-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl),zirconium
dimethyl;

dimethylsiladiyl(2-ethyl, 4-[3',5'-di-iso-propylphenylJindenyl) ;hafnium dimethyl;
dimethylsiladiyl(2-n-propyl, 4-[3',5'-di- iso-propylphenylJindenyl) shafnium
dimethyl;

dimethylsiladiyl(2-iso-propyl, 4-[3',5'-di- iso-propylphenyl]indenyl) ;hafnium
dimethyl;

dimethylsiladiyl(2-n-butyl, 4-[3',5'-di- iso-propylphenyl]indenyl) ;hafnium
dimethyl;
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dimethylsiladiy1(2-iso-propyl, 4-[3',5"-bistrifluoromethylphenyl]indenyl)2hafnium dichloride;
dimethylsiladiy1(2-n-butyl, 4-[3',5'-bis- trifluoromethylphenyllindenyl)2hafnium dichloride;
dimethylsiladiy1(2-iso-butyl, 4-[3',5'-bis- trifluoromethylphenyl]indeny1)2hafnium dichloride;
dimethylsiladiy1(2-sec-butyl, 4-[3',5'-bis- trifluoromethylphenyllindenyl)2hafnium dichloride;
dimethylsiladiy1(2-tert-butyl, 4-[3',5'-bis- trifluoromethylphenyllindeny1)2hafitium dichloride;
9-silafluorendiyl(2-methyl, 443',5'-bis-trifluoromethylphenyllindenyl1)2zirconium dichloride;
dimethylsiladiy1 (2 dthsths[Bidbidisisoibutio tEthy i hisoyiliopdpié) 2 addeupt) ghirhémiice
9-siIaquorendiyl(ZdﬂT-l%{Rﬁyl, 443' 5'-bistrifluoromethylphenyl]indenyl)2zirconium dichloride;
9-silafluorendiy1(2-iso-propyl, trifluoromethylphenyl]indeny1)2zirconium dichloride;

9-silafluorendiy 1 (Ximsthylsiladal B1s¢sidutlifb i3 raedjsoHuapyinbrny indenybmireendinloride;
- S|Iafluorend|y1(261ﬁ%ﬂwyl trifluoromethylphenyl]indeny1)2zirconium dichloride;
9-silafluorendiy1(2-sec-butyl, 443',5'- blstrlfluoromethylphenyl]lndenyl 2zirconium dichloride;

l,
o- s.|af|uorend.yl(zdtéwtbﬂﬁyla@ﬂwi&%ﬁeﬁréWpﬁ W it ATPESRS) RoAdsrdgg onium
dimethyl;

9-silafluorendiyl(2-ethyl, 4-[3',5'-di-iso-propylphenyl]indenyl);zirconium
dimethyl;

9-silafluorendiyl(2-n-propyl, 4-[3',5"-di-iso-propylphenyl]indenyl);zirconium
dimethyl;

9-silafluorendiyl(2-iso-propyl, 4-[3',5'-di-iso-propylphenyl]indenyl),zirconium
dimethyl;

9-silafluorendiyl(2-n-butyl, 4-[3',5"-di-iso-propylphenyl]indenyl),zirconium
dimethyl;

9-silafluorendiyl(2-iso-butyl, 4-[3',5"-di-iso-propylphenyl]indenyl),zirconium
dimethyl;

9-silafluorendiyl(2-sec-butyl, 4-[3',5"-di-iso-propylphenyl]indenyl),zirconium
dimethyl;

9-silafluorendiyl(2-tert-butyl, 4-[3',5'-di-iso-propylphenyl)indenyl),zirconium
dimethyl; |

9-silafluorendiyl(2-ethyl, 4-[3',5'-di-iso-propylphenyl]indenyl) ;hafnium dimethyl;
9-silafluorendiyl(2-n-propyl, 4-[3',5"-di-iso-propylphenyl]indenyl);hafhium
dimethyl;

9-silafluorendiyl(2-iso-propyl, 4-[3',5'-di-iso-propylphenyl]indenyl);hafhium
dimethyl;

9-silafluorendiyl(2-n-butyl, 4-[3',5'-di-iso-propylphenyl]Jindenyl);hafnium
dimethyl;

9-silafluorendiyl(2-iso-butyl, 4-[3",5"-di-iso-propylphenyl]indenyl),hafnium
dimethyl;

9-silafluorendiyl(2-sec-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl);hafnium
dimethyl;
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9-silafluorendiy1(2-methyl, 443',5'-bis-trifluoromethylphenyllindeny1)2hafnium dichloride;
9-silafluorendiy1(2-ethyl, 443',5'-bis-trifluoromethylphenyllindenyl)2hafnium dichloride;
9-silafluorendiy1(2-n-propyl, 4-[3',5'-bis- trifluoromethylphenyllindenyez hafnium dichloride;
9-silafluorendiy1(2-iso-propyl, 4-[3',5'-bis- trifluoromethylphenyl]lindeny1)2 hafnium dichloride;
9-silafluorendiyl1(2-n-butyl, 4{3',5'-bis-trifluoromethylphenyljindenyl)2hafnium dichloride;
9-silafluorendiy1(2-iso-butyl, 443',5'-bis-trifluoromethylphenyl]indenyl1)2hafnium dichloride;
9-silafluorendiy1(2salbayendivy tastuink drGineiiptrararihsayliodemilhs@dmoride;
9-silafluorendiy1(ZstgiérRytyl, 443',51-bis-trifluoromethylphenyllindeny1)2hafnium dichloride;
dimethylsiladiy1(2-methyl 4[3‘,5'-bis-trif|uoromet%%lphenyl]inden]}(};lL%Zzirconium_dimethyl;

dimethylsiladiy (2 SR visiadiviZemettidy dhha Py s PR S SRR A e thy
dimethylsiladiy1(2dichionyé; 443',5'-bistrifluoromethylphenyl]indeny1)2zirconium dimethyl;
dimethylsiladiyl(Zdiané r)?ﬁﬁlddiyl(Z-ethyl, 4-[3',5"-di-phenylphenyl]indenyl),zirconium dichloride;
dimethylsiladiyl(2-n-propyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium
dichloride;

dimethylsiladiyl(2-iso-propyl, 4-[3',5'-di-phenylphenyljindenyl),zirconium
dichloride;

dimethylsiladiyl(2-n-butyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium
dichloride;

dimethylsiladiyl(2-iso-butyl, 4-[3',5"-di-phenylphenyl]indenyl),zirconium
dichloride;

dimethylsiladiyl(2-sec-butyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium
dichloride;

dimethylsiladiyl(2-tert-butyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium
dichloride;

dimethylsiladiyl(2-methyl, 4-[3',5'-di-phenylphenyl]indenyl);hafnium dichloride; -
dimethylsiladiyl(2-ethyl, 4-[3',5"-di-phenylphenyljindenyl);hafnium dichloride;
dimethylsiladiyl(2-n-propyl, 4-[3',5"-di-phenylphenyl]indenyl);hafnium
dichloride;

dimethylsiladiyl(2-iso-propyl, 4-[3',5"-di-phenylphenyl]indenyl);hafnium
dichloride;

dimethylsiladiyl(Z-n—Butyl, 4;[3',5 '-di-phenylphenyljindenyl);hafnium dichloride;
dimethylsiladiyl(2-iso-butyl, 4-[3',5"-di-phenylphenylJindenyl);hafnium
dichloride;

dimethylsiladiyl(2-sec-butyl, 4-[3",5'-di-phenylphenyl]indenyl);hafnium
dichloride;

dimethylsiladiyl(2-tert-butyl, 4-[3',5'-di-phenylphenyl]indenyl);hafnium
dichloride;
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trifluoromethylphenyl]indeny1)2zirconium dimethyl; dimethylsiladiy1(2-n-butyl,

443 5'-bis-trifluoromethylphenyljindenyl)2zirconium dimethyl; dimethylsiladiy1(2-iso-butyl,
trifluoromethylphenyljindenyl)2zirconium dimethyl; dimethylsiladiy1(2-sec-butyl,
443',5'-bistrifluoromethylphenyllindeny1)2zirconium dimethyl; dimethylsiladiy1(2-tert-butyl,
443'5'-bistrifluoromethylphenyllindenyl)2zirconium dimethyl; dimethylsiladiy1(2-methyl,
443'5'-bis-ttifluoromethylphenyl]indenyl1)2hafnium dimethyl; dimethylsiladiy1(2-ethyl,
4[3',5"-bis-trifluoroMsilaflptrengijit@enyth @Ahaf il fhdiliphettyybhatiphtdyigiladiydd@anpropyl,
4-[3',5'-bis- trifluor(a &@henyl]indenyl)Zhafnium dimethyl; dimethylsiladiy1(2-iso-propyl,
trifluoromethylphenyl]indeny1)2hafnium dimethyl; dimethylsiladiy1(2-n-butyl, 4-[3',5'-bis-
trifluoromethylphefysiinteerenyiiiéingtiuil dimtethyHidiheaphsnatitpdensiboziyoopivm [dichiayide;

tifuoromethylpheoliggegmehzpriniumatimelirs! ﬂwgﬁa&ﬁ%@%ﬁ&%ﬂw{y&oﬂdﬁl 5'-bis-
tr|f|uoromethylphenyILlrL?ler;yl)Z afnium dimethyl

9-silafluorendiyl(2-iso-propyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium

dichloride;

9-silafluorendiyl(2-n-butyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium

dichloride; |

9-silafluorendiyl(2-iso-butyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium

dichloride;

9-silafluorendiyl(2-sec-butyl, 4-[3',5'-di-phenylphenylJindenyl);zirconium

dichloride;

9-silafluorendiyl(2-tert-butyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium

dichloride;

9-silafluorendiyl(2-methyl, 4-[3',5"-di-phenylphenyl]indenyl);hafnium dichloride;

9-silafluorendiyl(2-ethyl, 4-[3',5'-di-phenylphenyl]indenyl);hafnium dichloride;

9-silafluorendiyl(2-n-propyl, 4-[3',5'-di-phenylphenyt]indenyl);hafnium

dichloride;

9-silafluorendiyl(2-iso-propyl, 4-[3',5'-di-phenylphenyl]indenyl);hafnium
“dichloride; '

9-silafluorendiyl(2-n-butyl, 4-[3',5"-di-phenylphenyl]indenyl);hafnium dichloride;

9-silafluorendiyl(2-iso-butyl, 4-[3',5'-di-phenylphenyl]indenyl);hafnium

dichloride;

9-silafluorendiyl(2-sec-butyl, 4-[3',5"-di-phenylphenyl]indenyl);hafnium

dichloride;

9-silafluorendiyl(2-tert-butyl, 4-[3',5"-di-phenylphenyl]indenyl);hafnium

dichloride;

dimethylsiladiyl(2-methyl, 4-[3',5'-di-phenylphenyl]indenyl);zirconium dimethyl;

dimethylsiladiyl(2-ethyl, 4-[3",5"-di-phenylphenyl]indenyl),zirconium dimethyl;
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dimethylsiladiy1(2-tert-butyl, 4-[3',5'-bis- trifluoromethylphenyl]indeny1)2hafnium dimethyl;
9-silafluorendiy1(2-methyl, 443',5'-bis-trifluoromethylphenyllindenyl)2zirconium dimethyl;
dimethylsiladiy1(2-ethyl, 4-[3',5'-bis- trifluoromethylphenyllindenyl)2hafnium dimethyl;
9-silafluorendiy1(2-n-propyl, trifluoromethylphenyllindenyl1)2zirconium dimethyl;
9-silafluorendiyl(2-iso-propyl, 4[3',5'-bishifluoromethylphenyllindenyl1)2zirconium dimethyl;
9-silafluorendiy1(2-n-butyl, 4-[3',5'-bis- trifluoromethylphenyl indenylﬂ)Zzirco‘nium dimethyl;
9-silafluorendiy1 (2Fssitila Eé(?sﬂti?§?ﬁﬂhé‘r&%é'n4¥/lb‘?@¥¥ﬂ%‘?ﬁﬂﬁﬂf§* PPy hegFraREmethy;
9-silafluorendiy1(2iggedputyl, 443',5'-bistrifluoromethylphenyllindeny1)2zirconium dimethyl;

o-silaluorenciy 1 (AHERY A ECHISSTRIERYD FEA RS R DN o Rer ey .
dimethyl;
dimethylsiladiyl(2-n-butyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium dimethyl;
dimethylsiladiyl(2-iso-butyl, 4-[3',5'-di-phenylphenyl]indenyl);zirconium
dimethyl;
dimethylsiladiyl(2-sec-butyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium
dimethyl; '
dimethylsiladiyl(2-tert-butyl, 4-[3',5'-di-phenylphenyl]indenyl);zirconium
dimethyl,;
dimethylsiladiyl(2-methyl, 4-[3',5'-di-phenylphenyl]indenyl);hafnium dimethyl;
dimethylsiladiyl(2-ethyl, 4-[3',5'-di-phenylphenyl]indenyl);hafnium dimethyl;
dimethylsiladiyl(2-n-propyl, 4-[3',5'-di-phenylphenyl]indenyl)shafhium dimethyl;
dimethylsiladiyl(2-iso-propyl, 4-[3',5'-di-phenylphenyl]indenyl),;hafnium
dimethyl;
dimethylsiladiyl(2-n-butyl, 4-[3',5"-di-phenylphenyl]indenyl);hafnium dimethyl;
dimethylsiladiyl(2-iso-butyl, 4-[3',5'-di-phenylphenyl]indenyl};hafnium dimethyl;
dimethylsiladiyl(2-sec-butyl, 4-[3',5'-di-phenylphenyl]indenyl);hafhium dimethyl;
dimethylsiladiyl(2-tert-butyl, 4-[3',5'-di-phenylphenyl]indenyl);hafnium dimethyl;
9-silafluorendiyl(2-methyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium dimethyl;
9-silafluorendiyl(2-ethyl, 4-{3',5'-di-phenylphenyl]indenyl);zirconium dimethyl;
9-silafluorendiyl(2-n-propyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium
dimethyl;
9-silafluorendiyl(2-iso-propyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium
dimethyl;
9-silafluorendiyl(2-n-butyl, 4-[3',5'-di-phenylphenyl]indenyl);zirconium
dimethyl; |
9-silafluorendiyl(2-iso-butyl, 4-[3',5'-di-phenylphenyl]indenyl);zirconium
dimethyl;
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9-silafluorendiy1(2 dichloride; 9-silafluorendiy1(2 dichloride; 9-silafluorendiy1(2 dichloride;
9-silafluorendiy1(2 dichloride; 9-silafluorendiy1(2 dichloride; dimethylsiladiy1(2- dimethyl;
dimethylsiladiy1(2- dimethyl dimethylsiladiy1(2- dimethyl; dimethylsiladiy1(2- dimethyl;
dimethylsiladiy1(2- dimethyl; dimethylsiladiy1(2- dimethyl; dimethylsiladiy1(2- dimethyl;
dimethylsiladiy1(2- dimethylsiladiyl(2- dimethyl; dimethylsiladiy1(2- dimethyl;
dimethylsiladiy1(2- dimethyl,

9-silafluorendiyl(2-sec-butyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium

dimethyl;

9-silafluorendiyl(2-tert-butyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium
dimethyl;

9-silafluorendiyl(2-methyl, 4-[3',5'-di-phenylphenyl]indenyl);hafhium dimethyl;
9-silafluorendiyl(2-ethyl, 4-[3',5'-di-phenylphenyl]indenyl);hafnium dichloride;
9-silafluorendiyl(2-n-propyl, 4-[3',5'-di-phenylphenyl]indenyl);hafnium dimethyl;
9-silafluorendiyl(2-iso-propyl, 4-[3',5'-di-phenylphenyl]indenyl);hafnium
dimethyl;

9-silafluorendiyl(2-n-butyl, 4-[3",5"-di-phenylphenyl)indenyl);hafnium dimethyl;
9-silafluorendiyl(2-iso-butyl, 4-[3',5"-di-phenylphenyl]indenyl);hafnium dimethyl;
9-silafluorendiyl(2-sec-butyl, 4;[3',5 '-di-phenylphenyl]indenyl);hafnium
dimethyl;

9-silafluorendiyl(2-tert-butyl, 4-[3',5'-di-phenyiphenyl]indenyl);hafnium
dimethyl;

dimethylsiladiyl(2-methyl, 4-[3',5'-di-t-butylphenyl]indenyl), n*-1,4-diphenyl-1,3-
butadiene;

dimethylsiladiyl(2-ethyl, 4-[3',5'-di-t-butylphenyl]indenyl); n*-1,4-diphenyl-1,3-
butadiene;

dimethylsiladiyl(2-n-propyl, 4-[3',5'-di-t-butylphenyl]indenyl), n*-1,4-diphenyl-
1,3-butadiene; |

dimethylsiladiyl(2-iso-propyl, 4-[3',5'-di-t-butylphenyl]indenyl), n*-1,4-diphenyl-
1,3-butadiene;

dimethylsiladiyl(2-n-butyl, 4-[3',5'-di-t-butylphenylJindenyl), n*-1,4-diphenyl-
1,3-butadiene;

dimethylsiladiyl(?.-iso-butyl, 4-[3",5'-di-t-butylphenyl]indenyl); - 1,4-diphenyl-
1,3-butadiene;

dimethylsiladiyl(2-sec-butyl, 4-[3',5'-di-t-butylphenyl]indenyl), n*1,4-diphenyl-
1,3-butadiene; ,

dimethylsiladiyl(2-tert-butyl, 4-[3',5'-di-t-butylphenyl]indenyl), n*-1,4-diphenyl-

1,3-butadiene;
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dimethylsiladiy1(2- dimethyl; dimethylsiladiy1(2- dimethyl; dimethylsiladiy1(2- dimethyl;
9-silafluorendiy1(2 dimethyl; 9-silafluorendiy1(2 dimethyl; 9-silafluorendiy1(2 dimethyl;
9-silafluorendiy1(2 dimethyl; 9-silafluorendiy1(2 dimethyl; 9-silafluorendiy1(2 dimethyl,
9-silafluorendiy1(2 dimethyl; 9-silafluorendiy1(2 9-silafluorendiy1(2 dimethyl,
9-silafluorendiyl1(2 dimethyl; 9-silafluorendiy1(2 dimethyl;

dimethylsiladiyl(2-ethyl, 4-[3',5-bis-trifluoromethylphenylJindenyl); n4- 1,4-
diphenyl-1,3-butadiene;

dimethylsiladiyl(2-n-propyl, 4-[3',5-bis-trifluoromethylphenylJindenyl), n*-1,4-
diphenyl-1,3-butadiene; |
dimethylsiladiyl(2-iso-propyl, 4-[3',5"bis- trifluoromethylphenyl]indenyl); n*-1,4-
diphenyl-1,3-butadiene;

dimethylsiladiyl(2-n-butyl, 4-[3',5-bis-trifluoromethylphenyl]jindenyl), 'n4- 1,4-
diphenyl-1,3-butadiene;

dimethylsiladiyl(2-iso-butyl, 4-[3',5"-bis-trifluoromethylphenyl]indenyl), n*-1,4-
diphenyl-1,3-butadiene;

dimethylsiladiyl(2-sec-butyl, 4-[3',5"-bis-trifluoromethylphenyl]indenyl), n*1,4-
diphenyl-1,3-butadiene;

dimethylsiladiyl(2-tert-butyl, 4-[3',5"-bis-trifluoromethylphenyl]indenyl), n*-1,4- |
diphenyl-1,3-butadiene;

dimethylsiladiyl(2-ethyl, 4-[3',5"-di-iso-propylphenyl]indenyl), n"'- 1,4-diphenyl-
1,3-butadiene;

dimethylsiladiyl(2-n-propyl, 4-[3',5"-di-iso-propylphenyl]indenyl) n*1,4-
diphenyl-1,3-butadiene;

dimethylsiladiyl(2-iso-propyl, 4-[3',5'-di-iso-propylphenyl]indenyl) 1,4
diphenyl-1,3-butadiene;

dimethylsiladiyl(2-n-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl), nh1,4-
diphenyl-1,3-butadiene;

dimethylsiladiyl(2-iso-butyl, 4-[3',5"-di-iso-propylphenyllindenyl), n*1,4-
diphenyl-1,3-butadiene;

dimethylsiladiyl(2-sec-butyl, 4-[3',5"-di-iso-propylphenylJindenyl), n*1,4-
diphenyl-1,3-butadiene;

dimethylsiladiyl(2-tert-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl), n*1,4-
diphenyl-1,3-butadiene;

dimethylsiladiyl(2-methyl, 4-[3',5'-di-phenylphenyl]indenyl), 'r]4-1,4-diphenyl-

1,3-butadiene;
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9-silafluorendiy1(2 dimethyl; 9-silafluorendiy1(2 dimethyl; -tert-butyl,
443'5'-di-iso-propylphenyl]indenyl1)2hafnium methyl,
443'5'-di-phenylphenyl]lindenyl1)2zirconium ethyl, 443',5'-di-phenylphenyl]indenyflgirconium
dichloride; n-propyl, 443',5'-di-phenylphenyl]indenyl)2zirconium iso-propyl,
443',5'-di-phenylphenyllindeny1)2zirconium n-butyl,
443'5'-di-phenylphenyllindenyl1)2zirconium iso-butyl,
4[31,51-di-pheny|ptimeshijiviledi0@zrtohidH3s6edbphenylphenylJindenyl), n*-1,4-diphenyl-1,3-
443',5'-di-phenylp%%pééﬂgrlldenylﬁzirconium tert-butyl,

443'5'-di-phenylpheny |n§ény1)22irconium methyl,

443' 51-di-phenylptiemfiitdadydi2hafmpyl, dd3ldride pbenylphenyllindenyl); n*-1,4-diphenyl-
443',5'-di-phenylpq%t1\6 ;le%gg,l)Zhalnium dichloride; n-propyl,
443',5'-di-phenylphé&nyl]indenyi1)2hafnium iso-propyl,

443' 5'-di-phenylpliéngtlighéagiy]2visoipropyotsid, 5'-di-phenylphenyl Jindenyl), n*-1,4-diphenyl-
4431,5'-di-pheny1|i)@961 t%g%%gnyl)Zhafnium dichloride; iso-butyl,

443',5‘-di-phenylphényf¥n enyfl2hafnium sec-butyl, 443',5'-di-phenylphenyllindeny1)2hafnium
tert-butyl, 443',5'-iptetintiiladiy(Braubniyl) 2HaTA i RpBesithheoptlinden ) divhigdighenyl-
9-si|af|uorendiy1(21%—%\Iqﬁgp@ndiyl@ dichloride; 9-silafluorendiy1(2 dichloride;
9-silafluorendiy1(2 dic l1or|dee; 9-silafluorendiy1(2 dichloride; 9-silafluorendiy1(2 dichloride;
9-silafluorendiy1 (Xttictthyli vk Rai odremtig 82 D-ditplieroiphenylia Guyidibilehdipheayl-
dichloride; 9-si|af|Li%?q%éégedichloride; 9-silafluorendiy1(2 9-silafluorendiyl1(2 dichloride;
9-silafluorendiy1(2 dic Hor e; 9-silafluorendiy1(2 dichloride; dimethylsiladiylgz-
dimethylsiladiy1(2dimethylsiladiyl(2-sec-butyl, 4-[3',5'-di-phenylphenyl]indenyl), n"-1,4-diphenyl-

1,3-butadiene;

dimethylsiladiyl(2-tert-butyl, 4-[3',5'-di-phenylphenyl]indenyl), n*-1,4-diphenyl-
1,3-butadiene;

9-silafluorendiyl(2-methyl, 4-[3',5'-di-t-butylphenyl]indenyl), 114-1 ,4-diphenyl-
1,3-butadiene; _

9-silafluorendiyl(2-ethyl, 4-[3',5'-di-t-butylphenyl]indenyl), n*-1,4-diphenyl-1,3-
butadiene; .

9-silafluorendiyl(2-n-propyl, 4-[3',5'-di-t-butylphenyl]indenyl). n*-1,4-diphenyl-
1,3-butadiene;

9-silafluorendiyl(2-iso-propyl, 4-[3',5"-di-t-butylphenyl]indenyl), n*-1,4-diphenyl-
1,3-butadiene;

9-silafluorendiyl(2-n-butyl, 4-[3',5'-di-t-butylphenyl]indenyl), n*-1,4-diphenyl-
1,3-butadiene;

9_silafluorendiyl(2-iso-butyl, 4-[3',5"-di-t-butylphenyl]indenyl); n*-1,4-diphenyl-
1,3-butadiene; .

9.silafluorendiyl(2-sec-butyl, 4-[3',5'-di-t-butylphenylJindenyl), n*-1,4-diphenyl-
1,3-butadiene;

9-silaftuorendiyl(2-tert-butyl, 4-[3',5"-di-t-butylphenyl]indenyl), n*-1,4-diphenyl-
1,3-butadiene;
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n-propyl, 443',5'-di-phenylphenyl]lindeny02zirconium n-butyl,
443'5'-di-phenylphenyllindenyl)2zirconium dimethyl; iso-butyl,
443'5'-di-phenylphenyl]indenyfl2zirconium sec-butyl,
443'5'-di-phenylphenyl]indenyl1)2zirconium tert-butyl,
443'5'-di-phenylphenyl]indenyl)2zirconium methyl, 443',5'-di-phenylphenyl]indenyl)2hafnium
dimethyl; ethyl, 443',5'-di-phenylphen I]indenyll)Z.hafnium dimethyl; n-?r.opyl, .
443',5'-di-pheny|pﬁeﬂ£ﬂﬂﬁa@9§%vf et teéunmegathylphenyllindenyl); n°-1,4-
443',5'-di-phenylplgmdlipdenydazaadpdam n-butyl, 4-[3',5'-di-phenylphenyllindeny1)2hafnium
dimethyl; iso-butyl, 443' 5'-di-phenylphenyl indeny}rz)%hafnium dimeth)fll; sec-butyl,

443" 5'-di-phenylpResiipfinearsadiyiRammnybiftthy roisrbugromethylphenylJindenyl, n'-1,4-

443'5'-di-phenylplagimdiipdenydiziaadpdum dimethyl; methyl,
443'5'-di-phenylphenyllindeny1)2zirconium dimeth 'Ii)_ethyl ) 4
443',5--di-pheny|pﬁeﬂf} HB@HQ@Q%&%HEHMMM&&T;‘ i-grdipAromethylphenyllindenyl), 1

',5"-di-phenylphenyllingiaRyAP I eatHdkng0-propyl,
443',5'-di-phenylphenyllindenyl)2zirconium -n-butyl, i
(3 5"di-phenyIp N HRISHY IS AEBif-1db bty trifluoromethylpheny indenyDz ' Ld-
443',5'-di-phenylpgshdiAdenyduidiganium -sec-butyl,
443L,5"di-phenyl p9r1SiTgflllaggf?nrR{%?(%%ligg(?bmgyT 4-[3',5'-bis-trifluoromethylphenyljindenyl); n*-1,4-
diphenyl-1,3-butadiene;
9-silafluorendiyl(2-sec-butyl, 4-[3',5"-bis-trifluoromethylphenyl]indenyl); 1‘|4- 1,4-
diphényl—'1,3-butadiene;
9-silafluorendiyl(2-tert-butyl, 4-[3',5"bis-trifluoromethylphenyljindenyl); n*-1,4-
diphenyl-1,3-butadiene;
9-silafluorendiyl(2-ethyl, 4-[3',5"-di-iso-propylphenyl]indenyl), n*-1,4-diphenyl-
1,3-butadiene;
9-silafluorendiyl(2-n-propyl, 4-[3',5'-di-iso-propylphenyl]indenyl) , n*-1,4-
diphenyl-1,3-butadiene;
9-silafluorendiyl(2-iso-propyl, 4-[3',5'-di-iso-propylphenyl]indenyl) n'-1,4-
diphenyl-1,3-butadiene;
9-silafluorendiyl(2-n-butyl, 4-[3",5-di-iso-propylphenylJindenyl), n*1,4-
diphenyl-1,3-butadiene;
9-silafluorendiyl(2-iso-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl); n*-1,4-
diphenyl-1,3-butadiene;
9-silafluorendiyl(2-sec-butyl, 4-[3',5"-di-iso-propylphenyl]indenyl), 114-1 4~
diphenyl-1,3-butadiene;
0-silafluorendiyl(2-tert-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl), n*-1,4-
diphenyl-1,3-butadiene;
9-silafluorendiyl(2-methyl, 4-[3',5'-di-phenylphenyl]indenyl), 1'14- 1,4-diphenyl-

1,3-butadiene,
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-tert-butyl, 443',5'-di-phenylphenyl]indenyl)2zirconium -methyl,
4431,51-di-phenylphenyllindenyl)2hafnium dimethyl; ethyl,
443',5'-di-phenylphenyl]lindenyl1)2hafnium dichloride; -n-propyl,
443',5'-di-phenylphenyllindenyl1)2hafnium dimethyl; iso-propyl,
4431,51-di-phenylphenyl]indenyl)2halnium -n-butyl,
443'5'-di-phenylphenyllindenyl)2hafnium dimethyl; iso-butyl,

443 51-di-phenylpheilsfliensadip§2ietisl fal3if stiphensdohoutilindenyl), n*-1,4-diphenyl-1,3-

443',5'-di- phenylpiﬂﬁmq eny1)2hafn|um tert-butyl,
443' 5'-di-phenylphenyl]indeny1)2hafnium methyl,

443" 5'-di-t-butylpHesififhaeendiy4ntproniphiefd/5'1dBpkehylphenyl lindenyl); n*-1,4-diphenyl-
443'5'-di-t-butylpheryl]j )2714-1,4-diphenyl-1,3- n-propyl,
4[31,51-di-t-butylphenyllindeny1)2/14-1,4-diphenyliso-propyl,

443" 5'-di-t- butylpMqﬂm@ﬂ@ﬂsmr@iwhélﬁ@'rﬁbdnt-;nhenylphenyllmdenyl)zn -1,4-diphenyl-
4431,51-di-t- butylp@ecm%mggnyl)zm 1,4-diphenyliso-butyl,

443" 5'-di-t-butylphényllindeny1)2114-1,4-diphenylsec-butyl,

413',5'-di-t- butyIph%ﬁ#tﬂihd@ﬁ}dl)@@iﬂhﬂmdﬁh%r%ﬂdemlbamheﬂyl]mdenyl)z n*-1,4-diphenyl-
443',5'-di-t-butylphg ygh (31%%1)2114 1,4-diphenyl- dimethylsiladiyl(2-ethyl,

4431,51-bis- tr|fIuoromethylphenyl]|ndeny1)2 14- 1,4- dipheny1-1,3- butadlene
d.methy|s.|ad|y1(29nspimﬂpylre4§3yt(2t;wtbmbr@ﬁ%ﬂﬁﬁpmqnhaamm}tmman -1,4-diphenyl-
dipheny1-1,3-butaglignes: dimnethylsiladiyl1(2-iso-propyl, 4-[3',5'-bis-
trlfIuoromethylphenyl]méenyl)? dipheny1-1,3 -butadiene; dimethylsiladiy1(2- n- -butyl,
4[3',5'-bis- tnﬂuoroﬁrethﬁmrenm}n(a@mlaqtylﬂ 1345'oﬁpmbﬁmm@mmémﬁen 14-d1pheny1-
dlmethyIS|Iadlyl(z-f%obka@f{elzllgs ,5'-bis-trifluoromethylphenyllindeny1)2 Ti"-1,4-

dipheny1-1,3-butadiene;
9- s11aﬂuorend1y1(2~tert-butyl 4- [3',5'-di-phenylphenyl]indenyl); n*-1,4-diphenyl-

1,3-butadiene;
dimethylamidoborane(2-methyl, 4-[3',5'-di-t-butylphenyl]indenyl);zirconium

dichloride;

dimethylamidoborane(2-ethyl, 4-[3',5-di-t-butylphenyl]indenyl);zirconium
dichloride;

dimethylamidoborane(2-n-propyl, 4-[3',5'-di-t-butylphenyl]indenyl);zirconium
dichloride;

dimethylamidoborane(2-iso-propyl, 4-[3',5'-di-t-butylphenyl]indenyl);zirconium
dichloride;

dimethylamidoborane(2-n-butyl, 4-[3',5"-di-t-butylphenyl]indenyl),zirconium
dichloride;

dimethylamidoborane(2-iso-butyl, 4-[3',5'-di-t-butylphenyl]indenyl)zzirconium
dichloride;

dimethylamidoborane(2-sec-butyl, 4-[3',5"-di-t-butylphenyl]indenyl),zirconium
dichloride; _

dimethylamidoborane(2-tert-butyl, 4-[3',5'-di-t-butylphenyljindenyl),zirconium
dichloride;
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dimethylsiladiy1(2-sec-butyl, 4-[31,5'-bis-trifluoromethylphenyl]indeny1)2 diphenyl-1,3
-butadiene; dimethylsiladiy1(2-tert-butyl, 4[3',5'-bis-trifluoromethylphenyl]indeny1)2 r14-1,4-
diphenyl-1,3-butadiene; dimethylsiladiyl(2-ethyl,
443'5'-di-iso-propylphenyllindeny1)214-1,4-diphenyl- 1,3-butadiene;
dimethylsiladiy1(2-n-propyl, 4-3',5'-di-iso-propylphenyl]indenyl) 2 114- 1,4- diphenyl- 1,3

-butadiene; dimethylsiladiy1(2-iso-propyl, 443',5'-di-isQ-propylphenyljindenyl) r14-1,4-
dipheny1-1,3-buta %’ﬁ'ﬁ‘,y aﬂ%ﬁé})ﬁﬁﬁ%f&yh-%ﬂﬂfﬁ'4%",5'-di-iso-propylphenyl]indeny1)2
114-1,4- diphenyltifBrnotactieylphehiniiitidsiibdirddRiinn dickidridé 3

dimethyieiacy (2 SR T A3 i AR R D ey )2 4-L 4
diphenyl-ll,3-butadiﬁnerdﬂ#hbﬂplﬁﬂaﬂ]mlﬁuﬂn@ﬂmummﬁdﬂso-propylphenyllindenyl)z
e ot B AN T
trifluoromethylphenyl]indenyl);zirconium dichloride;
dimethylamidoborane(2-n-butyl, 4-[3',5"-bis-
triflucromethylphenyllindenyl),zirconium dichloride;
dimethylamidoborane(2-iso-butyl, 4-[3',5"-bis~
trifluoromethylphenyllindenyl),zirconium dichloride;
dimethylamidoborane(2-sec-butyl, 4-[3',5'-bis-
trifluoromethylphenyl]indenyl),zirconium dichloride;
dimethylamidoborane(2-tert-butyl, 4-[3',5"-bis-
trifluoromethylphenyl]indenyl),zirconium dichloride;
dimethylamidoborane(2-ethyl, 4-[3',5'-di-iso-propylphenyl]indenyl),;zirconium
dichloride;
dimethylamidoborane(2-n-propyl, 4-[3',5"-di-iso-propylphenyllindenyl),zirconium
dichloride
dimethylamidoborane(2-iso-propyl, 4-[3',5"-di-iso-
propylphenyl Jindenyl),zirconium dichloride;
dimethylamidoborane(2-n-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl);zirconium
dichloride;
dimethylamidoborane(2-iso-butyl, 4-[3',5'-di-iso-
propylphenylJindenyl),zirconium dichloride;
dimethylamidoborane(2-sec-butyl, 4-[3',5'-di-iso-
propylphenylJindenyl);zirconium dichloride;
dimethylamidoborane(2-tert-butyl, 4-[3",5'-di-iso-
propylphenylJindenyl);zirconium dichloride;
dimethylamidoborane(2-methyl, 4-[3',5"-di-phenylphenyljindenyl),zirconium
dichloride;
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9-silafluorendiy1(2-ethyl, 443',5'-bis-trifluoromethylphenyl]indeny1)2114-1,4-
dipheny1-1,3-butadiene; 9-silafluorendiy1(2-n-propyl,
443',5'-bis-trifluoromethylphenyl]indeny1)2 114-1,4- dipheny1-1,3-butadiene;
9-silafluorendiy1(2-iso-propyl, 4-[3',5'-bis- trifluoromethylphenyllindeny1)2 114-
1,4-diphenyl-1,3-butadiene; 9-silafluorendiyl1(2-n-butyl,
4-[3',5'-bis-trifluoromethylphenyllindeny1)2 114-1,4- diphenyl-1,3-butadiene;
9-silafluorendiy1 (AMigsibytymidebomnsi@-gthib bR elhgipthenyipheyllinyenid)zigconium
dipheny1-1,3-butagigngridssilafluorendiy1(2-sec-butyl,

443',5'-bis-trifluoromethyl he_réyl indenél)z ti4-1,4- dipheny1-1,3-butadiene; .
o-sialuorendyL (2B YR AR TS ARG ek oL Ry 2ibrdyAircontum
dipheny1-1,3-butagiietis:ifesilafluorendiyl1(2-ethyl,

e A et
Qipheny_l-l,3-butaﬁidﬂeﬁae$ilafluo_rendiy1(2-i§o-propyl, 443',5'-di-iso-propylphenyl]indenyl)
R T Tl ———
9-silafluorendiyl1(2lishldnidy|, 443',5'-di-iso-propylphenyl]lindeny1)2114-1,4-
S O 5 R
dichloride;
dimethylamidoborane(2-sec-butyl, 4-[3',5'-di-phenylphenyl]indenyl);zirconium
dichloride;
dimethylamidoborane(2-tert-butyl, 4-[3',5"-di-phenylphenyl]indenyl),zirconium
dichloride;
dimethylamidoborane(2-methyl, 4-[3',5'-di-t-butylphenylJindenyl), 7'*-1,4-
diphenyl-1,3-butadiene;
dimethylamidoborane(2-ethyl, 4-[3',5"-di-t-butylphenyl]indenyl), 1*-1,4-diphenyl-
1,3-butadiene;
dimethylamidoborane(2-n-propyl, 4-[3',5'-di-t-butylphenyl]indenyl), n*1,4-
diphenyl-1,3-butadiene;
dimethylamidoborane(2-iso-propyl, 4-[3',5"-di-t-butylphenyllindenyl), n*-1,4-
diphenyl-1,3-butadiene;
dimethylamidoborane(2-n-butyl, 4-[3',5'-di-t-butylphenyl]indenyl), 'r]4- 1,4-
diphenyl-1,3-butadiene;
dimethylamidoborane(2-iso-butyl, 4-{3',5'-di-t-butylphenyl]indenyl); n*-1,4-
diphenyl-1,3-butadiene;
dimethylamidoborane(2-sec-butyl, 4-[3',5'-di-t-butylphenyl]indenyl), 1]4—1 4-
diphenyl-1,3-butadiene;
dimethylamidoborane(2-tert-butyl, 4-[3',5'-di-t-butylphenylJindenyl); *-1,4-
diphenyl-1,3-butadiene;
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9-silafluorendiy1(2-tert-butyl, 443',5'-di-iso-propylphenyllindeny1)2 diphenyl-1,3 -butadiene;
9-silailuorendiyl1(2-methyl, 443',5'-di-phenylphenyl]indeny1)2 r14-1,4-diphenyl-
1,3-butadiene; 9-silafluorendiyl(2-ethyl, 443',5'-di-phenylphenyl]lindeny1)2
ri4-1,4-dipheny1-1,3- butadiene; 9-silafluorendiy1(2-n-propyl,
443'5'-di-phenylphenyl]indenyl)2 r14-1,4-diphenyll1,3-butadiene;
9-silafluorendiy1(2-iso-propyl, 443',5'-di-phenylphenyllindeny1)21,4-diphenyl- 1,3-butadiene;

9-silafluorendiy 1 (Aiostiylamidoborans(Z.ctun (e Ahndiery) fyerpmathyimbssiiadend e niabifene:
9-silafluorendiy1(24ipReRyiv, Fbdtadiiephenylphenyllindeny1)2 ri4-1,4-dipheny1-
1,3-butadiene; 9-silafluorendiy1(2-sec-butyl, 443',51-di-phenylphenyl]lindeny1)2.
141.4-dipheny1. SepaRebor A RN CA Al (it iaoromethylpheny findenyD i
443'5'-di-phenylphenyinesayil P vhtddfesiphenyll,3-butadiene;
R i 5 b s R W i R A A L S
n*-1,4-diphenyl-1,3-butadiene;
dimethylamidoborane(2-n-butyl, 4-[3',5'-bis-trifluoromethylphenyl]indenyl), 'r]4-
1,4-diphenyl-1,3-butadiene; '
dimethylamidoborane(2-iso-butyl, 4-[3',5"-bis-trifluoromethylphenyl]indenyl), n'-
1,4-diphenyl-1,3-butadiene;
dimethylamidoborane(2-sec-butyl, 4-[3',5'-bis-trifluoromethylphenyl]indenyl), n*
i ,4-dipileny1- 1,3-butadiene;
dimethylamidoborane(2-tert-butyl, 4-[3',5"-bis-trifluoromethylphenyl]indenyl),
n4- 1,4-diphenyl-1,3-butadiene;
dimethylamidoborane(2-ethyl, 4-[3',5'-di-iso-propylphenyl]indenyl), n*-1,4-
diphenyl-1,3-butadiene;
dimethylamidoborane(2-n-propyl, 4-[3',5'-di-iso-propylphenyl]indenyl) » n*1,4-
diphenyl-1,3-butadiene;
dimethylamidoborane(2-iso-propyl, 4-[3',5'-di-iso-propylphenyl]indenyl) n*-1,4-
diphenyl-1,3-butadiene;
dimethylamidoborane(2-n-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl), n*-1,4-
diphenyl-1,3-butadiene;
dimethylamidoborane(2-iso-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl); n*-1,4-
diphenyl-1,3-butadiene;
dimethylamidoborane(2-sec-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl), n'-1,4-
diphenyl-1,3-butadiene;
dimethylamidoborane(2-tert-butyl, 4-[3',5'-di-iso-propylphenylJindenyl), n*-1,4-
diphenyl-1,3-butadiene;
dimethylamidoborane(2-methyl, 4-[3',5'-di-phenylphenyl]indenyl), n*1,4-
diphenyl-1,3-butadiene;
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dimethylamidoborane(2-ethyl, 443',5'-di-t-butylphenyl]indenyl1)2zirconium dichloride;
dimethylamidoborane(2-n-propyl, 443',5'-di-t-butylphenyl]indenyl)2zirconium dichloride;
dimethylamidoborane(2-iso-propyl, 443',5'-di-t-butylphenyllindeny1)2zirconium dichloride;
dimethylamidoborane(2-n-butyl, 443',5'-di-t-butylphenyl]indenyl)2zirconium dichloride;
dimethylamidoborane(2-iso-butyl, 443',5'-di-t-butylphenyl]lindenyl1)2zirconium dichloride;
dimethylamidoborane(2-sec-butyl, 4-[3',5'-di-t- butylphenyl]|ndeny1)22|rcon|um dichloride;
dimethylamidobordire¢thdantideblrana2setit, BiB)prdimitindehstyHindsoilm dlchidiptienyl-
dlmethylam|doboreir§agl g@gﬁetnfluoromethylphenyl]|ndeny1)22|rcon|um dichloride;
dimethylamidoborafie(2-n-propyl, 443',5'- blstrlfluoromethylphenyl]|ndeny1)22|rcon|um
dichloride; dlmeth)dmthmmmam(%mpmpyl 4-[3',5'-di-phenylphenyllindenyl), n*-1,4-
443'5'- blstrlfluoror@i Qyé],)Zzwconlum dichloride;

dimethylamidoborane(2-n- buty 443" 5" blstrlfluoromethylphenyl]|ndeny1)22|rcon|um

dichloride; dumethﬁmthmmal@é)@md%w@ﬂpmpyl 4-[3',5'-di-phenylphenyljindenyl), n*-1,4-

443'\5'- blstrlfluoror&r?ﬂ%%hggyymgﬁgyél)&lrconlum dichloride;
dimethylamidoborane(2-sec-butyl, 443",5' blstrlfluoromethylphenyl]|ndeny1)22|rcon|um

dichloride; dimethytanstiplooridebansdytyl, 4-[3',5-di-phenylphenyllindenyl); n*-1,4-
443'5'- bIStI‘IﬂUOI’O@ p@yg_ll@gﬁé}yel)Zzwconlum dichloride; dimethylamidoborane(2-ethyl,
443' 5'-di-iso-propylphenyl]indeny1)2zirconium dichloride; dlmethylamldoborane(z n-propyl,
443' 5'-di-iso- propﬂWMW?BQG%@ﬂ@MlMb'rﬁjémhmlyl%ﬂm@bwiﬂ@ﬂb(ﬂqé&propyl
443',5'-di-isopropyfp. T%eglyé@éjl@comum dichloride; dimethylamidoborane(2-n-butyl,

443' 5'-di4so-propyIphenyljindenyl)2zirconium dichloride;
dimethylamidoborane(2-sec-butyl, 4-[3', 5'-d1-pheny1pheny1]1ndenyl)2n -1,4-

diphenyl-1,3-butadiene;

dimethylamidoborane(2-tert-butyl, 4-[3',5"-di-phenylphenyl]indenyl), n*-1,4-
diphenyl-1,3-butadiene;

dimethylamidoborane(2-methyl, 4-[3',5'-di-t-butylphenyl]indenyl) zirconium
dimethyl;

dimethylamidoborane(2-ethyl, 4-[3',5'-di-t-butylphenyl]indenyl);zirconium
dimethyl;

dimethylamidoborane(2-n-propyl, 4-[3',5'-di-t-butylphenyl]indenyl),zirconium
dimethyl;

dimethylamidoborane(2-iso-propyl, 4-[3',5'-di-t-butylphenyl]indenyl);zirconium
dimethyl;

dimethylamidoborane(2-n-butyl, 4-[3',5'-di-t-butylphenyl Jindenyl),zirconium
dimethyl;

dimethylamidoborane(2-iso-butyl, 4-[3',5'-di-t-butylphenyl]indenyl),zirconium
dimethyl;

d1methylam1d0borane(2-sec-butyl 4-[3',5"-di-t-butylphenyl]indenyl);zirconium
dimethyl;

dimethylamidoborane(2-tert-butyl, 4-[3',5'-di-t-butylphenyl]indenyl),zirconium
dimethyl;
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dimethylamidoborane(2-iso-butyl, 443',5'-di-isopropylphenyl]indenyl1)2zirconium dichloride;
dimethylamidoborane(2-sec-butyl, 443',5'-di-isopropylphenyl]indenyl)2zirconium dichloride;
dimethylamidoborane(2-tert-butyl, propylphenyllindeny1)2zirconium dichloride;
dimethylamidoborane(2-methyl, 443',5'-di-phenylphenyljindeny1)2zirconium dichloride;
dimethylamidoborane(2-ethyl, 443',51-bis-trifluoromethylphenyl]indenyl)2
diphenyl-1,3-butadiene; dimethylamidoborane(2-n-pro

© 4Y,5'-bis-trifluororiRiBkEHIR %‘i‘ﬁ@)?ﬂ?ﬂ’f,‘ﬂsaﬁg‘ﬁ&ggl/li-l,3-butadiene;
dimethylamidoborarf{drisacoped1Rndetin; Aidvaramethotipnenyl]indeny 1)2
ST
dimet'hylamidoboraﬁﬂ@r&naﬂu&ﬁhdﬂﬂ]ﬁﬂh&%ﬁlmﬁmﬁﬂimpmuyl]indeny1)2
413.5-bis ituor T R I DRV 4 AhgrERy 11 3-butadiene;
dimethylamidobormi¢rtensthyiphet{@lisddngathaonomedimetbiybny 1jindeny02
w31 510 oo T O oS G A T B e
trifluoromethylphenylindenyl);zirconium dimethyl;
dimethylamidoborane(2-iso-butyl, 4-[3',5'-bis-
trifluoromethylphenyl]indenyl),zirconium dimethyl;
dimethylamidoborane(2-sec-butyl, 4-[3',5"-bis-
trifluoromethylphenyl]indenyl)zirconium dimethyl;
dimethylamidoborane(2-tert-butyl, 4-[3',5"-bis-
trifluoromethylphenyl]indenyl),zirconium dimethyl;
dimethylamidoborane(2-ethyl, 4-[3’,5 '-di-iso-propylphenyl]indenyl),zirconium
dimethyl; '
dimethylamidoborane(2-n-propyl, 4-[3',5"-di-iso-propylphenyl]indenyl),zirconium
dimethyl |
dimethylamidoborane(2-iso-propyl, 4-[3',5'-di-iso-
propylphenylJindenyl),zirconium dimethyl;
dimethylamidoborane(2-n-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl),zirconium
dimethyl;
dimethylamidoborane(2-iso-butyl, 4-[3',5'-di-iso-
propylphenyl]indenyl),zirconium dimethyl;
dimethylamidoborane(2-sec-butyl, 4-[3',5'-di-iso-
propylphenyl]indenyl),zirconium dimethyl;
dimethylamidoborane(2-tert-butyl, 4-[3,5'-di-iso-
propylphenyllindenyl),zirconium dimethyl;
dimethylamidoborane(2-methyl, 4-[3',5'-di-phenylphenyl]Jindenyl),zirconium
dimethyl;
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dimethylamidoborane(2-n-propyl, 443',5'-di-iso-propylphenyl]indenyl) 2 ri4-1,4-
dipheny1-1,3-butadiene; dimethylamidoborane(2-iso-propyl,
413',5'-di-iso-propylphenyllindenyl) i4-1,4- diphenyl-1,3-butadiene;
dimethylamidoborane(2-n-butyl, 443',51-di-iso-propylphenyl]indeny1)2
dipheny1-1,3-butadiene; dimethylamidoborane(2-iso-butyl,
443'5'-di-iso-propylphenyllindeny1)2 114-1,4- diphenyl-1,3-butadiene;
dlmethylam|doboréi@?ﬁ%@@l&ﬁb@fﬂlﬁézﬁt@lﬁ%@b@p@lpﬁéﬁ&/’mh@%y@ﬁwmlmomum
dipheny1-1,3- butaglggfggi)qhmethylamldoborane(z -tert-butyl,

4[31,51-di-iso-prop 1pheny1]|ndeny1)2 dipheny1-1,3-butadiene;
dimethylamidobor&Hagdnkargpbernel2y- M@ﬂ{uﬂn{én‘i/rﬁﬁaéP&}ﬂrilmulnéenyl)zmommn
dipheny1-1,3-butagigiyl; dlmethylam|doborane(2 ethyl,

443'5'- blstrlfluoromet&‘#wen ndeny )2zirconi

dimethylatnidoborSHBEH AR lmg%rﬂnyir"%%ﬁhbn‘w Irhsaslindsnd baitpepium

dimethyl; dlmethylanmethbnrane(z iso- propyl

443'5'- blstrlfluororgeth%%w nden Z'I’Ir:%'@o glu’ﬁ q&’rﬂ?‘%hﬁlj‘? cﬁ%{argw butyl,

4-[3 r’ane
tr|f|uoromethylphedyﬂmhbdmyl)Zzwcon|um dlmethyl dlmethylamldoborane(Z sec-butyl,

dimethylamidobor LU R o S oo indsayzireontun
dimethyl; dimethyldimietbgbrane(2-ethyl, 413',5' d| -iso- propylphenyl]lndeny1)22|rconium
dimethyl; dimethylamidoborane(2-sec-butyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium
dimethyl; '

dimethylamidoborane(2-tert-butyl, 4-[3',5"-di-phenylphenyljindenyl),zirconium
dimethyl;

diisopropylamidoborane(2-methyl, 4-[3',5'-di-t-butylphenyl}indenyl),zirconium
dichloride;

diisopropylamidoborane(2-ethyl, 4-[3',5"-di-t-butylphenyl]indenyl),zirconium
dichloride;

diisopropylamidoborane(2-n-propyl, 4-{3',5'-di-t-butylphenylJindenyl),zirconium
dichloride;

diisopropylamidoborane(2-iso-propyl, 4-[3',5'-di-t-
butylphenyl]indenyl);zirconium dichloride;

diisopropylamidoborane(2—n—butyl; 4.[3,5"-di-t-butylphenyl]indenyl);zirconium
dichloride;

diisopropylamidoborane(2-iso-butyl, 4-[3',5'-di-t-butylphenyl]indenyl),zirconium
dichloride;

diisopropylamidoborane(2-sec-butyl, 4-[3',5"-di-t-butylphenyl]indenyl),zirconium
dichloride;

diisopropylamidoborane(2-tert-butyl, 4-[3',5"-di-t-butylphenyl]indenyl),zirconium
dichloride;
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dimethylamidoborane(2-n-propyl, 443',5'-di-iso-propylphenyl]indenyl1)2zirconium dimethyl
dimethylamidoborane(2-iso-propyl, 443',5'-di-isopropylphenyllindenyl1)2zirconium dimethyl;
dimethylamidoborane(2-n-butyl, 443',5'-di-iso-propylphenyllindeny1)2zirconium dimethyl;
dimethylamidoborane(2-iso-butyl, 443',5'-di-isopropylphenyllindeny1)2zirconium dimethyl,
dimethylamidoborane(2-sec-butyl, 443',5'-di-isopropylphenyllindenyl1)2zirconium dimethyl,
dimethylamidoborane(2-tert-butyl, 443',51-di-isopropylphenyllindeny1)2zireonium dimethyl;
dimethylamidobor%@fﬁﬁﬂﬁwmﬁﬂzﬁ@ﬂyﬁ)[ﬁﬁbmﬁdeny1)22irconium dimethy!;

dimethylamidobor%ﬁ@@my{hﬂ?gé@%@?}ﬂmumq%mg,)@égrconium dimethyl;
dimethylamidoborane(2-n-propyl, 4431,51-di-phenylphenyl]indeny1)2zirconium dimethyl;

dimethylamidoboraHserraipisraisipboranee-pppprry fokenyhisideny 1) 2zirconium dimethyl:
dimethylamidoboranfidramethyiitdyBnticabpmiteben]ficldopdyg zirconium dimethyl;

dimethylamidobor AE0P SER BT PSR ey Ty ) 2ziroonium dimethl:

dimethylamidoborarifi(idsariethyiphetd ] ibdeiypheinydnhenichtieide] ) 2zirconium dimethyl;
diisopropylamidoborane(2-n-butyl, 4-[3',5'-bis-
trifluoromethylphenyl]indenyl),zirconium dichloride;
diisopropylamidoborane(2-iso-butyl, 4-[3',5"-bis-
trifluoromethylphenyl|indenyl);zirconium dichloride;
diisopropylamidoborane(2-sec-butyl, 4-[3',5"-bis-
trifluoromethylphenyl]indenyl),zirconium dichloride;
diisopropylamidoborane(2-tert-butyl, 4-[3',5'-bis-
trifluoromethylphenyl]indenyl);zirconium dichloride;
diisopropylamidoborane(2-ethyl, 4-[3',5"-di-iso-propylphenyl}indenyl),zirconium
dichloride; '
diisopropylamidoborane(2-n-propyl, 4-[3',5'-di-iso-
propylphenyl]indenyl),zirconium dichloride
diisopropylamidoborane(2-iso-propyl, 4-[3',5'-di-iso-
propylphenyl]indenyl),zirconium dichloride;
diisopropylamidoborane(2-n-butyl, 4-[3',5"-di-iso-
propylphenyl]Jindenyl),zirconium dichloride;
diisopropylamidoborane(2-iso-butyl, 4-[3',5'-di-iso-
propylphenyl]indenyl),zirconium dichloride;
diisopropylamidoborane(2-sec-butyl, 4-[3',5"-di-iso-
propylphenyl]indenyl),zirconium dichloride;
diisopropylamidoborane(2-tert-butyl, 4-3',5'-di-iso-
propylphenylJindenyl);zirconium dichloride;
diisopropylamidoborane(2-methyl, 4-[3',5"-di-phenylphenyl]indenyl);zirconium
dichloride;
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diisopropylamidoborane(2-methyl, 443',5'-di-t-butylphenyl]indenyl)2zirconium dichloride;
diisopropylamidoborane(2-ethyl, 443',5'-di-t-butylphenyl]indeny1)2zirconium dichloride;
diisopropylamidoborane(2-n-propyl, 413',5'-di-t-butylphenyl]indeny1)2zirconium dichloride;
diisopropylamidoborane(2-iso-propyl, 443',5'-di-tbutylphenyl]indeny1)2zirconium dichloride;
diisopropylamidoborane(2-n-butyl, 4431,5'-di-t-butylphenyl]indeny1)2zirconium dichloride;
diisopropylamidobarane(2-iso-butyl, 443’ 5'-di-t-butylphenyllindeny1)2zirconium dichloride;
diisopropylamidob8tspReRke ,r'i‘lnféz,?%Wh-ﬁﬂéﬁﬂﬁéﬁ?ﬁ%@?ﬁlﬂ%&%ﬁﬁrméﬂ}&ide;
diisopropylamidobgighiefiddert-butyl, 443',5'-di-t-butylphenyl]indeny1)2zirconium dichloride;
diisopropylamidobqrane(2-ethyl, 4-[3',5'-histrifluorometh enyllinden zjrcopiu )
diChIgridpesf diisopr r%&wﬁqagi? l' g[ezgﬁ_ (-th-yﬁopyﬁ 4-%',%lpg-p%%llﬁpﬁeggﬂ?ndenyﬂgzmcomum
443',5'-bistrifluorordietiigtideenyllindenyl1)2zirconium dichloride;
diisopropylamidobgqrane(2-iso-propyl, 443',5'-bistriflugr thylphenyllindenyl)2zirconium
cichlorider ditsopr LR B AERSeAe ppropyh A E80SEA

443' 5'-bistrifluorornplethylpherylimbiay))izizocomiudicidoieride;

i amidob o £ pietrif . o
e N
4-[3',5"-bistrifluoroieiigtisieenyllindeny1)2zirconium dichloride;

diisopropylamidob {Rst- W5 bistriflugremet - , :
dichloride; diisoproagfﬁgﬁrﬁ%é%%dﬁggﬁiﬁsi%{ ’i%?&%%&#ﬁ%%ﬁkﬁﬁ@%&%ﬁ

dichloride; diisopr sborane(2-n-propyl, 443',5'-di-isopropylphenyl]indeny1)2zirconium
dichloride diisoprogifiapisiaharancieriseraRybufyl 345306 [anpreryiphanilinkaylagedisanium
dichloride; diisopropylamidoborane(2-n-butyl, 443',5'-di-isopropylphenyl]jindeny1)2zirconium
dichloride; diisopr ‘f)?é‘?ﬁ%borane(z-iso-butyl, 443',5'-di-isopropylphenyflindenyl)2zirconium
dichloride; diisoprajigtasrigohairioboragehetybutyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium
443',51-di;isoprop%l%e%@denylﬂzirconium dichloride;

diisopropylamidob Yah&2: rt-butyl, 443',5'-di-isopropylphenyllindenyl1)2zirconium dichloride;

diisopropylamidobéiisagihyiatibbéid 2 digtheh pbienyiiinteniihayitadiuydighipdide;
diisopropylamidob {g\&%ﬁ&)ﬁm%%hg;-di-phenylphenyl]indeny1)22irconium dichloride;
diisopropylamidoborane(2-ethyl, 4-[3",5'-di-t-butylphenyl]indenyl), 1 *-1,4-
diphenyl-‘1,3-butadiene;
diisopropylamidoborane(2-n-propyl, 4-[3',5"-di-t-butylphenyljindenyl), n*-1,4-
diphenyl-1,3-butadiene;
diisopropylamidoborane(2-iso-propyl, 4-[3',5-di-t-butylphenylJindenyl), n"*-1,4-
diphenyl-1,3-butadiene; ‘
diisopropylamidoborane(2-n-butyl, 4-[3',5'-di-t-butylphenyl]indenyl), n*-1,4-
diphenyl-1,3-butadiene;
diisopropylamidoborane(2-iso-butyl, 4-[3',5'-di-t-butylphenyl]indenyl), r|4-1 A4-
diphenyl-1,3-butadiene;
diisopropylamidoborane(2-sec-butyl, 4-[3',5"di-t-butylphenylJindenyl), n*-1,4- -
diphenyl-1,3-butadiene;
diisopropylamidoborane(2-tert-butyl, 4-[3',5'-di-t-butylphenyl]indenyl}), 114- 1,4-
diphenyl-1,3-butadiene;
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diisopropylamidoborane(2-n-propyl, 443',5'-di-phenylphenyllindenyl)2zirconium dichloride;
diisopropylamidoborane(2-iso-propyl, 443',5'-diphenylphenyl]indenyl)2zirconium dichloride;
diisopropylamidoborane(2-n-butyl, 443',5'-di-phenylphenyllindenyl1)2zirconium dichloride;
diisopropylamidoborane(2-iso-butyl, 443',51-di-phenylphenyllindenyl)2zirconium dichloride;
diisopropylamidoborane(2-sec-butyl, 443',51-di-phenylphenyl]illdenyl)2zirconium
dichloride; diisopropylamidoborane(2-tert-butyl, 443',5'-di-phenylphenyl]indeny1)2zirconium
dichloride; diisoprabiperrttslsordebaranélethyias: (8", dihivtrifperemeihtiheyy) indenyl), n'-
dipheny1-1,3-butaql’ig_ra%ﬂgg' plragp,yllﬂwg%tgorane(z-ethyl, 443',5'-di-t-butylphenyl]indeny1)2 it
1,4- dipheny1-1,3-butadien€; diisopropylamidoborane(2-n-propyl, ‘
443',5'-di-t-buty|ph@@ﬁﬁdﬁﬁ%@ﬁo{@ﬁ@mﬂ 4433 e luoromethylphenyl]indenyl),
diisopropylamidobﬂﬂgﬂ,@(gﬁ;ﬁgﬁg[ggglb@égiﬁégi-t-butylphenyl]indeny1)2 "4-1,4-
dipheny1-1,3-butadiene; diisopropylamidoborane(2-n-butyl, 443',5'-di-t-butylphenyl]indeny1)2
i4-1,4- dipheny1-1BispeadAaidaeprsAisermiemsr 4rid (2 Bisbuty!,

443' 51-di-t-butylp IpriemR s thad ¥1-1.35 i8NLhutadiene:
diisopropylamidob%?gggg?ls%ec-pu%r{)'?f%%q%?ggﬁbﬂféﬁ]eny inqdrger?;{a)lglfllléef-l,4-
dipheny1-1,3-butadiisqrropylamidoborane(2-n-butyl, 4-[3',5'

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

-bis-trifluoromethylphenyl]indenyl),

diisopropylamidoborane(2-iso-butyl, 4-[3',5"-bis-trifluoromethylphenyl]indenyl),
n4-1 ,/4-diphenyl-1,3-butadiene;

diisopropylamidoborane(2-sec-butyl, 4-[3',5'-bis-trifluoromethylphenyl]indenyi), |
n4- 1,4-diphenyl-1,3-butadiene; '
diisopropylamidoborane(2-tert-butyl, 4-[3',5"-bis-trifluoromethylphenyl Jindenyl),
n*-1,4-diphenyl-1,3-butadiene;

diisopropylamidoborane(2-ethyl, 4-[3',5'-di-iso-propylphenyl]indenyl), n*-1,4-
diphenyl-1,3-butadiene;

diisopropylamidoborane(2-n-propyl, 4-[3',5'-di-iso-propylphenyl]indenyl) -
1,4-diphenyl-1,3-butadiene;

diisopropylamidoborane(2-iso-propyl, 4-[3',5'-di-iso-propylphenyl]indenyl) -
1,4-diphenyl-1,3-butadiene; ‘
diisopropylamidoborane(2-n-butyl, 4-[3',5'-di-iso-propylphenylJindenyl), n*-1,4-
diphenyl-1,3-butadiene;

diisopropylamidoborane(2-iso-butyl, 4-[3',5'-di-iso-propylphenyllindenyl), n*-
1,4-diphenyl-1,3-butadiene;

diisopropylamidoborane(2-sec-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl), n*-
1,4-diphenyl-1,3-butadiene;

diisopropylamidoborane(2-tert-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl)s n*-
1,4-diphenyl-1,3-butadiene;

diisopropylamidoborane(2-methyl, 4-[3',5"-di-phenylphenyl]indenyl), n4— 1,4-
diphenyl-1,3-butadiene;
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diisopropylamidoborane(2-tert-butyl, 443',5'-di-t-butylphenyl]indeny1)2 14- 1,4-
dipheny1-1,3-butadiene; diisopropylamidoborane(2-ethyl,
4431,51-bis-trifluoromethylphenyllindeny1)2114- 1,4-dipheny1-1,3-butadiene;
diisopropylamidoborane(2-n-propyl, 443',5'-bis-trifluoromethylphenyllindenye?2
i4-1,4-dipheny1-1,3-butadiene; diisopropylamidoborane(2-iso-propyl,

443 5'-bistrifluoromethylphenyl]indeny1)214-1,4-diphenyl-1,3-butadiene;
diisopropylamidobésppiepylanigobaratet2 bkt Fréitnasyinrbeividiedgnydz n'-1,4-
14-1,4-diphenyl- 1 g shutadieng. dilsgpropylamidoborane(2-iso-butyl,
443',5'-bis-trif|uorom%thy phényllindeny02 ri4-1,4-dipheny1-1,3-butadiene;
diisopropylamidob@iisepopgesisieleraiel Sutiwpli ot dyibtroiphemdingan ). n*-1,4-

.94-1,4-dipheny1-Jd1%1gH gliegjgﬁagmropylamidoborane(z-tert-butyl,
443' 5'-bis-trifluoromethylph&nyliindenyl)2 114-1,4-dipheny1-1,3-butadiene;

diisopropylamidobdiisppiepiyidauarased-isomappl SHBLY Hitobeyilteayljindenyl), n'-1,4-

diphenyl-1,3-butadj %hgiﬁog%@ydmdoborane(2-n-propy|,
443" 5'-di-iso-propylphenyl]indenye 2114- 1,4-dipheny1-1,3-butadiene;

diisopropylamidobéviser@ridenifepprana2-abuhis i B yibmbayiipknylindenyl), n*-1,4-
1,4-Flir')hgr_]yl-l,3-%@9&9{1&iﬂgﬁgﬂggg;lamidob_orane(z-n-butyl, o
443' 5'-di-iso-propylphenyl]indeny1)2114-1,4- diphenyl-1,3-butadiene;
diisopropylamidobéapereidetideporaneBisditstde fo /15 Embknuohyad Madenyl), n*-1,4-
1’4'diphenyl'l'3'%39111%q33-butadiene;
diisopropylamidoborane(2-sec-butyl, 4-[3',5'-di-phenylphenyl]indenyl), n4-1,4-
diphenyl-1,3-butadiene;
diisoprépylamidoborane(Z-tert—butyl, 4-[3',5"-di-phenylphenylJindenyl); *-1,4-
diphenyl-1,3-butadiene;
diisopropylamidoborane(2-methyl, 4-[3',5'-di-t-butylphenyl]indenyl),zirconium
dimethyl,
. diisopropylamidoborane(2-ethyl, 4-[3',5'-di-t-butylphenyl]indenyl);zirconium
dimethyl; ‘
diisopropylamidoborane(2-n-propyl, 4-[3',5'-di-t-butylphenyl]indenyl);zirconium
dimethyl;
diisopropylamidoborane(2-iso-propyl, 4-[3',5"-di-t-
butylphenyl]indenyl);zirconium dimethyl;
diisopropylamidoborane(2-n-butyl, 4-[3",5"-di-t-butylphenyl]indenyl),zirconium
dimethyl;
diisopropylamidoborane(2-iso-butyl, 4-[3',5'-di-t-butylphenyl]indenyl),zirconium
dimethyl;
diisopropylanﬁdbborane(Z-sechutyl, 4-[3',5'-di-t-butylphenyl]indenyl),zirconium
dimethyl;
diisopropylamidoborane(2-tert-butyl, 4-[3',5'-di-t-butylphenyl]indenyl);zirconium
dimethyl; '
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diisopropylamidoborane(2-sec-butyl, 443',5'-di-iso-propylphenyljindeny1)2114-
1,4-diphenyl-1,3-butadiene; diisopropylamidoborane(2-tert-butyl,
4431,51-di-iso-propylphenyllindenye?2 1,4-dipheny1-1,3-butadiene;
diisopropylamidoborane(2-methyl, 443',5'-di-phenylphenyl]indeny1)2 T14-1,4-
diphenyl-1,3-butadiene; diisopropylamidoborane(2-ethyl,
4[31,5'-di-phenylphenyl]indeny1)2714-1,4- diphenyl-1,3-butadiene;
diisopropylamidobé#speerilamigshormas(ZetiybreRipHdmyllindeny1)2n4-1,4-

diphenyl-1,3-butadigfgedi APNHRBRY AN IGP Rty 1;
443',5'-di- phenylphenyl]lndenyl 214 1,4- d| phenyl-1,3- butadlene

dusopropylamldob b@%’@ﬂ’i’-&fﬁéﬁ&vl‘ﬂ)ﬁ%rﬁfbﬁﬁdenylﬂ r(-1,4-
dipheny1-1,3- butadimeraﬂéﬂﬂngﬁa&@mm@rﬁaﬁéanﬁ@amm&hyl

4-[3',5'-di-phenylphenyllindenyl) |phen)ﬁlsl 3- but 4 N, .
diisopropylatnidob Pﬁﬁ@@i‘@@éﬁ%ﬂ’ PR STRIRE Ty gﬂeﬁﬁﬁdenyl)2114-l,4-
dipheny1-1,3- butadiﬂmercdnsﬂMphmlﬁmﬁdn@tﬁméanﬁamﬁhﬁdthyl
3ﬁ§o§rod;;y?2r?:g:)%%er2¥rélg ﬁ]% 1%%%11 “di F%lb??ﬂy pti?’gézl i((jjle(:arrl]yel)Zzwconlum dimethyl;
dllsopropylam|dobbrﬁna(@rahylphwlﬂndﬂmb)impmm]dlmﬂmmmrconlum dimethyl;
diisopropylamidoborane(2-iso-butyl, 4-[3",5'-bis-
triﬂuoromethylphenyl]indenyl)zzirconium dimethyl;
diisopropylamidoborane(2-sec-butyl, 4-[3',5"-bis-
trifluoromethylphenyljindenyl),zirconium dimethyl;
diisopropylamidoborane(2-tert-butyl, 4-[3',5'-bis-
- trifluoromethylphenyl]indenyl),zirconium dimethyl;
diisopropylamidoborane(2-ethyl, 4-[3',5"-di-iso-propylphenyl]indenyl),zirconium
-dimethyl;
.diisopropylamidoborane(2-n-propyl, 4-[3',5'-di-iso-
: propylphenyl]indenyl),zirconium dimethyl;
-diisopropylamidoborane(2-iso-propyl, 4-[3',5'-di-iso-
propylphenyl]indenyl),zirconium dimethyl;
diisopropylamidoborane(2-n-butyl, 4-[3',5"-di-iso-
propylphenyl]indenyl)gzirconitim dimethyl;
diisopropylamidoborane(2-iso-butyl, 4-[3',5'-di-iso-
propylphenyljindenyl),zirconium dimethyl;
diisopropylamidoborane(2-sec-butyl, 4-[3',5"-di-iso-
propylphenyljindenyl),zirconium dimethyl;
diisopropylamidoborane(2-tert-butyl, 4-[3",5'-di-iso-
propylphenylJindenyl),zirconium dimethyl;
diisopropylamidoborane(2-methyl, 4-[3',5'-di-phenylphenyljindenyl),zirconium
dimethyl;
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diisopropylamidoborane(2-n-propyl, 443',5'-di-t-butylphenyl]indeny1)2zirconium dimethyl,
diisopropylamidoborane(2-iso-propyl, butylphenyllindenyl1)2zirconium dimethyl;
diisopropylamidoborane(2-n-butyl, 443',5'-di-t-butylphenyl]indeny1)2zirconium dimethyl;
diisopropylamidoborane(2-iso-butyl, 443',5'-di-t-butylphenyl]indeny1)2zirconium dimethyl;
diisopropylamidoborane(2-sec-butyl, 443',5'-di-t-butylphenyl]indeny1)2zirconium dimethyl;
diisopropylamidoborane(2-tert-butyl, 443',5"-di-t-butylphenyllindeny1)2zirconium dimethyl;
diisopropylamidobélflam&kﬁwﬁaﬁ@?yﬂ&ﬁm&ﬂ%gh%%wqmﬂm}béﬁwmethyl;
diisopropylamidobgisegfg;n-propyl, 443',5"-bistrifluoromethylphenyllindeny1)2zirconium
dimethyl; diisopropylamidoborang(2-iso-propyl, trifluoromethylphenyllindeny1)2zirconium
dimethzl; diisogrop }a?ﬁr(?%]&r&’rﬁé’%zlﬁ!tﬁﬁ’yﬂ%°w’ 4—[3',5'—dl—yél?enylgl'n]enyl]m)élezlyl)zmrcomum

443',5'-bistrifluorortigtiesphenyllindenyl)2zirconium dimethyl;

diisopropylamidobqrane(2-iso-hytyl, 4-[3,51-bistrifluo thylphenyllindeny1)2zirconium
dimethyl; diisopropyIarii ngﬂhgg&?égggﬁfﬂpmpy&l’ L{Ctg?g o

413',5'-bistrifluoromilethytpienyyfinitap)idizemtom dimethyéthyl;
diisopropylamidobgrane(2-tert-butyl, 44 '5'-_tgfiétr'fl oromethylohenyllindenyl)2zirconium
cimethyt isopro SR o UL S S M N TR ISR
dimethyl; diisoprogigaetiidtborane(2-n-propyl, 443',5'-di-isopropylphenyllindeny1)2zirconium

dimethyl; diisopro ' -ISO-B ( L ' gg.qx)} ' jum
dimethyl; diisopro?qg‘ggggg%?g{r@%ﬁ%gﬁ%%%lﬁﬁfgg??wgﬂnwmny ) %ﬁlr?:lcg)%%gr&n

dimethy!; diisopropifastdbborane(2-iso-butyl, 443',5"-di-isopropylphenyl]indeny1)2zirconium

dimethyl; diisopropylaspidphrrameiRrasebubd.-viug. s 1adsisnprnyiphenyiindan i aeiromum
dimethyl; diisoprop, Iiér?lidg orane(2-tert-&)utyl, 4§,S§di-isopropylp eﬁ{ﬂ/%iljndenyl)Zzirconium
dimethyl, diisopropﬂi}{lﬁﬁhéﬂjborane(z-methyl, 4-[31,51-di-phenylphenyllindenyl)2zirconium
dimethyl; diisopropylamidoborane(2-tert-butyl, 4-[3',5"-di-phenylphenyl]indenyl);zirconium

dimethyl,
bis(trimethylsilyl)amidoborane(2-methyl, 4-[3',5'-di-t-
butylphenyl]indenyl),zirconium dichloride;

-bis(trimethylsilyl)amidoborane(2-ethyl, 4-[3',5'-di-t-

“butylphenyl]indenyl);zirconium dichloride;

- bis(trimethylsilyl)amidoborane(2-n-propyl, 4-[3',5"-di-t-
butylphenyl]indenyl),;zirconium dichloride;
bis(trimethylsilyl)amidoborane(2-iso-propyl, 4-[3',5'-di-t-
butylphenyl]indenyl),;zirconium dichloride;
bis(trimethylsilyl)amidoborane(2-n-butyl, 4-[3',5'-di-t-
butylphenylJjindenyl),zirconium dichloride;
bis(trimethylsilyl)Jamidoborane(2-iso-butyl, 4-[3',5"-di-t-
butylphenyljindenyl);zirconium dichloride;
bis(trimethylsilyl)amidoborane(2-sec-butyl, 4-[3',5"-di-t-
butylphenyljindenyl),zirconium dichloride;
bis(trimethylsilyl)amidoborane(2-tert-butyl, 4-[3',5'-di-t-
butylphenylJindenyl),zirconium dichloride;
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diisopropylamidoborane(2-ethyl, 443',5'-di-phenylphenyl]indenyl1)2zirconium dimethyl;
diisopropylamidoborane(2-n-propyl, 443',5'-di-phenylphenyllindenyl1)2zirconium dimethyl;
diisopropylamidoborane(2-iso-propyl, 443',5'-diphenylphenyllindenyl)2zirconium dimethyl,
diisopropylamidoborane(2-n-butyl, 4431,5'-di-phenylphenyl]lindeny1)2zirconium dimethyl,
diisopropylamidoborane(2-iso-butyl, 443',5'-di-phenylphenyl]indenyl)2zirconium dimethyl,
diisopropylamidoborane(2-sec-butyl, 443',5'-di-phenylphenyl]indenyl)2zirconium dimethyl;

dllsopropylam|dobbﬁﬁ@(@ﬂ%ﬁlﬁlﬂm%&%ﬁ(&%l%%ﬁh&enylﬁz|rcon|um dimethy!;

bis(trimethylsilypapigdeheiaos %;[Mﬁn }ﬁngggﬂﬁgﬁlgmj&denyl)&lrconlum dichloride;
bis(trimethylsilypamidoborane(2-ethyl, 4-[3',5-di- tbutylphm|ndeny1)22|rcon|um dichloride;

bls(trlmethyIS|Iypamﬁgg%?méiﬁyﬁw l’ﬁl‘ﬁ Bisdeny1)2zirconium

dichloride; bis(trimgthylsbyhany %@W&Iﬁg@faﬁyﬁbmﬂwu|ndeny1)22|rcon|um

dichloride; bis(trimethylsi yI butyl denyl)2zirconium

dichloride; bis(trlrmnl@r{zmév/‘g’g%g'%ﬁgéa% SHRPTBHR ?Aﬁﬁ@/ 5];/ Yeny1)2zirconium

dichloride; bis(trlmﬁﬂy&ﬂwmhyﬁmbﬂyb]ﬁmi&&ybgzbcﬁmmn dichloride;

443',5'-di-tbutylphen rco ym dIC or| ' 51 i

bls(trlmethylsnyl)a?ﬁné/ orar%%zyé u%yPrgnff H;?ﬁmd@’n 1?fiirconium dichloride;

bls(trlmethyIS|IypamﬂWmctb&Qphﬁmyﬂ,]mdmwﬁmmmﬁph@glﬂMEQﬂ)Zzirconium dichloride;

bis(trimethylsilyOa Iy r t henyllindeny1)2zirconium
Hl%?&ﬁﬂys éa%%%borane g R ﬁ(t%%%“%’ tydp |

dichloride; bis(trimet |so propy

443' 51- b.stnﬂuordn@mm@hymm&bmmamwmm@h@de
bis(trimethylsilyDagidabauadRiR aﬁﬁ%b&'i‘&wﬁoﬁ@ hepyllngigny1)2zirconium dichloride;

bls(tnmethylsnypaml oborane(2 iso-butyl, 443",5"-bistri uoromethylphenylIlndeny1)22|rcon|um
dichloride; bis(trimEtAymmsarinbednseadieirqgjpm dichloride;

443" 51-bistrifluorqpedivaeRINsemebsEIsERiumHigIaldes - bis-
bis(trimethylsilypamidoborane(2-tert-butyl, 443',5'-bistrifluoromethylphenyllindenyl1)2zirconium

dichloride; bi;(trim@@ﬂ%@bﬁhﬁ@mgmﬂ%ﬂcﬂ%ﬁ%6W@}ﬂ}?ﬂﬁdenyl)22irconi'um dichloride;

glsglrlmgtht;)/lS|(|ypamﬁg@b@éﬂﬁﬂ%ﬁ)@ﬁwoﬁ%@cﬂwqmﬁymh@@yl]lndeny1)22|rcon|um

ichloride bis(trimet oporane(2-isp

443'5'-di- |sopropy1?ﬁ rﬁ#&‘f%%éﬁ%?ﬁ&%ﬁ%&ge’

glsﬂlrlm(;:-th)élyI(ypamwmlmﬂnmﬂyhgmﬂdbé;hﬁe&édppmbmﬂm&émwmenyl)Zzirconium

ichloride; bis(trimethylsi Qrane(2-iso-

443'5'-di- |soprop p?%/ I Zjn% ?zolglum aﬁ%o ide

g!sgtr!metEy:sn:ydemﬁubmthmb(ﬁdﬂmﬂubﬁrﬁpﬂ@%phﬂny}]lnﬁé?;ﬁ)@ziﬁcodniuml()j;chloride

is(trimethylsi (o enyllindeny1)2zirconium
yistly r?e%?ﬁ? éﬂeﬁﬁdob éﬂg%}‘é’oﬁﬁﬁn%ﬂﬁ&% pylpheny y

dichloride; bis(tri ne(2 methyl, 443",5'-diphenylphenyllindeny1)2zirconium
dichloride; bls(trlrﬁa@ﬁ?mﬁﬁﬁdﬁﬂm*@%@@@yﬂl -btgl. #-Hivhehyiishenyllindeny1)2zirconium

dichloride; bis(tri ly iHeRRBREG R oride;
443',5'-diphenylph en Ezwconlum dichloride;
bls(trlmethylsnyDal?’rﬁ ﬁ%{ RagnisiehayianesZiiso- B}Bﬁeﬁyﬂﬁﬁe'l‘}yl]ﬁ@?denyl)&lrconlum

dichloride; bis(trimgpsiby ﬁ@&gﬂ%&%ﬂdwﬁdbhlonde

443'5'-diphenylphen I1|nd 2 |rcon| m dichloride;
bls(trlmethylsnyl)am? PTAR %Sﬁlryﬂgﬂy?pﬁ’eﬁyﬂ’rrf&%nyl)ZZlrconlum

dichloride; bIS(thﬁlﬁﬁMﬁjbﬁl@iﬁ]lﬂ@é}@ﬂ?{iﬁ%ﬁﬁﬁtﬁhﬂbﬂonde

443',5'-diphenylphenyllj (]2’ m dic Ior%%

bis(trimethylsinthf‘}ﬁﬁg eﬁ?&% 6 %@hﬁrﬁ%&ﬂ |?‘f8eny1)22|rcon|um

dichloride; bis(trmmﬁnﬂ]pl;maﬂjﬂdﬁny]&m@mmeﬁ&blﬂéﬁd& -di-t-butylphenyl]indenyl)2 T14-

1,4-diphenyl-1,3-BilladieNG: visitylamidoborane(2-methyl, 4-[3',5'di-
phenylphenyljindenyl),zirconium dichloride;

-93.



bis(trimethylsilyDamidoborane(2-ethyl, 4-[3',5'-di-t-butylphenyl]indeny1)2 ri4-1,4-
dipheny1-1,3-butadiene; bis(trimethylsilypamidoborane(2-n-propyl,
443'5'-di-t-butylphenyl]indenyi)2114- 1,4-diphenyl-1,3-butadiene;
bis(trimethylsilyDamidoborane(2-iso-propyl, 443',5'-di-t-butylphenyl]indeny1)2
714-1,4-dipheny1-1,3-butadiene; bis(trimethylsilypamidoborane(2-n-butyl,
443'5'-di-t-butylphenyllindeny1)2 114- 1,4-dipheny1-1,3-butadiene;
bls(trlmethyIsHyOall?i %B‘?ﬁﬁé% YQenﬂdghoms(%e@w ﬁcﬁ%ﬁﬁh@nyl]lndenyl)z 114-

1,4-dipheny1-1,3-byyl Bn [ﬁﬁu iieibipaianermRe (2-sec-butyl,
443'5'-di-t- butylphenél ind en;g(l 214-1 4- dlphenyl 1,3-butadiene;

bis(trimethylsilyDafi rW'S‘-Bﬁoﬂﬁbf&ilﬁnén%mdenyl)Z 14-
1,4-dipheny1-1,3- @u@ﬂ@ﬁ%ﬁﬁ{dﬂﬂ?ﬁﬁﬂ%ﬁﬂﬁhﬂf@e@ ethyl,

443',51-bistrif|uor deny1)2 /4-1_ 4-diphen diene;
bis(trimethylsilyl)a Fgg%gﬁllgfg]’ﬁ OEPE’z‘ ﬁ%%’f?mﬂoﬁﬁeﬁ'ﬁ)henyu.ndenyl)z
ii"-1,4-dipheny1- 1ﬂabn&hﬂlen5d]1htk(mﬁﬂthyimtyﬁ)dmhﬁnﬁwane(2 iso-propyl, 443

"5 blstrlfluorometh phen shutadiene;
bls(trlmethylsnyflaml orarY dg 1td? egibls%trl dorj’}nféjtf?ylphenyl]lndeny1)2

ri4-1,4-dipheny1- MWQMMHIMWIMIW)@IMMM(Z -iso- butyl 443
"5'- blstrlfluoromet@yég{mmﬂéﬂg%n J:Bd%o]-aﬂ 320582%&]%%1 ,g-llguga

bis(trimethylsilyl)amidobor 2-sec-butyl, 44 uoromethylphenyl]lndeny1)2
ri4-1,4-dipheny1-1rBepytabras ir&wlh?étmmehla@%rane(z tert-butyl,

443, 5"-bistrifluoromgthiphienyiinsieniddfrbd-diRbsnyl: b.fsbsitadiene;
bls(tnmethyIS|IyOamléoboraneiZylethyl 4- [311? 1 4 dlggengi 1,3-butadiene;

bis(trimethylsilyDakh fa -WBEE}FC%‘E %‘bd&'opylphenyl] indenyl) 2
ri4-1,4-dipheny1- 1&(@&@&' glmsfﬁiﬂaemuiﬂmamw@ﬁonam@-dso propyl, 4[3',
51-di-iso-propylphe yI]| ny iphenyl 1 3 diene;
bis(trimethylsinD %ﬂ?& % ‘B\ﬁﬁ%ﬁ%‘“@l ’(ﬁ"lh 861 ropylphenyl]indeny1)2
te-1,4-dipheny1- 1,adommtﬁpﬁﬂyl)amldobo_rane(z-methyl, 4-[3",5'-di-t-butylphenyl]indenyl), n*-
1,4-diphenyl-1,3-butadiene;
‘bis(trimethylsilyl)amidoborane(2-ethyl, 4-[3",5'-di-t-butylphenyl]indenyl), n4- 1,4-
-diphenyl-1,3-butadiene;
- bis(trimethylsilyl)amidoborane(2-n-propyl, 4-[3',5"-di-t-butylphenylJindenyl); n*-
1,4-diphenyl-1,3-butadiene;
bis(trimethylsilyl)amidoborane(2-iso-propyl, 4-[3',5"-di-t-butylphenyl]indenyl),
n*-1,4-diphenyl-1,3-butadiene;
bis(trimethylsilyl)amidoborane(2-n-butyl, 4-[3',5'-di-t-butylphenyl]Jindenyl), n*-
1,4-diphenyl-1,3-butadiene;
bis(trimethylsilyl)amidoborane(2-iso-butyl, 4-{3',5'-di-t-butylphenyl]indenyl), n*-
1,4-diphenyl-1,3-butadiene;
bis(trimethylsilyl)amidoborane(2-sec-butyl, 4-[3',5'-di-t-butylphenylJindenyl), n*-
1,4'-dipheny1- 1,3-butadiene;
bis(trimethylsilyl)amidoborane(2-tert-butyl, 4-[3',5'-di-t-butylphenylJindenyl), n*-
1,4-diphenyl-1,3-butadiene;
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bis(trimethylsilyDamidoborane(2-iso-butyl, 4431,51-di-iso-propylphenyl]indeny1)2
/4-1,4-dipheny1-1,3-butadiene; bis(trimethylsilypamidoborane(2-sec-butyl, 443
",51-di-iso-propylphenyllindeny1)2 114- 1,4-diphenyl1-1,3-butadiene;
bis(trimethylsilypamidoborane(2-tert-butyl, 443 ',5'-di-iso-propylphenyl]jindeny1)2 4
-1,4-chphenyl-1,3-butadiene; bis(trimethylsilypamidoborane(2-methyl,
443'51-di-phenylphenyllindeny1)2114- 1,4-diphenyl-1,3-butadiene;
bis(trimethylsilyDabistiosiaisibamidobezame(digindnitbhénpiindeny1)2

diphenyl—l,B-butaﬂimsﬂ}fe@w}g@m@y%ﬁww AP BYutadiene;

4-[3',5'-di-phenylphenyllindeny1)2114- 1, enyi-1, -butadiene;
bis(trimethylsily DabistobrsthnisibAksoitepgronei 3 mnwpghdnidphensi]indeny1)2
14-1,4-diphenyl-L3eiladiensidish iﬁﬂﬁi&iﬁlﬂ!h QYA &{(3-Bfththdne;
443',5'-di-phenylphenyllindeny1)2 7?4- 1,4-dip¥gny’1-1, -blzb?ae(}le'ne.; ’
bis(trimethylsilyl)akifiasinisiviemideboraneZsisainspryrly hhEayfisdeny1)2114-
1,4'd'ph¢”y1-1’3'%mﬂﬁfﬁ@%&%ﬁ¥!)%ﬂﬂ%ﬂﬁf -$eCHRtlenc;
443',5'-d|-phenylphenylI|nden1y1 2 214-1,4-dip engl-l, -butadiene;
bis(trimethylsilyl)Jamidoborane(2-n-butyl, 4-[3',5'-bis-
trifluoromethylphenylJindenyl); n*-1,4-diphenyl-1,3-butadiene;
bis(trimethylsilyl)amidoborane(2-iso-butyl, 4-[3',5"-bis-
trifluoromethylphenylJindenyl), n*-1,4-diphenyl-1,3-butadiene;
bis(trimethylsilyl)amidoborane(2-sec-butyl, 4-[3',5"bis-
trifluoromethylphenylJindenyl); n*-1,4-diphenyl-1,3-butadiene;
bis(trimethylsilyl)amidoborane(2-tert-butyl, 4-[3',5'-bis-

trifluoromethylphenylJindenyl); n*-1,4-diphenyl-1,3-butadiene;

bis(trimethylsilyl)amidoborane(2-ethyl, 4-[3',5-di-iso-propylphenyljindenyl), n*-

1,4-diphenyl-1,3-butadiene;

‘bis(trimethylsilyl)amidoborane(2-n-propyl, 4-[3',5'-di-iso-propylphenyl]indenyl)

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

bis(trimethylsilyl)amidoborane(2-iso-propyl, 4-[3',5'-di-iso-propylphenylJindenyl)

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

bis(trimethylsilyl)amidoborane(2-n-butyl, 4-[3',5"-di-iso-propylphenyl]jindenyl),

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

bis(trimethylsilyl)amidoborane(2-iso-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl),

n4- 1,4-diphenyl-1,3-butadiene;

bis(trimethylsilyl)amidoborane(2-sec-butyl, 4-[3',5"-di-iso-propylphenylJindenyl),

'r|4- 1,4-diphenyl-1,3-butadiene;

bis(trimethylsilyl)aﬁﬁdoborane(Z—teﬁ—butyI, 4-[3'5 ';di—iso-propylphenyl]indenyl)z

n4- 1,4-diphenyl-1,3-butadiene;

bis(trimethylsilyl)amidoborane(2-methyl, 4-[3',5"-di-phenylphenylJindenyl), n*-

1,4-diphenyl-1,3-butadiene;

-95.



bis(trimethylsilyllamidoborane(2-tert-butyl, 443',5'-di-phenylphenyl]indeny1)2 n4-
1,4-diphenyl-1,3-butadiene; bis(trimethylsilypamidoborane(2-methyl,
443'5'-di-tbutylphenyl]indenyl1)2zirconium dimethyl; bis(trimethylsilypamidoborane(2-ethyl,
443'5'-di-tbutylphenyl]indenyl)2zirconium dimethyl;
bis(trimethylsilyDamidoborane(2-n-propyl, 443',5'-di-tbutylphenyl]indenyl)2zirconium
dimethyl; bis(trimethylsilyDamidoborane(2-iso-propyl, . . .
443',5'-di-tbutylph&ﬁﬂmm@hy@bﬂ)%%hﬁrmath&%&ﬁié‘eihy@mchamdkim&mﬁbﬁtyl,
443 5'-di-tbutylphegyii gqul}glggggmgggym dimethyl; bis(trimethylsilypamidoborane(2-iso-butyl,
443',5'-di-tbutylphenyllindeny1)2zirconium dimethyl; . . .
bis(trimethylsilypafifdBBaetdivisaisiooranet? s-propinddAehyiipberylpheadaennl: n'-
dimethyl; bis(trimehylsihRamidolorargddstert-butyl,
443'5'-di-tbutylphenyllindeny1)2zirconium dimethyl; bis(trimethylsilyl)amidoborane(2-ethyl,
443',5'-bistrif|uororh'é£%vm€}4§r AR AR RIPRRL L3, -di-phenylphenyl]indenyl),
bis(trimethylsilyDagtidohaisineid-nR6ddiene;
443%51-histrifluoromethylphenyflindeny1)2zirconium dimeth%/I; ) ) .
bis(trimethylsilypaRif§Biaedividenidepgrane(2-n-butyl, 4-[3',5"-di-phenylphenyl]indenyl)> -
443 ,5"-bistrifluoromathylpBenvilngemildgzirconium dimethyl; _
bis(trimethylsilyl)amidoborane(2-n-butyl, 443‘,5'-bistrif|uoromgthylphenyﬂinden?/_l)Zzirconiym
dimethyl; bis(trime@ﬁﬁms@aﬂﬁab@&ﬁ}%@w@oﬁﬂ:butﬂs 4-[3',5"-di-phenylphenyljindenyl), n'-
443',5"-bistrifluoromgtlyipBenyvilmndenuidgzirconium dimethyl;
bis(trimethylsilypamidoborane(2-sec-butyl, 443',5'-bistrifluoror'n(—;,-thylphenlylIinder]yl)Zzircopium
dimethyl; bis(trimebisdEinpeddbbsraideborneBugn;butyl, 4-[3',5-di-phenylphenyl]indenyl) n'-
443',5'-bistrif|uoromgthyég@&qyﬂ%g@d@géirconium dimethyl; :
bis(trimethylsilyDamidoborane(2-ethyl, 443',5'-di-isoBropyIfhelnsylgli'ndenyl)ZZirco.nium .
dimethyl; bis(trimebisiEimeshslshanideborapidig-butyl, 4-[3',5-di-phenylphenyl]indenyl); 0’
413',5'-di-isopropy{phamflingenylidaiacqmum dimethyl
bis(trimethylsilypamidoborane(2-iso-propyl, 443',5'-di-isopropylphenyllindeny1)2zirconium
dimethyt: bis(irimeRF e RIBbBFEKE RS AgRetiyL, 4-1315 di-t

443 5'-di-isopropykpbgpKHRRIR TR RO CIRNY;
bis(trimethylsilypamidoborane(2-iso-hutyl, 443',5'-di-js Iphenyllindenyl)2zirconium
ity bs(tme TS B BBE g, # St

443' 5'-di-isopropytpigpléiytianch rroeotinmd inethyl;
bis(trimethylsilyl)amidoborane(2-tert-butyl, 4431,5'-di-isop, phenyllindenyl)2zirconium
dimethy!; bis(ttimeﬁ}wS %Wﬁawﬁ%@t%rrﬁ% e )'/’If'ﬁlfgafg'f{dipgg%eh@l'ghenyl]indeny1)22irconium
dimethyl; bis(trimditylpheppilivichplariedanatmdimddiyi:-diphenylphenyl]lindeny1)2zirconium

dimethyl; bis(trimeghylsi i -N- 3 [ St
443',5'-dipheny|phlé1r$§%lr¥§§l$ﬁ;gglrconu%q%r;%%éﬁmp yL, 4-[355-dit
bis(trimethylsilypahvtidphsariditmiesslhréspnivagimeiitenylphenyl]indeny1)2zirconium
dimethyl; bis(trimeghisilyba k‘?ﬁmiﬁf&%%ﬂaﬁ Vi 6431, S -ginhgpylphenyllindenyl1)2zirconium
dimethyl; bis(trim?%lsil pa%doborane(Z-iso-_ utyl, Z15?13',é'#—(’:li-phenylphenyl] indenyl)2
zirconium dimethypP padiEndanyDasir e Radie c-butyl, 443',5'-di-phenylphenyl]
indeny1)2zirconiug giggtmdidis(imathisihdanidehorangs? seat-hutyl,
443',5'—di-phenylphe§r§yl] indgn_yl% zirconium g%n[.igeth l; a
rac-dimethylsilyl-bRREERHEdFo arseRninm dineidiny silyl-bis(indenyphafniumdichloride;

rac-dimethylsilyl-bisigrarRAANTETPaet N2 -sec-butyl, 4-[3,5'-di-t-
rac-dimethylsilyl-bj i .

s(indenyl)zirconiymdichloride;,
rac-dimethylsilyl-b (?nld lﬁﬁ?%ﬁii:ﬂ!?r?&%mﬂ%?ﬁ‘?%dimethyu
rac-dimethylsilyl-blsi§2atinssihylsi Hyiranidabsiany(}-hatbutal)icH B3t i -t-
rac-d:methy);ls:li;l-b's -methyl-4-phe Iindenwg Irc :it?mlﬁlir[methyl;

R ERE R, SreaRt

rac-dimethylsilyl-bis enyl) Zirconitimdichloride;
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rac-dimethylsilyl-bis(2-methy1-4-(4'-tert-butyl-phenyl)-indenyl) hafnium dimethyl;
rac-dimethylsilyl-bis(2-methyl-4-(4'-tert-butyl -phenyl)-indenyl) hafnium dichloride
rac-dimethylsilyl-bis(2-methyl-4-(4'-tert-butyl -phenyl)-indenyl) zirconium dimethyl;
rac-dimethylsilyl-bis(2-methy1-4-(4'-tert-butyl-pheny1)-indenyl) zirconium dichloride;
rac-dimethylsilyl-bis(2-methy1-4-(4'-tert-butyl-pheny1)-indenyl) hafnium dimethyl;
rac-dimethylsilyl-bis(2-methyl-4-(4'-tert-butyl -phenyl -indqn I;.hafnium dichloride;
rac-dimethylsiIyI-bE‘&%ﬂWﬁl@)@féﬁmﬁgﬁﬁﬁﬂsﬁnﬂ% Birconium dimethyl;
rac-dimethylsilyl-big{fnbieththylpiteniaindeiyitphiessahinngamthyzirconium dichloride;
rac-dimethylsily1-(2-methy1-4-(4'-tert-butyl-pheny1)-indeny|)(2-isoptpyl-4-(4'-
tert-butyl-phenyl)-i ’(ﬁ@ﬂ%gﬁé’iﬁ’l&rﬂ i gh‘?ﬁ“f’f%‘%l‘ AH I%T 1’§(§z fethyl-4-(4'-tert-butyl
-phenyl)-indenyl)(@:#haponythylghaeiindsdybhrarchiinodimdhykinium dichloride;
rac-dimethylsily1-(2-methyl-4:(4'- rb%r | -phenyl)-inde y)&;i rpyl-4-(4'-
tert-butyl-phenyl)ﬁlnzrllsgeny%/tll%}'rlé?)1 ﬁa%u %‘%‘i‘é‘f‘.‘&g}é‘%l’é%‘éﬁh‘ly giI’?l'cip(lﬁ:methyl-4-(4'-tert-butyl
-pheny1)-indenyl) (@ifsspeomthvlidentdinderybptismyisindenytbylrconiumdimethyl;
rac-dimethylsilyl-bj %grrl’g- gﬁx}r lgﬁgﬂﬁ% Qd ] g, fRiliy dimethyl;
rac-dimethylsilyl-b!jzi_ -met yI-Sj, - ||sogir3%gy9: d’Zny [i]i?'c@%’l%lngfgi]methyl;
rac-dimethylsilyl-bisi@ueremsthalphanstpdgyilrriksayiym domtivl:dichloride; and
rac-dimethylsiIyI-bﬁgﬁ%@wrélmggﬁgmgmﬁmﬁbmwtgnsd_'}gig_loride.
trifluoromethylphenyl]indenyl),zirconium dimethyl;
bis(trimethylsilyl)amidoborane(2-sec-butyl, 4-[3",5"-bis-
trifluoromethylphenyl]indenyl),zirconium dimethyl;
bis(trimethylsilyl)amidoborane(2-tert-butyl, 4-[3',5'-bis-
trifluoromethylphenylJindenyl);zirconium dimethyl;
bis(trimethylsilyl)amidoborane(2-ethyl, 4-[3',5'-di-iso-
propylphenyl]indenyl),zirconium dimethyl;
bis(trimethylsilyl)amidoborane(2-n-propyl, 4-[3',5'-di-iso-
propylphenylJindenyl);zirconium dimethyl
‘bis(trimethylsilyl)amidoborane(2-iso-propyl, 4-[3',5"-di-iso-
propylphenyl]indenyl);zirconium dimethyl;
bis(trimethylsilyl)amidoborane(2-n-butyl, 4-[3',5'-di-iso-
propylphenyl]indenyl);zirconium dimethyl;
bis(trimethylsilyl)amidoborane(2-iso-butyl, 4-[3',5"-di-iso-
propylphenyl]indenyl),zirconium dimethyl;
bis(trimethylsilyl)amidoborane(2-sec-butyl, 4-[3',5"-di-iso-~
propylphenyl]indenyl),zirconium dimethyl;
bis(trimethylsilyl)amidoborane(2-tert-butyl, 4-[3',5'-di-iso-
propylphenyl]indenyl),zirconium dimethyl;
bis(trimethylsilyl)amidoborane(2-methyl, 4-[3',5'-di-
phenylphenyl]indenyl),zirconium dimethyl;
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bis(trimethylsilyl)amidoborane(2-ethyl, 4-[3',5'-di-
phenylphenyl]indenyl),zirconium dimethyl;
bis(trimethylsilyl)amidoborane(2-n-propyl, 4-[3',5'-di-
phenylphenyl]indenyl);zirconium dimethyl;
bis(trimethylsilyl)amidoborane(2-iso-propyl, 4-[3',5"-di-
phenylphenyl]indenyl),zirconium dimethyl;
bis(trimethylsilyl)amidoborane(2-n-butyl, 4-[3',5"-di-
phenylphenyl]indenyl),zirconium dimethyl;
bis(trimethylsilyl)amidoborane(2-iso-butyl, 4-[3',5'-di-phenylphenyl] indenyl),
zirconium dimethyl;

bis(trimethylsilyl)amidoborane(2-sec-butyl, 4-[3',5"-di-phenylphenyl]
indenyl)>zirconium dimethyl;
bis(trimethylsilyl)amidoborane(2-tert-butyl, 4-[3',5'-di-phenylphenyl] indenyl),
zirconium dimethyl,

rac-dimethylsilyl-bis(indenyl)hathiumdimethyl;
rac-dimethylsilyl-bis(indenyl)hafhiumdichloride;
‘rac-dimethylsilyl-bis(indenyl)zirconiumdimethyl;
-rac-dimethylsilyl-bis(indenyl)zirconiumdichloride;
rac-dimethylsilyl-bis(2-methyl-4-phenyl-indenyl}hafniumdimethyl;
rac-dimethylsilyl-bis(2-methyl-4-phenyl-indenyl) hafhiumdichloride;
rac-dimethylsilyl-bis(2-methyl-4-phenyl-indenyl) zirconiumdimethyl;
rac-dimethylsilyl-bis(2-methyl-4-phenyl-indenyl) zirconiumdichloride;
rac-dimethylsilyl-bis(2-methyl-benzindenyl)hafniumdimethyl;
rac-dimethylsilyl-bis(2-methyl-benzindenyl) hafniumdichloride;
rac-dimethylsilyl-bis(2-methyl-benzindenyl) zirconiumdimethyl;
rac-dimethylsilyl-bis{2-methyl-benzindenyl) zirconiumdichloride;
rac-dimethylsilyl-bis-(2-methyl-indenyl) zirconiumdimethyl;
rac-dimethylsilyl-bis-(2-methyl-indenyl) hafniumdimethyl;
rac-dimethylsilyl-bis-(2-methyl-indenyl) hafniumdichloride;
rac-dimethylsilyl-bis-(2-methyl-indenyl) zirconiumdichloride;
rac-dimethylsilyl-bis(2-methyl-4-naphthyl-indenyl )hafniumdimethyl;
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rac-dimethylsilyl-bis(2-methyl-4-naphthyl-indenyl) zirconium dichloride;
rac-dimethylsilyl-bis(2-methyl-4-naphthyl-indenyl) hafniumdichloride;
rac-dimethylsilyl-bis(2-methyl-4-naphthyl-indenyl) zirconium dimethyl;
rac-ethylene-bis(indenylhafniumdimethyl;
rac-ethylene-bis(indenyl)hafniumdichloride;
rac-ethylene-bis(indenyl)zirconiumdimethyl;
rac-ethylene-bis(indenyl)zirconiumdichloride;
rac-dimethylsilyl-bis(2-methyl-4-(2'-methyl-phenyl)}-indenyl)hafnium dimethyl;
rac-dimethylsilyl-bis(2-methyl-4-(2'-methyl-phenyl}-indenyl)hafnium dichloride;
rac-dimethylsilyl-bis(2-methyl-4-(2'-methyl-phenyl}-indenyl)zirconiumdimethyl;
rac-dimethylsilyl-bis(2-methyl-4-(2'-methyl-phenyl)-indenyl) zirconium
dichloride;
rac-dimethylsilyl-bis(2-methyl-4-(4'-methyl-phenyl)-indenyl}hafnium dimethyl;
rac-dimethylsilyl-bis(2-methyl-4-(4'-methyl-phenyl)-indenyl) hafnium dichloride;
rac-dimethylsilyl-bis(2-methyl-4-(4'-methyl-phenyl)-indenyl) zirconium
dimethyl;

rac-dimethylsilyl-bis(2-methyl-4-(4'-methyl-phenyl)-indenyl) zirconium
dichloride;

-rac-dimethylsilyl-bis(2-methyl-4-(4'-tert-butyl-phenyl)-indenyl) hafnium
dimethyl;

rac-dimethylsilyl-bis(2-methyl-4-(4'-tert-butyl -phenyl)-indenyl) hafnium
dichloride

rac-dimethylsilyl-bis(2-methyl-4-(4'-tert-butyl -phenyl)-indenyl) zirconium
dimethyl;

rac-dimethylsilyl-bis(2-methyl-4-(4'-tert-butyl-phenyl)-indenyl} zirconium
dichloride;

rac-dimethylsilyl-bis(2-methyl-4-(4'-tert-butyl-phenyl)-indenyl) hafnium
dimethyl;

rac-dimethylsilyl-bis(2-methyl-4-(4"-tert-butyl -phenyl)-indenyl) hafnium
dichloride; |
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rac-dimethylsilyl-bis(2-methyl-4-(4'-tert-butyl -phenyl)-indenyl) zirconium
dimethyl;

rac-dimethylsilyl-bis(2-methyl-4-(4'-tert-butyl-phenyl)-indenyl} zirconium
dichloride;

rac-dimethylsilyl-(2-methyl-4-(4'-tert-butyl-phenyl)-indenyl }(2-isoprpyl-4-(4'-
tert-butyl-phenyl)-indenyl) hafnium dimethyl;
rac-dimethylsilyl-(2-methyl-4-(4'-tert-butyl -phenyl}-indenyl)(2-isoprpyl-4-(4'

tert-butyl-phenyl}-indenyl) hafnium dichloride;
rac-dimethylsilyl-(2-methyl-4-(4'-tert-butyl -phenyl)-indenyl)(2-isoprpyl-4-(4'

tert-butyl-phenyl)-indenyl) zirconium dichloride;
rac-dimethylsilyl-(2-methyl-4-(4'-tert-butyl -phenyl)-indenyl)(2-isopropyl-4-(4'-
tert-butyl-phenyl)-indenyl)zirconiumdimethyl;
rac-dimethylsilyl-bis(2-methyl-4,6-diisopropyl-indenyl) hafnium dimethyl;
rac-dimethylsilyl-bis(2-methyl-4,6-diisopropyl-indenyl) zirconium dimethyl;
rac-dimethylsilyl-bis(2-methyl-4,6-diisopropyl-indenyl) zirconium dichloride; and
rac-dimethylsilyl-bis(2-methyl-4,6-diisopropyl-indenyl) hafnivm dichloride.
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